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Abstract

Spinal Cord Injury (SCI) in the pediatric population is relatively rare but carries significant psychological and
physiological consequences. An interdisciplinary group of experts composed of medical and surgical specialists
treating patients with SCI formulated the following questions: 1) What is the epidemiology of pediatric spinal
cord injury and fractures?; 2) Are there unique features of pediatric SCI which distinguish the pediatric SCI
population from adult SCI?; 3) Is there evidence to support the use of neuroprotective approaches, including
hypothermia and steroids, in the treatment of pediatric SCI?
A systematic review of the literature using multiple databases was undertaken to evaluate these three specific
questions. A search strategy composed of specific search terms (Spinal Cord Injury, Paraplegia, Quadriplegia,
tetraplegia, lapbelt injuries, seatbelt injuries, cervical spine injuries and Pediatrics) returned over 220 abstracts
that were evaluated and by two observers. Relevant abstracts were then evaluated and papers were graded
using the Downs and Black method. A table of evidence was then presented to a panel of experts using a
modified Delphi approach and the following recommendation was then formulated using a consensus ap-
proach: Pediatric patients with traumatic SCI have different mechanisms of injury and have a better neurological recovery
potential when compared to adults. Patients with SCI before their adolescent growth spurt have a high likelihood of
developing scoliosis. Because of these differences, traumatic SCI should be highly suspected in the presence of abnormal neck
or neurological exam, a high-risk mechanism of injury or a distracting injury even in the absence of radiological anomaly.
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Introduction

Spinal cord injury (SCI) before the age of 15 years is a
relatively rare occurrence, but it can have important

psychological and physiological consequences. Although the
exact frequency is unknown, it represents < 4% of the overall
incidence of SCI annually (National Spinal Cord Injury Sta-
tistical Center, 2004). The mechanism of injury, the male:
female ratio, and the level of injury are different than in the
adult population. The incidence increases rapidly with age,
with > 30% of injuries occurring between the ages of 17 and
23, and 53% occurring between the ages of 16 and 30. The rate
of recovery following SCI in the pediatric population is also
thought to be faster.

This systematic review of the literature was undertaken to
evaluate three specific questions: 1) What is the epidemiology
of pediatric SCI and fractures; 2) Are there unique features of
pediatric SCI that distinguish the pediatric SCI population
from the adult SCI population; and 3) Is there evidence to

support the use of neuroprotective approaches, including
hypothermia and steroids, in the treatment of pediatric SCI.
The systematic review approach was chosen to review the
evidence surrounding these aspects of pediatric SCI because
of the paucity (or nonexistence) of good randomized con-
trolled trials for this particular problem.

Methods

A systematic review of the literature of three online data-
bases (EMBASE, Medline, and the Cochrane database) was
performed for articles matching the search criteria through
June 2009. The search strategy was: (‘‘Spinal Cord Injury’’ OR
‘‘Paraplegia’’ OR ‘‘Quadriplegia’’ OR ‘‘tetraplegia’’ OR ‘‘lap-
belt injuries’’ OR ‘‘seatbelt injuries’’ OR ‘‘cervical spine in-
juries’’) AND ‘‘Pediatrics’’ (All mapped to subject heading,
including all subheadings, and searched as keywords). This
returned a total of 220 abstracts. The search was then limited
to English language abstracts and human-subject studies.
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Case reports of <10 patients were excluded. The abstracts
were then read by title and relevant abstracts were reviewed.
Full-length articles of interest were then obtained. All articles
were then reviewed according to the method of Downs and
Black (1998) by two independent reviewers. A total of 48 ar-
ticles were kept at the end of this process and reviewed, and
an evidentiary table was prepared (Table 1). A modified
Delphi approach was used in which the questions were
submitted to a panel of experts. After careful review of the
resulting evidence in the form of evidentiary tables, a rec-
ommendation was submitted to a panel of experts and
agreement among the panel members was noted. The mem-
bers of the panel could modify the recommendations until a
consensus was obtained.

The recommendation that emerged from this process is as
follows:

Pediatric patients with traumatic SCI have different mecha-
nisms of injury and have a better neurological recovery po-
tential than adults. Patients with SCI before their adolescent
growth spurt have a high likelihood of developing scoliosis.
Because of these differences, traumatic SCI should be highly
suspected in the presence of abnormal neck or neurological
examination, a high-risk mechanism of injury, or a distracting
injury, even in the absence of anomaly on plain radiographs.

Data Compilation

The following data were compiled in an evidentiary table:
study design, population, treatment or therapeutic measure,
outcome measure, study purpose, and key results. The evi-
dentiary table was then used to answer the three study
questions.

Results

What is the epidemiology of pediatric
spinal cord injury fractures?

A total of five retrospective studies were used to answer this
question. Pediatric SCI is relatively rare. In a large retrospec-
tive study of the National Pediatric Trauma Registry over a 10-
year period, the overall incidence of cervical spine injuries was
1.5% (Patel et al., 2001) In another study, 88 pediatric patients
were identified based on the analysis of a database of 1,770
traumatic SCI patients (5%) (Apple et al., 1995). The level of
injury differed based on the age category, with C2 lesions oc-
curring in the pre-teen groups, C4 lesions occurring in the teen
group, and C4–C5 lesions occurring in the adult group (Apple
et al., 1995). In this series, violent etiologies (especially gun-
shots) accounted for a significant proportion of the pre-teen
injuries (19%) compared to adults (12%).

Regarding the mechanism of injury, there appeared to be
two distinct mechanisms that affected younger children and
adolescents. Motor vehicle accidents (MVA) usually affected
younger children whereas adolescents were commonly in-
jured during sporting activities (Brown et al., 2001). In a ret-
rospective study of 103 consecutive cervical spine injuries
treated in a single level 1 pediatric trauma center, MVA ac-
counted for 52% of injuries followed by sports injuries (27%)
of which 29% were associated with football (Brown et al.,
2001) The level of injury was C1 to C4 for 68% of patients, C5
to C7 for 25%, and both in 7%. The mortality rate in this series
was 18.5%, occurred in younger children (mean age 5 years),

was commonly the result of an MVA (95%) and was most
often associated with an upper cervical spine injury (74%).
Spinal cord injury without radiological anomaly (SCIWORA)
accounted for 43% of injuries. In another study using the
National Pediatric Trauma Registry, (Patel et al., 2001) 17% of
patients with cervical spine trauma did not show any radio-
logical anomaly, although 50% of patients with SCI show no
radiological anomaly.

Most studies report a large predominance of males com-
pared to females (Apple et al., 1995; Bosch et al., 2002; Brown
et al., 2001; Carreon et al., 2004; Cirak et al., 2004; Dickman
et al., 1991; Wang et al., 2004). All-terrain vehicles (ATVs) are
also responsible for a higher injury rate in children than in
adults. In a retrospective study of 268 children involved in
ATVs accidents, the injury rate per 100 registered ATVs was
significantly higher for children (3.41) compared to adults
(1.71)(Cvijanovich et al., 2001).

Are there unique features of pediatric SCI,
which distinguish the pediatric SCI population
from the adult SCI population?

Neurological recovery. Neurological recovery in children
with SCI is thought to be better than in the adult population.
Several studies have shown good neurological recovery fol-
lowing SCI, with incomplete lesions having the best prognosis
(Dickman et al.,1991), although severe complete injuries can
also improve over time. In a retrospective review of 30 pa-
tients with SCI, Wang and associates (2004) evaluated the
neurological injury based on the level of neurological in-
volvement at time of injury. Of the 20 patients with complete
injury, 7 died, 7 had no neurological recovery, and 6 im-
proved. Five of these patients eventually gained enough
function to become ambulatory. In the subgroup of patients
with incomplete lesions (10 patients), 8 patients had neuro-
logical improvement. Cervical dislocation had a poor prog-
nosis for neurological recovery (Wang et al., 2004) There are
no studies comparing adults and children in terms of recovery
and it is therefore difficult to clearly establish if neurological
recovery is significantly better in children. The evidence is
therefore very slight that neurological recovery is better in the
pediatric population.

Scoliosis development. Scoliosis following SCI in chil-
dren is a common entity especially when the neurological
insult occurs at a young age. Apple and associates (1995)
showed that scoliosis developed more frequently (23%) in
pre-teens ( < 12 years of age) than in adults (5%). In a retro-
spective study of 130 children who had sustained SCI be-
tween birth and the age of 21 years, Dearolf and associates
(1990) showed that 97% of patients injured before the growth
spurt developed scoliosis compared to 52% when the injury
occurred after the growth spurt.

SCIWORA. SCIWORA remains a recognized entity in the
pediatric population although the SCI is usually diagnosed
with the use of MRI. In a retrospective study of all children
with traumatic spinal injury in a level 1 pediatric center, the
incidence of SCIWORA was 6%.(Cirak et al., 2004) In a study
by Dare and associates (2002), MRI performed in 17 patients
with partial injuries failed to show any neural abnormalities
even when performed > 72 hours after injury in patients with
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motor involvement. A high index of suspicion for SCIWORA
is important when evaluating patients with sports injuries or
or who have been abused, as evidenced by a study by Brown
and associates (2001). In this series, 75% of pediatric SCI pa-
tients with sports injuries and all patients suffering from child
abuse had SCIWORA. The physical examination remains an
important component of the diagnostic process, as midline
cervical tenderness is the most common physical finding in
children with cervical spine injury even in the absence of ra-
diological abnormality (Baker et al., 1999).

Is there evidence to support the use of neuroprotective
approaches, including hypothermia and steroids,
in the treatment of pediatric SCI?

After a careful review of the available literature, there is no
evidence regarding the use of neuroprotective approaches for
the treatment of SCI in children.

Discussion

The epidemiological features of pediatric SCI show that
these injuries are relatively uncommon and that the mecha-
nism of injury is different depending upon the age at time of
injury and compared to the adult population. Neurological
recovery appears to be better than in adults (Wang et al.,
2004), although large series of cases are rare and no compar-
ative studies between adults and children have so far been
undertaken. The evidence is therefore very slight that neu-
rological recovery is better in the pediatric population.

The modified Delphi approach used in this review was
done in a stepwise fashion. First, three questions were for-
mulated by a panel of experts. These questions were used to
guide the literature review and orient the selection of papers.
After careful review of the evidence in the form of evidentiary
tables, a recommendation was submitted to a second panel of
experts and agreement among the panel members was noted.
The recommendation is:

Pediatric patients with traumatic SCI have different mecha-
nisms of injury and have a better neurological recovery po-
tential than adults. Patients with SCI before their adolescent
growth spurt have a high likelihood of developing scoliosis.
Because of these differences, traumatic SCI should be highly
suspected in the presence of abnormal neck or neurological
examination, a high-risk mechanism of injury, or a distracting
injury, even in the absence of radiological anomaly.

Complete agreement was reached among the expert panel
and this recommendation was deemed strong although the
evidence available was weak. SCI in the pediatric population
remains a catastrophic event and every attempt should be
made at decreasing the extent and severity of the injury as well
as the complications following the injury. Imaging techniques
have improved greatly over the past years making it possible
to identify lesions that were not easily distinguishable on plain
radiographs a few decades ago. The absence of radiological
anomaly does not preclude significant injury.

There was no evidence in the current literature review to
support the use of neuroprotective approaches including
steroids and hypothermia. The current evidence for steroid
use in adults is very weak. A systematic review of the animal
literature on the use of corticosteroids showed a positive
benefit in only 59% of the studies (Akhtar et al., 2009).

Summary

Pediatric patients with SCI have very different character-
istics from their adult counterparts. Neurological recovery
seems to be better than in adults. However, patients with SCI
before their adolescent growth spurt are at higher risk of de-
veloping scoliosis. This systematic review provides the ele-
ments to support the proposed guidelines through a modified
Delphi approach. The proposed guidelines are meant to help
diminish the impact of SCI in the pediatric population.
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