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Abstract

Pediatric spinal cord injury is a complex process that is associated with significant morbidity and mortality. While
this injury is rare, knowledge of the unique aspects of the pediatric spine can aid in making a prompt diagnosis which

can lead to faster treatment and functional recovery.
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Overview

Spinal cord injury (SCI) is a devastating diagnosis widely thought to
have a poor prognosis. These injuries are less common in the pediatric
population; however, it is crucial for treating providers to understand the
morphologic differences in the pediatric spine, compared to adults, in
order to promptly diagnose and manage these complex injuries.

Anatomy

One function of the vertebral column is to protect the spinal cord
from injury. The pediatric spine, unlike the adult spine, is in a state of
growth and development. Morphologic and physiological differences
can be used to explain different injury patterns seen in pediatric
compared to adult patients (Table 1).

The pediatric vertebral column has ossification centers, which are
points of weakness that sometimes are confused with fractures (Table 2
and Figure 1) [1-3]. The atlas has three ossification centers: one body
and two lateral masses. The synchondrosis that forms the posterior
arch fuses by age 3 to 4 while the synchondrosis linking the lateral
masses to the body fuse by 6 to 8 years [2].

The axis forms from five primary ossification centers: one body, two
lateral masses, and two in the dens. The dentocentral synchondrosis
connects the dens to the body and can be open in children up until
age 3 [2]. The remaining levels in the cervical spine arise from three
ossification centers: one for the body and one for each neural arch. The

Presence of primary and secondary ossification centers
Horizontal cervical facet joints

Wedge shaped vertebral bodies

Lack of ossification of the uncovertebral joints
Underdevelopment of secondary stabilizers

Increased elasticity of ligaments

Increased elasticity of annulus

Greater head-to-torso ratio

Table 1: Unique anatomic and morphologic characteristics of the pediatric cervical
spine contributing to instability.

Bone Synchondrosis Age at Fusion (years)

Atlas (C1) Anterior neurocentral 6to8
Posterior neural arch 3to4

Axis (C2) Dentocentral 3to6
Anterior neurocentral 3to6

Posterior neural arch 2to3

Odontoid neural arch 2t03

Subaxial (C3-7) Anterior neurocentral 3to6
Posterior neural arch 2t03

Table 2: Age of fusion of cervical spine Syncondroses.
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A: Transverse view of Atlas. B: Coronal view of Axis.

C: Transverse view of subaxial cervical spine.

Figure 1: Anatomy of the pediatric cervical spine ossification centers.

synchondrosis fuses posteriorly between 2 to 3 years and anteriorly
between 3 to 6 years.

The morphology of the vertebra also changes with growth. In the
young child, the vertebral body has a characteristic wedge shape with
horizontal facet joints [4,5]. The orientation of the cervical facet joint
increases from 0° to 30° at birth to 60° to 70° at age 8 [2]. This more
vertical orientation increases stability of the facet joint. Furthermore,
ossification of the uncovertebral joints, which occurs by age 7, increases
the stability of the cervical spine [6]. Dynamic stabilization of the spine
also follows this developmental pattern. In the young child, paraspinal
muscle reflexes are underdeveloped and do not protect the spine from
sudden trauma [7].

Physiologically, the pediatric spine has properties making it more
flexible than the adult spine. Spinal ligaments have a higher elasticity
compared to adults, which allow traumatic forces to be transferred to the
spinal cord [4,7]. The annulus also has increased water content which
increases the elasticity of the disc [8]. The presence of synchondroses
increases the flexibility of the cervical spine allowing for potentially
more motion compared the rigid vertebral column in the adult [4,7].
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From a morphologic perspective, pediatric patients are at higher
risk of cervical spine injury because of the larger head to torso ratio
and the alteration in flexion fulcrum with development. The large
head to torso ratio predisposes the head to large flexion and extension
moments. The fulcrum of cervical flexion shifts caudally from C2-C3
in early childhood to C5-C6 by age 10 years [2,7].

Epidemiology

Pediatric SCI is rare among trauma admissions, with an overall
prevalence of 1-2% [8-11]. The overall mortality rate has been listed in
the literature as 4.9%; however, in the subgroup of patients under age
3, mortality peaks at 10.8% which is thought to be due to the presence
of concomitant head injury [4]. The highest incidence of pediatric SCI
occurs in early adolescence and young adulthood during the ages of 14-
17 years, and is associated with male patients who reside in urban areas
[4,9,11-14]. The most common mechanism of injury is motor vehicle
accidents, accounting for 81% of pediatric spinal injuries [15].

The distribution of injuries is also correlated with age. There is a
higher frequency of upper cervical (C1 and C2) injuries in younger
patients with a greater association of mortality and neurologic
morbidity [8,11,16]. This can be attributed to the anatomic changes
during childhood development. After age 8, the cervical spine takes
a more adult anatomy and lower cervical spine injuries become more
common [9].

Classification

Pediatric spine injury can be broadly classified into two groups:
those with radiographic abnormalities and those without radiographic
abnormalities. Included in the former are fracture, dislocation and
subluxation. Spinal cord injury without radiographic abnormality
(SCIWORA) was defined in the pre-MRI era as the presence of
myelopathy without evidence of fracture or ligamentous instability [17].

The mechanism of SCTWORA is thought to be due to the flexibility
of the pediatric spine. While the vertebral column can stretch up to
2.5 cm, the spinal cord may rupture when stretched to 1 cm [17,18].
Theories of how this stretch can cause spinal cord injury include
damage to blood vessels feeding the spinal cord and injury to the nerve
fibers themselves [19].

In the modern MRI era, the pathology of SCIWORA is better
defined. Up to 55% of MRIs in the SCIWORA patient can be normal
[20]. When the MRI is positive, the most common finding is T2 spinal
cord hyperintensity occurring nearly 42% of the time [20]. Five MRI
injury patterns have been described: complete spinal cord disruption,
major spinal cord hemorrhage, minor spinal cord hemorrhage, edema,
and no abnormality [21].

Evaluation
History and physical

Any child presenting after sustaining trauma should initially be
managed by ATLS guidelines. Upon presentation, the spinal column
should be considered unstable until proven otherwise. The cervical
spine should be properly immobilized with a rigid cervical orthosis.
The pediatric spinal column should be immobilized on a pediatric
spinal board, or an adult spinal board equipped with an occipital recess
or thoracic elevation, so as to not place the child’s neck into flexion [22].

The ability to perform a complete neurologic exam could be limited
for many reasons. The unconscious or the uncooperative child can be
very difficult to properly examine. For these children, examination
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findings that do not require patient cooperation such as palpation, deep
tendon reflexes, and abnormal (Babinski, Hoffman) reflexes are useful.

Pediatric SCI patients can present with a wide variety of neurologic
deficits ranging from transient paresthesias to complete cord injury
[17]. 52% of children will present with delayed paralysis, and nearly all
will have transient paresthesias [17].

As in adult spine trauma, it is useful to classify the neurologic
injury. The American Spinal Injury Association (ASIA) impairment
scale classifies neurologic function alphabetically. Complete absence
of sensory and motor function is termed grade A. Having sensory
preservation, but no motor function below the level of injury is termed
grade B. Grade C is defined as having less than a motor strength grade
3, and ASIA grade D is having 3 or greater motor strength.

The greatest predictor of long-term function has been shown to be
neurologic status at presentation [17]. Neurologic improvement is also
correlated with injury. Patients with complete spinal cord injury rarely
improve, whereas those with incomplete lesions improve. In patients
specifically with SCIWORA, the improvement in ASIA grade with
treatment has been shown to be 0.89 [20].

Imaging

Imaging of the pediatric cervical spine for evaluation of possible
injury can be challenging with the presence of synchondroses,
secondary ossification centers, and un-fused apophyseal rings that can
be mistaken for fracture. Understanding the time these synchondroses
appear and fuse are essential in evaluating pediatric cervical spine
radiographs. A common location for confusion is the synchondrosis
between the odontoid and body of C2, which may be apparent until the
age of 5-6, whereas the epiphysis of the dens can be un-fused until the
age of 6-8 years [23].

Traditionally, AP, lateral and open-mouth odontoid has been
considered the standard-of-care in screening for cervical trauma, but
recent studies have questioned this (Figure 2). In a recent study of 51
pediatric patients sustaining cervical spine trauma, 13 of the 15 patient
aged under 8 had their diagnosis from by AP and lateral radiographs,
with the open-mouth odontoid view contributing to none of the
diagnoses [14]. Many clearance protocols recommend CT of the upper
cervical spine in place of the open-mouth odontoid view.

Evaluation of specific cervical plain film parameters helps to aid in the
diagnosis of the pediatric cervical trauma. The atlantodens interval (ADI)
is the distance between the posterior aspects of the atlas and the anterior
aspect of the dens. In patients younger than 8 years, this distance can be
between 3-5 mm. An increase in ADI above this suggests atlantoaxial
injury. With increasing ADI, injury to the transverse ligament should be
suspected, and with values greater than 10 mm, injury to the alar and apical
ligaments should be suspected, as well [23].

Figure 2: AP, Lateral, and Odointoid view in a 9-year-old pateint demonstrating
asymmetry of the atlanto-dens interval.
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Figure 3: Lateral radiograph of the cervical spine in a 5-year old child showing
pseudosubluxation of C2 on C3 and anterior vertebral wedging.

The Power ratio is the ratio of the distance between the basion to
the posterior laminar line of the atlas compared to the distance from
the opisthion to the posterior surface of the anterior ring of the atlas. A
ratio greater than 1.0 suggests anterior subluxation.

The basion-dens interval (BDI) can be measured on the lateral
cervical spine radiograph to assess for atlanto-occipital (AO)
dissociation. This measurement is made from the basion to the superior
tip of the odontoid. Values greater than 12.5 mm are indicative of AO
dissociation. This measurement is less reliable in children under age 5
because of the variability in dens ossification.

Pseudosubluxation is a common anatomic variant of the pediatric
spine due to the wedge shaped vertebral bodies and horizontal
facet joints. It is seen most commonly at C2-C3 followed by C3-C4
(Figure 3). It can be differentiated from pathologic subluxation by the
spinolaminar line which is drawn along posterior arch from C1 to C3.
Translation of the anterior aspect of the posterior arch greater than 1.5
mm suggests an injury [24].

CT screening for pediatric cervical trauma may be less useful. A
recent study demonstrated that CT scans detected injuries already seen
on radiographs [25]. As there are soft tissue and ligamentous injuries
in the pediatric patient, MRI would be more useful to examine the
extent of injury. Indications for obtaining an MRI are the presence
of a neurologic injury on examination, to assessment of ligamentous
integrity, and aid in cervical spine clearance in obtunded patients.

Treatment

Treatment for pediatric spinal cord injury falls into three categories:
immobilization, steroid therapy, or surgery. Immobilization can be
performed externally with either a collar or a halo vest. Halo vest
application in pediatric patients is unique because of the thin bony
skull and presence of open suture lines, which requires a greater
number of pins placed at less torque compared to adults. A typical
recommendation is to use 8-12 pins set at 2 to 4 in/Ib.

Steroid use in spinal cord injury has been recommended by some;
however, its use remains controversial [26]. While some studies have
shown a trend towards a clinical benefit in improving neurologic
function, the data is inconclusive [27]. The benefits of steroid use have to
be weighed against potential complications such as wound breakdown,
sepsis, and gastric ulcers.

Surgical management of pediatric spinal cord injury can be thought
of as either stabilizing a spine with ligamentous or bony instability or
decompressing the neural elements from hematoma or disk herniation.

J Spine

Spinal Cord Injury Rehabilitation

The choice of approach depends on the pathology being treated. Often
for upper cervical injuries, a posterior approach is used to gain access
to the occiput if necessary. Historically, instrumentation consisted
primarily of wires, but with the advent of screw anchors, higher fusion
rates have been obtained.

Rehabilitation

Pediatric patients with spinal cord injuries face several unique
challenges compared to adults. Rehabilitation efforts must be
representative of these differences and recognize the impact of the
spinal cord injury on the complex developmental process of the child.
The approach to the patient should be family-centered, accounting for
the fundamental role of parents in child development. Care should also
be age-appropriate.

Spinal cord injury can result in spasticity which is an upper motor
neuron syndrome resulting in velocity-dependent resistance to passive
range of motion [8]. Spasticity is best managed with an incremental
approach where less invasive modalities such as physical therapy and
oral medications are utilized before more invasive treatment.

Physical therapy plays a crucial role in the management of spasticity.
Modalities include range of motion exercises as well as prolonged
passive stretching. Though there is limited evidence for its efficacy, it
has been suggested that prolonged passive stretching may be helpful
in the reduction of spasticity and the improvement in range of motion
[16]. Hydrotherapy has also been shown to decrease spasticity and to
lower the amount of anti-spasmodic medicine used.

A variety of pharmacologic agents have been described in the
treatment of spasticity. Oral therapy has been used with varying degrees
of success. Baclofen is considered first line therapy for spasticity and
acts as a GABA agonist through the blood brain barrier [28]. Patients
with focal hypertonicity without joint contracture may benefit from
intramuscular injections of Botulinum toxin which acts to block the
release of acetylcholine form the presynaptic axon at the neuromuscular
junction [12]. While shown to be efficacious, the decrease in spasticity
is short-lived lasting on average 12-16 weeks [29].

Pediatric SCI patients face several unique orthopaedic challenges
during the rehabilitation process secondary to the effect growth and
development has on the skeleton. Neuromuscular scoliosis can develop
in children sustaining a SCI prior to skeletal maturity, with up to two-
thirds of these patients requiring surgical intervention [30]. Another
common orthopaedic sequela of pediatric SCI is spastic hip subluxation
or dislocation. Greater than 90% of children with SCI with an onset
prior to age 10 will develop this [31].

Summary

Pediatric spinal cord injury is a complex process that is associated
with significant morbidity and mortality. Knowledge of the unique
aspects of the pediatric spine can aid in making a prompt diagnosis
which can lead to faster treatment and functional recovery.
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