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Abstract

Objective
To evaluate the clinical and radiological outcomes of a staged reduction strategy combining
preoperative skull traction with intraoperative two-step reduction and occipitocervical fusion in patients
with type A basilar invagination with atlantoaxial dislocation (BI-AAD).

Methods
A retrospective study was conducted on 27 patients with reducible type A BI-AAD who underwent
posterior occipitocervical fusion with foramen magnum decompression between January 2019 and April
2025. All patients received preoperative skull traction followed by a staged two-step reduction strategy.
Radiological parameters, including the atlantodental interval (ADI), the distance from the odontoid
process to the Chamberlain line (DOCL), and the cervicomedullary angle (CMA), were evaluated
preoperatively and at postoperative follow-up. Clinical outcomes were assessed using the Japanese
Orthopaedic Association (JOA) score and visual analogue scale (VAS). Fusion status and perioperative
complications were also recorded.

Results
All patients successfully underwent surgery. The mean operative time was 122.63 ± 17.59 minutes, and
the mean intraoperative blood loss was 237.04 ± 89.43 mL. The mean follow-up duration was 19.93 ± 
7.27 months. Significant improvements in radiological parameters were observed at the final follow-up,
with ADI decreasing from 10.60 ± 0.94 mm to 1.20 ± 0.11 mm, DOCL from 11.70 ± 2.14 mm to 2.67 ± 0.27
mm, and CMA increasing from 116.96 ± 10.54° to 143.84 ± 2.69° (P < 0.05). Clinical outcomes also
improved significantly, with the JOA score increasing from 8.56 ± 1.01 to 15.04 ± 0.71 and the VAS score
decreasing from 6.59 ± 0.89 to 1.48 ± 0.51. Solid bone fusion was achieved in all patients. Two
perioperative complications occurred (one dural tear and one wound infection), both of which resolved
after appropriate treatment.

Conclusion
The staged reduction strategy combining preoperative skull traction with intraoperative two-step
reduction and occipitocervical fusion appears to be an effective and safe approach for the treatment of
reducible type A BI-AAD. This technique may facilitate a gradual and more controllable reduction
process, while achieving satisfactory radiological realignment and clinical improvement. Further
prospective and comparative studies are warranted to validate these findings.
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1. Introduction
Basilar invagination (BI) is a complex craniovertebral junction (CVJ) deformity characterized by upward
migration of the odontoid process into the foramen magnum, which may result in compression of the
medulla, upper cervical spinal cord, and associated neurovascular structures [1–3]. Among the various
classification systems, Goel’s widely adopted scheme distinguishes BI into type A, characterized by
atlantoaxial instability with anterior displacement of the atlas, and type B, in which the atlantoaxial joint
remains relatively stable [4]. Type A BI is frequently associated with more severe neurological
impairment due to combined vertical and horizontal compression, and surgical intervention is often
required to restore alignment and relieve neural compression [5].

Over the past decades, multiple surgical strategies have been developed for BI associated with
atlantoaxial dislocation (AAD). Traditional anterior transoral decompression effectively removes ventral
compressive pathology but is associated with notable risks, including infection, dysphagia, and
cerebrospinal fluid leakage [6, 7]. Endoscopic transnasal approaches may reduce some of these
complications; however, they remain technically demanding and are limited by a narrow operative
corridor [8]. Posterior-only techniques, such as Goel’s facet distraction and fixation, have gained
widespread acceptance due to their ability to restore alignment while avoiding the morbidity of anterior
approaches [9, 10]. Nevertheless, these techniques are not without limitations. They often require
extensive facet joint exposure, may involve C2 nerve root manipulation or sacrifice, and may be less
effective in patients with significant soft-tissue contracture or partially reducible deformities, where
achieving controlled and sufficient reduction remains challenging [11, 12].

For reducible BI-AAD, preoperative skull traction plays an important role both as a diagnostic tool for
assessing reducibility and as a therapeutic measure to gradually release soft-tissue tension [13].
However, the degree of correction achieved with traction alone is often limited and varies among
patients [14, 15]. In addition, forceful or uncontrolled intraoperative reduction may increase the risk of
neurological injury due to sudden traction on neural structures. Therefore, achieving a safe, gradual, and
controllable reduction process remains a major challenge in the surgical management of BI-AAD.
Despite previous reports on staged or stepwise reduction techniques, strategies that systematically
integrate preoperative traction with intraoperative controlled mechanical reduction have not been
sufficiently investigated [16].

To address these challenges, we propose a staged reduction strategy that integrates preoperative skull
traction with intraoperative controlled distraction and posterior occipitocervical fusion. This approach
emphasizes gradual, stepwise correction, aiming to improve the controllability and safety of reduction,
reduce the risk of sudden neural traction, and facilitate stable craniovertebral realignment.

Therefore, the aim of this study was to evaluate the clinical and radiological outcomes of this staged
two-step reduction strategy in patients with reducible type A BI-AAD, and to explore its potential
advantages in achieving safe and controlled realignment compared with existing techniques.
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2. Materials and Methods

2.1 General Information
This was a single-center retrospective study. Between January 2019 and April 2025, a total of 52
patients diagnosed with basilar invagination with atlantoaxial dislocation (BI-AAD) were admitted to our
institution. Among them, 36 patients underwent surgical treatment. After applying the inclusion and
exclusion criteria, 27 patients were ultimately included in the study, while 9 patients were excluded due
to loss to follow-up.

The final cohort consisted of 6 males and 21 females, with an age range of 18 to 70 years (mean, 51.81 
± 7.08 years). All patients were diagnosed with type A basilar invagination combined with atlantoaxial
dislocation based on radiographic evaluations. Preoperative assessments included X-ray, computed
tomography (CT), and magnetic resonance imaging (MRI) to evaluate the extent of craniovertebral
junction deformity and neural compression (Table 1).

This study was approved by the institutional ethics committee, and written informed consent was
obtained from all patients and clinical trial number: not applicable. 
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Table 1

SI.Number Age Sex Diagnosis

Case 1 56 Man Basilar invagination with atlantoaxial dislocation and congenital
fusion of the C5–C7 vertebral bodies

Case 2 31 Man Basilar invagination with atlantoaxial dislocation, posterior
displacement of the odontoid process, and syringomyelia

Case 3 69 Woman Basilar invagination accompanied by atlantoaxial dislocation with
occipito–C1 fusion

Case 4 53 Woman Basilar invagination accompanied by atlantoaxial dislocation and
syringomyelia

Case 5 50 Woman Basilar invagination accompanied by atlantoaxial dislocation

Case 6 51 Woman Basilar invagination accompanied by atlantoaxial dislocation

Case 7 53 Woman Basilar invagination accompanied by atlantoaxial dislocation

Case 8 51 Woman Basilar invagination accompanied by atlantoaxial dislocation with
occipito–C1 fusion

Case 9 53 Woman Basilar invagination accompanied by atlantoaxial dislocation and
syringomyelia

Case 10 50 Woman Basilar invagination accompanied by atlantoaxial dislocation with
occipito–C1 fusion, syringomyelia, Chiari malformation, and C2–3
vertebral fusion

Case 11 55 Woman Basilar invagination accompanied by atlantoaxial dislocation with
occipito–C1 fusion

Case 12 48 Man Basilar invagination accompanied by atlantoaxial dislocation

Case 13 48 Man Basilar invagination accompanied by atlantoaxial dislocation

Case 14 49 Woman Basilar invagination accompanied by atlantoaxial dislocation

Case 15 67 Woman Basilar invagination accompanied by atlantoaxial dislocation

Case 16 49 Woman Basilar invagination accompanied by atlantoaxial dislocation with
occipito–C1 fusion and Chiari malformation

Case 17 44 Woman Basilar invagination accompanied by atlantoaxial dislocation with
occipito–C1 fusion and Chiari malformation

Case 18 54 Woman Basilar invagination accompanied by atlantoaxial dislocation with
occipito–C1 fusion

Case 19 52 Woman Basilar invagination accompanied by atlantoaxial dislocation

Case 20 50 Man Basilar invagination accompanied by atlantoaxial dislocation and
syringomyelia
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SI.Number Age Sex Diagnosis

Case 21 53 Woman Basilar invagination accompanied by atlantoaxial dislocation with
occipito–C1 fusion, syringomyelia, and Chiari malformation

Case 22 46 Woman Basilar invagination accompanied by atlantoaxial dislocation

Case 23 56 Woman Basilar invagination accompanied by atlantoaxial dislocation with
occipito–C1 fusion and Chiari malformation

Case 24 58 Woman Basilar invagination accompanied by atlantoaxial dislocation with
occipito–C1 fusion, Chiari malformation, and posterior
displacement of the odontoid process

Case 25 43 Man Basilar invagination accompanied by atlantoaxial dislocation

Case 26 56 Woman Basilar invagination accompanied by atlantoaxial dislocation with
C2–C3 fusion, Chiari malformation, and syringomyelia

Case 27 54 Woman Basilar invagination accompanied by atlantoaxial dislocation and
Chiari malformation

Inclusion and Exclusion Criteria

Inclusion criteria:

(1) Diagnosis of basilar invagination with reducible atlantoaxial dislocation (type A BI-AAD) confirmed by
radiographic examinations including X-ray, CT with three-dimensional reconstruction, and MRI,
accompanied by symptoms of neural compression (e.g., neck pain, limb numbness or weakness, gait
instability);

(2) All enrolled patients underwent posterior occipitocervical fusion combined with foramen magnum
decompression;

(3) Compliance with follow-up requirements: completion of at least 3 months of standardized
postoperative follow-up, including clinical and radiological evaluations.

Exclusion criteria:

(1) History of prior craniovertebral junction (CVJ) surgery;

(2) Absence of preoperative skull traction;

(3) Presence of severe osteoporosis or other contraindications to surgery;

(4) Incomplete follow-up data, including loss to follow-up or missing records at key timepoints
(postoperative 1 week, 3 months, or final follow-up).

2.2 Radiological Evaluation
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All patients underwent X-ray, computed tomography (CT), and magnetic resonance imaging (MRI) before
surgery and during follow-up. Dynamic flexion–extension X-ray imaging was not performed
postoperatively. The Wackenheim clivus line and McRae line were used to evaluate basilar invagination
on pre- and postoperative CT and MRI images. Basilar invagination was diagnosed when the odontoid tip
projected posterior to the Wackenheim line and above the McRae line.

Radiological measurements included: the distance between the odontoid tip and the Wackenheim line
(Wackenheim value), the atlantodental interval (ADI),the distance of the odontoid to Chamberlain’s line
(DOCL), and the cervicomedullary angle (CMA).

Fusion was assessed based on: (1) sagittal CT reconstruction showing disappearance of the interface
between the graft and bone bed, with continuous trabecular bridging;

(2) absence of abnormal motion on dynamic cervical radiographs.

Paired t-tests were used for statistical analysis, with statistical significance defined as P ≤ 0.05.

2.3 Surgical Technique

2.3.1 Preoperative Traction
All patients underwent preoperative skull traction in the supine position to assess reducibility and
gradually decrease soft-tissue tension. The initial traction weight was 2.5 kg and was increased in
increments of 0.5 kg according to radiographic findings, neurological status, and patient tolerance, with a
maximum traction force not exceeding one-sixth of the patient’s body weight.

Reduction was monitored using serial radiographs, focusing on changes in the atlantodental interval
(ADI) and the relationship between the odontoid tip and the Wackenheim and McRae lines. Neurological
examinations were performed daily during traction.

The duration of traction was determined based on the degree of odontoid descent. Surgical intervention
was considered when the odontoid tip descended to or below the reference lines. In cases with
incomplete reduction, surgery was also performed if traction resulted in partial improvement in
alignment or neurological status, suggesting the potential for further intraoperative reduction.

2.3.2 Two-Step Reduction Strategy
Step I: Release, Decompression, and Initial Reduction

The objective of the first step was to release soft-tissue constraints and achieve controlled initial
reduction. Under general anesthesia, patients were positioned prone with the head secured in a Mayfield
clamp. A standard posterior midline approach was used to expose the occiput, posterior arch of C1, and
C2 lamina and lateral masses.
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A C1 laminectomy combined with foramen magnum decompression was performed to relieve dorsal
compression of the medulla and spinal cord. In patients with rigid deformities, additional facet joint
release was carried out under microscopic visualization using a high-speed burr or curettes to remove
contracted joint capsules and degenerated cartilage, thereby improving joint mobility.

After decompression and joint release, the head was gently positioned in slight extension to reduce
anterior soft-tissue tension and facilitate reduction. Pedicle screws were inserted into C2, and an
occipital plate was secured. Pre-bent titanium rods were connected to the occipital and C2 screws.

Gradual tightening of the rod–screw construct generated controlled corrective forces along the occiput–
C2 axis, producing a combined upward–posterior movement of the occiput and downward–anterior
traction on C2. This maneuver allowed initial descent of the odontoid process and partial realignment of
the craniovertebral junction.

Step II: Final Reduction, Fixation, and Fusion

The objective of the second step was to achieve further controlled reduction and definitive stabilization.
Based on the initial correction, the C2 screws were slightly loosened, and controlled distraction was
applied at the rod–screw interface. This maneuver generated a downward force on the C2 vertebra,
further reducing the odontoid height and improving sagittal alignment.

Intraoperative fluoroscopy was used to assess reduction, including odontoid position and the
cervicomedullary angle (CMA). If necessary, minor adjustments were made by modifying rod contour or
applying additional controlled distraction to optimize alignment.

Once satisfactory reduction was achieved, all screws were securely tightened to maintain the corrected
position. The exposed bony surfaces, including the occiput, residual C1 posterior arch, and C2 lamina
and lateral masses, were decorticated. Autologous iliac crest bone graft was then applied to promote
fusion. The wound was closed in layers in a standard fashion.(Fig. 1).

2.4 Postoperative Management and Follow-up
Postoperatively, cervical immobilization was applied. Follow-up was performed at 1 week and 3 months
after surgery, and then once every 1–2 years. Follow-up assessments included clinical functional scores,
horizontal and vertical reduction status, position of internal fixation, and bone graft fusion, with cervical
spine X-rays in anteroposterior and lateral views. When necessary, CT three-dimensional reconstruction
and MRI scans were performed.

Cervical spinal cord function was evaluated using the Japanese Orthopaedic Association (JOA) score
preoperatively, at 1 week, 3 months postoperatively, and at the last follow-up.
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Patient pain was assessed using the Visual Analogue Scale (VAS) preoperatively, at 1 week, 3 months
postoperatively, and at the last follow-up.

Preoperative symptoms and postoperative improvement were assessed using the Nurick grading
system.

On mid-sagittal CT images, the following measurements were performed preoperatively, at 1 week, 3
months postoperatively, and at the last follow-up:

(1) Atlanto-dental interval (ADI), measured from the anterior arch of the atlas to the tip of the odontoid
process.

(2) Distance from the odontoid tip to the Chamberlain line (DOCL) on mid-sagittal reconstructed CT
images. The Chamberlain line is drawn from the posterior edge of the hard palate to the posterior margin
of the foramen magnum. Odontoid tip protrusion over this line by 5 mm or more indicates basilar
invagination. Values above this line are positive, and values below are negative.

(3) Cervicomedullary angle (CMA) measured on mid-sagittal cervical MRI, defined as the angle between
the ventral line of the medulla and the ventral line of the cervical spinal cord. Normal values range from
139° to 175.5°, with an average of 158.46°. CMA < 130° is associated with neurological deficits and
brainstem compression.

2.5 Statistical Analysis
Statistical analyses were performed using SPSS 26.0 software. Continuous variables that met the
normal distribution assumption (including JOA score, VAS score, Nurick grade, ADI, DOCL, and CMA)
were expressed as mean ± standard deviation (X ± SD). Comparisons between preoperative,
postoperative, and follow-up data were analyzed by analysis of variance (ANOVA). Paired t-tests were
used to compare each postoperative time point with preoperative values. A two-sided significance level
of α = 0.05 was adopted.

3. Results

3.1 Surgical Outcomes
All 27 patients successfully underwent surgery. The mean operative time was 122.63 ± 17.59 minutes,
and the mean intraoperative blood loss was 237.04 ± 89.43 mL. The mean follow-up duration was 19.93 
± 7.27 months.

No intraoperative vertebral artery or spinal cord injury occurred. Perioperative complications were
observed in 2 patients, including 1 cases of dural tear and 1 case of wound infection. All complications
were managed appropriately without long-term adverse outcomes.

3.2 Radiological Outcomes
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Significant improvement in radiological parameters was observed at all postoperative time points
compared with preoperative values (P < 0.05).

The atlantodental interval (ADI) decreased from 10.60 ± 0.94 mm preoperatively to 1.20 ± 0.11 mm at the
final follow-up. The distance from the odontoid process to the Chamberlain line (DOCL) decreased from
11.70 ± 2.14 mm to 2.67 ± 0.27 mm. The cervicomedullary angle (CMA) increased from 116.96 ± 10.54°
to 143.84 ± 2.69° (Table 2).

After preoperative traction and the first-step reduction, partial reduction of basilar invagination and
atlantoaxial dislocation was achieved in all patients. Specifically, the odontoid tip descended below the
Wackenheim and McRae lines in 7 patients, reached the level of these lines in 9 patients, and
approached these lines in 11 patients.

Further improvement in alignment was achieved following the second-step intraoperative reduction, with
satisfactory restoration of odontoid position and craniovertebral junction alignment in all patients.

Table 2
ADI, DOCL and CMA values of the included patients

Pre-operation ADI (mm) DOCL (mm) CMA (°)

10.60 ± 0.94 11.70 ± 2.14 116.96 ± 10.54

1 week post-operation 1.64 ± 0.20 3.33 ± 0.50 143.99 ± 4.30

3 months post-operation 1.43 ± 0.16 3.02 ± 0.37 143.87 ± 3.00

Final follow-up 1.20 ± 0.11 2.67 ± 0.27 143.84 ± 2.69

Note: �Compared with pre-operation, P < 0.05; ②Compared with 1 week post-operation, P < 0.05; ③
Compared with 3 months post-operation, P < 0.05.

3.3 Clinical Outcomes
Clinical outcomes showed significant improvement at all postoperative time points compared with
preoperative values (P < 0.05). The visual analogue scale (VAS) score decreased from 6.59 ± 0.89
preoperatively to 1.48 ± 0.51 at the final follow-up. The Japanese Orthopaedic Association (JOA) score
improved from 8.56 ± 1.01 to 15.04 ± 0.71 (Table 3).
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Table 3
VAS scores and JOA scores of the included patients

Pre-operation VAS scores(points) JOA scores(points)

6.59 ± 0.89 8.56 ± 1.01

1 week post-operation 2.37 ± 0.69 13.74 ± 0.90

3 months post-operation 2.00 ± 0.62 14.89 ± 0.75

Final follow-up 1.48 ± 0.51 15.04 ± 0.71

Note: �Compared with pre-operation, P < 0.05; ②Compared with 1 week post -operation, P < 0.05; ③
Compared with 3 months post-operation, P < 0.05.

According to the Nurick grading system, neurological function improved in most patients. At the final
follow-up, 21 patients (77.8%) were classified as Grade 1 and 6 patients (22.2%) as Grade 2, with no
patients remaining in Grade 3 or higher. Within 3 weeks postoperatively, 7 patients improved by 3 grades,
14 patients by 2 grades, 5 patients by 1 grade, and 1 patient showed no significant improvement.
(Table 4).

Table 4
Nurick Grade of the included patients

Nurick Pre-operation Postoperative

Grade 1 0 21

Grade 2 4 6

Grade 3 12 0

Grade 4 11 0

Grade 5 0 0

Total 27 27

3.4 Fusion Outcomes
At the final follow-up, solid bone fusion was achieved in all patients. No implant-related complications,
including screw loosening, pullout, or hardware failure, were observed. No cases of delayed neurological
deterioration or reoperation were reported. (Fig. 2).

Case 3

A 69-year-old female patient. A: Preoperative MRI showing atlantoaxial dislocation and basilar
invagination; B, C, D: Preoperative sagittal, coronal, and axial CT reconstructions demonstrating
atlantoaxial dislocation, basilar invagination, and occipitalization of the atlas; E: Preoperative lateral X-ray
showing atlantoaxial dislocation and basilar invagination; F, G: CT scan and axial view after skull traction;
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H: Lateral X-ray at 7 days postoperatively indicating successful anatomical reduction; I: Follow-up X-ray
at 3 months postoperatively; J: Lateral X-ray at the final follow-up showing well-positioned internal
fixation.

4. Discussion
Type A basilar invagination with atlantoaxial dislocation represents a complex craniovertebral junction
disorder characterized by combined vertical odontoid migration and horizontal instability, resulting in
compression of the medulla and upper cervical spinal cord[12, 19, 20]. The primary goals of surgical
treatment are to achieve adequate neural decompression, restore anatomical alignment, and provide
stable fixation to facilitate long-term fusion[14, 21]. However, despite advances in surgical techniques,
achieving a safe, gradual, and controllable reduction remains a major challenge, particularly in patients
with partially reducible deformities[22, 23].

In recent years, posterior-only reduction and fixation techniques have been increasingly adopted because
they avoid the morbidity associated with anterior approaches[24]. Techniques such as facet distraction
with cage insertion and posterior screw-rod constructs have demonstrated favorable outcomes[13, 25,
26]. However, these approaches are often dependent on a single-stage intraoperative reduction, which
may require extensive joint manipulation and can be associated with sudden mechanical forces applied
to neural structures[27–29]. In addition, some techniques necessitate C2 nerve root sacrifice or complex
instrumentation, which may increase surgical complexity and potential morbidity[30, 31].

The present study proposes a staged reduction strategy integrating preoperative skull traction with
intraoperative stepwise mechanical reduction, which represents a conceptual refinement rather than a
purely technical modification. The key feature of this approach is the redistribution of the reduction
process into two sequential and controlled phases, thereby transforming a traditionally forceful
intraoperative maneuver into a gradual and titrated correction process.Unlike previously reported two-
step reduction techniques that primarily focus on intraoperative manipulation alone, the present strategy
incorporates preoperative traction as an essential preparatory phase, thereby extending the reduction
process beyond the operative setting.

Specifically, preoperative skull traction serves not only as a diagnostic tool for assessing reducibility but
also as a preparatory step to progressively release soft-tissue contracture and partially reduce deformity
before surgery[13]. This preconditioning effect may reduce the magnitude of intraoperative correction
required. During surgery, controlled distraction following adequate joint release enables incremental
realignment along the occiput–C2 axis, allowing the surgeon to adjust reduction in a stepwise manner.
Compared with single-stage reduction techniques, this strategy may reduce the risk of sudden neural
traction and improve the controllability and precision of deformity correction.

From a biomechanical perspective, the staged approach allows gradual redistribution of forces across
the craniovertebral junction rather than abrupt loading, which may contribute to a safer reduction
process. Clinically, this is supported by the absence of neurological deterioration in our cohort and the
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relatively low complication rate. Radiologically, significant improvements in both vertical (DOCL) and
horizontal (ADI) parameters, as well as in the cervicomedullary angle (CMA), indicate that this method
can effectively restore craniovertebral alignment. These improvements are comparable to those reported
in studies using posterior distraction or DCER techniques[14, 17, 18], suggesting that a staged strategy
can achieve similar correction while potentially enhancing procedural safety.

Another potential advantage of this technique is that it does not routinely require sacrifice of the C2
nerve root or insertion of intra-articular cages, which may reduce surgical invasiveness and preserve
anatomical structures. Compared with anterior decompression approaches, the posterior-only staged
strategy avoids oropharyngeal complications while still achieving adequate reduction in appropriately
selected cases[32, 33]. Therefore, this approach may be particularly suitable for patients with reducible
or partially reducible BI-AAD, where controlled and progressive reduction is feasible.

Despite these advantages, it should be emphasized that this technique is not universally applicable. In
patients with rigid or severely ankylosed deformities, where preoperative traction fails to achieve
meaningful reduction, alternative strategies may be required[34]. In addition, the effectiveness of this
method may depend on careful patient selection and surgical experience.

All patients in this study achieved solid fusion at final follow-up, with no implant-related complications or
need for revision surgery, indicating that the staged reduction strategy provides reliable stabilization.
However, these results should be interpreted with caution, as this study was conducted in a single center
with a relatively small sample size.

Several limitations should be acknowledged. First, the retrospective design and limited sample size
reduce the strength of the conclusions. Second, the absence of a control group precludes direct
comparison with other established techniques. Third, variability in traction duration and reduction degree
may have influenced outcomes. Future studies should include prospective, multicenter cohorts and
comparative analyses with established techniques to further validate the clinical value and indications of
this staged reduction strategy.

5. Conclusion
In this retrospective series, the two-step reduction method combined with posterior occipitocervical
fusion appeared to achieve satisfactory radiological realignment and neurological improvement in
patients with reducible type A basilar invagination with atlantoaxial dislocation. The gradual, stepwise
reduction strategy may help facilitate controlled correction while maintaining acceptable perioperative
safety. However, because the study is limited by its single-center retrospective design, small sample size,
and lack of a comparative control group, these findings should be interpreted cautiously. Further
prospective, multicenter studies with larger cohorts are needed to confirm the reproducibility, long-term
stability, and clinical advantages of this technique before broader clinical recommendations can be
established.

Page 14/20



Declarations
Data availability statement  

The raw data supporting the conclusions of this article will be made available by the authors, without
undue reservation.

Ethics statement

This study was conducted in accordance with the Declaration of Helsinki and was approved by the
Ethics Committee of the First Affiliated Hospital of Bengbu Medical University. For research involving
human participants, informed consent was obtained from all subjects.

Conflict of interest  

The authors declare that the research was conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict of interest.

Funding

This work was supported by the Natural Science Foundation of Anhui Province (2308085MH249), Health
Research Program of Anhui (AHWJ2023A10058, AHWJ2023A30150)

Author Contributions 

Conceptualization: ZML,YYC,ZCC

Formal Analysis: YYC,ZML,

Investigation: RMY，ZZ、SBW

Methodology: YYC,ZML,ZCC,

Project Administration: JSC，LY,YDL,ZXM

Writing – Original Draft: YYC,ZML

Writing – Review & Editing: ZML,ZCC

Funding Acquisition：YYC,ZCC

References
1. Dickman CA, Locantro J, Fessler RG. The influence of transoral odontoid resection on stability of the

craniovertebral junction. J Neurosurg. 1992;77:525–30.

Page 15/20



2. Qi M, Du Y, Zhang B, Meng H, Jin T, Xin Z, Zhang C, Wang J, Yu J, Bai X, et al. Clinical features and
outcomes of basilar invagination. Neurosurg Rev. 2024;47:879.

3. Joitescu I, Amelot A, Lot G, Aghakhani N, Parker F, Knafo S. A Staged Approach for Surgical
Management of Basilar Invagination. Operative neurosurgery (Hagerstown, Md.). 2024, 27, 424–430.

4. Goel A. Atlantoaxial Instability: Evolving Understanding. Acta Neurochir Suppl. 2019;125:59–62.

5. Arora P, Behari S, Banerji D, Chhabra DK, Jain VK. Factors influencing the outcome in symptomatic
Chiari I malformation. Neurol India. 2004;52:470–4.

6. Amelot A, Terrier L, Lot G. Craniovertebral Junction Transoral Approach: Predictive Factors of
Complications. World Neurosurg. 2018;110:568–74.

7. Shriver MF, Kshettry VR, Sindwani R, Woodard T, Benzel EC, Recinos PF. Transoral and transnasal
odontoidectomy complications: A systematic review and meta-analysis. Clin Neurol Neurosurg.
2016;148:121–9.

8. Mazzatenta D, Zoli M, Mascari C, Pasquini E, Frank G. Endoscopic endonasal odontoidectomy:
clinical series. Spine (Phila Pa 1976). 2014;39:846–53.

9. Goel A, Shah A. Atlantoaxial joint distraction as a treatment for basilar invagination: a report of an
experience with 11 cases. Neurol India. 2008;56:144–50.

10. Ma X, Zou X, Chen J, Yang H, Ma R, Chen Z, Cai M, Xia H. The development of posterior reduction
forceps for atlantoaxial dislocation and its preliminary application in irreducible atlantoaxial
dislocation. Eur Spine J. 2024;33:3043–8.

11. Guo SL, Zhou DB, Yu XG, Yin YH, Qiao GY. Posterior C1-C2 screw and rod instrument for reduction
and fixation of basilar invagination with atlantoaxial dislocation. Eur Spine J. 2014;23:1666–72.

12. Jian F, Chen Z, Wrede KH, Samii M, Ling F. Direct posterior reduction and fixation for the treatment of
basilar invagination with atlantoaxial dislocation. Neurosurgery. 2010;66:678–87. discussion 687.

13. Guan J, Jian F, Yao Q, Yuan C, Zhang C, Ma L, Liu Z, Duan W, Wang X, Bo X, et al. Quantitative
Reduction of Basilar Invagination With Atlantoaxial Dislocation by a Posterior Approach.
Neurospine. 2020;17:574–84.

14. Meng Y, Chen H, Lou J, Rong X, Wang B, Deng Y, Ding C, Hong Y, Liu H. Posterior distraction
reduction and occipitocervical fixation for the treatment of basilar invagination and atlantoaxial
dislocation. Clin Neurol Neurosurg. 2016;140:60–7.

15. Sheng X, Liu H, Meng Y, Wang B, Ding C. Posterior two-step distraction and reduction for basilar
invagination with atlantoaxial dislocation: a novel technique for precise control of reduction degree
without traction. Eur Spine J. 2022;31:2704–13.

16. Goel A, Sathe P, Shah A. Atlantoaxial Fixation for Basilar Invagination without Obvious Atlantoaxial
Instability (Group B Basilar Invagination): Outcome Analysis of 63 Surgically Treated Cases. World
Neurosurg. 2017;99:164–70.

17. Chandra PS, Bajaj J, Singh PK, Garg K, Agarwal D. Basilar Invagination and Atlantoaxial Dislocation:
Reduction, Deformity Correction and Realignment Using the DCER (Distraction, Compression,

Page 16/20



Extension, and Reduction) Technique With Customized Instrumentation and Implants. Neurospine.
2019;16:231–50.

18. Chandra PS, Prabhu M, Goyal N, Garg A, Chauhan A, Sharma BS, Distraction. Compression,
Extension, and Reduction Combined With Joint Remodeling and Extra-articular Distraction:
Description of 2 New Modifications for Its Application in Basilar Invagination and Atlantoaxial
Dislocation: Prospective Study in 79 Cases. Neurosurgery. 2015;77:67–80. discussion 80.

19. Shin J, Suk K, Kim H, Yang J, Kwon J, Lee H, Moon S, Lee B, Park S, Park S, et al. Direct Internal
Fixation for Unstable Atlas Fractures. Yonsei Med J. 2022;63:265–71.

20. Goel A, Laheri V. Plate and screw fixation for atlanto-axial subluxation. Acta Neurochir (Wien).
1994;129:47–53.

21. Lan S, Xu J, Wu Z, Xia H, Ma X, Zhang K, Ai F, Wang J, Yin Q, Yi H, et al. Atlantoaxial Joint Distraction
for the Treatment of Basilar Invagination: Clinical Outcomes and Radiographic Evaluation. World
Neurosurg. 2018;111:e135–41.

22. Wang J, Xia H, Ma XY, Zhang K, Fu S, Tu Q, Xu J, Yi H, Zhu C, Ying Q. Treatment of irreducible
atlantoaxial dislocation by bony deformity osteotomy, remodeling, releasing, and plate fixating
through transoral approach. Int Orthop. 2023;47:209–24.

23. Ren X, Gao F, Li S, Yang J, Xi Y. Treatment of irreducible atlantoaxial dislocation using one-stage
retropharyngeal release and posterior reduction. J Orthop Surg. 2019;27:2309499019870465.

24. Yigitkanli K, Simsek S, Guzel A. Posterior realignment of basilar invagination with facet joint
distraction technique. Br J Neurosurg. 2024;38:76–83.

25. Du Y, Qi M, Wang J, Zhang C, Liu P, Zhang B, Guan J, Jian F, Duan W, Chen Z. C2 anatomical pedicle
screw for C2 fixation under the concept of atlantoaxial joint distraction and fusion with intra-
articular cages: technical note. Eur Spine J. 2025;34:1203–10.

26. Liu Z, Jian Q, Duan W, Guan J, Zhang C, Zhang B, Jian F, Chen Z. Atlantoaxial Dislocation with Bony
Fusion of C1/2 Facet Joints Treated with Posterior Joint Release, Distraction and Reduction. Spine
Surg Relat Res. 2022;6:175–80.

27. Gluf WM, Schmidt MH, Apfelbaum RI. Atlantoaxial transarticular screw fixation: a review of surgical
indications, fusion rate, complications, and lessons learned in 191 adult patients. J Neurosurg
Spine. 2005;2:155–63.

28. Naderi S, Crawford NR, Song GS, Sonntag VK, Dickman CA. Biomechanical comparison of C1-C2
posterior fixations. Cable, graft, and screw combinations. Spine (Phila Pa 1976). 1998;23:1946–55.
discussion 1955–1956.

29. Bo X, Wang W, Chen Z, Liu Z. Compression-distraction reduction surgical verification and
optimization to treat the basilar invagination and atlantoaxial dislocation: a finite element analysis.
Biomed Eng Online. 2016;15:168.

30. Goel A. Facet distraction using Goel facet spacer: A 25-year long journey of evolution of revolution in
spinal fixation techniques. J Craniovertebr Junction Spine. 2025;16:1–4.

Page 17/20



31. Goel A. Facet distraction spacers for treatment of degenerative disease of the spine: Rationale and
an alternative hypothesis of spinal degeneration. J Craniovertebr Junction Spine. 2010;1:65–6.

32. Hong JT, Kim IS, Lee HJ, Park JH, Hur JW, Lee JB, Lee JJ, Lee SH. Evaluation and Surgical Planning
for Craniovertebral Junction Deformity. Neurospine. 2020;17:554–67.

33. Liu JK, Patel J, Goldstein IM, Eloy JA. Endoscopic endonasal transclival transodontoid approach for
ventral decompression of the craniovertebral junction: operative technique and nuances. Neurosurg
Focus. 2015;38:E17.

34. Visocchi M. Craniovertebral junction reducible and irreducible compressive pathologies: free hands
or free tools? Light and shadows in paediatric practice. Child's Nerv system: ChNS : official J Int Soc
Pediatr Neurosurg. 2020;36:1791–4.

Figures

Page 18/20



Figure 1

A. Placement of the axis vertebral screws during the first-step reduction；B. Decompression of the
foramen magnum during the first-step reduction ；C. Connection and final tightening of all occipital and
axis screws to the definitive titanium rod during the second-step reduction；D. Iliac bone graft harvesting
and fusion
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Figure 2

Case 3: A 69-year-old female patient. A: Preoperative MRI showing atlantoaxial dislocation and basilar
invagination; B, C, D: Preoperative sagittal, coronal, and axial CT reconstructions demonstrating
atlantoaxial dislocation, basilar invagination, and occipitalization of the atlas; E: Preoperative lateral X-ray
showing atlantoaxial dislocation and basilar invagination; F, G: CT scan and axial view after skull traction;
H: Lateral X-ray at 7 days postoperatively indicating successful anatomical reduction; I: Follow-up X-ray
at 3 months postoperatively; J: Lateral X-ray at the final follow-up showing well-positioned internal
fixation.

Page 20/20


