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Abstract Radiography, computed tomography (CT),
and magnetic resonance imaging exams of the cervical
spine were performed in a 29-year-old man who was
ultimately diagnosed with an orthotopic os odontoide-
um during admission for injuries sustained in a motor
vehicle collision. Initial radiography suggested either os
odontoideum or an acute fracture of the dens. Further
imaging with CT and flexion and extension radiographs
confirmed os odontoideum and excluded a dens fracture.
Although rare, os odontoideum is an important cervical
spine anomaly to consider and to distinguish from an
acute fracture of the dens.
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Introduction

Os odontoideum is a cervical spine anomaly of the atlas
and axis (C1 and C2) characterized by a round, well-
corticated ossicle located superior to and separated from
a hypoplastic dens [1, 2]. The etiology of os odontoide-
um is controversial, as both congenital and acquired
etiologies are onsidered. The congenital origin is sug-
gested by twin and familial associations, as well as the
higher incidence in patients with Down syndrome,
Klippel–Feil syndrome, and multiple epiphyseal dys-
plasia [3–6]. However, acquired os odontoideum after
cervical spine trauma has also been demonstrated [4, 7–
9].

Regardless of the etiology, patients with os odontoid-
eum are at greater risk for atlantoaxial instability and

resultant spinal cord compression [10]. In the acute set-
ting, proper assessment of post-traumatic cervical spine
imaging requires differentiation of os odontoideum from
dens fracture. The ossicle in an orthotopic os odontoide-
um is in anatomic alignment, i.e. located posterior to the
anterior arch ofC1.Adystopic ossicle is located anywhere
else and will generally associate with the foramen mag-
num; it may also fuse with the basion [11].

Case report

A 29-year-old male with no significant previous medical
history was presented to the Emergency Department
with posterior midline neck pain following a motor
vehicle collision (MVC). The neurological exam was
normal. Initial three view cervical spine radiographs
(lateral, antero-posterior, and open-mouth dens views)
revealed separation of the C2 body from what appeared
to be an apical ossicle (Fig. 1a).

Although sclerotic margins bordered the cranial end
of the C2 body and the presumed ossicle, a cervical spine
CT was performed to definitively exclude an acute dens
fracture. Sagittally reformatted images confirmed that
the margins of both the ossicle and base of the dens were
well-corticated and excluded an acute fracture (Fig. 1b).

Flexion and extension radiographs were subsequently
performed (Fig. 2) and showed atlantoaxial instability
with 13 mm subluxation of C1 on C2. The ossicle re-
mained associated with the anterior arch of C1, main-
taining a static relationship with the C1 arch on both the
flexion and extension radiographs.

Magnetic resonance imaging of the cervical spine on
a 1.5-T scanner using T1-weighted (TR/TE=500/30)
and T2-weighted fast spin echo (TR/ETE/ETL=3,000/
105/9) was performed [12] to evaluate the spinal canal
and its relationship to the cord given the degree of
subluxation. No spinal cord compression or canal ste-
nosis was present, and the MRI further confirmed the
chronicity of findings as there were no blood products or
edema (Fig. 3) as secondary findings of an acute injury.
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Discussion

Distinguishing os odontoideum from a dens fracture can
be a critical component in the workup of patients in
whom acute cervical spine injury is suspected. Although
os odontoideum may be well visualized on radiography
[2], many features may overlap with a healed dens
fracture. The smooth, well-corticated, sclerotic margins
and round or oval shape help distinguish os odontoid-
eum from the sharp, non-corticated, and irregular
margins of an acute type I/II dens fracture.

Os odontoideum is characterized by a radiolucent
band or gap between the C2 body and superior portion
of the dens. The ossicle is often located above the
superior articular facets of C2 and superior and pos-
terior to the anterior arch of C1. In cases where the
radiographic findings are equivocal, cervical spine CT
with sagittal and coronal reformatting may better
characterize the location and cortical margins.

An understanding of dens development is also
important to help distinguish among fracture, develop-

mental variant, and os odontoideum. The dens forms
from three ossification centers. Two primary ossification
centers coalesce within three months after birth. One
secondary ossification center, the ossiculum terminale,
develops in the proximal dens epiphysis after eight or ten
years and fuses with the rest of the dens between ten and
thirteen years [13].

A persistent ossiculum terminale may be seen after
adolescence if it fails to fuse with the basal portion of the
dens thereby leaving a permanent cartilaginous sync-
hondrosis between the body of C2 and the ossicle [13].
Ossiculum terminale often appears v-shaped and may be
distinguished by its more cranial location. The ossicle of
persistent ossiculum terminale is smaller than the ossicle
of os odontoideum, and is not associated with significant
atlantoaxial instability [8].

Patients with os odontoideum may present with
chronic or acute manifestations of cervical cord mye-
lopathy [9] resulting from atlantoaxial instability. When
evaluating atlantoaxial instability, the anterior atlanto-
dental interval (AADI) is measured as the width of the
space between the posterior cortex of the anterior arch
of C1 and the anterior cortex of the dens on a lateral
flexion radiograph when compared to neutral position
[1]. An AADI greater than three millimeters in older
children and adults or four millimeters in younger chil-
dren is considered abnormal [14, 15].

Orthotopic os odontoideum with instability was
previously described [4, 16, 17] and the shape of the
ossicle was shown to correlate with the degree of mye-

Fig. 1 Os odontoideum.
Lateral radiograph (a) of C1–
C2 with collar in place suggests
that the apical dens or ossicle
(arrow heads) is separated from
the body of C2. Sagittally
reformatted CT image of the
cervical spine at midline (b)
reveals a well-corticated ossicle
(arrow) separated from C2 by
smooth, sclerotic margins of
cortex. The anterior arch of C1
is hypertrophied and located
just anterior to the ossicle

Fig. 2 Atlantoaxial instability. Anterior subluxation of 13 mm was
present during flexion as measured using the difference in the space
(double arrow) between the anterior cortex of the anterior arch of
C1 (line) and body of C2 during flexion (a) and extension (b). The
os odontoideum remained static in position relative to the
hypertrophic anterior arch of C1 during both flexion and extension,
thereby precluding a measurement of the anterior atlantodental
interval (AADI)
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lopathy, greater for patients with a round type than
those with cone or blunt-tooth types [16]. Although
there are no management standards for treatment of os
odontoideum [11], surgical fusion of C1–C2 is generally
reserved for active or athletic patients in whom there is a
presumed greater risk of sustaining an injury, or for
patients with persistent and/or increasing neurological
deficits [18, 19].

In conclusion, os odontoideum is an important con-
sideration for patients with imaging abnormalities at C1-
C2. When acute cervical spine trauma is imaged, os
odontoideum must be distinguished from an acute dens
fracture. In cases of cervical cord myelopathy, a mul-
timodality imaging approach that includes CT, MRI,
and radiography may be used to identify an os odon-
toideum and assess the degree of atlantoaxial instability.
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Fig. 3 Os Odontoideum.
Sagittal T1 and T2 weighted
images of the cervical spine in
neutral position show a well-
corticated ossicle separated
from the body of C2. The area
of separation shows low signal
intensity on both T1 and T2
weighted images thereby
confirming the absence of
edema or blood products
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