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ABSTRACT

and nervous elements within this region, any congenital 
malformation of one tissue may cause a wide spectrum of 
neurological deficit, especially the compression of medulla 
oblongata, which may lead to serious consequences. 

Appropriate and timely diagnosis and treatment of these 
malformations are of great significance. However, there is still 
lack of an ideal method to cure all of these malformations. 
Anterior transoral decompression at the CVJ can occur in 
many types of pathology, including malformation (e.g., basilar 
invagination, atlas assimilation, os odontoideum, atlantoaxial 

█    INTRODUCTION
Craniovertebral junction (CVJ) malformations include bone, 
soft tissue, and neural structure malformations. AAD, BI and 
AOL are the most commonly encountered bone malformations, 
and CHM is the most common of the nervous structure 
malformations. The CVJ is an anatomical complex formed by 
the basis of the occipital bone, clivus, foramen magnum, and 
upper cervical vertebrae, their ligaments, and the vascular 
and nervous tissues passing through these bony structures 
(9). Because of the special relation of the bony, vascular 

AIm: To analyze retrospectively the surgical management of reducible atlantoaxial dislocation (AAD), basilar invagination (BI) and 
Chiari malformation (CHM) with syringomyelia through a single-stage posterior approach.  
MaterIal and Methods: Forty-three patients with reducible AAD, BI and CHM with syringomyelia underwent surgery from 
January 2009 to January 2013. Intraoperative restoration followed by posterior decompression and plate-rod placement with 
occipital cortical screws and C2/C3 lateral mass cortical screws fixation devices were used in all patients. Results were recorded both 
pre- and postoperatively and these outcome measures included Nurick grading (NG) and radiology findings (atlantodental interval 
(ADI), space available for the spinal cord (SAC), interval between odontoid and Chamberlain’s line (IOC), and the cervicomedullary 
angle (CMA)).     
Results: Forty (93%) of the 43 patients were followed up. Thirty-six (90%) patients’ symptoms improved and four (10%) stabilized. 
No patients became progressively worse. The difference between preoperative and postoperative Nurick grades was statistically 
significant. All patients achieved restoration, including thirty (75%) patients had full restoration and ten (25%) had part restoration. 
The size of syringomyelia was obviously decreased in 32 (80%) patients and stable in 8 (20%) patients. All radiology findings (ADI, 
IOC, SAC, CMA) showed significant changes from pre- to postoperative (p < 0.01).    
ConclusIon: Intraoperative distraction, extension combined posterior decompression with use of plate-rod-screws occipitocer-
vical fusion device is an effective method to treat AAD, BI and CHM with syringomyelia.        
Keywords: Atlantoaxial dislocation, Basilar invagination, Chiari malformation, Syringomyelia, Occipitocervical fusion
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fixed dislocation), tumor, trauma, chronic inflammatory diseases 
(most frequently rheumatoid arthritis), and osteomyelitis (6, 7, 
14, 31). Transoral approaches can directly access the lesion 
site, away from laterally placed neurovascular structures 
(2, 25). However, anterior transoral odontoid resection, 
combined with posterior decompression, instrumentation and 
craniocervical fusion in situ have a risk of predisposing the 
patient to cerebrospinal fluid leakage and neurological deficits 
(5, 20). For these reasons, a posterior approach to fixation has 
gained popularity and been demonstrated to be effective over 
other fixation (1, 4, 16, 17). More recently, it has been shown 
that distraction at the C1/C2 joints leads to a possibility of 
reduction of BI even in irreducible cases (10, 12, 22).

We described here our occipitocervical fusion technique. 
Using posterior decompression of the atlas and foramen 
magnum followed by distraction at the occipital and C2 
joints and extension at the head, we were able to achieve 
intraoperative restoration. We combined this approach with 
a plate-rod fixation system and occipital screws and C2/C3 
lateral mass screws as well as iliac bone graft to accomplish 
reduction and fusion. We have found that this technique was 
an effective method to manage of reducible AAD, BI and CHM 
with syringomyelia.

█    MATERIAL and METHODS
Patients Population, Inclusion and Exclusion Criteria

Forty-three patients who had AAD, BI, and CHM with syrin-
gomyelia underwent surgery in West China Hospital between 
January 2009 and January 2013. Their ages ranged from 23 
years to 62 years (44.9). Of these patients, 40 (17 male and 23 
female) were subsequently seen for a follow-up visit, which 
ranged from 12 to 48 months (mean, 25.211.6 months). Pa-
tients that matched the following criteria were considered: (1) 
diagnosis of congenital reducible AAD (the atlantoaxial joint 
can be favorably reduced in extension or by traction), BI, and 
CHM with syringomyelia and ages more than 20 years old 

were considered; (2) complete clinical records and radiology 
documents (Dynamic plain x-rays, three-dimensional comput-
ed tomography (CT), magnetic resonance imaging (MRI)) were 
available both preoperatively and postoperatively; (3) all pa-
tients matched surgical indications (had obvious symptoms, 
ADI > 5 mm, IOC > 3 mm); (4) malformations were not caused 
by other non-congenital factors (e.g., rheumatoid arthritis, tu-
mors, and trauma) and irreducible ADD (fails to reduce the 
atlantoaxial joint in extension or by traction) were excluded.

Results Assess

Nurick grading (4,26) was defined as the following: Grade 0, 
signs or symptoms of root involvement but without evidence 
of spinal cord disease; Grade 1, signs of spinal cord disease 
but no difficulty in walking; Grade 2, slight difficulty in walking 
that does not prevent full-time employment; Grade 3, difficulty 
in walking that prevented fulltime employment or the ability 
to do all housework, but not so severe as to require someone 
else’s help to walk; Grade 4, able to walk only with someone 
else’s help or with the aid of a frame; and Grade 5, chair bound 
or bedridden. The results were analyzed with IBM SPSS 19.0 
and Student’s t-test with statistical significance set at a p 
value of 0.01.

Radiological Study

Dynamic plain x-rays, three-dimensional CT, and MRI were 
conducted in all patients preoperatively and at follow-up. 
Forty patients’ clinical records, photographs and follow-up 
documents were reviewed. ADI, IOC, SAC, and CMA were 
measured in our imaging system (Syngo Studio) as they 
are regarded as objective indices to judge the effects of 
surgery and classify the degree of restoration (Figure 1A,B). 
X-ray and three-dimensional CT were used to diagnose the 
reducible reset and assess the bone fusion postoperatively. 
Lateral masses at C2/C3 were also carefully assessed through 
preoperative three-dimensional CT. All patients underwent 
plain x-rays and three-dimensional CT scans to confirm the 
screw position and the extent of reduction within one week 

Figure 1: 
a) Three-dimensional 
CT sagittal scan 
drawing the 
Chamberlain’s line 
and measuring the 
atlantodental interval 
(ADI) and the interval 
between the odontoid 
and Chamberlain’s 
line (IOC); and 
b) sagittal MRI scan 
measuring the space 
available for the 
spinal cord (SAC) 
and cervicomedullary 
angle (CMA).
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after the surgery. X-ray, three-dimensional CT and MRI were 
also performed three months after surgery to detect the extent 
of decompression of the spinal cord, the bone fusion and the 
decreased size of syringomyelia. These examinations were 
repeated at six months and one year postoperatively to further 
assess the bone fusion.

Reducible and Restoration Classification

We defined reducible as an ADI that changed in the flexion 
and extension X-ray scan and an atlantoaxial joint that could 
be favorably reduced in extension or by traction. Guided by 
the radiology findings, we classified three levels of restoration. 
Full restoration was defined as ADI and IOC reduced to normal 
(ADI < 3 mm, IOC < 3 mm). Partial restoration meant that ADI 
and IOC were reduced and one of them had recovered to 
normal (postoperative ADI and IOC < preoperative ADI and 
IOC, ADI< 3 mm or IOC< 3 mm). No restoration meant that 
ADI and IOC were not obviously reduced (ADI > 3 mm and 
IOC > 3 mm).

Surgical Procedure 

All patients underwent surgery after finished the preoperative 
examinations. First, the patient was placed in the left lateral 
position following general anesthesia and intubation. Then 
two incision lines of occipitocervical (length of 8 cm) and 
the right anterior superior iliac spine (length of 5 cm) were 
marked. Second, the right iliac was exposed and 4 cm x 3 
cm rectangular bone flap was excised; approximately 15 g of 
corticocancellous bone (obtained with osteotome) was used 
to bone graft (Figure 2a). Third, with use of a standard midline 
skin incision, the occipital squama and C2/C3 spinous process 
and bilateral lateral mass were exposed. The posterior arch of 
the atlas and part of the occipital bone (2.5cm x 2cm) above 
the posterior edge of the foramen magnum (only splitting the 
outer dural layer for Chiari malformation) was cut. Fourth, 
the head was extended in a backwards manner to make the 
anterior arch of the atlas backwards and upward moving 
(Figure 3a), then fixed on one side with plate-rod-screws (Made 
in Beijing, China) (Figure 2a). The C2 lateral mass screws were 
implanted according to the preoperative three-dimensional 

Figure 2: 
Plate-rod-screws 
fixation device 
and autogenous 
iliac bone (a). 
The position of 
autogenous iliac 
bone graft (b).

Figure 3: 
a) Schematic 
diagram of 
intraoperatively 
manipulated 
occipital and C2 
distraction and 
head backwards 
extension 
to achieve 
restoration. 
b) Intraoperative 
occipital and C2 
distraction by 
use of self-made 
device.
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10 mm) and the length of C2/C3 lateral mass screws varied 
from 14 mm to 18 mm (mean, 16 mm). The diameter of the 
cortical screw was 3.5 mm. The duration of the operation 
ranged from 90 minutes to 180 minutes (mean, 120), and blood 
loss ranged from 60 to 300 ml (mean, 150). No patients died in 
the operation, but several surgery-related complications (two 
wound infections and one vertebral artery blockage) occurred 
after surgery. The mean hospitalization was 10 days.

Clinical and Imaging Outcomes

The details of the patients’ preoperative symptoms are listed 
in Table I. Among forty-three patients, 40 (93%) complained 
of limb weakness, 38 (88%) presented with cervical motor 
limitation. 42 (98%) experienced limb paresthesia, 25 (58%) 
suffered from cervical and/or shoulder pain, and 3 (7%) 
faced respiratory difficulties. Through the operation, thirty-six 
(90%) patients’ symptoms improved and four (10%) patients 
stabilized. No patient became progressively worse. Mean 
Nurick grades from 3.1 0.7 preoperatively decreased to 1.6 
0.6 postoperatively (p < 0.01). All patients had restoration; 
thirty (75%) patients had full restoration and ten (25%) had 
been partially reset. All radiology findings (ADI, IOC, SAC, 
CMA) showed significant changes from pre- to postoperative 
measures (p < 0.01) (Table II). Pre- and postoperative mean 
NGs of full and partial restoration were statistically significant. 
The size of syringomyelia had obviously diminished in 32 
(80%) (Figure 4A-D) patients and became stable in 8 (20%) 
patients. The difference between pre- and postoperative 
mean NGs of these two groups were also statistically 
significant. Two patients developed wound infection and these 
wounds healed gradually over three weeks through the use 
of appropriate antibiotics along with meticulous dressings. 
One patient suffered respiratory difficulty preoperatively and 
relied on a breathing machine for one week before recovering 
autonomous respiration after surgery. Bone fusion was 
observed in all patients after one year following surgery. Only 
one patient’s screws slipped because of improper cervical 

CT. The inner lower edge of the inferior articular process was 
usually the entry point. The angle of screw trajectory was 
directed approximately 5° interiorly and 55° to 60° superiorly. 
For C3 lateral mass screws, the entry point was located 1 
mm medial to the mid-point of the lateral mass. The angle 
of screw trajectory was directed approximately 30° laterally 
and superiorly (parallel to the facet joint) (19). Up and down 
distraction of occipital and axis are then performed using a 
self-made distraction system (Figure 3a, b) and fixed on the 
other side (the length of distraction was according to the 
preoperative imaging scan). Finally, the previously prepared 
rectangular bone flap was used to cover the foramen magnum 
(one screw fixing it to the occipital at one end and wedged 
with the spinous process of C2). A corticocancellous graft was 
harvested from the iliac crest to the margin of screws (Figure 
2b). Every patient had to wear a cervical gear (hard collar) for 
three months to prevent the improper cervical movement that 
would result in fixation slipping.

█    RESULTS
Surgical Outcomes

Occipitocervical fusion was performed in all patients. The 
length of occipital screws varied from 8 mm to 12 mm (mean, 

Table I: Clinical Profile of 43 Patients with Basilar Invagination, At-
lantoaxial Dislocation and Chiari Malformation with Syringomyelia

Clinical features                                                               No. of patients (%)

Limb weakness
Cervical motor limitation
Limb paresthesia
Cervical and shoulder pain
Ataxia
Dizziness
Respiratory difficulty

40 (93)
38 (88)
42 (98)
25 (58)                                                                                        
18 (42)                                                                                    
10 (23)                                                                  
3 (7)

Table II: The Statistical Difference Between Preoperative and Postoperative

Treatment results
Mean Value

p value                  
Preoperative  Postoperative

NG                                 3.1±0.7 1.6±0.6 p < 0.01

Full restoration  NG 3.0±0.8 1.4±0.6 p < 0.01

Partial restoration  NG 3.1±0.8 1.8±0.6 p < 0.01

Syringomyelia diminished NG 3.0±0.7 1.5±0.6 p < 0.01

Syringomyelia stable NG 3.1±0.8 1.8±0.7           p < 0.01

ADI                                6.4±1.2          1.7±1.3           p < 0.01

IOC                               6.5±2.8         -0.9±2.4           p < 0.01

SAC                              11.5±1.2        15.6±1.4           p < 0.01

CMA                            128.9±10.2        144.6±10.8         p < 0.01 
NG: Nurick grade, ADI: Atlantodental Interval, SAC: Space available for the spinal cord, CMA: Cervicomedullary angle, IOC: Interval between 
odontoid and Chamberlain’s line.
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BI. According to these reports, occipitocervical fusion and 
C1 and C2 fusion are two main fixations. Chandra et al. (4) 
reported that using an innovative method of distraction and 
spacer placement followed by compression and extension 
can reduce AAD and BI. Goel et al. (15) used of the plate and 
screw method (C1/2 fusion) of fixation in the treatment of 
160 patients with atlantoaxial instability and achieved good 
outcomes with low incidence of complications. 

All of our patients presented AAD, BI, AOL and CHM with 
syringomyelia. Considering the reducible reset of the AAD and 
accompaniment by CHM, occipital to C2/C3 fixed has been 
performed through the posterior approach. Why we are using 
of this method and not using C1/2 fusion? Some reasons are 
considered: (1) our patients were accompanied with ADD, BI, 
AOL and CHM with syringomyelia, whereas, Goel et al. (15) 
reported that their patients with atlantoaxial instability had no 
other deformities. BI and CHM with syringomyelia were not 
detected in their series. Therefore, Goel et al. (15) only used 
C1-2 lateral mass screws to treat of their patients. Additionally, 
Goel et al. (13) in 1995 reported the surgical treatment of five 
Chiari malformation associated with atlantoaxial dislocation. 
Occipitalized to C2/3 fusion was performed in two patients 
(these patients accompanied with BI, CHM and syringomyelia) 
and C2-3 fusion was performed in the other patients. All of 
our patients suffered from BI and CHM with syringomyelia. 
The occipital and the posterior arch of atlas were cut in order 
to treat CHM associated with syringomyelia. BI always leads 

activities and the fixation device had to be removed with a 
subsequent surgery.

█    DISCUSSION
There is no agreement among specialists regarding the ap-
propriate surgical procedures that should be used for treating 
occipitocervical junction malformations, especially for AAD, 
BI and CHM with syringomyelia. Anterior transoral approach 
decompression or odontoid resection combined with pos-
terior fixation are common techniques, but they have many 
drawbacks, including the deep and narrow surgical field, poor 
exposure of the odontoid, cerebrospinal fluid leakage, intra-
cranial infection, high incidence of oropharyngeal dysfunction, 
risk of neurological deterioration, and even sudden death (23, 
27, 31). Moreover, transoral decompression itself may also 
worsen atlantoaxial stability, leading to increases in transla-
tion and range of motion (ROM) in all movements except axial 
rotation. Worsening of BI as a result of transoral odontoidec-
tomy has also been reported (11). In order to overcome these 
drawbacks, endoscopy-assisted transoral or transcervical 
procedures to treat occipitocervical junction diseases (3, 18, 
21, 30) have been reported in the literature. Of course, pos-
sible cerebrospinal fluid leakage from aggressive pannus re-
section or dural tear, cervical instability, and vascular injury are 
also serious considerations (29). 

Recently, several reports (4, 8, 24, 28) have claimed that 
posterior fixation is an effective method to treat AAD and 

Figure 4: A 47-year-old 
female complained of lower 
limbs weakness for three 
years. Preoperative three-
dimensional CT scan (a) 
showed a diagnosis of 
atlantoaxial dislocation, 
basilar invagination, and 
mild Chiari malformation 
with syringomyelia was 
detected in MRI scan (c). Full 
restoration had achieved and 
the syringomyelia was obvious 
diminished in the postoperative 
imaging scan (b, d).

A b

c d
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to the embedding of the atlas or dysplasia of atlas which 
limits the use of C1 lateral mass screws and longer fusion 
was needed when there was some bone decompression in 
the craniovertebral junction area in order to preserve stability. 
Occipitalized to C2/3 fusion was performed just like Goel et al. 
(13) used in similar patients in 1995 (2). All of our patients were 
adults and no longer needed neck elongation and growth, 
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cost, relatively cheap plate-rod-screws (Made in Beijing, 
China) were used in our patients.

Combined with intraoperative distraction and extension, all 
patients achieved some degree of restoration. Most patients’ 
clinical symptoms were dramatically improved and no 
patient’s symptoms became worse after surgery. Changes 
pre- to postoperatively in mean NGs were statistically 
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still pose some challenges, even with our surgical technique. 
However, we are continuously refining the method and can 
report at this time that intraoperative distraction and extension 
in combination with posterior decompression and a plate-rod-
screws occipitocervical fusion device is an effective method 
to treat AAD, BI and CHM with syringomyelia.
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