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Abstract

Objective: To report a case of cervical instability caused by craniocervical malformation 
with ossification of the posterior longitudinal ligament (OPLL) treated by anterior 
controllable antedisplacement and fusion (ACAF). Methods: A 70 years old male patient 
was admitted to our hospital due to a year of numbness in the trunk and both arms, which 
was exacerbated over the past 2 months with unsteady gait. He was diagnosed with 
cervical spondylotic myelopathy with incomplete paralysis, craniocervical malformation 
due to atlantooccipital fusion and absence of odontoid process, and OPLL. C2-4 disectomy 
was performed on the patient, and appropriately sized intervertebral fusion cages filled 
with artificial and autogenous bones were inserted into the C2/3 and C3/4 intervertebral 
space. Bones at the anterior margin of the vertebrae were thinned based on the thickness 
of ossification at each involved segment, and titanium plates were installed at the anterior 
margin of C2-4. Bilateral osteotomies of C3 were performed using an ultrasonic bone 
curette, and residual cortical bones at the posterior margin of the vertebrae were removed 
using a 1 mm bayonet rongeur, along with enlargement of the nerve root canal at the 
corresponding segment. Upon verification of nerve root canal patency, C3 screws were 
tightened to achieve antedisplacement. Results: Postoperative MRI showed complete 
decompression of the cervical cord after isolation and antedisplacement of the vertebrae-
ossification complex by ACAF. Japanese Orthopaedic Association (JOA) score of patient 
was improved from 6 to 10 at 3d post-surgery. Conclusion: ACAF is a surgical method 
that combines the effectiveness of direct decompression by the anterior approach with 
the safety of indirect decompression by the posterior approach. Its good biomechanical 
properties, ability to achieve complete decompression and low risk of surgical complication 
make ACAF a promising treatment for OPLL with cervical instability.
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Highlights

● ACAF effectively treated a 70-year-old patient with cervical spondylotic myelopathy, craniocervical malformation, and OPLL.
● The ACAF procedure integrated multiple operative strategies to achieve complete decompression and restoration of cervical stability.
● ACAF resulted in full cervical cord decompression, significant improvement in JOA score, and demonstrated key advantages for 

managing OPLL with cervical instability.
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1 INTRODUCTION

Ossification of the posterior longitudinal ligament (OPLL) is a 
common cause of cervical spinal cord compression. In OPLL 
patients with cervical disc hernia (CDH) or cervical instability, 
surgical treatment should address both the herniated cervical 
disc and re-establishment of cervical stability. However, the 
surgical approach for such cases remains controversial. 

Here, we report a rare case of craniocervical malformation 
caused by atlantooccipital fusion and absence of odontoid pro-
cess, accompanied by OPLL, CDH, and cervical instability. 
The patient underwent anterior controllable antedisplacement 
and fusion (ACAF) and achieved a satisfactory outcome. This 
case report discusses the clinical application value of ACAF in 
the management of complex cervical instability associated 
with OPLL.

2 CLINICAL DATA

2.1 General information

A 70-year-old male was admitted with a one-year history of 
numbness in the trunk and both upper arms, which had exacer-
bated over the past two months, accompanied by gait instabili-
ty. The symptoms initially presented as numbness in the trunk 
and upper limbs and generalized limb weakness without appar-
ent cause. Two months prior to admission, gait instability 
developed, and the above symptoms progressed. Neurological 
examination showed superficial and deep sensory impairment 
in both upper limbs and the trunk, severe abdomen tightness 
upon standing, and fine motor disorder in both hands. Muscle 
strength was grade 2 in the upper limbs, grade 2- in the hands, 
grade 4 in the lower limbs, and grade 4 in toe flexors and exten-
sors. Muscle tone was increased in all four limbs. Anal reflex 
was normal. Hyperreflexia was noted in all four limbs, and 
Hoffman’s sign was positive bilaterally.

2.2 Imaging examination

Preoperative three-dimensional reconstruction computed to- 
mography (CT) of the cervical spine indicated hypolordosis 
with only 6 cervical vertebrae. C1 (atlas) was fused to the 
occipital bone; C2 was abnormally shaped, lacking the odon-
toid process, with a posterior arch resembling that of the atlas; 
C3 displayed normal lateral mass and lamina morphology, with 
a posterior arch resembling the shape of the axis. The magnetic 
resonance imaging (MRI) showed the herniated C2/3 inter-
vertebral disc, causing secondary spinal stenosis. The posterior 
margins of C2 and C3 were significantly misaligned during 
motion, with a horizontal displacement of 7.7 mm and angular 
displacement of 19.6°, resulting in C2/3 cervical instability 
and severe spinal cord compression. OPLL was visible at the 
C3-C4 level, with the spinal cord showed string-like shape. 
Diagnosis: (1) cervical spondylotic myelopathy with incom-

plete paralysis; (2) craniocervical malformation caused by 
atlantooccipital fusion and absence of odontoid process; and 
(3) cervical OPLL (Figures 1, 2).

3 SURGICAL APPROACH

3.1 Anesthesia and position

The patient underwent general anesthesia with nasal intuba-
tion and was placed in a supine position. Small cushions were 
placed under the shoulders and back to facilitate natural neck 
extension. The surgical field was disinfected and draped in a 
sterile manner. 

3.2 Exposure

An approximately 6 cm horizonal incision was made at the 
right anterior side of C3 level to expose the C2-4 vertebral bod-
ies and the anterior portions of the intervertebral discs.

3.3 Discectomies 

Under C-arm fluoroscopic guidance, C2 and C3 were distract-
ed using a Caspar distractor. The anterior ossified ligaments 
were removed using a surgical drill. After excision of the 
anterior fibrous ring of C2/3 disc, the degenerated nucleus 
pulposus and cartilaginous endplate were removed with for-
ceps and curettage. The protruding disc material, hyperplastic 
and hypertrophic posterior longitudinal ligaments, and osteo-
phytes at the posterior vertebral margin were removed with a 
Kerrison rongeur to decompress the posterior aspect of C2/3. 
The posteroinferior margin of C2 was also resected using a 
bayonet forceps to prevent impingement of C3 during the ante-
rior hoisting process. An intervertebral infusion cage with 
appropriate size, packed with a mixture of artificial and autol-
ogous bone, was inserted into the C2/3 intervertebral space. 
The C3/4 intervertebral space was treated using the same pro-
cedure (Figure 3A-C).

3.4 Anterior osteotomy

About 3 mm of bone was removed from the anterior side of C3 
vertebra using a bone rongeur and an ultrasonic bone curette. 
Bone wax was applied for hemostasis. A residual vertebral 
thickness of at least 12 mm was preserved to ensure secure 
screw fixation during antedisplacement (Figure 3B, 3E, 3F).

3.5 Creation of bilateral grooves

The optimum groove width was determined based on the width 
of the ossification and the interlaminar distance at each seg-
ment from the preoperative 3D reconstruction. The maximum 
width of the groove was limited to not exceed that of the trans-
verse foramen. Intraoperatively, the actual width was 21.7 mm. 
Ultrasonic bone curette was used to create a vertical groove 
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Figure 1. MRI of the cervical spine. (A) T1-weighted sagittal MRI image showing posterior herniation of the C2/3 intervertebral disc, causing 
spinal cord compression; (B) T2-weighted image showing spinal cord compression at C2/3 intervertebral space with a long T2 signal; (C) Axial 
plane at the C1/2 level showing a small spinal cord diameter with no compression; the left vertebral artery rans laterally from the C2 lateral mass 
to the posterior aspect and returns to the medial side; (D) Axial plane at C2/3 level showing cervical disc herniation and severe spinal cord com-
pression; (E) Axial plane at C3 level showing a sharp, point-like ossification at the posterior vertebral margin protruding into the spinal canal, 
causing severe spinal cord compression; (F) Transverse image at C4 level showing posterior vertebral ossification but no spinal cord compression.

along the left side of C3 to a depth reaching the posterior verte-
bral margin. The bony floor and posterior cortex within the 
groove were gradually removed using a 1 mm bayonet rongeur 
and ultrasonic bone curette to expose the posterior longitudinal 
ligament. A pre-bent titanium plate was fixed onto the anterior 
surface of C2-C4 with screws. Intraoperative radiography con-
firmed adequate removal of anterior vertebral bone and cor-
rect plate positioning. The right-sided groove of C3 was cre-
ated in the same manner (Figure 3G, 3H).

3.6 Antedisplacement of vertebrae-ossification complex

Tightening of the C3 screws gradually displaced the C3 verte-
bra anteriorly into the titanium plate, increasing the spinal 
canal volume as confirmed by intraoperative radiography. 
After all screws were fully secured, the surgical field was 
flushed repeatedly with saline and carefully inspected for 
hemostasis. A small incision was made adjacent to the groove 
for placement of a negative-pressure drainage tube. The wound 
was closed in layers from the aponeurosis to the platysma and 
subcutaneous tissue, and the skin was finally sealed with 
absorbable sutures. After confirming patency of the negative 
pressure drainage, the wound was covered with a sterile dress-
ing, marking the completion of the procedure (Figure 3D, 3I). 

4 RESULTS

The operation lasted 2.3 hours, with an estimated intraopera-
tive blood loss of about 50 ml. There were no neurological 
deterioration, postoperative hematoma, or other complications, 
and the surgery was completed successfully. Postoperatively, 
numbness in the trunk and hands, as well as limb weakness 
were significantly alleviated. The patient reported no discom-
fort such as headache, dizziness, nausea, cough, or dyspnea. 
Postoperative imaging indicated a reduction in T1 slope (41.4° 
to 25°), an increase in C2-7 sagittal vertical axis (SVA) (4.6 
mm to 22.1 mm), and a decrease in C2-7 Cobb angle (40°  
to 35°). Neurological examination revealed grade 3+ muscle 
strength in upper limbs and grade 5- in lower limbs. Japanese 
Orthopaedic Association (JOA) score increased from 6 (before 
operation) to 10 (after operation) postoperatively, with a neuro-
logical recovery rate of 25.3%.

5 DISCUSSION

Imaging revealed that the patient had only 6 cervical vertebrae. 
The lower cervical spine exhibited normal morphology, where-
as the upper cervical spine demonstrated structural abnormali-
ties. In a normal cervical spine, the vertebral artery originates 
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from the subclavian artery, ascends along the medial edge of 
the anterior scalene muscle, enters transverse foramen at C6, 
and proceeds superiorly to C1. However, MRI of this patient 
showed that the vertebral artery entered the transverse foramen 
at 2 segments above T1, corresponding to the fifth segment in 
this patient’s sixth cervical vertebrae, indicating that this verte-
bra represented the anatomical C6. Additionally, a 16 mm bony 
structure was visible at the front of the foramen magnum, 
bridging the occipital condyles on both sides. These observa-
tions suggest that the loss of cervical vertebra in our patient 
was caused by atlantooccipital fusion. CT images further 
showed that the posterior arch of C2 and C3 resembled the typi-
cal curvature of the atlas and axis, respectively. Notably, the 
odontoid process was absent at C2, and a pseudojoint was pres-

ent between C1 and C2. Taken together, these features indicate 
a rare case of craniocervical malformation with atlantooccipi-
tal fusion and absence of the odontoid process.

5.1 Cervical instability

In a normal spine, each pair of adjacent vertebrae and their 
intervertebral disc, facet joints, and ligaments, form a func-
tional spine unit (FSU). FSUs maintain spinal stability by pro-
ducing coordinated physiological responses to external and 
internal forces. However, abnormal increase in the relative 
displacement of adjacent vertebrae can result in spinal insta-
bility. A biomechanical study by White et al. demonstrated that 
horizontal displacement >3.5 mm or relative rotation >11° 

Figure 2. Three-dimensional CT reconstruction of the cervical spine. (A) Frontal view of the cervical spine showing a normal lower cervical 
spine and loss of odontoid process at C2. The posterior arch of C2 resembled that of the atlas and the vertebra was connected to C1 via a pseudo-
joint. C1 was fused to the occipital bone, forming a 16-mm-high bony structure to the foramen magnum; (B) Lateral view showing six cervical 
spine above T1 and first rib (marked by →); (C) Posterior view of the cervical spine showing that the posterior arches of C2 and C3 resembled 
those of the atlas and axis, respectively, while the lower cervical spine was normal; (D, E) Extension-flexion radiographs of cervical spine reveal-
ing significant misalignment of the posterior margins (solid white lines) of C2 and C3 at the motion segment (horizontal displacement: 7.7 mm; 
angular displacement: 19.6°); (F) Sagittal CT reconstruction of cervical spine showing OPLL extending from the posterior side of C3 and to the 
posterosuperior margin of C4, with a maximum thickness of 5.5 mm, causing 43% canal stenosis; (G) Coronal CT reconstruction of cervical 
spine showing a C1-like bony structure between the occipital condyles, attached to C2 centrally and bilaterally via a pseudojoint; (H) Transverse 
CT image revealing a sharp ossified spur at the posterior aspect of C3 protruding into the spinal canal, causing spinal compression (red circle); 
(I) Transverse CT image at the superior margin of C2 posterior arch showing normal morphology of the C2 lateral masses. The vertebral artery 
traverses the transverse process, courses around the lateral mass, and enters the spinal canal posteriorly. OPLL, ossification of the posterior lon-
gitudinal ligament.
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between adjacent vertebra can serve as diagnostic criteria for 
cervical instability [1].

Physiological neck motions require the coordinated movement 
of all cervical vertebrae. When certain segments lose mobility 
due to congenital or acquired cervical fusion, motion-induced 
stress is redistributed to the remaining mobile vertebrae, result-
ing in increased compensatory movement, mechanical stress, 
and degenerative changes in the adjacent segments. A biome-
chanical study of cervical deformity by Eck et al. showed that 
a reduced number of mobile vertebrae after cervical fusion 
significantly increases compensatory motion and accelerates 
degeneration of adjacent segments [2]. Similarly, Pizzutillo et 
al. reported that fused segments in patients with Klippel-Feil 
syndrome can lead to kinematic changes and heightened degen-
eration of adjacent segments [3]. Furthermore, Koyanagi, et al. 
observed that in patients with continuous OPLL, CDH, cervical 
instability and injury often occur adjacent to vertebrae immo-
bilized by OPLL [4].

For patients with atlantooccipital fusion, the loss of normal 
joint structure and function result in the loss of joint movement, 

often increasing compensatory activity of the atlantoaxial joint 
and predisposing to atlantoaxial instability [5]. In our case, the 
patient also had an absence of odontoid process, which further 
impaired normal atlantoaxial joint functions, while the pres-
ence of a pseudojoint at C1/2 not only reduced motion at this 
level but also increased the mechanical load and compensatory 
activity in the lower cervical spine. Furthermore, the presence 
of OPLL at C3 and C4 “fused and fixed” these vertebrae, result-
ing in reduced C3/4 mobility. We speculated that the increased 
compensatory activity at C2/3 was an important contributor to 
the degenerative changes and instability of C2/3. Moreover, 
persistent cervical instability was also a major cause of exacer-
bated OPLL [6].

5.2 Posterior approach

In occipitocervical malformations, such as odontoid process 
malformation with atlantooccipital fusion and skull base 
depression, spinal compression is typically caused by posterior 
bony structures. Occipitocervical fusion combined with C1 
posterior arch resection is a common surgical treatment for 
such cases, providing effective decompression and restoration 

Figure 3. Schematics of the ACAF procedures. (A) Spinal cord compression caused by the herniated C2/3 disc and C3-C4 OPLL; (B) C2/3 
and C3/4 disectomy with anterior osteotomy of C3; (C) Cages were implanted at C2/3 and C3/4, with C2-C4 fixation using a titanium plate; (D) 
Antedisplacement of the vertebra-ossification complex; (E, F) Spinal cord compression from a triangular ossification at the posterior aspect of C3; 
(G, H) Bilateral grooves created in C3 following plate fixation; (I) C3 pedicle screws were tightened to achieve antedisplacement. ACAF, anterior 
controllable antedisplacement and fusion. OPLL, ossification of the posterior longitudinal ligament.
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of cervical stability with satisfactory long-term outcomes [7]. 
In this patient, although the craniocervical malformation was 
caused by atlantooccipital fusion and absence of the odontoid 
process, the spinal cord compression was primarily anterior, 
caused by the herniated C2/3 disc and C3-C4 OPLL. Therefore, 
treatment for this patient should focus on expanding the cer-
vical canal and relieving spinal compression caused by CDH 
and OPLL, as well as reestablishing cervical stability and pre-
serving mobility in unaffected vertebrae as much as possible.

Posterior expansive laminoplasty is currently the primary sur-
gical approach with clinically proven efficacy for the treatment 
of cervical OPLL. By utilizing the physiologic lordosis of the 
cervical spine and the “bowstring effect” of the spinal cord, this 
approach can achieve indirect decompression through dorsal 
shifting of the spinal cord. It also, expansive laminoplasty alone 
can also largely retain the posterior structures of the cervical 
spine and its motor functions [8]. However, long-term follow-
up of cases with preoperative cervical instability has shown 
that the lack of immediate stabilization after expansive lamino-
plasty can result in postoperative kyphosis, OPLL progression, 
and reclosure of laminar doors, potentially causing recurrent 
neurological symptoms [9]. Persistent postoperative cervical 
instability can further exacerbate these symptoms [10]. Pre- 
vious studies have reported that in 50%–70% of patients under-
going posterior expansive laminoplasty, ossification continues 
to thicken and elongate at an average rate of 0.3 mm/year and 1 
mm/year, respectively. Over 10% of these patients experience 
recurrence or exacerbation of neurological symptoms [6].

Internal fixation using a screw/rod system can provide superior 
short-term outcomes for OPLL patients with cervical instabili-
ty, as it effectively restores cervical lordosis, increases internal 
fixation strength, and provides immediate postoperative stabil-
ity. In particular, the posterior pedicle screw fixation achieves 
strong three-column stability by inserting pedicle screws from 
the posterior approach into the anterior column of the cervical 
spine. The perpendicular orientation of paired pedicle screws 
restricts motion in all planes, thereby restoring stability in 
patients with cervical instability [11]. However, the posterior 
approach requires the patient to be in a prone position with the 
neck flexed, and lateral mass or pedicle screw fixation alone 
provides only limited correction of cervical lordosis [12]. 
Moreover, in this patient, the posterior decompression alone 
could not relieve the anterior compression from the herniated 
C2/3 disc, leaving residual cord compression and compromis-
ing surgical efficacy.

Although the posterior approach is technically straightforward 
and relatively safe, it is associated with common complications, 
including C5 nerve root palsy and axial neck/shoulder pain. 
The incidence of C5 nerve root palsy in cervical OPLL surgery 
averages 8.3% (3.2%–28.6%), although its pathogenesis is 
largely unclear [13]. Proposed causes include nerve root stretch-
ing dur to dorsal spine cord shift and adhesion between the 

nerve root and ossification [14, 15]. Axial pain is another com-
mon complication, with debated etiology. Hosono et al. believed 
that it is caused by secondary compression between adjacent 
laminae and the bulging dura mater following posterior shift-
mediated spinal decompression, and that expansion of the 
decompression range may reduce this risk [16]. 

In patients with cervical instability, achieving sufficient 
decompression often requires posterior laminectomy up to C2 
and removal of muscles attached to the C2 spinous process. 
However, postoperative absence of muscle attachment on C2 
can impair the maintenance of cervical lordosis, increasing the 
risk of postoperative kyphosis and OPLL progression. As a 
result, the presence of preoperative cervical instability, these 
factors may negatively impact the long-term efficacy of this 
surgical approach [17].

5.3 Anterior approach

Anterior cervical corpectomy and fusion (ACCF) is an effec-
tive surgical approach for directly alleviating spinal compres-
sion in OPLL patients. This procedure not only achieves com-
plete decompression via direct resection of the ossified liga-
ment but also restores cervical lordosis by increasing interver-
tebral height during anterior distraction. ACCF also removes 
herniated disc tissues during vertebral and ossification resec-
tion, making it particularly suitable for OPLL patients with 
CDH. ACCF provides a good biomechanical environment for 
the recovery of neurological functions, and hence its neuro-
logical improvement rate is superior to that of the posterior 
approach [18].

However, ACCF is technically more challenging and carries 
higher surgical risk than the posterior approach. It is generally 
not recommended for patients with severe involving more than 
three vertebrae, occupying >50% of the spinal canal, or with 
ossification thickness >5 mm [19]. Although improvements in 
surgical techniques and equipment have made anterior approach 
a possible option for severe OPLL patients, multilevel vertebral 
resection increases surgical trauma, reconstruction difficulty, 
and the risks of graft displacement, nonunion, and vertebral 
collapse [20]. Biomechanical studies have shown that the verte-
bral and intervertebral discs bear most of the axial load, while 
approximately 30% is born by small posterior joints. Therefore, 
corpectomy by ACCF inevitably reduces vertebral stability 
[21]. In particular, ACCF involving more than two vertebrae 
substantially increases the risks of steel plate and screw loos-
ening and pseudarthrosis formation. A 31-month follow-up of 
post-ACCF patients revealed that the failure rate of internal 
fixation was 6% for two-segment fixation but rose sharply to 
71% for three-segment fixation [22]. Our patient had C2/3 
instability, CDH, and C3-C4 OPLL. If ACCF was performed 
with C3 resection, the preoperative instability would likely lead 
to postoperative stress concentration, pseudarthrosis forma-
tion, and fixation failure. More importantly, preoperative insta-
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bility is a recognized risk factor for accelerated post-ACCF 
degeneration of adjacent segments [23]. 

Despite improvements in surgical techniques and instrumenta-
tion, anterior approaches such as ACCF remain high-risk pro-
cedures with a relatively high complication rate. Cerebrospinal 
fluid (CSF) leakage is a common surgical complication of 
ACCF, most often resulting from dural mater tearing during 
separation of the dura mater from an adherent posterior longi-
tudinal ligament [24]. In severe OPLL, dural ossification may 
be present, and resection of the ossified mass via ACCF can 
cause substantial dural injury, leading to sustained postopera-
tive CSF leakage and impaired recovery [25]. Our patient had 
OPLL and upper cervical malformation with an ossification 
thickness of 4.6 mm and a sagittal canal diameter of 3 mm at 
the most affected segments. Since the anterior approach is more 
technically challenging, the risk of intraoperative dural or spi-
nal cord injury—potentially resulting in CSF leak or even para-
plegia—would be markedly elevated. 

5.4 Combined anterior and posterior approach

Based on the conditions of our patient, a combined anterior-
posterior approach could theoretically provide ideal spinal 
decompression. Specifically, posterior expansive laminoplasty 
can first be performed to expand the volume of the cervical 
spinal canal, allowing greater dorsal shift of the spinal cord and 
indirect reduction of anterior compression from ossification. 
As the spinal cord shifts towards the back, the increased ante-
rior space of the cervical spine provides more operating space 
for anterior corpectomy and reduces the risk of intraoperative 
complications. The anterior approach can then be performed to 
completely remove residual compression caused by OPLL and 
CDH, while anterior bone graft fusion restores cervical stabil-
ity and prevents instability resulting from posterior column 
compromise [26]. The major advantage of this combined app- 
roach is the ability to achieve complete decompression while 
minimizing the risk of surgical complication [27]. However, 
this procedure is lengthy, highly invasive, and associated with 
substantial intraoperative blood loss. Prolonged manipulation 
of the spinal cord may also introduce additional neurological 
risks. In addition, this approach requires good patient toler-
ance, and in some cases, staged surgery may be necessary [28].

5.5 ACAF

ACAF is a surgical technique that directly expands the spinal 
canal by anteriorly displacing the vertebra-ossification-dura 
mater complex. This forward shift restores the spinal canal vol-
ume, relieves compression on the spinal cord and nerve roots, 
and re-establish the normal vertebral structure and natural 
physiological environment for nerve tissues. ACAF combines 
the direct, complete decompression and safety features of the 
traditional anterior and posterior approaches.

In terms of postoperative stability, ACAF involves bilateral iso-
lation and en bloc anterior displacement of the OPLL complex 
following anterior cervical disectomy and fusion (ACDF). 
Although this inevitably compromises the stability of the ante-
rior and middle cervical columns, biomechanical studies have 
indicated that immediate postoperative stability with ACAF is 
superior to ACCF, even though both employ anterior plate and 
screw fixation [29]. This advantage is especially apparent in 
cases with multilevel segments and may be attributable to the 
fact that ACAF achieves decompression without resection of 
OPLL complex, thereby preserving more structural integrity. 

For OPLL patients with cervical instability, ACAF is better 
than ACCF in preventing instability exacerbation and reestab-
lishing cervical stability. In the present case, plate fixation at 
C2-4 partially restricted cervical spine activity but effectively 
eliminated instability-induced degeneration. Postoperative im- 
aging confirmed secure internal fixation and complete resolu-
tion of cervical instability (Figure 4). 

In terms of decompression efficacy, en bloc isolation and ante-
rior displacement of the involved segments following ACDF 
can directly relieve compression caused by CDH, allowing 
ACAF to achieve direct and complete spinal decompression. In 
this case, he procedure effectively resolved compression from 
C2/3 CDH. In addition, the width of bilateral osteotomies and 
intervertebral space for decompression in ACAF can be up to 
18–22 mm - wider than the spinal cord and the conventional 
14–16 mm in ACCF - and can extend to the medial margins of 
the nerve root exits. This allows simultaneous decompression 
of the spinal cord and nerve roots. Imaging examination of our 
patient showed a sagittal canal diameter of 14.9 mm at the C3, 
indicating complete spinal decompression. 

Given that ACAF is a direct anterior decompression approach 
that does not require dorsal shift of the spinal cord, it effectively 
avoids postoperative C5 nerve root palsy and axial neck/shoul-
der pain, which are common in the posterior approach. The 
advantage of ACAF over traditional anterior approaches is that 
it does not require separation of the posterior longitudinal liga-
ment from the dura mater; instead, the entire ossification com-
plex is directly lifted anteriorly through the “safe grooves” cre-
ated by bilateral osteotomies. In the event of a CSF leakage, 
these grooves can be sealed with autologous fascial tissues or 
artificial dura mater. This procedure is simple and effective as 
the entire vertebra-ossification complex is handled en bloc [30]. 
At 3-month follow-up, the patient demonstrated satisfactory 
recovery of neurologic functions without the complications 
such as nerve root palsy and axial pain. 

Despite ACAF being a direct anterior decompression proce-
dure, its operative field is close to the Luschka’s joints lateral 
to the spinal cord, and the absence of direct ossification resec-
tion reduces the risk of intraoperative spinal cord injury. 
Osteotomies during ACAF are performed using an ultrasonic 
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and eliminating a major driver of ossification progression. 
Compared with traditional ACCF and laminoplasty, ACAF 
offers a superior balance between decompression efficacy and 
surgical safety.

6 CONCLUSION

Anterior controllable antedisplacement and fusion (ACAF) 
represents an innovative surgical approach that combines the 
direct decompression efficacy of anterior approach with the 
safety advantages of posterior indirect decompression. It offers 
favorable biomechanical attributes, the potential for complete 
decompression, and a relatively low incidence of surgical com-
plications. As such, ACAF may serve as a valuable treatment 
alternative for patients with ossification of the posterior longi-
tudinal ligament (OPLL) accompanied by cervical instability. 
Nevertheless, additional research and clinical experience are 
needed to fully establish its long - term efficacy and optimal 
applications.
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bone curette or high-speed drill, both of which provide certain 
hemostatic effects during bone cutting. Bone wax can also be 
applied if increased bone bleeding is observed. In the present 
case, ultrasonic bone curette-assisted osteotomy was used to 
make the grooves, with a total operative time of 2.3 hours, esti-
mated blood loss of about 50 ml, and no postoperative hema-
toma or worsening of neurologic functions.

ACAF is an emerging surgical technique that integrates the 
direct, complete decompression from traditional anterior 
approaches with the safety profile of posterior approaches. 
Although further clinical studies are needed to validate its 
long-term efficacy and safety, its favorable biomechanical 
properties, complete decompression, and low risk of surgical 
complications make ACAF a promising treatment for OPLL 
with cervical instability.

Cervical instability may play a pivotal role in the pathogenesis 
of spinal degeneration and related symptoms. In this case, the 
herniated C2/3 disc and C3-C4 OPLL were the direct cause of 
nerve compression, likely secondary to biomechanical altera-
tions from atlanto-occipital fusion and atlantoaxial instability, 
with stress transmission along the cervical spine [31]. Cervical 
spine instability is also recognized as an important cause of 
ligament ossification, and thus, “only-fixation” strategies with-
out decompression have been reported to yeild good results in 
selected OPLL patients [32, 33]. In this case, ACAF achieved 
direct anterior decompression without removing the ossifica-
tion, while restoring the stability at the compressed segments 

Figure 4. Post-ACAF images. (A) Postoperative x-ray showing good internal fixation and realignment; (B) MRI revealing increased spinal ca-
nal diameter at C3-C4 and resolution of spinal compression; (C) Transverse image at the C2/3 level showing absence of spinal compression; (D) 
Transverse image at the C3 level showing a sagittal canal diameter of 14.9 mm; (E) Sagittal CT reconstruction confirming stable internal fixation 
and appropriate bone graft placement. The sagittal canal diameters at C2, C3, and C4 were 13.0 mm, 15.0 mm and 8.2 mm, respectively. ACAF, 
anterior controllable antedisplacement and fusion.
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