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Severe posttraumatic craniocervical instability
in the very young
Report of three cases
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 Children younger than 3 years of age represent a distinct subpopulation of patients at particular risk for high cervical
and craniovertebral injuries. There are few descriptions of survivors of severe craniocervical trauma among the very young,
and scarce data exist regarding management after initial emergency stabilization.
The authors describe three children, age 1 to 32 months, who presented with craniocervical junction injuries. Variable
neurological findings were observed at presentation (cranial nerve deficits, obtundation, and moderate-to-severe quadriparesis). All three were treated with prolonged immobilization and have recovered with minimal to no neurological deficit.
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immature children are susceptible to cervical spine injury, complete neurological deficits,
and a concomitant rise in mortality rates after traumatic spinal cord injury.6,8,19,25,39 Atlantooccipital dislocation and AAI secondary to transverse atlantal ligament
rupture or dens fracture represent two severe forms of SCI
that are commonly fatal or result in severe SCI.1,9,12,25,41,44 In
several case reports, however, authors have described survivors of AOD and AAI with minimal or absent neurological deficit.17,20,28,30,36,37,44 With improved patient retrieval
and emergency management strategies, more survivors
can be expected.18,30
Children younger than 3 years of age represent a distinct subpopulation of pediatric patients at particular risk
for high cervical and craniovertebral junction injury.22,39,42
Despite this, descriptions of AOD and AAI survivors
among the very young are limited.20,40,42,44 Similarly there
is a paucity of data regarding how best to manage these
unique patients after initial emergency stabilization. Al-
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Abbreviations used in this paper: AAI = atlantoaxial instability;
ADI = atlas–dens interval; AOD = atlantooccipital dislocation;
BDI = basion–dens interval; CCJ = craniocervical junction; CT =
computerized tomography; MR = magnetic resonance; SCI = spinal
cord injury.
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though there is agreement that rigid internal fixation followed by immobilization therapy should be performed in
adult and older-age pediatric survivors of AOD and
AAI,13,21,28 this approach is problematic in children
younger than 3 years of age, whose spines are largely cartilaginous.
We describe three children, age 1 to 32 months, who
sustained severe craniocervical injuries. The clinical findings, radiographic features, and factors contributing to delay or missed diagnosis are reviewed. The clinical outcomes after halo immobilization are also presented.
Case Reports
Case 1
Presentation. This 18 month-old girl was struck by a car
traveling 30 mph, thrown 20 feet, and sustainied a brief
loss of consciousness. On admission to the emergency
room, she was awake and crying. She was able weakly to
flex the right and extend the left upper extremities, while
moving the lower extremities spontaneously. After a 48hour delay in diagnosis, lateral radiography of the neck
revealed evidence consistent with AOD and AAI, and
spine-related precautions and a neck collar were ordered
(Fig. 1 left). A head CT scan revealed intraventricular and
subarachnoid hemorrhage in the posterior fossa and a
depressed occipital skull fracture. An MR imaging study
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FIG. 1. Case 1. Left: Lateral cervical radiograph obtained 48 hours after injury demonstrating an abnormal BDI,
marked soft-tissue swelling (arrow), and widening of the ADI. Center: Sagittal T2-weighted MR image of the CCJ,
revealing ligamentous and soft-tissue injury (arrows). Right: Lateral cervical radiograph obtained 72 months posttreatment demonstrating a normal BDI but continued widening of the ADI (arrows), which remains asymptomatic.

demonstrated ligamentous damage at the CCJ (Fig. 1 center). The patient was transferred to our institution for further management.
Examiation and Treatment. Atlantooccipital dislocation
was diagnosed in association with moderate quadriparesis. After induction of general anesthesia, a halo vest was
placed; eight evenly spaced pins, with 2 in/lbs of torque
per pin, were inserted. Bed rest was ordered while the
patient was in halo fixation for 2 months; supine lateral
cervical radiographs were frequently obtained to ensure
normal CCJ alignment. After 1 month, the patient was
allowed to sit up in bed, and supine and upright lateral cervical x-ray films continued to demonstrate no displacement. Activity was gradually increased during the 2nd
month, and after 3 months of halo fixation, dynamic studies, including lateral cervical fluoroscopic images (flexion, extension, and manual distraction [~15 lbs]) were
obtained. Thereafter, the child remained in a Minerva
brace for 3 months; when imaging studies demonstrated
stability and symptoms were absent, brace therapy was
discontinued.
Posttreatment Course. The patient’s most recent imaging
studies, obtained 72 months after injury, demonstrated
widening of the ADI (Fig. 1 right), which has remained
asymptomatic and unchanged on serial radiographs (Table
2). With no apparent neck deformity or impairment of
range of motion, operative intervention has been deferred.
Findings on neurological examination were normal at
most recent follow-up evaluation.

Case 2
Presentation. This 32-month-old girl was struck by a car
traveling 35 mph and was found unconscious and unresponsive at the scene. She was intubated and chemical
paralysis was induced in the field.
Examination. Her pupils were small and nonreactive on
admission to the emergency room. A lateral cervical radiograph demonstrated AOD (Fig. 2 left), which was confirmed by emergency MR and CT imaging. Axial CT
scans also revealed a Type I occipital condyle fracture.2
Her neurological status was notable for 10th and 12th cranial nerve palsies and severe quadriparesis (Grade 1–2/5
strength in all extremities).
Treatment. The patient was treated with halo immobilization and remained at rest in bed; frequent screening
lateral cervical radiographs were obtained. After approximately 1 week, malalignment of the craniocervical region
was noted, and the patient was returned to the operating
room where the halo device was adjusted using fluoroscopic guidance. With an adequate reduction restored, she
remained at bed rest for 1 month with her spine in stable
alignment. Thereafter, upright lateral cervical spine radiographs documented continued stability; she remained
hospitalized and underwent screening radiography frequently for another 2 months. She was discharged from
the hospital after dynamic flexion, extension, and distraction x-ray films documented healing and CCJ stability,
with a full range of motion (Fig. 2 center and right).

TABLE 1
Summary of patient demographic and clinical data obtained in three children with SCI*
Case
No.

Mechanism
of Injury

1
2
3

MVA vs ped
MVA vs ped
NAT

Initial Finding

quadriparesis
quadriparesis, 10 & 12 CN palsies
obtunded, flaccid, quadriparesis

Time to
Diagnosis

Follow-Up Finding

Follow-Up
Period (mos)

4 days
1 hr
2 mos

normal
slight lt 12 CN palsy
developmental delay, Grade 4/5 LUE, paresis

72
72
32

* CN = cranial nerve; LUE = left upper extremity; MVA =motor vehicle accident; NAT = nonaccidental trauma; ped = pedestrian.

J. Neurosurg: Pediatrics / Volume 101 / August, 2004

103

S. Ghatan, et al.
TABLE 2
Summary of radiological findings
on lateral cervical radiographs*
Radiological Measurement (mm)
Case 1
Presentation

BDI
ADI
SAC
STS
Wackenheim line
Power ratio

14
5
12
8
4
0.4

Case 2

Case 3

FU Presentation FU Presentation FU

8
1–8
16
2

14
3
19
12
4
0.8

8
2
19
2

11
8
6
10
1
0.667

10
6
10
2

* FU = follow up; SAC = space available for the cord; STS = soft-tissue
swelling.

Spinal stability remained at her most recent follow-up
examination 72 months after treatment (Table 2).
Neurological examination demonstrated a persistent left
12th cranial nerve palsy and a positive right Babinski sign.
Otherwise, cranial nerve, sensation, gait, and balance
functions were normal.
Case 3
Presentation. This 24-day-old girl was the victim of violent shaking. Sixteen hours after the incident, the mother
noticed that the baby was cyanotic and unresponsive and
took the child to a local hospital where the infant was intubated and transferred to a trauma center.
Examination. Several injuries including multiple rib
fractures, a liver laceration, and a hip dislocation were
noted. On neurological examination, the infant had minimal lower-extremity tone, minimal upper-extremity spontaneous movement, and would only open eyes to voice.
Findings on initial cervical spine radiographs were interpreted as normal, but head CT scanning revealed subdural
and intraventricular hemorrhage.
The patient remained ventilator dependent and hospitalized in an intensive care unit, suffering from prolonged
sepsis. An MR image revealed ligamentous injury at the
occipitocervical junction, with atlantoaxial subluxation

resulting in marked narrowing of the space available for
the spinal cord (Fig. 3 upper). Imaging findings were consistent with disruption of the osseocartilaginous ring of C1 and sagittal atlantoaxial subluxation with rupture of the
C-1 transverse ligament of the atlas (Fig. 3 lower).
Treatment. The patient was kept in a body cast and underwent head immobilization for 2 months, at which time
dynamic radiographic studies revealed widening of the
atlantodental interval unchanged in flexion and extension.
On dynamic studies, which included gentle manual distraction, the BDI remained unchanged (Table 2).
Posttreatment Course. Follow-up studies, 2 years after
removal from the body cast, demonstrated persistent fixed
widening of her ADI, and she underwent posterior fusion
at another institution. Her neurological condition had stabilized and she was asymptomatic at the time of fusion.
Although the patient has significant developmental delay
and Grade 4/5 strength in the right upper extremity, she
was ambulating without assistance at latest follow-up examination (32 months) (Table 1).
Discussion
Craniocervical stability is provided by a complex arrangement of ligaments. Traumatic disruption of these
vital soft tissues, as seen in high-energy blunt trauma, can
have fatal consequences. In the past, chances for survival
of these injuries were deemed to be scant, at best.1,9 This,
perhaps, has led to a decreased emphasis on these injuries.
As is the case with any predominantly ligamentous injury,
radiographs obtained in survivors after craniocervical disruption may reveal only subtle abnormalities that may be
easily missed.30,31
It has been postulated that pediatric patients are more
susceptible to traumatic craniocervical disruption,8,22,25 yet
reports on infant survivors of these injuries have been
infrequent. In this limited case series we have provided
detailed descriptions of traumatic occipitocervical instability in the very young, a distinct subpopulation of children with respect to SCI.39 The recognition and treatment
of craniocervical instability in these patients presents several diagnostic and treatment challenges not commonly
encountered in older children and adults.

FIG. 2. Case 2. Left: Lateral cervical radiograph obtained 1 hour after injury, demonstrating an abnormal BDI, softtissue swelling, and a widened atlantooccipital interval (arrows). Center and Right: Lateral cervical radiographs
obtained 72 months posttreatment in extension (center) and flexion (right). Normal BDI and ADI are maintained.
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low index of suspicion because the patient was presumed
to be neurologically intact at the time of initial evaluation.
An uncertain interpretation of the neurological and radiographic findings, as well as other systemic injuries, led
to the missed diagnosis in the 6-week-old child in Case 3.
Conversely, clinical findings of brainstem signs and the
initial radiographic findings in the 2 year-old child in Case
2 (Fig. 2 left) contributed to establishment of a timely
diagnosis. Review of these three cases emphasizes that
infants require special attention whe interpreting data derived from neurological/physical examination and diagnostic imaging studies, as well as a high index of suspicion based on mechanism of injury.22,39
Because of the unique anatomy, biomechanics, and
ossification pattern of the occipitocervical segments, radiographic diagnosis in infants can be difficult. The pediatric spine in the very young is placed at increased risk of
flexion, distraction, and rotational injuries because of its
more horizontally oriented facet joints, incompletely
formed uncovertebral joints, increased laxity of the surrounding ligaments, immature paraspinous musculature,
and a higher head/body mass ratio with an upper cervical
fulcrum for maximal flexion.43 The rostral location of the
cervical center of rotation in infancy renders victims of
high-energy blunt trauma at increased risk for occipitocervical instability.22,35,39
During the last half century, normal values of the CCJ
in children have been documented using plain radiography, CT scanning, and MR imaging,4,10,11,23,25–27,43 yet errors
in evaluation are not uncommon. In a limited study conducted at our institution’s regional pediatric trauma unit,
37 children with cervical spine injuries were evaluated
and a surprisingly high diagnostic error rate of 19% was
found.3 Most were false-negative errors (that is, fractures
misread as normal) occurring in young children at the
craniovertebral junction. More recently at our institution,
routine spiral screening head and cervical spine CT scanning has been performed in cases of severe craniovertebral
trauma.7 Because half the children with SCI will also have
an associated head injury, this examination is a cost-effective and expeditious means of evaluating both head injury
and avoiding the inherent difficulty of interpreting findings derived from plain radiographs in young children.
The use of MR imaging is also recommended when neurological and radiological findings do not correlate.3,23
Treatment Options and Pitfalls

FIG. 3. Case 3. Upper: Sagittal T2-weighted MR image of the
CCJ, revealing marked narrowing (arrow) of the space available
for the cord and AAI. Lower: Axial CT scan obtained through
C-1 8 weeks after injury, demonstrating disruption of the osteocartilaginous ring of C-1, as well as atlantoaxial subluxation.

Developmental Anatomy and Radiology of the
Occipitocervical Junction

In two of the three patients diagnosis of craniocervical
instability was delayed (Table 1). In the 18-month-old
child (Case 1) the delay may have been influenced by a
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In older children28,40 and adults,13 urgent occipitocervical fusion with rigid internal fixation is recommended after AOD or AAI. In children who have sustained cervical
spine injury, instrumentation-augmented arthrodesis has
become increasingly common.16 In the very young, however, this strategy carries significant perioperative and
long-term risks.
In infants and very young children, the upper cervical
spine is mainly cartilaginous and unable to support rigid
internal fixation devices to any significant degree. Onlay
bone graft techniques have been proposed as a viable
alternative in infants, but postoperative and long-term
morbidity rates can be significant. Acquired subaxial
instability24 and degenerative changes,32 abnormal curvature of the spine or the so-called crankshaft phenome105

S. Ghatan, et al.
non,15,38 growth disturbance,34 and impairment of mobility
are well-recognized phenomena that may occur after occipitocervical fusion in children. We suspect the risk of
these complications is probably higher in infants and the
very young in whom the skeleton is even more immature.
Based on our three cases, nonoperative management is
a reasonable alternative to surgical intervention in children younger than 3 years of age after traumatic cervical
injury. Each case was managed with cast or halo immobilization, and there was no associated morbidity nor a need
for subsequent fusion in two of the three cases by the 72month follow-up examination. Neurological status significantly improved compared with posttraumatic baseline
level in all cases. All three patients also regained satisfactory atlantooccipital stability (Table 2) as demonstrated by
dynamic radiographic studies and physician-supervised
traction tests. This may imply that healing of the CCJ
occurred with fibrous or osseous ankylosis. In contrast,
the transverse atlantal ligament healed insufficiently in
two of three patients. The patient in Case 3 underwent
fusion 2 years postinjury when her neurological status had
stabilized and her spine had matured from infancy. With
persistent widening of the ADI in the patient in Case 1,
fusion may become necessary. Nevertheless, the time
interval between injury and fusion will have allowed further development of her immature spine.
Despite the increasing trend toward undertaking fusion
in children after trauma, in a recent series of 102 cases
involving cervical spine injuries in children, Eleraky, et
al.,16 described 72 patients who were successfully managed by immobilization therapy alone. Their results supported the opinion held by Osenbach and Menezes35 who
advocated halo immobilization to treat upper cervical
spine injuries in children. Although halo brace therapy is
deemed a safe option in children as young as 12 months of
age,33 complications, including pin site–related infection,
loosening, and vest excoriation, are not uncommon, warranting close monitoring and care of the pin site.5,14 We
further emphasize the need for vigilance in the examination of serial cervical radiographs to ensure that anatomical reduction has been maintained during the healing
process, because movement is possible after initial halo
placement. In the infant in Case 3, we stabilized the spine
by using a tailored body cast rather than a halo vest, which
was impractical in a child this young.
Conclusions
We have reported on three children younger than 3 years
of age who presented with severe traumatic occipitocervical instability; this subpopulation of pediatric patients represents diagnostic and treatment challenges not encountered in older children and adults with similar injury. The
unique radiographic and biomechanical features of the CCJ
in the very young warrant special consideration when these
patients present with head or neck injuries. The clinician
must maintain a high index of suspicion for occipitoatlantoaxial injury, and we recommend CT and MR imaging
to rule out osseous, ligamentous, or neural damage if AOD
or AAI is suspected based on the history or mechanism of
injury. Once the diagnosis of occipitocervical instability is
established, prompt immobilization in a properly fitting
halo vest or body cast is indicated; the patient should under106

go surveillance cervical radiography to ensure stable alignment. Immobilization may obviate the need for urgent operative intervention and its attendant complications in this
unique age group.
References
1. Alker GJ, Oh YS, Leslie EV: Postmortem radiology of head neck
injuries in fatal traffic accidents. Radiology 114:611–617, 1975
2. Anderson PA, Montesano PX: Morphology and treatment of
occipital condyle fractures. Spine 13:731–736, 1988
3. Avellino AM, Mann FA, Grady MS, et al: Why acute cervical
spine injuries are missed in infants and children: Twelve-year
experience from a level 1 pediatric and adult trauma center. International Society for Pediatric Neurosurgery Abstracts, 1999
4. Bailey DK: The normal cervical spine in infants and children.
Radiology 59:712–719, 1952
5. Baum JA, Hanley EN Jr, Pullekines J: Comparison of halo complications in adults and children. Spine 14:251–252, 1989
6. Birney TJ, Hanley EN Jr: Traumatic cervical spine injuries in
childhood and adolescence. Spine 14:1277–1282, 1989
7. Blackmore CC, Ramsey SD, Mann FA, et al: Cervical spine
screening with CT in trauma patients: a cost-effectiveness analysis. Radiology 212:117–125, 1999
8. Bohn D, Armstrong D, Becker L, et al: Cervical spine injuries
in children. J Trauma 30:463–469, 1990
9. Bucholz RW, Burkhead WZ: The pathologic anatomy of fatal
atlanto-occipital dislocations. J Bone Joint Surg Am 61:
248–250, 1979
10. Calvy TM, Segall HD, Gilles FH, et al: CT anatomy of the craniovertebral junction in infants and children. AJNR 8:489–494,
1987
11. Cattell HS, Filtzer DL: Pseudosubluxation and other normal
variations in the cervical spine in children. J Bone Joint Surg
Am 47:1295–1309, 1965
12. Davis D, Bohlman H, Walker AE, et al: The pathological findings in fatal craniospinal injuries. J Neurosurg 34:603–613,
1971
13. Dickman CA, Papadopoulos SM, Sonntag VK, et al: Traumatic
occipitoatlantal dislocations. J Spinal Disord 6:300–313, 1993
14. Dormans JP, Criscietiello AA, Drummond DS, et al: Complications in children managed with immobilization in a halo vest.
J Bone Joint Surg Am 77:1370–1373, 1995
15. Dubousset J, Herrin JA, Shufflebarger H: The crankshaft phenomenon. J Pediatr Orthop 9:541–550, 1989
16. Eleraky MA, Theodore N, Adams M, et al: Pediatric cervical
spine injuries: report of 102 cases and review of the literature.
J Neurosurg (Spine 1) 92:12–17, 2000
17. Farthing JW: Atlantocranial dislocation with survival. A case
report. NC Med J 9:34–36, 1948
18. Ferrera PC, Bartfield JM: Traumatic atlanto-occipital dislocation: a potentially survivable injury. Am J Emerg Med 14:
291–296, 1996
19. Fielding JW, Hensinger RN: Fractures of the spine. In Rockwood CA, Wilkins KE, King RE (eds): Fractures in Children.
Philadelphia: JB Lippincott, 1984, Vol 3, pp 683–705
20. Floman Y, Kaplan L, Elidan J, et al: Transverse ligament rupture and atlanto-axial subluxation in children. J Bone Joint
Surg Br 73:640–643, 1991
21. Gerlock AJ Jr, Mirfakhraee M, Benzel EC: Computed tomography of traumatic atlantooccipital dislocation. Neurosurgery
13:316–319, 1983
22. Gilles FH, Bina M, Sotrel A: Infantile atlantooccipital instability. The potential danger of extreme extension. Am J Dis Child
133:30–37, 1979
23. Grabb BC, Frye TA, Hedlund GL, et al: MRI diagnosis of suspected atlanto-occipital dissociation in childhood. Pediatr Radiol 29:275–281, 1999

J. Neurosurg: Pediatrics / Volume 101 / August, 2004

Severe posttraumatic craniocervical injury
24. Hamblen DL: Occipito-cervical fusion. Indications, technique,
and results. J Bone Joint Surg Br 49:33–45, 1967
25. Hamilton MG, Myles ST: Pediatric spinal injury: review of 174
hospital admissions. J Neurosurg 77:700–704, 1992
26. Harris JH, Carson GC, Wagner LK: Radiologic diagnosis of
traumatic occipitovertebral dissociation: 1. Normal occipitovertebral relationships on lateral radiographs of supine subjects.
AJR 162:881–886, 1994
27. Harris JH, Carson GC, Wagner LK: Radiologic diagnosis of
traumatic occipitovertebral dissociation: 2. Comparison of three
methods of detecting occipitovertebral relationships on lateral
radiographs of supine subjects. AJR 162:887–892, 1994
28. Houle P, McDonnell DE, Vender J: Traumatic atlanto-occipital
dislocation in children. Pediatr Neurosurg 34:193–197, 2001
29. Kaufman RA, Carroll CD, Buncher CR: Atlantooccipital junction: standards for measurement in normal children. AJNR 8:
995–999, 1987
30. Kenter K, Worley G, Griffin T, et al: Pediatric traumatic atlanto-occipital dislocation: five cases and a review. J Ped Orthop 21:585–589, 2001
31. Mahale YJ, Silver JR: Progressive paralysis after bilateral facet
dislocation of the cervical spine. J Bone Joint Surg Br 74:
219–223, 1992
32. McGrory BJ, Klassen RA: Arthrodesis of the cervical spine for
fractures and dislocation in children and adolescents. A longterm follow-up study. J Bone Joint Surg Am 76:1606–1616,
1994
33. Mubarak SJ, Camp JF, Vuletich W, et al: Halo application in
the infant. J Pediatr Orthop 9:612–614, 1989
34. Nakagawa T, Yone K, Sakou T, et al: Occipitocervical fusion
with C1 laminectomy in children. Spine 22:1209–1214, 1997
35. Osenbach RK, Menezes AH: Pediatric spinal cord and vertebral
column injury. Neurosurgery 30:385–390, 1992
36. Pennecot GF, Leonard P, Peyrot Des Gachons S, et al: Trau-

J. Neurosurg: Pediatrics / Volume 101 / August, 2004

37.
38.

39.
40.

41.
42.
43.
44.

matic ligamentous instability of the cervical spine in children. J
Pediatr Orthop 4:339–345, 1984
Powers B, Miller MD, Kramer RS, et al: Traumatic anterior
atlanto-occipital dislocation. Neurosurgery 4:12–17, 1979
Rodgers WB, Coran DL, Kharrazi FD, et al: Increasing lordosis
of the occipitocervical junction after arthrodesis in young children: the occipitocervical crankshaft phenomenon. J Pediatr
Orthop 17:762–765, 1997
Ruge JR, Sinson GP, McLone DG, et al: Pediatric spinal injury:
the very young. J Neurosurg 68:25–30, 1988
Schultz KD Jr, Petronio J, Haid RW, et al: Pediatric occipitocervical arthrodesis. A review of current options and early evaluation of rigid internal fixation techniques. Pediatr Neurosurg
33:169–181, 2000
Shamoun JM, Riddick L, Powell RW: Atlanto-occipital subluxation/dislocation: a “survivable” injury in children. Am Surg
65:317–320, 1999
Sun PP, Poffenbarger GJ, Durham S, et al: Spectrum of occipitoatlantoaxial injury in young children. J Neurosurg (Spine 1)
93:28–39, 2000
Townsend EH Jr, Rowe ML: Mobility of the upper cervical
spine in health and disease. Pediatrics 10:567–574, 1952
Wigren A, Sweden U, Amici F Jr: Traumatic atlanto-axial dislocation without neurological disorder. A case report. J Bone
Joint Surg Am 55:642–644, 1973

Manuscript received October 31, 2001.
Accepted in final form February 20, 2004.
Address reprint requests to: Saadi Ghatan, M.D., Department of
Neurological Surgery, Columbia University, Children’s Hospital of
New York, 710 West 168th Street, New York, New York 10032.
email: Sg2160@columbia.edu.

107

