
Pediatric Spinal Trauma

Spinal trauma is a rare yet important category of injury. Children account for 
10% of spinal injuries, but account for 25% of the mortality. Pediatric patients 
who present with possible spinal injury pose several unique challenges to the emer-
gency department provider. Unique anatomic and developmental features place 
pediatric patients at risk for spinal injuries that are not typically seen in the adult 
population. In addition, unlike adult patients, there is little consensus on the most 
appropriate workup for potentially injured patients. When evaluating pediatric 
patients, practitioners must balance the limited available clinical data with the 
risks and benefits of various imaging modalities. The authors review the spectrum 
of pediatric spinal injury.

— Ann M. Dietrich, MD, Editor

Epidemiology
Sixty to eighty percent of spinal injuries in children occur in the cervical 

region. The remaining 20-40% are split evenly between the thoracic and lum-
bar region. Boys are more likely than girls to experience spinal trauma. Despite 
developmental anatomy that places young patients at risk for spinal trauma, 76% 
of all spinal cord injuries occur in children older than the age of 8 years.1 Across 
all age groups, motor vehicle accidents are the most common mechanism of 
injury. Vitale et al found that of those injured in motor vehicle accidents, 67.7% 
were not wearing a seat belt.2 In addition to motor vehicle accidents, there is 
wide variability in the mechanisms of spinal injury in children. As children grow 
from infants, to toddlers, and finally to school age and adolescence, various 
mechanisms of injury become more prevalent.

Birth-associated trauma is a category of injury that is unique to infants. 
Rehan and Seshia estimated that spinal injury occurs in 1 in 29,000 live births.3 
Aggressive delivery techniques and abnormal fetal presentation are thought to 
be responsible for the majority of injuries. Abrams found that 75% of newborn 
spinal injuries occurred in patients in the breech position.4 

Toddlers retain the spinal instability and accompanying risk for high cervical 
injury. In addition to structural immaturity, young children who are learning 
to walk lack the dexterity, coordination, and fine-tuned protective reflexes that 
prevent falls and limit trauma later in life. As children start to walk, falls from 
ground level become a common mechanism of injury.

As children begin school and start participating in organized sports, athletics-
related injuries are responsible for the largest number of spinal injuries. Among 
all sports, football causes the greatest number of injuries.5 The high number of 
football-related injuries is likely secondary to widespread participation in the 
sport rather than an indication of a disproportionate level of danger. Other less 
widely played sports such as gymnastics and diving account for a significant 
number of injuries.6 Caine et al found that the incidence of sports-related spinal 
injury increased with the age of the participants. As children grow, the strength, 
speed, and level of competition contributes to increased energy in collisions and 

Authors: 

Matthew DeLaney, MD, 
Assistant Professor, Department 
of Emergency Medicine, 
University of Alabama at 
Birmingham.

Jason Booton, MD, Department 
of Emergency Medicine, 
University of Alabama at 
Birmingham.

Peer Reviewer: 

Dennis A. Hernandez, MD, 
FAAP, FACEP, Medical Director, 
Pediatric Emergency Services, 
Florida Hospital, Core Faculty, 
Emergency Medicine Residency, 
Florida Hospital, Orlando.

Volume 18, Number 6 / June 2013 www.ahcmedia.com

Statement of Financial Disclosure
To reveal any potential bias in this publication, and in 
accordance with Accreditation Council for Continuing 
Medical Education guidelines, we disclose that 
Dr. Dietrich (editor), Dr. Skrainka (CME question 
reviewer), Dr. DeLaney (author), Dr. Booton (author), 
Dr. Hernandez (peer reviewer), Ms. Mark (executive 
editor), and Ms. Hamlin (managing editor) report no 
relationships with companies related to the field of study 
covered by this CME activity.

Take our 
2013 Reader Survey! 

See details on page 75.



66    Pediatric Emergency Medicine Reports / June 2013  www.ahcmedia.com

an increased incidence of spinal cord 
injury.7 Teenagers are also at great-
est risk for penetrating spinal injury, 
with gunshots being the most likely 
cause of penetrating trauma to the 
spine.

Cervical
Cervical fractures are the most 

common type of spinal injury, 
accounting for 56% of injuries. 
Dislocations and ligamentous com-
bine to account for the remain-
ing 44%. Older children show an 
increase in the incidence of bony 
injury, while younger children are 
more likely to experience dislocations 
or soft-tissue injury.8 Most cervical 
fractures occur in the region between 
the skull and C4. Due to their lack of 
anatomic maturity, children younger 
than 8 years are at increased risk 
for cervical spine trauma. The large 
majority of fatal spinal injuries occur 
in the cervical region. High cervi-
cal injuries, such as atlanto-occipital 
dislocation, occur almost twice as 
often in children when compared to 
adults. Fractures in the lower cervical 
spine show an increased association 
with maxillofacial trauma. After age 
8 years, once the spine has matured, 
the incidence and injury patterns of 
trauma more closely approximate 
those of an adult.9

Pediatric patients are 2.5 times 
more likely to have an injury to the 
atlanto-occipital region. (See Figure 
1.) Injury to this region occurs 
more frequently in younger children 
and accounts for 15% of fatal spinal 
injury.10 The stability at the interface 
between the skull and the spine is 
provided by a pair of alar ligaments 
that extend from the dens on C2 to 

the occipital condyles. Additional 
support is provided by the tectorial 
membrane, which is a continuation 
of the posterior longitudinal liga-
ment that connects the dens to the 
skull in the region of the foramen 
magnum. These three ligaments 
provide the majority of the stabiliza-
tion between the spine and the skull, 
as the atlas at C1 has no significant 
connection to the occiput. In chil-
dren, the occipital condyles are rela-
tively small, and when coupled with 
increased ligamentous laxity, there is 
a significant increase in the amount 
of motion that can occur, which 
leads to a higher incidence of disrup-
tions at the interface of the skull and 
the spine.121

Thoracic
As with the cervical spine, thoracic 

and lumbar injuries occur most fre-
quently as a result of motor vehicle 
accidents. In young children, isolated 
thoracic spine trauma can be seen in 
instances of child abuse. As children 
progress through school, sports-
related trauma becomes a significant 
source of thoracic and lumbar inju-
ries. Fractures in the thoracic region 
frequently involve multiple areas of 
bony injury and have a high rate of 
associated injuries. Forty percent of 
thoracic injuries have fractures at 
multiple spinal levels, and in one-
third of the cases, the levels of injury 
are non-contiguous.12 Lumbar and 
thoracic injuries are commonly asso-
ciated with injuries to the viscera and 
mesentery. Beaunoyer found that 
37% of patients with thoracolumbar 
fractures after motor vehicle colli-
sions required a laparotomy for non-
orthopedic injuries.13

Sports-related injuries are respon-
sible for a significant amount of 
pediatric spinal injury. At some point 
in their adolescent athletic careers, 
up to 30% of participants have acute 
low back pain, most commonly in 
the lumbar region.14 Sports such as 
diving, gymnastics, football, cheer-
leading, and wrestling that involve 
repetitive hyperextension, axial load-
ing, twisting, and direct contact 
place the participant at higher risk of 
sustaining a lumbar injury. Football 
players have an increased rate of 
lumbar disc herniation, with even 
higher rates of injury in offensive and 
defensive linemen.15 Gymnasts are at 
increased risk of spondylolysis, spon-
dylolisthesis, and lumbar disc degen-
eration. Sward et al found that up 
to 75% of competitive gymnasts had 
clinical evidence of disc degenera-
tion. They found this rate to be sig-
nificantly higher than the 31% rate of 
degeneration that they observed in a 

 z Cervical fractures are the most common type of spinal 
injury, accounting for 56% of injuries.

 z High cervical injuries, such as atlanto-occipital disloca-
tion, occur almost twice as often in children when com-
pared to adults.

 z Fractures in the thoracic region frequently involve mul-
tiple areas of bony injury and have a high rate of associ-
ated injuries.

 z Children with conditions such as Marfan syndrome, 
achondroplasia, and Down syndrome have an increased 
amount of atlantoaxial instability and are thought to be 
at increased risk of cervical spine injury.

Executive Summary

Figure 1. Atlanto-
occipital, C1-C2 Injury
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non-athletic patient population.16

Sacral fractures are a rare injury 
in both pediatric and adult trauma 
patients. In a retrospective analysis 
of more than 4000 pediatric trauma 
patients, Hart et al found that only 
0.16% of patients had sacral frac-
tures. Notably, all of the patients 
with sacral fractures were involved in 
high-velocity impact scenarios such 
as motor vehicle accidents or falls 
from a significant height.17 Fractures 
to the sacrum are often diagnosed 
based on physical exam findings and 
are thought to be frequently over-
looked when patients have more 
severe trauma in other regions of the 
body. Dogan et al found no cases of 
neurologic deficit secondary to sacral 
fracture in their series on pediatric 
spinal trauma.18

Pathophysiology
Cervical. Children have multiple 

unique anatomical and biomechani-
cal features that put them at risk for 
spinal cord injuries.19 

A combination of increased head 
size and relative flexibility of the spi-
nal column put children at risk for 
cervical spine injury. When compared 
to a mature adult, the pediatric cervi-
cal spine has a greater degree of flexi-
bility and is able tolerate a significant 
amount of motion. The combination 
of underdeveloped paraspinal muscu-
lature and relative laxity of the liga-
ments and joint capsule allows for an 
increased amount of motion, which 
increases the likelihood of sublux-
ation. In addition, the spine also has 
relatively horizontal facets, which 
limits articulation between vertebrae 
and allows for increased movement 
with flexion and extension. Prior to 
maturation, the upper cervical verte-
brae show a slight physiologic wedg-
ing, which permits a greater degree 
of anterior movement and can 
contribute to cervical spine injury. 
The vertebrae themselves have mul-
tiple ossification centers that close 
throughout the first years of life. In 
young children, this delayed closure 
contributes to the overall increase in 
spinal laxity and hypermobility.20,21  

In children, the size of their 
head often contributes to a greater 

portion of their overall weight than 
in adults. With increased head size 
overlying a relatively flexible cervical 
spine, pediatric patients are at risk for 
a “fulcrum” type effect. The cervical 
fulcrum of motion is located at C2/
C3 until about 8 years of age, when 
growth and maturation shifts the 
fulcrum to C5/C6, where it remains 
throughout adulthood. In the age 
group younger than 8 years, caudal 
location of the fulcrum contributes 
to a significant number of high cer-
vical and craniovertebral junction 
injuries. Children with conditions 
such as Marfan syndrome, achon-
droplasia, and Down syndrome have 
an increased amount of atlantoaxial 
instability and are thought to be 
at increased risk of cervical spine 
injury.22 

Fractures in the area of C1 are 
rare, yet occur more than twice as 
often in children when compared 
to adults. Fractures to the ring of 
C1 are known as Jefferson fractures, 
and occur as a result of axial load-
ing. Typically, these injuries occur 
secondary to diving-type accidents. 
Fractures to C2, odontoid frac-
tures, are the most common loca-
tion of cervical fracture in children. 
Hyperextension of the neck can 
result in bilateral pars interarticularis 
fractures, which are known as hang-
man’s fractures. This fracture pattern 
is seen most often in adolescents 
and adults, typically in the setting of 
contact sports or motor vehicle colli-
sions. In a pediatric patient, this pat-
tern of fracture should be concerning 
for possible non-accidental trauma.23

Traditionally, teachings held that 
children younger than 8 years had an 
increased occurrence of high cervi-
cal injury due to the location of their 
fulcrum, while children with mature 
spines were more likely to experience 
lower cervical spine injury, as seen in 
the adult population. Recent stud-
ies have drawn this generalization 
into question. Brown et al found 
that in sports-related trauma, in 
patients whose average age was 13.8 
years, the large majority of trauma 
occurred in the C1-C4 region.24 
Givens et al found that in a group of 
20 children younger than 8 years of 

age with cervical spine trauma, 50% 
of the patients had an injury below 
the level of C4.25

SCIWORA. The pediatric spine 
has various features that give it a 
significant degree of flexibility. This 
laxity allows the pediatric spine to 
“bend before it breaks.” As a result, 
children are more at risk for soft-
tissue injuries and can experience 
injuries to the spinal cord without 
any radiographic evidence. Spinal 
cord injury without radiographic 
abnormality, or SCIWORA, was first 
described by Pand and Wilberger in 
1982. Initially the term was used to 
refer to patients who showed clini-
cal signs of spinal cord injury with-
out showing any bony abnormality 
on plain radiographs. SCIWORA 
was thought to occur due to the 
increased mobility of the pediatric 
spine. Cadaver studies have shown 
that the neonatal vertebral column 
can stretch 2 inches without disrup-
tion, while the spinal cord is only 
able to stretch 0.25 inches without 
showing signs of damage. Prior to 
spinal maturation around age 8, the 
pediatric spinal column is able to tol-
erate a significant amount of move-
ment without incurring obvious 
signs of bony injury on radiographs. 
While the vertebral column has an 
increased range of motion, the spinal 
cord remains relatively immobile. 
The discrepancy in tolerable ranges 
of motion creates a situation in 
which spinal cord injury is possible 
without damaging the vertebral 
column.26

Younger children are at higher 
risk of SCIWORA due to the imma-
turity of their spinal column. As 
the spine matures, the risk of bony 
injury increases and the risk of 
SCIWORA decreases. The incidence 
of SCIWORA is difficult to verify, 
with estimates ranging from 5-67% 
of all cases of spinal trauma. In 2004, 
Pang found the mean incidence 
to be 34.8% in a review of studies 
that covered more than 40 years of 
literature.  

The cervical spine has the highest 
incidence of SCIWORA, as this is 
typically the region of the spine with 
the largest range of motion. While 
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most cases will occur in the cervi-
cal region, up to 15% of SCIWORA 
cases involve the thoracic spine. 
The upper thoracic spine is involved 
most often. This anatomic area 
is thought to be at higher risk of 
SCIWORA due to the presence of a 
watershed vascular supply zone and 
the distribution of nerve roots and 
dentate ligaments.27 Patients with 
thoracic SCIWORA typically have 
significant injuries to the thoracic, 
abdominal, or pelvic region, as it 
takes a significant amount of force 
to overcome the protective effect of 
the rib cage and cause injury to the 
thoracic spine. There are case reports 
of patients with lumbar and sacral 
SCIWORA-type injuries, but these 
are exceedingly rare.28

Two categories of SCIWORA-type 
injuries, delayed and recurrent, pose 
a particular diagnostic dilemma. In 
his initial study, Pang found that 52% 
of patients had a delay in symptom 
onset. The time of delay ranged 
from minutes up to four days. More 
than half of the patients in this study 
with a delayed onset of symptoms 
reported transient neurologic symp-
toms immediately following the 
initial injury.29 The etiology of the 
delay in symptom onset is somewhat 
unclear, with some authors hypoth-
esizing that symptoms are a result of 
ongoing ischemia from an infarction 
in the spinal cord.30

Recurrent SCIWORA-type inju-
ries comprise a second subset of 
patients.31 A recent study reported a 
17% incidence of recurrent injuries; 
however, the incidence of these inju-
ries seems to be declining as conser-
vative spinal immobilization becomes 
more widespread.32,33 As the use of 
advanced neuroimaging such as MRI 
has become more widespread, the 
term SCIWORA has come under 
scrutiny. Previously, patients who dis-
played neurologic symptoms yet had 
unremarkable radiographs were diag-
nosed as having a SCIWORA-type 
injury. With the improved imaging 
capacity of MRI, spinal cord pathol-
ogy is being visualized in patients 
who historically, with negative plain 
radiographs, would have been diag-
nosed with SCIWORA-type injury.  

Thoracic Pathophysiology. The 
thoracolumbar junction is the most 
common site of injury. The thoracic 
spine is stiff and fairly immobile due 
in part to its kyphotic orientation 
and the support provided by ribs and 
intracostal musculature. The lumbar 
spine is lordotic and offers a much 
greater range of mobility. The inter-
face between the relatively stiff tho-
racic spine and the flexible lumbar 
spine makes the thoracolumbar junc-
tion a high-risk area for injury.34

Lumbosacral Pathophysiology. 
While compression fractures account 
for the majority of fractures to the 
thoracic and lumbar spine, mecha-
nisms of injury can have a significant 
effect on the fracture pattern.35 Axial 
loading typically results in a burst 
pattern, while hyperflexion desta-
bilizes the posterior column and 
can result in a compression pattern 
of fracture. Flexion-distraction or 
“seat belt” injuries were originally 
described by Chance in 1948 and 
involve a compression fracture of the 
anterior column with a disruption of 
the posterior column.35 These inju-
ries are usually secondary to hyper-
flexion, often due to being restrained 
by a seat belt. These injuries typically 
occur at the thoracolumbar junction 
and have associated visceral injury in 
up to 50% of the cases.36  

Spondylolysis and spondylolisthe-
sis are common causes of pediatric 
lumbar pain. The term spondyloly-
sis can be used broadly to describe 
degenerative changes that occur in 
the vertebrae or can specifically refer 
to fractures or osteophytic changes 
that involve the pars interarticularis, 
which is the part of the vertebra 
between the superior and inferior 
facets. Spondylolysis can be caused 
by a congenital defect, may occur as 
a result of a specific traumatic event, 
or can occur as a result of repeti-
tive stress and motion over time. 
Up to 5% of the general population 
is thought to have some degree of 
spondylolysis, and the incidence 
tends to increase with patient age. 
Significantly higher rates are found in 
athletes such as divers and gymnasts 
who perform repeated hyperexten-
sion of the lumbar spine.37 Although 

spondylolysis can occur throughout 
the length of the spine, the lumbar 
and sacral spine are most commonly 
affected in pediatric patients. The 
most common area of involvement is 
the L5/S1 interface.38

Spondylolisthesis refers to the 
anterior or posterior displacement of 
one vertebra on another. This slip-
page can be caused by a single event 
or, more commonly, can occur as a 
result of a defect in the pars interar-
ticularis. Spondylolysis is a specific 
risk factor for developing spondy-
lolisthesis, and it is estimated that 
30% of patients with spondylolysis 
will develop some component of 
spondylolithesis. As with spondyloly-
sis, athletes are thought to have an 
increased rate of spondylolisthesis. 
Athletes who have repetitive hyper-
extension are more likely to develop 
spondylolytic changes, which then 
increase the likelihood of developing 
vertebral displacement or spondylo-
listhesis. Mayer et al found that up to 
15% of high school athletes had sig-
nificant vertebral displacement seen 
on screening lumbar radiographs.39

Sacral fractures are typically a 
result of high-velocity injuries. The 
sacrum articulates with the bony 
pelvis. This anatomic association 
protects the sacrum from significant 
damage during lower-impact inju-
ries. In order for the sacrum to be 
injured, the body must be placed 
under a significant amount of stress 
and strain. When enough force is 
applied to cause an injury to the 
sacrum, there is a significant rate of 
injury to the adjacent body struc-
tures, as the force needed to injure 
the sacrum is likely to injure the pel-
vis as well. While sacral fractures are 
rare, it is estimated that up to 50% 
of patients with a sacral fracture will 
have a concomitant pelvic fracture.40

Differential Diagnosis
Providers should keep a broad 

differential diagnosis in pediat-
ric patients with suspected spinal 
trauma. Often these patients will 
have a significant mechanism of 
injury and have a high rate of injury 
to other parts of the body. Providers 
in the emergency department should 
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perform a complete physical exam 
on any patient with suspected spinal 
trauma to ensure that there are no 
other associated injuries.  

Diagnosis
Plain Films. Plain radiographs are 

the most appropriate initial screening 
test for patients suspected of having 
spinal trauma. For pediatric patients, 
the lateral cervical spine radiograph 
has the highest sensitivity for detect-
ing cervical spine injury when com-
pared to other views using plain 
radiographs. (See Figure 2.)

Silva et al examined the role that 
various plain radiographs play in the 
workup of suspected cervical spine 
injury. When compared to a gold 
standard of a CT scan, the lateral 
radiograph had the highest sensitiv-
ity. Adding additional views such 
as the open-mouth odontoid view 
did not improve the sensitivity and 
caused a decrease in specificity.41 (See 
Figure 3.) Additional studies have 
found that lateral and AP radio-
graphs were able to identify 87% 
of cervical spine injuries in patients 
younger than 9 years old. Adding 
other views did not improve the 
diagnostic accuracy. 

Other views such as the odontoid 
view can be difficult to obtain in 
young children, and are not typically 
needed when evaluating a pediatric 
patient.42 Oblique views, which can 
increase the sensitivity of plain films 
in the detection of cervical spine 
injury in adult patients, have not 
been shown to have the same ben-
efit in pediatric patients.43 Children 
who present with possible cervical 
spine injury should have an antero-
posterior and a lateral radiograph 
performed as part of their initial eval-
uation in the emergency department. 
(See Figure 4.) 

When evaluating pediatric cervical 
spine radiographs, providers should 
be aware of pseudo-subluxation 
of the cervical spine. Pseudo-
subluxation occurs when there is 
anterior displacement of the verte-
brae. This radiographic finding can 
be a result of cervical spine injury, 
but more commonly is a normal 
variant. Cattell et al found 3 mm of 

anterior displacement at C2/3 in 
40% of patients, and 14% of patients 
had displacement at C3/4. While 
this anterior displacement can be a 
normal variant, any child with a his-
tory of trauma, pain in the cervical 
region, and an abnormal-appearing 
radiograph should be treated as if he 
or she has a legitimate cervical spine 
injury until proven otherwise.44 

In addition to pseudo-subluxation, 
there are several other normal radio-
graphic variants that can be seen in 
children. Findings such as a lack of 
cervical lordosis, anterior vertebral 
wedging, or a widened atlantoaxial 
distance are often pathologic in adult 
patients, but can be seen sometimes 
in pediatric patients.45 While these 
normal anatomic variants may mimic 
underlying disease, patients who 
have a concerning exam in the area 
of these findings should be treated 
as if they have a significant cervical 
spine injury until further studies can 
be obtained.

Historically, flexion-extension 
radiographs have been used to 
evaluate patients who were thought 
to have a potential ligamentous 
injury. (See Figure 5.) Typically, 
these patients would have neuro-
logic deficits without an obvious 
fracture on traditional radiographs. 
Flexion-extension films can be 

difficult to obtain, with up to 50% 
of adults being unable to undergo 
adequate imaging. Often the exam 
is limited due to patient pain and 
muscle spasm.46 When compared 
to CT scans, flexion-extension 
films offer little diagnostic yield. 
Dwek et al found that in patients 
who had a normal anteroposterior 
and lateral radiograph, the flexion-
extension radiographs did not offer 
any increase in diagnostic yield.47 
Patients with suspected ligamentous 
injury and negative plain films should 

Figure 3. Normal Open 
Mouth View

Figure 4. Normal AP Spine 
Film

Figure 2. Cervical Spine 
Fracture on Lateral 
Cervical Spine Radiograph
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undergo MRI or CT scan rather 
than having flexion-extension radio-
graphs performed. 

Pediatric patients with suspected 
thoracic and lumbar injury can be 
evaluated using anteroposterior 
and lateral radiographs. Typically, a 
significant, high-energy mechanism 
is required to cause injury to the 
thoracic and lumbar region. Patients 
who are at risk for spinal injury 
to this area have an increased rate 
of systemic injury and likely need 
further evaluation with CT scan or 
MRI. For patients with a significant 
mechanism of injury, CT scans of 
the thorax and abdomen can be used 
to obtain reformatted images of the 
spine, rather than obtaining separate 
spinal images.48

Sacral fractures in children may 
not be appreciated on the standard 
radiographs that are ordered as part 
of the patient’s workup. Hart et 
al17 found that only 30% of patients 
with spinal injury had specific imag-
ing of the sacrum performed. In 
adult patients, typical views such as 
the anteroposterior pelvis or Judet 
views can be suboptimal in terms 
of identifying sacral fractures. It is 

thought that pediatric patients who 
have these studies performed may 
have a similar rate of missed frac-
ture. Lateral or 30-degree cephalad 
sacral views provide a more adequate 
view of the sacrum in a patient with 
suspected injury. Given the high 
incidence of pelvic fractures in the 
setting of sacral fractures, and the 
high forces necessary to generate 
these types of injuries, patients with 
a high pre-test probability of sacral 
or pelvic injury should undergo a 
pelvic CT scan.49 

CT
CT scan is more accurate at iden-

tifying spinal injury when compared 
to plain radiographs. Despite its 
superior diagnostic characteristics, 
performing a CT scan on a pediatric 
patient involves exposure to a con-
siderable amount of radiation and is 
not a benign endeavor. The biggest 
risk from CT scans is the associ-
ated exposure to ionizing radiation. 
There is thought to be a linear asso-
ciation between exposure to radia-
tion and the development of thyroid 
cancer later in life. The highest levels 
of association have been found in 
children younger than the age of 15 
years. While the exact rate of malig-
nancy is somewhat difficult to pin-
point, all efforts should be made to 
limit the amount of radiation used 
during the evaluation of pediatric 
trauma patients.50 

While CT scan is superior to 
plain radiographs in identifying 
bony injury, it should not be used 
routinely to clear the entire cervical 
spine. Guidelines from the American 
Association of Neurological 
Surgeons state that “CT of the 
cervical spine should be used judi-
ciously to define bony anatomy 
at specific levels but is not recom-
mended as a means to clear the 
entire cervical spine in children.”51

While bony injury can typically be 
detected on plain radiographs, there 
is a high rate of missed cervical spine 
fractures during the initial assess-
ment of pediatric trauma patients. 
Avellino et al reported a misdiagno-
sis rate of 19% by emergency pro-
viders during the initial evaluation 

of patients with suspected cervical 
spine injury. Fourteen percent of 
the patients were diagnosed as hav-
ing fractures that were later found 
to be normal anatomic variations. 
Five percent of the patients had true 
missed fractures that were not appre-
ciated during the initial assessment. 
Plain radiographs can be difficult to 
interpret in the pediatric patient, and 
there is a significant rate of missed 
cervical spine fractures during the 
initial evaluation. Providers should 
consider CT scan with reformatted 
views if there is continued clinical 
concern for spinal injury after the 
initial assessment.52 (See Figures 6, 7, 
and 8.)

CT scans may be useful in evalu-
ating pediatric patients who are 
thought to have a high risk of cervi-
cal spine injury. There are limited 
data to suggest that CT scan may 
be helpful in identifying bony injury 
in obtunded pediatric patients. In a 
review of the literature on pediatric 
cervical spine injury, Slack et al sug-
gest that CT scan should be consid-
ered in obtunded pediatric trauma 
patients when an exam is limited or 
unobtainable.53 Keenan et al found 
that in children who presented with 
head injury, performing a CT scan 
during the initial evaluation actu-
ally reduced the number of repeat 
radiographs that were needed to 
evaluate the cervical spine during 
the course of the patient’s hospital-
ization. While CT scans may reduce 
the subsequent exposure to radia-
tion, the provider must weigh this 
benefit with the significant exposure 
to radiation when a CT scan is used 
over plain radiographs during the 
initial assessment.54

In addition to the risk from expo-
sure to radiation, CT scan has some 
technical limitations that make it 
less useful in the workup of a certain 
subset of pediatric trauma patients. 
In children younger than the age of 
5 years, ligamentous injury is much 
more common than bony injury. 
Although CT scan outperforms 
plain radiography in its ability to 
detect bony injury, it is much less 
sensitive in terms of detecting liga-
mentous injury. In these patients 

Figure 5. Flexion/
extension Film That Shows 
C6/C7 Ligamentous Injury
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with possible ligamentous injury, CT 
scans will often add little informa-
tion that cannot be obtained from 
the plain radiographs. In a retro-
spective review of more than 600 
cases, Hernandez et al looked at 
the role of CT when compared to 
plain radiographs in the workup of 
pediatric trauma patients with sus-
pected cervical spine injury. While 
only 2.7% of patients had a cervi-
cal spine injury, all of these patients 
had abnormal diagnostic findings 
on their plain radiographs. There 
were no cases in which the CT scan 
showed any new significant findings. 
Given this very low yield, the authors 
concluded that there was little to no 
role for CT scan in patients younger 
than the age of 5 years.55 Given the 
insensitivity of CT scan in detecting 
ligamentous injury, the adequacy of 
plain radiographs, and the exposure 
to ionizing radiation, various authors 
have suggested that CT plays a very 
limited role in the workup of pedi-
atric patients with suspected cervical 
spine injury.56  

MRI
Magnetic resonance imaging, or 

MRI, is better than CT scan at iden-
tifying ligamentous or soft-tissue 
injury to the cervical spine. Given 
the somewhat limited availability 
of MRI in most emergency depart-
ments, it is not commonly used as 
the first imaging modality during 
the initial assessment of a pediatric 
trauma patient. In young patients 
who are non-verbal or in older 
patients who are obtunded, MRI has 
been shown to be useful in evaluat-
ing the cervical spine. 

Flynn et al looked at the role 
that MRI plays in the evaluation 
of children with suspected spinal 
cord injury. MRIs were obtained if 
the patient was obtunded or non-
verbal, had equivocal plain films, 
had neurologic symptoms without 
abnormality on plain radiograph, 
or if the patient had continued pain 
on clinical testing after three days of 
immobilization. In the group of chil-
dren who underwent MRI, 66% had 
the initial diagnosis confirmed, and 
34% received a new diagnosis based 

on the MRI results.57 For the major-
ity of pediatric trauma patients, MRI 
is not necessary, as plain radiographs 
and the physical exam can be used to 
identify or exclude the large majority 
of cases; however, it may be a helpful 
study in patients in whom the exam 
is limited or the workup remains 
somewhat equivocal.  

For pediatric trauma patients, the 
history and physical exam should be 
the primary factors that determine 
which imaging studies, if any, need 
to be obtained. Plain radiographs are 
typically the most appropriate screen-
ing study for spinal injury. With a 
low clinical suspicion of injury and 
negative radiographs, patients likely 
do not need further imaging. CT 
scan has a limited role in the evalu-
ation of the cervical spine, but can 
be useful in evaluating thoracic and 
lumbar trauma, in which there is an 
increased risk of coexisting trauma. 
When the physical exam is limited 
by clinical condition, or if the initial 
workup is inconclusive or the patient 
has an abnormal neurologic exam, 
MRI can provide added clinical 
information.23

Emergency Department 
Management

Typically patients arrive in the 
emergency department with spinal 
immobilization in place that was 
started by the pre-hospital providers. 
Despite the widespread prevalence 
of spinal immobilization protocols, 

the science behind these practices 
is somewhat limited. In 2009, a 
Cochrane Collaboration systematic 
review looked at the role of spinal 
immobilization and found no con-
nection between immobilization and 
mortality, neurologic injury, or spinal 
stability. Despite the lack of evidence 
for its use, it is standard practice to 
immobilize patients with suspected 
spinal injury.58 Placing patients in 
spinal immobilization is not always 
a benign intervention. Patients 
who have their spines immobilized 
have an increase in pain and have 
been noted to have a diminished 
forced vital capacity.59 The goal of 
spinal immobilization is to keep the 
patient in a neutral position. In a 
child, maintaining a neutral position 
can be difficult given the size of the 

Figure 6. CT of Cervical 
Spine Fracture

Figure 7. CT of Cervical 
Spine Fracture

Figure 8. CT of Cervical 
Spine Fracture
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child’s head relative to the rest of the 
body. Curran et al examined various 
immobilization techniques used in 
pediatric patients with suspected spi-
nal trauma. Up to 20% of pediatric 
patients placed on a spinal backboard 
were noted to have greater than 10 
degrees of cervical flexion.60 Some 
authors have suggested that elevat-
ing the patient’s thorax can lessen 
the amount of cervical flexion. 
This approach can be problematic 
in a trauma patient who may have 
both cervical and thoracic injury, 
as manipulating the thoracic region 
could worsen an underlying injury.61 
Given the limited evidence for spinal 
immobilization and the reported risk 
involved, patients should be evalu-
ated promptly and immobilization 
should be removed as soon as is 
clinically possible.

Clearing the cervical spine in a 
pediatric trauma patient can be dif-
ficult. Given the lack of validated 
clinical decision rules, and the 
wide variety of imaging modalities, 
there is significant variation in the 
approach taken to evaluate these 
patients. While no low-risk clini-
cal criteria have been prospectively 
validated in pediatric patients, if a 
patient is verbal, has a normal exam, 
and lacks any obvious high-risk fea-
tures, it is reasonable to remove the 
cervical collar without further test-
ing. In patients with pain on exam 
or higher suspicion of injury, plain 
radiographs should be the initial 
imaging study. CT scan can be used 
to clarify any areas on plain film that 
are concerning for bony injury. MRI 
is the study of choice in patients 
who are obtunded, have abnormal 
neurologic findings, or in any patient 
with suspected ligamentous injury. 
Patients with significant spinal injury 
will require inpatient management. 
Patients with a benign exam can be 
safely discharged from the emer-
gency department.

Various authors have proposed 
a similar approach to clearing the 
cervical spine in the emergency 
department. The biggest point of 
debate typically involves the defini-
tion of high-risk criteria. The goal of 
identifying these high-risk elements 

of the exam or history is to estab-
lish a pre-test probability of spinal 
injury. While multiple studies have 
attempted to identify these features, 
there is still not a standard set of cri-
teria that has been widely validated, 
as there is with adult patients and 
the NEXUS and Canadian Cervical 
Spine Rule decision rules. With 
ongoing debate about the features 
that help determine the pre-test 
probability of spinal injury, it is dif-
ficult to establish a widely accepted 
algorithm for the clinical clearance 
of the pediatric cervical spine. As a 
result, there is moderate variation 
in the approach taken to the pediat-
ric trauma patient between various 
institutions.62

Clinical Decision Rules
Several clinical decision rules exist 

in an effort to use clinical criteria 
to identify patients with a cervical 
spine injury. Decision tools such as 
the NEXUS and Canadian Cervical 
Spine Rule were not designed spe-
cifically to evaluate the pediatric 
trauma patient. While some authors 
have attempted to validate these cri-
teria in pediatric patients, there are 
significant limitations to using this 
approach to exclude a cervical spine 
injury. In addition, several authors 
have attempted to derive indepen-
dent criteria that can exclude pedi-
atric cervical spine injury. To date, 
there is not a clinical decision rule 
that has adequate performance to 
identify or exclude a pediatric spinal 
injury.

The NEXUS criteria was derived 
from a large prospective study. The 
criteria consist of five clinical fea-
tures. The high-risk clinical features 
were identified as altered mental 
status, intoxication, focal neurologic 
deficit, cervical spine tenderness, and 
distracting injury. If a trauma patient 
had none of these high-risk features, 
the criteria were found to be approx-
imately 99% sensitive for excluding 
cervical spine injury.63 

Viccellio et al applied these 
NEXUS criteria to pediatric trauma 
patients. In looking at 3065 pediatric 
patients younger than the age of 18 
years, 2160 were between 8 and 17 

years of age. Out of the thousands of 
patients enrolled, there were only 30 
cases of cervical spine injury. Among 
the injured patients, only four of the 
30 were younger than 9 years old, 
and there were no injured patients 
younger than the age of 2 years. 
The authors of this study reported 
a 100% sensitivity (95% confidence 
interval: 87.8%-100%) in identifying 
cervical spine injury when applying 
NEXUS criteria to pediatric patients. 
There were several notable limita-
tions to this study. First, the rate of 
cervical spine injury across all pediat-
ric age groups was very low. Notably, 
there were no patients with injury 
younger than the age of 2 years. In 
addition, cervical spine tenderness 
was the most common characteristic 
identified in patients with cervical 
spine injury. In young, pre-verbal 
children, it can be very difficult to 
accurately identify spinal tender-
ness to palpation. While NEXUS 
criteria may be used reliably in older 
pediatric trauma patients, there are 
significant limitations to using them 
to evaluate younger children who 
present with possible cervical spine 
injury.64

Given the difficulty that young 
children have in identifying spinal 
tenderness, several authors have 
examined modified protocols based 
on the original NEXUS criteria. 
Anderson et al examined 575 pedi-
atric trauma patients between the 
ages of 0 and 3 years of age who 
were admitted to the hospital. In 
addition to applying the NEXUS cri-
teria, all of these patients underwent 
plain cervical spine radiography. By 
combining the radiographs with the 
high-risk features from the initial 
NEXUS study, cervical spine injury 
could be excluded in approximately 
80% of the admitted patients without 
further testing.65

The Canadian Cervical Spine 
Rule involves a set of criteria that 
attempts to identify patients who 
are at low risk of having clinically 
important cervical spine injury. In 
adult patients, this rule has been 
reported to have a superior sensitiv-
ity and specificity when compared 
to the NEXUS criteria.66 As with 
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the NEXUS criteria, various authors 
have attempted to evaluate pediat-
ric trauma patients using the CCR 
criteria. Ehrlich et al found that the 
Canadian Cervical Spine Rule had 
a sensitivity of 86% and a specific-
ity of 94% when applied to trauma 
patients younger than 10 years of 
age. This study was limited both by 
its retrospective design and the lim-
ited prevalence of pediatric cervical 
spine injury. Given the limited per-
formance of the Canadian Cervical 
Spine Rule when applied to pediatric 
patients, this criterion should not be 
used to risk-stratify pediatric trauma 
patients.67 

There are no well-validated clinical 
prediction rules that can be used to 
identify cervical spine injury in pedi-
atric patients. Various authors have 
proposed various decision instru-
ments to evaluate pediatric patients; 
however, most of these studies are 
either retrospective or have very 
small numbers of enrolled patients. 
Lee et al identified 10 high-risk 
criteria. In a study of 56 patients, 
there were no cases of missed cervi-
cal spine injury if none of the criteria 
were met.68 

Pieretti-Vanmarcke et al used four 
criteria in a retrospective analysis 
of trauma patients between the 
ages of 0 and 3 years of age. High-
risk criteria consisted of an overall 
Glasgow coma score of less than 14, 
a GCS eye opening score of 1, being 
involved in a motor vehicle collision, 
and age greater than 2 years. While 
the retrospective design of this study 
is a significant limitation, the criteria 
had a negative predictive value of 
99.9%.69 

Leonard et al proposed eight 
risk factors for cervical spine injury. 
High-risk features were identified as 
altered mental status, intoxication, 
focal neurologic deficit, complaint 
of neck pain, substantial torso injury, 
high-risk motor vehicle accident or 
diving, predisposing condition, and 
torticollis. Patients who had none of 
these criteria were thought to have a 
low risk of cervical spine injury, with 
a sensitivity of 98% for the detection 
of significant cervical spine injury.70 
Some of these studies show promise 

in identifying pediatric patients who 
are at risk for significant cervical 
spine injury. To date, none of these 
criteria have been prospectively 
validated, and providers should not 
rely heavily on these studies when 
evaluating pediatric patients. In addi-
tion to the methodological limita-
tions, some of these criteria are so 
broad that they offer little diagnostic 
advantage over clinical gestalt. For 
example, Leonard et al label “com-
plaint of neck pain” as a high-risk 
feature. While this chief complaint 
logically increases the pre-test prob-
ability of cervical spine trauma, 
most providers would not pursue a 
workup for spinal trauma in a patient 
who has no complaint of neck pain. 

Summary
Pediatric spinal trauma presents 

a unique challenge to emergency 
practitioners. While not the most 
common type of injury seen in 
the emergency department, spi-
nal trauma has a significant rate of 
morbidity, mortality, and associated 
injury. Rather than relying on a spe-
cific set of guidelines, providers must 
consider the mechanism of injury 
and physical exam in each patient, 
while weighing the risks and benefits 
of various testing modalities.
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Upon completion of this educational activity, participants should be able to:

	 •	recognize	specific	conditions	in	pediatric	patients	presenting	to	the	 
emergency department;
	 •	describe	the	epidemiology,	etiology,	pathophysiology,	historical	and	
examination findings associated with conditions in pediatric patients pre-
senting to the emergency department;
	 •	formulate	a	differential	diagnosis	and	perform	necessary	diagnostic	tests;
	 •	apply	up-to-date	therapeutic	techniques	to	address	conditions	 
discussed in the publication;
	 •	discuss	any	discharge	or	follow-up	instructions	with	patients.
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CME Questions

1. In adults, the cervical spine fulcrum is at 
C5/C6. Where is the location of this ful-
crum in children?
A. atlanto-occipital
B. C1-C2
C. C2-C3
D. C4-C5
E. C6-C7

2. Which of the following is true about 
SCIWORA?
A. As MRI use increases, the traditional 

definition of SCIWORA has come 
under scrutiny.

B. SCIWORA can have a delayed presen-
tation.

C. SCIWORA typically involves the cer-
vical vertebrae.

D. All of the above.

3. NEXUS criteria have been studied 
the least in which of the following age 
groups?
A. younger than 2 years old
B. from 2-6 years old
C. older than 8 years old
D. 18+ years old

4. Thoracic fractures are significant because:
A. They occur more frequently in pre-

verbal children.
B. They have a high rate of associated 

injury.
C. They can occur with a relatively low 

mechanism of injury.
D. They are most typical of non-vehicular 

accidents.

5. What is the most common location of 
pediatric spinal injury?
A. cervical
B. thoracic
C. lumbar
D. sacral

6. Lumbar injuries are most commonly seen 
in which of the following patients?

A. gymnasts with repeated hyperexten-
sion of the spine

B. football players with axial loading
C. wrestlers with repetitive twisting 

movements
D. all of the above

7. Why is the thoracolumbar junction the 
most common site of injury below the 
cervical spine?
A. There is a difference in mobility of 

the thoracic spine compared to the 
lumbar spine.

B. Greater forces are placed on the tho-
racic spine compared to the lumbar 
spine.

C. The immobile, kyphotic orientation 
of the thoracic spine joins the mobile, 
lordotic orientation of the lumbar 
spine.

D. The thoracic spine is relatively imma-
ture compared to the lumbar spine.

8. Which of the following clinical decision 
rules has been prospectively validated for 
use in pediatric trauma patients?
A. NEXUS
B. Canadian Cervical Spine Rule
C. NEXUS criteria followed by plain 

radiographs
D. none of the above

9. Which of the following often characterizes 
sacral fractures?
A. They are characterized by neurologi-

cal deficits.
B. They are typically seen on traditional 

pelvic radiographs.
C. They are often overlooked during the 

initial workup.
D. They often require operative interven-

tion.

10. Which of the following is the most appro-
priate initial imaging study in a patient 
with suspect spinal injury?
A. flexion-extension radiographs
B. CT scan of the cervical spine
C. plain radiographs

D. MRI
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