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Traumatic Atlanto-occipital Dislocation (AOD)

Yeon—Joon Kim, Chan—Jong Yoo, Chan—Woo Park,
Sang—Gu Lee, Seong Son, Woo—Kyung Kim

Department of Neurosurgery, Gachon University Gil Hospital, Incheon, Korea

Objective: Traumatic atlanto-occipital dislocation (AOD) results from high energy trauma and is an uncommon and usually
fatal injury due to an injury to the cervicomedullary junction. Recently, improved prehospital management, early diagnosis
and effective treatment led to increasing reports of survival. This study of patients with AOD initial imaging modalities recog-
nizes the clinical features and diagnostic considerations for a quick diagnosis.

Methods: In this article, five survived adult patients with traumatic AOD are presented and retrospectively reviewed. Diag-
nosis was made by lateral cervical spine x-ray, cervical computed tomography (CT), or magnetic resonance imaging(MRI).
Treatment consisted of early immobilization, respiratory support, and subsequent occipitocervical fusion.

Results: Four patients were male and the other one was female. Three were diagnosed early and the others were delayed
in confirmations. One was type | AOD and four were type Il AOD. All patients were applied occipitocervical fusion. Two cases
were worse; neurological states and the other three that showed no change. Lateral X-ray film of all patients in the prever-
tebral soft tissue swelling at the C2 level was noted. The mean thickness of prevertebral soft tissue C2 level was 17.88
mm (15.18 to 20.17 mm). Two were in the normal range of dens-basion index(DBI), three showed abnormalities, and Power's
ratio was abnormal in 3 patients.

Conclusion: As for damages caused by a strong external force in patients with severe prevertebral soft tissue swelling at
C2 level abnormaly, the doctor determines whether more should be carefully AOD and considers 3D CT or MRI to confirm
AOD in these patients.
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INTRODUCTION

Traumatic atlanto-occipital dislocation (AOD) results from
severe a ligamentous injury, which usually has either a fatal or a
potentially devastating outcome™". Patients frequently succumb
to a cervicomedullary injury from AOD at the site of the acci-
dent. In previous autopsy studies, traumatic AOD accounted
for 6-89% of all traffic fatalities and are related to 20% to 30
% of patients whose deaths are directly related to cervical
spine injuries”™”.

Continued improvement in the emergency management of
this lesion with its better recognition, however, has resulted
in more adult patients arriving at trauma centers in a viable
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state™*"”, Tmprovement of diagnostic tools and effective treat-
ment lead to increasing reports of survival>®'®'31%212:273031-

The radiological diagnosis of AOD can made using lateral
cervical spine plain films, computerized tomographic (CT)
scans with sagittal and coronal reconstructions, and/or mag-
netic resonance imaging (MRI), with the latter often showing
concomitant ligamentous injury”. A high index of suspicion
for AOD and Prompt recognition of it along with cervical
immobilization of a patient with this injury are essential in
order to promote survival.

The purpose of this study was to identify the clinical featu-
res and imaging modalities of five patients with post-traumatic
AQOD survivors.

MATERIAL AND METHODS

Patients treated with traumatic AOD were included for a
study. All patients were reviewed on electrical medical records
with regarding age, sex, cause of injury, physical examination,
radiological results, clinical course, and outcome. Patients un-
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derwent external immobilization immediately when diagno-
sed with AOD. Subsequently, the patients underwent oper-
ation when their general conditions were stabilized. An oper-
ation was performed under general anesthesia with a prone
position. A manual reduction was attempted while a head was
fixated. Occipito-cervical fusion was performed with posterior
approach. Halo-vest or rigid cervical orthosis was applied after
the operation.

RESULTS

Four patients were male and the other one was female. The
mean age was 34.6 year old (range, 24-50). Three were in car
traffic accidents, one a motorcycle accident and the other one
a pedestrian traffic accident. Three were diagnosed early and
the others were delayed in confirmation. Type I AOD was one
and type IT AOD was 4. All patients were applied occipitocer-
vical fusion. Two cases were worse; neurological states and
the other three that showed no change. In an initial imaging
study, lateral X-ray film of all patients in the prevertebral
soft tissue swelling at the C2 level was noted. The mean thick-
ness of prevertebral soft tissue C2 level was 17.9 mm (15.2
to 20.2 mm). While demonstrating initial sagittal CT reconst-
ruction, two patients were in the normal range of DBI, three
showed abnormalities, and Power's ratio was abnormal in 3
patients (Table 1).

Case 1

A 26-year-old man was brought to the emergency room
after a motorcycle accident. He complained of a severe pain
at the neck and base of the skull and in the right upper ext-
remity. He was alert and oriented and was intact on a neurolo-
gical examination. The initial lateral cervical spine radiogra-
phs showed prevertebral soft tissue swelling (width: 20 mm),
a left C1 ring fracture, and widening of the gap between the
odontoid and basion (Fig., 1A). A CT scan of the head and cer-

vical spine (Fig. 1B, 1C, 1D) demonstrated approximately 13
mm of atlanto-occipital dissociation with a left medially displa-
ced Type 11T occipital condyle fracture and a left C1 ring fra-
cture. There was anterior displacement and separation of the
occipital condyle, as well. The basion-dens interval was 14.71
mm (normal value, <10 mm) and the Power's ratio was 1.21
(normal value, <1.0). He was diagnosed with a Type I AOD.
The preoperative MRI showed the disruption of the tectorial
membrane and anterior and posterior longitudinal ligaments
(Fig. 1E). The CT angiogram was suggestive for an arterial disse-
ction. Formal angiography was negative. Additionally, plain films
identified a Galeazzi fracture of the right upper extremity.

In the operating room, fluoroscopy confirmed continued
atlanto-occipital dissociation. Attempts to manually reduce the
separation by the way of head positioning were only partially
successful. Thus, a posterior midline approach was used to
expose the occiput to C3. C1 and C2 screws were indepen-
dently placed into the C1 lateral mass and C2 pedicles'. A
DePuy Mountaineer occipital plate of the appropriate size was
secured to the occipital bone using midline anchor screws.
Prebent titanium rods were shaped, so as to reduce the defor-
mity and to reapproximate the bony surfaces placed, and secu-
red to the screws and plate. The exposed bone was decorti-
cated carefully and an arthrodesis was accomplished with auto-
graft and allograft. Routine wound closure was performed.
Halo immobilization was not used, whereas only a rigid cervi-
cal orthosis was applied after surgery. 18 months after surgery,
no neurological deficits were present and flexion and exten-
sion films of the cervical spine showed excellent alignment
and instrumentation (Fig. 1F).

Case 2

A 40-year-old man was involved in a rollover motor vehi-
cular accident and sustained polytrauma. His injuries included
a left scapular comminuted fracture, multiple rib fractures,
pulmonary contusions, a left hemothorax, pelvic bone frac-
tures, and a proximal descending aortic. His initial Glasgow

Table 1. Prevertebral soft tissue swelling: soft tissue thickness >4 mm at C2 level on lateral radiography

DBI: Dens-Basion Index

Aoe  Sex  Froverebia soft e pg powers R AOD Type e o Neurolooy
Case 1 26 Male + (20.0 mm) 14.71 1.21 | early No change
Case 2 40 Female + (17.9 mm) 15.41 1.054 Il delayed Worse
Case 3 33 Male + (15.2 mm) 21.93 1.00 Il early No change
Case 4 50 Female + (16.2 mm) 6.81 0.79 Il early No change
Case 5 24 Male + (20.2 mm) 9.17 0.84 Il delayed Worse
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Fig. 1. A 26-yr-old man sustained an atlanto-occipital dislocation: (A) The initial lateral radiography suggested swelling of the pre-
vertebral soft tissue and a widened gap between odontoid which is the arrowhead and basion (b). Technique and rotation limit
visibility of basion (b) and opisthion (o). (B, C) Initial sagittal CT reconstruction demonstrated Power’s rafio (1.21) and a basion-dens
interval (4.71mm). (D) The initial coronal CT reconstruction demonstrated dislocation of the right atlanto-occipital joint and a left
occipital condyle fracture. (E) The preoperative sagittal MRI. (F) A plain film, 18 months after the operation shows the good stabiliza-
tion and reduction of the AOD, and posterior bony fusion.

Coma Scale was 15. An initial head and cervical spine CT
was negative for intracranial or spinal pathology. Three days
after the accident, he was transferred from an outside hospital
for a stent graft procedure for the aortic injury. A few days
after stenting, he developed a pulmonary embolism which led
to anticoagulation. He was awake and moving all four extre-
mities to command at this time. Two weeks after the accident,
he became acutely quadriplegic. A head CT demonstrated a
hyperdense lesion at the anterior foramen magnum compress-
ing the brainstem. A cervical spine MRI scan showed an acute
intra- and extradural hematoma in the region of the foramen
magnum causing a mass effect on the medulla (Fig. 2A). The
ligament between the tip of the dens and the base of the skull
was edematous and discontinuous, consistent with a rupture

of this ligament. In a preoperative CT of the head and cervical
spine (Fig. 2B, 2C), the basion-dens interval was 15.41 mm.
The Power's ratio was 1.054 without a fracture. There was
vertical displacement of the occiput and atlas. He was diag-
nosed with Type I AOD. It was thought that the AOD resul-
ted in the epi- and subdural hematomas, brain stem com-
pression and quadriparesis. He was taken to the operating room
emergently for decompression and stabilization using the same
technique of direct internal occipito-atlanto-axial fixation with
placement of occipital, C1 lateral mass, and C2 pedicle screws
as described in the previous case with additional lateral mass
instrumentation at C3.

This patient was then placed in a halo vest for only 2 months.
Thirteen months after surgery, he was painless and is now neu-
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Fig. 2. Figure 2. A 40-yr old man was found to have an atlanto-
occipital dissociation: (A) The cervical MRl demonstrated the intra-
and extradural hematoma. (B, C) Preoperative sagittal CT recon-
struction demonstrated basion-dens interval of 15.41 mm and
Power’s ratio of 1.054. (D) A plain film, 13 months after the ope-
ration, shows the stable anatomic alignment, was maintained,
and there was good infegration of the grafts.

rologically intact. Lateral cervical spine radiography showed
atlanto-occipital (AO) fusion with good bony growth (Fig. 2D).

Case 3

A 32-year-old man was injured in a pedestrian-motor vehi-
cle collision. He was found with a drowsy mentality and a
neurological deficit of right side hemiparesis at the accident
scene. Blood pressure was 140/80 mmHg and respiration was
weak. Babinski sign was observed both lower extremities. The
initial lateral radiography of the cervical spine suggested swel-
ling of the prevertebral soft tissue(width: 15.18 mm). Initial
sagittal CT reconstruction demonstrating Power’s ratio-line
segments BC/OA was 38.13/37.98 mm. The resultant Power’s
ratio was 1.00, and a basion-dens interval 21.93 mm. The
initial three-dimensional CT reconstruction demonstrated dis-
traction with separation of occiput from atlas. The preopera-
tive sagittal T2-weighted MRI showed a compressed spinal
cord at the junction site of occipital condyle and atlas. He was
diagnosed with Type II AOD. This patient was then placed in
a halo vest for cervical stabilization. Fifteen days after trauma,
the patient’s general condition improved and underwent an
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operation. In the operating room, fluoroscopy confirmed contin-
ued atlanto-occipital dissociation. Attempts to manually reduce
the separation were partially successful. Thus, a posterior mid-
line approach was used to expose the occiput to C3. Cland
C2 screws were independently placed into the C1 lateral mass
and C2 pedicles. A DePuy Mountaineer occipital plate of the
appropriate size was secured to the occipital bone using mid-
line anchor screws. Prebent titanium rods were shaped, so
as to reduce the deformity and to reapproximate the bony
surfaces placed, and secured to the screws and plate. Halo
immobilization was not used, whereas only a rigid cervical
orthosis was applied after surgery. Two weeks after the acci-
dent, posterior occiput-alas-axis fixation was performed. The
surgical technique was thought to be safe to perform and resul-
ted in immediate stability. Solid fusion was achieved 5 months
after surgery. He recovered progressively over a period of 6
months. Twelve months after surgery, no neurological deficit
was present except for slightly right sided hemiparesis (Fig. 3).

DISCUSSION

The AO joint has little intrinsic bony stability, thus AO joint
ligaments provide most of the stability of the CVJ*”. These
ligaments include the anterior and posterior longitudinal (tec-
torial), the cruciate (transverse), and the odontoid complex
(apical and alar) ligaments. Although the exact mechanism
of injury remains controversial, a major disruption of the cap-
sules and membranes at the AO joint with associated damage
to the tectorial membrane and/or odontoid ligaments leads
to severe AQ instability in an anterior, longitudinal, or posterior
direction. In several autopsy studies, traumatic AOD accoun-
ted for approximately six to eight percent of all traffic fatali-
ties™. Due to improved pre-hospital care, a high index of clini-
cal suspicion, and early recognition with better imaging tech-
niques, the number of patients surviving AOD and arriving
alive at the hospital is increasing.

The clinical presentation of patients with traumatic AOD
varies and includes a wide spectrum ranging from the patient
being neurologically intact to having severe neurologic deficits
with ventilatory dependence and, finally, most commonly, to
suffering death. Accompanying brainstem injuries and lesions
involving the vascular structures of the neck contribute to the
high mortality rate. The clinician should be alert to findings
indicative of a brainstem injury, including respiratory insuffi-
ciency, cardiac arrhythmia, and arterial hypotension. Severe
neck pain may be the only manifestation of this injury in patients
who are neurologically intact.

The radiographic diagnosis is usually apparent on the initial
lateral cervical radiograph, which shows prevertebral soft-tis-
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Fig. 3. A 33-yr-old man sustained an atlanto-occipital dislocation: (A) The initial lateral radiography suggested swelling of the prever-
tebral soft tissue. (B, C) Initial sagittal CT reconstruction demonstrated Power’s ratio (1.00) and a basion-dens interval (21.93 mm).
(D) The initial three-dimensional CT reconstruction demonstrated distraction with separation of occiput from atlas. (E) The preoperative
sagittal T2-weighted MRI shows a compressed spinal cord at the junction site of occipital condyle and atlas. (F) A plain film, 32 months
after the operation shows the good stabilization and reduction of the AOD, and posterior bony fusion.

sue swelling and displacement at the CVJ”. This finding is easily
missed at the initial emergency setting due to a diversity of
clinical presentation, a lack of clinical suspicion, association
with traumatic brain injury and polytrauma and the presence
of minor subluxations®”. Once suspected, advanced imaging
techniques, including CT and MRI scans are mandatory to
confirm associated fractures and dislocation and to delineate
the extent of ligamentous disruption and spinal cord injury™.

Traumatic AOD can occur as a result of several different
mechanisms and can be classified according to the direction
of occipital displacement (Fig. 4). Type I injuries are most
common and have an anterior occipital displacement. Type
II injuries have a vertical displacement >2 mm be ween the
occiput and C1. Type III injuries are rare and have posterior
ocdipital displacement™>?.

Anderson and Montesano classified occipital condyle frac-

tures into three types: Type I, comminuted fractures; Type
II, fractures associated with a basilar or skull fracture; and
Type III, avulsion fractures. Type III, such as in case 1, occurs
in 30 to 50% of patients with AOD and is generally consid-
ered unstable®™?.

The goals of management of AOD are the reduction and
stabilization of the injured segments, the preservation of neu-
rological function, and provision of long-term AO stability.
The initial management is directed toward maintaining ad-
equate ventilation and cardiovascular support and includes air-
way protection and cervical immobilization. This can be achie-
ved through closed reduction and immobilization with a cervical
orthosis or a halo vest, but great care must be taken when
manipulating the neck to avoid further neurological injury™.

The surgical treatment of AOD recently underwent occipi-
to-cervical fusion. In the occipital stabilization techniques,
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Fig. 4. Clossification of atlanto-occipital dislocation (AQD) in the
midsagittal representation. (A) Normal, (B) Type I: anterior dislo-
cation, (C) Type Il: vertical dislocation and (D) Type ll: posterior
dislocation.

Zipnick et al*”. found that the occipital bone thickness decrea-
sed radically from the occipital protuberance; the results of
the pullout strength correlate with this a radically decreasing
trend. The bone superior to the superior nuchal line is thicker
than the corresponding area of bone below. Haher et al'®.
reported bicortical screw fixation gave greater overall pullout
strength than did a unicortical screw in biomechanical studies.
Therefore, we recommend that an occipital screw be placed
near the midline crests to obtain maximal pull-out strength resis-
tance and a bicortical occipital screw purchase by which to
achieve a better stability even though this carries with it a higher
risk of cerebellar and venous sinus injury.

Many techniques of dorsal atlantoaxial (AA) fixation have
been developed during the past decades, all with strengths
and weaknesses. Galli’s dorsal wiring techniques and, Galli’s
fusion and Brooks’s fusions are used”". These methods are
technically simple and require no special intraoperative equip-
ment, but have lower rates of successful fusion and require
rigid postoperative immobilization™. To increase fusion rates
and stability, Sonntag’s modified Gallie fusion was developed'”.
This technique, also requires a rigid postoperative external
immobilization for successful fusion. Because of the limita-
tions of rotation observed with all dorsal wiring techniques,
newer techniques of dorsal AA fixation have used rigid screw
fixation of the atlas and axis. Therefore, transarticular C1-C2
and C1 lamina and, C2 pedicle screw techniques provide higher
fusion rates and allow for less-rigid postoperative immobiliza-
tion but are technically more demanding™.

To gain sufficient stability of the AOD, the number of cer-
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vical vertebrae to be incorporated into the fusion can be re-
duced with screw fixation. A posterior fusion extending from
the occiput to at least C2 due to a weak posterior AA mem-
brane is usually recommended. Grob reported a case in which
a direct transarticular occipital-C1 screw fixation technique
combined with an additional transarticular C1-C2 screw fix-
ation linked to a Y-plate was successfully perfomed as a sal-
vage procedure to treat a failed OC fusion initially performed
with a rod-wire construct'?. The authors reported excellent
results, with a fusion rate of 99.4% and no vertebral artery
injuries””. This technique has the advantage of a double arti-
cular fixation. Longer screws, however, are required and are
used near the vertebral artery at C1 and C2 and the lower
cranial nerves around the occipital condyle. By the use of lateral
mass screws at Cl and pedicle screws at C2, the bony fusion
is as solid as that in the transarticular screw technique, reliev-
ing the need of extending the fusion further inferiorly. The
latter technique is also potentially safer than C1-C2 trans-
articular screws, which can injure the vertebral artery because
of individual anatomical variations.

We have reviewed 5 patients with traumatic AOD. Three
patients who diagnosed and treated immediately showed no
neurologic change. But the other 2 were delayed in diagnosis
and showed worse outcomes. One case who delayed in diag-
nosis showed a normal value of DBI and Power’s ratio. In
all patients, initial cervical lateral radiography showed pre-
vertebral soft tissue swelling at C2 level. Prevertebral soft tis-
sue swelling at the site of C2 within the 4 mm is normal®”
In this paper, the initial lateral cervical spine radiography
1case can-not be resolved except for the case in which initial
x-ray showed the swelling from the prevertebral soft tissue.
But it should not be confirmed that the initial photo 1case
soft tissue swelling in the MRI findings in patients was obser-
ved. Penning et al®®. according to research results, odontoid
fracture in patients with the extent of swelling at the site of
C2 indicated 1-8 mm (mean 4.2 mm) and Hangman fracture
in a patient with 2-11 mm (mean 6.5 mm) respectively. Hype-
rextension sprain occurred in patients by 11-15 mm (mean
12.67 mm), respectively. Herr et al””. study, while C1-2 frac-
ture at 1-22 mm (mean 6.22 mm) showed edema. In this study,
a mean thickness of soft tissue in patients with AOD to 17.88
(15.18 to 20.17) and other damage from previous studies in
patients with more severe edema are shown. 2 cases show nor-
mal DBI and 3 show normal Power’s ratio. Strong forcing by
upper cervical spine injury is suspected in patients with Power's
ratio and whose DBI is normal. Even though neurological dis-
orders are invisible, lateral X-ray film in the C2 level of the
prevertebral soft tissue swelling may appear, and therefore,
AOD should be checked. We recommend 3D CT or MRI to
confirm AOD in these patients.
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CONCLUSION

AOD is not common injury, but it cause a fatal or poten-
tially devastating outcome. Sometimes diagnosis may be dela-
yed, in part due the lack of clinical or radiological evidence,
in part due to the combined injuries such as brain stem and
lesions to the vascular structures of the neck. Recently, im-
proved prehospital management and decreased transportation
time led to a high more chance to reach AOD patients with
survival. So, neurosurgeons increase awareness of the AOD
for patients who encounter multiple traumas and show pre-
vertebral soft tissue swelling. Early immobilization of cervical
spine, and subsequently occipito-cervical fusion can lead to
improved outcomes of patients.
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