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Analysis of Failed Atlantoaxial Reduction: Causes of
Failure and Strategies for Revision
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Objective: The craniovertebral junction (CVJ) presents intricate anatomical challenges. In severe or irreducible mal-
formations, complications such as reduction loss and fixation failure may occur, necessitating revision surgery. The
posterior facet joint distraction and fusion (PFDF) technique, offers a solely posterior approach for revisions. Hence,
we delineate varied revision scenarios, proposing surgical strategies and technical details to enhance outcomes and
mitigate risks, thereby enriching the neurosurgical community’s repertoire.

Methods: This was a retrospective cohort study, analyzed patient data from Xuanwu Hospital, between 2017 to
2023. All patients had a history of surgical treatment for CVJ malformations, and experienced failure or loss of reduc-
tion. The distance from the odontoid process tip to the Chamberlain’s line (DCL), the atlantodental interval (ADI),
clivus-canal angle, cervicomedullary angle, width of subarachnoid space, CVJ area, and width of syrinx were used for
radiographic assessment. Japanese Orthopaedic Association (JOA) scores and SF-12 scores were used for clinical
assessment. Independent sample t-tests were employed. A significance level of p < 0.05 indicates statistically signifi-
cant differences.

Results: We analyzed data from 35 patients. For patients who underwent PFDF, the postoperative DCL, ADI, and
clivus-canal angle significantly improved. For all patients, the postoperative cervicomedullary angle, width of subarach-
noid space, CVJ area, and width of syrinx all demonstrated significant improvement, indicating the relief of neural com-
pression. All patients showed significant improvement in both symptoms and clinical assessments.

Conclusion: Severe atlantoaxial joint locking or ligament contracting are the fundamental cause of reduction and fixa-
tion failure. Anterior odontoidectomy is indicated for patients with robust bony fusion of the atlantoaxial joint in an
unreduced position. The PFDF technique is safe and effective for patients with incomplete atlantoaxial bony fusion.
Preoperative assessment of surgical feasibility and vertebral artery status ensures surgical safety and efficacy.
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Introduction

The complex anatomy of the craniovertebral junction
(CVJ) region plays a crucial role in facilitating flexion

and rotation movements of the spine.1–3 Conditions such as
basilar invagination and atlantoaxial dislocation are relatively
common malformations in the CVJ region.4,5 Surgery remains
the sole effective treatment for CVJ malformations.6–10

However, patients with challenging cases, such as severe or
irreducible basilar invagination, atlantoaxial dislocation, face
substantial surgical difficulties and a higher failure rate. Com-
plications such as reduction loss and fixation failure may
occur, necessitating revision surgery.11–15 Scar tissue, ectopic
bone formation, and alterations in anatomical landmarks
resulting from prior surgeries lead to surgical exposure
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challenges. Additionally, severe osseous malformations often
coincide with vertebral artery anomalies, further increasing
surgical risks.

Traditional revisions involve anterior–posterior reduc-
tion and fixation or anterior odontoidectomy.
Odontoidectomy is suitable for patients with robust bony
fusion. In recent years, advancements in the posterior facet
joint distraction and fusion (PFDF) technique have enabled
difficult cases to be treated solely through the posterior
approach. Our center has predominantly adopted the PFDF
technique for revision surgeries, accumulating a wealth of
experience. In this article, we retrospectively review revision
cases, providing detailed insights into the various causes and
types of revision surgeries. We propose targeted approaches
for different types of revisions, analyze the outcomes of the
patients underwent different surgical procedures, offer valu-
able technical guidance and feasible surgical strategy to our
colleagues.

Materials and Methods

This study is a retrospective cohort study, approved by
the Ethics Committee of Xuanwu Hospital, Capital Med-

ical University, with the assigned ethics number LYS[2021]
052. All patients signed informed consent forms.

This study analyzed patient data from Xuanwu Hospi-
tal, Capital Medical University, between 2017 and 2023. The
patients included in the study met the following criteria:
(i) diagnosed with basilar invagination and/or atlantoaxial
dislocation; (ii) a history of surgical treatment for CVJ mal-
formations; (iii) experienced failure or loss of reduction; and
(iv) presented with significant neurological symptoms. Exclu-
sion criteria were: (i) rheumatoid arthritis; (ii) CVJ trauma;
(iii) osteoporosis; (iv) CVJ tumors; and (v) severe underlying
diseases affecting overall health. The diagnostic criteria for
basilar invagination were the distance from the odontoid
process tip to the Chamberlain’s line (DCL) by >5 mm, and
for atlantoaxial dislocation, the atlantodental interval
(ADI) >3 mm.

Operative Procedure

Posterior Facet Joint Distraction and Fusion (PFDF)
After general anesthesia, the patient was placed in a prone
position. Following draping and disinfection, a midline pos-
terior incision was made to remove scar tissue and extract
any existing implants. Cervical traction was applied, gradu-
ally reaching up to one-sixth of the patient’s body weight
(maximum 18 kg), maintaining cervical traction throughout
the procedure. Deep scar tissue and ectopic bone callus were
excised, exposing the bilateral vertebral arteries and lateral
atlantoaxial joints. A 2 mm-wide osteotome was inserted into
the joint space and rotated to completely remove the articu-
lar cartilage. Once the endplates were prepared, a specially
designed distractor was inserted into the joint space for rota-
tional distraction, gradually increasing its size to open the
joint space. After opening one side of the joint space, a

spacer was placed to maintain that gap, followed by distrac-
tion on the contralateral side. The above steps were repeated
for both sides of the joint space. Intraoperative CT examina-
tions were used to assess the reduction effect of basilar invag-
ination and atlantoaxial dislocation. Once the planned
reduction position was achieved, fusion cages filled with
autologous iliac bone were placed in the bilateral joint
spaces, and the position was confirmed under fluoroscopy.
Finally, the internal fixation system was implanted. After
thorough saline irrigation, muscle, fascia, and skin were
meticulously sutured layer by layer. (Figure 1).

Transnasal Endoscopic Odontoidectomy
In patients with robust bony fusion of the atlantoaxial joint,
we performed transnasal endoscopic odontoidectomy. A
bilateral nostril endoscopic technique was employed. The
bilateral middle turbinates, inferior turbinates, and the ante-
rior wall of the sphenoid sinus were preserved. The surgical
trajectory was confirmed by the steep downward angle
toward the lower clivus and was subsequently verified using
intraoperative CT examination. The posterior nasopharyn-
geal fascia was then opened. The flap was elevated and
reflected caudally to the level of the soft palate. The longus
colli and capitis muscles were laterally reflected. The lower
part of the clivus and assimilated C1 were visualized and
removed using high-speed drills and Kerrison rongeurs. The
underlying odontoid process became visible. After removing
most of the odontoid process using a high-speed drill, the
remaining cortical shell was sequentially excised along
the vertical margins using the drill and Kerrison rongeurs.
Decompression was confirmed by observing a reexpanded
dural sac with pulsation and intraoperative CT examination.
The operative cavity was covered with gelatin foam and the
muscle-mucosal flap, closing the surgical field. Bilateral nasal
cavities were packed with expansion sponge.

Evaluation Criteria
The primary evaluation criteria include DCL, ADI, clivus-
canal angle, cervicomedullary angle, width of subarachnoid
space, CVJ area,16 and width of syrinx. (Figure 2) Secondary
evaluation criteria encompass patient symptoms, the
Japanese Orthopaedic Association (JOA) scores, and
the short form-12 (SF-12) scores. All radiologic indicators
were measured by two observers simultaneously to ensure
the accuracy.

Data Analysis
All data were analyzed using SPSS 29.0 software (IBM,
Armonk, NY, USA). Consistency tests were employed for all
radiologic indicators. Descriptive statistics are presented as
mean � standard deviation, and homogeneity of variance
was assessed. Independent sample t-tests were employed for
pre- and postoperative comparisons. A significance level of
p < 0.05 indicated statistically significant differences.
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Result

Baseline Data
In this study, we analyzed data from 35 patients who experi-
enced failed reduction of CVJ malformations. Among the
patients, there were 20 males and 15 females, with an average
age of 42.21 � 13.90 years. Symptoms included limb numb-
ness or weakness, trunk numbness, head, neck, trunk or limb

pain, gait instability, dysphagia, as well as dizziness. Twenty-
nine patients had basilar invagination, 30 patients had
atlantoaxial dislocation, three patients had atlantoaxial
rotatory subluxation/fixation, seven patients had os
odontoideum, 30 patients had C1 assimilation, and 16
patients had severe vertebral artery anomalies (including
absence, high-riding, fenestration, or significant aberrant
course). (Table 1).

FIGURE 1 Surgical techniques. (A, B) After removal of scar tissue and existing implants, individual intraarticular distractors were used to release the

soft tissue and open the joint space. (C) Cages filled with autologous iliac bone were placed into the bilateral joints. (D) The internal fixation system

was implanted.

FIGURE 2 Diagrams of the radiologic indicators. (A) Red dotted line, Chamberlain’s line; red line, distance from the odontoid process tip to the

Chamberlain’s line (DCL); blue line, atlantodental interval (ADI); yellow line, clivus-canal angle. (B) Yellow line, cervicomedullary angle; blue line, width

of subarachnoid space, red area, CVJ area.16 (C) Red line, width of syrinx.
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Post-admission imaging evaluations revealed three
patients experienced screw loosening or breakage, indicating
fixation failure. Thiry-two patients had reduction failure
(incomplete reduction). Thiry-two patients exhibited no
robust bony fusion in bilateral lateral atlantoaxial joints,
while three did. For these three cases, since the lateral joints
were already fused and could not be distracted for reduction,
and the craniovertebral joints were stable, we performed a
transnasal endoscopic odontoidectomy. Details of the previ-
ous surgeries are provided in Table 1.

Operative Data
All surgeries were performed by the same experienced neu-
rosurgeon (Z.C.). For patients undergoing PFDF, the average
operation time was 201.85 � 73.73 min, with the
average blood loss of 204.64 � 276.32 mL. For patients
undergoing transnasal endoscopic odontoidectomy, the aver-
age operation time was 227.00 � 100.76 min, with the aver-
age blood loss of 106.67 � 73.64 mL. The average follow-up
period was 6.80 � 3.00 months (Range: 6 to 22 months). No

malignant complications occurred postoperatively, and there
were no infections in any of the patients.

Radiographic Assessments
The imaging measurements demonstrated high inter-
observer reliability, with an intraclass correlation
coefficient value of 0.995 (p < 0.001). For patients undergo-
ing PFDF surgery, in the postoperative CT examinations, sig-
nificant reduction of both basilar invagination and
atlantoaxial dislocation were observed: ADI reduced by
1.93 � 2.37 mm, DCL reduced by 5.66 � 3.85 mm, clivus-
canal angle increased by 11.71 � 11.26�. In the postoperative
MRI examination, significant relief of neural compression
was observed: width of subarachnoid space increased by
0.87 � 0.55 mm, cervicomedullary angle increased
by 21.46 � 13.50�, and CVJ area reduced by
0.51 � 0.38 mm. Patients with combined syringomyelia also
showed a noticeable improvement in width
(average � 20.90 � 21.77%). For patients undergoing
odontoidectomy, the follow-up MRI examination indicated
significant improvement in spinal cord compression. No
instances of reduction loss or fixation failure were detected
during postoperative follow-up examinations. Detailed data
are presented in Tables 2 and 3 (Figures 3 and 4).

Clinical Assessments
During follow-up, all patients showed significant improve-
ment in symptoms. For patients undergoing PFDF surgery,
the average JOA score increased from 13.50 � 2.72 preoper-
atively to 15.14 � 2.19 at the last follow-up, the average SF-
12 score improved from 80.97 � 13.40 preoperatively to
93.17 � 14.25 at the last follow-up. Similarly, patients who
underwent odontoidectomy also experienced noticeable
symptom improvement. Detailed data are presented in
Tables 3 and 4.

Discussion

In this study, we analyzed the surgical result of patients
with failed atlantoaxial reduction, explored the difficulties

in the revision surgery, proposed the surgical strategy and
the associated risks and considerations. For different types of
patients, both PFDF and odontoidectomy can achieve effec-
tive outcomes.

Previously, numerous articles have focused on the
treatment of CVJ malformations, reporting various surgical
techniques and concepts, which significantly enhance the
success rate of treating CVJ malformations.6–9,17–20 However,
for challenging cases, where complex bony abnormalities are
involved, the success rate of surgical treatment remains sub-
optimal. Patients with reduction failure or reduction loss, as
well as those with unresolved or aggravated symptoms,
require revision surgical interventions.11–14 There is still a
limited number of articles addressing revision strategies.

TABLE 1 Baseline demographic, clinical, radiological, and sur-
gical data of all patients.

Demographic information

Age/yrs 42.21 � 13.90
Sex
Male 20
Female 15

Malformations
Basilar invaginati 29
Atlantoaxial dislocation/n 30
Atlantoaxial rotatory subluxation/fixation 3
Os odontoideum 7
C1 assimilation 30
Vertebral artery anomalies 16

Previous surgeries
Posterior reduction and fixation 30
Posterior wiring and fusion 2
Posterior reduction and fixation, with foramen

magnum decompression
1

Odontoidectomy and Fusion 1
Odontoidectomy and fusion, with foramen

magnum decompression
1

Reason for revision
Fixation failure
Screw loosening 1
Screw breakage 2

Reduction failure 32
Symptoms
Limb numbness 14
Limb weakness 15
Trunk numbness 7
Head, neck, trunk or limb pain 8
Gait instability 12
Dysphagia 5
Dizziness 3

Note: Demographic, clinical, radiological, and surgical data of all patients.
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Difficulties in Treatment
For these patients, surgery stands as the sole effective method
for revision treatment. These patients predominantly present
with severe malformations, rendering the reduction process
during surgery notably challenging. Both the failure rate of
reduction and the recurrence rate of malformation are signif-
icantly increased. The underlying cause lies in the presence
of severe atlantoaxial joint locking or contracture of the
atlantoaxial ligaments.21–23 Without thorough intra-articular
distraction, even substantial cervical traction fails to achieve
reduction. Consequently, persistent malformation, neural
compression, and unresolved neurological symptoms necessi-
tate urgent revision surgery. Markedly lateral joint malfor-
mation showed in our cohort, characterized by sagittal joint
inclination at an average of 131.47�.

Additionally, among the presented cases, three patients
experienced implant fracture after their previous surgery.
The primary contributing factor was the separation of the
lateral atlantoaxial joints following the previous surgery,
resulting in inadequate joint support and a lack of inter-
vertebral space stability.24–26 Consequently, the entire stress
burden within the atlantoaxial region fell upon the internal
fixation system before bony fusion could occur. This strain
led to loosening of the internal fixation system, ultimately
resulting in malformation recurrence.

For such patients, relying solely on posterior
approaches to expand the internal fixation system proves
insufficient for achieving rapid and robust bony fusion. Sev-
eral factors contribute to this challenge:
1. Insufficient joint space support: the distraction during

previous surgery results in empty lateral joint spaces, with
residual soft tissue remaining. Consequently, bony fusion
cannot occur within the joint space.

2. The posterior fixation system cannot guarantee sufficient
stability. Additionally, lateral bone grafting alone cannot
guarantee bony fusion.

3. Inadequate release of lateral joint constraints: reliance on
cervical traction and posterior expansion alone does not
effectively release the lateral joint constraints, resulting in
stress during reduction. Failure to adequately release the
lateral joint, coupled with reliance solely on cervical trac-
tion and posterior distraction for reduction, results in
stress during deformity reduction.

Due to the lack of supporting structures between the
lateral joints, the aforementioned internal stresses, as well as
the dynamic stresses generated by cervical movements, are
entirely borne by the internal fixation system. This leads to
failure of the internal fixation system and subsequent loss of
reduction. Frequently, this results in gradual deterioration
of nerve compression and neurological symptoms in
patients, even after immediate relief following surgery, neces-
sitating revision with surgical treatment.

Surgical Strategies for Revision
Previous literature has reported cases of failed reduction and
subsequent revision in the CVJ region.11–14,27–31 The primary
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surgical strategies can be categorized as follows: anterior
odontoidectomy, anterior approach distraction and fixation,
and posterior approach distraction and fixation.

Anterior odontoidectomy is indicated for patients with
robust bony fusion of the atlantoaxial joint in an unreduced
position, that destruction is not feasible.31,32 This method
directly alleviates the neural compression caused by the
odontoid process. However, this method carries risks of
dural sac injury and infection, and its application is limited
due to the high surgical complexity.33–35 Additionally, fol-
lowing occipitocervical bony fusion, the extension range of
the CVJ region is affected, thereby increasing the difficulty
of the transoral approach. In such cases, the transnasal endo-
scopic approach is more suitable. In odontoidectomy, the
application of intraoperative CT navigation allows for more
precise removal of the odontoid process, thereby achieving
more complete decompression and enhancing surgical safety.
In this study, three cases showed robust bony fusion of bilat-
eral atlantoaxial joint in preoperative examinations. All three
patients experienced significant symptom relief following
transnasal endoscopic odontoidectomy.

For patients with incomplete, insufficiently atlantoaxial
bony fusion, distraction with fixation can be employed. Pre-
vious literature has reported significant therapeutic efficacy
with the combined approach of anterior distraction followed
by anterior or posterior fixation.12,13,17,19 The advantage of
anterior distraction lies in its ability to release tension on the
anterior ligamentous complex of the atlantoaxial joint,
thereby enhancing the reduction rate. However, this tech-
nique is associated with complex surgical approaches (ante-
rior–posterior or, if removal of the posterior internal fixation
systems is necessary, posterior–anterior–posterior), substan-
tial operative difficulty, and a risk of complications such as
infection.

In 2019, Goel et al. reported successful outcomes by
combining posterior distraction with atlantoaxial screw fixa-
tion for revision surgery in these patients.28 They empha-
sized that distracting the atlantoaxial joint posteriorly can
enhance the reduction rate in cases of atlantoaxial disloca-
tion. In 2017, we introduced the PFDF technique, which has
demonstrated satisfactory surgical outcomes in treating vari-
ous types of CVJ region anomalies.9,23,36–41 This technique
demonstrates continued effectiveness for patients with failed
reduction as revision surgery.

The successful reduction of CVJ malformations hinges
on achieving complete reduction and dispersing stress. PFDF
technique offers the following advantages in this challenging
condition: (i) lateral joint release and distraction facilitate the
relief of joint locks and soft tissue tension, can convert irre-
ducible osseous malformations into a reducible state when
supplemented with intraoperative cervical traction;
(ii) lateral joint release and distraction reduce stress gener-
ated in the lateral joints and anterior soft tissues;
(iii) interarticular fusion cage placement provides support
within the joint space, facilitating stress dispersion and
maintaining the reduced position; (iv) interarticular fusion
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cage with autologous bone grafts confirm Wolff’s law. The
compressive stress in lateral joints promotes bony fusion;
and (v) the posterior-only approach reduces surgical risk and
complexity. Revision surgery using this technique in 32 cases
with incomplete bony fusion achieved significant relief of
neural compression, and all patients experienced significant
symptom relief. During follow-up, no instances of reduction
loss or fixation failure were observed. Bony fusion across the
lateral joints was evident at 6 months postoperatively, pro-
viding adequate stability within the surgical segment.

Limitations
However, PFDF technique still has some limitations. First, as
previously mentioned, for patients with bony fusion of the
lateral joints or those with intractable lateral joint locking,
the PFDF technique may encounter difficulties in clinical

practice. Second, there is a certain risk associated with surgi-
cal manipulation of the lateral joints in patients with severe
abnormal vertebral artery course. Third, Severe CVJ abnor-
malities increase the difficulty of posterior fixation and also
place higher demands on the stability of the fixation system.
Furthermore, cage implantation may increase the economic
burden on patients to some extent.

When performing revision surgery, attention should be
paid to the following aspects: (i) preoperative application of
CT three-dimensional reconstruction to evaluate whether
solid bony fusion has formed between bilateral joints, as well
as the feasibility of posterior distraction and reduction. For
patients with fused or intractable locked lateral joints,
odontoidectomy remains a viable option; (ii) preoperative
CTA reconstruction and intraoperative precise exposure
under microscopic visualization aids in recognizing the

FIGURE 3 A 50-year-old male presented with limbs and trunk numbness, undergone two operations. (A, B) CT and MRI image before first operation,

showing basilar invagination, atlantoaxial dislocation and syringomyelia. (C) CT image after first operation (posterior reduction and fixation), showing

partially reduction of basilar invagination and atlantoaxial dislocation, with empty lateral joint spaces. (D, E) CT and MRI image of 2 months after first

operation, showing loss of reduction and lateral joint spaces. (F) CT image after second operation (posterior reduction and fixation, with bone grafting

in lateral joint spaces), showing partially reduction of basilar invagination and atlantoaxial dislocation. (G, H) CT and MRI image of 4 months after

second operation, showing screw breakage. (I, J) CT and MRI image after PFDF, showing reduction of basilar invagination and atlantoaxial

dislocation, with relief of neural compression. (K, L) CT and MRI image during follow-up, showing bone fusion in bi-lateral joints, and reduction of

syrinx. (M) Photo during PFDF, showing the broken screw.
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aberrantly coursing or scar-encased vertebral arteries,
thereby preventing vertebral artery injury; (iii) after disman-
tling the prior fixation system and removing all bone callus,
the application of cervical traction facilitates distraction and
release through the atlantoaxial joint space; (iv) adequate

release of locked joints and soft tissue tension contribute to
the successful reduction of osseous malformations; and
(v) flexible selection of screw placement and fixation seg-
ments ensures surgical safety and local stability. This is a sin-
gle center retrospective cohort study. Based on the previous

FIGURE 4 A 27-year-old male presented with gait instability and dysphagia, having undergone two operations. (A, B) CT and MRI image before first

operation, showing basilar invagination and syringomyelia, with C1 assimilation and locked bi-lateral joints. (C) CT image after first operation

(posterior reduction and fixation, with foramen magnum decompression), showing dissatisfied reduction of basilar invagination. (D) MRI image of

3 months after first operation, showing enlargement of syrinx. (E, F): CT and MRI image after second operation (odontoidectomy), showing incomplete

removal of the odontoid process, and unresolved neural compression. (G–I) CT and MRI image before PFDF, showing lock of bi-lateral joints, coronal

malformation of axis, neural compression, and persistent syrinx. (J–L) CT and MRI image after PFDF, showing reduction of basilar invagination,

implantation of cages in bi-lateral joints, with relief of neural compression. (M) CT image during follow-up, showing bone fusion in bi-lateral joints.

TABLE 4 Clinical assessments after PFDF.

Variables Preop Follow-up

Difference t-value p-value

Between Preop and Follow-up

JOA 13.50 � 2.47 15.14 � 2.19 1.63 � 1.91 4.553 p < 0.001
SF-12 80.97 � 13.40 93.17 � 14.25 12.20 � 10.60 3.818 p = 0.003

Note: Clinical data of all patients who underwent PFDF.; Abbreviations: Follow-up, at last follow-up; JOA, the Japanese Orthopedic Association score; SF-12, the
Short Form-12 score; Postop, postoperative; Preop, preoperative.
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results, we intend to conduct a multicenter randomized con-
trolled trial to provide more robust evidence regarding the
treatment and protocol of CVJ malformations. For patients
who have experienced fixation failure, long-term follow-up
after revision surgery is necessary to monitor the reliability
of the new internal fixation system, or occurrence of any
complications.

Conclusion

Severe atlantoaxial joint locking or ligament contracting
are the fundamental cause of reduction and fixation fail-

ure. Anterior odontoidectomy is indicated for patients with
robust bony fusion of the atlantoaxial joint in an unreduced
position. PFDF technique is safe and effective for patients
with incomplete atlantoaxial bony fusion. It demonstrates
favorable reduction outcomes in CVJ malformations. Preop-
erative assessment of surgical feasibility and vertebral artery
status, along with precise intraoperative techniques and ade-
quate distraction, ensures surgical safety and efficacy.
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