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Abstract
This study aimed to comparatively assess cervical sagittal alignment, progression of ossification of the posterior longitudinal
ligament (OPLL), and health-related quality of life (HRQOL) outcomes between patients who underwent cervical laminoplasty
(CL) and those who underwent cervical laminectomy with fusion (LF) for cervical OPLL at more than three levels. We
retrospectively evaluated consecutive 91 patients with cervical OPLL undergoing CL (n = 49) or LF (n = 42) who were followed
up for at least 24 months (mean 38.6 months). We analyzed radiological measurements (C2–7 sagittal vertical axis [C2–7 SVA],
C0–2 angle, C2–7 lordotic angle, T1 slope, and range of motion [ROM]), OPLL thickness, and clinical outcomes (visual analog
scale [VAS], neck disability index [NDI], Short Form-36, and Japanese Orthopaedic Association [JOA] scores). Compared with
preoperative levels, postoperative C2–7 SVA increased significantly increased in the LF (15.05 mm) and CL (7.86 mm) groups
(P = 0.0021). Loss of cervical lordosis and ROM was significantly larger in the cervical LF group (P = 0.0296, P = 0.0004).
Improvements in HRQOL, JOA recovery ratio, and VAS were similar between both groups, while NDI improved more signif-
icantly in the CL group (P = 0.0425). The postoperative neck VAS correlated positively with the change (Δ) of C2–7 SVA (P =
0.0174) and negatively with the change (Δ) of C2–7 lordotic angle (P = 0.0354). Progression of OPLL thickness in the LF (0.31
± 0.37 mm) was significantly smaller than in the CL group (1.09 ± 0.64 mm) (P < 0.0001). CL was superior to LF in preserving
cervical ROM, preoperative cervical lordosis, and minimizing neck disability. The stabilization obtained by adding instrumented
fusion could suppress the progression of OPLL thickness.

Keywords Laminoplasty . Laminectomy with fusion . Ossification of posterior longitudinal ligament . Sagittal alignment .

Cervical myelopathy

Introduction

Posterior decompression surgeries have been widely per-
formed to adequately decompress the spinal cord, although
they cannot directly remove ossification of the posterior

longitudinal ligament (OPLL) [3, 14, 19, 33]. In patients with
cervical myelopathy caused by OPLL in more than three seg-
ments, posterior decompression is more attractive than anteri-
or decompression because the latter can prevent the need for
an anterior route or major strut graft-related problems, such as
cerebrospinal fluid leakage, pseudoarthrosis, or graft dislodg-
ment [2, 37].

Cervical laminoplasty (CL) and laminectomy with fusion
(LF) are two common posterior decompression surgeries for
the treatment of cervical myelopathy with multilevel OPLL.
Laminoplasty has been reported to diminish cervical lordosis
postoperatively, and postoperative kyphotic deformities are
considered a source of pain and disability [12, 21, 25, 31,
44]. On the other hand, cervical LF was reported to provide
improvement and maintenance of cervical lordotic alignment
[1, 8, 27, 42]. It has also been reported that augmentation with
posterior fixations could provide stronger biomechanical
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strength to prevent cervical OPLL progression and to reduce
postlaminectomy kyphosis and instability [8, 27]. There was
no consensus in the literature concerning the superiority of CL
or LF on cervical alignment and clinical outcomes in the treat-
ment of cervical myelopathy caused by more than three seg-
ments OPLL. This controversy is perpetuated by the paucity
of studies comparing laminoplasty and LF performed by a
single surgeon [5, 6, 29].

We compared CL with LF to treat cervical compressive
myelopathy (CCM) in patients with OPLL at more than three
levels. The purpose of this study was to comparatively assess
cervical sagittal alignment, OPLL progression, and clinical
outcomes, including patient-reported pain and HRQOL, be-
tween patients who underwent CL and those who underwent
LF.

Materials and methods

Patient demographics

This study was approved by the local ethical committee and
the institutional review board (SGPAIK 2018-05-014). This
was a retrospective cohort study. From January 2013 to
January 2016, we treated 494 consecutive patients with cervi-
cal spine diseases. Of these 494 patients, 110 (22.3%) had
ventral cord compression with OPLL at more than three
levels. Four patients who underwent anterior cervical decom-
pression and 15 who underwent combined anteroposterior
surgeries were excluded from this study.

Ninety-one patients (69 men and 22 women) with a mean
age of 60.5 years (range 38–77 years) underwent posterior
cervical decompression surgery such as CL or LF to treat
CCM associated with OPLL at more than three levels. CCM
was diagnosed using magnetic resonance imaging (MRI) with
radiological confirmation, and the diagnosis was determined
when there was one or more upper motor neuron domain (e.g.,
spasticity, hyper-reflexia, or a positive Babinski sign), based
on a neurological examination [4].

We excluded patients with one- or two-level segmental
OPLL, other acute traumatic cord injuries with cervical bony
fractures caused by high-energy trauma, or other confirmed
neurological disorders (e.g., cerebral palsy, Parkinson’s dis-
ease, multiple sclerosis, or polio). Patients with ossification
of the yellow ligament and those with a history of cervical
spine surgery were also excluded.

We determined whether to perform CL or LF according to
radiological factors (instability, cervical curvature [lordotic,
straight, kyphotic], or cord compression ratio) or patient age.
The C2–C7 Cobb angle was used to define lordosis (Cobb
angle < − 10°), straight (Cobb angle − 10 to 0°), and kyphosis
(Cobb angle > 0°) [22]. We preferred cervical LF for cases
with straight or lordotic cervical curvature and segmental

instability to prevent kyphosis development and instability
aggravation postoperatively. In addition, we preferred to per-
form LF to widely decompress the spinal cord in patients with
severe cord compression caused byOPLL. If the patients were
younger than 60 years, we recommended CL to preserve neck
motion. The surgical procedure was selected an individual
case-by-case basis.

Patient age, sex, duration of symptoms, medical conditions,
and radiographic findings were investigated. The presence of
OPLL was confirmed with X-ray or three-dimensional com-
puted tomography (3D CT). All patients underwent high-
resolution MRI using a 1.5T Avanto unit (Siemens Medical
System, Erlangen, Germany) imaging unit prior to surgery.
We defined complications as events that occurred within
1 month postoperatively. We analyzed neurological recovery
in patients who completed at least 24 months of follow-up.

Operative technique

The patients were placed in the prone position under general
anesthesia. A standard posterior midline approach was used.
CL was performed based on the neurological symptoms and
the extent of cord compressed levels, including the most
narrowed side on images. Unilateral or bilateral gutters were
made using a high-speed drill in the area between the facet
joints and laminae, and the spinous processes were split sag-
ittally with a high-speed burr. The spinal canal was enlarged
by opening the split laminae unilaterally or bilaterally with a
spreader. Poster ior cervical t i tanium minipla tes
(Centerpiece®, Medtronic Sofamor Danek, Memphis, TN,
USA) or hydroxyapatite spacers (Apacerum®, Asahi Optical
Co., Ltd., Tokyo, Japan) were used to keep the “door” open.

We performed cervical LF using a posterior screw-rod sys-
tem for OPLL patients with straight, lordotic cervical curva-
ture, or segmental instability to prevent local kyphosis after
decompression. Following complete decompression of the
neural elements, lateral mass or pedicle screw and rod instru-
mentation (Vertex®, Medtronic Sofamor Danek, Memphis,
TN, USA) was performed. During fixation, we cut the rod
into an appropriate length to fit each patient and bent it to fit
the lordotic curve. After lordotic rods were applied, locking
nuts were tightened firmly. The perizygapophysial joints were
filled with autologous bone fragments from the excised lam-
ina. Postoperatively, all patients were required to wear Miami
neck collars or Philadelphia braces for approximately
3 months. The patients were followed clinically with plain
and dynamic radiography at 1, 3, and 6 months and then every
6 months postoperatively.

Radiographic assessment

Cervical spine radiological measurements were made by
assessing the following parameters: (1) C2–7 sagittal vertical

1410 Neurosurg Rev (2020) 43:1409–1421



axis (C2–7 SVA), (2) C0–2 angle, (3) C2–7 lordotic angle, (4)
T1 slope, and (5) total range of motion (ROM). The C2–7
SVAwas defined as the distance between the posterosuperior
corner of C7 and a vertical line from the center of the C2 body.
The C0–2 angle was measured using a Cobb angle between
the McGregor line and the C2 lower end plate. Cervical lor-
dosis was assessed with the C2–7 lordotic angle. The C2–7
lordotic angle was defined as the Cobb angle formed by the
inferior endplate of C2 and C7 on a standing lateral radio-
graph. The T1 slope was measured as the angle between a
horizontal line and the superior endplate of T1 (Fig. 1). The
total ROM of the cervical spine was defined as the summation
of alignment during flexion and extension on radiographs.
Changes in the cervical alignment were defined as the differ-
ence between the pre- and postoperative cervical sagittal pa-
rameters [15, 29]. CT scanning was performed preoperatively
for all patients. The occupying ratio of the spinal canal was
measured on a CT sagittal view (Fig. 2). The thickness of the
OPLL was measured as the thickest part of the OPLL by
sagittal thin cut CT images [35]. The progression of OPLL
thickness was defined as the subtraction between pre- and

postoperative OPLL thickness. We also assessed signal inten-
sity changes on MRI T2-weighted images. All the surgeries
enrolled in this study were performed by a single surgeon
(JJS). Radiographic measurement data were collected and
reviewed by two surgeons (YH and JJS).

Clinical outcome assessment

The clinical outcomes were assessed using the patient-
reported visual analog scale for neck pain (VAS-N) and arm
pain (VAS-A), neck disability index (NDI), Short Form-36
health survey questionnaire (SF-36), and the Japanese
Orthopaedic Association (JOA) score. These data were ob-
tained for all patients preoperatively and for at least 2 years
postoperatively. The neurological outcomes were evaluated
according to the JOA scale for cervical myelopathy [15].
The postoperative recovery rates were calculated using the
following formula:

JOA recovery ratio %ð Þ
¼ postoperative JOA score−preoperative JOA scoreð Þ=

17 full scoreð Þ−preoperative JOA score½ �

Statistical analysis

All values are expressed as mean ± standard deviation or per-
centage. Normally distributed data were compared using

C2-7 lordosis

T1 slope

C2-7 SVA

C0-2 angle

Fig. 1 Radiological parameters. The C2–7 sagittal vertical axis (the dis-
tance from the posterosuperior corner of C7 and a vertical line from the
center of the C2 body), C0–2 angle (a Cobb angle between theMcGregor
line and the C2 lower end plate), C2–7 lordotic angle (Cobb angle be-
tween the inferior endplate of C2 and C7), and T1 slope (the angle be-
tween a horizontal line and the superior endplate of T1) were measured on
neutral lateral radiographs

b

a

Fig. 2 The occupying ratio of the spinal canal. The anteroposterior
diameter (A) of the spinal canal. The maximum anteroposterior thickness
(B) of the ossified ligament on a sagittal computed tomography image.
The occupying ratio (%) of the spinal canal was determined according to
the formula (B/A) × 100
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Student’s t test or the chi-squared test, as appropriate for the
data set. Data with a non-normal distribution were evaluated
using a nonparametric analysis, and the Mann-WhitneyU test
was used to evaluate differences between the two groups.
Pearson’s correlation analysis was used to evaluate the rela-
tionships between the JOA recovery ratio and age, cervical
spine parameters, occupying ratio of the spinal canal, and
pre- and postoperative VAS-N, VAS-A, NDI, SF-36, and
JOA scores. All statistical analyses were performed using
MedCalc version 18.11.6 (MedCalc, Mariakerke, Belgium),
and a P value < 0.05 was considered statistically significant.

Results

Ninety-one patients (69 men and 22 women) were eval-
uated. Forty-two patients who had multilevel cervical
OPLL were surgically treated with cervical LF. Forty-
nine patients were treated with CL, which is unilateral
open-door laminoplasty with titanium miniplates (40) or
bilateral double-door laminoplasty with spacers (9). The
average follow-up period was 38.6 months (range 27.8–
46.2; 37.51 for cervical LF patients and 39.61 for CL
patients). The mean age at the time of surgery was
60.5 years (range 38–77). There were more male than
female patients.

The mixed type of OPLLwas the most prevalent in patients
who underwent surgery. The average number of operated-
upon levels was 3.12 in the LF group and 3.04 in the CL group
(P = 0.1917). OPLL in the upper cervical (C2) or
cervicothoracic area (C7) was more frequently observed in
LF (8/42, 19.05%) than in the CL group (4/49, 8.16%). The
preoperative occupying ratio was higher in the CL group than
that in the LF group, while the prevalence of preoperative
signal intensity changes on T2-weighted MRIs was higher in
the CL group than that in the LF group. However, there were
no statistically significant differences between the two groups.
There was no significant difference regarding the operation
time (P = 0.1242) and the amount of bleeding (P = 0.7950)
between the two groups. The demographic characteristics of
the patients in this study are summarized in Table 1.

Radiological results

The mean preoperative C2–7 lordotic angles were 15.40
± 6.27° in LF and 12.75 ± 7.82° in CL (P = 0.0807).
There were no patients with kyphotic angles in the pre-
operative phase. In addition, there were no statistically
significant differences in other cervical radiological pa-
rameters on the preoperative phase between the cervical
LF and CL groups (Table 2). After posterior decompres-
sion, the C2–7 lordotic angle was reduced, ROM was

Table 1 Patient demographics
Laminectomy and fusion
(n = 42)

Laminoplasty
(n = 49)

P value

Age (years) 62.21 ± 7.81 59.12 ± 8.53 0.0765

Sex M:F 36:6 33:16 0.0464*

Type of OPLL 0.4171

Continuous 8 11

Segmental 16 14

Mixed 18 24

Preoperative occupying ratio (%) 49.53 ± 11.20 53.80 ± 12.22 0.0886

Preoperative T2WI MR SI change, no. of
patients (%)

28 (66.67) 29 (59.18) 0.4698

Operation level

C2/3/4/5 1 1

C3/4/5/6 34 45

C4/5/6/7 1 1

C2/3/4/5/6 4 1

C3/4/5/6/7 2 1

Mean 3.12 ± 0.33 3.04 ± 0.20 0.1917

Operation time (min) 141.36 ± 16.12 151.47 ± 23.96 0.1242

Bleeding amount (ml) 313.68 ± 154.39 328.82 ± 207.27 0.7950

All data are expressed as mean ± SD unless otherwise noted

Mmale, F female,OPLL ossification of posterior longitudinal ligament, T2WIT2-weighted images,MRmagnetic
resonance, SI signal intensity

*P < 0.05
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restricted, and the C0–2 lordotic angle was increased
compared with the preoperative cervical radiological pa-
rameters. Postoperatively, cervical alignment in patients
in the cervical LF group tilted forward compared with
that of patients in the CL group. The mean C2–7 SVA

in the LF group significantly increased from 19.34 ±
8.51 mm at the preoperative phase to 24.89 ± 8.56 mm
at 6 months postoperatively, 30.98 ± 8.42 mm at
12 months postoperatively, and 34.39 ± 15.04 mm at
the last follow-up examination. On the other hand,

Table 2 Comparison of
radiological outcome according to
surgical technique

Laminectomy and fusion (n = 42) Laminoplasty (n = 49) P value

C2-C7 SVA (mm)

Preoperative 19.34 ± 8.51 19.53 ± 9.18 0.9200

Postoperative 6 m 24.89 ± 8.56 21.76 ± 9.17 0.0971

Postop 6 m change (Δ) 5.55 ± 0.99 2.23 ± 0.61 < 0.0001*

Postoperative 12 m 30.98 ± 8.42 24.13 ± 9.18 0.0004*

Postop 12 m change (Δ) 11.64 ± 1.48 4.60 ± 0.82 < 0.0001*

Postoperative 24 m 34.39 ± 15.04 27.40 ± 11.30 0.0132*

Postop 24 m change (Δ) 15.05 ± 13.87 7.86 ± 7.14 0.0021*

C0-C2 Cobb angle (°)

Preoperative 21.67 ± 9.28 24.31 ± 8.94 0.1721

Postoperative 6 m 22.69 ± 9.27 24.98 ± 9.36 0.2439

Postop 6 m change (Δ) 1.02 ± 0.32 0.68 ± 5.05 0.6690

Postoperative 12 m 23.43 ± 9.33 25.53 ± 9.39 0.2876

Postop 12 m change (Δ) 1.75 ± 0.40 1.22 ± 5.10 0.5022

Postoperative 24 m 24.50 ± 7.99 26.80 ± 8.82 0.1979

Postop 24 m change (Δ) 2.82 ± 9.32 2.49 ± 7.00 0.8478

C2-C7 Cobb angle (°)

Preoperative 15.40 ± 6.27 12.75 ± 7.82 0.0807

Postoperative 6 m 12.78 ± 6.23 10.94 ± 7.76 0.2202

Postop 6 m change (Δ) − 2.62 ± 0.38 − 1.81 ± 0.33 < 0.0001*

Postoperative 12 m 10.89 ± 6.13 9.97 ± 7.97 0.5798

Postop 12 m change (Δ) − 4.52 ± 0.61 − 2.78 ± 0.54 < 0.0001*

Postoperative 24 m 8.20 ± 6.43 9.00 ± 7.17 0.7592

Postop 24 m change (Δ) − 7.20 ± 8.53 − 3.75 ± 6.35 0.0296*

T1 slope (°)

Preoperative 24.85 ± 6.72 25.68 ± 4.07 0.4704

Postoperative 6 m 25.89 ± 6.18 26.45 ± 3.96 0.4935

Postop 6 m change (Δ) 1.04 ± 0.53 0.99 ± 0.67 0.7315

Postoperative 12 m 27.51 ± 6.73 27.04 ± 4.04 0.4712

Postop 12 m change (Δ) 2.66 ± 0.84 1.36 ± 0.71 < 0.0001*

Postoperative 24 m 30.19 ± 8.23 27.69 ± 5.46 0.0867

Postop 24 m change (Δ) 5.34 ± 9.84 2.01 ± 6.47 0.0560

Total ROM

Preoperative 40.13 ± 9.06 37.85 ± 9.14 0.3905

Postoperative 6 m 32.80 ± 9.22 35.82 ± 9.40 0.2663

Postop 6 m change (Δ) − 7.33 ± 0.83 − 2.02 ± 0.98 < 0.0001*

Postoperative 12 m 21.63 ± 11.49 32.60 ± 9.83 0.0006*

Postop 12 m change (Δ) − 16.93 ± 0.86 − 5.24 ± 2.18 < 0.0001*

Postoperative 24 m 18.55 ± 9.58 29.21 ± 11.02 0.0159*

Postop 24 m change (Δ) − 20.91 ± 7.92 − 6.74 ± 7.62 0.0004*

All data are expressed as mean ± SD unless otherwise noted

C2–7 SVA C2–7 sagittal vertical axis, postop postoperative, ROM range of motion

*P < 0.05
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C2–7 SVA increased from 19.53 ± 9.18 to 21.76 ±
9.17 mm at 6 months postoperatively, 24.13 ± 9.18 mm
at 12 months postoperatively, and 27.40 ± 11.30 mm at
the last follow-up in the CL group (Table 2) (Fig. 3).
The change (Δ) in the C2–7 SVA was significantly
different between the LF (15.05 ± 13.87 mm) and CL
(7.86 ± 7.14 mm) groups (P = 0.0021). The mean C2–7
lordotic angle in the LF group significantly decreased
from 15.40 ± 6.27° preoperatively to 8.20 ± 6.43° at the
last follow-up examination, while it decreased from
12.75 ± 7.82 to 9.00 ± 7.17° in the CL group (Fig. 3).
The change (Δ) in the C2–7 lordotic angle was signif-
icantly different between the LF (− 7.20 ± 8.53°) and CL
groups (− 3.75 ± 6.35°) (P = 0.0296). However, the
changes (Δ) in the C0–2 angle were not significantly
different between the LF and CL groups. The change
(Δ) in T1 slope was larger in LF than in the CL group
at 12 months postoperatively (P < 0.0001), but not sig-
nificantly different at the last follow-up (P = 0.0560)
(Table 2).

The incidence of the loss of cervical lordosis after decom-
pression surgery was 74.73% (68/91), and 85.71% of the pa-
tients (36/42) in the LF group and 65.31% (32/49) of the
patients in the CL group lost cervical lordosis postoperatively.
The percentage of patients who lost cervical lordosis postop-
eratively in the LF group was significantly higher than that of
patients in the CL group (P = 0.0264).

Preoperatively, the average cervical ROMs in patients in
the LF and CL groups were 40.13 ± 9.06° and 37.85 ± 9.14°,
respectively. At the last follow-up examination, patients in the
LF group experienced a significant reduction in ROM com-
pared with those in the CL group (Fig. 3). The mean reduction
of ROM was 46.96% of the preoperative ROM in the LF
group and 84.86% of the preoperative ROM in the CL group.
The magnitude of lost ROM was much larger in the LF group
than that in the CL group.

At last follow-up, cervical 3D CT scan was per-
formed on 26 of 42 patients who underwent LF and
24 of 49 patients who underwent CL. The mean time
of last follow-up cervical CT was 36.94 ± 16.90 months
in the LF group and 43.59 ± 21.23 months in CL, and
the difference was not statistically significant (P =
0.1400). The thickness of OPLL in the preoperative
phase was 5.35 ± 1.37 mm in LF and 5.00 ± 1.28 mm
in CL (P = 0.3638). At last follow-up, the thickness of
the OPLL was 5.66 ± 1.33 mm in LF and 6.09 ±
1.37 mm in CL (P = 0.2618). Progression of the thick-
ness of the OPLL in the LF group (0.31 ± 0.37 mm)
was significantly smaller than in the CL group (1.09 ±
0.64 mm) (P < 0.0001) (Fig. 4). The decrease in OPLL
thickness was more frequently observed in the LF than
in the CL groups. Six (23.08%) of the 26 participants
who underwent LF experienced a suppression of

preoperative OPLL thickness, while 1 (4.17%) of the
24 participants who underwent CL experienced a sup-
pression of OPLL thickness.

Clinical results

All clinical parameters were significantly improved at
least 24 months postoperatively. The postoperative
VAS-A scores and HRQOL were similar between the
two groups (Table 3). The postoperative VAS-N scores
(LF 3.05 ± 1.31 vs. CL 1.88 ± 1.11) and NDI (LF 16.40
± 7.66 vs. CL 11.82 ± 5.02) were significantly higher in
the LF than in the CL group (P < 0.0001 and P =
0.0029). The mean improvement of VAS-N scores from
preoperative to the last follow-up was not significantly
higher in the CL group (2.29 ± 1.91) compared to the
LF group (1.86 ± 2.24) (P = 0.3409). On the other hand,
the CL group had a significantly greater mean improve-
ment in NDI from preoperative to the last follow-up
compared to the LF group (P = 0.0425). The JOA recov-
ery ratio was improved in the LF (47.81 ± 23.97%) and
CL groups (55.31 ± 17.99%), but significant differences
were not seen (P = 0.1394) (Table 3). The overall
change (Δ) in the C2–7 SVA correlated positively with
neck VAS at the final follow-up (R2, 0.0619; P =
0.0174). The change (Δ) in the C2–7 lordotic angle
correlated negatively with neck VAS at the final
follow-up (R2, 0.0487; P = 0.0354).

�Fig. 3 Changes in the radiological parameters. a The change in cervical
lordosis at the time point of measurement. The mean C2–7 lordotic angle
of LF significantly decreased compared with that of CL. The mean cer-
vical lordosis of LF decreased from 15.40 ± 6.27° in the preoperative
phase to 12.78 ± 6.23° at 6 months postoperatively, 10.89 ± 6.13° at
12 months postoperatively, and 8.20 ± 6.43° at the last follow-up. The
mean cervical lordosis of CL decreased from 12.75 ± 7.82 to 10.94 ±
7.76° at 6 months postoperatively, 9.97 ± 7.97° at 12 months postopera-
tively, and 9.00 ± 7.17° at the last follow-up. b The change in C2–7 SVA
at the time point of measurement. The mean C2–7 SVA in the LF group
significantly increased comparedwith that of CL. Themean C2–7 SVA of
LF increased from 19.34 ± 8.51 mm at the preoperative phase to 24.89 ±
8.56 mm at 6 months postoperatively, 30.98 ± 8.42 mm at 12 months
postoperatively, and 34.39 ± 15.04 mm at the last follow-up examination.
The mean C2–7 SVA of CL increased from 19.53 ± 9.18 to 21.76 ±
9.17 mm at 6 months postoperatively, 24.13 ± 9.18 mm at 12 months
postoperatively, and 27.40 ± 11.30 mm at the last follow-up. c The change
in global ROM at the time point of measurement. The mean global ROM
of LF significantly increased compared with that of CL. The mean global
ROM of LF increased from 40.13 ± 9.06° at the preoperative phase to
32.80 ± 9.22° at 6 months postoperatively, 21.63 ± 11.49° at 12 months
postoperatively, and 18.55 ± 9.58° at the last follow-up examination. The
mean global ROM of CL increased from 37.85 ± 9.14 to 35.82 ± 9.40° at
6 months postoperatively, 32.60 ± 9.83° at 12 months postoperatively,
and 29.21 ± 11.02° at the last follow-up. C2-7 SVA C2-7 sagittal vertical
axis, ROM range of motion, LF laminectomy with fusion, CL cervical
laminoplasty, Preop preoperative, 6 M 6 months postoperative, 12 M
12 months postoperative, 24 M 24 months postoperative
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Complications

Surgery-related complications occurred in 9 patients
(9.89%) with C5 nerve palsy 6 (14.29%, 6/42) in the
LF group and 3 in the CL group (6.12%, 3/49). Most of
the patients recovered within 3 months, but one patient
had sustained, unilateral C5 nerve palsy. Furthermore,
one patient who underwent CL had a hematoma that
developed 3 h postoperatively. We immediately removed
the hematoma, but C5 nerve palsy remained on the pa-
tient’s right side. Superficial wound infections occurred
in 5 patients, but no additional surgery was required to
remove instrumentation.

Discussion

CL has some disadvantages including postoperative ky-
phosis and the potential development of worsening or
new onset axial neck pain postoperatively [21, 25, 31,
44]. Such concerns can be treated by alternative poste-
rior techniques such as LF. Cervical LF has been report-
ed to prevent postoperative loss of lordosis and decrease
axial neck pain and disability [8, 27]. We compared
clinical outcomes including SF-36, neck pain, and dis-
ability, and radiological outcomes after laminoplasty
versus LF for multilevel cervical OPLL. This study elu-
cidated that compared to LF, CL improved clinical out-
comes, such as VAS neck pain and NDI scores, and it
did not aggravate patient-reported neck pain. CL pre-
served preoperative cervical alignment and ROM more
than that by cervical LF. Cervical sagittal malalignment,
such as increase in C2–7 SVA and loss of lordosis, was

associated with axial neck pain postoperatively. The sta-
bilization obtained by the addition of instrumented fu-
sion could suppress the progression of OPLL.

CL caused regional malalignment and loss of lordotic cur-
vature of the cervical spine in the literature [26, 40]. The loss
of cervical lordosis or kyphotic deformity after CL was vari-
ously reported to occur in 33 to 70.7% of cases [26, 31, 40].
Postoperative kyphosis and kyphotic change were associated
with poor clinical outcomes and progressive kyphosis lead to
late neurological deterioration in a long-term follow-up study
[21, 31, 37, 40, 44]. Sakai et al. announced that the C2–7 SVA
increased after CL [37], which was not suitable for cervical
myelopathy patients with preoperative cervical sagittal imbal-
ance. Tang et al. reported that larger C2-C7 SVA negatively
affected HRQOL scores, and the severity of disability in-
creased with positive sagittal malalignment [40]. It has been
known that the increase of C2–7 SVA and loss of C2–7 Cobb
angle have been regarded as negative indicators for clinical
outcome after surgery [36, 40]. In contrast, some researchers
reported that postoperative malalignment or kyphotic change
was not associated with poor clinical outcomes [22, 24, 27]. In
general, for patients with significant preoperative kyphosis or
a high risk of developing kyphosis, CL should be avoided
because of postoperative kyphotic deformity and aggravation
of neurological deficits [20]. To avoid these drawbacks, it has
been reported that augmentation with posterior fixations could
provide stronger biomechanical strength and reduce
postlaminectomy kyphosis and instability [1, 27]. Therefore,
some surgeons insisted that posterior screw augmentation af-
ter laminectomy could prevent postoperative kyphotic defor-
mities, axial pain, and instability [1, 20]. Furthermore, LF
could provide improvement and maintenance in cervical lor-
dosis for cases with the OPLL than CL [27]. In the present
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Fig. 4 Progression of OPLL
thickness. The OPLL thickness
was compared between LF and
CL groups using sagittal views of
three-dimensional computed to-
mography pre- and postopera-
tively. Progression of OPLL
thickness in LF (0.31 ± 0.37 mm)
was significantly smaller than in
the CL group (1.09 ± 0.64 mm,
P < 0.0001). OPLL ossification of
posterior longitudinal ligament,
LF laminectomy with fusion, CL
cervical laminoplasty
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study, the loss of cervical lordosis developed in 74.73% of the
patients after posterior decompression, which was 85.71% in
the LF group and 65.31% in the CL group. Contrary to previ-
ous reports, the incidence of postoperative kyphosis was larg-
er in LF than in laminoplasty. After LF, patients experienced
neck tilting forward, that is increased C2–7 SVA, but not in
CL. Based on the above results, supplementation with screw
fixation after posterior decompression did not allow us to
maintain the preoperative cervical alignment.

Traditionally, it has been known that cervical
laminectomy and instrumented fusion significantly im-
proved neck pain [6], while laminoplasty has been as-
sociated with shoulder and neck pain [6, 7]. However,
in the present study, CL yielded a slightly improvement
in postoperative neck pain (VAS-N) than LF. The neck
disability was more severe after cervical LF than after
laminoplasty. The explanations are as follows. Posterior
decompression surgeries, such as CL and LF, cause in-
evitable damage to the posterior muscular-ligament com-
plex and disrupt the original cervical alignment. When
cervical LF is performed, the posterior neck muscles
should be dissected extensively to confirm the screw’s
entry point, compared with the muscle exposure proce-
dure used in CL. As the level of surgical invasion of
the posterior muscular-ligament complex increases,

cervical sagittal balance decreases [26]. Despite the use
of posterior screw augmentation to stabilize the bony
and joint structures, the compensatory mechanism did
not work after the musculo-ligamentous complex was
damaged. In the present study, the increase of T1 slope
tended to be larger in LF than in laminoplasty to main-
tain the lordotic curve, but that was not significant
enough to compensate the malalignment. As a result,
invasion of the posterior muscular-ligament complex
and regional malalignment, such as loss of cervical lor-
dosis and anterior neck tilt, increased energy expendi-
ture in relation to the head’s position and horizontal
gaze. These factors could explain why patients experi-
enced axial neck pain and neck disability after undergo-
ing posterior decompression surgery, particularly those
who underwent the cervical LF technique. Consequentially,
sagittal imbalance after posterior decompression surgery of
the cervical spine would be related to the clinical outcome,
particularly postoperative axial neck pain and neck disability.

Some authors have introduced surgical techniques to
reduce postoperative neck pain and maintain regional
alignment [12, 17, 22, 37]. Kim et al. reported
myoarchitectonic spinolaminoplasty without damaging
the attachments of the semispinalis cervicis, multifidus,
interspinales, and rotator muscles, which could prevent

Table 3 Comparison of clinical
outcome according to surgical
technique

Laminectomy and fusion (n = 42) Laminoplasty (n = 49) P value

VAS score, neck

Preoperative 4.90 ± 1.91 4.16 ± 2.29 0.1271

Postoperative 3.05 ± 1.31 1.88 ± 1.11 <0.0001*

Postop 24 m change (Δ) 1.86 ± 2.24 2.29 ± 1.91 0.3409

VAS score, arm

Preoperative 6.17 ± 1.70 5.86 ± 1.61 0.5168

Postoperative 3.95 ± 1.62 3.37 ± 1.48 0.0884

Postop 24 m change (Δ) 2.24 ± 1.83 2.49 ± 1.99 0.5426

NDI

Preoperative 25.17 ± 7.25 23.06 ± 4.95 0.2516

Postoperative 16.40 ± 7.66 11.82 ± 5.02 0.0029*

Postop 24 m change (Δ) 8.76 ± 6.80 11.25 ± 4.65 0.0425*

SF-36

Preoperative 109.10 ± 9.43 107.96 ± 8.31 0.2393

Postoperative 98.07 ± 10.03 96.69 ± 6.95 0.5069

Postop 24 m change (Δ) 11.02 ± 9.45 11.27 ± 6.57 0.8866

JOA score

Preoperative 12.24 ± 2.09 12.67 ± 1.68 0.2907

Postoperative 14.67 ± 1.28 15.06 ± 1.23 0.1015

JOA recovery ratio (%) 47.81 ± 23.97 55.31 ± 17.99 0.1394

All data are expressed as mean ± SD unless otherwise noted

VAS visual analog scale, NDI neck disability index, SF-36 Short Form-36 Health Survey Questionnaire, JOA
Japanese Orthopaedic Association score

*P < 0.05
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postoperative instability, decrease the incidence of post-
operative kyphosis, and preserve the ROM of the C2–7
angle at 1 year after surgery [10, 14]. In addition,
Nolan et al. reported that maintaining the paraspinal
musculature at C2 and C7 was important during a pos-
terior cervical operation because involvement of the C2
and C7 vertebrae might affect the postoperative cervical
sagittal balance [34]. If OPLL was involved in the
cervico-thoracic junction, Lapsiwala et al. insisted that
long fusions should be extended to traverse the junction
in order to prevent pseudoarthrosis or iatrogenic kyphot-
ic deformity in the area [20]. The extended fixation of
the upper thoracic spine is to prevent postoperative ky-
phosis and potential risk of additional cord injury by
reducing dynamic factors [30, 43].

OPLL size

In addition to sagittal alignment, radiographs were used
to assess the thickness of OPLL. OPLL growth has
been reported to be observed more frequently by
laminoplasty than by LF [13, 23, 35]. The present study
showed that supplementation with screw fixation after
posterior decompression suppressed thickening of the
OPLL as well as decreased the thickness of the OPLL.
Koda et al. reported spontaneous reduction of the thick-
ness of the thoracic OPLL after posterior decompression
with fusion [17, 18]. Miyashita et al. explained that the
decrease in dural pulsation after posterior stabilization
might cause the reduction in thickness of the thoracic
OPLL [32]. Posterior stabilization with screw fixation
may remove the mechanical stimulus for cervical
OPLL and suppress its progression through a similar
mechanism [35]. In three-dimensional OPLL volume
studies [11, 13, 23], posterior instrumented fusion has
the effect of reducing OPLL growth rate compared with
motion-preserving CL.

ROM

ROM of the cervical spine was reported to be restricted
by posterior decompression surgeries such as CL or LF
[9, 29]. Several reports have described reductions in
ROM of 30 to 70% of the preoperative ROM after
CL [9, 29]. Blizzard et al. reported that the ROM was
reduced by up to 27.11% of the preoperative ROM after
cervical LF [3]. In the present study, patients who
underwent cervical LF experienced a significant reduc-
tion in ROM compared with those who underwent CL.
CL is advantageous because it can preserve the cervical
spine’s motions compared with multilevel LF.

Clinical outcomes

Previous studies have addressed the relationship between cer-
vical sagittal alignment and HRQOL [40]. In the present
study, decompression surgeries including cervical LF and
CLwere associated with similar improvements in QOL scores
such as the SF-36 and JOA scores.

Kimura et al. reported that laminoplasty worsened or
created new onset axial neck pain postoperatively [16,
39, 41]. In the present study, we compared neck pain
and disability after laminoplasty versus LF for multilev-
el cervical OPLL. VAS neck pain scores significantly
decreased in the CL than in the LF group at 2 years
postoperative, but the difference in the neck VAS im-
provement from preoperative to the last follow-up was
not statistically different between two groups. Neck dis-
ability was significantly improved by CL rather than LF.
Although the difference in NDI improvement could be
assessed as minimal clinically significant differences,
the NDI actually decreased more in the CL than in
the LF group. Because there were baseline differences
in VAS neck pain scores and NDI between LF and CL
groups, our results do not imply the clinical superiority
of one technique versus another in all OPLL patients
who underwent posterior decompression. Based on our
results, laminoplasty improved clinical outcomes, such
as VAS-N and NDI scores rather than LF, and does
not at least aggravate patient-reported neck pain.

Shou et al. performed a meta-analysis that focused on the
prevalence of C5 nerve root palsy postoperatively and dem-
onstrated that cervical LF was associated with a high preva-
lence of C5 nerve root palsy (11.0%) [38]. The findings of the
current study are consistent with those of previous studies [28,
34], reporting that there was a higher prevalence of C5 nerve
root palsy after cervical LF (14.29%) than there was after CL
(6.12%).

Limitations

This study has several limitations. First, the study was a
retrospective, consecutive patient series, and inequalities
between the groups inevitably existed. This study has an
inherent patient selection bias when comparing surgical
procedures because indications for expansive laminoplasty
and cervical LF tend to be different. We preferred cervical
LF for cases with straight or lordotic cervical curvature and
segmental instability to prevent kyphosis development and
instability aggravation postoperatively. On the other hand,
we recommended CL for patients who were younger than
60 years because of its ability to preserve neck motion with
less substantial alteration to the natural biomechanics of the
cervical spine. Therefore, future prospective studies or ran-
domized trials are warranted to address these drawbacks.

1418 Neurosurg Rev (2020) 43:1409–1421



Another limitation of this study is the small number of pa-
tients, with a retrospective case series based on a single sur-
geon’s experience. Second, the radiographical analysis period
was relatively short (mean 38.6 months), and a longer follow-
up period will be required to determine the durability of these
study findings. Third, measurement of neckmuscles mass was
not evaluated in this study. It is necessary to assess the rela-
tionship between loss of neck muscle mass and spinal
malalignment. Fourth, this study used two-dimensional im-
ages to measure OPLL growth; so, it was difficult to deter-
mine three-dimensional OPLL volume change accurately.
Fifth, the whole-spine sagittal alignment, which was affected
by cervical alignment postoperatively, was not included in the
analysis. Further studies are needed to determine whether pa-
tients will have whole-spine sagittal imbalance in the long
term. A prospective, randomized study would likely result in
higher quality comparisons.

Recommendations

When evaluating the above results, postoperative kypho-
sis was associated with postoperative neck pain after
posterior decompression, particularly cervical LF. For
patients with the risk of developing kyphosis, CL with
minimal damage of musculo-ligamentous complex
would be recommended for the treatment of multilevel
cervical OPLL. Because supplementation with screw
fixation suppressed the progression of OPLL, cervical
LF would likely be considered in large size OPLL cases
even if it has a high prevalence of C5 nerve palsy.
Surgeons using cervical LF should be aware of insuffi-
ciency to maintain the preoperative cervical alignment
and should consider traversing the cervico-thoracic junc-
tion to prevent kyphotic deformity, as suggested by pre-
vious studies [20, 30, 43].

Conclusion

CL and LF were effective surgical techniques to im-
prove the patient-reported outcomes and HRQOL of pa-
tients with OPLL at more than three levels. CL pre-
served cervical lordosis and ROM and improved neck
disability, more than LF. Cervical regional malalignment
after posterior decompression was related to the clinical
outcome, particularly axial neck pain. The stabilization
obtained by addition of instrumented fusion could sup-
press the progression of OPLL.

Study design

Retrospective cohort study.
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