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Objectives: To compare the clinical outcomes of anterior controllable antedisplacement fusion (ACAF), a new surgical
technique, with laminoplasty for the treatment of multilevel severe cervical ossification of the posterior longitudinal lig-
ament (OPLL) based on a 2-year follow-up.

Methods: Clinical data of 53 patients (21 by ACAF and 32 by laminoplasty) who have accepted surgery for treatment of
cervical myelopathy caused by multilevel severe OPLL (occupying rate ≥ 50%) from March 2015 to March 2017 were ret-
rospectively reviewed and compared between ACAF group and laminoplasty group. Operative time, blood loss, and com-
plications of the two groups were recorded. Radiographic parameters were evaluated pre- and postoperatively: cervical
lordosis on X-ray, space available for the cord (SAC) and the occupying ratio (OR) on computed tomography (CT), and the
anteroposterior (AP) diameter of the spinal cord at the narrowest level and the spinal cord curvature on magnetic reso-
nance imaging (MRI). Japanese Orthopaedic Association (JOA) scoring was used to evaluate neurologic recovery. Statisti-
cal analysis was conducted to analyze the differences between two groups. The Mann–Whitney U test and chi square
test were used to compare categorical variables. unpaired t test was used to compare continuous data.

Results: All patients were followed up for at least 24 months. The operative time was longer in ACAF group (286.5 vs
178.2 min, P < 0.05). The blood loss showed no significant difference (291.6 vs 318.3 mL, P > 0.05). Less complications
were observed in ACAF group than in laminoplasty group (one case [4.7%] of C5 palsy and one case [4.7%] of cerebrospinal
fluid [CSF] leakage in ACAF group; four cases [12.5%] of C5 palsy, two cases [6.3%] of CSF leakage, and four cases
[12.5%] of axial symptoms in laminoplasty group). The mean JOA score at last follow-up (14.6 vs 12.8, P < 0.05) and the
improvement rate (IR) (63.8% vs 47.8%, P < 0.05) in ACAF group were superior to those in laminoplasty group significantly.
The postoperative OR (16.7% vs 40.9%, P < 0.05), SAC (150.8 vs 110.5 mm2, P < 0.05), AP spinal cord diameter (5.5 vs
4.2 mm, P < 0.05), and cervical lordosis (12.7� vs 4.7�, P < 0.05) were improved more considerably in ACAF group, with
significant differences between two groups. Notably, the spinal cord on MRI showed a better curvature in ACAF group.

Conclusions: This study showed that ACAF is considered superior to laminoplasty for the treatment of multilevel
severe OPLL as anterior direct decompression and better curvature of the spinal cord led to satisfactory neurologic
outcomes and low complication rate.
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Introduction

Ossification of the posterior longitudinal ligament
(OPLL) is a hyperostotic condition that results in

ectopic calcification of the posterior longitudinal ligament
and commonly occurs in the Asian population1,2. Patients
with OPLL usually develop into various degrees of neurologi-
cal symptoms, and surgical treatment is recommended for
those with severe neurological dysfunction and intolerable
symptoms. The primary surgical strategies include anterior
and posterior approaches; however, some controversies still
remain about the optimal surgical method, especially when
dealing with multilevel severe OPLL.

Anterior approach surgery mainly refers to anterior
cervical corpectomy and fusion (ACCF) or anterior decom-
pression and fusion (ADF) with floating method, which can
directly decompress the spinal cord and achieve satisfied out-
comes. However, this procedure is technically demanding
and associated with many complications such as cerebrospi-
nal fluid (CSF) leakage, hardware failure and neural injury.
Especially, when it comes to multilevel or severe OPLL, ante-
rior procedure becomes riskier, and the use of long titanium
mesh can significantly increase the risk of internal fixation
failure. In this situation, the posterior procedure becomes an
alternative.3,4 Laminoplasty, one of the widely used posterior
procedure, has been reported effective and safe when dealing
with multilevel OPLL. However, the clinical outcomes of
laminoplasty are not satisfactory for cases with K-line nega-
tive or occupying ratio (OR) more than 60%5. For severe
multilevel OPLL, the posterior approach has the problems of
insufficient decompression and limited neural functional
recovery, and the anterior approach also confronts the risky
operation during decompression and the difficulties of cervi-
cal reconstruction. Therefore, sometimes it is necessary to
resort to the complex, traumatic, and expensive anterior–
posterior procedure. Driven by the increasing demand for
curative effect, the operation method is constantly develop-
ing and innovating.

Previously, we reported a novel technique named ante-
rior controllable antedisplacement and fusion (ACAF) sur-
gery that can achieve anterior direct decompression without
resecting ossification. By inheriting the advantages of classi-
cal anterior approach and under the support of the develop-
ing internal fixation techniques and surgical instruments,
ACAF has been reported effective for multilevel severe
OPLL6. Theoretically, the decompression process of ACAF
does not involve the operation of surgical instruments inside
the spinal canal, which avoids the mechanical pressure on
spinal cord caused by the space-occupying effect of surgical
instruments, so as to achieve a safe decompression. The pur-
pose of this study was: (i) to further evaluate and compare
the clinical outcomes and complications of ACAF and
laminoplasty for the treatment of severe multilevel OPLL
based on a 2-year follow-up; (ii) to discuss the technical
details of ACAF about how to avoid CSF leakage and C5

palsy; and (iii) to provide references for operational option
for the treatment of severe multilevel OPLL.

Materials and Methods

Inclusion and Exclusion
Inclusion criteria: (i) diagnosed with OPLL by X-ray and
computed tomography (CT) and accepted surgery of ACAF
or laminoplasty; (ii) ossified mass extended three or more
levels; and (iii) ossified mass occupied more than 50% diam-
eter of the spinal canal. Exclusion criteria: (i) patients with
myelopathy caused by other diseases such as disc herniation
or ossification of the ligamentum flavum; (ii) history of
injury; (iii) history of previous cervical spine surgery; and
(iv) patients with cervical kyphosis.

Clinical data of 53 patients treated for cervical myelopathy
caused by multilevel severe OPLL from March 2015 to March
2017 were retrospectively reviewed. Among them, 21 patients
(13 males, eight females; mean age 60.7 � 7.2 years [range,
45–78 years]) underwent ACAF surgery. Laminoplasty was per-
formed on 32 patients (17 males, 15 females; mean age
57.6 � 6.3 years [range, 42–73 years]). The best indications of
ACAF and laminoplasty still require more argumentations. After
surgical details, expected benefits, potential risks and complications
of ACAF and laminoplasty were clearly explained to each patient,
the operational method was determined based on experience of
surgeons and wishes of patients. The patients’ physical condition,
condition of cervical stability, and severity of disc herniation are all
taken into consideration. Considering the seemingly adverse effects
of poor cervical curvature on posterior surgery, patients with pre-
operative cervical kyphosis were excluded from this study. In prac-
tical work, for OPLL patients with cervical kyphosis, we used
ACAF technology for treatment. The ethical review board of
Shanghai Second Military Medical University granted approval to
conduct our study. All research was performed in accordance with
relevant guidelines of the ethical review board of our institution.
Informed consent was obtained from all participants.

Operative Procedures
In the ACAF group, procedures were performed as described
by Sun et al.6 (Figs 1 and 2).

Anesthesia and exposure
After general anesthesia, supine position was taken, cervical
oblique incision was made at the anterior right side to expose
deep structures.

Fabrication of vertebral-OPLL complex (VOC)
Discectomies were performed in involved levels. Then anterior
parts of the vertebrae were cut according to the thickness of
ossified ligament. According to the expected decompression
width, a groove was created by a high-speed drill on the ante-
rior surface of vertebra at the left side.

Placement of cages, screws, and plate
Suitable cages were placed into intervertebral spaces, and a
pre-curved plated was fixed by screws to the caudal and
cephalad vertebrae. Screws was inserted halfway for the tem-
porary fixation on the middle vertebrae.
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Isolation of VOC
Grooving was performed on the right side of the vertebrae to
isolate the vertebrae and ossified ligament.

Hoist of VOC
The middle vertebrae and ossified mass were hoisted forward
by tightening the screws mounted on the middle vertebrae.
Finally, the incision was flushed, hemostasis and drainage
were performed, and suture was finished layer by layer.

Postoperative management
The patients were ambulated after 2 postoperative days and
fixed externally using a halo vest for 3 months.

Before operation, the thickness of ossification should
be measured according to CT images, and the thickness of
the bone to be removed in front of the vertebrae should be
determined accordingly. At the same time, the width of ossi-
fication is of guiding significance for the width of grooving.
Only when the width of grooving is larger than the width of
ossification can the hoist be completed successfully.

In the laminoplasty group, surgery was performed as
described by Hirabayashi et al.7. After determining surgical
level, bony gutters with thin bottoms were drilled bilaterally at
the border of the exposed laminae with a high-speed drill. After
the excision on dominant side was completed, the spinous pro-
cesses and laminae are pushed laterally towards the other side.
The lateral mass and lamina of the dominant side were fixed
with mini plate. The patients were ambulated after two postop-
erative days and fixed externally using a collar for 3 months.

Clinical Evaluation
All patients were followed up for at least 24 months.
Japanese Orthopaedic Association (JOA) score. According to
JOA score, the function of cervical spinal cord was scored
from three aspects of motor, sensory, and bladder dysfunc-
tion. The highest score was 17 points, which was regarded as
normal. JOA was used to evaluated neurologic status before
and after the surgery.

Improvement rate (IR). IR was calculated as IR = (post-
operative JOA score – preoperative JOA score/17-preopera-
tive JOA score)/100%. IR can reflect the improvement of the
function of cervical spinal cord before and after treatment.
IR can also correspond to efficacy: IR of 100% is considered
as complete cure, more than 60% indicates marked effect,
25%–60% means effective treatment, and less than 25% is
regarded as invalid treatment.

Complications were also recorded for the two groups.

Radiological Evaluation
Pre- and postoperative plain radiographs, CT scans, and mag-
netic resonance images (MRIs) were obtained in all patients.
All radiologic images were reviewed on a single day and again
2 weeks later, in a different sequence, by two independent spine
surgeons who were blinded to the patients, using a single pic-
ture archiving and communications system viewer and imaging
software. To obtain reliable data and reduce errors, the average
of at least three measurements was taken for each result.

Parameters were evaluated as follows (Fig. 3):

A B C

D E F

Fig. 1 Schematic diagram for ACAF

surgery. (A) the ossification of

posterior longitudinal ligament at C4–

C6; (B) resection of C3/4, C4/5, C5/6,

and C6/7 intervertebral discs and

remove the anterior bone of C4–C6

vertebrae; (C) grooving at the

operator’s opposite side, partially

grooving at the operator’s side;

(D) installing cages, screws, and

titanium plate and complete grooving

at the operator’s side; (E) sagittal

view after installing internal fixation;

(F) hoisting C4–C6 vertebrae.
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Occupying ratio (OR)
OR was defined as the thickness of OPLL divided by the
anteroposterior (AP) diameter of the bony spinal canal on
an axial CT image.

Cervical lordosis
Cervical lordosis was measured as the angle between lines
parallel to the posterior aspect of the C2 and C7 vertebral
body on lateral X-ray.

Space available for the cord (SAC)
SAC was calculated on cross-sectional MRI images in the
midline.

Anteroposterior diameter of the spinal cord
AP diameter of the spinal cord was also calculated on cross-
sectional MRI images in the midline.

Spinal cord curvature
Spinal cord curvature was obtained via connecting midpoints
of the spinal cord at each level from C2 to C7 on the sagittal
MRI after operation8.

Extent and type of OPLL was also investigated on an
axial CT image. Fusion was determined by CT at 1-year
follow-up. CT criteria for fusion includes bridging bone
inside or outside the graft and no lucency extending >50% of
the graft-host interface. Flexion and extension views of lat-
eral plain X-ray were performed to ensure no
pseudoarthrosis exists.

Statistical Analysis
Data were presented as mean � standard deviation. Statisti-
cal analyses were performed using SPSS 12.0 (SPSS Inc., Chi-
cago, IL, USA). The Mann–Whitney U test and chi square
test were used to compare categorical variables including

A B C D

E F G H

Fig. 2 ACAF surgery. (A, G) Preoperative CT and MRI sagittal scan demonstrated spinal stenosis from C3 to C5, and severe OPLL from C4 to C5. The red

dash line square showed the vertebral-OPLL complex (VOC) levels. (B) The red dash line square showed the cut part of the anterior bone with the thickness

according to ossified ligament. (C) Postoperative CT coronal reconstruction demonstrated the bilateral osteotomies conducted at the inner border of

uncovertebral joints. (D) The red dash line square showed the cut part of the anterior bone with the thickness according to ossified ligament. And the red line

indicated the position of grooves on both sides. (E) The red arrows showed the position of grooves on both sides. After tightening the screw in the middle

vertebrae in a hoisting manner, the VOC moved forward. Then the space available for the cord were restored. (F-H) Postoperative CT and MRI sagittal scan

demonstrated satisfactory antedisplacement of VOC from C4 to C5. Cervical lordosis and space available for the cord were restored.
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gender, extent levels of OPLL, classification of OPLL, com-
plication, spinal cord curvature. Unpaired t test was used to
compare continuous data including age, symptom duration,
follow-up duration, operative time, blood loss, JOA score, IR,

OR, SAC, AP diameter of spinal cord, cervical lordosis. The
significance level was set at P < 0.05.

Results

General Results
There were no significant differences in comparison of sex
(13 males and eight females vs 17 males and 15 females), age
(60.7 � 7.2 years vs 57.6 � 6.3 years), duration of symptoms
(38.2 � 10.4 months vs 35.7 � 9.5 months), and type and
extent of OPLL between ACAF and laminoplasty groups
(Table 1). Operative time was higher in ACAF group
(286.5 � 25.3 min vs 178.2 � 41.1 min, P < 0.05), but no sig-
nificant difference was found between groups in terms of
blood loss (291.6 � 41.1 mL vs 318.3 � 30.5 mL, P > 0.05).
The clinical and radiologic results of ACAF and laminoplasty
were compared as follows.

Clinical Outcomes
JOA score and IR Preoperative JOA score was comparable
(8.5 � 1.6 vs 9.1 � 2.5, P > 0.05). At the final follow-up,
mean JOA scores improved significantly in both groups
(8.5 � 1.6 vs 14.6 � 2.1 in ACAF group, 9.1 � 2.5 vs
12.8 � 2.7 in laminoplasty group, P < 0.05both). Further-
more, the postoperative JOA scores (14.6 � 2.1 vs
12.8 � 2.7, P < 0.05) and IR (63.8 � 12.1 vs 47.8 � 26.4,

A1 A2

C1 C2

B1 B2

D1 D2

Fig. 3 Radiological measurements for both groups. (A) the occupation rate (OR), (a) proper anteroposterior diameter of the spinal canal,

(b) thickness of the ossification at the level of the greatest canal narrowing. The OR is defined as (b) divided by (a). (B) space available for the cord

(SAC). (C) anteroposterior (AP) diameter of the spinal cord. (D) cervical lordosis. Left, ACAF group (A1, B1, C1, and D1, respectively); right,

Laminoplasty group (A2, B2, C2, and D2, respectively).

TABLE 1 Patient Demographics in ACAF and laminoplasty
groups

ACAF Laminoplasty P value

Age 60.7 � 7.2 57.6 � 6.3 >0.05
Gender >0.05
Male 13 17
Female 8 15

Symptom duration, months 38.2 � 10.4 35.7 � 9.5 >0.05
Follow-up, months 26.7 � 1.6 28.5 � 2.3 >0.05
Extent levels of OPLL >0.05
C3-C5 6 5
C3-C6 8 11
C4-C6 5 7
C4-C7 2 9

Classification of OPLL >0.05
Continuous type 8 13
Segmental type 3 3
Mixed type 10 16

Data are expressed as the mean � standard deviation. ACAF refers to
anterior controllable antedisplacement and fusion.; * P < 0.05, statisti-
cally significant.

478
ORTHOPAEDIC SURGERY

VOLUME 13 • NUMBER 2 • APRIL, 2021
ACAF VS LAMINOPLASTY FOR OPLL



P < 0.05) in ACAF group were greater than those in
laminoplasty group (Table 2).

Radiographic Outcomes
OR and SAC. Postoperatively, mean OR (68.7 � 4.9 vs
16.7 � 5.9 in ACAF group, 62.9 � 6.2 vs 40.9 � 6.2 in
laminoplasty group, P < 0.05 both) and SAC
(73.3 � 12.5 mm2 vs 150.8 � 20.9 mm2 in ACAF group,
77.6 � 10.5 mm2 vs 110.5 � 23.2 mm2 in laminoplasty
group, P < 0.05 both) improved significantly in both groups.
However, postoperative OR (16.7 � 5.9 vs 40.9 � 6.2,
P < 0.05) and SAC (150.8 � 20.9 mm2 vs 110.5 � 23.2 mm2,
P < 0.05) were both significantly better in ACAF group than
those in laminoplasty group (P < 0.05).

AP diameter of the spinal cord. The postoperative AP
diameter of the spinal cord on cross-sectional MRI was

significantly greater in ACAF group than that in laminoplasty
group (5.5 � 1.1 mm vs 4.2 � 1.1 mm, P < 0.05).

Cervical lordosis. At the final follow-up, the cervical
lordosis significantly decreased in the laminoplasty group
(8.2� � 2.1� vs 4.7� � 3.2�, P < 0.05) and increased in the
ACAF group (6.9� � 4.2� vs 12.7� � 2.7�, P < 0.05). Further-
more, the cervical lordosis in ACAF group was significantly
greater than that in laminoplasty group (12.7� � 2.7� vs
4.7� � 3.2�, P < 0.05).

Spinal cord curvature. On sagittal MRI, the postopera-
tive spinal cord curvature was classified into five types:
type I, lordosis; type II, straight with no shifting; type III,
straight with shifting; type IV, sigmoid; and type V, kypho-
sis8 (Fig. 4). The spinal cord curvature was significantly bet-
ter in ACAF group than that in laminoplasty group
(P < 0.05) (Table 3).

Complication
The overall complication rate was significantly lower in the
ACAF group (P < 0.05). Complications after laminoplasty
included C5 palsy in four cases, axial symptoms in four
cases, and CSF leakage in one case, whereas complication
after ACAF included C5 palsy in one case, and CSF leakage
in one case. C5 palsy developed at 6 to 48 h postoperatively,
and all recovered with conservative treatment. Administra-
tion of antibiotics and local compression of incision were
performed for patients with CSF leakage, and the leakage
stopped within 1 week in all patients. Nonsteroidal anti-
inflammatory drugs were used for the treatment of axial
pain, and all patients were relieved of pain during follow-up.
All the patients achieved solid fusion without pseudarthrosis
at the final follow-up. No patients developed postoperative
hematoma, spinal cord injury, or implant complications
(Table 2).

Case Report
Classical cases were presented as follows.

TABLE 2 Clinical outcomes in ACAF and laminoplasty groups

ACAF Laminoplasty P value

Operative time, min 286.5 � 25.3 178.2 � 41.1 <0.05*
Blood loss, mL 291.6 � 41.1 318.3 � 30.5 >0.05
JOA score
Preoperative 8.5 � 1.6 9.1 � 2.5 >0.05
Last Follow-up 14.6 � 2.1 12.8 � 2.7 <0.05*
IR (%) 63.8 � 12.1 47.8 � 26.4 <0.05*
Complication 2 (9.5%) 10 (31.3%) <0.05*
C5 palsy 1 (4.7%) 4 (12.5%) <0.05*

Postoperative hematoma 0 0
CSF leakage 1 (4.7%) 2 (6.3%) >0.05
Axial symptoms 0 4 (12.5%) <0.05*
Pseudarthrosis 0 0
Spinal cord injury 0 0
Implant complications 0 0

Data are expressed as the mean � standard deviation (range). JOA, Japa-
nese Orthopaedic Association, IR improvement rate, CSF cerebrospinal
fluid. ACAF refers to anterior controllable antedisplacement and fusion.
*P < 0.05, statistically significant.

A B C D E

Fig. 4 Five types of spinal cord curvature after operation. (A) Type I, lordosis. (B) Type II, straight with no shifting. (C) Type III, straight with shifting.

(D) Type IV, sigmoid. (E) Type V, kyphosis.
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As shown in Fig. 5, ACAF was performed from C3 to
C6 in this female patient. Her OR decreased from 73.2% pre-
operatively to 4.5% postoperatively. The cervical lordosis was
corrected from 5� preoperatively to 15� postoperatively. The
spinal cord curvature was good (type I, lordosis) at the final
follow-up. Her JOA scores was 7 preoperatively and 15 post-
operatively, with an IR of 80.0%.

Comparatively, laminoplasty was performed from C4

to C6 in this male patient (Fig. 6). His OR decreased from
70.5% preoperatively to 44.0% postoperatively. The cervical
lordosis was 5� preoperatively and 6� postoperatively. The
spinal cord curvature was unsatisfying (type IV, sigmoid) at
the final follow-up. His JOA scores increased from nine pre-
operatively and 11 postoperatively, with an IR of 25.0%.

Discussion

The optimal approach for the treatment of OPLL remains
controversial. Theoretically, anterior approach surgery is

radical to decompress the spinal cord by directly removing
all of the anterior pathogenic structures such as protruded
discs, osteophyte or ossification lesion9. Actually, thorough
resection of ossified mater requires repeated explorations by
surgical instruments at the OPLL–dura interface, causing dis-
turbances to dura and spinal cord. The procedure is complex
and is associated with a high risk of complications, such as
dural tear, graft extrusion, spinal cord injury. Especially for
patients with multilevel and severe OPLL, anterior approach

TABLE 3 Radiographic outcomes in ACAF and laminoplasty
groups

ACAF Laminoplasty P value

OR, %
Preoperative 68.7 � 4.9 62.9 � 6.2 >0.05
Last Follow-up 16.7 � 5.9 40.9 � 6.2 <0.05*

SAC, mm2
Preoperative 73.3 � 12.5 77.6 � 10.5 >0.05
Last Follow-up 150.8 � 20.9 110.5 � 23.2 <0.05*

Diameter of spinal cord, mm
Preoperative 2.5 � 1.2 2.6 � 2.0 >0.05
Last Follow-up 5.5 � 1.1 4.2 � 1.1 <0.05*

Cervical lordosis, �

Preoperative 6.9 � 4.2 8.2 � 2.1 >0.05
Last Follow-up 12.7 � 2.7 4.7 � 3.2 <0.05*

Spinal cord curvature** <0.05**
Lordosis (type I) 10 9
Straight with no shifting

(type II)
11 8

Straight with shifting
(type III)

0 8

Sigmoid (type IV) 0 4
Kyphosis (type V) 0 3

Data are expressed as the mean � standard deviation (range). OR occupy-
ing ratio, SAC space available for the cord, OPLL ossification of the poste-
rior longitudinal ligament. ACAF refers to anterior controllable
antedisplacement and fusion.; * P < 0.05, (ACAF vs Laminoplasty).
**P < 0.05, (good [lordosis, straight with no shifting] vs bad [straight with
shifting, sigmoid, kyphosis] spinal cord curvature).

A B C D E

F G H I J

Fig. 5 A 55-year-old woman undergoing ACAF. (A) Lateral X-ray showing the cervical lordosis was 5�. (B) sagittal CT of the cervical spine showing spinal

stenosis from C3 to C5, and severe OPLL from C4 to C5. (C) Sagittal MRI showing spinal cord compression from C3 to C5, especially from C4 to C5. (D) Cross-

sectional CT showing the occupying rate of 73.2%. (E) The morphology of the spinal cord on cross-sectional MRI was crescent and diameter of spinal cord was

2.5 mm. (F) Lateral X-ray showing a surgery of ACAF from C3 to C6 and the cervical lordosis was 15�. (G) Sagittal CT and (H) MRI demonstrating the spinal canal

returning to normal volume and sufficient decompression and the type of spinal cord curvature was Type I lordosis. (I) Cross-sectional CT showing the occupying

rate of 4.5%. (J) The morphology of the spinal cord on cross-sectional MRI was cylinder and diameter of spinal cord was 5.8 mm.
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surgery remains a technical challenge10–12. Therefore, poste-
rior approach obtained a more widespread application. Liu
et al. suggested that laminoplasty may be a safer method of
treatment for multilevel cervical myelopathy when the
involved surgical segments were equal to three or more, for
the sake of lower complications and reoperation rates, and
less surgical trauma13,14. However, the posterior strategy only
achieves indirect decompression by limited dorsal shift of
spinal cord. As reported, posterior decompression tends to
be unsatisfactory in OPLL patients with a large OR or
kyphotic changes. Tani reported the neurological recovery
rate of anterior approach was 58% � 24% compared with
13% � 39% of posterior approach for severe OPLL15. Iwasaki
et al. reported that anterior decompression outperformed
laminoplasty for the treatment of OPLL with OR more than
60%16. To combine the advantages and avoid the shortcom-
ings of both approaches, ACAF has been introduced and uti-
lized previously to achieve anterior direct decompression
without removing the OPLL6, and our results indicated that
ACAF achieved better clinical outcomes and lower complica-
tion rates than laminoplasty.

In the present study, mean JOA scores improved signifi-
cantly in both groups. Furthermore, higher JOA score and
greater IR were observed at the final follow-up in ACAF group,
suggesting that the direct decompression may achieve a better
neurological recovery. The clinical outcomes were parallel to
the radiographic evaluation. In ACAF, a wider symmetrical
decompression was achieved to ensure enough space for dural

sac and spinal cord, which contributes to higher AP diameter
of the spinal cord and higher area of SAC.

Laminoplasty does not carry out intervertebral fusion,
and thus retains the mobility of the cervical spine, but at the
same time it cannot correct the unsatisfactory curvature of
the cervical spine. It has been reported that the straight or
kyphotic cervical curvature will lead to a poor effect of
decompression in posterior approach because of insufficient
back drift of spinal cord, and the risk of progressive ossifica-
tion and kyphotic deformity cannot be ignored in long-term
follow-up17,18. K-line has been used to determine the surgical
approach. A series of studies have demonstrated poor clinical
outcomes after laminoplasty in OPLL patients with K-line (−)
and OR > 60%19–21. Like other anterior approaches, in spite
of poor cervical curvature, ACAF can achieve direct decom-
pression and effectively restore the cervical lordosis: the cervi-
cal lordosis increased to 12.7 � 2.7 in this study. Several
surgical techniques were used to correct cervical lordosis in
patients accepting ACAF, including pre-bending of titanium
plate, intervertebral distraction and fusion, and hoisting of
vertebrae. On the contrary, loss of the cervical lordosis has
been observed in patients undergoing laminoplasty in our
research. (cervical lordosis decreased from 8.2 � 2.1to
4.7 � 3.2), which is consistent with previous studies22,23.

C5 palsy has been reported in both anterior and poste-
rior decompression, though it is more common in posterior
procedures24. The incidences range from 14% to 18.4% after
posterior decompression25. Nerve root traction caused by

A B C D E
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Fig. 6 A 57-year-old man undergoing laminoplasty. (A) Lateral X-ray showing the cervical lordosis was 5�. (B) sagittal CT of the cervical spine showing

spinal stenosis from C4 to C6, and severe OPLL from C4 to C5. (C) Sagittal MRI showing spinal cord compression from C4 to C6, especially from C4 to

C5. (D) Cross-sectional CT showing the occupying rate of 70.5%. (E) The morphology of the spinal cord on cross-sectional MRI was boomerang and

diameter of spinal cord was 2.3 mm. (F) Lateral X-ray showing a surgery of laminoplasty from C4 to C6 and the cervical lordosis was 6�. (G) Sagittal
CT and (H) MRI demonstrating partial recovery of spinal canal and the type of spinal cord curvature was Type IV sigmoid. (I) Cross-sectional CT

showing the occupying rate of 44.0%. (J) The morphology of the spinal cord on cross-sectional MRI was crescent and diameter of spinal cord

was 3.6 mm.
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dorsal drift of the spinal cord after posterior decompression
is one of the most widely accepted mechanisms, which is so
called “tethering effect”26,27. Gu analyzed the significant risk
factors of C5 palsy following posterior cervical decompres-
sion, which were: OPLL, narrowed intervertebral foramen,
laminectomy, excessive spinal drift25. Therefore, the compli-
cation of C5 palsy is of great concern for multilevel OPLL
with posterior decompression28–30. In this study, four
patients (12.5%) developed C5 palsy and four patients
(12.5%) had axial symptoms in the laminoplasty group. In
contrast, the incidence in the ACAF group was significantly
lower. During ACAF procedure, hoisting the VOC under
control could avoid excessive drifting and restore natural
position of spinal cord, which achieved “in situ” decompres-
sion8. Meanwhile, remaining integrality of ossified ligament
without resection could further reduce the risk of nerve root
injury during cutting process. This study shows that there is
no significant difference in the incidence of CSF leakage
between the two groups, indicating that ACAF can achieve
similar safety as posterior surgery in the aspect of dural
injury. The OPLL-dura interface was not directly interfered
by either ACAF or laminoplasty, which could refrain from
the possible dural tear during resection of ossification. For
patients existing adhesion between dura and ossification,
dura will move forward together with VOC. At this time, it
is necessary to prevent excessive hoist of the vertebra, other-
wise it will increase the risk of dural tear.

Dynamic factor can also affect clinical outcomes.
Nishida found that intraspinal stress increased when fusion
had not been performed in the treatment of OPLL, which
may result in deterioration of myelopathy5. Geol reported
only fixation without decompression can be a simple, safe,
rational method in the treatment of OPLL31. Therefore, when
treating OPLL, fusion was thought to be a vital factor that can
conquer the postoperative kyphotic change and dynamic fac-
tor10,31. Some reports have indicated that pseudarthrosis rates
were lower following posterior procedures compared with
anterior procedures32,33. As Leven reported, the risk factors of
pseudarthrosis following cervical operation include: patient
factors, multilevel fusions, type of bone graft, operative
approach, and type of instrumentation34. In ACAF procedure,
bilateral osteotomies may decline the blood supplying for
fusion. However, the main blood supply is reserved by reserv-
ing the lateral posterior longitudinal ligament. In addition, a
shape-matched bone graft is implanted in the groove, which
greatly increases the contact area between the implant and the
vertebrae. Postoperatively, halo vest is applied to provide sta-
ble fixation in order to minimize the effects of dynamic fac-
tors. As a result, all the patients had solid fusion, with no
pseudarthrosis in ACAF group.

There are several limitations in this study. First, this is
a retrospective study without randomization. Therefore,
there was a bias in selection of surgical procedure. Second, as
a novel technique, learning curve of surgeons who perform

ACAF may influence postoperative parameters, such as
blood loss and operative time. Third, neurologic status was
evaluated based on the JOA scoring system, which lacks a
patient-based evaluation. Forth, the present study is limited
by a relatively small sample size. Despite these limitations,
our study remains an inspiration, providing evidence that
ACAF can be an alternative surgical procedure for
cervical OPLL.

The patients included in this study were cases suffering
from severe ossification (occupying rate ≥ 50%). The strategy of
anterior direct decompression may be more suitable for such
patients. This partly accounts for why the postoperative JOA
score and IR of ACAF were better than that of laminoplasty in
this study. However, as a classic cervical operation, laminoplasty
has the advantages of high safety and short operative time,
which is the first consideration for patients with good cervical
curvature and K-line positive ossification. How to standardize
the selection criteria of operative method for OPLL is an
important research direction in the future.

Our current study has shown that ACAF is more effec-
tive in treatment of multilevel severe OPLL compared with
laminoplasty. It could provide sufficient decompression, bet-
ter neurological recovery, lower complication rates, and bet-
ter postoperative cervical lordosis and spinal cord curvature.
Based on these results, ACAF is a very promising surgery
strategy for multilevel severe OPLL.
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