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Introduction

Duplication of the odontoid process remains an uncom-
mon developmental pathology that has been reported rarely 
in the literature [1-4]. This variant has previously been 
linked to cases of pituitary gland duplication and Klippel-
Feil syndrome, although the exact etiology and pathogenesis 
are incompletely understood [2, 3, 5]. Many other anatomical 

variations have been reported in relation to odontoid malfor-
mation, the most common being os odontoideum [1]. Other 
reported congenital or acquired variants of the odontoid 
process include hypoplasia, aplasia, anteversion, malposition, 
odontoid process bicornis, ossiculum terminale, and fused 
nonseparated odontoid process to the anterior arch of the 
atlas [1, 4, 5].

Most of the case reports currently available within the 
literature describe complete duplication of the odontoid pro-
cess, most commonly in conjunction with fusion of adjacent 
cervical vertebrae, atlas deformities, and pituitary duplica-
tion [1-4]. A single report describing a syndromic patient 
noted duplication of the C2 body in addition to duplication 
of the odontoid process [3]. We present a rare case of a pa-
tient with a duplicated odontoid process in association with 
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Abstract: Duplication of the odontoid process remains a rare developmental pathology that is underrepresented in the 
current literature. As the pivot point for the craniovertebral junction, the odontoid process is vital for the integrity of the 
atlanto-axial joint and the ability of the head and cervical spine to rotate correctly. The pathogenesis being incompletely 
understood, it has been proposed that odontoid process duplication involves faulty sclerotome migration and disruption 
of the axis ossification center. Patients presenting with this pathology usually have associated structural abnormalities. A 
detailed anatomical and embryological understanding of the odontoid process is necessary for successful management and 
treatment of patients presenting with odontoid process duplication. We present a rare case of a patient with a duplicated 
odontoid process in association with C2–C3 fusion, incomplete anterior arch of C1, variant inferior bony process of the 
transverse process of C1, and enlarged right jugular foramen. 
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C2–C3 fusion, an incomplete anterior arch of C1, variant 
bony process of the transverse process of C1, and an enlarged 
right jugular foramen. 

Case Report

A two-year-old Caucasian male presented with congenital 
torticollis and limited head rotation. The patient was born at 
normal gestation and was the second son for his mother. No 
known medical conditions or history of surgery were noted. 
On physical examination, the child moved all extremities, 
and had intact sensation in all major dermatomes tested. 
Cranial nerves and major peripheral nerves were within nor-
mal limits. His cerebellar examination was felt to be normal. 
The neck was thought to be short. There was torticollis with 
neck deviation to the left. Rotation of the head was restricted 
and more so to the left. Flexion and extension of the head ap-
peared to be normal. Radiographs noted a fusion anomaly at 
C2/C3. Computed tomography (CT) further identified a du-
plicated odontoid process in association with the previously 
noted C2–C3 fusion, incomplete anterior arch of C1, variant 
bony process of the transverse process of C1, and enlarged 
right jugular foramen (Fig. 1). 

The two separate apical ossifications centers of the odon-
toid process were more or less in the same coronal plane 
with the left one being slightly larger than the right. The an-
terior arch defect of C1 was approximately the width of the 
base of the combined odontoid process bases. The margins 
of the anterior arch were sclerosed indicating a congenital 
defect. The bodies of C2 and C3 were fused i.e., Klippel-Feil 

anomaly.   The right-sided jugular foramen was found to be 
three times larger than the more normally sized left jugular 
foramen. Lastly, the left transverse process was found to have 
an inferiorly pointed approximately 1 cm long, bony excres-
cence. The remaining intracranial e.g., normal pituitary 
gland and spinal anatomy were felt to be normal. 

Fig. 1. Three-dimensional reconstructed computed tomography of the craniocervical junction in the patient presented herein. Note the two 
ossification centers (arrow heads) of the duplicated odontoid process via a posterior view through the foramen magnum and from a posterior 
view (left). On this same image, the right jugular foramen (arrow) was significantly enlarged compared to the left. From an anterior view (right), 
note again the two ossification centers for the apical parts of the odontoid processes (arrow heads), the split anterior arch of C1 (asterisks), and 
the fused C2 and C3 vertebrae (black arrow). Also, note the right-sided inferior bony extension from the transverse process of C1 (white arrow).  
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Fig. 2. Schematic drawing of the various ossification centers of the 
axis. Note the DCS between the body and odontoid process and the 
NCS separating the odontoid process and body of the axis from the 
remaining parts of C2. Smaller sits of fusion include the synchondrosis 
between the apex of the odontoid process and its lower parts and the 
midline fusion of left and right sides of the odontoid process. DCS, 
dentocentral synchondrosis; NCS, neurocentral synchondrosis.
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Discussion

Embryogenesis
The development of the human vertebral column has 

been widely explored, key research illustrating the vital role 
of neurulation and the subsequent formation of somites [6]. 
Somites are blocks of mesodermally-derived tissue that sit 
adjacent to the notochord bilaterally [6]. In addition, homeo-
box (hox) and paired box (pax) genes are crucial in devel-
opmental control and the organization of the craniocervical 
junction during embryogenesis [7]. Following neurulation, 
the mesodermal tissue adjacent the notochord creates 42–44 
pairs of somites by the end of the fifth week of embryogen-
esis [6, 7], each somite further differentiating into a sclero-
tome, dermatome, and myotome [7]. These various subspe-
cialized structures go on to form the vertebrae and ribs, skin, 
and muscles, respectively [6]. The proatlas is a rudimentary 
vertebral structure and precursor of the craniocervical junc-
tion, formed from the fourth occipital sclerotome [7, 8]. This 
structure gives rise to the apex of the odontoid process in 
addition to sections of the atlas and both the apical and alar 
ligaments [6, 9]. However, the body of the odontoid process 
originates from the centrum formed from the first spinal 
sclerotome, which also forms most of the atlas. Therefore, 
while the entire odontoid process is formed via the first spi-
nal and fourth occipital sclerotomes, the axis body originates 

via the centrum of the second spinal sclerotome [7-9].
Embryologically, around the sixth week of gestation, the 

odontoid process begins to separate from the centrum of the 
atlas and migrates caudally to fuse with the axis [5, 9, 10]. 
Two cartilaginous bands, termed the neural central and den-
tocentral synchondroses, serve as the initial juncture of the 
newly-migrated odontoid process (Fig. 2). These articulations 
separate the odontoid process from the axis body and neural 
arches, and both persist at birth [5, 9]. Specifically, the den-
tocentral synchondrosis separates the base of the odontoid 
process from the body of the axis, whereas the neural central 
synchondrosis is immediately lateral to the odontoid process 
and axis, separating them from the neural arches bilaterally 
(Fig. 2) [5, 8, 9]. Ossification and eventual fusion of the odon-
toid process to the C2 vertebral body has been described as 
occurring in three waves [8]. It begins with a primary os-
sification center within the body of the axis, with eventual 
ossification around four months of gestation [8, 11]. This is 
followed by ossification from two other primary ossification 
centers located in the basal segment of the odontoid process, 
which fuse in the midline around six to seven months gesta-
tion [1, 5, 8]. Lastly, ossification of the odontoid process apex 
begins around three to four years of age via a secondary ossi-
fication center [8]. Complete fusion of the apex with the axis 
body occurs before 12 years of age [5].
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Fig. 3. Schematic drawing of the embryological derivations of the craniocervical junction. Note the early sclerotome contributions to this region. 
The first two occipital somites (yellow) give rise to the regions of the clivus at the skullbase and the third occipital somite (green) gives rise to 
parts of the occipital bone and region of jugular foramen. The proatlas (fourth occipital somite) gives rise to the apical region of the odontoid 
process, occipital condyle, and lateral mass of the atlas. The first cervical sclerotome gives rise to the anterior and posterior arches of the atlas, and 
the body of the odontoid process. 
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Pathogenesis
As discussed, there are numerous interconnected and 

simultaneous embryological events that ultimately lead to 
development of the odontoid process and the accompany-
ing craniocervical junction. While the exact mechanism of 
odontoid process duplication remains unknown, current 
research suggests a lack of midline fusion of the two ossifica-
tion centers within the basal odontoid process [1, 5]. Dys-
regulation within mesenchymal development, vascular ab-
normalities, and even abnormal migration or segmentation 
of sclerotomes have been suggested as the pathogenesis of 
this condition [1]. Furthermore, since nearly all case reports 
involve some combination of associated syndromes, verte-
bral defects, pituitary duplications, and midline abnormali-
ties, some suggest that the etiology lies in faulty interactions 
among the notochord, prechordal plate, and surface ecto-
derm [4, 5]. Other possible causes include aberrant fusion or 
interactions across the cartilaginous synchondrosis between 
the odontoid process and axis, although these need to be 
explored further. Proatlantal derailments have been used to 
explain entities such as an epitransverse process. Although 
our case presented with an inversely positioned aberrant 
process on the transverse process, such a variant might be 
related embryologically. The apex of the odontoid has been 
attributed to the proatlas so the duplicated odontoid process 
ossification centers might relate to dysembyrology of the at-
las as well. The basis of anterior arch of C1 defects, analogous 
to the duplicated odontoid process, can be tied to abnormal 
ossification center fusion or development [12]. Lastly, the re-
gion of the jugular foramen is also attributed to arising from 
the proatlas (Fig. 3). 

Taken together, third occipital somite (e.g., enlarged jugu-
lar foramen), proatlantal (e.g., duplicated odontoid process-
es), and first cervical sclerotome (e.g., anterior arch defect 
of C1) involvement would all most likely be involved in the 
present case.

Management
While cervical trauma leading to fracture or instability 

of the odontoid process can warrant immediate surgical in-
tervention [13], management strategies for odontoid process 
duplication are less clear. All of the duplicated odontoid 
process cases presented symptomatically, either with limited 
head rotation, numbness and paresthesias, or with extensive 
craniofacial abnormalities. While 50% of cases had normal 
neurological exams with no deficits appreciated during the 

physical exam, the other half showed clear syndromic abnor-
malities associated with Klippel Feil syndrome and midline 
craniofacial defects [1-4]. The anatomy and narrowing of the 
differential can be evaluated in detailed with CT and mag-
netic resonance imaging [1, 14]. Detailed management strat-
egies regarding symptomatic and surgical approaches have 
not been fully explored. Related odontoid process variations 
such as os odontoideum strategize treatment based on odon-
toid process stability and fracture integrity, which could help 
guide the management of related odontoid process abnor-
malities [13]. Further research could analyze best practices 
among patients with odontoid process duplication. 

In conclusion, odontoid process duplication is an ex-
tremely rare anomaly that is underrepresented in the cur-
rent literature. To our knowledge, only five cases have been 
reported to date, including the case presented here [1-4]. This 
case was also found to have Klippel Feil anomaly of C2/C3, 
incomplete anterior arch of C1, unusual inferior process of 
the transverse process, and an enlarged right jugular fora-
men. To our knowledge, this is the first report in the litera-
ture including this specific constellation of abnormalities. 

Patients presenting with this pathology usually have asso-
ciated structural abnormalities within the adjacent cervical 
vertebrae, Klippel Feil syndrome, pituitary gland duplication, 
or other craniofacial abnormalities. Thus, it is difficult to 
ascertain the exact pathogenesis leading to odontoid process 
duplication, although numerous embryological processes 
have been implicated. A detailed anatomical and embryolog-
ical understanding of the odontoid process is necessary for 
successful management and treatment of patients present-
ing with odontoid process duplication. Our case of odontoid 
process duplication with associated abnormalities can help 
bolster the current understanding of this rare pathology, and 
hopefully spark continued research into the etiology. 
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