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Abstract

Study Design: Retrospective cohort study.

Objectives: Vertebral body sliding osteotomy (VBSO) has previously been reported as a technique to decompress ossification of
the posterior longitudinal ligament (OPLL) by translating the vertebral body anteriorly. This study aimed to evaluate the radi-
ological and clinical efficacies of VBSO and clarify the surgical indications of VBSO for treating myelopathy caused by OPLL.

Methods: Ninety-seven patients with symptomatic OPLL-induced cervical myelopathy treated with VBSO or laminoplasty who
were followed up for more than 2 years were retrospectively reviewed. Cervical alignment, range of motion, fusion, modified
K-line (mK-line) status, and minimum interval between ossified mass and mK-line (INT(min)), and the Japanese Orthopaedic
Association (JOA) score were assessed. Patients in the VBSO group were compared with those who underwent laminoplasty.

Results: Cervical lordosis and INT(min) significantly increased in the VBSO group. All patients in the VBSO group assessed as
mK-line (-) preoperatively were assessed as mK-line (þ) postoperatively. However, in the LMP group, the mK-line status changed
from (þ) preoperatively to (�) postoperatively in 3 patients. Final JOA score (p ¼ 0.02) and JOA score improvement (p ¼ 0.01)
were significantly higher in the VBSO group. JOA recovery ratio (p¼ 0.03) and proportion of patients with a recovery rate�50%
were significantly higher in the VBSO group (p < 0.01).

Conclusions: VBSO is an effective surgical option for OPLL-induced myelopathy, demonstrating favorable neurological recovery
and lordosis restoration with low complication rates. It is best indicated for kyphotic alignment, OPLL with a high space-occupying
ratio, and OPLL involving �3 segments.
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anterior cervical corpectomy and fusion, cervical alignment, K-line, laminoplasty, ossification of posterior longitudinal ligament,
vertebral body sliding osteotomy

Introduction

Ossification of the posterior longitudinal ligament (OPLL) is a

common cause of cervical myelopathy that warrants surgical

management.1 Laminoplasty is a surgical method widely

applied for multi-level cervical OPLL for which favorable clin-

ical outcomes have been reported.2,3 However, laminoplasty

achieves spinal cord decompression through a posterior shift

of the cord, which makes it a poor option for patients with

cervical kyphosis and significant compression due to a high

OPLL canal-occupying ratio.4
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For multi-level OPLL patients with kyphotic alignment,

anterior cervical corpectomy and fusion (ACCF) is superior

to laminoplasty.5 ACCF directly decompresses the spinal cord

by removing the OPLL mass, and its success is independent of

cervical alignment.6 However, ACCF for OPLL is demanding

and requires perioperative management of troublesome com-

plications, including cerebrospinal leaks and graft-related

complications.7 The authors of this study previously reported

a novel technique, vertebral body sliding osteotomy (VBSO),

as a replacement for ACCF in the treatment of OPLL myelo-

pathy.8-11 In VBSO, the vertebral body is translated anteriorly

to widen the spinal canal, minimizing the need for direct

removal of the ossified mass.8-10 It has fewer complications

as it minimizes direct separation of OPLL from the dura

and has better ability to restore cervical lordosis than

ACCF.8-10

Previous studies have reported the safety and efficacy of

VBSO. Although the clinical significance and indications of

ACCF and laminoplasty have been reported, the significance of

VBSO as a surgical strategy to manage OPLL and its indica-

tions have not been thoroughly discussed.5,12-17 Therefore, in

this study, we aimed to clarify the clinical significance and

establish the indications of VBSO for the treatment of OPLL-

induced cervical myelopathy by demonstrating clinical and

radiographic results.

Methods

Patient Characteristics and Study Design

In total, 118 patients who underwent VBSO or laminoplasty for

multi-level OPLL between January 2012 and November 2017

were retrospectively reviewed. Patients who met the following

criteria were excluded: underwent surgery for degenerative

cervical myelopathy; treated with other surgical procedures

such as laminectomy and fusion, or combined anterior/poster-

ior surgery; underwent a revision operation; and followed up

for less than 24 months. The study was approved by the insti-

tutional review board of our institute. The requirement for

informed consent was waived owing to the retrospective nature

of this study.

The surgical method was selected based on the number of

OPLL-affected segments, cervical alignment, and modified

K-line (mK-line) state (Figure 1).5,18-20 VBSO was indicated

in the following cases: �3 involved segments, kyphotic align-

ment, mK-line (-), and patients with a neck pain visual analog

scale score �5 who were not appropriate candidates for lami-

noplasty (VBSO group).21 Laminoplasty was indicated in the

following cases: involvement of >3 segments, lordotic align-

ment, mK-line (þ); finally, laminoplasty was also performed in

patients with borderline mK-line determination and C2–3 seg-

ment involvement (laminoplasty (LMP) group). Application of

Figure 1. Flow diagram of the patient selection process. OPLL, ossification of posterior longitudinal ligament; n. number; ACDF, anterior
cervical discectomy and fusion; VBSO, vertebral body sliding osteotomy; mKline, modified K-line.
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VBSO was limited to cases involving �3 segments since ante-

rior interbody fusion of more than 4 levels would increase the

risk of pseudarthrosis and retropharyngeal hematoma.22 Surgi-

cal method selection and surgery were performed by a single

surgeon.

Data Collection

Patient clinical characteristics and radiological data were col-

lected from medical charts. Japanese Orthopaedic Association

(JOA) scores were recorded before surgery and at the final

follow-up. JOA score recovery rate (%) was calculated as fol-

lows: (postoperative score�preoperative score) � 100/

(17�preoperative score).23

Radiological measurements were performed by 2 spine fel-

lowship–trained independent reviewers. Cervical lordosis was

measured in the lateral view in the neutral position on the basis

of the angle between the lines passing through the lower margin

of the C2 and C6 or C7 vertebrae. Cervical range of motion

(ROM) was measured as the change in the angle between the

lower margins of C2 and C7 on dynamic (flexion and exten-

sion) radiographs. The canal-occupying ratio was measured on

preoperative axial computed tomography (CT). The mK-line

state was determined on sagittal T1 MRI images by placing a

line between the center of C2 and the C7 spinal canal.20 The

mK-line was assessed as (-) when the OPLL mass crossed the

mK-line and as (þ) when it did not. The minimum interval of

the spinal cord (INT(min)) was measured as the minimum inter-

val between the mK-line and the ossified mass causing com-

pression (Figure 2).20,24 Preoperative and postoperative

INT(min) were measured at the same level. For patients in the

VBSO group, fusion was assessed using the following criteria:

interspinous motion (ISM)<1mm on 150%magnified flexion/

extension lateral dynamic radiograph25 and bone bridging on

CT images assessed 12 months postoperatively.26 Adjacent

segments with disc height changes or osteophyte formation at

the 1-year follow-up were identified as adjacent segment

degeneration.27

Surgical Technique

VBSO was performed via the standard Smith-Robinson

approach. After exposure of the indicated levels, a multi-

level discectomy was performed. The posterior longitudinal

ligament was resected at the uppermost and lowermost disc

levels. Next, 2 longitudinal 2-mm-wide slits were made using

a high-speed burr through the base of the uncinate process. The

posterior cortex of each slit was removed using a Kerrison

punch. Freely mobilized vertebral bodies were grasped with

Allis forceps. Gentle anterior traction forces were applied to

the vertebral bodies. After adequate decompression was

achieved with anterior sliding, interbody cages packed with

local auto bone grafts were inserted into the disc space. An

anterior cervical plate was added for reinforcement, and addi-

tional anterior translation was induced with screw tightening

through mobilized vertebral bodies (Figure 3).8,10

For patients in the LMP group, a single-door laminoplasty

with centerpiece mini-plate fixation (Medtronic, Minneapolis,

MN, USA) was performed. The laminae were opened in the

direction of the main symptoms.

Statistical Analyses

Categorical variables were analyzed using chi-square test,

while continuous variables were analyzed using Student’s

t-test. Paired t-test was used to analyze changes in postoperative

values from the preoperative values. Logistic regression and

Pearson’s correlation analyses were performed to identify fac-

tors associated with neurological recovery. Interobserver and

intraobserver agreements were assessed using intraclass corre-

lation coefficient (ICC) and Kappa coefficient. All data

Figure 2. Radiological measurements. (A) Measurement of the canal-occupying ratio. A, Thickness of ossified mass at the level of greatest canal
narrowing. B, Anteroposterior diameter of the spinal canal. (B) Modified K-line (mK-line) was defined as the line connecting the midpoints of the
spinal cord at C2 and C7.
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management and analyses were performed using SPSS version

21.0 software (SPSS, Inc., Chicago, IL, USA). P-values < 0.05

were considered significant.

Results

Of the 48 patients who underwent VBSO, 40 were followed up

for more than 24 months and included in the VBSO group (29

[72.5%] men; mean age, 58.6 + 10.9 years; follow-up rate,

83.3%). Of the 70 patients who underwent laminoplasty, 57

were followed up for more than 24 months and included in the

LMP group (44 men [77.2%]; mean age, 62.2 + 9.9 years;

follow-up rate, 81.4%) (Table 1).

Age, sex, underlying disease, BMI, and smoking status did

not significantly differ between the 2 groups. However,

operation time was significantly longer in the VBSO group (p

Figure 3. Technical description of vertebral body sliding osteotomy. (A) Two lateral slits are made using a high-speed burr at the base of the
uncinate process. (B) Anterior translation of the vertebral body with ossification of the posterior longitudinal ligament mass with gentle traction.
(C)While holding the vertebral body in an anteriorly translated position, interbody cages are inserted. A slight distraction force was applied with
a Casper pin distractor to allow control of the vertebral body position. (D) A burr is used to remove the anterior part of the translated vertebral
body. (E) The anterior plate is applied for additional stability.
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< 0.01), and a significantly higher number of OPLL-involved

segmentswere involved in theLMPgroup (p< 0.01). The canal-

occupying ratio was significantly higher in the VBSO group (p

¼ 0.01). One patient in the VBSO group suffered a dural tear

(2.5%), and 1 patient in the LMP group had a superficial wound

infection treated with intravenous antibiotics (1.7%) (Table 1).

A single case of dural tear occurred in the VBSO group during

resection of the posterior longitudinal ligament and was man-

aged by inserting a lumbar drain. Graft migration or dislodge-

ment was not observed in the VBSO group. Fusion rates

assessed by ISM were 67.5% 6 months postoperatively, 92.5%
12 months postoperatively, and 92.5% at the final follow-up in

the VBSO group. The fusion rate assessed by bone bridging was

92.5%. Adjacent segmental degeneration was identified in 1

patient (2.5%) in the VBSO group.

The Kappa coefficients for intraobserver and interobserver

reliability for mK-line status were 0.983 and 0.947, respec-

tively. The ICCs of intraobserver and interobserver reliability

for measurement of cervical lordosis and ROM were 0.968 and

0.945, respectively. The ICCs of intraobserver and interobser-

ver reliability for measurement of canal-occupying ratio were

0.951 and 0.881, respectively.

Radiographic Results

Preoperative cervical lordosis was significantly lesser in the

VBSO than in the LMP group (p ¼ 0.02). However, cervical

lordosis significantly increased in the VBSO group postopera-

tively (p < 0.01) but decreased in the LMP group (p < 0.01).

Cervical lordosis was significantly greater in the VBSO group

12 months postoperatively (p< 0.01) and at the final follow-up

(p < 0.01).

Preoperative ROM did not differ between groups (p¼ 0.29).

The VBSO group exhibited greater ROM loss than the LMP

group at all postoperative time points. Postoperative ROM was

significantly higher in the LMP group at 12 months postopera-

tively (p < 0.01), although there was no significant difference

at the final follow-up (p ¼ 0.14) (Table 2).

In the VBSOgroup, 16 (40.0%) patients were assessed asmK-

line (þ) and 24 (60.0%) as mK-line (-) preoperatively. However,

all patients were assessed as mK-line (þ) 12 months postopera-

tively. In the LMP group, 51 (89.5%) patients were assessed as

mK-line (þ) and 6 (10.5%) asmK-line (-). Among the 51 patients

who were assessed as mK-line (þ) preoperatively, 3 (5.9%) were

assessed as mK-line (-) postoperatively. All patients assessed as

mK-line (-) preoperativelywere also assessed asmK-line (-) post-

operatively. The distribution of mK-line state demonstrated sig-

nificant difference between the 2 groups both preoperatively (p<
0.01) and postoperatively (p < 0.01) (Table 3).

INT(min) was significantly smaller in the VBSO group preo-

peratively (p< 0.01). However, INT(min) increased significantly

in the VBSO group and was significantly greater than that of the

LMP group postoperatively (p < 0.01) (Table 2).

Table 1. Patient Characteristics.

VBSO LMP P value

Number 40 57
Follow-up (m) 35.56 + 12.4 32.6 + 11.3 0.23
Age 58.6 + 10.9 62.2 + 9.9 0.10
Sex 0.64
Male 29 (72.5%) 44 (77.2%)
Female 11 (27.5%) 13 (28.8%)

DM 8 (20.0%) 11 (19.3%) 1.00
HTN 13 (32.5%) 19 (33.3%) 1.00
Malignancy 2 (5.0%) 0 (0%) 0.17
BMI 25.9 + 6.9 25.6 + 2.7 0.70
Current smokers 7 (17.5%) 7 (12.3%) 0.56
Operative factors
Operation time 212.4 + 34.7 157.7 + 28.7 <0.01*
Number of OPLL-involved

levels
2.6 + 0.7 3.9 + 1.3 <0.01*

Canal occupying ratio (%) 46.6 + 11.3 40.6 + 0.12 0.01*
Complications
Dural tear 1 (2.5%) 0 (0%) 0.35
Neurologic deterioration 0 (0%) 0 (0%) -
Infection 0 (0%) 1 (1.7%) 1.00
Readmission 0 (0%) 1 (1.7%) 1.00
Reoperation 0 (0%) 0 (0%) -

BMI, body mass index; DM, diabetes mellitus; HTN, hypertension; LMP, lami-
noplasty; m, months.
OPLL, ossification of posterior longitudinal ligament; VBSO, vertebral body
sliding osteotomy.
Age, BMI, and operative factors were analyzed by Student’s t-test; DM, HTN,
malignancy, current smokers, and complications were analyzed by the chi-
square test.
*P value < 0.05.

Table 2. Radiographic Results.

VBSO LMP P valuey

Cervical lordosis Preoperative
Degrees 5.7 + 13.8 11.2 + 8.0 0.02*

Post op 12M
Degrees 12.0 + 8.3 6.9 + 8.5 <0.01*
Change 6.3 + 10.3 -4.2 + 7.2 <0.01*
P valuez <0.01* <0.01*

Final follow-up
Degrees 11.6 + 9.0 7.0 + 7.4 <0.01*
Change 5.6 + 10.5 -4.2 + 7.9 <0.01*
P valuez <0.01* <0.01*

Range of motion Preoperative
Degrees 38.5 + 10.7 35.7 + 14.2 0.29

Post op 12M
Degrees 19.9 + 7.8 25.5 + 12.2 0.01*
Change -18.6 + 7.8 -10.2 + 9.8 <0.01*
P valuez <0.01* <0.01*

Final follow-up
Degrees 20.2 + 7.6 23.4 + 12.2 0.14
Change -18.8 + 12.2 -12.3 + 10.3 <0.01*
P valuez <0.01* <0.01*

INT(min) Preoperative
Interval (mm) 0.5 + 2.6 2.6 + 2.7 <0.01*

Post op 12M
Interval (mm) 6.1 + 3.3 2.4 + 2.8 <0.01*
Change 5.6 + 3.7 -0.2 + 1.4 <0.01*
P valuez <0.01* <0.01*

INT(min), minimum interval; LMP, laminoplasty; M, months; VBSO, vertebral
body sliding osteotomy.
yStudent’s t-test was used to compare 2 groups.
zPaired t-test was used to compare preoperative and postoperative
measurements.
*P value < 0.05.
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The canal-occupying ratio significantly improved from

46.6% + 11.3% preoperatively to 13.3% + 10.2% (range

0%–22.2%) postoperatively in the VBSO group (p < 0.01).

Twenty-nine (72.5%) patients achieved complete canal decom-

pression postoperatively, and 3 patients had a postoperative

canal-occupying ratio higher than 20%.

JOA Score

The preoperative JOA scores did not differ significantly

between the VBSO and LMP groups (p¼ 0.42). The JOA score

significantly improved in the both groups. The JOA score at the

final follow-up (p ¼ 0.02) and JOA score improvements (p ¼
0.01) were significantly higher in the VBSO group (Table 4).

The recovery rate of JOA score was 60.1 + 38.4% in the

VBSO group and 42.4 + 35.7% in the LMP group (p ¼ 0.03)

(Table 4). A significantly higher number of patients in the

VBSO group had a recovery ratio �50% (52.5% vs 21.1%, p

< 0.01). Multivariate logistic regression analysis demonstrated

that a change in mK-line status from (-) to (þ) (p < 0.01) and

preoperative JOA score (p ¼ 0.01) were significantly associ-

ated with a JOA recovery ratio �50% (Table 5). Correlation

analysis demonstrated that the preoperative canal-occupying

ratio was significantly negatively related with the final JOA

score (r ¼ -0.25, p ¼ 0.01). No factors demonstrated a signif-

icant correlation with the JOA recovery rate.

Subgroup Analysis With mK-Line (-) Patients

A subgroup analysis was performed for preoperatively mK-line

(-) patients to further clarify the clinical impact of VBSO.

Cervical lordosis significantly improved in the VBSO group

(p < 0.01), but not in the LMP group (p ¼ 0.14). Cervical

lordosis at the final follow-up was significantly greater in the

VBSO group (11.5+ 6.5�) than in the LMP group (5.2+ 8.2�;
p ¼ 0.04). ROM was significantly greater in the LMP group at

the final follow-up (VBSO group, 20.3 + 7.9; LMP group,

33.7 + 12.3; p < 0.01).

The JOA score at the final follow-up was significantly

higher in the VBSO group (15.4+ 1.7�) than in the LMP group

(11.8+ 3.3�; p < 0.01). The JOA recovery ratio was higher in

the VBSO group (51.5 + 36.1%) than in the LMP group (21.7

+ 24.2%), although the result did not reach statistical signifi-

cance (p ¼ 0.07).

Discussion

Studies regarding surgical strategies for managing OPLL-

induced cervical myelopathy demonstrated the advantages and

disadvantages of anterior and posterior approaches.13-17 Cervi-

cal alignment, OPLL shape, and the canal-occupying ratio are

factors considered in determining surgical approach.8,10,13 The

anterior approach is usually preferred in kyphotic alignment

with a high occupying ratio of OPLL of �60%.16,17

The K-line is a concept that includes both cervical align-

ment and the OPLL size.18 It was originally reported to assess

Table 3. Assessment of mK-Line Status by Group.

Preoperative Postoperative

VBSO (þ) 16 (40.0%) (þ) 16 (40.0%)
(-) 0 (0.0%)

(-) 24 (60.0%) (þ) 24 (60.0%)
(-) 0 (0.0%)

LMP (þ) 51 (89.5%) (þ) 48 (84.2%)
(-) 3 (5.2%)

(-) 6 (10.5%) (þ) 0 (0.0%)
(-) 6 (10.5%)

P value <0.01* <0.01*

LMP, laminoplasty; mK-line, modified kyphosis line; VBSO, vertebral body slid-
ing osteotomy.
The chi-square test was used for analysis.
* P value < 0.05.

Table 4. Comparison of JOA Score by Group.

VBSO LMP P valuey

JOA Preoperative
Score 13.4 + 2.0 12.9 + 3.1 0.42

Final follow-up
Score 15.1 + 1.8 13.8 + 1.9 0.02*
Change 1.7 + 1.8 0.9 + 1.3 0.01*
P valuez <0.01* <0.01*

Recovery rate (%) 60.1 + 38.4 42.4 + 35.7 0.03*

JOA, Japanese Orthopaedic Association; LMP, laminoplasty; VBSO, vertebral
body sliding osteotomy.
yStudent’s t-test was used to compare 2 groups.
zPaired t-test was used to compare preoperative and postoperative
measurements.
*P value < 0.05.

Table 5. Results of Logistic Regression Analysis.

Univariate analysis P valuey

Age 0.16
Sex 0.43
BMI (kg/m2) 0.06*
Preoperative JOA score <0.01*
Smoking status 0.26
Preoperative lordosis 0.65
Preoperative ROM 0.65
Number of OPLL involved segments 0.35
Canal occupying ratio 0.89
mK-line conversion from (-) to (þ) <0.01*

Multivariate analysis P valuez

Preoperative JOA score 0.01*
BMI 0.43
mK-line conversion from (-) to (þ) <0.01*

BMI, body mass index; JOA, Japanese Orthopaedic Association; mK-line, mod-
ified kyphosis line; OPLL, ossification of posterior longitudinal ligament; ROM,
range of motion.
yP value < 0.10 was considered statistically significant.
zP value < 0.05 was considered statistically significant.
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the feasibility of laminoplasty, and a K-line (-) status is report-

edly a poor prognostic factor after laminoplasty.18 The mK-line

is a K-line measured on sagittal MRI that enables a more accu-

rate visualization of pathologic segments and measures the

minimum interval from the pathologic foci to the mK-line.20,24

The results of the present study demonstrated that VBSO, by

translating the ossified mass anteriorly and restoring cervical

lordosis, can switch an mK-line (-) status to an mK-line (þ)

status. Since VBSO involves multi-level anterior cervical dis-

cectomy and fusion, multiple lordotic shape interbody cages

are inserted into the disc space. This would help restore the

cervical lordosis and switch the mK-line status.8,9 However,

laminoplasty is known to be associated with aggravation rather

than improvement of kyphosis, which is also demonstrated in

this study.28 Considering previous studies that have demon-

strated the importance of appropriate cervical lordosis in neu-

rologic recovery, VBSO creates a more favorable environment

for neurologic recovery than laminoplasty does (Figure 4).29,30

In this study, the canal-occupying ratio significantly

improved in the VBSO group, with 72.5% (29/40) patients

achieving complete canal decompression. JOA score improve-

ment, recovery rate, and the proportion of patients achieving a

recovery rate �50% were significantly higher in the VBSO

group. Better neurological improvements in the VBSO group

can be explained in 2 ways. First, although VBSO does not

directly remove the OPLL mass, it more effectively separates

the spinal cord from the OPLL mass as demonstrated by the

increased INT(min). This is achieved by restoring cervical lor-

dosis, conversion of mK-line (-) status to (þ) and translating

the ossified mass anteriorly. Koda et al. reported that K-line

conversion from negative to positive is associated with better

neurological outcomes.31 Likewise, the results of the present

study showed that conversion of mK-line status is associated

with a recovery rate �50%. Second, since VBSO is a fusion

procedure, ROM is eliminated at the pathologic segments. Seg-

mental motion at the peak of the ossified mass is reportedly a

poor prognostic factor of OPLL-induced myelopathy.32 Elim-

inating movement at the pathologic segments has a protective

effect on the spinal cord.5,13,16

The VBSO group demonstrated better JOA score recovery

despite a higher space-occupying ratio and significant negative

correlation between the final JOA score and the canal-

occupying ratio. Many studies reported that anterior surgery

is preferred to laminoplasty when the canal-occupying ratio

Figure 4. Transition of mK-line status in vertebral body sliding osteotomy and laminoplasty. (A) Vertebral body sliding osteotomy shifted mK-
line (�) status into (þ) by increasing cervical lordosis and shifting the ossified mass anteriorly. (B) mK-line (þ) status changed into (�) after
laminoplasty due to postoperative kyphosis.
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is high, especially at an occupying ratio of �60%.13,14,17 The

results of this study coincide with those of previous reports in

that anterior decompression by VBSO is feasible in cases of

OPLL with a high canal-occupying ratio.

Therefore, the advantages of VBSO demonstrated in this

study are: effective restoration of cervical lordosis, favorable

neurologic recovery, and feasibility in kyphotic alignment and

OPLL mass with high canal-occupying ratio. ACCF is also a

valuable option for treating OPLL in cases of kyphotic align-

ment and a K-line (-) status since it restores lordosis.5,10,11,16,33

It can also result in better neurologic recovery than lamino-

plasty, especially in cases with a canal-occupying ratio of

�60%.13,14,16 Nevertheless, ACCF is associated with high

complication rates of durotomy, cerebrospinal fluid leakage,

dysphagia, pseudarthrosis, and graft migration.34,35 It is an

especially challenging procedure in the presence of adhesions

between the OPLL mass and the dura.13 Although the “floating

method” was introduced, wherein the OPLLs were thinned

without direct detachment from the dura, dural tears remain

relatively common in ACCF, and their incidence is reported

to be up to 8-10%, significantly higher than that in lamino-

plasty.8,14,36 In contrast, because the VBSO technique mini-

mizes the need for direct manipulation of the interspace

between the OPLL and the dura mater or the complete removal

of the involved vertebral bodies, it can significantly reduce the

risk of dural tears.8-11 In this study, although VBSO was more

extensive than laminoplasty as demonstrated by its longer oper-

ation time, only 1 case of dural tear and no cases of graft

migration or extrusion were identified. The complication rate

was not significantly different from that of laminoplasty.

Furthermore, VBSO demonstrated a high fusion rate.

With advantages similar to that of ACCF and lower com-

plication rates, surgeons can perform VBSO in the following

indications: kyphotic alignment, a high canal-occupying ratio,

and the involvement of 2-3 segments (Figure 5).7-13,16,17,37

Therefore, the clinical significance of VBSO for managing

OPLL-induced myelopathy is that while it retains the previ-

ously known strength of anterior approach, it is much safer than

the classic ACCF to thoroughly decompress the canal.8-11

Since VBSO demonstrates several similar advantages over

laminoplasty with ACCF, it seems that advantages of anterior

approach is not necessarily demonstrated by direct removal of

the ossified mass, but also can be achieved by canal widening

and restoration of lordosis.

OPLL progression is related to segmental motion.38-40

OPLL continually progress after laminoplasty, which is a

motion-preserving operation.38 As VBSO is a fusion procedure

that eliminates segmental motion, OPLL progression would

less likely cause narrowing of the spinal canal in long-term

follow-up.40 However, data regarding the long-term

Figure 5. Illustrative case of a 60-year-old woman who underwent vertebral body sliding osteotomy, C4, C5. (A) Preoperative lateral
radiograph demonstrating kyphotic alignment. (B) At 2 years after VBSO, alignment had changed to lordosis. Translation of the vertebral body of
C4 and C5 were confirmed by comparing the location of the posterior cortex of the vertebral body. (C) The mK-line status was assessed as (-)
preoperatively. (D) With restoration of lordosis and anterior translation of the ossified mass, the mK-line status was assessed as (þ) at 1 year
after VBSO. (E) Preoperative axial CT images demonstrating canal compromise caused by OPLL with a canal-occupying ratio of 61%. (F)
Successful decompression identified on an axial CT image taken at 1 year postoperatively. Solid bone union identified on coronal (G) and sagittal
(H) CT images taken at 1 year postoperatively. Japanese Orthopaedic Association score improved from 12 to 16.
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consequences of VBSO for more than 2 years are lacking; thus,

further clarification is required.

This study has limitations. First, the indications of VBSO

and laminoplasty were different and preoperative cervical lor-

dosis, canal-occupying ratio, and number of involved segments

were not identical between the 2 groups. The comparison with

laminoplasty should only be considered as a reference because

the results of this study are not sufficient to demonstrate the

superiority of each procedure. However, the advantages and

disadvantages of the anterior and posterior approaches are

known, and we judged that it would be unethical to randomize

the selection of operative procedures without considering

which approach is suitable for each patient.17,22,36 Second, a

subgroup analysis of those with a space-occupying ratio �60%
was not performed. This is because 10 of 11 patients with a

space-occupying ratio�60%were included in the VBSO group

and only 1 patient was included in the LMP group. Although

the space-occupying ratio was not a criterion for surgical

method selection, OPLL with a high space-occupying ratio

tended to be assessed as mK-line (-) status. Finally, the inherent

bias of a retrospective study cannot be excluded.

Conclusions

The clinical impact of VBSO include low complication rates

and the classically reported advantages of the anterior

approach, including effectively restoring lordosis, inducing

mK-line positivity, and facilitating favorable neurological

recovery. VBSO is best indicated in cases of kyphotic sagittal

alignment, high space-occupying ratios, and those involving

�3 segments.
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