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BACKGROUND Traumatic posterior atlantoaxial dislocation without fracture of the odontoid process is extremely rare. Only 24 cases have been documented
since the first patient was reported by Haralson and Boyd in 1969. Although various treatment strategies are reported, no consensus has been yielded.

OBSERVATIONS A 58-year-old man experienced loss of consciousness and breathing difficulties after being struck by a car from behind. An
immediate computed tomography scan showed subarachnoid hemorrhage, a posterior atlantoaxial dislocation without C1–2 fracture, and a right
tibiofibular fracture. After the patient’s respiration and hemodynamics were stabilized, closed reduction was attempted. However, this strategy failed due
to unbearable neck pain and quadriplegia, resulting in surgical intervention with transoral odontoidectomy and posterior occipitocervical fusion. The
patient developed postoperative central nervous system infection. After anti-infective and drainage treatment, the infection was controlled. At 1-year
follow-up, the patient did not complain of special discomfort and was generally in good condition.

LESSONS The authors report their experience with transoral odontoidectomy and concomitant posterior occipitocervical fusion in a case of posterior
atlantoaxial dislocation without related fracture. Although these procedures are highly feasible and effective, particular attention should be paid to their
complications, such as postoperative infection.

https://thejns.org/doi/abs/10.3171/CASE22330
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Traumatic posterior atlantoaxial dislocation without fracture of the
odontoid process is a rare cervical hyperextension injury. Only 24 cases
have been reported in the literature.1–22 In this report, we describe a pa-
tient with posterior atlantoaxial dislocation without odontoid process frac-
ture after a traffic accident, presenting with 1 week of consciousness
loss and persistent limb weakness. Our case was treated by transoral
odontoidectomy and posterior occipitocervical fusion after closed reduc-
tion failure, which was different from any previously reported case. In ad-
dition, a review of the literature is included.

Illustrative Case
History and Closed Reduction Attempt

A 58-year-old male who was involved in a traffic accident was
admitted to the local hospital. On examination, he was unconscious

and had breathing difficulty. His Glasgow Coma Scale (GCS) score
was 5, and his American Spinal Cord Injury Association Impairment
Scale (AIS) grade was C. Aside from subarachnoid hemorrhage,
traumatic wet lung, and right tibiofibular fracture, computed tomo-
graphy (CT) mainly showed posterior atlantoaxial dislocation and
rotation and ventral translocation of the odontoid process without
fractures (Fig. 1A–C). Further magnetic resonance imaging (MRI)
examination revealed an avulsion of the transverse ligament and
deviation of the neural axis without intramedullary signal change
(Fig. 1D and E). The patient received intensive life support, includ-
ing tracheotomy and continuous skull traction with 3-kg power in
the critical care unit. Upon stabilization, he was transferred to our
medical center for further management. At that time, the patient’s
GCS score was 15, and his AIS grade was E. Closed reduction
at the power of 6 kg failed because of unbearable neck pain,

ABBREVIATIONS AIS 5 American Spinal Cord Injury Association Impairment Scale; CSF 5 cerebrospinal fluid; CT 5 computed tomography; GCS 5 Glasgow Coma
Scale; MRI 5 magnetic resonance imaging.
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dizziness, and severe numbness of the upper limbs. CT angiogra-
phy further confirmed tensioning and angulation of his right verte-
bral artery (Fig. 1F and G).

Surgical Description
Concomitant surgery of transoral odontoidectomy and posterior occi-

pitocervical fusion was planned. During the odontoidectomy, cerebrospi-
nal fluid (CSF) leakage occurred after removal of the odontoid process
due to severe scar adhesions around it. Biological protein glue was
used to seal the leak. After performing odontoidectomy, we tried to re-
duce the dislocation through gradual manual traction. However, when

traction strength was increased to 7 kg, the patient developed transient
hypotension and bradycardia. Intraoperative X-ray fluoroscopy showed
that the posteriorly dislocated atlas had moved forward significantly, with
the stump of the odontoid process stuck under the anterior arch of the
atlas, but no anatomical reduction had been achieved (Fig. 2B). To
increase stability, the patient was shifted to a prone position, and he re-
ceived posterior occipitocervical fusion with a polyaxial screw and rod
system (Fig. 2C). Spinal cord monitoring was not available during the
procedures.

There was no new neurological dysfunction after surgery. Accept-
able alignment of the atlantoaxial junction was achieved from the post-
operative sagittal CT reconstructions (Fig. 3A). Compared with before
the operation, the course of the right vertebral artery had returned to
normal according to the three-dimensional CT angiography reconstruc-
tions (Fig. 3B). An MRI scan after the operation confirmed relief of spi-
nal cord compression (Fig. 3C).

Postoperative Infection
Four days after surgery, the patient had a postoperative fever.

CSF tests confirmed antibiotic-sensitive Klebsiella pneumoniae in-
fection. External ventricular and lumbar drainage were applied, and
tigecycline and amikacin were used for anti-infective therapy.

Discharge and Follow-Up
On the 29th day after surgery, the patient was discharged to a lo-

cal rehabilitation hospital with completely normal temperature and
negative bacterial culture of the CSF. At the 3-month follow-up, bony
fusion between the lateral joints of C1–2 and between the root of the
resected odontoid process and the anterior arch of the atlas was
identified on CT scans (Fig. 4A and B). However, MRI revealed an
arachnoid cyst lying posterior to the cervical cord at level C1–2 with-
out corresponding clinical symptoms (Fig. 4C and D). Therefore, we
did not perform the second operation on the patient. At 12 months
after surgery, CT scans showed more solid bony fusion than that at
3 months (Fig. 4E–G). MRI showed no significant size change of the
cyst compared with the previous one (Fig. 4H), and the patient
did not complain of special discomfort and was generally in good
condition.

Discussion
Observations

The stability of the atlantoaxial complex is mainly provided by the
odontoid process interlocking in the osseoligamentous ring formed by
the anterior arch of the atlas ventrally and the transverse ligament
dorsally.10 The primary movement of the atlantoaxial complex is axial
rotation, and the flexion-extension movement is quite limited by the
anterior arch and the posterior cruciate ligaments.23,24 Traumatic pos-
terior atlantoaxial dislocation is always caused by odontoid fracture or
atlantoaxial ligament ruptures.25 Dislocation without fracture is rare.
Such an impact would tend to cause severe distraction of the cord,
resulting in immediate death.26,27 Thus, it might well be missed in a
routine postmortem examination,7,28 and it is likely that the incidence
is higher than reported. The severe rotary hyperextension of the neck
with variable amounts of distraction has been proposed as the proba-
ble mechanism.1

Twenty-four cases of this rare posterior atlantoaxial dislocation
have been reported in the literature (Table 1). Both “closed reduction”
and “open reduction” have been used. Wong et al.6 described three
phases of closed reduction, including dispersion, rearrangement, and

FIG. 1. CT showed intracranial subarachnoid hemorrhage (A) and
ventral translocation of the odontoid process but without fractures
(B and C). MRI (D and E) revealed an avulsion of the transverse liga-
ment (white arrow) and deviation of the neural axis with no intramedul-
lary signal change. Three-dimensional CTangiography confirmed that
the right vertebral artery was strained and angulated (F and G).
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release. Closed reduction under C-arm fluoroscopic guidance is usu-
ally successful and safe. The timing and power of traction are essen-
tial. In the literature, most cases of successful closed reduction were
initiated within 10 days. Power of 3 kg to 9 kg was stated to be effec-
tive in reduction. However, in our case, the skull traction started at
41 days after injury. Such a delay may result in scar adhesion at the
epicenter, making it difficult to determine the proper power. Power of
6 kg was intolerable to our patient due to severe dizziness, neck
pain, and upper limb numbness. In addition, the integrity of the trans-
verse ligament is critical for local stabilization. Fixation and fusion are
required when the ligament is torn, even if closed reduction has been
successful.8,29 In Sun et al.’s21 case, a redislocation after closed re-
duction was reported as the transverse ligament was ruptured. Taking
these into consideration, a surgical strategy was chosen.

Odontoidectomy with fusion is recommended in such cases, the
approach has yet standardized. Biomechanical research supports
posterior C1–2 pedicle screws because they afford greater stiffness
and a higher fusion rate without the need for postoperative halo
vest immobilization in the screw system.14,30,31 Anterior transarticu-
lar screw and posterior pedicle screw fixation also provided suffi-
cient local stability.12 In our case, during traction reduction after
odontoidectomy, the patient had a transient decrease of heart rate,
forcing us to stop the reduction. Intraoperative X-ray fluoroscopy
showed that the atlantoaxial joint had not achieved anatomical

reduction. Therefore, we had to use posterior occipitocervical fusion
to achieve greater stability.

CSF leak and secondary infectious meningitis are serious compli-
cations of a transoral approach.32,33 In our case, the patient devel-
oped central nervous system infection postoperatively, and bacterial
culture of CSF confirmed K. pneumoniae infection. We think there
were three reasons for this: (1) Transoral odontoidectomy is not an
aseptic operation; (2) before surgery, the patient received long-term
treatment in the intensive care unit, underwent tracheotomy, and de-
veloped pneumonia; and (3) CSF exudation occurred during the oper-
ation. Among them, CSF leakage was the primary cause, which was
related to scar tissue adhesions around the atlantoaxial joint caused
by the significant delay in the patient’s surgical timing after trauma.
Fortunately, K. pneumoniae detected in the patient’s CSF was not
antibiotic-resistant, and the infection was finally cured after antibi-
otic treatment combined with paraventriculostomy and lumbar cistern
drainage. MRI follow-up at 3 months after surgery showed that the
CSF signal between the anterior arch of atlas and the epistropheus
had disappeared and that an arachnoid cyst was lying posterior to the
cervical cord at level C1–2 but with no corresponding clinical symp-
toms. It was considered that infection caused the arachnoid adhesion,
leading to the formation of local cysts. At the 12-month follow-up, MRI
showed no significant difference in the size of the dorsal spinal cyst
and also no significant change in the morphology of the spinal cord

FIG. 2. Intraoperative X-ray fluoroscopy showed posterior dislocation of the atlas (A). After odontoidectomy
and manual traction were attempted, the posterior dislocation of the atlas had moved forward significantly,
but no anatomical reduction had been achieved (B). To increase stability, posterior occipitocervical fusion
was performed (C).

FIG. 3. Acceptable alignment of the atlantoaxial junction was shown on the postoperative sagittal CT recon-
struction (A). Compared with preoperatively, the course of the right vertebral artery had returned to normal
according to three-dimensional CTangiography (B). MRI after the operation confirmed that spinal cord com-
pression was relieved (C).
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itself compared with that at 3 months. Most important, the patient did
not complain of special discomfort during follow-up. Therefore, no fur-
ther treatment of the cyst was performed.

Lessons
Posterior dislocation without any associated fracture of the odontoid

is a rare medical circumstance. Once the patient’s circulation is stable,
closed reduction should be performed as soon as possible. If anatomi-
cal reduction is not achieved by closed reduction, open reduction and
fusion should be considered. We report that transoral odontoidectomy
and posterior occipitocervical fusion were feasible and effective to re-
store local stability, but a personalized strategy should be considered.
In addition, much effort should be made to prevent CSF leakage, in-
fection, and other postoperative complications.
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