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ABSTRACT

Keywords: Background: Posterior atlantoaxial arthrodesis remains a cornerstone in the surgical management of

Atlantoaxial instability or dislocation
one-hole split endoscopy
atlantoaxial fusion

endoscopic cervical surgery

atlantoaxial instability or dislocation (AA 1/D). However, its application is frequently complicated by
substantial intraoperative blood loss and postoperative axial pain. The increasing use of endoscopic spinal
surgery provides a promising avenue for addressing these issues.

Methods: This study introduces an innovative, minimally invasive technique for atlantoaxial fusion, one-

hole split endoscopy for posterior atlantoaxial lateral mass joint fusion. We designed a detailed surgical

protocol and perioperative management strategy, followed by a preliminary clinical application to evaluate
the technical advantages and clinical feasibility.
Results: A 12-year-old boy, diagnosed with AAI, os odontoideum, and myelopathy, underwent the novel

endoscopic fusion procedure in conjunction with atlantoaxial screw fixation. Postoperative images

confirmed successful reduction of the atlantoaxial lateral mass joint and satisfactory graft fusion. At the six-
month follow-up, computed tomography reconstruction revealed continuous bony bridging across the lateral
mass joint space, indicating an initial osseous fusion.

Conclusion: To our knowledge, this is the first clinical application of posterior atlantoaxial lateral mass

joint fusion using one-hole split endoscopic system, demonstrating its clinical feasibility and technical

advantages, and offering a novel, efficient, precise, and safe option for procedures involving the

craniovertebral junction.

1. Introduction

Atlantoaxial instability or dislocation (AAI/D), a relatively prevalent
cranio-cervical anatomical instability disorder, is associated with the
compression of the upper cervical spinal cord and medulla oblongata. If
left untreated or managed inappropriately, this may result in irreversible
neurological deficits and potentially fatal outcomes [1]. The unique
anatomical configuration of the atlantoaxial region allows the vertebral
bodies to avoid directly bearing the weight of the head with mechanical
loads transmitted through the lateral masses of Cl and C2.
Consequently, the stability of atlantoaxial lateral mass joints is critical
to ensure sufficient mechanical strength to maintain normal
physiological functions [2]. Over the past few decades, posterior
atlantoaxial arthrodesis combined with screw fixation has gradually
become the most effective surgical approach for treating AAI/D [3].

However, the traditional Goel-Harms technique requires extensive tissue
dissection of the suboccipital and posterior cervical musculature, which
may contribute to numerous complications including substantial blood
loss, tissue damage, stiffness, pain, and functional impairment [4, 5].
Therefore, it is essential to investigate novel surgical techniques that can
achieve comparable biomechanical stability while simultaneously
minimizing iatrogenic injury [6, 7].

Recent advancements in imaging and navigation technologies have
facilitated the extensive utilization of endoscopic techniques, including
the full-endoscopic technique, one-hole split endoscopy, and unilateral
biportal endoscopy [8], particularly in lower cervical, thoracic, and
lumbar spinal decompression and fusion surgeries [9, 10]. Growing
evidence suggests that these minimally invasive endoscopic procedures
yield clinical outcomes comparable to those of traditional open surgeries
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while offering a lower incidence of complications [11]. By minimizing
tissue dissection and disruption, these techniques optimize the
preservation of anatomical structures, effectively reducing intraoperative
blood loss and postoperative scarring [12]. The direct proximity of the
endoscope to the surgical target provides a clear operative field and
superior visualization, facilitating precise anatomical identification and
meticulous hemostasis, which collectively minimize surgical trauma and
enhance procedural outcomes.

In recent years, anterior and posterior endoscopic techniques are widely
used in the management of various cervical spine disorders [13].
However, no studies have yet explored the application of posterior
endoscopic techniques for the treatment of AAI/D. Herein, we present
the first report of atlantoaxial lateral mass joint fusion performed by
using one-hole split endoscopy system. By analyzing the key technical
details and preliminary clinical applications, we aimed to evaluate the
technical advantages and clinical feasibility of this novel approach.

2. Technology Description

2.1. Case Selection and Condition Assessment

This study was approved by the Ethics Committee of the institution, and
informed consent was obtained from patients or their guardians.
Radiological findings serve as the primary objective basis for AAI/D
diagnosis. Diagnosis should be comprehensively evaluated based on the
integrity of the atlantoaxial anatomical structures and congruency of the
three atlantoaxial joints [1, 14]. Anterior dislocation is the most
prevalent form, typically defined as an atlantodental interval (ADI)
greater than 3 mm in adults and 5 mm in children. In contrast, posterior
or rotational dislocations may present with normal ADI but demonstrate
abnormal congruency of the atlantoaxial lateral mass joints [15, 16].
Surgical intervention is recommended for patients with symptomatic
AAI/D fo prevent progressive or acute neurological decline, which may
result in respiratory center suppression and potentially fatal outcomes
[17]. Patients scheduled for surgery should be thoroughly evaluated to
rule out comorbidities such as tumors, tuberculosis, infections, acute
fractures, congenital cranio-cervical anomalies, and a history of prior
atlantoaxial surgery. Comprehensive neurological examination and
detailed radiological evaluation are essential prior to surgery. Open-
mouth, lateral, and dynamic cervical radiographs are used to evaluate the
cervical vertebral sequence and dislocation reducibility. Cervical
computed tomography (CT) with three-dimensional reconstruction is
performed to assess the dislocation severity, deformity, and lateral mass
morphology. Computed tomography angiography is performed to
examine the course and variations in the vertebral arteries. Additionally,
cervical magnetic resonance imaging (MRI) is performed to determine
spinal cord compression and to identify the presence of cerebellar
tonsillar herniation or syringomyelia [18-20].

2.2. Surgical Techniques and Procedures

To facilitate intraoperative localization and minimize pressure-related
injuries, the patient is positioned prone on a Jackson table, with the head
securely stabilized in a Mayfield headrest, and the table is adjusted to the
reverse Trendelenburg position. Administer cranial traction under

World Neurosurgery 12 (2025)

general anesthesia and maintain it throughout the surgical procedure.
Determine the optimal traction weight based on the degree of
atlantoaxial joint reduction, with a maximum limit of one-fifth of the
patient’s body weight.

Prior to endoscopic navigation, the C1/C2 segment is localized under C-
arm fluoroscopic guidance, and a2.5 to 3.0 cm longitudinal skin incision
is made along the midline of the neck. After incising the skin and
superficial fascia, dissect the soft tissue laterally for 1.5-2.0 cm to expose
the paravertebral muscle space. Using a blunt-tipped guiding rod, bluntly
separate the trapezius, splenius capitis, and semispinalis capitis muscles
along the direction of the muscle fibers in a stepwise manner, carefully
avoiding sharp dissection and lateral injury to the deeper structures. Stop
the dissection when the guiding rod contacts C2 lamina. Keep the rod
oriented toward the dorsolateral region of the C1/C2 joint to avoid injury
to the C2 nerve root and the venous plexus. Meanwhile, under the
guidance of the rod, insert soft tissue dilators of increasing diameters
sequentially to gradually establish a working channel. Finally, the
endoscopic system and operating arms are inserted through the
established soft tissue channel. During the procedure, C-arm
fluoroscopic navigation is used to confirm the orientation and depth of
the guiding rod, dilation channel, and endoscopic lens in real-time,
ensuring precise positioning and operational safety.

After inserting the endoscopic system, establish a continuous irrigation
environment using water medium to obtain a clear and stable endoscopic
view. While performing electrocoagulation under endoscopic
visualization, clear the soft tissue surrounding the C2 isthmus. Then
carry out subperiosteal blunt dissection along the C2 isthmus toward the
cranial side to expose the bony boundaries, thereby providing an
anatomical reference for joint capsule localization. Subsequently, further
expose and explore the C1/C2 lateral mass joint capsule. Special
attention should be paid to the fact that this area lies just anterior to the
C2 nerve root and the venous plexus. At this stage, caution should be
exercised. Use a nerve retractor to gently retract the C2 nerve root
together with venous plexus in the cranial direction to ensure protection
of these critical neurovascular structures under endoscopic visualization.
Thereafter, excise the capsule with electrocautery, then use the spherical
high-speed burr to debride hypertrophic bone at the joint margins to
maximize joint space exposure. Abrade the lateral mass articular
surfaces to expose the subchondral bone with a 2-mm spherical burr.
Keep the burr continuously visible under endoscopic guidance to prevent
excessive depth and damage to the retropharyngeal soft tissues.

After exposing the fresh bony surface, perform bone grafting within the
joint space. Select the allogeneic cancellous bone granules (size about 2-
5 mm) as fusion materials. Direct the granules into the joint space using
a graft delivery cannula and a pusher system. During delivery, maintain
close apposition between the cannula and the lateral mass joint to prevent
graft material from spilling into blind areas, which simultaneously
provides effective shielding of the C2 nerve root and venous plexus, thus
preventing neurovascular compression or injury caused by bone granules
or instruments. Intraoperatively, monitor the bone graft volume under
real-time endoscopic visualization to ensure adequate compaction while
avoiding excessive joint distraction. In most cases, unilateral lateral mass
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joint fusion is sufficient to maintain atlantoaxial stability; if necessary,
bilateral fusion can be performed to enhance biomechanical symmetry.

Thereafter, we perform the atlantoaxial internal fixation using a soft
tissue dilatation channel on one side and an intermuscular approach on
the other side. First, through the dilatation channel, identify the entry
points and screw directions for the C1 lateral mass and C2 pedicle under
C-arm fluoroscopic navigation. Based on lateral fluoroscopic images,
evaluate the screw trajectories in terms of angle and depth, and then
sequentially drill, tap, and place the C1 lateral mass screw and C2 pedicle
screw. On the contralateral side, use an intermuscular approach to
bluntly separate the trapezius, splenius capitis, and semispinalis capitis
muscles, thereby exposing the underlying bony landmarks. Under C-arm
fluoroscopic guidance, place the C1 lateral mass and C2 pedicle screws
in the same manner.

Finally, remove the intraoperative cranial traction device, insert the pre-
bent titanium rods, apply appropriate compression to the bilateral screw-
rod system, and then complete final fixation. Before wound closure,
ensure hemostasis within the surgical field and remove any residual bone
debris. A drainage tube may be placed on the fusion side if necessary.

2.3. Perioperative Management Protocol

Prophylactic analgesia is initiated one day preoperatively to alleviate
pain and accelerate recovery. Celecoxib or etoricoxib is recommended
for adults, whereas acetaminophen or ibuprofen is recommended for
pediatric patients with weight-based dosing adjustments. Postoperative
analgesia begins with intravenous administration for the first 48 hours,
followed by scheduled oral analgesics. Dosages are adjusted based on
visual analog scale (VAS) scores for optimal pain management. Given
the presence of metallic implants, prophylactic antibiotics are necessary.
Postoperative neurological recovery should be actively assessed, early
limb function exercises should be encouraged, and activities should be
initiated with cervical collar protection. In addition, advocates for early

rehabilitation training under the guidance of physiotherapists. Conduct
7
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the necessary radiological follow-ups within one week postoperatively,
including X-ray, CT, and MRI scans. Evaluate postoperative
neurological function and cervical mobility using the Japanese
Orthopaedic Association (JOA) score and Neck Disability Index (NDI)
score, with follow-up continuing for 12 months.

3. Clinical Application

3.1. Cases and Conditions

Based on the study design, we recruited a 12-year-old boy diagnosed
with AAI and os odontoideum for the preliminary clinical practice. The
young patient complained of neck pain accompanied by gait instability
and difficulty gripping. As the condition progressed, the child exhibited
urinary difficulties, limb weakness, and ambulatory impairment but no
respiratory distress or urinary incontinence. Neurological examination
revealed sensory abnormalities below the shoulders, an asymmetric
reduction in limb strength, increased muscle tone, hyperreflexia, and
positive pathological reflexes. VAS: 5, JOA: 6, NDI: 57%. Cervical
spine radiographs show anterosuperior displacement of the C2 vertebral
body, with bony separation between the odontoid process and the C2
body. The odontoid process appears rounded and blunted. The ADI is
within the normal limits. The morphology and alignment of C3-C7
vertebral bodies are preserved (Figures 1A & 1B). Dynamic radiographs
reveal significant anterior translation of the anterior arch of the atlas
relative to the C2 vertebral body during flexion. In extension, the anterior
translation is nearly reduced, but a mild posterior shift occurs
simultaneously (Figures 1C & 1D). Cervical CT, reconstruction, and
angiography revealed os odontoideum, no abnormalities in the ADI, and
dens not extending beyond the McRae's line. The C1 lateral mass was
displaced anteriorly and laterally relative to the C2, with no deformities
or anomalies in the C1/C2 vertebrae or lateral masses. The vertebral
artery showed no high riding, ectopia, or tortuosity (Figures 1F-1J). MRI
revealed compression at the cranio-cervical junction with abnormal
intramedullary signals and no evidence of Chiari malformation or
syringomyelia (Figure 1E).

Fig. 1. Preoperative cervical images of the pediatric patient with atlantoaxial instability. A & B) Lateral cervical X-ray and open-mouth odontoid view show
anterior-superior displacement of C2 vertebra and odontoid separation. C & D) Dynamic X-rays indicate the significant instability of atlantoaxial joint. E)
MRI reveals compression at the cranio-cervical junction with intramedullary signal changes. F & H) CT scans show the os odontoideum, not extending
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beyond McRae's line, with normal atlantodental interval. | & J) Three-dimensional reconstructions indicate malalignment of the atlantoaxial lateral mass

joints, with no abnormalities of the vertebral artery.
3.2. Surgical Procedure

The child underwent one-hole split endoscopic lateral mass joint fusion
in combination with screw-rod fixation. Intraoperative real-time
fluoroscopy combined with endoscopic navigation enabled precise
localization, clear structural visualization, and accurate anatomical
delineation (Figure 2A). Under direct endoscopic visualization, the
surgeon carried out protective dissection of the surrounding soft tissues
and adequately loosened the atlantoaxial joint (Figures 2B-2D). We used
a spherical drill to remove the articular cartilage and enlarge the bone
grafting space, effectively avoiding high-risk areas while minimizing

unnecessary soft tissue damage (Figure 2E). During the bone grafting
procedure, the graft delivery cannula and pusher system provided a
stable pathway and precise guidance (Figures 2F, 2G). Next, axial
screws (3.5 mm diameter and 20 mm length) were inserted into the
bilateral C1 lateral masses and C2 pedicles. After confirming the proper
position with C-arm fluoroscopy, titanium rods were placed and fixed
(Figure 2H). The operation proceeded smoothly without major
complications and required approximately 120 min, with an
intraoperative blood loss of approximately 30 ml. The key steps of the
procedure are illustrated in the (Supplementary Video).

Fig. 2. Intraoperative images of one-hole split endoscopy for posterior atlantoaxial lateral mass joint fusion. A) Precise localization of the lateral mass joint
under C-arm fluoroscopic guidance. B) Clear endoscopic visualization of the C2 isthmus and joint capsule. C) Lateral mass joint visible after retraction of
the C2 nerve root and joint capsule. D) Close-up view showing the joint space and C1 lateral mass facet. E) Endoscopic grinding of the lateral mass articular
surface with a spherical burr. F) Insert allograft cancellous bone into the joint space using a graft rod. G) Direct visualization of successful lateral mass joint
graft fusion. H) Confirmation of the implant position and atlantoaxial reduction with intraoperative fluoroscopy.

3.3. Clinical Outcomes Evaluation

Postoperatively, the child recovered well from anesthesia and was
transferred to the general ward after brief observation. Upon regaining
consciousness, active limb flexion-extension exercises were initiated,
and neurological assessment indicated marked improvement in
somatosensory function and limb strength compared to the preoperative
status without any new neurological deficits. The drain was removed on
postoperative day two when the output was < 10 mL/day. Postoperative
imaging confirmed atlantoaxial joint reduction, well-positioned fixation,
and satisfactory graft fusion (Figures 3A-3D). The child was discharged
on postoperative one week after incision suture removal without any
surgery-related complications or symptoms such as dysphagia or
dyspnea. Neurological assessment revealed recovery of key limb muscle

strength to 4+ with independent ambulation. The scores were as follows:
VAS, 2; JOA, 13 (improvement rate, 63.6%); NDI, 57%.

At the 6-month postoperative follow-up visit, the patient was re-
evaluated. At this time, the child’s pain symptoms completely resolved,
and autonomous movement and ambulation were restored. Bladder
function returned to normal, although mild somatic sensory deficits
persisted. A follow-up CT with three-dimensional reconstruction
demonstrated stable atlantoaxial internal fixation with no signs of screw
loosening or breakage (Figures 3E & 3F). Continuous bony bridging was
observed across the atlantoaxial lateral mass joint space, indicating an
initial osseous fusion (Figures 3G & 3H). No signs of osteolysis or bone
resorption were noted in the fusion area, suggesting a favorable
prognosis. Postoperatively, the patient wore a cervical orthosis for three
months, during which no complications occurred.



Xue J etal

World Neurosurgery 12 (2025)

Fig. 3. Postoperative and follow-up CT images of one-hole split endoscopy for posterior atlantoaxial lateral mass joint fusion. A & B) Multiplanar images
demonstrate that precise screw placement, C) atlantoaxial reduction achieved with no spinal canal stenosis, and D) the bone graft within atlantoaxial lateral
mass joint space. E) Six-month follow-up showed stabilization of the internal fixation device, F) no spinal cord compression is observed, and G & H)

formation of the continuous bony bridge visible within the lateral mass joint space.

4. Discussion

In this study, the innovative one-hole split endoscopy for posterior
atlantoaxial lateral mass joint fusion technique was successfully applied
to a typical case involving a 12-year-old male patient, who presented
with neck pain and limb weakness, and the Imaging studies revealed
AAI, os odontoideum, and myelopathy. In conventional open surgery,
extensive soft tissue dissection and muscle attachment disruption often
result in chronic axial neck pain and functional impairment accompanied
by increased surgical trauma, intraoperative hemorrhage, and
postoperative complications [21, 22]. Although studies have
demonstrated that the transmuscular interspace approach for atlantoaxial
fusion, which preserves key muscle attachment points, significantly
reduces iatrogenic injury compared with traditional techniques while
maintaining equivalent surgical efficiency and efficacy, challenges
remain [23, 24]. Unfortunately, the depth of the suboccipital structures
and the relative displacement of C1/C2 limit the clarity and visualization
of open surgical approaches, including the transmuscular interspace
route, hindering the optimal balance between exposure and visualization.
The widespread adoption of endoscopic techniques has established their
advantages in terms of safety, operability, enhanced visualization,
minimal damage, faster recovery, and comparable efficacy [25, 26]. To
our knowledge, this is the first application of posterior endoscopic
techniques for atlantoaxial fusion, demonstrating the feasibility and
efficacy of endoscopy in the treatment of AAI/D. This approach provides

clear visualization of the lateral mass joint and surrounding tissues,
which effectively reduces the risk of vertebral artery and nerve root
injury, significantly enhances the operability of the fusion procedure,
and minimizes unnecessary tissue dissection, thereby preserving the
stability of craniovertebral junction.

Similar to other spinal endoscopic procedures, accurate preoperative
fluoroscopic localization and working channel placement are essential
for rapid anatomical structure identification under endoscopic guidance,
thereby preventing disorientation and reducing vascular and nerve injury
risk [27]. Thereafter, adequate exposure of the C2 isthmus is key to
identifying the atlantoaxial lateral mass joint under endoscopy.
Furthermore, the operator must possess in-depth knowledge of
atlantoaxial anatomy to prevent inadvertent major injuries. If feasible, it
is preferable to receive standardized cadaveric training before
performing this procedure [28]. On the other hand, unlike the steep
learning curve of traditional open or transmuscular approaches, clear
endoscopic visualization of the atlantoaxial joint reduces procedural
difficulty and shortens the learning curve to some extent. Nonetheless,
proficiency in open atlantoaxial fixation and fusion techniques remains
essential as they may still be the preferred option for certain clinical
conditions [29].

Autologous iliac bone or allograft bone, interarticular fusion cages, or
titanium cages are options for joint fusion fillers [30, 31]. Studies have
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suggested that interbody fusion cages can effectively maintain
biomechanical stability of the atlantoaxial joint, thereby enhancing
fusion rates [32]. Additionally, Wang et al. employed customized 3D-
printed titanium cages for personalized surgical treatment [6]. However,
in pediatric patients, immature skeletal structures make interbody fusion
cages prone to excessive joint distraction, potentially impeding normal
bone development. Instead, intra-articular bone grafting combined with
screw-rod fixation offers sufficient biomechanical stability and
favorable fusion outcomes. Thus, we opted for intra-articular bone
grafting alone in pediatric cases. At postoperative follow-up, CT
revealed continuous bony bridging across the atlantoaxial lateral mass
joint space, indicating that preliminary osseous fusion had been
achieved. This finding suggests that with the biomechanical stability
provided by the screw-rod fixation system, allogeneic cancellous bone
can demonstrate a favorable fusion potential. Although more long-term
outcomes require continued observation, the current results support the
feasibility and safety of this technique.

5. Conclusion

This is the first study to highlight the clinical feasibility and potential
technical advantages of one-hole split endoscopy for posterior
atlantoaxial lateral mass joint fusion. As minimally invasive spine
surgery continues to advance, this procedure may expand the utility of
endoscopic procedures to the craniovertebral junction, and lay the
groundwork for large-scale prospective cohort studies and broader
clinical adoption.

Limitations

This study should be viewed as a successful exploration of the novel
technique's feasibility, offering valuable guidance for future research in
this field. There have several limitations that should be acknowledged.
First, owing to the limited number of cases, the current conclusions were
drawn from a single clinical experience. Further large-scale cohort
studies and prospective randomized controlled trials are required to
compare the clinical parameters with those of traditional open surgery,
including hospital stay, operative time, blood loss, inflammatory
markers, and axial pain. In addition, although this study completed three-
month postoperative follow-up with encouraging outcomes, long-term
data beyond one year are lacking. Therefore, the impact of this procedure
on long-term functional recovery and late-onset complications cannot be
fully assessed. Ongoing follow-up aims to achieve a more
comprehensive clinical evaluation.
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