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Study Design: A retrospective study conducted at a single academic institution.
Purpose: This study compared the postoperative alignment of consecutive double laminectomies according to their decompression 
levels and investigated the influence of the extension unit of the spinous process and its attached muscles on postoperative align-
ment.
Overview of Literature: Many reports have investigated bony and soft tissue factors as the causes of postoperative cervical align-
ment disorders. To-this-date, no other article has clarified the importance of the attached muscles between the spinous processes of 
C3 and C6 to maintain local cervical alignment.
Methods: In total, 155 consecutive patients who underwent muscle-preserving consecutive double laminectomies for cervical spon-
dylotic myelopathy from 2005 to 2013 were included in this study. The imaging parameters included the C2–C7 angle, range of mo-
tion, C2–C7 sagittal vertical axis (SVA), C7 slope, C2–C5 angle, C5-C7 angle, local disk angle caudal to the decompression level, and 
the disk height between C2/C3 and C7/Th1.
Results: The caudal disk angle of the decompression level decreased after consecutive double laminectomies, thus suggesting that 
the extension unit maintained the local lordosis at the lower disk of the decompression level. Postoperatively, in the C3–4 decom-
pression cases, the C2–C7 angle decreased by 7.3°, and the C2–C7 SVA increased by 8.6 mm, thus indicating the appearance of an 
alignment disorder. Multivariate logistic regression analysis showed that cephalad laminectomy was a risk factor for C2–C7 angle 
decreases >10°. However, the postoperative recovery rate of Japanese Orthopedic Association scores after consecutive double lami-
nectomies was reasonable, and the overall cervical alignment was well maintained in all decompression levels except C3–C4.
Conclusions: The cervical extension unit maintained lordosis at the disk caudal to it. The extension unit was found to contribute 
more to the maintenance of lordosis of the entire cervical spine at the cephalad side.
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Introduction

Postoperative alignment problems, including kyphotic 
deformity in the cervical spine, are factors that worsen the 
postoperative prognosis and reduce the patient’s satisfac-
tion in relation to the surgical procedure [1,2].

Many reports have investigated bony and soft tissue fac-
tors as the causes of this postoperative alignment disorder 
[3,4]. In particular, the resection of the lamina alone in 
bony elements does not impair cervical spine stability, and 
resection of the facet joint causes cervical spine instability 
[3,5]. Regarding the soft tissue component, studies have 
focused on muscle and joint capsules [4,6], with many 
reports suggesting that damage to the muscles attached to 
C2 causes alignment disorders [7,8]. Additionally, other 
studies suggested that damage to the muscles attached to 
C7 causes the appearance of disorders [9]. Furthermore, 
it has been reported that damage to the articular capsule 
alone can cause cervical instability [6]. Muscle-preserving 
selective laminectomy is a technique that allows decom-
pression without damaging the facet joint, the joint cap-
sule, or muscles attached to C2 [10]. Therefore, we have 
reported that cervical spine alignment is well preserved 
after this technique [11-13].

However, in this technique, the spinous process is dis-
sected at its base; this damages the insertion of the cervi-
cal semispinalis and multifidus muscles that attach to the 
spinous process [10]. We call the extension mechanism of 
the cervical spine—which consists of the spinous process 
and the muscles attached to it—as the extension unit. In 
a muscle-preserving selective laminectomy, one exten-
sion unit is damaged in single laminectomies, and two 
extension units are damaged in consecutive double lami-
nectomies [12]. To-this-date, no other study has clarified 
the extent to which damage to this extension unit affects 
the maintenance of local alignment of the cervical spine. 
Accordingly, alignment analyses after muscle-preserving 
selective laminectomy without damage to the facet joint 
or articular capsule is suitable for clarifying the effects of 
damage to this extension unit alone.

Additionally, while prior studies stated that the attached 
muscles to the C2 and C7 spinous processes are important 
for maintaining postoperative cervical alignment [7,9], no 
other studies have clarified the importance of the attached 
muscles between the C3 and C6 spinous processes for 
maintaining cervical alignment. Furthermore, no other 
publication has described the differences at the level of 

this group of muscles. In a muscle-preserving selective 
laminectomy, procedures are usually performed within 
the range of C3 to C6 to select the decompression level. 
The technique is suitable for the investigation of the in-
fluences of muscles on postoperative cervical alignment 
within this range [12].

This study compared the postoperative alignment of 
muscle-preserving, selective double laminectomy with the 
maximum possible preservation of posterior stabilizing 
tissues as a function of the decompression level. We inves-
tigated the influence of the extension unit of the spinous 
process and its attached muscles on postoperative align-
ment.

Materials and Methods

1. Design

We conducted this retrospective study at a single academ-
ic institution.

2. Ethical approval

This study was conducted in compliance with the prin-
ciples of the Declaration of Helsinki. The study’s protocol 
was reviewed and approved by the Institutional Review 
Board at the Tokyo Dental College Ichikawa General Hos-
pital (IRB approval no., 254). Written informed consents 
were obtained from all patients.

3. Participants

In total, 155 consecutive patients with cervical spon-
dylotic myelopathy who underwent muscle-preserving 
selective laminectomies of two adjacent laminae at our 
academic institution from 2005 to 2013 were selected and 
studied [10]. Our inclusion criteria for selective laminec-
tomy were: symptomatic disease (at least one clinical sign 
of myelopathy) and evidence of spinal canal stenosis on 
cervical magnetic resonance imaging (MRI), or myelo-
gram-computed tomography (CT). The exclusion criteria 
for this study were: (1) patients with diseases other than 
cervical spondylotic myelopathy; (2) cervical myelopathy 
cases with local kyphosis >20° and vertebral body slippage 
>3.5 mm were excluded because they did not undergo 
selective laminectomy [13]; and (3) cervical myelopathy 
cases with laminectomy of one lamina and cases with a 
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laminectomy of three or more laminae. To determine the 
decompression level, the intervertebral disc level with the 
disappearance of the subarachnoid space in the cervical 
extended position was used as the decompression level. 
Myelography was performed in almost all patients who 
underwent surgery, and the disappearance of the sub-
arachnoid space was determined by myelogram-CT of 
the extended cervical position performed preoperatively. 
However, for patients who could not undergo myelogra-
phy owing to allergies, preoperative MRI was performed 
in the neutral and extended positions on the same day, 
and the intervertebral disc level where the subarachnoid 
space disappeared on MRI in the extended position was 
used as the decompression level (Fig. 1).

4.   Surgical techniques of muscle-preserving selective 
laminectomy

Muscle-preserving selective laminectomy was performed 
using an operating microscope [10-13]. Using selective 
laminectomy of two adjacent laminae, three adjacent 
intervertebral levels were decompressed. The surgical 
technique used for double laminectomy at C5–C6 was 
as follows. After the interlaminar spaces between C4 and 
C5, C5, and C6, and C6 and C7 were exposed using our 
technique, and the C5 and C6 spinous processes were 
split longitudinally using a high-speed drill. The spinous 
processes were then divided at its base, leaving the bilat-
eral deep extensor muscles undisturbed. The C5 and C6 
laminae, the upper half of the C7 lamina, and the yellow 

ligament of the ventral aspect of the C4 lamina were then 
removed. Thus, adjacent tree-level (C4/C5, C5/C6, and 
C6/C7) decompression was completed.

5. Clinical outcomes

The clinical outcomes were evaluated using the Japanese 
Orthopedic Association (JOA) score preoperatively and at 
the final follow-up. The recovery rate of the JOA score was 
calculated using the method of Hirabayashi et al. [14].

6. Analysis of radiological findings

Two spinal surgeons independently performed the radio-
logical evaluations using a digital imaging and communi-
cations in medicine viewer (Synapse ver. 4.1.0; FUJIFILM 
Medical, Tokyo, Japan). For postoperative image evalu-
ation, images at the final follow-up were used. Standing 
lateral view plain radiographs were obtained with the 
neck in a neutral posture, flexion, and extension, preop-
eratively, and at the final follow-up. Neutral posture lat-
eral radiographs were obtained with the patient standing 
in a comfortable position with the head facing forward 
and gazing in the horizontal direction. The C2–C7 angle 
was measured as the Cobb angle between the C2 and C7 
vertebral bodies. A positive value in the C2–C7 angle in-
dicates lordosis in this study. The range of motion (ROM) 
was calculated as the difference between the C2–C7 angle 
during flexion and extension. We defined the C2–C7 sag-
ittal vertical axis (SVA) as the distance between the C2 
plumb line and the superior posterior corner of the C7 
vertebral body. The C7 slope was determined as the angle 
between the superior endplate of C7 and a horizontal line. 
The angles associated with C2–C5 and C5–C7 angle were 
measured in the same way as the angle for C2–C7 [13].

The lower disk angle (LDA) was defined as the disk 
angle at the decompression site. LDA was measured as 
the C4–C5 Cobb angle for C3–C4 laminectomies, C5–
C6 Cobb angle for C4–C5 laminectomies, C6–C7 angle 
for C5–C6 laminectomies, and C7–Th1 angle for C6–C7 
laminectomies (Fig. 2). A positive LDA value means lor-
dosis at the targeted disk in this study.

We evaluated the intervertebral disc height accord-
ing to the Matsumoto method [15,16]. We defined disk 
height grade (DHG) as the percentage of height reduction 
compared with the most adjacent normal disk on sagittal 
magnetic resonance images, graded from 0 to 2: grade 0, 

Fig. 1. (A, B) Preoperative myelogram-computed tomography (CT) in extended 
position and postoperative magnetic resonance imaging (MRI) in a neutral posi-
tion of a case with two consecutive laminectomies. The left CT sagittal section 
shows three intervertebral stenoses (arrowhead) between C3/4 and C5/6. The 
postoperative MRI on the right shows the decompression of the three interver-
tebral spaces by C4–5 laminectomy.
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no narrowing of the disk space, grade 1, less than 50% loss 
of height, and grade 2 more than 50% loss of height. The 
total disk height is the sum of the grades of all interverte-
bral discs. The lower adjacent DHG was the DHG of the 
intervertebral space measured at the LDA.

7. Statistical analysis

Statistical analysis was performed using the software IBM 
SPSS ver. 25.0 (IBM Corp., Armonk, NY, USA). All values 
were expressed as the means±standard deviations and 
were considered significant when p<0.05. Comparison 
of each independent variable among the four groups was 
performed using one-way analysis of variance for con-
tinuous variables, and the Kruskal-Wallis test for discrete 
variables. Logistic regression analysis was used for risk 
factor analysis. First, a univariate analysis was used to 
determine the significance of various parameters. Factors 
with p<0.20 in the univariate analysis were then included 
in the multivariate analysis. Comparisons of all indepen-
dent variables between the two groups were performed 
using the t-test for continuous variables and the Mann-
Whitney U test for discrete variables.

Results

1. Demographics of patients and surgical outcomes

There were 110 men and 45 women in this study. The 
mean age was 63.9 years, and the follow-up period aver-

aged 2 years and 1 month. C3–C4 laminectomies were 
performed in nine patients (5.9%), C4–C5 laminecto-
mies in 53 patients  (34.2%), C5–C6 laminectomies in 
82 patients  (52.9%), and C6–C7 laminectomies in 11 
patients (7.1%). The mean age of C3–C4 laminectomy pa-
tients was 75.6 years. There were no significant differences 
in the male/female ratio among the four groups classified 
based on the decompression levels. There were no signifi-
cant differences in the operation time or intraoperative 
blood loss among the four groups. The preoperative JOA 
score was not significantly different between the four 
groups, but the postoperative JOA score was significantly 
higher in the C5–C6 laminectomy cases compared with 
the C4–C5 laminectomy cases. The improvement rate 
of the JOA score was 29.3% in the C4–C5 laminectomy 
cases, which was significantly lower than that in C5–C6 
laminectomy cases (Table 1).

2.   C2–C7 angle, ROM, C2–C7 SVA, C7 slope, C2–C5 
angle, C5–C7 angle, and LDA

The preoperative C2–C7 angle was 13.8° in C4–C5 lami-
nectomy cases. The postoperative C2–C7 angle was also 
significantly higher at 15.1° in the C4–C5 laminectomy 
cases. The change in the C2–C7 angle before and after 
surgery was negative only in the C3–C4 laminectomy 
cases, and the C2–C7 angle increased after surgery in the 
other three groups. There was no significant difference in 
the preoperative C2–C7 angle in flexion and in the C2–
C7 angle in extension among the four groups. There was 
no significant difference in ROM among the four groups. 
Preoperative C2–C7 SVA was equal to 38.5 mm in C3–
C4 laminectomy cases. Postoperative C2–C7 SVA in C3–
C4 laminectomy cases was equal to 48.1 mm. The C2–C7 
SVA increased after surgery by 8.6 mm in C3–4 laminec-
tomy cases, which was a significantly higher increase. The 
preoperative C7 slope value was significantly higher in 
C3–C4 laminectomy cases, and the postoperative C7 slope 
was higher in C3–C4 laminectomy cases but the change 
was not significant. The changes in the C7 slope before 
and after surgery were not significantly different among 
the four groups. The preoperative C2–C5 angle was signif-
icantly higher in C4–C5 laminectomy cases at 8.2°, but the 
postoperative C2–C5 angle was not significantly different 
among the four groups. The changes in the C2–C5 angle 
before and after surgery were not significantly different 
among the four groups and increased in all cases with the 

Fig. 2. Lower disc angle. Lower disc angle (LDA) was defined as a LDA at the 
decompression site. LDA was measured as C4–C5 Cobb angle for C3–4 lami-
nectomy.

Decompression C3–4

LDA=C4–5 disc angle
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Table 1. Demographics of patients, surgical outcomes, and radiological findings among the four groups divided by the decompression level

Characteristic SL3–4 SL4–5 SL5–6 SL6–7 p-value

No. of patients 9 53 82 11

Age (yr) 75.6±10.6 67.1±10.2 60.5±10.9     64.8±10.8 <0.001

Sex 0.073

Male 7 44 53   6

Female 2 9 29   5

Operation time (min) 125.3±25.3 126.1±33.7 125.9±31.3   148.5±30.4 0.172

Blood loss (g) 14.3±37.8 4.5±22.6 19.4±51.6     36.0±36.6 0.102

Pre JOA score (full 17) 9.9±2.3 10.8±3.1 11.6±2.3   12.0±1.9 0.18

Post JOA score 12.6±1.8 12.7±2.7 14.1±1.9   14.4±1.4 0.002

RR of JOA score 39.1±16.8 29.3±23.5 42.9±27.2     45.2±25.8 0.029

Pre C2–C7 angle (°) 8.8±14.8 13.8±11.1 8.2±10.4     4.8±8.8 0.015

Post C2–C7 angle (°) 1.5±23.9 15.1±12.1 9.5±10.5     9.0±9.3 0.007

Post–Pre C2–C7 angle (°) -7.3±17.2 1.3±7.0 1.3±6.2     3.8±9.3 0.013

Pre Flex C2–C7 angle (°) -6.8±14.8 -9.5±11.1  -12.6±11.6 -17.9±9.2 0.194

Pre Ext C2–C7 angle (°) 21.8±20.0 28.1±13.7 24.1±10.2     16.6±10.3 0.073

Pre ROM 28.5±8.7 37.6±15.1 36.7±12.0     34.4±11.6 0.580

Pre C2–C7 SVA (mm) 38.5±19.7 22.3±13.5 23.0±10.8   21.9±9.4 0.008

Post C2–C7 SVA (mm) 48.1±20.3 22.9±12.4 22.2±11.4     23.1±12.4 <0.001

Post–Pre C2–C7 SVA (mm) 8.6±11.1 0.5±8.5 -0.7±6.9       1.3±10.6 0.016

Pre C7 slope (°) 36.8±7.5 25.8±11.1 21.2±8.8    18.9±10.2 0.001

Post C7 slope (°) 34.5±14.8 25.9±11.1 22.6±10.2   24.3±6.6 0.095

Post–Pre C7 slope (°) -2.3±11.9 0.1±6.3 1.5±5.6    5.4±6.4 0.117

Pre C2–C5 angle (°) 6.9±9.6 8.2±8.7 3.8±8.8   -1.4±1.5 0.010

Post C2–C5 angle (°) 6.1±16.7 11.4±10.5 8.7±9.6     2.0±8.7 0.109

Post–Pre C2–C5 angle (°) -0.8±16.7 3.2±5.6 4.9±7.1     3.4±8.0 0.194

Pre C5–C7 angle (°) -1.3±5.0 7.1±6.3 4.4±5.2     3.7±4.4 <0.001

Post C5–C7 angle (°) 0.0±9.4 4.8±7.4 3.4±6.5     5.6±8.3 0.269

Post–Pre C5–C7 angle (°) 1.3±5.6 -2.3±4.9 -1.0±4.5     1.9±7.5 0.058

Pre lower disc angle (°) -2.0±3.6 3.2±3.6 1.7±3.0     5.0±2.1 <0.001

Post lower disc angle (°) -1.9±5.8 1.1±3.7 0.6±4.0    2.5±3.6 0.145

Post–Pre lower disc angle (°) 0.1±3.5 -2.3±2.7 -1.1±3.5   -2.1±3.0 0.133

DHG C2/3 0.3±0.5 0.8±0.6 0.8±0.5 0.6±0.6 0.066

DHG C3/4 1.1±0.6 1.1±0.7 0.8±0.7 0.8±0.7 0.14

DHG C4/5 0.7±0.9 1.3±0.6 1.1±0.7 0.6±0.9 0.016

DHG C5/6 0.8±0.7 1.6±0.5 1.6±0.5 1.1±0.6 0.001

DHG C6/7 1.2±0.7 1.2±0.7 1.4±0.6 1.4±0.5 0.561

DHG C7/Th1 0.9±0.6 0.8±0.6 0.8±0.6 0.5±0.5 0.443

Total DHG 5.0±2.4 6.8±2.3 6.5±2.1 5.0±3.1 0.072

Lower DHG 0.7±0.9 1.6±0.5 1.4±0.6 0.5±0.5 0.001

Values are presented as mean±standard deviation, unless otherwise stated. The bold type is considered statistically significant.
SL, selective laminectomy; JOA, Japanese Orthopedic Association; RR, recovery rate; Flex, flexion; Ext, extension; ROM, range of motion; SVA, sagittal vertical axis; 
DHG, disc height grade.
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exception of the C3–C4 laminectomy cases. The preop-
erative C5–C7 angle was significantly lower in the C3–
C4 laminectomy cases at -1.3°, but the postoperative C5–
C7 angles were not significantly different among the four 
groups. C5–C7 angle changes before and after surgery 
were not significantly different among the four groups. 
The preoperative LDA was significantly lower in the C3–
C4 laminectomy cases at -2.0°, but the postoperative LDA 
was not significantly different among the four groups. The 
changes in the LDA before and after surgery were negative 
in the three groups except the C3–C4 laminectomy cases. 
Furthermore, there was no significant difference among 
the four groups (Table 1).

3. DHG

In the preoperative DHG comparison of disk heights, 
significant differences were observed in the C4/C5 and 
C5/C6 cases. A significant decrease in disk height was 
observed in the C4/C5 disk heights in the C4–C5 lami-
nectomy cases, and a significant residual disk height was 
observed in the C5/C6 disk heights in the C3–C4 lami-
nectomy cases. The total DHG values, which represent the 
disk heights of the entire cervical spine, were not signifi-
cantly different among the four groups. The lower DHG 
values were significantly higher in the cases of the C4–C5 
and C5–C6 laminectomies, thus indicating a decrease in 
disk height caudal to the decompression site.

Table 2. Risk factor analysis for C2–C7 angle decrease ≥10°

Variable
Univariate Multivariate

p-value OR (95% CI) p-value OR (95% CI)

Decompression level 0.035 0.391 (0.163–0.938) 0.032 0.262 (0.077–0.892)

Age 0.976

Male/female 0.974

Operation time  0.856

Blood loss  0.557

Pre JOA score 0.94

Pre C2–C7 angle 0.405

Pre Flex C2–C7 angle 0.409

Pre Ext C2–C7 angle 0.430

Pre ROM 0.993

Pre C2–C7 SVA 0.177 0.872

Pre C7 slope 0.132 0.824

Pre C2–C5 angle 0.907

Pre C5–C7 angle 0.456

Pre lower disc angle 0.102 0.509

DHG C2/3 0.005 0.147 (0.038–0.567) 0.025 0.152 (0.029–0.794)

DHG C3/4 0.522

DHG C4/5 0.550

DHG C5/6 0.042 0.351 (0.128–0.965) 0.631

DHG C6/7 0.526

DHG C7/Th1 0.427

Total DHG 0.101 0.716

Lower DHG 0.391

The decompression levels were analyzed as follows: C3–4 laminectomy, 3; C4–5 laminectomy, 4; C5–6 laminectomy, 5; and C6–7 laminectomy, 6. The bold type is con-
sidered statistically significant.
OR, odds ratio; CI, confidence interval; JOA, Japanese Orthopedic Association; Flex, flexion; Ext, extension; ROM, range of motion; SVA, sagittal vertical axis; DHG, 
disc height grade.
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4. Risk factor analysis for C2–C7 angle decreases

The risk factors for C2–C7 angle decreases ≥10° before 
and after surgery were analyzed (Tables 2, 3). Univari-
ate logistic regression analyses were performed for the 
decompression level, age, sex ratio, operation time, in-
traoperative blood loss, JOA score, C2–C7 angle, flexion, 
and extension C2–C7 angle, ROM, C2–C7 SVA, C7 slope, 
C2–C5 angle, C5–C7 angle, LDA, DHG at each disk level, 
total DHG, and lower DHG. We analyzed only the pre-
operative values. The decompression levels were analyzed 
as follows: C3–C4 laminectomy, 3; C4–5 laminectomy, 
4; C5–C6 laminectomy, 5; and C6–7 laminectomy, 6. 
Univariate logistic regression analysis showed that the 
decompression level and DHG at C2/C3 and C5/C6 were 
significant risk factors for a decrease in the C2–C7 angle 
post-surgery. Multivariate logistic regression analysis 
showed that the decompression level was a significant risk 
factor with an odds ratio of 0.262, and that the incidence 
was approximately 3.8 times higher when the decompres-
sion level was one level cephalad. Multivariate logistic 
regression analysis also showed that the disk height at C2/
C3 was a significant risk factor with an odds ratio of 0.152, 
and that the incidence was approximately 6.6 times higher 
when the DHG at C2/C3 was one level lower. These find-
ings mean that the preserved disk height at C2/C3 was a 
risk factor for C2–C7 angle decreases.

5. Risk factor analysis for C2–C7 SVA increases

The risk factor analysis for C2–C7 SVA increases ≥15 mm 
before and after surgery showed that age, ROM, and the 
C7 slope were significant risk factors in the univariate 
logistic regression analysis. In multivariate logistic regres-
sion analysis, ROM was a significant risk factor with an 

odds ratio of 0.885, thus indicating that a 1° decrease in 
the ROM was associated with a 1.1-fold increase in inci-
dence (Tables 4, 5). 

6. Age-matched analysis for cervical alignment

Cervical spine alignment was examined in 59 age-
matched cases to eliminate the age factor. There was no 
significant difference in the preoperative C2–C7 angle, but 
the postoperative C2–C7 angle was significantly lower in 
C3–C4 laminectomy cases. The change in the C2–C7 an-
gle before and after surgery was significantly lower in C3–
C4 laminectomy cases. There was no significant differ-
ence in preoperative C2–C7 SVA, but postoperative C2–
C7 SVA was significantly higher in C3–C4 laminectomy 
cases. The change in C2–C7 SVA before and after surgery 
was higher in C3–C4 laminectomy cases but insignificant. 
There were no significant differences between the pre- and 
postoperative C7 slopes and in the slope changes in C7 
among the four groups (Table 6).

Discussion

In this study, the lower local angle decreased after con-
secutive double laminectomies with the exception of the 
C3–C4 laminectomy cases. The C3–C4 laminectomy 
group exhibited lower local kyphosis before surgery, and 
the kyphosis did not progress postoperatively. This was 
probably owing to the preoperative kyphosis. The results 
of this study revealed that the local kyphosis at the disk 
caudal to the decompression level progressed after con-
secutive double laminectomies. This result supports the 
fact that the deep extensor muscles of the cervical spine 
maintained their alignments as a dynamic stabilizer mus-
cle group [4,17]. To our knowledge, this study is also the 
first report to show that the deep extensor muscles of the 
cervical spine influenced the maintenance of local align-
ment of the cervical spine. Although the mechanism for 
this phenomenon is unclear, we hypothesized the mecha-
nism. When the spinous process was split longitudinally 
and the local extension unit was damaged, muscle tone 
around the facet joint at the muscle origin was weakened 
and the stabilization mechanism around the joint was im-
paired. This resulted in abnormal local alignment. We re-
ported that after muscle-preserving selective laminectomy, 
caudal lordosis of the cervical spine decreased, and the 
cephalad lordosis increased to compensate; these changes 

Table 3. Number of cases and the mean values of factors that were significant 
risks in the univariate logistic regression analysis for C2–C7 angle decrease 
≥10°

C2–C7 angle decrease ≥10° <10° p-value

No. of patients 11 144

Decompression level 4.2±0.9 4.7±0.7 0.030

DHG C2/3 0.3±0.5 0.8±0.6 0.002

DHG C5/6 1.2±0.4 1.6±0.6 0.034

Values are presented as mean±standard deviation, unless otherwise stated.
DHG, disc height grade.
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maintained the alignment of the entire cervical spine [13]. 
In this study, we could show that the mechanism of the 
caudal reduction in cervical lordosis was caused by local 

kyphosis at the decompressed caudal intervertebral space. 
However, in a relatively less invasive double laminectomy, 
this local kyphosis was compensated by an effect on the 
cephalad side, and the overall cervical alignment became 
more lordotic postoperatively. Additionally, the recovery 
rate after this procedure was reasonable, and the results of 
the surgery were satisfactory.

The C2–C7 angle decreased after the C3–C4 laminecto-
my, and the C2–C7 SVA was also increased after the C3–
C4 laminectomy. Based on the findings from this study, it 
is suggested that the cervical alignment deteriorated after 
the C3–C4 laminectomy. In addition, multivariate logistic 
regression analysis showed that the decompression level 
was significantly associated with C2–C7 angle decreases 

Table 5. Number of cases and the mean values of factors that were significant 
risks in the univariate logistic regression analysis for C2–C7 SVA increase ≥15 
mm

C2–C7 SVA increase ≥15 mm <15 mm p-value

No. of patients 8 147

Age (yr) 73.9±9.4   63.5±10.7 0.008

Pre C7 slope   32.7±18.3 22.7±8.8 0.008

Pre ROM 24.3±7.2   37.4±13.1 0.010

Values are presented as mean±standard deviation, unless otherwise stated.
SVA, sagittal vertical axis; ROM, range of motion.

Table 4. Risk factor analysis for C2–C7 SVA increase ≥15 mm

Variable
Univariate Multivariate

p-value OR (95% CI) p-value OR (95% CI)

Decompression level 0.075 0.440

Age 0.014 1.116 (1.023–1.218) 0.420

Male/female 0.542

Operation time (min) 0.429

Blood loss (g) 0.503

Pre JOA score 0.314

Pre C2–C7 angle 0.252

Pre Flex C2–C7 angle 0.090

Pre Ext C2–C7 angle 0.238

Pre ROM 0.014 0.885 (0.803–0.975) 0.035 0.885 (0.791–0.991)

Pre C2–C7 SVA 0.572

Pre C7 slope 0.013 1.094 (1.019–1.176) 0.079 1.074 (0.992–1.163)

Pre C2–C5 angle 0.180 0.795

Pre C5–C7 angle 0.649

Pre lower disc angle 0.074 0.265

DHG C2/3 0.606

DHG C3/4 0.422

DHG C4/5 0.242

DHG C5/6 0.186 0.135

DHG C6/7 0.689

DHG C7/Th1 0.068 0.523

Total DHG 0.349

Lower DHG 0.864

The decompression levels were analyzed as follows: C3–4 laminectomy, 3; C4–5 laminectomy, 4; C5–6 laminectomy, 5; and C6–7 laminectomy, 6. The bold type is con-
sidered statistically significant.
OR, odds ratio; CI, confidence interval; JOA, Japanese Orthopedic Association; Flex, flexion; Ext, extension; ROM, range of motion; SVA, sagittal vertical axis; DHG, 
disc height grade.
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>10°. This result indicated that the deep extensor muscles 
on the cephalad side contributed more profoundly to the 
maintenance of the overall cervical alignment. The lever 
arm of cervical extension became larger in the cervical 
extension unit on the cephalad side. Thus, it can be in-
ferred that the cervical deep extensor muscles attached to 
the spinous process on the cephalad side are more able to 
maintain cervical lordosis. In fact, many previous studies 
have described how damage to the most cephalad exten-
sion unit C2 worsens cervical alignment [7,8]. Given that 
C2 is the most cephalad region to which the cervical ex-
tension mechanism attaches, it is easy to infer that it is the 
most active level in the maintenance of cervical lordosis. 
Using cadavers, Takeuchi showed that when C3 lamino-
plasty was performed, the cervical semispinalis muscle 
attached to C2 interfered with the posterior spinous pro-
cesses and spacers [18]. The same authors showed that the 
cervical semispinalis muscle attached to C2 can be pre-
served by performing a C3 laminectomy and demonstrat-
ed its usefulness [8]. The C3 laminectomy technique does 
not require separation of the muscle attached to C2. Ac-
cordingly, our technique also does not require separation 
of the muscle attached to C2 during C3–C4 laminectomy. 
Thus, it is unlikely that the alignment loss in this study af-
ter C3–C4 laminectomy appeared owing to damage to the 
C2 attached muscles caused by the C3–C4 laminectomy.

Multivariate logistic regression analysis showed that the 

preserved disk height at C2/C3 was significantly associ-
ated with C2–C7 angle decreases >10°. To the best of our 
knowledge, there is no report on the relationship between 
disk height at C2/C3 and postoperative alignment changes 
in the cervical spine. Given that C2/3 is the most cepha-
lad disk, it is the last disc that can undergo compensatory 
alignment changes for alignment changes in the caudal 
part of the spine. The remaining disc height at C2/C3 may 
contribute to the tendency for alignment changes, but this 
mechanism remains unclear and requires further investi-
gation.

To-this-date, no other study has clarified the contribu-
tions of C3 to C6 extension units to maintain cervical 
lordosis, and the results of this study indicate that as 
the extension unit becomes more cephalad, the ability 
to maintain cervical lordosis is enhanced. In this study, 
cervical alignment was maintained in patients who un-
derwent C6–C7 laminectomies, thus suggesting that the 
deep extensor muscles attached to C6 and C7 were not in-
volved in maintaining cervical lordosis; this was probably 
because the lever arm was considered the shortest.

In this study, patients who underwent C3-C4 laminec-
tomies, i.e., patients with cephalad stenoses, were mostly 
elderly. Previous studies have also confirmed that elderly 
patients were more likely to suffer from cephalic steno-
ses [19]. It can be assumed that age affects postoperative 
changes [20]. In fact, C2–C7 SVA was high preoperatively 

Table 6. Age-matching analysis for cervical alignment

Variable SL3–4 SL4–5 SL5–6 SL6–7 p-value

No. of patients 9 28 18 4

Age (yr)   75.6±10.6 75.1±6.2 74.6±3.9 74.8±7.1 0.987

Sex 0.209

Male 7 20 10 1

Female 2   8   8 3

Pre C2–C7 angle     8.8±14.8 13.0±12.0 11.0±6.3     6.5±11.0 0.614

Post C2–C7 angle    1.5±23.9 16.4±11.5 12.8±8.1 15.0±5.0 0.049

Post–Pre C2–C7 angle   -7.3±17.2 3.4±6.2   1.8±7.5   8.5±6.9 0.016

Pre C2–C7 SVA (mm)   38.5±19.7 24.2±16.8   25.0±13.8 14.5±2.1 0.120

Post C2–C7 SVA (mm)   48.1±20.3 24.6±15.0   24.7±14.2   9.0±8.5 0.001

Post–Pre C2–C7 SVA (mm)     8.6±11.1 0.4±10.0  -0.4±7.6  -5.5±6.4 0.080

Pre C7 slope 36.8±7.5 25.7±11.0 25.2±9.2 15.5±9.2 0.124

Post C7 slope   34.5±14.8 28.0±12.6   26.8±10.8 19.5±6.4 0.518

Post–Pre C7 slope   -2.3±11.9 2.3±7.3   1.6±5.1   4.0±2.8 0.644

Values are presented as mean±standard deviation, unless otherwise stated. The bold type is considered statistically significant.
SL, selective laminectomy; SVA, sagittal vertical axis.
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in C3–C4 laminectomy cases, which may be related to 
postoperative changes in SVA. However, multivariate lo-
gistic regression analysis of the factors responsible for the 
decrease in the C2–C7 angle by more than 10° and the 
increase in C2–C7 SVA by more than 15 mm showed that 
age and preoperative C2–C7 SVA were not significant ag-
gravating factors, thus suggesting that the difference in the 
decompression level was the primary factor for postopera-
tive alignment changes. The study of age-matched cervical 
spine alignment also showed a significant decrease in the 
C2–C7 angle and an increase in the C2–C7 SVA postop-
eratively in C3–C4 laminectomy cases. Considering all 
these results, it is suggested that as the number of cepha-
lad extension units increased, its importance in maintain-
ing cervical lordosis increased.

The multivariate logistic regression analysis of the fac-
tors contributing to the increase in the C2–C7 SVA >15 
mm showed that the preoperative ROM was a significant 
factor. Many previous studies have reported that preop-
erative alignment abnormalities affect the postoperative 
period [1,2]. However, there are no reports that show that 
preoperative ROM affects sagittal plane imbalance. We 
have reported that cervical alignment was maintained by 
compensatory lordosis on the cephalad side even when 
there was loss of alignment on the lower cervical spine 
after selective laminectomy [13]. Regarding SVA, when 
alignment loss appeared in the lower part of the cervi-
cal spine, it should be compensated on the cranial side, 
but if the ROM was small, the compensatory action may 
be hard to be worked. This study suggests that cervical 
spine mobility is necessary to maintain the sagittal plane 
balance and that the remaining cervical ROM is advanta-
geous in compensating for abnormal alignment.

In this study, we used a less invasive technique with a 
narrow decompression level of two adjacent laminae, and 
showed that the extension unit alone affected the caudal 
local alignment. Therefore, as wider decompression with 
wider exposure is commonly used in conventional lami-
noplasty [21,22], it can be expected that the effect of cap-
sule and joint damage other than the extension unit may 
work strongly in laminoplasty. Moreover, there are limita-
tions in directly applying the results of this study to con-
ventional laminoplasty. In addition, the ROM restriction 
that occurs after conventional laminoplasty may affect the 
maintenance of postoperative alignment [21,22], and this 
may be an issue for additional investigations.

The influence of selection bias cannot be ruled out 

based on the findings of this retrospective study. Further-
more, the lack of entire spine imaging evaluations which 
dis not consider spinopelvic parameters is a limitation of 
the study. The small number of cases limited the reliability 
of the results of multivariate logistic regression analysis, 
and the influences of the older age of C3–C4 laminectomy 
cases could not be eliminated. The absence of a control 
group for comparison precludes an accurate evaluation. 
It is important that our technique is compared in the fu-
ture with fusion or other techniques of decompression 
to clarify the difference in the occurrence of alignment 
changes owing to differences in the surgical invasion. A 
prospective comparative study with a large number of 
patients is desirable to elucidate the mechanism of align-
ment changes following surgery.

Conclusions

After consecutive double laminectomies, kyphosis devel-
oped at the disc which was caudal to the decompression 
site. In the lower cervical spine, the extension unit of the 
spinous process and its attached muscles is more likely to 
exert its function when it is located cephalad.
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