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Abstract
Atlantooccipital assimilation is defined as the complete or partial fusion of the caudal portion of the
occiput with the cranial portion of the atlas. We report an extremely rare case of a traumatic dislocation of
the atlas from the axis (C1 from C2), which lead to internal decapitation in a patient with atlantooccipital
assimilation. This report reviews the background of atlantooccipital assimilations and their clinical
relevance.
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Introduction
Atlantooccipital (AO) assimilation is defined as the complete or partial fusion of the occiput with the atlas
[1]. The prevalence of atlantooccipital assimilation ranges from 0.08%-3% and may be congenital or acquired
[2].

The dislocation of the atlantoaxial joint often leads to internal decapitation. The primary mechanism of
injury is trauma: dives, falls, assault, and motor vehicle accidents [3]. We report an extremely rare case
of traumatic dislocation of the atlas from the axis, leading to internal decapitation in a pediatric patient with
AO assimilation. This report reviews the background and clinical relevance of AO assimilations.

A review of the literature was conducted through Google Scholar, PubMed, and Google Books using
keywords including, but not limited to, “atlantooccipital assimilation,” “atlantooccipital fusion,”
“atlantoaxial dissociation,” “atlantoaxial dislocation,” and “basilar invagination.” This search yielded no
literature involving AO assimilation and a C1-C2 dislocation with internal decapitation.

Case Presentation
A 16-year-old male presented to the emergency department following a high-speed front-end collision with
another vehicle. He was restrained and occupied the front seat of the vehicle that was struck head-on. The
speed at the time of the collision was estimated to be in excess of 79 miles per hour. On arrival, the patient
was unconscious and not breathing independently. Attempted intubation at the scene was unsuccessful and
the patient was pronounced dead soon after arrival to the hospital.

Radiographs at the time of the incident noted internal decapitation with AO assimilation specifically
between the anterior arch of the atlas and the basiocciput (Figure 1). No fractures were noted, including the
odontoid process. There was no known past medical or surgical history and the AO assimilation was
unknown to the family.
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FIGURE 1: Lateral radiograph of the craniocervical junction and upper
cervical spine noting that the white arrows point to the assimilated atlas
(left) and bare odontoid process of C2 (right)

Discussion
Two pathologies were observed in the present case: AO assimilation and complete dislocation of the
atlantoaxial joint with an intact odontoid process. AO assimilation is a common anomaly to the upper
cervical region [2,4]. The prevalence has been cited as 0.08%-3.0% of the population, but more recent
studies cite an incidence near 1% [5-6]. Typically an incidental finding, AO assimilation is due to ponticles
from the anterior or posterior arch of the atlas [2,7].

For congenital AO assimilation, the embryology has been described as a failure of differentiation between
somites. Specifically, the caudal base of the occiput is derived from the fourth somite and the cranial portion
of the atlas from the fifth somite [2]. Abnormalities in the odontoid process, including congenital hypoplasia,
have been associated with AO assimilation [2,8]. AO assimilation may be acquired as a result of post-
traumatic deformities, infections, inflammatory conditions, or tumors near the craniocervical junction [5-6].

Clinically, the initial visualization of AO assimilation is with X-ray, followed by multiplane, multi-
echo magnetic resonance imaging (MRI) and computed tomography (CT) with three-dimensional (3D)
reconstruction [1]. As mentioned, AO assimilation is typically entirely asymptomatic. The literature
describes initial symptoms that are apparent only in the second through fourth decades of life, particularly
those related to the regional spinal cord or vascular compression. Symptoms range from transient neck pain
and headaches to paresthesias and weakness of the upper extremities [7,1].

The neurological symptoms associated with AO assimilation are likely related to basilar invagination [2,8].
Although it is clear that the two are distinctly related, the literature remains inconsistent with AO
assimilation causing basilar invagination or vice versa. Part of this discrepancy may be due to the authors’
failure to distinguish basilar invaginations (congenital) from basilar impressions (acquired) [1,8]. The
neurological symptoms associated with AO assimilation are considered directly related to the cranial portion
of the dens crossing the plane of the foramen magnum, McRae’s line [7]. The literature is notable for sudden
death in a 24-year-old patient with AO assimilation where the foramen magnum had a nearly 50% reduction
in anteroposterior dimensions [9].

AO assimilation and acquired Chiari I malformation have also been reported in the literature [10]. Though
the pathophysiologic mechanism is different, both AO assimilation and Chiari I malformation neurologic
symptoms are due to neural tissue compression at the foramen magnum. In a Chiari I malformation,
herniating cerebellar tonsils compress neural tissue at the foramen magnum. Both presented with
dyspnea and central sleep apnea [11-12].

Trauma as the sole etiology of atlantoaxial dissociations is rare, and in our case, it is associated with a
congenital malformation at the atlantooccipital joint. The etiology is often multifactorial, but individual
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causes include congenital relationships and inflammatory etiologies. Congenital associations include Down
syndrome, Goldenhar syndrome, and Morquio syndrome. An incidence of 23%-83% of atlantoaxial
involvement is also reported in adults with rheumatoid arthritis, predisposing them to atlantoaxial
dissociations [4].

Atlantoaxial dislocation is defined as a distance from the atlas’ anterior arch to the odontoid process greater
than 3 mm in adults and 5 mm in children. A distance greater than 7 mm is likely to require surgical fusion
[4]. Internal decapitation, in this case, would likely tear ligaments typically connecting the axis and dens to
cranial structures. It is, therefore, important to discuss the regional ligaments and structures expected to be
torn.

Along the spinal cord, the posterior longitudinal ligament and the ligamentous articular capsule of the
atlantoaxial joints would tear anteriorly, the tectorial membrane posteriorly, and the transverse ligament
laterally. The ligaments attaching the dens locally would also tear the apical ligament of the dens, alar
ligaments, superior and inferior longitudinal bands of the cruciform ligament, and the accessory atlantoaxial
ligament [13].

As illustrated by our case, good knowledge of the variations of the craniocervical junction can better help in
interpreting imaging in trauma patients [14-20].

Conclusions
Interpreting post-traumatic imaging necessitates a good working knowledge of the more common
anatomical variations in the region of the body being imaged. AO assimilation should be assessed when
viewing imaging of the neck and craniocervical junction.
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