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Title 

K-line (-) in the neck-flexed position affects surgical outcomes in patients with ossification of 

the posterior longitudinal ligament after muscle-preserving selective laminectomy 

Abstract 

Background. Posterior cervical decompression results in favorable outcomes for K-line (+) 

ossification of the posterior longitudinal ligament patients. However, even for patients with K-

line (+) in the neck neutral position, K-line (-) in the neck-flexed position (flexion K-line (-)) 

may affect surgical outcomes. We investigated the influence of flexion K-line (-) on surgical 

outcomes after muscle-preserving selective laminectomy using multivariate analysis. 

Methods. This study involved 113 ossification of the posterior longitudinal ligament patients 

with K-line (+) in the neck neutral position who underwent muscle-preserving selective 

laminectomy. Patients were divided into flexion K-line (+) (n = 90) and flexion K-line (-) (n = 

23) groups. We analyzed the influence of a flexion K-line (-) on radiological and surgical 

outcomes. We conducted a multivariate analysis to analyze the factors affecting surgical 

outcomes. 

Results. The patients with a flexion K-line (-) had a larger C2–C7 sagittal vertical axis 

(preoperatively, P = 0.042; postoperatively, P = 0.021), narrower postoperative clearance of the 

spinal cord (P = 0.003), a smaller proportion of segmental-type OPLL (P < 0.001), and a greater 
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OPLL occupancy ratio (P < 0.001). The recovery rate measured by the Japanese Orthopaedic 

Association score was poorer in patients with a flexion K-line (-) (17.6 ± 32.2%) than in those 

with a flexion K-line (+) (35.3 ± 29.5%) (P = 0.013). Multiple linear regression analysis revealed 

that the flexion K-line (-) affected the recovery rate of the Japanese Orthopaedic Association 

score (β = -0.233, P = 0.013). 

Conclusions. Even for patients with K-line (+) ossification of the posterior longitudinal ligament, 

the flexion K-line (-) affects surgical outcomes. The flexion K-line (-) is a useful predictor of 

poor surgical outcomes after posterior decompression surgery. 
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Introduction 

Ossification of the posterior longitudinal ligament (OPLL) is characterized by 

ectopic new bone formation in the posterior longitudinal ligament. The neoformed bone occupies 

the spinal canal and leads to myelopathy. After posterior decompression surgery, cervical 

alignment and the thickness of the OPLL affect surgical outcomes. The K-line is a useful 

preoperative parameter that accounts for the extent of ossification and cervical alignment, 

therefore, it may predict surgical outcomes [1]. Poor neurological improvement has been reported 

after posterior decompression surgery in K-line (-) patients due to insufficient postoperative 

spinal cord clearance (PSCC) from the OPLL [1]. Dynamic factors are also reported as crucial 

for the development of myelopathy in OPLL patients [2, 3]. Li et al. focused on the K-line in 

subjects with the neck in the extended position. The recovery rate (RR) according to the Japanese 

Orthopaedic Association (JOA) score system for cervical myelopathy was significantly higher in 

the patients presenting K-line (+) with the neck in the neutral position than in the patients with 

K-line (-) with the neck in the neutral position but K-line (+) in the extended position. 

Nevertheless, laminoplasty still promoted a moderate functional recovery in patients with neutral 

position K-line (-) and extended position K-line (+) [4]. Differently, Takeuchi et al. focused on 

the K-line in the neck flexed position (flexion K-line) and compared the JOA score RR between 

the flexion K-line (+) patients and the flexion K-line (-) patients [5]. Although they showed that 

patients with a flexion K-line (-) presented worse functional recovery after laminoplasty, their 
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study involved only a small number of patients. Furthermore, they did not evaluate other factors 

which may affect functional recovery [5]. Therefore, no study has yet been conducted using 

multivariate analysis to evaluate the actual influence of a flexion K-line (-) on the JOA score RR 

after posterior decompression surgery. 

Muscle-preserving selective laminectomy (SL), which selects decompression 

laminae without disturbing deep extensor muscles (DEMs) or facet joints, has been used as 

posterior decompression surgery [6-8]. After SL, the cervical sagittal alignment is well preserved 

by cervical lordotic compensation in patients with cervical spondylotic myelopathy and 

segmental OPLL [8]. In the current study, we examined the difference in surgical outcomes, 

cervical sagittal alignment, PSCC, and the OPLL occupancy ratio between flexion K-line (+) 

patients and flexion K-line (-) patients. We then investigated the effect of a flexion K-line (-) on 

the JOA score RR using multiple linear regression analysis. 

Materials and Methods 

Subjects 

Institutional review board approval was obtained prior to the study, and informed 

consent was obtained from all individual participants. Between January 2010 and March 2017, 

168 consecutive OPLL patients underwent SL at a single institution. We did not perform SL in 

patients who had an OPLL occupancy ratio of > 60% [9], a local kyphosis of > 20° [8], or 
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spondylolisthesis of > 3.5 mm [10]. We excluded patients who had undergone treatment for spinal 

tumors, trauma, or infection; patients who presented radiculopathy without myelopathy; patients 

who required foraminotomy; patients who had undergone previous cervical spine surgery; and 

patients with K-line (-) in the neutral neck position. We performed a preoperative cervical 

myelogram-computed tomography (CT) in all patients, which allowed us to identify the OPLL 

presence and type. Because the posterior decompression of at least three consecutive levels was 

usually performed in patients with OPLL, we selected patients for which the SL included ≥ 3 

consecutive laminae. The most cranial laminectomy level was C3 and the most caudal level was 

C7. The study involved 113 OPLL patients with K-line (+) with the neck in the neutral position 

who underwent three, four, or five consecutive levels of SL. The three consecutive level patients 

were divided into C3–C5 SL, 4 cases; C4–C6 SL, 54 cases; and C5–C7 SL, 2 cases. The four 

consecutive level patients were divided into C3–C6 SL, 39 cases; and C4–C7 SL, 6 cases. As for 

the five consecutive levels of SL, there were 8 cases in which C3–C7 SL was performed.  

Operative techniques 

SL was performed as described previously [6-8, 11]. For the C3–C7SL, the C3, C4, C5, C6, and 

C7 spinous processes were split longitudinally and divided at the base without disturbing the 

DEMs. The C3, C4, C5, C6, and C7 laminae, the upper half of the T1 lamina, and the yellow 

ligament of the ventral aspect of the C2 lamina were removed. Using this procedure, an adjacent 
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six-level (C2/3, C3/4, C4/5, C5/6, C6/7, and C7/T1) decompression was accomplished. The split 

fragments of the C3, C4, C5, C6, and C7 spinous processes were tied together. 

All patients underwent myelogram-CT with the patients’ necks in neutral and extended 

positions before surgery. Decompression laminae were identified by the obstruction of the 

subarachnoid space at the intervertebral levels. The width of the spinal cord was measured at the 

upper edge of each lamina, and the laminectomy width was determined as no more than 2–3 mm 

wider than the spinal cord width [8, 11]. During operation, the bilateral facet joints were never 

exposed, and the mean laminectomy width was 15–19 mm. 

Evaluation of clinical outcomes 

We recorded the patients’ clinical features including age, sex, diagnosis, and operative level. At 

the preoperative stage and final follow-up (at least one year after surgery), we evaluated the 

clinical outcomes using the JOA score. We used the Hirabayashi’s method to calculate the JOA 

score RR [12]. 

Analysis of radiological findings 

Using the axial image of the myelogram-CT, OPLL was defined as ossification of the posterior 

longitudinal ligament with a thickness greater than 2 mm [13, 14]. Osteophytes located near the 

uncovertebral joint or at the corners of the vertebrae were not considered to be OPLL. OPLL was 

classified into four types, namely, continuous, segmental, mixed, and localized, according to the 
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previously reported criteria [15]. We performed neutral standing lateral, flexion, and extension 

plain radiographs of the cervical spine at the preoperative stage and final follow-up, at least 1 

year after surgery. A neutral lateral radiograph of the cervical spine was obtained in a comfortable 

standing position with the patients’ head facing forward for horizontal gaze. On a preoperative 

neutral lateral radiograph, the K-line is formed as a straight line joining the midpoint of the C2 

spinal canal to the midpoint of the C7 spinal canal [1]. In this study, we included OPLL patients 

with K-line (+), whose OPLL mass never crossed the K-line posteriorly. We also assessed the K-

line in the neck-flexed position [5]. Based on the flexion K-line, we divided OPLL patients into 

the flexion K-line (+) and the flexion K-line (-) groups. The C2–C7 angle was obtained by 

measuring the angle between the tangential lines along the posterior borders of the C2 and C7 

vertebral bodies. The C7 slope was obtained as the angle between a horizontal line and the C7 

superior endplate. Due to difficulties measuring the T1 slope in many patients, the C7 slope was 

used instead [8, 11, 16, 17]. The C2–C7 sagittal vertical axis (SVA) was obtained as the distance 

between the C2 plumb line and the posterior superior corner of the C7 vertebral body. We 

determined the cervical range of motion by measuring the difference in the C2–C7 angle during 

flexion and extension. We determined the PSCC from the OPLL as the distance between the 

posterior margin of the OPLL and the nearest point of the anterior margin of the spinal cord using 

the postoperative T2-weighted midsagittal magnetic resonance imaging. Using the midsagittal 

image of the myelogram-CT, we defined the OPLL occupancy ratio as the anterior-to-posterior 



8 

 

ratio of the OPLL diameter on its thickest part to the diameter of the spinal canal [18]. The images 

were analyzed by four independent spinal surgery specialists using a DICOM viewer (Synapse 

version 4.1.0, FUJIFILM Medical, Tokyo, Japan). 

Statistical analysis 

We performed statistical analyses with the SPSS software (version 22.0, IBM Corporation, 

Armonk, NY, USA). Independent variables in the flexion K-line (+) and the flexion K-line (-) 

groups were compared using an unpaired t-test for continuous variables, and the chi-square test 

or Mann–Whitney U test for discrete variables. The correlation between the JOA score RR and 

clinical and radiological factors was analyzed using Pearson’s correlation coefficient for 

continuous variables, and Spearman’s correlation coefficient for discrete variables. Factors 

presenting p<0.25 identified from the correlation analysis were examined via multiple linear 

regression analysis of the JOA score RR. We used means ± standard deviations to describe 

continuous variables. Differences were considered statistically significant at p<0.05. 

Results 

Patient characteristic comparison according to the flexion K-line 

A total of 113 patients (84 males and 29 females) were enrolled in this study. The mean follow-

up period was 33.3 ± 16.9 months. Patients were divided into two groups: the flexion K-line (+) 

group and the flexion K-line (-) group. The JOA score RR was worse for those in the flexion K-
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line (-) group (17.6 ± 32.2%) when compared to the flexion K-line (+) group (35.3 ± 29.5%) (P= 

0.013). A greater percentage of patients with a segmental OPLL was observed in the flexion K-

line (+) group (46.7%) than in the flexion K-line (-) group (0%) (P< 0.001). No significant 

differences in other patient characteristics existed between the two groups (Table 1). 

Effect of flexion K-line on patients’ radiological parameters 

Patients in the flexion K-line (-) group had a greater C2–C7 SVA than those in the flexion K-line 

(+) group, both preoperatively (31.2± 15.4 mm vs. 24.3 ± 14.2 mm, P = 0.042) and 

postoperatively (37.6 ± 14.6 mm vs. 28.5 ± 17.1 mm, P = 0.021). We found a narrower PSCC in 

patients in the flexion K-line (-) group (0.3 ± 1.1 mm) than in those in the flexion K-line (+) 

group (1.1 ± 1.2 mm) (P = 0.003). The OPLL occupancy ratio was greater in the flexion K-line 

(-) group (49.2 ± 8.0%) than in the flexion K-line (+) group (34.7 ± 11.0%) (P < 0.001). The C7 

slope minus C2–C7 angle tended to be greater in the flexion K-line (-) group than in the flexion 

K-line (+) group postoperatively (16.5 ± 8.6° vs. 12.7 ± 8.5°, P = 0.055) (Table 2 and Fig. 1). 

Correlation of the JOA score RR with patients’ characteristics and radiological factors 

The JOA score RR was correlated with segmental OPLL (r = 0.241, P= 0.010), flexion K-line (-) 

(r = -0.218, P= 0.021), and PSCC (r = 0.200, P= 0.033) (Table 3, Table 4, Fig. 2 and Fig. 3). 

Multiple linear regression analysis of the JOA score RR 

We analyzed the factors influencing the JOA score RR using multiple linear regression analysis. 
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Only the flexion K-line (-) affected the JOA score RR (β = -0.233, P= 0.013) (Table 5). 

Illustrative Case 

A 72-year-old man presenting mixed OPLL underwent C4–C6 SL. Preoperative radiographs 

demonstrated that he had K-line (+) in the neutral neck position but K-line (-) in the flexed-neck 

position (Fig. 4). The preoperative JOA, postoperative JOA, and JOA score RR were 13.5, 13, 

and -14.3%, respectively. 

Discussion 

This study demonstrated that the patients presenting a flexion K-line (-) had a larger C2–C7 SVA, 

narrower PSCC, a smaller proportion of segmental OPLL, and a greater OPLL occupancy ratio. 

Although no significant difference was observed in postoperative JOA score, the JOA score RR 

was worse among flexion K-line (-) patients. Multiple linear regression analysis revealed that a 

flexion K-line (-) affected the JOA score RR. A flexion K-line (-) affects functional recovery after 

SL, even though the patients showed K-line (+) with the neck in the neutral position. 

In the current study, a greater C2–C7 SVA was observed in patients in the flexion K-line (-) 

group. The flexion K-line (-) group tended to have a greater C7 slope minus C2–C7 angle 

compared with the flexion K-line (+) group. The T1 (C7) slope minus C2–C7 angle is analogous 

to the pelvic incidence minus lumbar lordosis [11, 19-21]. A greater T1 (C7) slope minus C2–C7 

angle corresponds to a cervical sagittal balance mismatch [11, 20, 21]. Since a greater C2–C7 
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SVA along with a greater C7 slope minus C2–C7 angle was observed, we suggest that the cervical 

alignment was not well compensated in OPLL patients presenting a flexion K-line (-). Patients 

with a flexion K-line (-) had a greater OPLL occupancy ratio and a narrower PSCC. Those results 

are consistent with the fact that we observed a smaller number of patients with segmental OPLL 

in the flexion K-line (-) group. 

Our findings were consistent with the previous laminoplasty study; worse functional recovery 

was observed in the flexion K-line (-) group after SL [5]. To investigate the factors affecting the 

functional recovery, we conducted univariate and multivariate analyses of the JOA score RR. A 

multiple linear regression analysis revealed that the lower JOA score RR in patients with K-line 

(+) resulted from the K-line (-) in the neck-flexed position. The continuous tension of the cervical 

spinal cord and the disruption of the anterior horn cells from the OPLL compression in the neck-

flexed position may lead to poor surgical outcomes [5]. The flexion K-line should be assessed 

during the evaluation of surgical outcomes, even if the patient showed K-line (+) in the neutral 

neck position. For the K-line (-) patients, laminoplasty caused insufficient decompression [1]. 

Koda et al. demonstrated that the JOA score RR was higher for the K-line (-) patients who 

underwent posterior decompression and fusion (PDF) than for those who underwent laminoplasty 

[22]. For the OPLL patients presenting K-line (-), better surgical outcomes after PDF may be 

achieved from postoperative K-line conversion from negative to positive [23]. Although there is 

no study that directly compares the surgical outcomes between posterior decompression alone 
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and PDF for the flexion K-line (-) patients, our results indicated that PDF, which limits the flexion 

of the cervical spine, might result in better surgical outcomes for the flexion K-line (-) patients. 

K-line (-) in the neck-flexed position may be a predictor of poor surgical outcome in the patients 

with K-line (+) in the neutral neck position. 

The current study presented several limitations. The major limitation was inherent to the 

retrospective study design, which included selection bias. The second limitation was the 

relatively small sample size and the small number of patients in the flexion K-line (-) group 

compared with that in the flexion K-line (+) group. Therefore, several confounding factors could 

affect our results. Further prospective studies with larger sample sizes are needed to confirm our 

results. As our surgical indication for SL excluded many patients with a K-line (-) in the neutral 

neck position, statistical analyses including those patients were not performed. The current study 

cannot evaluate the impact of K-line in the neutral neck position on surgical outcomes after SL. 

 In summary, we conclude that even for patients demonstrating K-line (+) in the neutral neck 

position, K-line (-) in the neck-flexed position affected surgical outcomes after selective 

laminectomy. The flexion K-line (-) may be a useful poor surgical outcome predictor after 

posterior decompression surgery. Thus, we recommend posterior decompression with 

instrumented fusion for patients with a flexion K-line (-). 
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Figure captions 

Fig. 1. Representative differences in radiological parameters of patients according to the flexion 

K-line. * p < 0.05, ** p < 0.01. NS, non-significant. 

Fig. 2. Significant correlation of the recovery rate of the Japanese Orthopaedic Association score 

with patients’ characteristics. A: r = 0.241, p = 0.010. B: r = -0.218, p = 0.021. 

Fig. 3. Significant correlation of the recovery rate (RR) of the Japanese Orthopaedic Association 

(JOA) score with the postoperative spinal cord clearance (PSCC) from the ossification of the 

posterior longitudinal ligament (OPLL) (r = 0.200, p = 0.033). 

Fig. 4. Illustrative case 

A 72-year-old man of the mixed type of ossification of the posterior longitudinal ligament 

underwent C4–C6 SL. A: postoperative radiograph. B: K-line on the preoperative radiograph. C: 

flexion K-line on the preoperative radiograph.  
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Table 1. Comparison of patients’ characteristics according to the flexion K-line 

 Flexion K-line (+) Flexion K-line (-) p-value 

Number of cases 90 23  

Age at surgery 62.7 ± 10.2 62.0 ± 11.4 0.779 

Sex (male, %) 77.8 60.9 0.098 

Segmental-type OPLL (%) 46.7 0 <0.001 

JOA score    

 Preop. 11.6 ± 2.6 11.7 ± 2.2 0.937 

 Postop. 13.6 ± 2.1 12.9 ± 1.8 0.137 

 RR (%) 35.3 ± 29.5 17.6 ± 32.2 0.013 

Surgical factors    

 The number of consecutive laminae surgically treated 3.5 ± 0.7 3.6 ± 0.5 0.558 

 Operation time (min) 154.8 ± 39.2 159.5 ± 34.6 0.596 

 Blood loss (g) 13.2 ± 34.3 23.5 ± 56.1 0.270 

OPLL, ossification of the posterior longitudinal ligament; JOA, Japanese Orthopaedic Association; RR, recovery rate 
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Table 2. Radiological parameters of patients according to the flexion K-line 

 Flexion K-line (+) Flexion K-line (-) p-value 

C2-C7 angle (°)    

 Preop. 11.5 ± 10.2 8.3 ± 12.2 0.201 

 Postop. 12.7 ± 10.0 9.5 ± 12.9 0.209 

C7 slope (°)    

 Preop. 24.4 ± 8.2 24.8 ± 9.6 0.829 

 Postop. 25.3 ± 8.9 26.0 ± 11.3 0.748 

C7 slope minus C2-C7 angle (°)    

 Preop. 12.8 ± 8.3 16.4 ± 9.0 0.068 

 Postop. 12.7 ± 8.5 16.5 ± 8.6 0.055 

C2-C7 SVA (mm)    

 Preop. 24.3 ± 14.2 31.2 ± 15.4 0.042 

 Postop. 28.5 ± 17.1 37.6 ± 14.6 0.021 

Cervical range of motion (°)    

 Preop. 30.8 ± 10.9 32.4 ± 9.8 0.517 

 Postop. 24.0 ± 10.9 24.8 ± 8.6 0.740 

PSCC from the OPLL (mm) 1.1 ± 1.2 0.3 ± 1.1 0.003 

OPLL occupancy ratio (%) 34.7 ± 11.0 49.2 ± 8.0 <0.001 

SVA, sagittal vertical axis; PSCC, postoperative spinal cord clearance; OPLL, ossification of the posterior longitudinal 

ligament 
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Table 3. Correlation of the JOA score RR with patients’ characteristics 

JOA, Japanese Orthopaedic Association; RR, recovery rate; OPLL, ossification of the posterior longitudinal ligament;  

  

 r p-value 

JOA score RR vs.   

 Age at surgery -0.028 0.769 

 Sex 0.046 0.630 

 Segmental-type OPLL 0.241 0.010 

 The number of consecutive laminae surgically treated -0.048 0.611 

 Operation time -0.087 0.357 

 Blood loss -0.034 0.719 

 Flexion K-line (-) -0.218 0.021 
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Table 4. Correlation of the JOA score RR with patients’ radiological factors  

SVA, sagittal vertical axis; PSCC, postoperative spinal cord clearance 

  

 r p-value 

JOA score RR vs.   

 C2-C7 angle   

  Preop. 0.022 0.819 

  Postop. 0.011 0.908 

 C7 slope   

  Preop. 0.010 0.913 

  Postop. -0.016 0.870 

 C7 slope minus C2-C7 angle   

  Preop. -0.017 0.858 

  Postop. -0.031 0.747 

C2-C7 SVA   

  Preop. -0.074 0.439 

  Postop. -0.116 0.223 

 Cervical range of motion   

  Preop. -0.082 0.388 

  Postop. -0.089 0.348 

 PSCC from the OPLL 0.200 0.033 

 OPLL occupancy ratio -0.169 0.073 
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Table 5. Multiple linear regression analysis of the JOA score RR  

JOA, Japanese Orthopaedic Association; RR, recovery rate; OPLL, ossification of the posterior longitudinal ligament; 

SVA, sagittal vertical axis; PSCC, postoperative spinal cord clearance 

 

Characteristic β p-value 

Flexion K-line (-) -0.233 0.013 

Segmental-type OPLL  0.146 

Postop. C2-C7 SVA  0.473 

PSCC  0.128 

OPLL occupancy ratio  0.499 










