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Abstract
Introduction  To analyze how K-line is related to change in sagittal cervical curvature and laminoplasty outcomes in patients 
with cervical ossification of the posterior longitudinal ligament (OPLL).
Materials and methods  The study retrospectively analyzed 81 patients with OPLL who had undergone posterior cervical 
single-door laminoplasty and arch plate fixation between June 2011 and June 2017. Fifty-five were K-line positive (K[+]) 
and 26 were K-line negative (K[−]). Clinical and radiological results were compared between the groups. Patients were 
followed up for at least 2 years.
Results  Before the operation, Japanese Orthopedic Association (JOA) score, visual analogue scale (VAS) score, neck dis-
ability index (NDI), and short-form-36 (SF-36) quality of life score did not differ significantly between the groups. Neu-
rological function was improved in both groups after the procedure. At last follow-up, JOA score, VAS score, NDI, SF-36 
score, and JOA score improvement rate differed significantly between the groups. Before the operation, at the 3-month and 
final follow-ups, C2–7 Cobb angle, T1 slope, and C2–7 SVA differed significantly between the groups. The changes were 
more marked in the K(−) group than in the K(+) group. The incidence of cervical kyphosis differed significantly between 
the groups (P < 0.05), as well as between patients with lordosis < 7° and those with lordosis ≥ 7°.
Conclusions  K-line negativity and lordosis < 7° may predict kyphosis after laminoplasty in patients with OPLL. The cervi-
cal curvature in patients with OPLL tends towards kyphosis and anteversion after laminoplasty, which contributes to the 
reduced clinical effect of the procedure.
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Introduction

Ossification of the posterior longitudinal ligament (OPLL) 
is a progressive disease of the cervical spine [1] that is one 
of the main causes of cervical spondylosis [2, 3]. It is a 
multifactorial disease that may be related to genetics, diabe-
tes, obesity, and other factors [4–6]. The incidence of OPLL 
among East Asians is relatively high. In Japan, Fujimori 

et al. [7] found that the incidence of the disease is 6.3%, 
while Nouri et al. found that 10% of patients with cervi-
cal spondylotic myelopathy had OPLL [8]. The surgical 
outcomes of OPLL are similar to those of other cervical 
spondylotic myelopathies, but the risk of perioperative com-
plications is higher [9]. In this regard, Fujiyoshi et al. [10] 
proposed that the K-line is a predictor of the clinical effect of 
posterior cervical decompression in patients with OPLL. On 
a standard lateral X-ray of the cervical spine, the K-line is 
a straight line that joins the midpoints of the spinal canal at 
C2 and C7. Patients are said to be K-line positive when their 
OPLL does not extend beyond the K-line, while they are 
K-line negative when it does. Cervical curvature and spinal 
cord signal changes may also be important factors affecting 
OPLL prognosis [11, 12]. Kim et al. [13] suggested that the 
degree of loss of cervical lordosis after laminoplasty was 
related to T1 slope. However, it is unclear whether K-line is 
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related to change in sagittal cervical curvature, or whether 
the change in cervical curvature is related to clinical effect.

The present retrospective analysis of medical records 
aimed to (1) analyze how K-line is related to change in sag-
ittal cervical curvature and kyphosis after laminoplasty, (2) 
analyze the correlation between change in sagittal cervical 
curvature and clinical efficacy of laminoplasty in patients 
with OPLL, and (3) explore the predictive factors of kypho-
sis after laminoplasty in patients with OPLL.

Materials and methods

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) diagnosis of 
OPLL and involving 2 or more vertebrae; (2) progressive 
neurological damage requiring surgical intervention, (3) 
available computed tomography (CT) to identify the pres-
ence and type of OPLL before surgery, (4) magnetic reso-
nance imaging (MRI) showing obvious compression of the 
spinal cord, and (5) main outcome measures that included 
improvement in nerve function and change in sagittal 
curvature.

The exclusion criteria were as follows: (1) history of 
cervical surgery, (2) severe internal diseases that contrain-
dicated surgery, (3) cervical trauma, spinal cord injury, or 
tumor, (4) kyphosis before the operation, (5) mental illness 
that prevented treatment and follow-up.

General information

Between June 2011 and June 2017, 128 patients with OPLL 
underwent posterior cervical single-door laminoplasty and 

arch plate fixation at our hospital. Ninety-six were eligible 
to participate in the study according to the above inclusion 
and exclusion criteria; of these, 81 were included in the pre-
sent study and finished the 2-year follow-up: 54 men and 
27 women, with an average age of 58.012 ± 10.687 years 
(range 32–80 years), and with an average disease course of 
15.617 ± 10.655 months (range 6–60 months). Based on the 
position of the OPLL in relation to the K-line (Fig. 1), the 
patients were divided into the K-line positive K(+) group 
(55 patients: 37 men, 18 women) and the K-line negative 
K(−) group (26 patients: 17 men, 9 women). There were 
no significant differences in the baseline data between the 
groups (P > 0.05; Table 1), indicating that the groups were 
comparable. The clinical research plan was approved by the 
medical ethics committee, and all the patients signed the 
informed consent document.

Operative method

The patients were placed in the prone position under gen-
eral anesthesia. A standard posterior midline exposure was 
performed for all procedures, the supraspinous ligaments 
entirely preserved. We usually decided symptomatic or 
severely compressed side as the open side. A high-speed 
grinding drill or an ultrasonic bone knife was used to cut 
grooves along the junction of the lamina and facet articular 
process on both sides. The inner lamina was retained on 
the side of the door shaft, and the whole lamina was cut off 
on the side of the door opening. The lamina was elevated 
from the open side toward the hinge side stabilized with 
miniplates and screws. The hormone was administered when 
decompressing, and 0.5 g of methylprednisolone was added 
to 100 mL of normal saline for rapid intravenous drip. With 
their necks protected and supported by a neck bracket, the 

Fig. 1   a Schematic diagram for 
the measurement of the sagittal 
curvature of the cervical spine. 
K-line (red), C2–7 Cobb angle 
(yellow), T1 slope (black) 
and C2–7 SVA (blue) were 
measured on the standard lateral 
X-ray film of the cervical spine; 
b Schematic diagram for the 
measurement of percentage of 
spinal canal occupation by ossi-
fied mass. The thickness of the 
ossification block (a, blue line) 
and the anteroposterior diameter 
of the spinal canal (b, yellow 
line) were measured on the 
axial CT section of the highest 
point of the ossification block. 
The percentage of spinal canal 
occupation by the ossification 
block = a/b × 100%
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patients resumed active neck flexion and extension 2 weeks 
after the operation, and they started exercising the posterior 
neck muscles.

Outcome measures and measurement method

All patients were followed up for 24–72 months, with a 
mean follow-up period of 42.20 ± 14.75 months. All patients 
underwent X-ray, CT, and MRI before the operation and 
were reexamined 3 months after the operation. At the last 
follow-up appointment, routine X-ray, CT, or MRI was per-
formed. Japanese Orthopedic Association (JOA) score, vis-
ual analogue scale (VAS), neck disability index (NDI), and 
short form-36 (SF-36) quality of life score were recorded 
before the operation, 3 months after the operation, and at 
the last follow-up. The improvement rate of JOA score was 
calculated ([postoperative JOA score − preoperative JOA 
score]/[17 − preoperative JOA score] × 100%) [14]. The 
C2–7 Cobb angle, T1 slope, C2–7 sagittal vertical axis 
(SVA), and spinal canal occupation rate of the ossified mass 
were measured. A C2–7 Cobb angle ≥ 0° was defined as lor-
dosis, while a C2–7 Cobb angle < 0° was defined as kypho-
sis; on this basis, the incidence of postoperative kyphosis 
was evaluated. Changes in cervical curvature and complica-
tions were recorded. The following parameters were meas-
ured: (1) C2–7 Cobb angle, defined as the angle between two 
intersecting vertical lines parallel to the extension of the C2 
and C7 lower endplates on the cervical lateral radiograph; 
(2) T1 slope, defined as the angle between the extension 
line of the end plate on T1 and the horizontal plane [15]; 
(3) C2–7 SVA, defined as the vertical distance between the 
C2 center and the upper rear corner of C7 [13]; (4) K-line 
measurements were performed on standing lateral X-ray of 
the cervical spine, the K-line is a straight line that joins the 
midpoints of the spinal canal at C2 and C7; (5) ratio of the 
occupation rate of the ossified block spinal canal, calculated 

as the ratio between the thickness of the ossification block 
and the diameter of the anterior and posterior spinal canal 
(Fig. 1). Two independent clinical research assistants, who 
were not involved with the study and blinded to all clinical 
information, performed radiological measurements. Radio-
logical parameters were measured twice at 1-week inter-
vals, and the average values of both observers were used in 
this study. In the study, we investigated the reliability of the 
measurement techniques and found good to excellent intra- 
and inter-observer agreement for each parameter.

Statistical analysis

SPSS 22.0 statistical software was used for all statistical 
analysis. Continuous data with normal distribution were 
compared using the t test. The Wilcoxon rank-sum test was 
used for data with non-normal distribution. Categorical data 
were compared using the chi-square test. However, when the 
sample size was < 40, Fisher’s exact test was used. A P value 
of < 0.05 was considered statistically significant.

Results

Improvement in nerve function

There were no significant differences in JOA score, VAS 
score, NDI, or SF-36 score between the groups before the 
operation (P > 0.05). Neurological function in both groups 
was significantly improved after the operation (P < 0.05). 
There were no significant differences in JOA score, VAS 
score, NDI, SF-36 score, or JOA improvement rate 3 months 
after the operation (P > 0.05). However, at the last follow-up, 
there were significant differences in JOA score, VAS score, 
NDI, SF-36 score, and JOA improvement rate (P < 0.05; 

Table 1   Comparison of basic data between the groups

K (+) group (55 patients) K (−) group (26 patients) Test value P value

Age ( ̄x ± s , years) 57.473 ± 10.383 59.154 ± 11.429 t = 0.659 0.512
Gender (men/women, number of patients) 37/18 17/9 χ2 = 0.028 0.866
Disease course ( x ± s , months) 15.364 ± 10.452 16.154 ± 11.267 t = 0.310 0.758
Percentage of spinal canal occupation ( x ± s , %) 51.655 ± 14.065 53.423 ± 16.503 t = 0.499 0.619
Type of OPLL
 Continuous 10 3
 Segmental 13 5
 Mixed 32 18 χ2 = 0.989 0.610

Operation level
 C3/4/5/6 19 8
 C3/4/5/6/7 29 12
 Other 7 6 χ2 = 1.405 0.495
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Table 2). There was no significant difference in the incidence 
of complications between the groups (P > 0.05; Table 3).

Changes in cervical curvature

There were significant differences in C2–7 Cobb angle, T1 
slope, and C2–7 SVA between the two groups before the 
operation (P < 0.05; Table 2). In the K(+) group, the C2–7 
Cobb angle was larger, the T1 slope larger, the C2–7 SVA 
smaller, and the cervical lordosis larger than in the K(−) 
group.

The C2–7 Cobb angle decreased in both groups after 
surgery, and the change was greater in the K(−) group 
(P < 0.05). The T1 slope decreased in both groups, with the 
change being greater in the K(−) group (P < 0.05). C2–7 
SVA increased in both groups; the change was greater in the 
K(−) group (P < 0.05; Table 2; Fig. 2).

The incidence of kyphosis was 3.64% (2/55) in the K(+) 
group and 30.77% (8/26) in the K(−) group, constituting a 
significant difference (P < 0.05). Among patients with lordo-
sis ≥ 7°, there was no significant difference in the incidence 
of kyphosis between the two groups (P > 0.05). However, 
among patients with lordosis < 7°, the incidence of kyphosis 

Table 2   Comparison of surgical 
results between the groups

“a” represents the difference between the postoperative and preoperative values in groups with statistical 
significance (P < 0.05)

K (+) group (55 patients) K (−) group (26 patients) P value

JOA score
 Preoperative 8.855 ± 1.615 8.577 ± 1.554 0.467
 Postoperative 3 months 13.255 ± 1.635a 12.692 ± 1.738a 0.161
 At last follow-up 14.182 ± 1.623a 12.885 ± 1.796a 0.002

Improvement rate of JOA score (%) 63.581 ± 22.518 48.719 ± 21.337 0.006
VAS score, neck
 Preoperative 4.982 ± 1.593 5.115 ± 1.558 0.724
 Postoperative 3 months 2.345 ± 1.220a 2.654 ± 1.413a 0.316
 At last follow-up 1.709 ± 0.854a 2.385 ± 1.169a 0.004

NDI score
 Preoperative 30.873 ± 6.780 32.269 ± 7.379 0.403
 Postoperative 3 months 14.818 ± 3.727a 16.192 ± 3.990a 0.134
 At last follow-up 12.655 ± 3.204a 15.115 ± 3.882a 0.003

SF-36 PCS score
 Preoperative 33.163 ± 7.683 32.539 ± 7.30 0.729
 Postoperative 3 months 60.273 ± 11.615a 57.769 ± 10.637a 0.355
 At last follow-up 67.164 ± 11.364a 60.308 ± 10.687a 0.012

C2–7 Cobb angle (°)
 Preoperative 20.691 ± 9.157 12.385 ± 6.765  < 0.001
 Postoperative 3 months 18.818 ± 8.788 9.808 ± 6.717  < 0.001
 Postoperative 3 months change 1.891 ± 0.832 2.578 ± 1.065 0.002
 At last follow-up 16.982 ± 8.523a 6.039 ± 7.028a  < 0.001
 Last follow-up change 3.709 ± 1.843 6.346 ± 2.077  < 0.001

T1 slope (°)
 Preoperative 25.782 ± 7.190 21.462 ± 6.275 0.010
 Postoperative 3 months 23.964 ± 7.037 19.039 ± 6.415 0.003
 Postoperative 3 months change 1.818 ± 0.863 2.423 ± 0.945 0.005
 At last follow-up 22.746 ± 6.878a 16.577 ± 5.412a  < 0.001
 Last follow-up change 2.982 ± 1.194 4.808 ± 1.721  < 0.001

C2–7SVA (mm)
 Preoperative 18.018 ± 6.751 22.615 ± 7.526 0.007

Postoperative 3 months 20.236 ± 6.952 25.885 ± 7.773 0.002
 Postoperative 3 months change 2.218 ± 1.583 3.269 ± 1.430 0.005
 At last follow-up 21.964 ± 6.847a 28.769 ± 7.855a  < 0.001
 Last follow-up change 3.982 ± 1.841 6.539 ± 2.102  < 0.001
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was greater in the K(−) group (P < 0.05). Patients with lor-
dosis < 7° had a significantly greater incidence of kyphosis 
than patients with lordosis ≥ 7° (P < 0.05; Table 3; Fig. 3).

Discussion

Correlation between K‑line and change in sagittal 
cervical curvature

According to Ames [16] sagittal alignment of the cervical 
spine (C2–7 SVA and kyphosis) is related to T1 slope. Bron-
son et al. [17, 18] found that larger T1 slopes are associated 
with larger C2–C7 Cobb angle. Liu et al. [19] asserted that 
laminoplasty destroys the structure behind the spine, leading 
to cervical instability, or kyphosis. In the present study, the 
C2–7 Cobb angle decreased, the T1 slope decreased, and the 
C2–7 SVA increased in both groups. These outcomes may 
be related to the destruction of cervical muscles and liga-
ments after the operation, which accelerates the change in 
cervical curvature, leading to reduced cervical lordosis and 
increased cervical anteversion. To achieve sagittal balance, 
patients with cervical spondylosis must move the center of 
gravity of their cervical spine backward and decrease the T1 
slope. This change in cervical curvature is more marked in 
patients with K-line negative OPLL.

Aita et al. [20] observed that, although the cervical spine 
of patients with OPLL showed lordosis before laminoplasty, 
this was decreased after surgery so that the cervical spine 
was straightened. According to Kim et al. [13], patients with 
larger T1 slope also had larger cervical lordosis, as well as 
larger loss of lordosis. However, the same authors found 
no obvious postoperative kyphosis. In the present study, we 
found that the preoperative T1 slope was larger in the K(+) 
group, while the C2–7 Cobb angle was larger, the C2–7 SVA 
smaller, and the cervical lordosis more marked. Further-
more, postoperative T1 slope, C2–7 Cobb angle, and C2–7 
SVA were all changed in the K(+) group, but not mark-
edly so; no remarkable loss of lordosis occurred, and few 
patients developed kyphosis. In the K(−) group, the T1 slope 

was smaller, the C2–7 Cobb angle smaller, the C2–7 SVA 
larger, and the cervical lordosis unremarkable. Moreover, T1 
slope, C2–7 Cobb angle, C2–7 SVA, and anteversion showed 
marked changes; the loss of lordosis was remarkable, and 
kyphosis formed easily.

Studies by Machino et al. [21] have found that patients 
with cervical spondylotic myelopathy involving cervical 
lordosis of less than 7° are more likely to develop kypho-
sis after laminoplasty. In the present study, we found that 
patients in the K(−) group were more prone to kyphosis 
(8/26) than those in the K(+) group (2/55; P < 0.05). More-
over, patients with lordosis < 7° were more likely to have 
kyphosis than those with lordosis ≥ 7° (P < 0.05). Therefore, 
we believe that K-line negativity and lordosis < 7° could be 
used as predictors of kyphosis in patients with OPLL.

Correlation between change in sagittal 
curvature of the cervical spine and clinical effect 
after laminoplasty

In the present study, JOA score, VAS score, NDI, SF-36 
score, and JOA improvement rate were significantly better 
in the K(+) group than in the K(−) group at the last follow-
up (P < 0.05), perhaps because there was marked change in 
cervical curvature in the K-line (−) group and because poste-
rior spinal cord movement was limited after decompression.

Similar to other studies, Sugrue [22] found that lamino-
plasty is suitable for patients with preoperative cervical lor-
dosis and OPLL whose spinal canal occupation rate is less 
than 60%. In fact, Suk et al. [23] believed that lordosis is a 
prerequisite for laminoplasty, and that postoperative main-
tenance of cervical lordosis is important for postoperative 
efficacy. When cervical lordosis remains unchanged, the 
cervical spinal cord moves backwards after laminoplasty, 
allowing good decompression. Sakai et al. reasoned that the 
spinal cord could not be effectively displaced backward after 
laminoplasty in patients who have kyphosis before the oper-
ation, resulting in poor decompression [24]. Miyazaki et al. 
[25] believed that, although cervical curvature is related to 
T1 slope, clinical symptoms are significantly improved after 

Table 3   Comparison of surgical 
results between the groups

“b” represents the difference between lordosis < 7° and lordosis ≥ 7°values in groups with statistical signifi-
cance (P< 0.05)

K (+) group (55 patients) K (−) group (26 patients) P value

Incidence of cervical kyphosis (%)
 Lordosis ≥ 7° 0 (0/43) 6.67% (1/15) 0.259
 Lordosis < 7° 16.67% (2/12)b 63.64% (7/11)b 0.036
 Total incidence 3.64% (2/55) 30.77% (8/26) 0.001

Incidence of complications (%)
 Axial pain 12.73% (7/55) 15.38% (4/26) 0.744
 C5 nerve root palsy 3.64% (2/55) 7.69% (2/26) 0.432
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laminoplasty regardless of preoperative T1 slope. Cho et al. 
[26] found that the balance of the sagittal position of the 
cervical spine was damaged after laminoplasty, but that this 
effect was not related to preoperative T1 slope. Moreover, 
one study showed that preoperative cervical lordosis is not 
related to clinical effect after laminoplasty [27]. Lee et al. 
[28] stated that the sagittal position of the cervical spine 

often showed kyphosis after laminoplasty, but that the rela-
tionship between the changes in sagittal curvature of the 
cervical spine and clinical results is still unclear. In contrast, 
we found that the change in sagittal curvature of cervical 
spine was connected to clinical results, especially in patients 
with K-line negative OPLL, who showed marked change 
in cervical spine curvature after the operation and poorer 

Fig. 2   A 46-year-old woman with OPLL and negative K-line. a 
Standard preoperative lateral X-ray film of the cervical spine show-
ing that the highest point of ossification mass of the posterior longi-
tudinal ligament is beyond the K-line and lordosis > 7°. b Preopera-
tive sagittal CT showing that the range of ossification of the posterior 
longitudinal ligament is C2–C5. c Preoperative MRI showing obvious 
compression in front of the cervical spinal cord. d Lateral X-ray per-
formed 3 months after surgery showing that the C2–C7 Cobb angle 

decreased, the T1 slope decreased, the C2–7SVA increased, and the 
cervical lordosis decreased. e Lateral X-ray performed 3 years after 
surgery showing good internal fixation position, reduction of cervical 
lordosis, but did not develop into kyphosis. f MRI performed 3 years 
after surgery showing that the anteroposterior diameter of the spinal 
canal increased significantly and that the spinal cord compression 
reduced significantly
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clinical effect at last follow-up than patients with K-line 
positive OPLL (P < 0.05). Yoshii et al. [29] found that the 
spinal cord could bear more compression during neck flex-
ion when the OPLL occupancy rate of patients was higher, 
even though most patients showed increased spinal cord 
compression during neck extension. Ito et al. [30] showed 

that, in the kyphosis and K(−) groups, the spinal canal nar-
rowed in the flexion position, and that cervical flexion may 
lead to greater compression of the spinal cord. Koda et al. 
[31] found that laminoplasty is not suitable for the treat-
ment of patients with K-line negative OPLL. In the K(−) 
group of the present study, we found that cervical lordosis 

Fig. 3   A 51-year-old man with OPLL and negative K-line. a Stand-
ard preoperative lateral X-ray film of the cervical spine showing that 
the highest point of ossification mass of the posterior longitudinal 
ligament is beyond the K-line and lordosis < 7°. b Preoperative sag-
ittal CT showing that the range of ossification of the posterior lon-
gitudinal ligament is C3–C5. c Preoperative MRI showing obvious 
compression in front of the cervical spinal cord. d Lateral X-ray per-
formed 3 months after surgery showing that the C2–C7 Cobb angle 

decreased, the T1 slope decreased, the C2–7SVA increased, and the 
cervical lordosis decreased. e Lateral X-ray performed 2 years after 
surgery showing good internal fixation position, reduction of cervi-
cal lordosis, develop into kyphosis. f MRI performed 2  years after 
surgery showing that the anteroposterior diameter of the spinal canal 
increased significantly and that the spinal cord compression reduced 
significantly
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was smaller; after surgery, lordosis had decreased signifi-
cantly, with some patients even developing kyphosis, and 
spinal cord compression increased, affecting postoperative 
outcomes.

We also found that, in patients with OPLL, the change in 
cervical curvature after laminoplasty tended towards kypho-
sis and anteversion, regardless of K-line state (positive or 
negative) and degree of cervical lordosis. However, patients 
with K-line positive OPLL tended to have larger cervical 
lordosis before the operation, which buffered the changes in 
cervical lordosis after the operation. Based on the bowstring 
effect, the clinical effect was better after surgery in these 
patients. Moreover, the change in curvature of the cervical 
spine was not remarkable after the operation, so it had little 
effect on postoperative outcome. However, in patients with 
K-line negative OPLL, preoperative cervical lordosis was 
often smaller, with less buffering effect on the development 
of postoperative cervical kyphosis; as such, the postopera-
tive change in cervical curvature was more marked, with cer-
vical kyphosis forming easily. For this reason, the cervical 
spinal curvature had a greater postoperative effect in these 
patients, leading to worse clinical outcomes. Therefore, we 
believe that the loss of cervical lordosis after laminoplasty, 
as well as the tendency towards kyphosis and anteversion, 
may decrease the curative effect of this procedure in patients 
with OPLL.

The present study had several limitations. For example, 
it was carried out in a single center and was retrospective. 
During the case selection, we only included patients who 
had received single-door laminoplasty arch titanium plate 
internal fixation. Moreover, patients with both OPLL and 
cervical kyphosis were not included in the study. Only a 
small number of patients were included, so selective bias 
may have occurred, leading to errors in the results. Finally, 
the follow-up time of the study was relatively short.

Conclusion

To sum up, neurological function was improved in both 
groups after the operation. The clinical effect in the K(+) 
group was better than that in the K(−) group at last follow-
up. In the K(+) group, cervical curvature changed little, 
while in the K(−) group, it changed markedly and kypho-
sis occurred easily. In patients with OPLL involving lordo-
sis < 7°, kyphosis occurs easily. Therefore, K-line negativity 
and lordosis < 7° could be used as predictors of kyphosis 
after laminoplasty in patients with OPLL. The cervical cur-
vature in patients with OPLL tends towards kyphosis and 
anteversion, which is an important factor in the reduced clin-
ical effect of laminoplasty. Because the present study was 
limited by its small sample size, future studies should be car-
ried out that involve larger sample size, perform long-term 

follow-up, and analyze the prognosis of different surgical 
methods.
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