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ABSTRACT

A 6-year-old girl presented with a one-week history of neck pain after a
trampoline accident. Cervical radiographs interpreted as
pseudosubluxation of C2 on C3. CT demonstrated the reversal of lordosis
with anterolisthesis of C2-C3 and C3-C4. Ten weeks after two months of
halo traction, radiographs demonstrated anatomic alignment and
maintained disk heights. This case highlights the similarities of
pseudosubluxation and true injury, emphasizing the need for high index of
suspicion in this population and a successful treatment of subluxation
using a halo construct.

he evaluation and management of pediatric cervical spine injuries is

challenging. The unique biomechanics of the pediatric cervical spine

result in upper cervical injuries in younger children and lower cervical
injuries in older children. Ligamentous injuries are more common than frac-
tures.! Diagnosis is further complicated by the high frequency of radiologically
benign findings often mistaken for injuries such as pseudosubluxation and
synchondroses.! Pediatric cervical spine injuries are often secondary to motor
vehicle accidents or contact sport.>* Trampolines commonly cause pediatric
trauma, but rarely cervical spine injuries.’

The child’s spine is more flexible than that of an adult.’-¢ The ability of the
spinal ligaments and joint capsules to stretch without tearing contributes to
pseudosubluxation. Younger than 8 years old, the prevalence of pseudosu-
bluxation of at least 3 mm at C2-3 is 40% and up to 14% at C3-4.7
Angulation greater than 7° or 3.5 mm of subluxation is considered a sign of
ligamentous injury in children.8 Cervical instability is diagnosed in a child
younger than 8 years old if more than 4.5 mm of subluxation is present at
C2-3 or C3-4.719 Evaluating pediatric cervical spine injuries must combine
thorough imaging, physical examination, and clinical suspicion.
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Distinguishing Pseudosubluxation From True Injury

Figure 1

Radiographs showing sagittal CT images obtained supine.
No fracture is seen. A, Subluxation of facet at C2-3. B,
Anterolisthesis of C2 on C3 and C3 on C4.

Case Presentation

A 6-year-old healthy girl presented to the emergency room
(ER) complaining of neck pain lasting 1 week after a
trampoline accident. Cervical spine radiographs and CT
scan taken the day after the incident at an outside facility
demonstrated soft-tissue swelling without fracture. She
described a stabbing midline neck pain with difficulty
looking up and no neurologic symptoms. She denied diffi-
culty with balance, weakness, or loss of coordination. No
personal or family history of spine problems existed.
Examination revealed a healthy young girl in obvious
discomfort. Her posture was balanced with a stable gait.
Her neck was tender in the midline, with no masses or
adenopathy. Her neck range of motion was restricted in
extension. Motor function was intact throughout the
upper and lower extremities. She had no sensory or pro-
prioceptive deficits and normal reflexes. She had no
clonus, a negative Babinski, and a negative Hoffman.
Radiographs of the cervical spine demonstrated ante-
rolisthesis at C2-3 with normal segmentation. Her cervical
spine CT demonstrated 30° kyphosis measured C2-4 with
anterolisthesis at C2-3 measuring 4.9 mm and anterolis-
thesis of 4.1 mm at C3-4 (Figure 1, A and B). Prevertebral
swelling was noted as was interspinous widening at C2-3.

Figure 2

An MRI demonstrated high interspinous T2 signal,
suggesting ligamentous injury at C2-3 and C3-4. A fluid
collection consistent with hematoma was noted anteri-
orly (Figure 2, A—C). She was placed in a cervical collar,
and the risks and benefits of treatment options including
observation, rigid collar, noninvasive halo, traditional
halo, and surgical posterior stabilization with instru-
mentation were discussed.

The next day, she underwent a closed reduction in the
operating room with sedation using an eight-pin halo
ring and application of halo vest. Pins were placed in the
lateral 2/3 of the orbit, approximately 1 cm above the
supraorbital ridge and 1 cm off the ears on both sides.
They were torqued to 1-inch pounds while maintaining
counter torque. Fluoroscopic images confirmed correc-
tion of the deformity (Figure 3, A and B).

The patient was seen at 2 days, 2 weeks, 1 month, and
2 months. All pins were retorqued at the first appoint-
ment. Follow-up radiographs were obtained at each visit,
demonstrating the maintenance of reduction at C2-3 and
C3-4 (Figure 4, A and B, and Figures 5, A and B).

The halo was removed 10 weeks post-op. Radiographs
demonstrated satisfactory alignment with maintained
interspinous distances. The craniocervical junction was
intact, and prevertebral edema had resolved. The patient
was then placed in an Aspen collar, with follow-up visits at
2 weeks and then at 10 weeks. Radiographs at each visit
confirmed no changes in her cervical spine. The Aspen
collar was discontinued at the final appointment. No
reported issues at the 2-year follow-up.

Discussion

Pseudosubluxation

Pseudosubluxation is commonly found in the pediatric
population.”-!! The high prevalence of pediatric pseu-
dosubluxation complicates the evaluation of subaxial

Preoperative MRI of the patient’s C-spine. A, Sagittal T1 image with evident prevertebral swelling (arrow). B, Sagittal T2 image with
interspinous hyperintensity at C2-3 and C3-4 (arrow). C, Axial T2 image with prevertebral swelling (arrow).
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Figure 3

Conor O’Neill, MD, et al

Figure 4

Intraoperative fluoroscopy (A) AP and (B) lateral. No coronal
plane deformity present.

cervical injuries. Subaxial cervical spine injuries mainly
occur after maturation of the cervical spine in children
older than the age of 8 and most often occur between C5
and C7,12 so the presentation of a 6-year-old with a true
ligamentous injury yielding subluxation at C2-3 and
C3-4 is atypical. Immature bony development, physio-
logical laxity of the ligaments, greater head size relative
to the overall body, and underdevelopment of the
musculature of the neck,”13'15 however, predispose
younger children to cervical spinal injury. The younger
the child, the higher the injury—usually dislocations
rather than fractures.!'® The severity of subaxial injuries
varies widely and must be approached with wide dif-
ferential.'” This case demonstrates the challenge of
discerning when a radiological finding is a harmless
physiological change or a serious but treatable clinical
injury.

Imaging

The difficulty of identifying pediatric cervical spine in-
juries based on history and physical alone always ne-
imaging. Lateral and anterior-posterior
radiographs are the standard first line.'® Some re-

cessitates

searchers have argued that routine plain radiographs
have a low yield for identifying pathology,'® yet others
have shown a high rate of delayed diagnosis when
original assessment is based on history and physical
alone.?® A number of large studies have explored the use
of further modalities, with no clear consensus. The
National Pediatric Trauma Registry reports the largest
series of pediatric cervical spine injuries, with more than
1,000 recorded cases over a 10-year time frame, finding
that 50% of children with neurological symptoms were
found to have negative radiographs.'® When a sub-
luxation is seen on a lateral radiograph of a pediatric
cervical spine, the first step is determining whether it is
physiological or a true injury. If the child lies on a solid
surface, it causes flexion of the cervical spine and en-
hances the appearance of a pseudosubluxation.
Repeating the radiograph with a child in a neutral head
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Two days postoperative radiographs of (A) AP and (B) lateral.

position should cause a pseudosubluxation to disap-
pear, whereas a true subluxation will not.?!

Some patients may need further imaging, either CT or
MRI. When compared with CT scans, lateral radio-
graphs have an acceptable sensitivity to cervical spine
abnormalities in pediatric patients.?? Given that liga-
mentous injury is more common in this population, CT
is not warranted in the routine evaluation of children
presenting with cervical spine injuries.2> MRI, in con-
trast, is the preferred imaging in patients with a sus-
pected cervical spine injury. MRI is far superior to CT
for delineating both mild and severe soft-tissue anatomy
and injury.!” In one study, MRI confirmed the diagnosis
of a cervical spine injury in 66% of children and in
addition changed the diagnosis in 34% of children.?*
Overall, initial radiographs are widely accepted as the
standard of care; for additional imaging, the literature
seems to suggest that MRI is better than CT.

Mechanism of Injury

Determining the events leading to an injury can elucidate
the type and location of an injury. Kokoska et al found
that the two leading mechanisms of injury were motor
vehicle accidents (44%) and sport (16%). They also
found that young children sustained high cervical spine
injuries (C1 to C4) more often and had a higher incidence
of dislocations.?® The children subjected to a low-speed
front collision had more forward head excursion, more
vertical head excursion, and slight spinal extension in

Figure 5

Cervical spine radiographs of (A) AP and (B) lateral from most
recent appointment.
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comparison to skeletally mature individuals.?® These
studies show that children have a higher risk of cervical
spine injury, especially in the context of acceleration
injuries and blunt trauma.

Trampolines have long been controversial in pediat-
rics. Despite the American Academy of Pediatrics cau-
tioning about the regular and unmonitored use of
trampolines with children, the number of injuries sus-
tained because of trampolines over the years has
increased.?” Although falls from the trampoline are
associated with fractures, falls on the body of the
trampoline tend to be associated with dislocations and
spinal injuries that can lead to serious neurological
sequelae.?® Thus, knowing the mechanism of injury can
be an important piece of information when gathering
the history and can help to increase a clinician’s index of
suspicion for cervical spine injuries.

Treatment

As with any injury suspicious of involving the cervical
spine, early immobilization is key, especially in children,
because their larger head size forces the neck into flexion.
Most pediatric cervical spine injuries can be treated with
hard collar immobilization.'?° In the cases of subaxial
injuries, the use of anterior and posterior plating has
increased.!” However, a few studies that have investi-
gated these techniques in children have found issues with
the limitations caused by the small anatomy of children,
creating very small margins of error when placing plates
and screws.!” Halo fixation is another treatment option
that has been used in children, but without rigorous
investigation. Traction is a powerful tool in restoring
cervical alignment, but it is challenging in pediatrics. A
child’s much smaller body mass provides a lower amount
of countertraction. In addition, immature musculature
and physiological ligamentous laxity can lead to over-
distraction.'” Children are more susceptible to compli-
cations from the placement of the pins for the halo device,
including higher risk of skull penetration, pin loosening,
pin site infection, and supraorbital nerve injury.!
Radiographs with every weight change are critical in halo
fixation, to monitor the response and ensure no over-
distraction. One pound of torque per cervical level in
children younger than 4 years old and 2 pounds per level
in children older than 4 years old seems to be sufficient
for achieving adequate traction.! Overall, however, the
literature suggests more research needs to be done in this
area to find the optimal treatment that maximizes the
benefit and minimizes the risk to these children because
leaving them untreated can lead to serious neurologic
sequelae.
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Conclusion

Knowledge of the special anatomy and biomechanics of
the pediatric spine is essential in diagnosis of pediatric
cervical spine injuries, and special care must be taken in
the diagnostic approach to a young child presenting with
neck pain after traumatic injury. Understanding the
mechanisms of injury and taking a thorough history
with a complete neurological examination can help a
clinician develop a high index of suspicion in these cases
to ensure that these patients do not have a delay in
diagnosis and treatment.
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