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Abstract: Atlantoaxial dislocation could be caused by odontoid fractures or Os odontoideum. The previous 
surgical techniques in treatment of atlantoaxial dislocation were based on arch remove decompression or 
anterior atlantoaxial release and atlantoaxial (occipital-cervical) screw fixation-based reduction and fusion. 
However, for some clinical situations, all of above techniques cannot be applied. In this study, a patient with 
atlantoaxial dislocation caused by Os odontoideum treated by posterior occipitocervical fusion 20 years ago 
and failed. We design a novel anterior decompression through transoral axis slide and rotation osteotomy for 
salvage of this failed posterior occipitocervical fusion case. The C2 body and odontoid process was ventrally 
slide and rotation at good position after operation as well as the position of plate and screws, the spinal canal 
was increased significantly after operation too. We suggest this anterior decompression through transoral “C2 
slide and rotation” technique is good choice for salvage of failed posterior occipitocervical fusion and some 
irreducible atlantoaxial dislocation because of the anterior bony fusion, it could direct decompress the spinal 
cord anteriorly, avoid the odontoid resection, and is feasible and safe technique.
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Introduction

The complex of occipitocervical anatomy makes the high 
risk of surgery in this region (1-4). The upper cervical 
injuries might lead paraplegia or death (5-7). Atlantoaxial 
dislocation could be caused by odontoid fractures or 
Os odontoideum (8-10). The posterior decompression, 
reduction and fusion techniques are the mainly treatments 
for atlantoaxial dislocation (11,12). For irreducible 
atlantoaxial dislocation, some authors try the anterior 
odontoid osteotomy and posterior fusion (13,14), or 

anterior atlantoaxial release and posterior fusion (15-17).
To summary the previous literatures, the techniques were 

based on arch remove decompression or/and atlantoaxial 
(occipital-cervical) screw fixation-based reduction and 
fusion. However, for some unique situations, all of above 
techniques cannot be applied. A patient with atlantoaxial 
dislocation caused by Os odontoideum treated by posterior 
occipitocervical fusion 20 years ago and failed. We design 
a novel anterior decompression through transoral axis slide 
and rotation osteotomy for salvage of this failed posterior 
occipitocervical fusion case.
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Patient information

A 56-year-old female patient was diagnosed as Os 
odontoideum and atlantoaxial dislocation at 20 years ago, at 
that time, she was treated with posterior wire fixation and 
bone graft fusion by another surgeon. The patient said she 
had good clinical outcomes at that time, and didn’t back 
for follow up. One month before this hospital admission, 
she had a mild fall down, and felt the progressive weakness 
of the four limbs. She went to her local hospital, and the 
local hospital refer her to our hospital. When she admitted 
in our hospital, she couldn’t walk by herself. The physical 
examination found that the muscle strength grades of left 
upper limb, right upper limb, left lower limb, right lower 
limb was 2, 3, 1, 3, respectively. Hoffmann sign: L (+), R (+); 
Babinski sign: L (+), R (+). 

The preoperative anteroposterior open mouth and 
lateral radiographical images (Figure 1A,B) found the 
atlantoaxial dislocation and posterior wire fixation. The 
preoperative CT images (Figure 1C,D) gave us more details 
of the posterior bony fusion, showed that the bony fusion 
achieved from the occipital to C4, but the C1/2 fusion is 
suspected not very stable, one metal wire was transversal 
walking behind the spinal cord and compress the spinal cord 
posteriorly, while the upper-posterior of the odontoid process 
compress the spinal cord anteriorly, very narrow width space 
for the spinal cord, dura mater and cerebrospinal fluid. The 
preoperative MR images (Figure 1E,F) also showed the 
narrow space between the transversal walking wire and 
upper-posterior of the odontoid process. 

Surgical technique 

The patient was placed supine on the operating table with 
fiber-optic nasotracheal intubation, the head and neck 
stabilized and traction of 3 kg applied to Gardner-Wells 
calipers. Neurophysiologic monitoring involving SSEPs 
(somatosensory-evoked potentials) and MEPs (motor-
evoked potentials) were used to monitor the potential 
neurologic deficit. The skin was prepared and draped with 
sterile fashion; the oropharynx was prepared with povidone-
iodine solution. 

The transoral retractor was inserted with the help of 
tongue blade, the uvula and soft palate was pulled out of 
the operative field. The wound incision was made at the 
wall of the posterior pharynx to expose the region from 
C1 to C3. First, the routine discectomy was carried out in 
the level of C2/3, then, we used the ultrasonic scalpel to 

perform the bilateral osteotomy of the C2 body (Figure 2A), 
the region of bilateral osteotomy from the internal side of 
the bilateral uncovertebral joint to the 1/3 internal point 
of the C1 lateral mass, small inferior-internal partial of the 
C1 lateral mass was also removed to obtain enough space 
for odontoid process and the removed C2 body ventrally 
moved. After the bilateral osteotomy of the C2 body, the 
middle float C2 body was hold by Cook forceps in case of 
it backward move to increase the spinal cord compression, 
and the soft tissue connection and scars were removed by 
the 1–2 mm Kerrison rongeurs or nerve dissector. We also 
used the high-speed burr to remove the antero-inferior 
raised portion of C2 body and anterior raised portion of C1 
arch as well as some osteophytes, to make the front of C1, 
C2 and C3 to be a smooth plane (Figure 2A). 

Then, anterior cervical titanium alloy plate was placed 
at the front of C1-C3. In order to let the C2 body conform 
to the anterior cervical titanium alloy plate, the lower part 
of the C2 body was ventrally slide to the anterior plate, 
while the upper part of C2 body and odontoid process was 
ventrally rotated with the antero-inferior edge of C2 as the 
fulcrum (Figure 2B), therefore, we named this technique 
as anterior decompression through transoral “C2 slide 
and rotation” technique. Finally, the bilateral screws for 
each vertebral body were introduced to fixate the plate  
(Figure 2C), at this time, to avoid the C2 body backward 
move, the C2 body should be held by Cook forceps, and 
the screw trajectories were made by high-speed burr. The 
autogenous cancellous graft was placed at bilateral lateral 
atlantoaxial joint space and bilateral osteotomized gap. The 
posterior pharynx was closed by interrupted sutures. 

Results

The postoperative anteroposterior open mouth and lateral 
radiographical images showed the plate and screws placed 
at good position (Figure 3A,B), the C2 body and odontoid 
process was ventrally slide and rotation at good position too, 
the spinal canal was increased significantly after operation 
(Figure 3C). The muscle strength grades of left upper limb, 
right upper limb, left lower limb, right lower limb was 
recovered to 4, 5, 4, 5 after operation, respectively. 

Discussion

The compression of the upper cervical spinal will induce 
the paraplegia or death (5,6), enlarge the spinal canal 
and liberate the compression is the key therapy to stop 
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Figure 1 A 56-year-old female patient was diagnosed as Os odontoideum and atlantoaxial dislocation at 20 years ago. The pre-operative 
X-ray of this hospital admission found that the atlantoaxial dislocation and posterior wire fixation (A,B); The preoperative CT showed that 
one metal wire was transversal walking at the front of C1 posterior arch, compress the spinal cord posteriorly, while the upper-posterior of 
the odontoid process compress the spinal cord anteriorly (C,D); the preoperative MRI also showed the narrow space between the transversal 
walking wire and upper-posterior of the odontoid process (E,F). 
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Figure 3 The postoperative images of this case. (A,B) The postoperative anteroposterior open mouth and lateral radiographical images 
showed that the plate and screws placed at good position; (C) the post-operative CT image showed that the C2 body was ventrally slide and 
rotation at good position too, the spinal canal was increased significantly after operation.

Figure 2 The schematic graph of our novel anterior transoral axis sliding and rotation osteotomy. (A) The antero-inferior raised portion 
of C2 body and anterior raised portion of C1 arch was removed by the high-speed burr, the bilateral osteotomy (from internal side of the 
uncovertebral joint to the 1/3 internal point of the C1 lateral mass) was performed by the ultrasonic scalpel; (B) the lower part of the C2 
body was ventrally slide, while the upper part of C2 body and odontoid process was ventrally rotated with the antero-inferior edge of C2 as 
the fulcrum, the shadow part in the schematic graph was removed part by high-speed burr to conform to the anterior cervical plate; (C) the 
bilateral screws for each vertebral body were introduced to fixate the plate on C1-C3, the spinal canal was increased significantly at this time.
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Figure 4 The changes of spinal canal between pre-operation and post-operation. (A) The pre-operative sagittal distance between the upper-
posterior portion of the odontoid process and transversal walking wire is 6.58 mm, (B) the postoperative image showed the significantly 
increased to the 15.28 mm after operation.

BA

the progressive of spinal cord injury and provide the 
opportunity for recovery. If this patient didn’t undergo 
posterior wire fixation and fusion at 20 years ago, a 
posterior C1/2 reduction and fusion ( or combine posterior 
C1 arch remove) might be the first choice for her (12,18,19). 
If the atlantoaxial dislocation is irreducible, anterior 
transoral atlantoaxial release or anterior submandibular 
retropharyngeal release will be helpful and obtain satisfied 
reduction and decompression (15,20). 

  However, this patient had undertaken a posterior wire 
fixation and fusion 20 years ago, the pre-operative CT 
(current operative time) images showed that one metal wire 
was transversal walking through behind the spinal cord 
and compress the spinal cord posteriorly (Figure 1C,D). 
There had amount of bony fusion at posterior region of the 
occipital to C4, any operation attempt to remove this wire-
bone complex construction will have high risk of push the 
transversal walking wire anteriorly to increase the spinal 
cord compression, and also increase the instability of this 
region. Therefore, the anterior decompression will the 
better choice than posterior approach for this case. 

Additionally, the posterior C1/2 fusion was suspected 
not very stable, the fused bony mass could be observed at 
the level of occiput to C1 and C2 to C4, but little between 

C1 to C2 at two-dimensional CT reconstructed images. 
At the pre-operative ward meeting, we thought that the 
atlantoaxial dislocation was a gradual process in last decades, 
the mild fall down one month before this hospital admission 
like ‘the last straw’. If we remove all of the odontoid process 
anteriorly, on the one hand, the operative procedure will 
also have high risk of atrogenic spinal cord injury; on 
another hand, the resection of odontoid process will cause 
excessive hemorrhage and high risk of CSF leakage, or even 
intracranial infection and death (21). 

Therefore, we design this anterior decompression 
through transoral “C2 slide and rotation” technique. Of 
this technique, the odontoid process is not resected, but 
slide and rotated ventrally, therefore, the spinal canal space 
is restored and direct decompression is achieved, the result 
of this technique is similar to the anterior controllable anti-
displacement and fusion in lower level of cervical spine 
(22,23). In present case, the pre-operative sagittal distance 
between the upper-posterior portion of the odontoid 
process and transversal walking wire is 6.58 mm (Figure 4A),  
increase to the 15.28 mm after operation (Figure 4B). 
Moreover, the preserved odontoid process and C2 body 
served as an autogenous bone to reconstruct the anterior 
C1-C3 column, might have better biomechanical stability 
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than the odontoid process resection technique.
To perform the operation successful, we suggest several 

below technique aspects should be noted. Firstly, the 
antero-inferior raised portion of C2 body and anterior 
raised portion of C1 arch should be removed by high-speed 
burr to prepare for the anterior cervical titanium alloy 
plate, as well as osteophytes if the patient have. Secondly, 
the internal 1/3 portion of the C1 lateral mass also could 
be removed, to provide the enough space for the ventrally 
moved of odontoid process. Thirdly, at the procedure of 
bilateral osteotomy and screw insertion, the middle float 
C2 body should be stably held by assistant surgeon with 
Cook forceps or some other tools, the C2 body backward 
move might increase the spinal cord compression. Last but 
not least, we suggest that fixate the screw at the upper 1/3-
1/2 part of the C2 body, but not the lower 1/2 part of the 
C2 body, because of it could achieve a better support of 
the ventrally rotation of the upper portion of C2 body and 
odontoid process. 

Although this technique has several advantages, 
we suggest that the indication could be the failure of 
posterior decompression or reduction, or had previous 
posterior surgical history that the posterior approach 
cannot be applied. The wire fixation and fusion technique 
was popularly used before the posterior screw fixation 
system (24-26), our present technique might be a good 
salvage strategy for these failed posterior fused patients. 
Otherwise, some irreducible atlantoaxial dislocation 
because of the anterior bony fusion, the anterior soft tissue 
release couldn’t achieve reduction, our present technique 
could achieve anterior decompression feasibly for them in 
theoretically too.

Overall, we provide an anterior decompression through 
transoral “C2 slide and rotation” technique for salvage 
of failed posterior occipitocervical fusion, it could direct 
decompress the spinal cord anteriorly, avoid the odontoid 
resection, and is feasible and safe technique. 
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