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Study Design: Retrospective study.
Purpose: To compare the radiographic risk factors for decreased cervical lordosis (CL) after laminoplasty, focusing on the difference 
between cervical spondylotic myelopathy (CSM) and cervical ossification of the posterior longitudinal ligament (C-OPLL).
Overview of Literature: A few reports compared the risk factors for decreased CL between CSM and C-OPLL although these two 
pathologies have their characteristics.
Methods: This study included 50 patients with CSM and 39 with C-OPLL who underwent multi-segment laminoplasty. Decreased CL 
was defined as the difference between preoperative and 2-year postoperative neutral C2–7 Cobb angles. Radiographic parameters 
included preoperative neutral C2–7 Cobb angles, C2–7 sagittal vertical axis (SVA), T1 slope (T1S), dynamic extension reserve (DER), 
and range of motion. The radiographic risk factors were investigated for decreased CL in CSM and C-OPLL. Additionally, the Japanese 
Orthopedic Association (JOA) score was assessed preoperatively and 2 years postoperatively.
Results: C2–7 SVA (p=0.018) and DER (p=0.002) were significantly correlated with decreased CL in CSM, while C2–7 Cobb angle 
(p=0.012) and C2–7 SVA (p=0.028) were correlated with decreased CL in C-OPLL. Multiple linear regression analysis revealed that 
greater C2–7 SVA (B=0.22, p=0.026) and small DER (B=−0.53, p=0.002) were significantly associated with decreased CL in CSM. By 
contrast, greater C2–7 SVA (B=0.36, p=0.031) was significantly associated with decreased CL in C-OPLL. The JOA score significantly 
improved in both CSM and C-OPLL (p<0.001).
Conclusions: C2–7 SVA was associated with a postoperative decreased CL in both CSM and C-OPLL, but DER was only associated 
with decreased CL in CSM. Risk factors for decreased CL slightly differed depending on the etiology of the condition.
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Introduction

Laminoplasty is a surgical procedure that provides poste-
rior decompression and is widely performed in patients 
with cervical spondylotic myelopathy (CSM) and cervi-
cal ossification of the posterior longitudinal ligament (C-
OPLL) to treat compressive myelopathy [1-3].

Laminoplasty can cause kyphotic alignment change 
postoperatively [4,5], although the risk is lower than that 
for laminectomy alone [6]. Postoperative cervical kypho-
sis alignment changes may occur in both patients with C-
OPLL and CSM even if the patient’s cervical alignment is 
lordosis preoperatively [7,8]. The posterior muscle liga-
ment complex (PMLC) has received much attention and is 
damaged during laminoplasty, which can result in cervical 
kyphotic deformity or, more often, decreased cervical lor-
dosis (CL) [9]. Cervical kyphotic alignment changes may 
limit the dorsal shift of the spinal cord, resulting in less 
indirect decompression in laminoplasty [10,11]. Hence, 
patients with kyphosis deformity, as well as patients with 
postoperatively decreased CL, often have poor neuro-
logical outcomes after laminoplasty. Kyphosis deformity 
causes axial pain due to fatigue of neck extensor muscles 
in addition to neurological dysfunction [12].

The preoperative neutral C2–7 Cobb angle, C2–7 sag-
ittal vertical axis (C2–7 SVA), and T1 slope (T1S) are 
risk factors for postoperatively decreased CL [13-16]. 
Additionally, the PMLC is an important factor in main-
taining cervical lordotic alignment [17,18]. The dynamic 
extension reserve (DER), which predicts the contraction 
reserve of PMLC, is also reported as a risk factor for de-
creased CL [7]. Previous studies have analyzed the risk 
factors for decreased CL in CSM and C-OPLL together or 
analyzed them only for single pathologies although CSM 
and C-OPLL have characteristics for each condition and a 
few reports compared the risk factors for decreased CL in 
different CSM and C-OPLL conditions [19,20].

Here, we compared the radiographic risk factors for de-
creased CL focusing on the difference between CSM and 
C-OPLL.

Materials and Methods

1. Study design and patient demographics

This retrospective study of human patients conformed to 
the ethical standards of the Institutional Review Board of 

Chiba University Hospital (M10251), which approved the 
study protocol and waived the requirement for informed 
consent due to the retrospective nature of this study. This 
study included data from 177 patients with CSM and C-
OPLL, and 116 and 61 patients with CSM and C-OPLL, 
respectively, underwent laminoplasty between October 
2001 and November 2019. Data from patients who un-
derwent multiple-segment laminoplasty with ≥4 levels of 
operated laminae were included in this study. Data from 
patients who had previous cervical spine surgery or a his-
tory of trauma, tumor, rheumatoid arthritis, infection, 
dialysis, or neurology disease, such as Parkinson’s disease, 
were excluded, as well as data from patients without pre-
operative extension and flexion lateral radiography and 
with a follow-up period of <2 years, ultimately including 
89 patients with CSM or C-OPLL. The spinous processes 
of C7 were removed and open-door laminoplasty of C7 
was performed in some patients. This study included 
dome-fenestrated C2 and C7 lamina in the operating seg-
ments. Our institution indicated patients with a kyphotic 
deformity or K-line (−) cervical OPLL for anterior or pos-
terior decompression and fusion [21-23].

2. Radiographic parameters and clinical outcomes

Each parameter was assessed on lateral radiographs. Fig. 
1 shows a summary of the radiographic parameters. The 
neutral C2–7 Cobb angle was the angle formed by the 
endplates of C2 and C7. Decreased CL was the difference 
between preoperative and 2-year postoperative neutral 
C2–7 Cobb angle. The C2–7 SVA was the distance be-
tween a plumb line dropped from the center of the C2 
body and the posterosuperior aspect of the C7 vertebral 
body. The T1S was the angle between the superior end-
plate of T1 and a horizontal plane on lateral radiographs. 
DER was the difference between the extension C2–7 Cobb 
angle and the neutral C2–7 Cobb angle. Range of motion 
(ROM) was the difference between the extension C2–7 
Cobb angle and flexion C2–7 Cobb angle. The clinical 
outcomes were assessed using the Japanese Orthopedic 
Association (JOA) score preoperatively and 2-year post-
operatively in patients with CSM and C-OPLL. The re-
covery rate of the JOA score was calculated using the fol-
lowing formula: recovery rate (%)=(postoperative score−
preoperative score)/(17−preoperative score)×100 [24]. 
JOA scores were missing in nine and eight patients with 
CSM and C-OPLL, respectively, 2 years after laminoplasty, 
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and thus were excluded from clinical outcome data analy-
sis.

3. Surgical procedure

The surgical procedure for multiple-segment laminoplasty 
was as follows. The multifidus and semispinalis muscles 
were detached from both sides of the spinous processes, 
thereby exposing the laminae from the cranial C3 (or 4) 
to the caudal C6 (or 7). The semispinalis cervicis muscle 
was preserved as much as possible during surgery, while a 
minimal detachment of the semispinalis cervicis from the 
inferior border of the C2 spinous process base was nec-
essary to secure the surgical field in certain cases where 
C3 laminoplasty was performed. The spinous process at 
C3 (or C4) to C6 (or C7) was removed. Bilateral gutters 
were made at the medial border of the facet joint using 
a high-speed air-burr drill, a hole was drilled on the left 
lamina, and the left side lamina was opened. The spinous 
process or the hydroxyapatite spacers were used to keep 
the laminae open. Spinous processes were used instead 
of hydroxyapatite spacers in some cases, depending on 
the surgeon’s preference. Small bone chips made from the 
spinous processes were placed on the hinged side. Inferior 
lamina at C2 or superior lamina at C7 were fenestrated 
for patients who had stenosis to the C2–3 or C6–7 levels, 
respectively.

4. Statistical analysis

JMP ver. 15.00 (SAS Institute Inc., Cary, NC, USA) was 
used for all statistical analyses. Unpaired t-test, paired t-
test, chi-square tests, or Wilcoxon rank sum tests were 
used to examine the demographic, radiographic param-
eters, and clinical outcomes between CSM and C-OPLL. 
The Pearson correlation coefficients were used to assess 
correlations between dependent variables (decrease in 
CL) and independent variables (neutral C2–7 Cobb angle, 
C2–C7 SVA, T1S, DER, and ROM). Stepwise multivariate 
linear regression was performed with a forward stepwise 
procedure, removing terms with p-values of ≥0.2, to iden-
tify the preoperative risk factors of radiographic param-
eters for decreased CL between patients with CSM and C-
OPLL. All p-values of <0.05 were considered significant.

Results

Table 1 shows the demographics of 89 patients. Data from 
50 patients with CSM and 39 patients with C-OPLL were 
analyzed. No significant differences were found in age, 
sex, the number of operative segments, and the propor-
tion of cases with removed C7 spinous processes. Table 2 
shows the radiographic parameters and clinical outcomes. 
No significant differences were found in preoperative neu-
tral C2–7 Cobb angle, C2–7 SVA, or T1S between patients 
with CSM and C-OPLL. The DER (p=0.006) and ROM 

Fig. 1. Measurement of parameters in cervical spine lateral radiographs, including neutral (A), extension (B), and flexion radiographs (C). α: neu-
tral C2–7 Cobb angle (A), double-headed arrow: C2–7 sagittal vertical axis (A), β: T1 slope (A). γ: extension C2–7 Cobb angle (B). δ: flexion C2–7 
Cobb angle (C). Dynamic extension reserve was defined as γ–α. Range of motion was defined γ–δ.

A B C
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(p=0.002) in patients with C-OPLL were significantly low-
er than those in patients with CSM. The mean preopera-
tive neutral C2–7 Cobb angle was 15.3°±9.5° in patients 
with CSM and 12.0°±6.6° in patients with C-OPLL, with 
no significant differences between the patients (p=0.062). 
The mean 2-year postoperative neutral C2–7 Cobb angle 
was 11.4°±13.3° in patients with CSM and 5.4°±13.2° in 
patients with C-OPLL. The 2-year postoperative neutral 
C2–7 Cobb angle in patients with C-OPLL was signifi-
cantly lower than that in patients with CSM (p=0.036). 
The mean decreased CL was 3.9°±9.6° in patients with 
CSM and 6.5°±9.7° in patients with C-OPLL, with no 
significant differences between the patients (p=0.195). 
Preoperative and 2-year postoperative JOA score and the 
recovery rate of the JOA score revealed no statistically 
significant difference between patients with CSM and C-
OPLL. The JOA score significantly improved after lamino-

plasty in patients with both CSM and C-OPLL (p<0.001). 
Table 3 summarizes the Pearson correlation coefficients. 
C2–7 SVA (r=0.334, p=0.018) had a weak positive cor-
relation and DER (r=−0.436, p=0.002) had a moderate 
negative correlation with decreased CL in patients with 
CSM. C2–7 Cobb angle (r=−0.398, p=0.012) has a weak 
negative correlation and C2–7 SVA (r=0.352, p=0.028) has 
a weak positive correlation with decreased CL in patients 
with C-OPLL. Multivariate linear regression for the risk 
factors for decreased CL in patients with CSM or C-OPLL 
is shown in Tables 4 and 5, respectively. Multivariate lin-
ear regression analysis revealed that greater C2–7 SVA 
(B=0.22, p=0.026) and smaller DER (B=−0.53, p=0,002) 
in patients with CSM were significantly associated with a 
higher postoperatively decreased CL. By contrast, greater 
C2–7 SVA (B=0.36, p=0.031) was significantly associated 
with higher postoperatively decreased CL in patients with 

Table 1. Demographic data in patients with CSM and C-OPLL

Characteristic CSM (n=50) C-OPLL (n=39) p-value

Age (yr) 66.4±9.5 64.2±10.8 0.299

Sex 0.859

Male 38 29

Female 12 10

No. of operative segments 4.7 (4–6) 4.8 (4–6) 0.730

Operated levels

The most cephalic level

C2 7 7

C3 42 32

C4 1 0

The most caudal level

C6 20 14

C7 30 25

Removed C7 spinous processes 7/50 (14.0) 6/39 (15.4) 0.855

Type of OPLL

Segmental type 10

Mixed type 18

Continuous type 10

Localized type   1

Thickness of OPLL (mm) 5.1±1.4

Canal occupying ratio of OPLL (%) 39.7±10.6

Values are presented as mean±standard deviation, number, mean (range), or 
number (%). p-values represent differences between CSM and C-OPLL.
CSM, cervical spondylotic myelopathy; C-OPLL, cervical ossification of the 
posterior longitudinal ligament; OPLL, ossification of the posterior longitudinal 
ligament.

Table 2. Radiographic parameters and clinical outcomes in CSM and C-OPLL

Variable CSM C-OPLL p-value

Radiographic parameters

No. of patients 50 39

Preoperative

Neutral C2–7 Cobb angle (°) 15.3±9.5 12.0±6.6 0.062

C2–7 SVA (°) 24.9±12.5 27.1±12.8 0.423

T1 slope (°) 25.6±8.3 25.2±7.7 0.778

Dynamic extension reserve (°) 11.9±7.2 8.1±5.0 0.006*

ROM (°) 34.0±12.2 26.5±8.4 0.002*

2-Year postoperative

Neutral C2–7 Cobb angle (°) 11.4±13.3 5.4±13.2 0.036*

Decrease in cervical lordosis (°) 3.9±9.6 6.5±9.7 0.195

Clinical outcomes

No. of patients 41 31

JOA score (points)

Preoperative 8.6 (4 to 14) 9.5 (3 to 14) 0.182

2-Year postoperative 12.8 (6 to 16.5) 13.2 (5.5 to 17) 0.615

Th e recovery rate of the JOA 
score (%)

47.3 (−30.8 to 95.8) 46.0 (−27.8 to 100) 0.996

p- value preoperative/2-year 
postoperative

<0.001* <0.001*

Values are presented as number, mean±standard deviation, or mean (range). 
Only patients for whom data were available preoperative and 2-year postoper-
ative were included in the clinical outcomes data analysis. p-values represent 
differences between CSM and C-OPLL.
CSM, cervical spondylotic myelopathy; C-OPLL, cervical ossification of the pos-
terior longitudinal ligament; C2–7 SVA, C2–7 sagittal vertical axis; ROM, range 
of motion; JOA, Japanese Orthopedic Association.
*p<0.05.
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Fig. 3. An 81-year-old man with cervical ossification of the posterior longitudi-
nal ligament (OPLL). OPLL type was continuous. Preoperative lateral neutral (A) 
and extension (B) and flexion (C) radiographs demonstrated that neutral C2–7 
Cobb angle was 8.0°, C2–7 sagittal vertical axis was 42 mm, T1 slope was 
23.4°, dynamic extension reserve was 5.0°, and range of motion was 23.2°. 
After a 2-year follow-up of laminoplasty at the C3–C6 levels, the neutral C2–7 
Cobb angle changed –9.0°. Decrease in cervical lordosis was 17.0° (D).

Fig. 2. An 81-year-old man with cervical spondylotic myelopathy. Preoperative 
lateral neutral (A) and extension (B) and flexion (C) radiographs demonstrated 
that neutral C2–7 Cobb angle was 2.4°, C2–7 sagittal vertical axis was 37 mm, 
T1 slope was 23.4°, dynamic extension reserve was 6.0°, and range of motion 
was 27.9°. After a 2-year follow-up of laminoplasty at the C3–C6 level, the 
neutral C2–7 Cobb angle changed –19.5°. Decrease in cervical lordosis was 
21.9° (D).

A B

C D

Table 3. Correlation analysis of relationships between postoperative decrease in cervical lordosis and risk factors in patients with CSM and C-OPLL

Variable
CSM C-OPLL

r p-value 95% CI r p-value 95% CI

C2–7 Cobb angle (°) 0.030 0.838 –0.029 to 0.306 –0.398 0.012* –0.634 to –0.094

C2–7 SVA (°) 0.334 0.018* 0.062 to 0.561 0.352 0.028* 0.042 to 0.601

T1 slope (°) 0.227 0.113 –0.056 to 0.475 –0.129 0.439 –0.431 to 0.199

Dynamic extension reserve (°) −0.436 0.002* –0.637 to –0.180 –0.158 0.335 –0.451 to 0.165

ROM (°) −0.180 0.211 –0.437 to 0.103 –0.313 0.052 –0.572 to 0.002

CSM, cervical spondylotic myelopathy; C-OPLL, cervical ossification of the posterior longitudinal ligament; CI, confidence interval; C2–7 SVA, C2–7 sagittal vertical 
axis; ROM, range of motion.
*p<0.05.

A B

C D
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C-OPLL. Figs. 2 and 3 show representative cases in pa-
tients with CSM or C-OPLL, respectively.

Discussion

The present study compared the radiographic risk factors 
for decreased CL focusing on the difference between CSM 
and C-OPLL. Large C2–7 SVA was associated with a post-
operatively decreased CL both in patients with CSM and 
C-OPLL, but DER was associated with decreased CL only 
in patients with CSM. Risk factors for decreased CL after 
laminoplasty slightly differed depending on the CSM or 
C-OPLL etiology.

Our study revealed that C2–7 SVA was associated with 
postoperatively decreased CL both in patients with CSM 
and C-OPLL. Cervical sagittal balance, which is assessed 
by the cervical SVA, has recently been identified as a sig-
nificant factor in clinical outcomes after cervical surgery 
[25]. Additionally, cervical SVA has been reported as a risk 
factor for decreased CL. Zhang et al. [14] revealed that 

cervical alignment was compromised after laminoplasty 
in patients with CSM, and the degree of decreased CL was 
associated with preoperative C2–7 SVA. Sakai et al. [26] 
identified the center of gravity of the head-C7 SVA and 
advanced age as preoperative risk factors for postopera-
tive kyphotic deformity after laminoplasty in patients with 
CSM and recommended that enhancing muscle strength 
of cervical extension muscles is necessary to maintain 
CL. Patients with drop head syndrome have an increased 
offset of the gravity axis of the head from the trunk, which 
may result in an increase of 10 pounds of stress on neck 
extensors for every 2.54 cm (1 inch) that the head slips 
forward [27]. Invasion in the PMLC in laminoplasty may 
lead to decreased CL because C2–7 SVA increases and the 
head and neck tilt forward, which increases the muscle 
strength required to maintain lordosis. Our present study 
revealed that the preoperative C2–7 SVA was positively as-
sociated with decreased CL after laminoplasty in patients 
with CSM as it was in previous reports, and C2–7 SVA has 
a positive association with decreased CL in patients with 

Table 4. Multivariate linear regression analysis of relationships between decrease in cervical lordosis and preoperative radiographic parameters in CSM

Variable
Unstandardized coefficients Standardized coefficients

t-value p-value 95% CI
B SE β

C2–7 Cobb angle (°) - - - - - -

C2–7 SVA (°) 0.22 0.10 0.29 2.30 0.026* 0.027 to 0.288

T1 slope (°) - - - - - -

Dynamic extension reserve (°) –0.53 0.10 –0.40 –3.22 0.002* –0.865 to –0.199

ROM (°) - - - - - -

R 2=0.272 and adjusted R 2=0.241.
CSM, cervical spondylotic myelopathy; SE, standard error; CI, confidence interval; C2–7 SVA, C2–7 sagittal vertical axis; ROM, range of motion.
*p<0.05.

Table 5. Multivariate linear regression analysis of relationships between decrease in cervical lordosis and preoperative radiographic parameters in C-OPLL

Variable
Unstandardized coefficients Standardized coefficients

t-value p-value 95% CI
B SE β

C2–7 Cobb angle (°) –0.22 0.30 –0.48 –0.72 0.476 –0.822 to 0.392

C2–7 SVA (°)   0.36 0.16   0.29   2.25  0.031*   0.034 to 0.677

T1 slope (°) –0.40 0.29 –0.32 –1.37 0.180 –0.986 to 0.192

Dynamic extension reserve (°) - - - - - -

ROM (°) - - - - - -

R 2=0.269 and adjusted R 2=0.205.
C-OPLL, cervical ossification of the posterior longitudinal ligament; SE, standard error; CI, confidence interval; C2–7 SVA, C2–7 sagittal vertical axis; ROM, range of 
motion.
*p<0.05.
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C-OPLL. Therefore, a large cervical SVA is considered a 
risk factor for decreased CL after laminoplasty both in pa-
tients with CSM and C-OPLL.

DER was acknowledged as a risk factor for decreased 
CL only in patients with CSM in the present study. The 
difference between the position with neck extension and 
the neutral position can be regarded as the contraction 
reserve of PMLC during dynamic movement of the cervi-
cal spine [8]. Lee et al. [7]. reported that DER had a clear 
negative correlation with decreased CL after laminoplasty, 
and postoperative kyphosis deformity did not occur in 
patients with >14° of extension ability. DER can be re-
stricted by a bony structure, such as a facet joint and the 
spinous process, although DER was reported as a reliable 
parameter for predicting significant angular kyphosis 
deformity. Jeon et al. [20] investigated preoperative ra-
diological parameters predicting kyphosis deformity after 
laminoplasty between patients with CSM or C-OPLL and 
revealed that the DER had an association with decreased 
CL after laminoplasty in patients with CSM, but DER did 
not have a clear association with decreased CL in patients 
with C-OPLL. The present study revealed that DER was 
associated with postoperatively decreased CL in patients 
with CSM, but was not associated with decreased CL in 
patients with C-OPLL. The risk factors for kyphosis defor-
mity have differed between CSM and C-OPLL, because of 
a less flexible spine in patients with multiple OPLL [19]. 
The present study revealed significantly lower ROM in 
patients with C-OPLL than those with CSM, and exten-
sion may be restricted due to the inflexibility of the spine. 
This suggests that DER predicts the contraction reserve of 
PMLC in patients with CSM, whereas DER is restricted in 
patients with cervical OPLL due to poor spinal flexibility 
and does not reflect the contraction reserve of PMLC.

T1S has been identified as an important risk factor for 
kyphotic alignment change after laminoplasty both in 
patients with CSM and C-OPLL [9,15,28,29]. A greater 
effort by the PMLC may be required to maintain a hori-
zontal gaze in patients with a large T1S to maintain the 
lordosis of the cervical spine. Patients with a large T1S are 
at increased risk of kyphosis alignment change due to pos-
terior structural damage after laminoplasty. By contrast, 
studies are reporting no significant association between 
a large T1S and decreased CL after laminoplasty [7,28]. 
Therefore, the role of T1S as a predictor of postoperative 
kyphosis remains unclear. Preoperative T1S was not as-
sociated with decreased CL following laminoplasty in our 

analysis both in patients with CSM and C-OPLL.
We acknowledge several limitations in the present 

study. First, this was a retrospective study and did not in-
vestigate clinical measurements of neck pain such as the 
visual analog scale or the neck disability index. Second, 
a whole sagittal radiograph was not performed and the 
relationship between the decreased CL after laminoplasty 
and thoracolumbar or spine-pelvic parameters could not 
be investigated. However, this study demonstrated dif-
ferent risk factors for decreased CL after laminoplasty in 
patients with CSM and C-OPLL. Our study is valuable 
for understanding the risk factors for decreased CL after 
laminoplasty in different conditions between patients with 
CSM and C-OPLL.

Conclusions

C2–7 SVA is associated with postoperatively decreases 
CL both in patients with CSM and C-OPLL, but DER was 
only associated with patients with CSM. Risk factors for 
decreased CL after laminoplasty slightly differed depend-
ing on CSM or C-OPLL etiology. This suggests that DER 
predicts the contraction reserve of PMLC in patients with 
CSM, whereas DER is restricted in patients with cervical 
OPLL due to poor spinal flexibility and does not reflect 
the contraction reserve of PMLC.
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