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Abstract
Children are predisposed to injuries of the upper cervical spine given their relatively immature osteology,
ligamentous laxity, underdeveloped musculature, and larger ratios of head to body mass. Odontoid process
fractures involving the synchondroses are among the most common of these injuries. Though many of these
fractures can be treated conservatively with external bracing, fractures with significant displacement that
are unable to be reduced require operative management. In these cases, most patients undergo C1-2
posterior fusion with arthrodesis with permanent limitation to atlantoaxial range of motion (ROM). Here,
we present a novel operative approach to manage odontoid synchondrosis fractures with temporary internal
bracing via C1-2 posterior instrumentation without arthrodesis. We saw a three-year-old female who
presented after a motor vehicle collision with a displaced odontoid synchondrosis fracture that was unable
to be adequately reduced in a closed fashion. In an attempt to preserve maximal atlantoaxial ROM,
temporary internal bracing was carried out with excellent results.
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Introduction
Children are predisposed to craniocervical and upper cervical spinal injuries as a result of their large head-
to-body ratio, incomplete ossification, ligamentous laxity, and underdeveloped supporting musculature [1-
3]. The dentocentral and neurocentral synchondroses associated with the odontoid process are particularly
susceptible to fractures in young children [4-6]. Nevertheless, odontoid synchondrosis fractures are
uncommon, and optimal management of these fractures remains unclear [1,6,7].

Most children with odontoid synchondrosis fractures are managed with closed reduction and external
bracing. Surgery, typically with C1-2 posterior spinal fusion, is reserved for children with significantly
displaced or irreducible fractures, spinal cord injury, or failure of conservative management [8,9]. This
results in permanent changes in cervical biomechanics and has been shown to decrease terminal axial range
of motion (ROM) [9].

Here, we report successful management of a displaced odontoid synchondrosis fracture via temporary C1-2
instrumentation. This is a novel management option for pediatric fractures of the odontoid process with an
opportunity to preserve cervical biomechanics and range of motion.

Case Presentation
A three-year-old female presented after a motor vehicle collision where she was a seat-belted rear passenger
in a forward-facing booster seat. She complained of neck pain but had a normal neurological exam and no
other identified injuries. The evaluation revealed a displaced and angulated odontoid synchondrosis fracture
with associated ligamentous disruption (Figures 1A, 1B). External halo bracing was attempted with poor
fracture reduction, in part due to the patient having an obese body habitus and baseline behavioral disorder
preventing adequate immobilization.
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FIGURE 1: Sagittal (A) and coronal (B) CT cervical spine images
demonstrating a fracture through the central odontoid synchondrosis
with posterior angulation and 5mm of distraction.

Surgical reduction and stabilization were recommended. Posterior C1-2 instrumentation was placed with C1
lateral mass and C2 pars screws for rigid fixation (Figures 2A, 2B). Intraoperative neuromonitoring and
fluoroscopy-guided reduction were carried out while stereotactic navigation was used for screw placement.
We avoided joint capsule disruption or arthrodesis. Four months later, with imaging confirmation of bony
fracture union, the instrumentation was removed without difficulty. She had no complications from either
surgery.

FIGURE 2: Lateral (A) and anterior-posterior (B) upright cervical spine
plain films demonstrating placement of C1 lateral mass screws and C2
pars screws with improved fracture alignment and appropriate hardware
placement.

Postoperatively, she has done well with over one year of follow-up. She has no neck pain or neurological
deficits. Her cervical range of motion (flexion/extension and atlantoaxial) is preserved on the exam, and
dynamic imaging at 12 months postop demonstrated normal atlantoaxial motion with no evidence of
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instability (Figure 3).

FIGURE 3: Lateral views of flexion-extension plain films of the cervical
spine demonstrating no evidence of instability at the C1/2 junction after
removal of hardware.

Discussion
Anatomic development of C2 consists of five primary and two secondary ossification centers; children are at
greater risk for odontoid synchondrosis fractures due to increased head-to-body ratio, lack of supporting
musculature, ligamentous laxity, and incomplete ossification of the synchondroses. Ossification at the
craniocervical junction is incomplete until the later stages of childhood (> eight years old), thus rendering
this region particularly vulnerable to fractures in high-energy trauma [8]. Although the overall incidence of
spinal injuries is lower in young children relative to the adult population, management of pediatric cervical
spine fractures deserves special consideration due to the greater associated morbidity and mortality [10].

The primary treatment for the majority of odontoid synchondrosis fractures is external immobilization,
which is successful in over 90% of patients [11]. Surgery is generally indicated for fracture angulation of
more than 30 degrees, evidence of upper spinal cord injury, displacement of the odontoid of 11% or more, or
failure of conservative management [12]. In the reported literature, surgical treatment includes a permanent
fusion of C1-2, with lifelong alterations to cervical biomechanics and range of motion.

Temporary instrumentation allows the benefits of surgical reduction and rigid stabilization without the
long-term implications of fusion. With the demonstration of successful fracture management in this
patient, this technique can be considered for appropriately selected children with odontoid synchondrosis
fractures.

Conclusions
Odontoid fractures are among the most common cervical spine injuries in children, though these fractures
are often able to be managed in a closed fashion when adequate reduction is unable to be obtained operative
management follows. Currently, the most commonly employed operative approach to fixing these fractures
results in permanent bony fusion and loss of atlantoaxial ROM. In our case, we illustrate the utility of
temporary internal bracing which may be successfully accomplished via temporary C1-2 instrumentation
without arthrodesis, avoiding the lifelong implications of fusion.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. IRB- University of
Wisconsin-Madison issued approval NA. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

2021 Taher et al. Cureus 13(9): e17639. DOI 10.7759/cureus.17639 3 of 4

https://assets.cureus.com/uploads/figure/file/250384/lightbox_63c66520fca211eb8ab54342ac03e935-Figure-3.png


References
1. Hale DF, Fitzpatrick CM, Doski JJ, Stewart RM, Mueller DL: Absence of clinical findings reliably excludes

unstable cervical spine injuries in children 5 years or younger. J Trauma Acute Care Surg. 2015, 78:943-8.
10.1097/TA.0000000000000603

2. Leonard JR, Jaffe DM, Kuppermann N, Olsen CS, Leonard JC: Cervical spine injury patterns in children .
Pediatrics. 2014, 133:e1179-88. 10.1542/peds.2013-3505

3. Lustrin ES, Karakas SP, Ortiz AO, et al.: Pediatric cervical spine: normal anatomy, variants, and trauma .
Radiographics. 2003, 23:539-60. 10.1148/rg.233025121

4. Mortazavi M, Gore PA, Chang S, Tubbs RS, Theodore N: Pediatric cervical spine injuries: a comprehensive
review. Childs Nerv Syst. 2011, 27:705-17. 10.1007/s00381-010-1342-4

5. Ogden JA, Phillips SB: Radiology of postnatal skeletal development. VII. The scapula . Skeletal Radiol. 1983,
9:157-69. 10.1007/BF00352547

6. Sherk HH, Nicholson JT, Chung SM: Fractures of the odontoid process in young children . J Bone Joint Surg
Am. 1978, 60:921-4.

7. Garton HJ, Park P, Papadopoulos SM: Fracture dislocation of the neurocentral synchondroses of the axis.
Case illustration. J Neurosurg. 2002, 96:350. 10.3171/spi.2002.96.3.0350

8. Mandabach M, Ruge JR, Hahn YS, McLone DG: Pediatric axis fractures: early halo immobilization,
management and outcome. Pediatr Neurosurg. 1993, 19:225-32. 10.1159/000120737

9. Medagam NR, Dhillon CS, Pophale CS, Chhasatia N, Khatavi A: Preschool child with displaced odontoid
synchondrosis fracture treated by surgical management showing excellent remodeling. J Orthop Case Rep.
2020, 9:62-4. 10.13107/jocr.2019.v09.i06.1590

10. Osenbach RK, Menezes AH: Pediatric spinal cord and vertebral column injury . Neurosurgery. 1992, 30:385-
90. 10.1227/00006123-199203000-00012

11. Fassett DR, McCall T, Brockmeyer DL: Odontoid synchondrosis fractures in children . Neurosurg Focus.
2006, 20:E7.

12. Fulkerson DH, Hwang SW, Patel AJ, Jea A: Open reduction and internal fixation for angulated, unstable
odontoid synchondrosis fractures in children: a safe alternative to halo fixation?. J Neurosurg Pediatr. 2012,
9:35-41. 10.3171/2011.10.PEDS11256

2021 Taher et al. Cureus 13(9): e17639. DOI 10.7759/cureus.17639 4 of 4

https://dx.doi.org/10.1097/TA.0000000000000603
https://dx.doi.org/10.1097/TA.0000000000000603
https://dx.doi.org/10.1542/peds.2013-3505
https://dx.doi.org/10.1542/peds.2013-3505
https://dx.doi.org/10.1148/rg.233025121
https://dx.doi.org/10.1148/rg.233025121
https://dx.doi.org/10.1007/s00381-010-1342-4
https://dx.doi.org/10.1007/s00381-010-1342-4
https://dx.doi.org/10.1007/BF00352547
https://dx.doi.org/10.1007/BF00352547
https://pubmed.ncbi.nlm.nih.gov/701339/
https://dx.doi.org/10.3171/spi.2002.96.3.0350
https://dx.doi.org/10.3171/spi.2002.96.3.0350
https://dx.doi.org/10.1159/000120737
https://dx.doi.org/10.1159/000120737
https://dx.doi.org/10.13107/jocr.2019.v09.i06.1590
https://dx.doi.org/10.13107/jocr.2019.v09.i06.1590
https://dx.doi.org/10.1227/00006123-199203000-00012
https://dx.doi.org/10.1227/00006123-199203000-00012
https://pubmed.ncbi.nlm.nih.gov/16512658/
https://dx.doi.org/10.3171/2011.10.PEDS11256
https://dx.doi.org/10.3171/2011.10.PEDS11256

	Temporary Internal Bracing for Pediatric Odontoid Synchondrosis Fracture
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Sagittal (A) and coronal (B) CT cervical spine images demonstrating a fracture through the central odontoid synchondrosis with posterior angulation and 5mm of distraction.
	FIGURE 2: Lateral (A) and anterior-posterior (B) upright cervical spine plain films demonstrating placement of C1 lateral mass screws and C2 pars screws with improved fracture alignment and appropriate hardware placement.
	FIGURE 3: Lateral views of flexion-extension plain films of the cervical spine demonstrating no evidence of instability at the C1/2 junction after removal of hardware.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


