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Atlanto-occipital dislocation (AOD) is rarely seen in clinic because it is characteristically immediately fatal. With recent progress in 
the pre-hospital care, an increasing number of AOD survivors have been reported. However, because the pathophysiology of AOD is 
not clearly understood yet, the appropriate strategy for the initial management remains still unclear. We report a case of successful 
AOD treatment and describe important points in the management of this condition. It is important to note that abducens nerve palsy 
is a warning sign of AOD and that AOD can result in a life-threatening distortion of the arteries and the brain stem. We recommend 
the application of a halo vest to protect the patient’s neural and vascular competence as the immediate initial step in the treatment 
of AOD. Horn’s grading system is useful in assessing indications for surgery. Finally, when performing posterior fixation, C2 should be 
included because of the anatomy of the ligamentous architecture. 
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Introduction

The atlanto-occipital junction serves as a supportive base 
for the skull and contains vital structures such as the ver-
tebral arteries and the spinal cord. Although this junction 
bears the heavy load of the head, it is also a pivot point for 
head motion. Therefore, the joint is flexible in every direc-
tion and has loose its bone connections. Many ligaments 
surround it, maintaining its stability [1]. Because of its 
anatomy, the atlanto-occipital junction is vulnerable to a 
dislocation in a high-impact trauma. An atlanto-occipital 
dislocation (AOD) has long been a rare clinical entity be-
cause of its associated rapid mortality [2,3]. However, the 
number of AOD survivors is increasing with recent devel-
opments in the emergency medical care [1,2,4-6]. Herein, 
we report the successful treatment of a patient with AOD 

and discuss the appropriate management strategy.

Case Report

A 33-year-old male engineer fell 10 m while working on 
the roof of a factory and was immediately transported on 
a spine board by a helicopter emergency medical service 
with trained medical staff to our hospital. Upon arrival, 
his vital signs were stable. His Glasgow coma scale (GCS) 
score was E2V(T)M6 with normal pupillary findings. 
Although he did not respond to verbal commands, he re-
tained rectal tone.

The radiological examination showed multiple injuries, 
including contusions of the liver and lung and fractures 
of the scapulae and pelvis. A remarkable retropharyngeal 
swelling was evident on cervical X-ray analyses (Fig. 1A). 
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The computed tomography (CT) showed a translocation 
of both occipital condyles anterior to the lateral masses 
of the atlas (Fig. 1B). Numeric measurements were con-
sistent with the published criteria for AOD [3]. In addi-
tion, the magnetic resonance imaging (MRI) showed a 
compression of the spinal cord by a hematoma (Fig. 1C, 
D). The digital subtraction angiography (DSA) showed 
the internal carotid and vertebral arteries to be stretched 
bilaterally because of a distraction between the atlas and 
occiput (Fig. 1E).

On the day of admission, an interventional emboliza-
tion was performed to achieve hemostasis in the contused 
organs (Fig. 2A, D). The patient was fitted with a hard 
collar. On the second day, a halo orthosis was fitted to 
augment cervical immobilization. The patient gradually 
regained consciousness (GCS, E3V[T]M6) but exhibited 

severe motor weakness with a manual muscle test (MMT) 
score of 0/5 for the whole body except the bilateral toes, 
which retained their flexion and extension and had a 
MMT score of 4/5. On the third day (Fig. 2B, E), the right 
toe’s MMT score dropped to 1/5 and C3–4 laminectomy 
and hematoma removal was performed. The right C4 
and 5 nerve roots were found to be severely avulsed. As 
the dura mater was partially destroyed, a piece of fascia 
was used to cover it. After surgery, the patient became 
drowsy and exhibited signs of progressive abducens nerve 
palsy. The monitoring of the cerebral regional saturation 
of oxygen (rSO2) suggested a decreased blood flow to the 
brain; the rSO2 showed 78% on the first day and 67% on 
the third day. Routine follow-up CT scans showed an ex-
acerbation of the AOD. Therefore, based on the CT scans, 
we adjusted the halo vest twice with vertical compressive 

Fig. 1. Radiological findings on the day of transfer to our hospital. (A) Lateral X-ray results  showing a marked upper cervical pre-
vertebral soft tissue swelling (arrow). (B) Sagittal computed tomography image  showing distraction and anterior dislocation be-
tween the occipital condyles and the atlas (arrow). (C) Axial contrast computed tomography image  showing the extent of the he-
matoma between the cervical spinal canal (black arrow) and the prevertebral space (white arrow). (D) Sagittal magnetic resonance 
T2-weighted image  showing a hematoma (arrow) compressing the spinal cord. (E) The digital subtraction angiography shows the 
stretching of both internal carotid arteries (arrows) caused by atlanto-occipital dislocation. 
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force to the head. This succeeded in reducing the AOD 
and the patient’s level of consciousness improved (Fig. 2). 

On the 16th day, the patient’s GCS was E4V(T)M6 and 
the MMT score was 5 for the main muscles except the 
proximal upper limb muscles with a MMT score of 2. An 
occipito-axial posterior fixation was performed which had 
been delayed because an acute phase fixation surgery was 
considered to carry additional risks for the patient such 
as intraoperative hemorrhage. The patient was placed in 
the prone position with a halo. A connector was used to 
fix the halo ring to a Mayfield arm from the bed. During 
surgery, the atlanto-occipital gap was found to be wide. 
Adequate curettage and bone grafting were performed. 
C2 pedicle screws and an occipital plate were placed. 
During final fixation with a rod on each side, the Mayfield 
device was unlocked for manual compression of the halo, 
restoring an occipital-C2 congruency (Fig. 3). Following 
surgery, a hard collar was substituted for the halo.

The patient was able to walk without support within 2 
months. Although he retained right proximal upper limb 
motor weakness, he eventually fully regained the ability to 

perform activities of daily living. Additionally, the abdu-
cens nerve palsy completely resolved.

Discussion

AOD is caused by a combination of considerable forces 
and patients often present with systemic traumatic dam-
age. As a result, AOD is associated with a significant 
mortality rate [3]. Indeed, on postmortem examination, 
AOD is found in 20% to 30% of patients who die of cervi-
cal spine injuries [7,8]. However, with the recent progress 
in pre-hospital care, increasing numbers of survivors are 
being reported [1,2,4-6]. Therefore, clinicians should be 
informed on the prompt identification and management 
of AOD.

CT and MRI are essential in the diagnosis of AOD. The 
specific landmarks and indices for AOD are clearly dem-
onstrated on CT [1,3,6,9] including the Powers ratio, the 
X-line method, the basion-dens and basion-axial intervals 
and the condyle-C1 interval (Fig. 4) [3]. A MRI enables 
clinicians to evaluate a breakage of the supporting liga-

Fig. 2. Changes in the degree of dislocation shown on coronal (A–C) and sagittal (D–F) computed tomography images. 
Cervical stabilization was instituted with a halo vest on day 2. At day 3, however, the distraction of the craniocervical 
junction had further increased (arrows), accompanied by a decrease in the cerebral regional saturation of oxygen (rSO2) 
value. Therefore, a corrective compressive force was attempted with the halo vest. This improved the dislocation and the 
patient’s conscious state improved. 
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Fig. 4. Indices of atlanto-occipital dislocation in the present case. The Powers ratio is the ratio of the basion-posterior atlas arch 
to the opisthion-anterior arch (ab/cd); values greater than 1 are abnormal. In our case, the Powers ratio was 1.2 (A). According to 
the X-line method, an abnormality is present if the line from the basion to the axis spinolaminar junction does not intersect C2 and 
a line from the opisthion to the posteroinferior corner of the body of the axis does not intersect C1. The latter criterion was met in 
the present case (B). The basion-dens interval (BDI) is abnormal in the presence of a displacement between the basion and the 
dens of greater than 10 mm in adults or greater than 12 mm in pediatric patients. The BDI was 15 mm in the present case (C). An 
anterior displacement of at least 12 mm or a posterior displacement of at least 4 mm between the basion and the posterior C2 line 
denotes an abnormal basion-axial interval (BAI). A 13-mm anterior displacement was seen in the present case (D). A condyle-C1 
interval (CCI), which is the distance between the occipital condyle and the superior articular facet of the atlas, of more than 2 mm 
in adults or more than 5 mm in pediatric patients is considered to be abnormal. The CCI was 6 mm in the present case (E).
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Fig. 3. Postoperative radiological findings. Lateral X-ray results (A) showing occipital-C2 posterior fixation using an occipital plate, C2 ped-
icle screws, rods and a crosslink. Coronal (B) and sagittal (C, D) computed tomography images showing a reduction of the atlanto-occipital 
dislocation.
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ments and connective tissues of the junction [1,3,6,9,10]. 
It can also identify a spinal cord injury. In addition, CT 
angiography, magnetic resonance angiography and DSA 
are essential for investigating damage to the cervical ves-
sels. 

Once AOD is suspected, a halo vest is more appropriate 
than a rigid cervical collar and axial traction because of 
the high risk of distraction at the craniocervical junction 
[1,3,11]. However, a halo orthosis is not always safe. Van 
de Pol et al. [9] reported re-dislocation in the presence 
of a halo vest in a patient with AOD. In this case, a halo 
orthosis was unable to provide enough compression force 
to immobilize the lesion because of the instability of a 
displaced atlanto-occipital junction [9]. Thus, frequent 
radiographs of the cervical spine and CT should be per-
formed to check for a deterioration of AOD.

In the current case, cerebral rSO2 values correlated with 
the degree of distraction at the craniocervical junction. 
Distraction stretches the arteries, reducing blood flow and 
inducing drowsiness. The patient also developed abducens 
nerve paralysis as the distraction increased. This has been 
previously reported under the same conditions [1,11] and 
can be a warning sign of insufficient cerebral perfusion in 
patients with AOD. 

A grading system for patients with AOD that is useful 
in the assessment of surgery indications has been pro-
posed by Horn et al. (Table 1) [6]. Grade I dislocations 
can be managed with conservative observation and an 
external orthosis, whereas Grade II dislocations require 
internal fixation [3,6].

Occipito-cervical short fusion is the gold standard sur-
gical treatment for AOD. However, the fusion should be 
extended to at least C2, because the major ligaments of 
the atlanto-occipital connection are also responsible for 
the competency between C1 and C2. The reported case 
illustrates that prompt identification and initial stabiliza-
tion of AOD, followed by definitive surgical fixation can 

lead to a good long-term outcome.
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