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Longitudinal Ligament (OPLL)
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Objective: The purpose was to comparatively assess cervical sagittal alignment and health-related quality of life (HRQOL) outcomes, 
between patients who underwent cervical expansive laminoplasty (EL) and those who underwent cervical laminectomy with fusion 
(LF) for cervical ossification of the posterior longitudinal ligament (OPLL) in more than three levels. Methods: We retrospectively 
evaluated consecutive patients with cervical OPLL undergoing posterior cervical decompression from 2013-2015. We analyzed radio-
logical measurements (C2-7 sagittal vertical axis [C2-7 SVA], C0-2 angle, C2-7 lordotic angle, T1 slope, and range of motion [ROM]) 
and clinical outcomes (visual analog scale, neck disability index, Short Form-36, and Japanese Orthopaedic Association scores), pre-
operatively and at the last follow-up. Results: There were 84 patients (63 men; 21 women). Mean follow-up period was 27.7 months 
(range: 24-48.8). Compared with preoperative C2-7 SVA, postoperative C2-7 SVA was significantly increased in patients in the LF 
(13.46 mm) and EL (2.11 mm) groups. Losses of the cervical lordotic angle and ROM were larger in cervical LF patients than in cervical 
EL patients. The change in the C2-7 SVA was negatively correlated with the change in the C2-7 lordotic angle and positively corre-
lated with changes in the T1 slope and C0-2 angle. Improvements in health-related quality of life were similar between the two 
groups, except for patient-reported neck pain. Conclusion: Cervical EL and LF were effective surgical techniques to improve the 
patient-reported outcomes and HRQOL of patients with OPLL in more than three levels. Cervical EL can preserve sagittal alignment 
and improve clinical results and neck pain, more than cervical LF. Cervical sagittal imbalance after posterior decompression was 
related to axial neck pain.
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INTRODUCTION

Posterior decompression surgeries such as cervical expansive 
laminoplasty (EL) or laminectomy with fusion (LF) have been 
widely performed to adequately decompress the spinal cord, 
although they cannot directly remove ossification of the posterior 
longitudinal ligament (OPLL)2,7,11). In patients with cervical 
myelopathy with OPLL in more than three segments, posterior 
decompression is more attractive than anterior decompression 
because this procedure can avoid the need for an anterior route 
or major strut graft-related problems, such as cerebrospinal fluid 
leakage, pseudoarthrosis, or graft dislodgment26,31). Posterior de- 
compression surgeries were reported to diminish cervical lor- 
dosis preoperatively, and postoperative kyphotic deformities 
have been considered a source of pain and disability15,21,22,29,32). 
Therefore, it is important to evaluate the correlation between 
clinical outcomes and cervical sagittal alignment after posterior 
cervical decompression. There have been several studies about 

the clinical outcomes of patients who underwent cervical EL 
to treat cervical spondylotic myelopathy6,13,16,30). However, few 
studies have evaluated whether posterior decompression te- 
chniques such as EL or LF lead to cervical kyphosis and if 
these procedures could be used to achieve favorable clinical 
outcomes in patients with multilevel cervical OPLL13).

We compared cervical EL with LF to treat cervical com- 
pressive myelopathy (CCM) in patients with OPLL in more 
than three levels. The purpose of this study was to compara- 
tively assess cervical sagittal alignment and clinical outcomes, 
including patient-reported pain and quality of life, between 
patients who underwent cervical EL and those who underwent 
cervical LF.

MATERIALS AND METHODS

1. Patient demographics

This study was approved by the local ethical committee 
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Fig. 1. Radiological parameters. The C2-7 sagittal vertical axis 
(the distance from the posterosuperior corner of C7 and a ver- 
tical line from the center of the C2 body), C0-2 angle (a Cobb
angle between the McGregor line and the C2 lower end plate),
C2-7 lordotic angle (Cobb angle between the inferior endplate
of C2 and C7), and T1 slope (the angle between a horizontal 
line and the superior endplate of T1) were measured on neutral
lateral radiographs.

and the institutional review board. This was a retrospective 
cohort study.

From January 2013 to January 2015, we treated 415 conse- 
cutive patients with cervical spine diseases. Of these 415 patients, 
99 (23.9%) had ventral cord compression with OPLL in more 
than three levels. Two patients who underwent anterior cervical 
decompression and 13 who underwent combined anteroposterior 
surgeries were excluded from this study.

Eighty-four patients (63 men and 21 women) with a mean 
age of 59.4 years (range: 38-77 years) underwent posterior cer- 
vical decompression surgery such as cervical EL or LF to treat 
CCM associated with OPLL in 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 examination4).

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 another confirmed neurologi- 
cal disorder (e.g., cerebral palsy, Parkinson’s disease, multiple 
sclerosis, or polio). Patients with ossification of the yellow 
ligament and those with a history of cervical spine surgery 
were also excluded.

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 computed 
tomography (CT). All patients underwent high-resolution MRI 
using a 1.5 T Avanto unit (Siemens Medical System, Erlangen, 
Germany) imaging unit prior to surgery. We defined complica- 
tions as events that occurred within 1 month postoperatively. 
We analyzed neurological recovery in patients who completed 
at least 24 months of follow-up.

2. Operative technique

The patients were placed in the prone position under general 
anesthesia. A standard posterior midline approach was used. 
Surgical techniques were selected according to patient factors 
(age or general condition) and the characteristic of the disease 
(instability or cord compression ratio).

Cervical EL was selected based on the patient’s neurological 
symptoms and the number of compressed cord levels, including 
the narrowest side, on images. Unilateral or bilateral gutters 
were made using a high-speed drill at the area between the 
facet joints and laminae, and the spinous processes were split 
sagittally with a high-speed burr. The spinal canal was enlarged 
by opening the split laminae unilaterally or bilaterally with 
a spreader. Posterior cervical titanium miniplates (Centerpiece®, 
Medtronic Sofamor Danek, Memphis, TN, USA) or hydroxyapa- 
tite spacers (Apacerum®, Asahi Optical Co., Ltd., Tokyo, Japan) 
were used to keep the “door” open.

When we performed cervical LF, we attempted to maintain 
preoperative cervical lordosis using a posterior screw-rod system 
for OPLL patients with segmental instability. We prefer to 
perform cervical LF to widely decompress the spinal cord in 
older patients and those with severe cord compression caused 
by OPLL. Following complete decompression of the neural 
elements, lateral mass or pedicle screw and rod instrumentation 
(Vertex®, Medtronic Sofamor Danek, Memphis, TN, USA) was 
performed. The perizygapophysial joints were filled with auto- 
logous bone fragments from the excised lamina. Postoperatively, 
all patients were required to wear Miami neck collars or Phila- 
delphia 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.

3. Radiographic assessment

Cervical spine radiological measurements were made by asse- 
ssing the following parameters: (1) C2-7 sagittal vertical axis 
(C2-7 SVA), (2) C0-2 angle, (3) C2-7 lordotic angle, (4) T1 
slope (T1S), and (5) total range of motion (ROM). The C2-7 
SVA was defined as the distance from 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 C2 lower end plate. Cervical lordosis 
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 radiograph. The 
T1S was measured as the angle between a horizontal line and 
the superior endplate of T1 (Fig. 1). The total ROM of the 
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Table 1. Patient demographics

 Laminectomy and fusion (n=36) Laminoplasty (n=48) p-value

Age (years) 65.81±7.99 54.52±9.57  0.0001*

Sex M:F 31:5 32:16  0.0470*

Type of OPLL  0.6946

  Continuous 7 11

  Segmental 14 13

  Mixed 15 24

Preoperative occupying ratio (%)  48.77±12.29  54.50±14.29  0.0639

Preoperative T2WI MR SI change, no of patients (%)   23 (63.89)    28 (58.33)  0.6125

Operation level

  C3/4/5/6 23 46 46

  C3/4/5/6/7  4  1  1

  C2/3/4/5/6  7  1  1

  C2/3/4/5/6/7  2  0  0

Mean 3.42    3.04  0.0001*

Operation time (min)  137.5±15.71 152.19±24.56  0.0529

Bleeding amount (mL)  337.56±169.73   327.5±213.99  0.8838

M: male, F: female, OPLL: ossification of posterior longitudinal ligament, T2WI: T2-weighted images, MR: magnetic resonance, SI: 
signal intensity. All data are expressed as mean±SD unless otherwise noted. *p<0.05.

Fig. 2. The occupying ratio of the spinal canal. (A) The antero-
posterior diameter of the spinal canal. (B) The maximum ante-
roposterior thickness of the ossified ligament on a sagittal com-
puted tomography image. The occupying ratio (%) of the spinal
canal was determined according to the formula (B/A)X100.

cervical spine was defined as the summation of alignment 
during flexion and extension on radiographs. Changes in the 
cervical alignment were defined as the difference between the 
pre- and postoperative cervical sagittal parameters9,19).

CT scanning was performed preoperatively for all patients. 
The occupying ratio of the spinal canal was measured on a 
CT sagittal view (Fig. 2). We also assessed signal intensity 
changes on MRI T2-weighted images. Radiographic measure- 
ment data were collected by two observers (SHB and SHY). 

The data were reviewed by a professor (JJS).

4. Clinical outcomes assessment

The clinical outcomes were assessed using the patient-repor- 
ted 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 Japanese Orthopaedic Asso- 
ciation (JOA) score. These data were obtained for all patients 
preoperatively and for at least 2 years postoperatively. The 
neurological outcomes were evaluated according to the JOA 
scale for cervical myelopathy5,8). The postoperative recovery 
rates were calculated using the following formula:

JOA recovery ratio (%)=(postoperative JOA score-preoperative 
JOA score)/(17 (full score)-preoperative JOA score)

5. Statistical analysis

All values are expressed as the mean±standard deviation 
or percentage. Normally distributed data were compared using 
Student’s t-test or a chi-squared test, as appropriate for the 
data set. Data with a non-normal distribution were evaluated 
using a nonparametric analysis, and the Mann-Whitney U test 
was used to evaluate differences between the two groups. Pear- 
son’s correlation analysis was used to evaluate the relationships 
between the JOA recovery ratio and age, cervical spine para- 
meters, occupying ratio of the spinal canal, and pre- and post- 
operative VAS-N, VAS-A, NDI, SF-36, and JOA scores. All 
statistical analyses were performed using MedCalc version 18.5 
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Fig. 3. Comparison of the postoperative C2-7 SVA changes accor-
ding to the surgical technique. (A) A 49-year-old man had arm
numbness and gait disturbance. On preoperative radiographs,
C2-7 was 26.55 mm. (B) The patient underwent expansive cervi-
cal laminoplasty at C3-4-5-6. At the 2-year follow-up interval,
the C2-7 SVA was 28.63 mm. The change in the C2-7 SVA was
2.08mm. (C) A 65-year-old man had arm weakness, dysesthesia,
and an ataxic gait. On preoperative radiographs, the C2-7 SVA
was 13.05 mm. (D) The patient underwent cervical laminectomy
with fusion at C3-4-5-6. Two years postoperatively, the C2-7 
SVA was 30.15 mm. The change in the C2-7 SVA was 17.1 mm.
SVA: sagittal vertical axis.

(MedCalc, Mariakerke, Belgium), and a p-value <0.05 was 
considered statistically significant.

RESULTS

Eighty-four patients (63 men and 21 women) were evaluated. 
The average follow-up period was 27.7 months (range: 24-48.8; 
27.32 for cervical LF patients and 28.08 for cervical EL patients). 
The mean age at the time of surgery was 59.36 years (range: 
38-82). The mean ages of the patients in the LF and EL groups 
were 65.81±7.99 and 54.52±9.57 years, respectively. The mean 
age was significantly higher in the LF group than that in the EL 
group (p<0.0001). There were more male than female patients.

The mixed type of OPLL was the most prevalent in patients 
who underwent surgery. The average number of operated-upon 

levels was 3.42 in the LF group and 3.04 in the EL group. 
OPLL in the upper cervical (C2) or cervicothoracic area (C7) 
was more frequently observed in LF patients (13/36, 36.11%) 
than in EL patients (2/48, 4.17%). The preoperative occupying 
ratio was higher in the EL group than that in the LF group, 
while the prevalence of preoperative signal intensity changes 
on T2-weighted MRIs was higher in the LF group than that 
in the EF group. However, there was no statistically significant 
difference between the two groups. There was no significant 
difference regarding the operation time (p=0.0529) and amount 
of bleeding (p=0.8838) between the two groups. The demogra- 
phic characteristics of the patients in this study are summarized 
in Table 1.

1. Radiological results

There were no statistically significant differences in the pre- 
operative cervical radiological parameters between the cervical 
LF and EL groups. After posterior decompression, the C2-7 
lordotic angle was reduced, ROM was restricted, and the C0-2 
lordotic angle was increased compared with the preoperative 
cervical radiological parameters. Postoperatively, cervical ali- 
gnment in patients in the cervical LF group tilted forward 
compared with that of patients in the EL group (Fig. 3). The 
mean C2-7 SVA in the LF group significantly increased from 
21.85±12.32 mm preoperatively to 35.30±16.58 mm at the last 
follow-up examination, while it increased from 21.33±10.42 mm 
to 23.44±12.51 mm in the EL group. The change (Δ) in the 
C2-7 SVA was significantly different between the cervical 
LF (13.46±15.44 mm) and EL (2.11±9.13 mm) groups. The mean 
C2-7 lordotic angle in the LF group significantly decreased 
from 14.21±6.29° preoperatively to 7.48±10.01° at the last 
follow-up examination, while it decreased from 12.53±7.48° 
to 9.78±8.17° in the EL group. The change (Δ) in the C2-7 
lordotic angle was significantly different between the cervical 
LF (-6.72±9.93°) and EL groups (-2.75±6.49°). However, the 
changes (Δ) in the C0-2 angle and T1 slope were not significantly 
different between the cervical LF and EL groups (Table 2).

The incidence of the loss of cervical lordosis after decom- 
pression surgery was 71.43% (60/84), and 75% of the patients 
(27/36) in the LF group and 68.75% (33/48) of the patients 
in the EL group lost cervical lordosis postoperatively. The per- 
centage of patients who lost cervical lordosis postoperatively 
in the LF group was significantly higher than that of patients 
in the EL group.

Preoperatively, the average cervical ROMs in patients in 
the LF and EL groups were 38.37±12.15° and 36.26±15.51°, 
respectively. At the last follow-up examination, patients in the 
LF group experienced a significant reduction in ROM compared 
with those in the EL group (Table 2). The mean reduction 
of ROM was 27.58% of the preoperative ROM in the cervical 
LF group and 60.78% of the preoperative ROM in the cervical 
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Table 2. Comparison of radiological outcome according to surgical technique

 Laminectomy and fusion (n=36) Laminoplasty (n=48) p-value

C2-C7 SVA (mm)

  preoperative  21.85±12.32   21.33±10.42 0.7828

  postoperative  35.30±16.58   23.44±12.51 0.0003*

  postoperative change (Δ)  13.46±15.44   2.11±9.13 0.0001*

C0-C2 Cobb angle (°)

  preoperative 22.27±9.58  24.35±9.03 0.1370

  postoperative  25.04±13.28  26.83±9.31 0.4924

  postoperative change (Δ)  2.77±9.91   2.48±6.98 0.8743

C2-C7 Cobb angle (°)

  preoperative 14.21±6.29  12.53±7.48 0.2813

  postoperative   7.48±10.01   9.78±8.17 0.2501

  postoperative change (Δ) -6.72±9.93  -2.75±6.49 0.0188*

T1 slope (°)

  preoperative 29.50±5.81  28.05±6.12 0.2758

  postoperative 26.17±8.48  25.65±6.02 0.7564

  postoperative change (Δ) -3.33±8.88  -2.39±6.04 0.5689

Total ROM

  preoperative  38.37±12.15   36.26±15.51 0.6245

  postoperative  10.58±21.30   22.04±15.48 0.0362*

  postoperative change (Δ) -27.79±12.35 -14.22±7.68 0.0010*

C2-7 SVA: C2-7 sagittal vertical axis, ROM: range of motion. All data are expressed as mean±SD unless otherwise noted. All data 
are expressed as mean±SD unless otherwise noted. *p<0.05.

Table 3. Comparison of clinical outcome according to surgical technique

 Laminectomy and fusion (n=36) Laminoplasty (n=48) p-value

VAS score, neck

  preoperative   4.78±1.91   4.17±2.31 0.2224

  postoperative   2.78±1.10   1.83±1.08 0.0002*

VAS score, arm

  preoperative   6.19±1.80   5.83±1.62 0.3375

  postoperative   3.83±1.56   3.35±1.49 0.1571

NDI

  preoperative  24.61±7.63  22.83±4.74 0.1929

  postoperative  14.19±6.77  11.44±4.31 0.0762

SF-36

  preoperative 108.67±9.97 107.75±8.27 0.2467

  postoperative   96.97±10.27  96.46±6.82 0.7838

JOA score

  preoperative  10.92±4.09  12.83±2.27 0.0555

  postoperative  14.78±1.48  15.29±1.52 0.1237

JOA recovery ratio (%)   53.38±26.84   59.10±17.37 0.2400

VAS: visual analog scale, NDI: neck disability index, SF-36: Short Form 36 Health Survey Questionnaire, JOA: Japanese Orthopedic 
Association score. All data are expressed as mean±SD unless otherwise noted. *p<0.05.

EL group. The magnitude of lost ROM was much larger in 
the cervical LF group than that in the EL group.

The overall change (Δ) in C2-7 SVA correlated negatively 

with the change (Δ) in C2-7 lordotic angle at the final follow-up 
(R2, 0.0676; p=0.0169; Fig. 4A). The change (Δ) in the C2-7 
SVA demonstrated significantly positive correlations with the 
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Fig. 4. Relationship of changes in cervical sagittal parameters. (A) Change in C2-7 SVA nega-
tively correlated to the change in C2-7 lordotic angle. (B) Change in C2-7 SVA positively corre- 
lated to change in T1 slope. (C) Change in C2-7 SVA significantly correlated to the change 
in C0-2 angle. (D) Change in C2-7 lordotic angle was negatively correlated with the change in
the C0-2 angle. 

change (Δ) in the T1S (R2, 0.0907; p=0.0054; Fig. 4B) and 
C0-2 angle (R2, 0.0776; p=0.0.0103; Fig. 4C). The change (Δ) 
in the C2-7 lordotic angle was negatively correlated with the 
change (Δ) in the C0-2 angle (R2, 0.1773; p=0.0001; Fig. 4D).

2. Clinical results

All clinical parameters were significantly improved at least 
24 months postoperatively. The clinical outcomes and health- 
related quality of life (HRQOL) were not significantly different 
between the two groups, except for the VAS-N scores (Table 3). 
The mean preoperative and postoperative VAS-N scores in the 
LF group were 4.78±1.91 and 2.78±1.10, respectively. The mean 
VAS-N score in the EL group improved from 4.17±2.31 to 
1.83±1.08. The postoperative VAS-N score showed a statisti- 
cally significant difference between the two groups (p=0.0002). 
The JOA recovery ratio was improved in the cervical LF (53.38± 
26.84%) and EL groups (59.1±17.37%), but significant diffe- 
rences were not seen (Table 3).

3. Complications

Surgery-related complications occurred in 9 patients (10.71%) 
with C5 nerve palsy: 6 (16.67%, 6/36) in the LF group and 

3 in the EL group (6.25%, 3/48). Most of the patients recovered 
within 3 months, but one patient had sustained, unilateral C5 
nerve palsy. Furthermore, one patient who underwent cervical 
EL had a hematoma that developed 3 hours postoperatively. 
We immediately removed the hematoma, but C5 nerve palsy 
remained on the patient’s right side. Superficial wound infections 
occurred in 5 patients, but no additional surgery was required 
to remove instrumentation. 

DISCUSSION

We performed this study to comparatively assess the cervical 
sagittal alignment and clinical outcomes, including patient- 
reported pain and quality of life, of patients who underwent 
EL and those who underwent LF. Cervical EL and LF were 
effective surgical techniques to improve the clinical outcomes 
of patients with OPLL in more than three levels. Improvements 
in the patient-reported outcomes and HRQOL were nearly the 
same for the two techniques. Cervical EL can preserve cervical 
lordosis and improve range of motion and neck pain, more 
than cervical laminectomy with fusion can. Cervical sagittal 
imbalance after posterior decompression surgery was related 
to axial neck pain. In terms of cervical sagittal alignment, pre- 
serving the posterior muscular-ligament complex in subaxial 
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lesions was more important than preserving this complex in 
the upper cervical or cervicothoracic junction.

Many studies reported postoperative kyphotic changes in 
the cervical spine after posterior decompression surgery15,18,29). 
The loss of cervical lordosis or kyphotic deformity after lami- 
nectomy alone was reported to occur in 33% to 70.7% of 
cases21,22). In a long-term follow-up study, progressive kyphosis 
resulted in late neurological deterioration26). The EL technique 
was developed to avoid the complications of laminectomy alone, 
such as post-laminectomy kyphosis and segmental instability 
through the resected laminae, and to restore the posterior 
musculo-ligamentous complex5). However, other investigators 
found a rate (35%) of kyphosis deformity following expansive 
laminoplasty that was comparable to the reported rates of kyphotic 
deformity following laminectomy alone25). Therefore, for patients 
with significant preoperative kyphosis or a high risk of developing 
kyphosis after laminectomy, cervical laminectomy alone or 
laminoplasty should be avoided because of postoperative ky- 
photic deformity, and posterior laminectomy with instrumented 
fusion is indicated12). Some authors insisted that posterior screw 
augmentation after laminectomy could prevent postoperative 
kyphotic deformities, axial pain, and instability1,12). Anakwenze 
et al. reported that post-laminectomy kyphosis might be pre- 
vented in patients undergoing posterior screw fusion1).

The current study showed that posterior decompression 
surgery caused loss of the preoperative cervical lordotic angle. 
Patients who underwent cervical LF had a higher incidence 
of postoperative kyphosis and loss of preoperative lordosis 
than did those who underwent EL.

Sakai et al. reported that the cervical C2-7 SVA increased 
and the cervical lordotic angle decreased after cervical lamino- 
plasty26). In this study, we found that the C2-7 SVA increased 
after posterior decompression surgery. Particularly, the cervical 
C2-7 SVA increased more in patients who underwent cervical 
LF than in those who underwent EL. As a result, supplementation 
with screw fixation after cervical laminectomy did not allow 
us to maintain the preoperative cervical alignment. When cer- 
vical laminectomy with fusion is performed, the posterior neck 
muscles should be dissected extensively to confirm the screw’s 
entry point, compared with the muscle exposure procedure 
used in EL. As the level of surgical invasion of the posterior 
muscular-ligament complex increases, cervical sagittal balance 
decreases. Despite the use of posterior screw augmentation to 
stabilize the bony and joint structures, the compensatory me- 
chanism did not work after the musculo-ligamentous complex 
was damaged. To reduce damage to the musculo-ligamentous 
complex, Kim et al. developed myoarchitectonic spinolamino- 
plasty without damaging the attachments of the semispinalis 
cervicis, multifidus, interspinalis, and rotator muscles, which 
could prevent postoperative instability, decrease the incidence 
of postoperative kyphosis, and preserve the ROM of the C2-7 
angle at 1 year after surgery7,27).

Maintaining the paraspinal musculature at C2 and C7 is 
important during a posterior cervical operation because involve- 
ment of the C2 and C7 vertebrae might affect the postopera- 
tive cervical sagittal balance24). We compared original data 
(in which the C2 and C7 level was included) with subtracted 
data (in which the C2 and C7 was not included) to assess the 
risk of kyphosis. The change (Δ) in the C2-7 SVA was signifi- 
cantly increased in the cervical LF group compared with that 
in the EL group. Postoperatively, the LF group had large altera- 
tions in the C2-7 lordotic angle compared with the preoperative 
angle. These results were similar to the original results.

Sagittal imbalance in one region of the spine can influence 
other regions. Damaged parts of the posterior cervical spine 
would affect the compensatory mechanism of the upper cervical 
or subaxial spine17). In the present study, the C2-7 SVA was 
positively correlated with the T1 slope and C0-2 angle and 
negatively correlated with the C2-7 lordotic angle. The C2-7 
lordotic angle was negatively correlated with the C0-2 angle, 
which is consistent with the results of previous studies17,29). 
However, compensation was not enough to maintain the preope- 
rative cervical alignment and prevent kyphosis from occurring 
postoperatively.

Clinical outcome

Previous studies have addressed the relationship between 
cervical sagittal alignment and HRQOL10,15,29). Lee et al. reported 
that the C2-7 SVA was significantly correlated with HRQOL15). 
However, some researchers reported that cervical sagittal imba- 
lance was not related to postoperative clinical outcomes14). 
We found that decompression surgeries, including cervical LF 
and EL, were associated with similar improvements in QOL 
scores such as the NDI, SF-36, and JOA scores. The VAS-N score 
after decompression was significantly correlated with the C2-7 
SVA among various cervical sagittal parameters. We thought 
that invasion of the posterior muscular-ligament complex, loss 
of cervical lordosis, and anterior neck tilt increased energy 
expenditure in relation to the head’s position and horizontal 
gaze. These factors could explain why patients experienced 
neck pain after undergoing posterior decompression surgery, 
particularly those who underwent the cervical LF technique. 
Consequentially, sagittal imbalance after posterior decompre- 
ssion surgery of the cervical spine would be related to the 
clini cal outcome, particularly axial neck pain.

ROM

ROM of the cervical spine was reported to be restricted 
by posterior decompression surgeries such as EL or LF6,20). 
Several reports have described reductions in ROM of 30% to 
70% of the preoperative ROM after cervical laminoplasty6,20). 
Blizzard et al. reported that the ROM was reduced by up to 
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27.11% of the preoperative ROM after cervical LF2). In our 
study, patients in the cervical LF group experienced a significant 
reduction in ROM compared with those in the EL group. Cervical 
laminoplasty is advantageous because it can preserve the cervical 
spine’s motions compared with multilevel LF.

Complications (C5 nerve palsy) 

Shou et al. performed a meta-analysis that focused on the 
prevalence of C5 nerve root palsy postoperatively and de- 
monstrated that cervical LF was associated with a high pre- 
valence of C5 nerve root palsy (11.0%)3,28). The findings of 
the current study are consistent with those of prior studies23,28) 
reporting that there was a higher prevalence of C5 nerve root 
palsy after cervical LF (16.67%) than there was after EL (6.25%).

Limitations

This study has several limitations. First, the study was a 
retrospective, consecutive patient series, and inequalities be- 
tween the groups inevitably existed. There is an inherent patient 
selection bias when comparing surgical procedures because 
indications for expansive laminoplasty and cervical laminec- 
tomy with fusion tend to be different. Second, our radiographical 
analysis period was relatively short (mean: 27.7 months), and 
a longer follow-up period will be required to determine the 
durability of our findings. Third, the whole-spine sagittal 
alignment, which was affected by cervical alignment postopera- 
tively, was not included in our analysis. Further studies are 
needed to determine whether patients will have whole-spine 
sagittal imbalance in the long term.

CONCLUSION

Cervical EL preserved cervical lordosis and improved ROM 
and neck pain, more than LF for treatment of more than 3 
levels of cervical OPLL. Sagittal imbalance after posterior 
decompression surgery of the cervical spine was related to 
the clinical outcome, particularly axial neck pain. We found 
that the preservation of the posterior musculo-ligamentous 
complex in subaxial lesions was more important in maintaining 
the sagittal alignment than the complex in the upper cervical 
or cervicothoracic junction.
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