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Cervical Spine
Injuries in Children

— a review

ervical spine injury (CSI) in chil-

dren is rare but can result in

mortality and significant morbidity.
The biomechanics of a child’s cervical
spine are very different from those of an
adult. This has implications in the
management of pediatric CSI.!

Epidemiology

CSlis present in 1-3% of paediatric trauma
patients.** Approximately 72% of spinal
injuries in children <8 years old occur in
the cervical spine.’ The cause of injury is
influenced by age. Falls are the
commonest cause of CSI in the younger
population. This is followed by pedestrian
and passenger seat accidents in the
slightly older group. Sports related acci-
dents are seen most commonly among
adolescents. Overall, 26-61% of CSI result
from motor vehicle accidents, 34-48%
from falls, and sports injuries represent 3-
20%.5"  Studies have shown that young
males have a higher incidence of CSI,
suggesting higher risk behaviour in this
group. Patients who have had cervical
spine surgery or have a history of CSI are
at an increased risk of CSI. Genetic condi-
tions such as osteogenesis imperfecta
may result in an increased incidence of
spinal fractures. Diseases affecting the
ligamentous structures, including Down’s
syndrome, Marfan’s syndrome and Ehlers
Danlos syndrome, are associated with an
increased susceptibility to CSI.*

Biomechanics - anatomical factors
The paediatric cervical spine is intrinsi-
cally susceptible to spinal cord injury. A
number of anatomical factors account for
this (Table 1). In essence, the relatively
large child’s head, supported by relatively
weak neck musculature, upon a devel-
oping spinal column with lax ligaments
and pliable discs, is vulnerable to injury®"
In young children the fulcrum for move-
ment is located in the upper cervical spine,
leading to a relatively high incidence of
injury in the upper cervical spine in this
age group. In children over eight years the
fulcrum migrates caudally to C5/6 — this is
mirrored by an increase in the number of
injuries in this region of the spine. Figure 1
shows a typical site of paediatric spinal
column injury involving C2.

Figure 1 Lateral X-Ray showing a C2 fracture in an
intubated child.

spine injury in children.

Table 1: Anatomical and biomechanical factors contributing to cervical

Anteriorly wedge shaped vertebral bodies (poor buttress)

Poorly developed spinous processes (weak tension band)

Poorly developed uncinate processes

Weak neck musculature

Relatively large head

Non-fusion of odontoid synchondrosis

Flattened occipitocervical junction

Pliable intervertebral discs (can cause SCIWORA)

Ligamentous laxity (can cause SCIWORA)

SCIWORA = spinal cord injury without radiological abnormality

ACNR > VOLUME 11 NUMBER 6 > JANUARY/FEBRUARY 2012 > 25



NEUROSURGERY

Box 1 — High Risk Injuries:
Indications for CT Cervical Spine
in Children (based on NICE
Guidelines)

Age <1 year; GCS <15 at A&E

Age > year; GCS <14 at A&E

Age <1 year, bruise, swelling or >5cm scalp
laceration

Dangerous mechanism (high speed RTA, fall
>3m, high speed projectile injury)
Witnessed loss of consciousness for
>5minutes

Seizure with no history of epilepsy
Suspicion of open or depressed fracture
Tense fontanelle

Signs of base of skull fracture

Focal neurological deficit

Loss of consciousness for >5minutes
Abnormal drowsiness

3 or more discrete episodes of vomiting
Clinical suspicion of non-accidental injury
Amnesia (retrograde or anterograde
>5minutes)

Initial management considerations

The management of a child with a cervical
spine injury is governed by advanced trauma
life support principles. Pertinent issues and
differences from adult management will be
discussed here.

The relatively large head puts the spine into
kyphosis when supine. Thus the body should
be raised by 2.5cm, or a spinal board with an
appropriate head indentation should be used.
The National Institute for Health and Clinical
Excellence (NICE) guideline recommends
that high risk patients should have a CT scan
of the neck before clinical assessment (Box 1).
Patients with a significant head injury are
considered ‘at risk’ of a concurrent cervical
spine injury as are other high risk patients (eg
Down’s syndrome).*"

Resuscitation

Paediatric patients in spinal shock are suscep-
tible to hypotension and poor cord perfusion.
They require vigilant fluid management,
oxygenation and often ventilation. Early intro-
duction of vasopressors for adequate cord
perfusion are indicated if blood pressure is
suboptimal despite normal volume status.
Most fatalities seen in spinal cord injury (SCI)
patients result from other injuries including
head injuries. A high index of suspicion must
be exercised to ensure that concealed causes
of haemorrhage are not overlooked. Cases of
missed second non-continuous spinal cord
injuries among children have also been
reported.” Lesions above the T6 level may

Figure 2: Algorithm for clearance
of the C-spine in children.
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No
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cause autonomic disturbances including
impaired temperature regulation,
compounded by the high surface area to
volume ratio of younger children.

Radiology

Plain cervical radiographs vs CT

Although a plain cervical spine radiograph
exposes the immature vertebrae and growing
thyroid to less radiation than a CT of the neck,
its use as a screening tool for cervical spine
injury is suboptimal. In adults, plain cervical
spine radiographs have a sensitivity for frac-
ture detection of 46 to 60%."" Normal varia-
tions in children such as pseudosubluxation,
absence of lordosis, epiphysial variations,
unfused synchondroses, and incomplete ossi-
fication render the plain radiograph difficult to
interpret. NICE recommends a CT neck in all
patients in whom a CT of the head is indicated
because of the high association with head
injury (Box 1).* CT provides the best resolu-
tion and detail for bone injury and is a first

No

No

line investigation. Reconstructions are helpful
in diagnosing fractures and misalignments,
and in planning management. An algorithm is
for radiological clearance of the cervical spine
is shown in Figure 2.

The paediatric C-spine radiograph
Although plain radiographs are not as sensitive
as CT or MRI in the detection of cervical spine
injury an understanding of interpretation is
important. A lateral and anteroposterior (AP)
view are commonly performed. In younger
patients it is difficult to obtain an open-mouth
view because of poor compliance.

Vertebral alignment should be studied on
the lateral view. The posterior portion vertebral
body height is slight taller than the anterior
body height, giving the vertebrae a wedge/
rhomboid shape. On the AP view the dens
should be equidistant from the lateral masses
of Cl and facets of C1/C2 should align. The
spinous processes should align and the disc
spaces should be symmetrical and similar. In
children <8 years the predental space should

Plain cervical radiographs have a sensitivity for fracture detection of 46 to 60%
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be less than 5mm (3mm if older), the preverte-
bral space should be less than 7mm (5mm if
older) or less than 1/3 the width of the vertebral
body at C3.At C6 it should be less than 14mm
(22mm if older).Lack of lordosis is often due to
muscle spasm which may be due to a fracture.
However, this can be present in some children
as a normal variant or as a consequence of
positioning on a spinal board. The subdental
synchondrosis is the most common normal
radiological abnormality mistaken for an odon-
toid fracture. This shows as a linear lucency at
the base of the dens; fusion with the body of C2
occurs between age three and six years.The os
terminale is a separate ossification centre that
may be present at the tip of the peg i.e. a frag-
ment at the superiormost tip of the odontoid
could be a fracture or a normal finding.
Pseudosubluxation is found in up to 40% of the
paediatric population on lateral C spine x-rays
at C2/C3.This shows as 4mm or 40% anterior
displacement especially when the child is not
placed on a paediatric spinal board. To distin-
guish from true subluxation (which could
imply a Hangman’s fracture) the clinical
picture must be considered. The position of the
anterior aspect of the C2 spinous process
should lie within 2mm of Swischuk’s line (a line
drawn from the anterior aspect of C1 to C3
spinous processes). ##

Clinical assessment

The key steps in the management of a child
with a possible spinal column injury are (i)
determining if there is a neurological deficit
and (ii) whether there is evidence of a radiolog-
ical abnormality (Box 2). The history should
focus on the mechanism and mode of injury.
The most common symptom is neck pain and
focal midline tenderness is the commonest
sign.If the child is orientated, does not have any
other painful distracting injury and is not under
the influence of drugs, the neck can be
assessed before imaging. A child in distress can
be examined after analgesia. A neurological
examination should be performed followed by
checking for focal midline tenderness and then
examining the active range of movement of the
neck as suggested by the National Emergency
X-Radiography Utilisation Study (NEXUS)
criteria (Box 3).#%

The Canadian C-spine rule is a checklist
evaluated in individuals over 16 years old that
identifies low risk patients in which clinical
clearance can safely be conducted. Although
both the Cervical C-spine rule and the NEXUS
guidelines have not been validated for chil-
dren, they are being applied to fully conscious,
compliant children in order to avoid excessive
radiation exposure at a young age.*®

MRI

MRI is the most sensitive tool for the detection
of spinal cord injury, nerve damage and liga-
mentous injuries.” Transient or persistent
neurological symptoms and signs or suspicion
of a vascular injury, warrant an MRI. A normal
MRI is associated with a good prognosis.
Spinal cord injury, including haematomyelia,

Box 2 — Clinical Assessment of a
child with a suspected cervical
spine injury

Pre-assessment:

Involve parent/career

Reassure patient

Awake — not obtunded with GCS 15/15
No distracting injury

Adequate analgesia

Acceptable distress

Assessment:

Neurological examination of upper and
lower limbs

Instruct the patient to keep the head still
unless asked

Palpate for tenderness, misalignment and
spasm

Painless active movement of the neck

Box 3 — NEXUS Criteria — A Clinical
Decision Making Tool —

in the presence of a significant injury, if any
of the five criteria are not met, cervical
spine imaging should be undertaken

e Patient is orientated (GCS 15)

e Patient is not intoxicated

e There are no painful distracting injuries
(eg long bone #)

» No focal midline tenderness

» No focal neurological deficit

suggests a poor prognosis. Surgically
amenable lesions such as a traumatic
prolapsed disc and extradural or subdural
haemorrhage are best detected using MRI. In
one study 31% of patients with neurological
symptoms and signs with normal plain films or
CT scans were shown to have abnormal MRI
findings.”

Management

Role of steroids

To date there are no studies that have evalu-
ated the use of high dose steroids in the
management of acute spinal cord injury in a
paediatric population. The National Acute
Spinal Injury Study excluded paediatric
patients.” Although the study concluded in
favour of early use of methylprednisolone
(30mg/kg in the first hour followed by 5.4
mg/kg/h for 23 hours), there have been robust

discussions about the clinical significance of
the marginal advantages seen. The use of
steroids is highly controversial and remains at
the discretion of the treating physician.

Thromboembolism

DVT is quite uncommon in this age group. It
occurs more commonly in patients with
central venous lines and those who suffer from
severe sepsis. Studies have not found paralysis
or immobilisation alone to be a significant risk
factor for thrombosis in children; DVT prophy-
laxis is therefore not necessarily indicated in
every child with a spinal cord injury. ##

Specific cervical spine injuries seen in
paediatric patients

Atlanto-occipital dissociation
Atlanto-occipital dissociation is usually a fatal
injury seen in children who are involved in
high velocity/rapid deceleration motor vehicle
accidents. The relatively large head has
greater inertial moment than the spine leading
to distraction and dissociation. Survivors
usually harbour significant neurological
deficits. The injury may be difficult to detect
with initial imaging; widening of the O-C1
distance (>5mm) is a characteristic sign. MR
scanning confirms the presence of injury.
Internal fixation and fusion is the mainstay of
treatment. Traction can lead to further distrac-
tion causing further neurological deficit.

Atlanto-axial rotatory injuries

Rotatory injuries to the atlanto-axial complex
are more common in children than in adults.
The initiating trauma may be minor and is
accompanied by painful torticollis. Imaging
investigations may be difficult to interpret in
the presence of torticollis. Plain x-rays show
anterior displacement of the lateral mass of
C1 in relation to the dens, and rotation of the
C2 spinous process. CT scans can be helpful,
demonstrating the anatomical relationships
of C1/2.

Rotation of the neck normally occurs in
three phases (Figure 3). Armed with this
knowledge Pang and Li have defined three
grades of rotatory injury®* The severity of
injury probably represents a continuum from
the limits of normality to true subluxation. A
grade [ injury is at the severe end of the spec-
trum and represents a ‘sticky’ association
between C1 and C2 in a locked position. A

23-65 degrees
Cl rotates

0-23 degrees
Cl rotates
C2 is immobile

Figure 3: Rotation of the atlas and axis — a 3 phase process (after Pang and Li, 2004)

C2 rotates, but much less than Cl

65-90 degrees

Cl and C2 are “locked”
with rotation occurring
at subaxial levels
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Grade Il injury shows mild resistance to rota-
tion. Treatment is usually conservative with
minor cases recovering spontaneously. Other
cases require manual or halter traction reduc-
tion with immobilisation in a hard collar. The
duration of collar placement is generally
recommended to equal the length of time the
torticollis was present before treatment.
Fusion is rarely required."

Disruption of the odontoid
synchondrosis

The synchondrosis between the dens and the
body of C2 is vulnerable to injury before ossi-
fication at the age of seven. Such injury is
usually treated with prolonged (>10 weeks)
external immobilisation, although internal
fixation and fusion may be required if a non-
operative approach fails to achieve union.

Subaxial spine injuries

In children,subaxial fractures are less common
than in adults. Other injuries include unilateral
and bilateral facet dislocations. Investigation
should actively look for ligamentous instability.
An angulation of >11 degrees and/or >3.5mm
subluxation should warn of ligamentous injury
and instability® Evidence on the management
is largely based on retrospective observational
studies and case reports.The principles of treat-
ment are similar to those deployed in adults;
manual reduction, traction and surgery with
internal fixation and fusion.

SCIWORA (spinal cord injury without
radiological abnormality) (Figure 4)
SCIWORA is a condition seen in children that
is characterised by a traumatic neurological
deficit in the absence of fracture or ligamen-
tous injury on plain radiograph, flexion/ exten-
sion views or CT.**! Pathology may be evident
on MR scanning. About 50-60% of children
with traumatic spinal cord injuries do not
show any abnormality on X-ray or CT.'®
SCIWORA is more common in children <9
years, but can be caused by sporting injuries
in the older child. Signs of myelopathy can
develop several days after the injury.
SCIWORA can be caused by flexion compres-
sion of the cord (which may cause a reversible
disc herniation), or hyperextension with
inward buckling of the interlaminar ligaments.
A distraction injury can also cause cord
damage: although the paediatric spinal
column can be distracted to up to 5cm, the
cord itself is much less extensile.

Patients with congenital spinal canal
stenosis, (e.g. trisomy 21) and hyperelasticity
conditions (e.g. Ehlers Dahlos syndrome and
pseudoxanthoma elasticum) are particularly
at risk of SCIWORA. The prognosis of
SCIWORA is governed by the MRI findings.
Haematomyelia predicts a poor prognosis,
whilst an excellent recovery may occur in the
absence of a visible parenchymal injury*
There have been no reported cases of children
with SCIWORA who have later developed
spinal instability. Therefore, early immobilisa-
tion directed at the avoidance of aggravating
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Figure 4: MRI scan in a child who sustained a SCIWORA —
note the cord contusion at C6 and C7 and the presence of
a subtle disc bulge.

the cord injury is appropriate. Although the
mainstay of treatment has been prolonged
immobilisation others question this view.
Once spinal stability has been confirmed with
flexion/ extension views, consideration can be
given to the early cessation of immobilisation.

External immobilisation

The unstable cervical spine can be immo-
bilised externally Options include collar, halo
and traction or a Minerva jacket.* A collar gives
limited protection and can result in pressure
sores.A Halo ring is commonly used to enable
traction and subsequent external immobilisa-
tion in children. Traction is crucial in restoring
spinal alignment. For children less than four
years of age, one pound per level is used. This
can be increased to two pounds per level for
older children. Careful serial radiographs are
required to check for reduction and to avoid
overdistraction.The patient is usually supine in
bed, thus exposed to atelectasis, pressure
ulcers, and other problems associated with
prolonged immobility* In children less than
two years of age, multiple pins, up to six or
eight, are used to finger tightness. Halo use can
be complicated by pin track infections, dural
penetration, and supraorbital nerve injuries. In
older children fewer pins with greater torque
are used.The Minerva jacket has been reported
to be superior to a halo in preventing flexion
and extension at every vertebral level.*

Surgery

Internal fixation and fusion of the cervical
spine is normally reserved for the minority of
children with occipito-atlanto disruption,
unstable subaxial spinal injuries or failed
external fixation treatments. The aim of
surgery is to stabilise the spine, prevent further
neurological deterioration and facilitate early
rehabilitation. The challenges seen in paedi-
atric spinal surgery are anatomical and tech-
nological. The small vertebral body, epiphysis

and endplate may effect abnormal growth and
development if insulted. The poorly devel-
oped supporting musculature and the limited
availability of suitable implants contribute to
difficulties. By the age of 10, the cervical spine
has almost reached its adult height and the
complication rate is lower.

Careful surgical planning is needed to study
the anatomical variables. If the patient is
placed supine, the head/body position needs
to be adjusted by using a head recess or body
elevation. In the prone position, careful spinal
stabilization is needed. The Mayfield head
clamp can be used in older children using a
force of 30-40N. Dissection of the C2 muscles
must be minimised to avoid instability. Blood
loss should also be minimised. In children
<10 years of age, posterior instrumentation and
plating is avoided because of instrument
bulk.*#* In children younger than 10 years of
age, posterior vertebral arthrodesis can predis-
pose children to the crankshaft phenomenon
where the anterior body continues to grow,
causing progressive deformity*®

Complications of SCI and Treatment

SCl is debilitating and can cause neurological

and systemic sequelae. Appropriate spinal

care and rehabilitation are mandatory.

» (Cardiovascular complications include
bradycardia, hypotension and other auto-
nomic disturbances in the early post-trau-
matic phase.

> Respiratory complications include lung
atelactasis, aspiration pneumonia and
infection. Tracheostomy may be required
in some patients.

» Gastrointestinal complications include
reflux oesophagitis, Cushing’s ulcer,
prolonged ileus and nutritional imbalance,
constipation and a risk of laxative overuse.
Percutaneous endoscopic gastrostomy
(PEG) may be needed in some children.

» Urological complications include a predis-
position to calculus formation and urinary
tract infection.

> Neurological and musculoskeletal compli-
cations include paralysis, disuse atrophy;
contractures, joint deformities, heterotopic
ossification, sensory loss and neuropathic
ulcers, osteopaenia and rarely post-trau-
matic syringomyelia.

> Psychosocial complications can be a
major burden. The child and family can
be affected with all aspects of life being
subject to significant change.

Conclusion

Childhood SCI is a devastating phenomenon.
Fortunately it is rare and has specific injury
patterns due to anatomical and biomechan-
ical factors. SCIWORA remains a diagnostic
pitfall if not suspected early. MRI is an impor-
tant tool and provides prognostic information.
Management of a child with a SCI requires a
multidisciplinary approach to minimise the
risk of secondary problems and to rationalise
management in the absence of Class I
evidence. ¢
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BNPA 25th Annual General Meeting

9/10 February 2012
Venue: The Institute of Child Health, London

Topics to include:

Huntington's Disease « Dementia: perspectives from developing countries
Neuropsychiatry Research Update « Networks and Rhythms in Health and Disease
lllusion of seeing « What the eye does not see — psychology of magic
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