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Abstract

Purpose There are two theories about the origin of os

odontoideum: traumatic or congenital. However, most

studies favor the hypothesis of traumatic theory. To

emphasize the congenital theory, we report a pair of

identical twins both with atlantoaxial dislocation and os

odontoideum, which is believed to be a congenital defect.

Methods We present two 14-year-old identical twins with

atlantoaxial dislocation and os odontoideum. Neither of the

twins had history of trauma in head nor cervical spine. We

reviewed and compared the cervical radiographs of the

identical twins. Posterior atlantoaxial reduction, pedicle

screw fixation and atlantoaxial fusion were performed for

the two twins.

Results Radiological examination showed the identical

twins had typical atlantoaxial dislocation and os odon-

toideum. The twins had high similarity in the appearance of

atlantoaxial dislocation and os odontoideum. The etiology

of the os odontoideum in the twins is believed to be con-

genital. Both the twins had improvement in neurological

function after surgery.

Conclusion Although a great number of cases with os

odontoideum have been reported to be traumatic, there are

some cases believed to be congenital.

Keywords Os odontoideum � Atlantoaxial dislocation �
Identical twins � Congenital � Traumatic

Introduction

Os odontoideum is an anatomic anomaly consisting of a

shortened odontoid process and a smooth ossicle of bone

[1, 2]. Os odontoideum is one of the reasons causing

atlantoaxial dislocation. There has been a debate about the

origin of os odontoideum. The traumatic hypothesis con-

siders it an acquired pathology resulting from avascular

necrosis caused by odontoid fracture [3–5]. Conversely, the

congenital hypothesis considers it a segmental defect,

which represented a failed fusion of odontoid and axis

vertebral body [6–8]. However, at the present time, there

are few published articles supporting the congenital

hypothesis. To emphasize the congenital theory, we present

a pair of identical twins both with atlantoaxial dislocation

and os odontoideum, which is believed to be a congenital

defect. To improve the accuracy of atlantoaxial pedicle

screw placement, a novel personalized image-based drill

guide template was used during the surgery.

Case presentation

Case 1

History and examination

Twin A, a 14-year-old girl, experienced weakness in lower

limbs for 2 years. There was no history of trauma in head

or cervical spine. 20 days ago, after falling down acci-

dently, she got incomplete paraplegia and was unable to

walk. She also had neck and shoulder pain, and upper

extremity paresthesia.

Twin A underwent radiographic workup including

flexion/extension lateral radiographs, computed
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tomography scan (CT), and magnetic resonance imaging

(MRI). Lateral radiographs showed a widened distance

between the anterior arch of atlas and odontoid. Based on

CT images, reconstruction of the atlas vertebra showed

typical atlantoaxial dislocation and os odontoideum. There

were apparently shortened odontoid process and smooth

ossicle of bone. Reconstruction of CT images also showed

congenital incomplete union of C1 posterior arch. Cervical

MRI showed marked spinal cord compression and associ-

ated myelomalacia. There was thickening atlantoaxial

ligament. No bone erosion of odontoid was observed.

Testing for rheumatoid arthritis was negative (Fig. 1).

Twin A otherwise previously was entirely fit and well.

There were not any features suggestive of connective tissue

disorder or pertinent past medical history. There was no

family history of Down’s syndrome or other handicapping

disorders.

Surgical treatment

Because of the severe neurologic deficit resulted from

atlantoaxial dislocation, twin A underwent posterior

atlantoaxial reduction and internal fixation. Atlantoaxial

pedicle screw fixation [9] and fusion was applied, as it

could preserve the range of motion of cervical spine at the

most extent.

To improve the accuracy of screw insertion, a person-

alized image-based drill guide template was used for

atlantoaxial pedicle screw placement [10]. The drill guide

template was created in Mimics v17.0 (Materialise, Leu-

ven, Belgium) and 3-matic v9.0 (Materialise) softwares,

and was converted into physical model using rapid proto-

typing technique. The template had two location holes and

guide rods. Atlantoaxial pedicle screw trajectories can be

achieved by drilling through location holes and parallel to

guide rods. If actual screw trajectory deviates from ideal

trajectory, surgeons can adjust the drill direction based on

guidance of the template (Fig. 2). During the surgery, after

complete removal of the soft tissue overlying atlantoaxial

posterior bony structure, a good fit between the posterior

bony surface and the drill guide template was achieved.

Then the ideal atlantoaxial pedicle screw trajectories could

be drilled based on the location hole and guide rod of the

template. Posterior arch of C1 was resected for complete

Fig. 1 Pre- and postoperative radiographs of twin A. a–c Flexion/

extension lateral radiographs and sagittal CT reconstruction shows

atlantoaxial dislocation. d Sagittal MRI shows atlantoaxial dislocation

and marked spinal cord compression and associated myelomalacia. e,
f Typical atlantoaxial dislocation, os odontoideum and congenital

incomplete union of C1 posterior arch are presented in reconstructed

atlantoaxial vertebrae models. g Postoperative sagittal CT recon-

struction shows enlargement of spinal canal. h Postoperative lateral

radiograph shows good positioning of atlantoaxial pedicle screws
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neurological decompression. The C2 laminae was decor-

ticated with a Rongeur, and an iliac crest graft was

implanted on the posterior rim of C1 and C2.

At 10 days postoperatively, twin A could stand on floor

and walk slowly. She was placed in a cervical collar for the

next 12 weeks. At 3 months postoperatively, there was

significant improvement in neurological function. Postop-

erative radiograph showed good bone graft fusion, and no

screw loosening or fragmentation were found (Fig. 1).

Case 2

History and examination

After the diagnosis of atlantoaxial dislocation and os

odontoideum in twin A, parents of twin A stated that the

girl had an identical twin sister (twin B). We advised to

perform radiological examination for twin B. Radiological

examination showed twin B had atlantoaxial dislocation

and os odontoideum just like twin A. The only difference is

that twin B had a normal posterior arch without incomplete

union in C1 (Fig. 3). After physical examination, twin B

did not have obvious neurologic deficit, except that she

complained of intermittent tingling and numbness in neck.

As to previous medical history, twin B was otherwise

previously were entirely fit and well.

Surgical treatment

Considering the instability of atlantoaxial joint, twin B

underwent posterior atlantoaxial reduction and pedicle

screw fixation. To preserve the range of motion of cervical

spine at the most extent, twin B also underwent atlantoaxial

fusion. Personalized image-based drill guide template was

also used to improve the accuracy of screw insertion [10].

As her neurological function was relative good, posterior

arch of atlas was not resected. After the C1 posterior arch

and the C2 laminae were decorticated partly, an iliac crest

graft was modified and implanted.

After the surgery, tingling and numbness in neck of twin

B disappeared. She was also placed in a cervical collar for

12 weeks. Three months after surgery, radiological exam-

ination showed good bone graft fusion without internal

fixation failure (Fig. 3).

Discussion

The origin of os odontoideum heretofore has been

explained by two different theories: traumatic or congeni-

tal. To the present time, most studies favor the hypothesis

of traumatic theory for os odontoideum [3, 11–14].

According to the traumatic hypothesis, os odontoideum is

an acquired pathology resulting from avascular necrosis

caused by odontoid fracture.

Freilberger et al. [14] reported a 25.5-month-old baby

who had normal radiographs after a fall. However, new

radiographs obtained 4 months later showed absence of the

caudal portion of odontoid and atlantoaxial instability.

Stillwell and Fielding [13] documented a 7-year-old boy

with normal radiographs at the time of a fall. Subsequent

radiographs showed an os odontoideum. Hukda et al. [12]

hypothesized that traumatic event in infancy was the eti-

ology of os odontoideum. Upper portion of the dens could

be sheared off by the tautness of transverse ligament. Since

it is cartilaginous, the fracture cannot be detected until

apical segment is ossified [12]. With respect to os odon-

toideum in identical twins, Verska et al. [15] reported one

Fig. 2 a Reconstructed atlantoaxial vertebrae model and planned

ideal pedicle screw trajectories of twin A. b The novel drill guide

templates with two location holes and guide rods. By drilling through

location hole and parallel to guide rod of the template, pedicle screw

trajectory can be acquired. If actual screw trajectory deviates from

planned ideal trajectory, surgeons can adjust the drill direction based

on guidance of the template
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twin had os odontoideum after trauma, while the other twin

had normal cervical spine and had no history of trauma.

While the traumatic theory has been widely supported, it

is clear from some studies [16, 17] that the os odontoideum

may result from the congenital theory. The identification of

identical twins with os odontoideum is helpful to study the

origin of this disorder. Os odontoideum in identical twins

without a history of trauma may be explained by the con-

genital theory. In these cases, the identical twins usually

have nearly identical morphology of os odontoideum.

Kirlew et al. [16] first reported familial os odontoideum

in a context suggesting a genetic etiology. In this report, os

odontoideum was discovered in both female twins without

prior trauma. Radiographs showed that both twins had

partial fusion of the posterior elements of C2 and C3. And

both twins also had overgrowth of anterior arch in C1, and

stress-related concavity of spinous process in C2. Kirlew

et al. believed the os odontoideum in the twins was asso-

ciated with congenital etiology because of the consan-

guinuity and the similar appearances of the defect. To

accommodate the congenital etiology, the authors proposed

the origin of os odontoideum to be an incomplete migration

of the axis centrum rather than incomplete fusion.

In the current report, both the identical twins had typical

atlantoaxial dislocation and os odontoideum. Neither of the

twins had history of trauma in head or cervical spine. The

twins had high similarity in the appearance of atlantoaxial

dislocation and os odontoideum, which was showed clearly

in the reconstructed atlantoaxial vertebrae model. Besides,

the twins did not have an underlying predisposition to

hypermobility that may lead to os odontoideum, for

example, Down’s syndrome. There was no family history

of Down’s syndrome or other handicapping disorders.

Therefore, we believe the os odontoideum in the twins is

associated with the congenital etiology.

Another report supporting the congenital etiology was

provided by Morgan et al. [17]. In this report, a 16-year-old

boy underwent radiological examination after a motor

vehicle accident, and os odontoideum was discovered.

After further investigation, os odontoideum was also dis-

covered in the boy’s father and paternal grandmother. Then

a family tree could be plotted. Klippel–Feil syndrome was

Fig. 3 Pre- and postoperative radiographs of twin B. a–c Flexion/

extension lateral radiographs and sagittal CT reconstruction show

atlantoaxial dislocation. d Sagittal MRI shows atlantoaxial dislocation

and marked spinal cord compression and associated myelomalacia. e,
f Typical atlantoaxial dislocation and os odontoideum are presented in

reconstructed atlantoaxial vertebrae models. g Postoperative sagittal

CT reconstruction shows reduction of atlantoaxial dislocation.

h Postoperative lateral radiograph shows good positioning of

atlantoaxial pedicle screws

S262 Eur Spine J (2018) 27 (Suppl 3):S259–S263

123



also discovered in these three individuals with os

odontoideum.

To further analyze the gene expression profiles of os

odontoideum patients, Straus et al. [18] performed a study

based on genetic analysis. They compared the gene

expression profiles of congenital os odontoideum, trau-

matic os odontoideum and the controls. A pair of identical

twins both with os odontoideum, two nontwin patients with

os odontoideum and four normal subjects were included in

this study. A number of genes with significantly increased

expression were detected in the twins as compared with the

normal subjects. Six genes with significantly different

expression profiles were identified between the twins and

the nontwin patients. This study also demonstrated trends

in gene expression profiles between os odontoideum

patients and the normal subjects. Lots of these genes are

associated with bone morphogenesis and maintenance.

In conclusion, although a great number of cases with os

odontoideum have been reported to be traumatic, there are

some cases believed to be congenital. Still some other

cases with os odontoideum may have combined traumatic

and congenital origins. It will be informative to further

define each type and examine their relative prevalence.

Investigation of the relevance of this distinction is appro-

priate to clinical evaluation and treatment.
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