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Cervical Spinal Injury
Although spinal injuries are uncommon, they should be considered when 

children have sustained head or neck trauma or multiple severe injuries. The 
cervical spine is the area most commonly affected. The upper cervical ver tebrae 
(C1-C4) is injured more commonly in children younger than 8 years of age, 
whereas adolescents and adults are more likely to suffer injury to the lower cer-
vical ver tebrae (C5-T1). Children with severe or multisystem trauma are more 
likely to suffer a spinal injury. Thus, emergency department (ED) providers 
should have a lower threshold to immobilize and image such patients to prevent 
morbidity and mortality. These authors review the most common pediatric spi-
nal fractures and injuries and optimal management practices.

— Ann M. Dietrich, MD, FAAP, FACEP

Etiology
Despite trauma being the leading cause of morbidity and mortality in 

children, cervical spinal injury (CSI) is relatively uncommon.1 When pres-
ent, it can carry tremendous clinical sequelae if not recognized early and 
managed appropriately. Spinal injuries should be considered in all children 
presenting to the ED who have sustained head or neck trauma or multiple 
severe injuries. The risk of CSI increases with age, with a 10-fold increase 
after age 11.2 Nearly three-fourths of spinal injuries in young children 
occur in the cervical spine. Upper cervical vertebral injuries (C1-C4) are 
more common in children younger than 8 years of age, whereas adoles-
cents and adults are more likely to suffer lower cervical vertebral (C5-T1) 
trauma.3 Spinal injuries are more common in males than females.4 Motor 
vehicle accidents in which the victim was unrestrained or improperly 
restrained are the most common mechanism of CSI in children.5 Falls are 
the second most common mechanism in patients younger than 8 years of 
age, and sports injuries are the second most common mechanism in older 
children. 

Mortality rates for CSI range from 4% to 41%.6 Higher cervical verte-
bral injuries, including atlanto-occipital dislocation, are associated with 
the highest mortality rate. (See Figure 1.) Children with severe or multi-
system trauma are more likely to suffer a spinal injury. Therefore, provid-
ers should have a lower threshold to immobilize and image such patients 
to prevent morbidity and mortality. Even after proper care, nearly one-
third of children with CSI will require surgical intervention.7

Children with underlying structural abnormalities or genetic predispo-
sition to ligamentous laxity are more vulnerable to injury. Such patients 
include those with Down syndrome (atlanto-occipital instability), a his-
tory of previous CSI or cervical spine arthritis, Klippel-Feil syndrome 
(congenital fusion of cervical spine), Morquio syndrome (hypoplasia of 
odontoid), Larsen syndrome (cervical vertebrae hypoplasia, multiple joint 
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EXECUTIVE SUMMARY
 z Children with underlying structural abnormalities or genetic 

predispo sition to ligamentous laxity are more vulnerable 
to injury. Such patients include those with Down syndrome 
(atlanto-occipital instability), a his tory of previous cervical 
spinal injury or cervical spine arthritis, Klippel-Feil syndrome 
(congenital fusion of cervical spine), Morquio syndrome 
(hypoplasia of odontoid), Larsen syndrome (cervical vertebrae 
hypoplasia, multiple joint dislocations), and any other 
syndromes associated with spinal abnormali ties.

 z Epidemiologic stud ies show that children older than 8 years 
of age more commonly have injuries in a pattern similar to 
adults (i.e., C7-T1 region in contrast to the upper vertebral 
injuries sustained in younger children).

 z Spinal cord injury without radio graphic abnormality 
(SCIWORA) is a clinical-radiological condition that mostly 
affects children. Patients present with neurologic symptoms 
and deficits consistent with cord injury but without 
radiographic abnormalities on plain radiography and 
computed tomography.

 z Nonaccidental trauma contributes to about 1% of spinal 
injuries in children. In those with intracranial injury from 
nonaccidental trauma, the incidence rises to more than 15%. 
Typically, they occur in patients younger than 2 years of age, 
generally are in the cervical spine, and nearly always are part 
of a multi system trauma.

 z The prognosis of children with SCIWORA alone is better 
than that of children with vertebral fractures and neurologic 
symptoms. Some will have only transient neurologic symp-
toms and completely recover after 24 hours. Some may not 
have any neuro logic symptoms immediately after the injury, 
but may develop them up to four days post-injury.

 z Odontoid fractures are the most common cervical spine 
injuries in children. These fractures may be confused with 
normal anatomic varia tions due to synchondrosis between 
the body and the axis.

dislocations), and any other syn-
dromes associated with spinal abnor-
malities.8,9 In addition, chin trauma, 
fractures of the posterior teeth, and 
mandibular condyles may be associ-
ated with CSI. 

Nonaccidental trauma (NAT) con-
tributes to about 1% of spinal injuries 
in children.10 In those with intracra-
nial injury from NAT, the incidence 
rises to more than 15%. These gener-
ally occur in patients younger than 2 
years of age, generally are in the cer-
vical spine, and nearly always are part 
of a multisystem trauma. Most often, 
these children will have focal neuro-
logic findings, although occasionally 
they will present with a normal exam 
initially.11 Cervical spinal imaging 
should be considered in patients with 
NAT to evaluate for occult injuries in 
this vulnerable population. 

Pediatric Cervical Spinal 
Injury Patterns

The cervical spine can be thought 
of as having three columns: an 
anterior, a posterior, and a middle 
column. Together, all three columns 
provide stability to the spine; if one 
column is injured, the other two can 
continue to compensate for a short 
time. Two- and three-column injuries 
generally are considered unstable. 
These injuries can be grouped by 
mechanism and are described in 

Table 1. There are several important 
structural differences between the 
pediatric and the adult spine: 

• The cervical spine fulcrum is 
more cephalad (C2-C3) in children 
younger than 8 years of age. As chil-
dren age, it progresses more caudally 
to the C5-C6 region.

• Children younger than 8 years of 
age have increased laxity of the cervi-
cal spine ligaments and musculature, 
allowing greater mobility in flexion/
extension.

• Children younger than 8 years of 
age have increased elasticity of inter-
spinous ligaments, posterior joint 
capsule, and cartilaginous end plates.

• Wedge-shaped and horizontally 
oriented vertebral bodies predispose 
younger patients to injury.

• Intervertebral disc and annulus 
have high water content and can have 
longitudinal expansion without rup-
ture during spinal column distraction.

• Children younger than 8 years of 
age have relatively larger and heavier 
heads.

Younger children are susceptible to 
growth plate and ligamentous inju-
ries. Children have immature growth 
centers that are susceptible to shear 
forces during rapid deceleration or 
hyperflexion/extension, particularly 
at the synchondrosis between the 
odontoid and vertebral body of C2. In 
young children, a more elastic spinal 

column can tolerate more distraction 
before rupture, thus leading to spinal 
cord injury without obvious bony 
spinal column injury or ligamentous 
disruption. Injuries to the spinal cord 
itself are listed in Table 2.

Four injury patterns are common in 
children 8 years of age and younger:6

• Fracture with subluxation;
• Fracture without subluxation;
• Subluxation without fracture; and 
• Spinal cord injury without radio-

graphic abnormality (SCIWORA).

Figure 1. Atlanto-occipital, 
C1-C2 Injury

Reprinted with permission:  
Matthew C. DeLaney, MD. 



AHCMedia.com Pediatric Emergency Medicine Reports / June 2018     75

Between the ages of 8-10 years is 
a transition point in anatomic devel-
opment.2,12,13 Epidemiologic studies 
show that children older than 8 years 
of age more commonly have injuries 
in a pattern similar to adults (i.e., 
C7-T1 region in contrast to the upper 
vertebral injuries sustained in younger 
children).13 These studies show an 
independent correlation not only to 

age but also to mechanism. This makes 
sense given that children’s activities 
change as they mature and develop. 

Common Types  
of Fractures 

Jefferson Fracture
Jefferson fractures refer to burst 

fractures of C1 and may involve both 

the anterior and posterior arches. (See 
Figure 2.) The mechanism usually is 
from an axial load (i.e., diving). The 
fracture is seen on an odontoid view, 
but this view is difficult to obtain in 
children younger than 3 years of age. 
(See Figure 3.) Typically, there will be 
a lateral offset of the lateral mass of 
C1 of > 1 mm from the vertebral body 
of C2. A pseudo-Jefferson fracture 

Table 1. Unstable Cervical Spine Injuries by Mechanism 

Mechanism Characteristics

Hyperflexion • Bilateral facet dislocation
• Flexion teardrop fracture
• Type 2 or 3 odontoid fracture

Hyperflexion with rotation • Rotary atlantoaxial subluxation

Hyperextension • Hangman fracture (traumatic spondylolisthesis of C2)
• Extension teardrop fracture
• Type 2 or 3 odontoid fracture

Axial loading • Jefferson fracture (Burst fracture of C1)
• Burst fracture of any vertebrae

Table 2. Spinal Cord Injuries by Mechanism

Spinal Cord Syndrome Mechanism Neurologic Deficit

Anterior Cord Syndrome Hyperflexion injury and anterior cord 
compression

• Paralysis and loss of pain and 
temperature sensation

• Light touch and proprioception 
preserved below the level of the injury

Central Cord Syndrome Hyperextension injuries • Weakness greater in upper extremities
• Transient burning/tingling in hands and 

fingers

Brown-Sequard Syndrome Hemisection of the cord • Ipsilateral paralysis, loss of 
proprioception and light touch

• Contralateral loss of pain and 
temperature sensation

Horner’s Syndrome Injury to cervical paravertebral 
sympathetic chain and inferior cervical 
ganglion

• Ipsilateral ptosis, miosis, and anhidrosis
• Often associated with Brown-Sequard 

syndrome

Cervical Cord Neuropraxia Axial loading of neck in flexion or 
extension (common in football players 
and increased risk in cervical stenosis)

• Transient quadriparesis or neuropraxia
• Usually resolves in 48 hours

Transection of Spinal Cord Severe spinal column disturbance • Complete loss of motor, sensory, and 
autonomic function below lesion

• Spinal shock
• Flaccid paralysis, absent deep tendon 

reflexes
• Sympathetic interruption
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can be seen between 2-6 years of age 
secondary to the increased growth of 
the atlas compared to the axis. 

Hangman Fracture
Hangman fracture is a traumatic 

spondylolisthesis of C2, fracture of 
the pars interarticularis of the axis, 
horizontal tearing of the C2-C3 disk, 
and anterior subluxation of C2 on C3. 
Hangman fractures often result from 
hyperextension forces. If hyperflexion 
occurs after hyperextension, C2 may 
sublux onto C3 and cause spinal cord 
damage. The subluxation can be mis-
taken for pseudosubluxation.

Pseudosubluxation
Pseudosubluxation is seen in the 

C2-C3 or C3-C4 region in 25% of 
children younger than 8 years of age 
but can persist to age 16 years. On 
radiographs, evaluate the spinolami-
nar line or Swischuk line, which is 
drawn from the posterior arches of 
C1-C4. (See Figure 4.) This should 
pass within 1-2 mm of the anterior 
cortex of the posterior arch of C2 
in children with pseudosubluxation. 
Distances greater than 1-2 mm usu-
ally are abnormal.

Atlanto-axial Subluxation
Atlanto-axial subluxation occurs as 

a result of movement between C1 and 
C2 secondary to transverse ligament 
rupture or a fractured dens.14 On lat-
eral spine radiographs, there will be 
a widened predental soft tissue space 
(normal < 5 mm). Patients often pres-
ent after falls with symptoms such 
as neck pain and torticollis, although 
sometimes only torticollis is present.15 
Presentation can be delayed in more 
minor trauma. Rotary subluxation 
involves facet fracture or dislocation. 
These injuries present with muscle 
spasm on the sternocleidomastoid 
on the same side to which the chin 
points. These injuries usually are 
associated with a ligamentous injury. 
Management is variable, although the 
decision between conservative treat-
ment with a soft collar or surgical fix-
ation with halo placement generally 
is based on the presence or absence of 
neurologic symptoms.
Odontoid Fracture

Odontoid fractures are the most 
common cervical spine injuries in 

children. These fractures may be con-
fused with normal anatomic varia-
tions due to synchondrosis between 
the body and the axis. Type 1 odon-
toid fractures involve the apex of the 
dens. Type 2 fractures are through 
the waist of the dens, and Type 3 
extend into the body of C2. Type 2 
and 3 are considered unstable and 
require emergent consultation. 

Distraction injuries occur with a 
longitudinal stress on the cervical 
column. The most serious type is 
the atlanto-occipital dislocation. On 
radiographs, there is an increased dis-
tance between the occiput and C1 or 
widening of intervertebral disk space 
without adjacent compression. (See 
Figure 1.) These injuries are associ-
ated with high cervical spinal cord 
injuries and commonly are incompat-
ible with long-term survival. This 
injury often is fatal on impact, caus-
ing an internal decapitation.

SCIWORA 
Spinal cord injury without radio-

graphic abnormality (SCIWORA) is 
a clinical-radiological condition that 

mostly affects children.16-19 Patients 
present with neurologic symptoms 
and deficits consistent with cord 
injury but without radiographic 
abnormalities on plain radiography 
and computed tomography (CT). 
These injuries can occur through 
many mechanisms, including hyper-
extension, hyperflexion, and distrac-
tion. In hyperextension injuries, the 
posterior interlaminar ligaments 
impinge the spinal cord, whereas, in 
hyperflexion injuries, the anterior 
interlaminar ligaments impinge on 
the cord. Distraction injuries occur 
when the longitudinal distraction 
stretches the spinal column beyond 
the tolerance of the spinal cord. This 
is seen with rapid acceleration/decel-
eration forces. Hematomyelia may 
occur with these injuries, causing 
hemorrhage into the spinal cord and 
severe neurologic injury. 

SCIWORA lesions are found 
mainly in the cervical spine but also 
can be seen, although much less fre-
quently, in the thoracic or lumbar 
spine. The level of spinal cord injury 
corresponds to the location of these 

Figure 2. Patient With a Jefferson (C1 Burst) Fracture
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changes. Thoracic SCIWORA has 
been described, but is less common 
because of the splinting protection of 
the rib cage. 

The prognosis for children with 
SCIWORA alone is better than for 
children with vertebral fractures and 
neurologic symptoms. Some will have 
only transient neurologic symptoms 
and completely recover after 24 
hours. Some may not have any neuro-
logic symptoms immediately after the 
injury, but may develop them up to 
four days post-injury. 

Magnetic resonance imaging 
(MRI) is the diagnostic study of 
choice. A recent systematic review 
emphasizes the prognostic value 
of spinal MRI for children with 
SCIWORA and highlights the role 
of the MRI classification system in 
improving the comparability and 
interpretability. With recent advances 
in neuroimaging techniques and 
increasing availability of MRI, the 
overall detection rate of SCIWORA 
has improved significantly and the 
term has become more ambiguous.20 
Children with true SCIWORA 
should have a neurologic deficit with 
normal imaging, including MRI. 
Consequently, these children have 
substantially more favorable clini-
cal outcomes than those with cervi-
cal cord abnormalities on MRI. In 
the ED setting, providers should 
remember the previous application of 
SCIWORA to those children with 
normal radiography and CT and be 

vigilant to re-examine patients for 
signs of neurologic stigmata.

Diagnosis/Evaluation
Children with suspected CSI must 

be evaluated efficiently and their 
injury recognized promptly. Initial 
assessment includes the primary and 
secondary survey with attention to 
the airway, breathing, and circulation 
according to Advanced Trauma Life 
Support Guidelines.21 Hypotension, 
bradycardia, and temperature insta-
bility may be signs of spinal shock, 
which results from disruption of the 
sympathetic chain and unopposed 
parasympathetic innervation. Apnea/
hypoventilation may be a result of 
diaphragmatic paralysis (C3-C5).

A thorough neurologic examination 
should be performed. (See Table 3.) 
Children with fractures typically have 
pain, muscle spasm, and decreased 
range of motion. They may complain 
of transient or persistent paresthesia, 

paralysis, or weakness. The distribu-
tion may vary based on the injury. 
Some children are unable to express 
their symptoms, and others may have 
distracting injuries. Transient burn-
ing of the upper extremities may be 
indicative of a hyperextension injury 
with central cord contusion. For 
unconscious children, maintain spinal 
immobilization, log roll the patient, 
and quickly feel down the back for 
step-off deformities.

Spinal immobilization should be 
maintained and rapid radiologic 
evaluation should be performed.21 
The cervical spine should be main-
tained in midline position with the 
airway open. Children are very good 
at protecting their injuries and are 
unlikely to move an injured neck 
spontaneously. Most children only 
require pain control, distraction, or 
parental presence to maintain spinal 
immobilization.22 The use of cervical 
collars has become synonymous with 

Figure 3. Normal Open 
Mouth View

Reprinted with permission:  
Matthew C. DeLaney, MD.

Figure 4. Pseudosubluxation of C2 on C3 and Anterior 
Wedging

The white arrow depicts the “pseudosubluxation” of C2 on C3. The line 
of Swischuk (black line) was developed to help differentiate between 
pseudosubluxation and real pathology. A line from the cortex of the posterior 
arch of C1 to the cortex of the posterior arch of C3 should pass, intersect, or be 
< 1 mm away from the posterior arch of C2. Also demonstrated in this image is 
normal anterior wedging (dashed white arrow).
Source: Figure reprinted, with permission, from RadioGraphics 2003;23:539-560. © RSNA



78    Pediatric Emergency Medicine Reports / June 2018  AHCMedia.com

spinal immobilization; however, the 
evidence to support this recommen-
dation is sparse.23 Although cervical 
collars are known to cause complica-
tions with prolonged use, they still 
are the mainstay of trauma manage-
ment in the ED setting.24

Clinical Clearance of the Cervical 
Spine

Given the overall low prevalence of 
CSI in children, clinical clearance is 
most likely to be employed in awake 
patients.25 The majority of children 
with CSI will have some conspicuous 
findings, and providers with an atten-
tive eye are unlikely to miss them.26 
Still, decision algorithms for cervical 
spine imaging have been extrapolated 
from the adult literature to aid pro-
viders.27 (See Figure 5.) The Canadian 
C-Spine Decision Rule excluded 
patients younger than 16 years of age 
and, therefore, cannot be used readily 
for cervical spine clearance in chil-
dren.28 However, the NEXUS study 
included children and has been vali-
dated for use in pediatric patients.29 
(See Table 4.) However, only 2.5% of 
patients younger than 8 years of age 
and no children younger than 2 years 
of age were included.30 The authors 
stress caution in applying these rules 
to younger children, especially infants 
and toddlers. A multicenter study 
determined four high-risk factors for 
CSI in patients younger than 3 years 
of age:31

• Age ≥ 2 years;
• Motor vehicle collision;
• Glasgow coma score < 14; and
• Patient does not open eyes to 

painful stimulus.
When applied to a cohort of infant 

and toddler trauma patients from a 
trauma registry, no CSIs were missed 
and authors suggest that these crite-
ria can be used to screen effectively 
for CSI. 

Unconscious, obtunded, or intu-
bated children presenting after 
trauma should be presumed to have 
a CSI until effectively evaluated by 
imaging. In obtunded adults, there is 
literature suggesting that collars can 
be removed after a normal CT.32,33 
However, the relatively higher rate 
of SCIWORA precludes the use of 
this literature in children. Currently, 
there is no methodology for clearing 

Table 3. Neurologic Signs and Symptoms

Abnormal motor exam
• Flaccid tone or lower spinal cord distribution and decreased reflexes: Lower 

motor neuron
• Muscle strength best evaluated at:

 - C6: dorsiflexion of wrist
 - C7: extension of elbow
 - L2-L4: extension of knee
 - L5: dorsiflexion of the big toe

Abnormal sensory exam
• Isolated sensory defect most common finding
• Level localizes level of injury
• Light touch: Ipsilateral posterior spinal column and contralateral anterior 

column 
• Pain: anterolateral spinal column

Altered mental status

Neck pain

Torticollis

Limitation of motion

Neck muscle spasm

Neck ecchymosis or swelling

Abnormal or absent reflexes

Transient depression of reflexes below injury

Clonus without rigidity

Diaphragmatic breathing without retractions

Neurogenic shock

Absence of rectal tone
• Poor prognostic sign

Priapism

Absence of bulbocavernosus reflex
• Tests S3-S4
• Squeezing glans penis or tapping on the mons pubis during rectal 

examination usually stimulates the trigone of the bladder causing a reflex 
contraction of the anal sphincter

Decreased bladder function

Fecal retention

Unexplained ileus

Autonomic hyperreflexia

Blood pressure variability with flushing and sweating

Poikilothermia

Hypothermia or hyperthermia
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these patients after normal imag-
ing, although collars generally can be 
cleared after a normal MRI.34

Imaging of the Pediatric Cervical 
Spine

In patients with high-risk features 
for cervical spinal injury, imag-
ing is recommended. (See Table 5.) 
Available modalities include plain 

radiography, CT, and MRI, each of 
which carries its own risks and ben-
efits. Plain radiographs are readily 
available and quickly obtainable in all 
EDs with a minimal amount of ion-
izing radiation. Although CT long 
has been recognized as the gold stan-
dard for adults,36 plain radiographs 
still are the first-line recommenda-
tion for suspected cervical spinal 

injury in children because of the risk 
of ionizing radiation delivered to the 
thyroid by CT.37-39 Plain radiograph 
cervical spine series should include 
at least three views of the cervical 
spine (lateral, anterior-posterior, and, 
if possible, open-mouth odontoid). 
Cross-table lateral views identify 
most fractures, dislocations, and 
subluxations but are not sufficient 

Figure 5. Approach to Evaluating a Pediatric Patient at Risk for Cervical Spine Injury

At-risk patients have the following characteristics: altered loss of consciousness/amnesic to event; neurologic deficits; high-
energy mechanisms, traumatic injury above clavicles; fall from more than 10 feet or two to three times the patient's height, 
fracture of other levels of the spine. 

Adapted from: Pediatric Trauma Society. Initial Evaluation of a Patient at Risk for Cervical Spine Injury.  Available at: http://pediatrictraumasociety.org/
multimedia/files/clinical-resources/C-Spine-5.pdf. Accessed May 8, 2018.

normal

Child at Risk for Cervical Spine Injury

NEXUS Criteria 
Does the child have:
• Midline tenderness
• Altered level of alertness
• Intoxication
• Focal neurological deficits
• Distracting injury

Maintain or place 
in C-collar

Patient < 8 years of age
Obtain cervical spine

AP/lateral

Patient ≥ 8 years of age
Add odontoid view in 
cooperative patient

Refer to 
neurosurgery and 

orthopedics

Re-examine
Obtain CT 

cervical 
spine

Obtunded patient at high 
risk for cervical spine 
injury (unable to complete 
confrontational exam)

Maintain or place 
in C-collar

Obtain CT spine
Assess range  

of motion

Neurology, 
orthopedics, 

surgery, ED, or 
pediatric ICU 

attending

Clinically clear 
cervical spine

Discharge with: 
• C- collar
• Pain control 

follow-up
• Neurosurgery/

orthopedic 

Refer to 
neurosurgery (and 

orthopedics as 
appropriate)

Unable to obtain 
adequate films 
or concerning 

clinical 
mechanism

yes to any

obtunded

no to all

+ finding

no pain

Still has  
pain

no injury

+ finding

pain
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to exclude injury without anterior-
posterior views. Odontoid views 
increase the sensitivity of identifying 
injuries although they can be omit-
ted in an uncooperative or preverbal 
child. This series has been shown 
to be > 90% sensitive in identifying 

CSI in pediatric patients.40,41

Still, the interpretation of cervi-
cal spinal radiographs in children is 
difficult and requires an experienced 
radiologist or provider to interpret 
the anatomic variations. (See Table 6.)

CT is recommended for any 
patient with inconclusive initial 
films or continued high clinical sus-
picion for CSI. CT is an excellent 
modality for identifying bony abnor-
malities, although it still will miss 
ligamentous injury unless there is a 
bony malalignment. Some patients 
with high-risk features as described 
earlier may benefit from immediate 
CT, such as those who are uncon-
scious, intubated, or show focal neu-
rologic deficit.

MRI is preferred for visualizing 
soft tissues, ligamentous injuries, 
spinal cord edema, hemorrhage, 
compression, and transection. 
However, MRI is not readily avail-
able in all ED settings, and younger 
children may not tolerate the dura-
tion of scanning while awake. MRI 
should be obtained in all children 
with focal neurologic findings with 
or without injury identified on plain 
radiograph or CT. In areas where 
this is unavailable, transfer should be 
initiated. 

Management/Treatment
Children with clinical findings 

suggestive of spinal cord injury 
should be treated conservatively with 

Table 5. High-risk  
Features of Children With  
Suspected Cervical  
Spine Injury

• Altered mental status
• Focal neurologic findings
• Neck pain
• Torticollis
• Substantial torso injury (i.e., rib 

fractures, pelvic fractures, solid or 
hollow organ damage)

• Conditions predisposing to 
cervical spinal laxity or injury (i.e., 
Trisomy 21, Marfan syndrome, 
Klippel-Feil, achondrodysplasia)

• Diving
• High-risk motor vehicle collision 

(i.e., head-on collision, rollover, 
ejection, > 55 miles per hour, or 
death of another passenger)

Adapted from: Leonard JC, Kuppermann N, 
Olsen C, et al. Factors associated with cervical 
spine injury in children after blunt trauma. 
Ann Emerg Med 2011;58:145-155.

Table 4. Low-risk Features 
of Children With  
Suspected Cervical Spine 
Injury
NEXUS Criteria for Low 
Probability of Injury

• No midline tenderness

• No focal neurologic deficit

• Normal alertness

• No intoxication

• No painful distracting injury

Adapted from: Hoffman JR, Wolfson AB, 
Todd K, Mower WR. Selective cervical spine 
radiography in blunt trauma: Methodology 
of the National Emergency X-Radiography 
Utilization Study (NEXUS). Ann Emerg Med 
1998;32:461-469.

Table 6. Anatomic Variations

Cervical lordosis

Incomplete ossification of the posterior elements

Ligamentous laxity

Pseudosubluxation of C2 on C3 or C3 on C4

Anterior wedging

Disruption of alignment of the four cervical spine contour lines (anterior 
vertebral body line, posterior vertebral body line, spinolaminar line, and tips of 
the spinous processes)
• Muscle spasm can disrupt the lordotic curve
• Pseudosubluxation
• Ligamentous disruption may alter the line at the tips of spinous processes
• Unstable occipitoatlantoaxial injury suspected when distance between 

spinous processes of C1 and C2 is increased

Predental space: between posterior surface of the anterior arch of C1 and 
anterior surface of odontoid
• < 8 years old, 4-5 mm (3 mm in adults)
• Widening indicates blood or edema

 - Secondary to atlantoaxial instability, Jefferson fracture, or atlantoaxial 
rotation subluxation

Prevertebral space at C2-C4 
• Should be no more than one-third to one-half the AP diameter of the 

adjacent vertebral body 
• Widening may indicate hematoma, abscess, or ligamentous injury
• May appear falsely widened on films obtained during expiration and if the 

neck is overly flexed 
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immobilization, even in the absence 
of radiographic abnormalities. 
Immediate consultation or refer-
ral to a regional trauma center for 
pediatric neurosurgical and pediatric 
orthopedic evaluation is crucial for 
definitive management. All patients 
with CSI and neurologic deficit 
should be admitted to the pediatric 
intensive care unit. 

Steroid therapy is debated, and 
randomized, controlled trials are 
needed in the pediatric population 
to assess the advantages of steroid 
use after SCI in children.42-44 The 
use of steroids in patients is associ-
ated with increased infectious risks 
and no neurological improvements, 
with some literature suggesting an 
increased incidence of complica-
tions in children.13 Current expert 
opinion-based guidelines recommend 
against steroids for pediatric spinal 
cord injury.

Some patients may meet criteria 
for discharge from the ED with a 
padded hard cervical collar despite 
persistent neck pain.45 Consider 
discharge if any of the following are 
present:

• Transient symptoms have 
resolved;

• Normal neurologic examination;
• Normal imaging;
• No other serious injuries;
• Parent or caregiver and patient 

aware of restriction of any activity 
that may lead to re-injury;

• Neurosurgical follow-up in one 
to two weeks.

Conclusion
Pediatric CSI can be a compli-

cated issue in the ED. It is not diag-
nosed often but is considered quite 
often. Higher frequency of adult 
CSI leads to more uncertainty in 
children. Because of these concerns, 
adult clinical decision rules can be 
inappropriately used in children. A 
good understanding of both low-
and high-risk factors for pediatric 
CSI, coupled with a thorough and 
repeated physical exam, generally 
can alleviate these concerns while 
still maintaining a high sensitivity 
for injury. The use of plain radi-
ography as a first-line imaging 
modality can help further with 
diagnostic uncertainty without the 

considerable ionizing radiation of 
CT. The relative increased incidence 
of SCIWORA in children highlights 
the importance of serial exams over 
reliance on imaging. A structured, 
evidence-based approach to pediatric 
CSI evaluation is an invaluable tool 
for the ED provider to ensure qual-
ity patient care and minimize radia-
tion exposure.
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CME/CE Questions

1. A 15-year-old male presents after 
suffering an injury while swimming. 
Bystanders state that he was diving 
into the pool and may have hit his 
head on the bottom. On examination, 
the patient has a normal neurologic 
examination. He has a large 
hematoma on the top of his head 
with a small superficial laceration. 
He complains of some neck stiffness. 
What injury is most concerning?
a. Hangman’s fracture 
b. Jefferson’s fracture (C1 burst 

fracture)
c. Subdural hematoma
d. Atlanto-occipital dislocation

2. A 7-year-old boy presents to the 
emergency department after falling 
from a horse. He suffered a brief loss 
of consciousness, but woke shortly 
afterward. He complains of numbness 
and tingling in his hands, but 
otherwise has a completely normal 
neurologic exam. He does not have 
any spinal tenderness. A CT of his 
head and cervical spine was normal. 
He continues to have numbness and 
tingling in his hands after several 
hours in the emergency department. 
What is the next step in treatment 
and workup for this patient?
a. Discharge him with a cervical 

collar and advise follow-up with 
his pediatrician.

b. Obtain a repeat CT scan to 
evaluate for progression of injury.

c. Obtain an MRI to evaluate for 
SCIWORA.

d. Arrange for follow-up with a 
neurosurgeon and discharge home.

3. What is the estimated prevalence 
of pediatric cervical spinal injury in 
children with nonaccidental traumatic 
injuries?
a. 1%
b. 5%
c. 10%
d. 25%

.4. A 2-month-old male is brought in by 
EMS unconscious and unresponsive. 
Initial Glasgow Coma Scale is 3. The 
patient is intubated promptly and the 
subsequent secondary survey reveals 
multiple bruises in various states of 
healing. A chest X-ray to confirm 
tube placement shows rib fractures. 
Which of the following statements 
is true regarding management of this 
patient’s cervical spine?
a. Cervical spine immobilization is 

unnecessary because cervical spinal 
injury is rare in young children.

b. Plain radiographs are adequate to 
assess for cervical spinal injury if 
negative.

c. CT should be performed prior to 
MRI to assess for injuries.

d. MRI should be performed in the 
ED prior to admission.

5. Which of the following evidence-
based practices in adults can be 
extrapolated to the pediatric 
population?
a. NEXUS criteria can be used to 

identify patients at low risk for 
cervical spinal injury.

b. Canadian C-spine rules can be 
used to identify patients at low 
risk for cervical spinal injury.

c. Obtunded patients with a negative 
CT scan can have their collars 
removed.

d. CT scan is first line imaging to 
identify those at risk for cervical 
spinal injury.

6. Which of the following is an 
abnormal finding on cervical 
radiography in children?
a. Pseudosubluxation of C2 on C3
b. Predental space measuring 5 mm
c. Rotary subluxation of C1 on C2
d. Prevertebral space measuring one-

third the width of the vertebral 
body at C2

7. A 10-year-old male presents to the 
ED after a motor vehicle collision. 
Which of the follow features places 
the patient at high risk for a cervical 
spinal injury?
a. Trisomy 21
b. Restrained with a lap belt
c. Loss of consciousness at the scene
d. Femur fracture

8. A 9-year-old female strikes her chin 
on the diving board while attempting 
a flip. When retrieved from the 
water, she complains of neck pain 
and “electric shocks” throughout 
her whole body. A cervical collar is 
placed and the patient is taken to the 
local trauma center. In the ED, the 
patient has a plain radiograph of the 
neck, which reveals a cervical fracture. 
Which of the following cervical spine 
fractures is most likely?
a. Jefferson fracture
b. Atlanto-occipital dislocation
c. Atlanto-axial subluxation
d. Odontoid fracture

9. Which of the following statements is 
true of anterior cord syndrome?
a. It is caused by a hyperextension 

injury.
b. It causes upper extremity greater 

than lower extremity symptoms.
c. It usually resolves within 48 hours.
d. Pain and temperature sensation 

are lost below the lesion while 
light touch and proprioception are 
preserved.
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