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Objective: To evaluate the clinical significance of a negative K-line in the neck flexion posi-
tion (FK-line [-]), which indicates that cervical ossification of the posterior longitudinal lig-
ament (OPLL) crosses the K-line during flexion, and to compare surgical outcomes between 
laminoplasty (LP) and laminectomy with fusion (LF) for multilevel FK-line (-) cervical OPLL.
Methods: A total of 349 patients with multiple cervical OPLL who underwent posterior de-
compression surgery (LP or LF) with a minimum of 2 years of follow-up were stratified by 
FK-line status. Clinical and radiological parameters were compared between the FK-line (+) 
and FK-line (-) groups. Subgroup analysis of FK-line (-) patients evaluated the efficacy of 
LP versus LF. Multivariate regression identified predictors of neurological recovery.
Results: Patients with FK-line (-) OPLL exhibited a smaller FK-line distance, more kyphotic 
alignment, greater cervical flexion, and lower recovery ratios compared to those with FK-
line (+). In the FK-line (-) subgroup, LF achieved a significantly greater increase in FK-line 
distance, better correction of the flexion angle, and more neurological recovery than LP. 
Multivariate analyses identified postoperative FK-line distance, C2–7 flexion angle, and 
preoperative dynamic extension reserve as independent predictors of neurological outcomes.
Conclusion: FK-line status reflects the sagittal cord position and predicts surgical outcomes 
in cervical OPLL. In FK-line (-) patients, LF provides better neurological recovery and more 
effective posterior cord shift and kyphotic alignment correction than LP. Incorporating FK-
line assessment to guide surgical planning could improve individualized treatment outcomes 
for multilevel OPLL.

Keywords: K-line, Flexion K-line, Ossification of the posterior longitudinal ligament, Sag-
ittal alignment, Laminectomy with fusion, Laminoplasty
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INTRODUCTION

The K-line is a useful measure for evaluating cervical curva-
ture and informing surgical strategy in patients with cervical os-
sification of the posterior longitudinal ligament (OPLL).1 Cer-
vical laminoplasty (LP) generally results in favorable neurologi-
cal outcomes in patients with K-line (+) and multilevel OPLL 
involving more than 3 levels, whereas poor outcomes have been 
reported in K-line (-) patients.1 However, even when LP is per-
formed in patients with preoperative K-line (+) in a neutral po-
sition, some patients still experience suboptimal recovery.

Dynamic mechanical factors are significant contributors to 
the development and progression of the cervical myelopathy 
associated with OPLL.2,3 Although the importance of static as-
sessments of the K-line has been reported, this does not fully 
reflect dynamic cord compression during neck movement. In 
particular, K-line status changes according to neck flexion posi-
tion and has been shown to correlate with clinical outcomes.4 
Patients who are K-line (+) in the neutral position but become 
K-line (-) during flexion (FK-line [-]) exhibit poor outcomes 
after LP.4,5 This discrepancy indicates that flexed radiographs 
provide additional clinical value in surgical planning by identi-
fying dynamic cord compression that is not apparent in the neu-
tral position.

Although a few studies have proposed that laminectomy with 
fusion (LF), which restricts cervical flexion and stabilizes sagittal 
alignment in FK-line (-) OPLL patients,6 has potential benefits, 
no study has examined how instrumentation fixation affects the 
surgical outcomes of FK-line (-) OPLL patients. Furthermore, 
no comparison of surgical outcomes between LP and LF in pa-
tients with preoperative FK-line (-) has been conducted.

Among patients with cervical myelopathy caused by multi-
level OPLL, this retrospective study compares clinical and ra-
diological outcomes after LP and LF according to FK-line status. 
The aim was to analyze the relationship between changes in 
cervical parameters and neurological outcomes, especially fo-
cusing on preoperative FK-line (-) patients. Additionally, the 
study examines how changes in cervical parameters after surgery 
predict neurological recovery in FK-line (-) OPLL patients.

MATERIALS AND METHODS

1. Patient Demographics 
This study was approved by the Institutional Review Board 

(IRB No. 2-2024-0541).
This retrospective multicenter study analyzed patients with 

OPLL from 3 university-affiliated hospitals. Between January 
2017 and December 2023, 426 patients with multilevel OPLL 
(involving more than 3 vertebral levels) underwent posterior 
decompression surgery, either LP or LF. Among them, 69 pa-
tients were excluded due to insufficient follow-up (39 patients), 
the absence of initial dynamic radiographs (5 patients), or other 
confirmed neurological disorders (25 patients), such as Parkin-
son disease, cerebral infarction, or hemorrhage. Additionally,  
8 patients who underwent combined anterior-posterior decom-
pression were excluded due to small sample size. Ultimately, data 
for 349 patients with a minimum follow-up of 2 years were ana-
lyzed (Fig. 1). OPLL was confirmed by plain radiographs and 
computed tomography (CT). Cervical myelopathy was diagnosed 
based on radiographic evidence of cord compression and upper 
motor neuron signs on neurological examination. Exclusion cri-
teria included trauma, infection, tumor, prior cervical surgery, 
circumferential fusion, and other neurological disorders.

2. Radiologic Assessments
The radiologic assessments were the C2 slope (C2S), C2–7 

Cobb angle (CA), C2–7 sagittal vertical axis (SVA), T1 slope 
(T1S), C2–7 range of motion (ROM), canal occupying ratio 
(COR), and OPLL type. The radiographic measurements were 
defined as follows: C2S, the angle between the lower endplate of 
C2 and the horizontal plane; CA, the Cobb angle between the 
lower endplates of C2 and C7; SVA, the distance from the cen-
troid of C2 to the posterior-superior corner of C7; and T1S, the 
angle between the upper endplate of T1 and the horizontal plane 
in a standing lateral view radiograph (Fig. 2A).7 ROM was de-

Fig. 1. Patient selection flow chart. OPLL, ossification of the 
posterior longitudinal ligament.

25 Other neurological 
disorders and previous 

history of cervical fusion 

39 Insufficient follow-up

5 Absence of initial 
dynamic x-ray 
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426 Patients with multilevel cervical OPLL who underwent posterior 

decompression (January 1st 2017–Dec 31st 2023)

349 Eligible patients 
LP (n = 238) and LF (n = 111)



Flexion K-Line Status Predicts Surgical Strategy in Multilevel Cervical OPLLShin JJ, et al.

https://doi.org/10.14245/ns.2551108.554 � www.e-neurospine.org   939

fined as the difference between the extension CA and flexion 
CA. Dynamic extension reserve (DER) was calculated as the 
difference between the extension and neutral C2–7 CA, repre-
senting extension function.7 OPLL was classified preoperatively 
on CT into segmental, continuous, mixed, or localized types.8 
COR was calculated as the maximum thickness of the OPLL 
divided by the anteroposterior diameter of the spinal canal at the 
most affected level. The K-line was drawn by connecting the 
midpoints of the spinal canal at C2 and C7 on lateral radiographs 
to determine whether the OPLL crossed (K-line [-]) or did not 
cross (K-line [+]) that line. We assessed the K-line in the neck-
flexed position (FK-line) and indicated that the OPLL mass 
never crossed the K-line posteriorly (FK-line [+]) or crossed it 
(FK-line [-]). FK-line tilt was defined as the angle between the 
FK-line and a perpendicular line to the horizon during flexion. 
The FK-line distance was defined as the shortest distance be-
tween the FK-line and the posterior border of the vertebral body 
line, as shown on an OPLL lateral neck flexion radiograph in 
Fig. 2B. Spinal cord signal intensity was graded on T2-weighted 
magnetic resonance imaging (MRI) at the site of maximal com-
pression as follows: grade 0, none; grade 1, faint and indistinct; 

Fig. 2. Measurement of radiologic parameters. (A) Sagittal 
alignment parameters: C2 slope (angle between the inferior 
endplate of C2 and the horizontal plane), T1 slope (angle be-
tween the superior endplate of T1 and the horizontal plane), 
C2–7 Cobb angle (angle between the inferior endplates of C2 
and C7), C2–7 sagittal vertical axis (SVA; horizontal distance 
from the centroid of C2 to the posterior-superior corner of 
C7), and K-line tilt (angle between the K-line and a line per-
pendicular to the horizontal plane). (B) FK-line distance, de-
fined as the shortest distance between the flexion K-line and 
the posterior border of the nearest vertebral body on a lateral 
flexion radiograph in patients with ossification of the posteri-
or longitudinal ligament.

A B

C2 slope

K-line tilt

C2-7 SVA

T1 slope

Neutral 
C2-7 Cobb angle

FK-line distance

and grade 2, intense and well-defined.2,9 The radiological pa-
rameters in the cervical neutral and flexion states were measured 
and analyzed using software (ZeTTA PACS, TaeYoung Soft Co., 
Ltd., Korea). Radiographic measurements were collected from 
the database and independently reviewed by 2 surgeons (CKL 
and JJS). Discrepancies were resolved through consensus dis-
cussion. The representative radiographic figure demonstrates 
the FK-line measurement technique using annotated lines and 
arrows to enhance reproducibility and clarity (Fig. 3).

3. Assessment of Clinical Outcomes
Clinical outcomes were evaluated using a patient-reported 

visual analogue scale (VAS) for neck pain and the Japanese Or-
thopaedic Association (JOA) score.10 Data were assessed preop-
eratively and at least 24 months postoperatively. The JOA re-
covery ratio was calculated as: JOA recovery ratio (%)= (post-
operative JOA score– preoperative JOA score)/(17 [total score]–  
preoperative JOA score).

4. Surgical Procedures
The surgical policy involved assessing the patient’s comor-

bidities.11 LP was preferred in patients with preserved preopera-
tive lordosis, whereas LF was performed in patients with kyphot-
ic alignment greater than 10° to minimize further loss of lordo-
sis. When OPLL extended to C7 or T1, fusion was extended to 
the lower levels across the cervicothoracic junction. LP was per-
formed through a midline approach with bilateral muscle de-
tachment, removal of the spinous process, creation of unilateral 
gutters, and fixation using posterior cervical titanium miniplates 
(Centerpiece, Medtronic Sofamor Danek, USA), which main-
tained the “door” in the open position. LF involved laminectomy 
with posterior fusion using lateral mass screws (C1 and C3–6) 
and pedicle screws (C2 and C7), with autologous bone grafting. 
Postoperatively, all patients wore either a Miami collar or a Phil-
adelphia brace for approximately 3 months. Follow-up included 
clinical and radiographic evaluations 1, 3, and 6 months post-
operatively and every 6 months thereafter.

5. Statistical Analysis
Continuous variables are reported as the mean ± standard 

deviation or percentage. Normally distributed data were com-
pared using Student t-test or analysis of variance, while non-nor-
mally distributed data were compared using the Mann-Whitney 
U-test or Kruskal-Wallis test. For categorical variables, cross-
tabulation analysis was conducted to compare distributions be-
tween groups. The chi-square test was used to assess statistical 
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significance, and Fisher exact test was applied when the expect-
ed frequency for any category was less than 5. Correlations be-
tween the recovery ratio and radiologic or clinical factors were 
assessed using Pearson’s correlation and analysis of variance, as 
appropriate. Multivariate stepwise regressions were performed 
to identify independent predictors of neurological recovery. 
Statistical significance was set at p< 0.05. All analyses were con-
ducted using MedCalc ver. 23.2.8 (MedCalc Software Ltd., Bel-
gium).

RESULTS

A total of 349 patients (257 males and 92 females) underwent 
posterior cervical decompression, with 238 treated by LP and 
111 by LF, for multilevel cervical OPLL. There were 226 patients 
with neutral K-line (+) and 123 with neutral K-line (-). Among 
the 226 patients classified as neutral K-line (+), 107 (47.35%) 
were FK-line (-) on flexion radiographs (Supplementary Fig. 1). 
Ultimately, 119 patients were in the FK-line (+) group, and 230 
were in the FK-line (-) group. The mean follow-up period was 
43.2± 18.7 (range, 25–64) months, and the average age at surgery 
was 57.32± 10.17 (range, 34–82) years. Baseline demographic 
and clinical characteristics stratified by FK-line status are sum-
marized in Table 1.

1. �Clinical and Radiographic Characteristics According to 
FK-Line Status
Age did not differ significantly between the FK-line (+) and 

FK-line (-) groups; however, the FK-line (-) group had a signifi-
cantly higher proportion of male patients (p= 0.014) and a high-
er number of operated levels (p = 0.037). FK-line (-) patients 
exhibited a smaller FK-line distance, larger C2S, lower T1S, and 
reduced C2–7 CA, indicating a more kyphotic alignment than 
FK-line (+) patients. The FK-line (-) group demonstrated a sig-
nificantly higher COR (p= 0.009), suggesting more severe spinal 
cord compression. Additionally, those with FK-line (-) showed 
greater cervical flexion; however, C2–7 SVA, FK-line tilt angle, 
ROM, and DER did not differ significantly between groups. Pre-
operative JOA scores were similar, but postoperative recovery 
ratios were significantly higher in the FK-line (+) group (p=0.011). 
The distribution of OPLL subtypes did not differ significantly 
between the groups (Table 1).

2. Comparison of LP and LF in FK-Line (-) Patients
In the FK-line (-) subgroup, 133 patients underwent LP, and 

97 underwent LF. Patients who underwent LF were significantly 
older (p < 0.001), more often male (p = 0.007), and had more 
operative levels (p< 0.001) than those in the LP group. The LF 
group demonstrated significantly greater posterior cord shift, 

Fig. 3. FK-line measurement technique. (A) The plain lateral radiograph is inverted to enhance visualization of the OPLL mass. 
The K-line is drawn to assess its relationship to the lesion. (B) An inverted computed tomography (CT) sagittal image is used to 
confirm OPLL boundaries, correlating with the radiographic image. (C) On flexion lateral radiographs, the FK-line is evaluated 
for positive or negative status. (D) When the interpretation of the FK-line is ambiguous on radiographs, the inverted CT image 
is rotated to simulate the neck flexion posture, improving the consistency and reproducibility of the assessment. FK-line, flexion 
K-line; OPLL, ossification of the posterior longitudinal ligament.

A B C D
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reflected by a larger increase in the FK-line distance (p= 0.021), 
and more effective correction of the C2–7 flexion angle (p =  
0.001). These radiologic improvements corresponded with bet-
ter neurological recovery in the LF group, evidenced by a great-
er JOA score improvement (p < 0.001) and a higher recovery 
ratio (p= 0.023), despite a lower preoperative functional base-
line. ROM reduction was more pronounced in the LF group. 
Operative time and intraoperative blood loss were significantly 
higher in the LF group than in the LP group. However, the inci-
dence of postoperative complications (C5 palsy, hematoma, du-

Table 1. Clinical and radiological characteristics according to 
FK-line status

Characteristic FK-line (+) 
(n = 119)

FK-line (-) 
(n = 230) p-value

Age (yr) 58.98 ± 8.80 58.39 ± 9.59 0.575

Sex, male:female 78:41 179:51 0.014*

FK-line distance (mm) pre 4.15 ± 1.61 0.51 ± 3.33 < 0.001*

C2S (°) pre 12.38 ± 8.72 15.43 ± 8.14 0.006*

T1S (°) pre 26.93 ± 5.98 24.09 ± 6.49 0.001*

C2–7 SVA (mm) pre 26.20 ± 12.36 23.06 ± 12.05 0.161

C2–7 CA (º) pre 13.17 ± 8.87 7.56 ± 9.68 < 0.001*

C2–7 flex CA (º) pre -11.62 ± 10.29 -18.03 ± 11.04 < 0.001*

DER pre 9.61 ± 8.71 9.01 ± 11.28 0.845

K-line tilt (°) pre 8.82 ± 7.50 9.23 ± 7.31 0.608

FK-line tilt (°) pre 26.94 ± 9.01 28.04 ± 9.24 0.493

ROM (º) pre 35.09 ± 12.62 36.72 ± 13.43 0.189

COR (%) pre 44.92 ± 13.02 48.51 ± 13.91 0.009*

No. of operated levels 3.53 ± 0.96 3.76 ± 1.02 0.037*

OPLL type 0.140

Segmental 36 (30.25) 54 (23.48)

Continued 37 (31.09) 65 (28.26)

Mixed 43 (36.14) 98 (42.61)

Other 3 (2.52) 13 (5.65)

JOA score

Pre 12.66 ± 2.89 12.48 ± 2.24 0.056

Final 14.89 ± 2.90 14.71 ± 1.91 0.004*

Recovery ratio (%) 58.91 ± 36.47 49.18 ± 36.19 0.011*

Values are presented as mean ± standard deviation or number (%).
FK-line, flexion K-line; FK-line distance, the distance from the flex-
ion K-line to the posterior vertebral body line; C2S, C2 slope; T1S, 
T1 slope; SVA, sagittal vertical axis; CA, Cobb angle; C2–7 flex CA, 
C2–7 flexion Cobb angle; DER, dynamic extension reserve; ROM, 
range of motion; COR, canal occupying ratio; OPLL, ossification of 
the posterior longitudinal ligament; JOA, Japanese Orthopaedic As-
sociation; Pre, preoperative.
*p < 0.05, statistically significant differences.

Table 2. Comparison of clinical and radiological outcomes 
between LP and LF in FK-line (-) patients

Variable LP (n = 133) LF (n = 97) p-value

Age (yr) 56.37 ± 8.74 61.90 ± 10.05 < 0.001*

Sex, male:female 106:27 73:24 0.424

FK-line distance (mm)

Preoperative 0.28 ± 2.49 0.33 ± 3.46 0.928

Final 3.96 ± 4.08 5.71 ± 3.08 0.021*

C2S (°) 

Preoperative 13.37 ± 7.39 16.67 ± 8.83 0.015*

Final 18.17 ± 27.35 21.06 ± 8.56 0.050

T1S (°) 

Preoperative 24.72 ± 6.14 26.71 ± 6.30 0.051

Final 24.04 ± 6.11 27.28 ± 6.89 0.003*

C2–7 SVA (mm) 

Preoperative 22.65 ± 12.78 25.32 ± 12.21 0.294

Final 28.43 ± 12.79 31.27 ± 11.93 0.146

C2–7 CA (º)

Preoperative 8.66 ± 10.00 9.03 ± 9.09 0.313

Final 5.97 ± 9.45 4.53 ± 8.87 0.317

C2–7 flex CA (º)

Preoperative -16.85 ± 11.12 -14.68 ± 10.90 0.184

Final -11.20 ± 11.61 -7.01 ± 9.78 0.001*

DER pre 6.89 ± 10.77 5.99 ± 12.67 0.913

K-line tilt (°)

Preoperative 7.36 ± 6.37 12.07 ± 8.95 0.008*

Final 10.26 ± 7.53 14.65 ± 7.36 0.011*

FK-line tilt (°)

Preoperative 25.94 ± 9.35 27.76 ± 7.93 0.311

Final 25.13 ± 15.23 25.32 ± 9.46 0.572

ROM (º)

Preoperative 35.06 ± 13.08 33.44 ± 13.49 0.411

Final 24.02 ± 12.83 15.48 ± 9.58 < 0.001*

COR (%) 47.17 ± 14.32 48.32 ± 13.12 0.707

JOA score

Preoperative 13.07 ± 1.73 11.68 ± 2.59 < 0.001*

Final 14.86 ± 1.61 14.51 ± 2.25 0.595

Change 1.83 ± 1.52 2.83 ± 2.09 < 0.001*

Recovery ratio (%) 44.85 ± 37.88 55.13 ± 32.98 0.023*

Neck VAS score

Preoperative 4.00 ± 2.57 4.23 ± 2.94 0.4712

Final 2.34 ± 1.74 2.51 ± 1.79 0.4951

Change -1.66 ± 2.27 -1.74 ± 2.95 0.5227

(Continued)
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4. �Changes in Cervical Parameters After LP and LF in  
FK-Line (-) Patients
In FK-line (-) patients, LF resulted in a significantly greater 

increase in FK-line distance than LP (p = 0.003), indicating a 
more pronounced posterior cord shift. Although changes in 
C2S, C2–7 CA, and T1S tended to favor LF over LP, suggesting 
a potential advantage of LF in improving sagittal alignment, 
those differences did not reach statistical significance. Repre-
sentative cases are illustrated in Figs. 4 and 5.

DISCUSSION

This study investigated the clinical significance of FK-line 
status and compared the surgical outcomes of LP and LF in pa-
tients with multilevel cervical OPLL, focusing on those with 
FK-line (-). FK-line (-) patients exhibited a smaller FK-line dis-
tance, lower C2–7 CA, higher COR, larger C2S, and lower T1S, 
indicating a more kyphotic alignment and greater cervical flex-
ion angle than FK-line (+) patients. Neurological recovery and 
sagittal alignment were poorer in FK-line (-) patients following 
posterior decompression. Among FK-line (-) patients, LF achieved 
better correction of kyphotic alignment, greater posterior cord 
shift, and superior neurological outcomes compared with LP. 
Additionally, multivariate analysis identified postoperative FK-
line distance, postoperative C2–7 flexion angle, and preopera-
tive DER as independent predictors of neurological recovery.

Dynamic factors, such as neck flexion and extension, influ-
ence the progression of myelopathy in OPLL by altering the 
sagittal diameter of the spinal canal and increasing anterior cord 
compression.2,3,12 Takeuchi et al.4 reported poor clinical outcomes 
after LP in OPLL patients with K-line (+) in the neutral position 
and K-line (-) in the neck flexion position. Nori et al.6 also ob-
served higher incidences of residual spinal cord compression 
and poorer outcomes in FK-line (-) patients after LP. Unlike 

Variable LP (n = 133) LF (n = 97) p-value

No. of operated levels 3.47 ± 0.85 4.26 ± 1.09 < 0.001*

Operation time (min) 157.00 ± 44.38 212.29 ± 75.97 < 0.001*

Blood loss (mL) 432.03 ± 307.46 763.66 ± 596.77 < 0.001*

OPLL type 0.5430

Segmental 32 (24.06) 22 (22.68)

Continued 36 (27.07) 30 (30.93)

Mixed 58 (43.61) 41 (42.27)

Other 7 (5.26) 4 (4.12)

Complications 6 8 0.8871

C5 palsy 2 3

Hematoma 1 1

Revision 1 1

Dura tear 2 3

Values are presented as mean ± standard deviation or number (%).
LP, laminoplasty; LF, laminectomy with fusion; FK-line, flexion K-
line; FK-line distance, the distance from the flexion K-line to the 
posterior vertebral body line; C2S, C2 slope; T1S, T1 slope; SVA, 
sagittal vertical axis; CA, Cobb angle; C2–7 flex CA, C2-7 flexion 
Cobb angle; DER, dynamic extension reserve; ROM, range of mo-
tion; COR, canal occupying ratio; JOA, Japanese Orthopaedic Asso-
ciation; VAS, visual analogue scale; OPLL, ossification of the posteri-
or longitudinal ligament.
*p < 0.05, statistically significant differences.

Table 2. Comparison of clinical and radiological outcomes 
between LP and LF in FK-line (-) patients (Continued)

Table 3. Stepwise multivariate regression analyses of cervical 
parameters predicting JOA neurological recovery

Variable

Multivariate analysis

Model: (R2 = 0.205, p < 0.001)

β-coefficient p-value

FK-line distance postoperative 3.056 0.001*

C2–7 flex CA postoperative -0.887 0.011*

DER 0.683 0.039*

JOA, Japanese Orthopaedic Association; FK-line, flexion K-line; CA, 
Cobb angle; DER, dynamic extension reserve.
*p < 0.05, statistically significant differences.

ral tear, and revision) did not differ significantly between groups 
(Table 2). Additionally, among the 123 patients with neutral  
K-line (-), 74 underwent LP, often due to comorbidities or sur-
gical preference. These patients had a lower mean JOA recovery 
rate compared to those who underwent LF, as shown in Supple-
mentary Table 1.

3. �Multivariate Regression Analysis of Cervical Parameters 
for Neurologic Improvement
The stepwise multivariate regression analyses identified post-

operative FK-line distance, postoperative C2–7 flexion Cobb 
angle, and preoperative DER as independent predictors of neu-
rological recovery (Table 3). Increased postoperative FK-line 
distance was positively associated with the JOA recovery ratio 
(β= 3.06, p= 0.001), indicating that greater posterior cord shift 
contributed to better outcomes. Higher DER was positively as-
sociated with recovery (β= 0.68, p= 0.039), and increased post-
operative C2–7 kyphosis during flexion was negatively associ-
ated with recovery (β= -0.89, p= 0.011).
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prior reports,4,6 our study directly compared LP and LF in the 
FK-line (-) subgroup and identified specific radiologic predic-
tors of recovery, reinforcing the clinical relevance of FK-line 
status in surgical planning.

During flexion, the cervical spinal cord moves more anteri-
orly and elongates longitudinally, resulting in increased ventral 
compression and mechanical stress.13 An anterior shift of the 
spinal cord during flexion places pressure on the ventral gray 
matter, including the anterior horn laminae and adjacent corti-

cospinal tracts near the anterior median fissure. This compres-
sion may disrupt axonal integrity and compromise microvascu-
lar perfusion in the anterior spinal artery territory, resulting in 
ischemia and motor pathway injury, which likely contributes to 
poor postoperative neurological recovery.3 These pathophysio-
logical changes are supported by MRI signal alterations and 
diffusion tensor imaging evidence of microstructural damage.14 
Specifically, in cervical kyphotic alignment, the ventral OPLL 
mass exacerbates anterior spinal cord compression, leading to 

Fig. 4. Representative case of LP in a patient with FK-line (-). A 59-year-old man with cervical OPLL involving C3–T1 presented 
with bilateral numbness, weakness, and gait ataxia. (A) Preoperative radiograph showed lordotic alignment and a positive K-
line. (B) Flexion radiograph revealed a negative K-line (FK-line [-]) with an FK-line distance of 4.7 mm (asterisk). (C) Sagittal 
computed tomography (CT) showed mixed-type OPLL from C3 to T1. (D) T2-weighted magnetic resonance imaging demon-
strated significant spinal cord compression. (E) Postoperative radiograph after LP at C3–6 showed loss of cervical lordosis. (F) 
Postoperative flexion radiograph showed a kyphotic C2–7 angle and an FK-line distance of 5.0 mm (asterisk). (G) Postoperative 
CT scan confirmed widening of the spinal canal. The JOA score improved from 12 to 13 (recovery rate: 20%) at 2-year follow-
up. LP, laminoplasty; FK-line, flexion K-line; OPLL, ossification of the posterior longitudinal ligament; JOA, Japanese Orthopae-
dic Association.
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insufficient decompression and affecting neurological recovery 
after posterior decompression.12,13 Our findings suggest that 
FK-line (-) patients exhibited lower T1S, lower C2–7 CA, and a 
larger C2S than FK-line (+) patients. FK-line (-) patients exhib-
ited increased cervical kyphosis during flexion and diminished 
lordosis during extension, indicating a flexion-dominant cervical 
alignment. Postoperative JOA scores and recovery ratios were 
lower in FK-line (-) patients than FK-line (+) patients, consis-
tent with previous findings.4-6 Furthermore, FK-line (-) patients 

exhibited a greater cervical flexion angle, smaller FK-line dis-
tance, and higher COR than FK-line (+) patients. Based on those 
observations, it is reasonable to predict that neurological recov-
ery in FK-line (-) patients might be improved by increasing cer-
vical lordosis, decreasing the cervical flexion angle, and expand-
ing the FK-line distance.

Both LP and LF are effective posterior surgical procedures 
for multilevel cervical OPLL, but they produce significantly dif-
ferent outcomes in patients with FK-line (-). Our findings indi-

Fig. 5. Representative case of LF in a patient with FK-line (-). A 64-year-old man with cervical OPLL involving C2–6 presented 
with bilateral numbness and weakness in all extremities. (A) Preoperative radiograph revealed a slightly kyphotic alignment and 
a positive K-line. (B) Flexion radiograph revealed a negative K-line (FK-line [-]) with an FK-line distance of 3.1 mm (asterisk). 
(C) Sagittal computed tomography (CT) demonstrated mixed-type OPLL from C2 to C6. (D) T2-weighted magnetic resonance 
imaging confirmed severe spinal cord compression. (E) Postoperative radiograph following LF at C2–7 showed improved align-
ment. (F) Postoperative flexion radiograph demonstrated correction of the kyphotic C2–7 angle and an increased FK-line dis-
tance of 13.0 mm (asterisk). (G) Postoperative CT confirmed effective decompression of the spinal canal. The JOA score im-
proved from 12 to 16 (recovery rate: 80%) at 2-year follow-up. LF, laminectomy with fusion; FK-line, flexion K-line; OPLL, ossi-
fication of the posterior longitudinal ligament; JOA, Japanese Orthopaedic Association.
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cate that LF leads to superior neurological improvement com-
pared with LP in FK-line (-) patients. Posterior decompression 
procedures, such as LP and LF, indirectly achieve ventral de-
compression by allowing posterior cord shift.15,16 Baba et al.17 
reported that, as measured by the posterior shift score of the 
cord, significant neurological improvement is associated with 
posterior cord migration after LP. The extent of spinal cord 
shift influences spinal cord biomechanics, with LF resulting in 
lower stress and strain on the spinal cord than LP.18 Additional-
ly, the greater spinal cord drift achieved with LF compared to 
LP suggests its superior ability to maximize decompression in 
severe degenerative cervical myelopathy.19 However, other stud-
ies reported that the extent of the cord shift does not consistent-
ly predict clinical outcomes.20,21 Itoh and Tsuji emphasized that 
a 4-mm expansion of the spinal canal is optimal for achieving 
favorable outcomes following LP, and a 3-mm posterior shift of 
the spinal cord is required to attain a recovery rate exceeding 
50%.19,22,23 In the literature, the posterior shift of the cervical cord 
after LF averaged around 2.7 mm, compared with 1.7–2.2 mm 
after LP.19,24 In this study, the increase in FK-line distance was 
greater in the LF group (mean, 5.37 mm) than the LP group 
(3.32 mm), which likely explains the superior neurological re-
covery observed in the LF group.

One complication following posterior decompression surgery 
is C5 nerve palsy, attributed to spinal cord shifting and the re-
sultant traction on the spinal cord and/or nerve roots. The inci-
dence has been reported to range from 0% to 13.6%.25,26 In this 
study, 5 patients who underwent LP (n= 2) and LF (n= 3) de-
veloped C5 palsy, which resolved within 7 months of rehabilita-
tion. Radcliff et al.27 reported that patients who developed C5 
palsy after LF had significantly greater spinal cord drift at the 
C5 level (5.1 mm) compared to those without palsy (2.4 mm). 
Other studies noted that although LF resulted in a greater de-
gree of cord shift than LP (2.65 mm vs. 2.20 mm), the difference 
in C5 palsy incidence was not statistically significant.19 Our find-
ings are consistent with prior literature, suggesting that while 
increased cord shift may contribute to C5 palsy, most cases are 
transient and recover with rehabilitation.

When the C2–7 kyphotic angle exceeds 20°, biomechanical 
studies have shown a rapid increase in intraspinal pressure.12 
Local kyphosis exceeding 13° on preoperative alignment has 
been associated with the highest risk of poor recovery after LP.28 
Funaba et al. reported that the postoperative C2–7 kyphotic an-
gle in neck flexion is associated with poor outcomes.29,30 Our 
study demonstrates that the preoperative cervical flexion angle is 
associated with FK-line status and that the postoperative C2–7 

flexion angle correlates significantly with neurological recovery, 
differentiating outcomes between LP and LF. LF achieved more 
effective correction of the C2–7 flexion angle, resulting in im-
proved posterior cord shift and sagittal alignment, thereby en-
hancing neurological recovery. These findings provide radio-
logical and clinical evidence explaining the differences in out-
comes between LP and LF in patients with high COR and FK-
line (-), a relationship previously reported but not mechanisti-
cally elucidated.31 Additionally, we found that, among patients 
with neutral K-line (-), those who underwent LF showed great-
er neurological improvement than those who underwent LP. 
All patients with neutral K-line (-) maintained FK-line (-) on 
flexion. These findings suggest that fusion surgery may be more 
appropriate to achieve decompression and stabilization, espe-
cially when kyphosis is present.

This study suggests that LF should be considered over LP in 
patients with FK-line (-) status, a high COR, and preoperative 
kyphotic alignment—particularly when posterior decompres-
sion without stabilization may be insufficient to achieve ventral 
cord decompression or correct sagittal imbalance. Patients with 
a greater cervical flexion angle and limited extension function 
may be at increased risk of inadequate decompression and post-
operative sagittal malalignment if managed with LP.7 In such 
cases, LF provides superior correction of flexion kyphosis, great-
er posterior cord shift, and better restoration of alignment, con-
tributing to improved neurological recovery.

Postoperative loss of cervical lordosis is associated with poor 
outcomes, possibly as a result of injury to the posterior muscu-
loligamentous complex.32,33 Recently, DER, which indicates the 
functional reserve of posterior structures, has attracted attention 
as a potential risk factor for decreased cervical lordosis.7,34 Low-
er DER has been shown to correlate with greater loss of cervical 
lordosis and poorer outcomes after LP.35 However, some research-
ers have argued that DER is not a significant predictor of post-
operative loss of lordosis, suggesting instead that parameters 
such as higher C2–7 SVA and preoperative lordosis are more 
influential.36 Our findings support that DER serves as an inde-
pendent predictor of postoperative neurological outcomes by 
reflecting cervical extension function.

Assessing the FK-line status provides a practical evaluation of 
dynamic anterior cord compression and kyphotic alignment. 
Our findings underscore the importance of both dynamic and 
structural sagittal parameters in predicting surgical outcomes. 
In FK-line (-) patients, the greater increase in FK-line distance 
following LF suggests more effective spinal cord decompression 
and sagittal correction, potentially contributing to improved 
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neurological recovery, in patients with preoperative kyphosis 
and high COR. However, LF was associated with longer opera-
tive times, increased blood loss, and a more pronounced reduc-
tion in neck ROM compared to LP.

This study has several limitations. First, its retrospective de-
sign carries inherent risk of selection bias, particularly due to 
differing surgical indications for LP and LF. Second, surgeon 
preference might have influenced the surgical methods. How-
ever, unlike previous studies,4,6 we directly compared LP and LF 
in FK-line (-) patients in a large multicenter cohort, providing 
stronger evidence for surgical decision-making in this challeng-
ing population. Third, radiological assessments were limited 
to standard static and flexion-extension radiographs, without 
MRI-based confirmation of cord shift. Fourth, the mean follow-
up period was 43.2 months, so longer-term studies are needed 
to assess the durability of the outcomes. Further prospective 
studies with long-term follow-up are warranted to validate our 
findings and to establish standardized criteria for surgical selec-
tion based on FK-line status.

CONCLUSION

FK-line status is a clinically significant radiological parameter 
that reflects dynamic sagittal alignment during neck flexion 
and serves as a valuable predictor of neurological recovery fol-
lowing posterior decompression in patients with cervical OPLL. 
FK-line (-) patients exhibited more kyphotic alignment, greater 
cervical flexion, and poorer neurological recovery than FK-line 
(+) patients. Among FK-line (-) patients, LF was more effective 
than LP in promoting posterior cord shift, improving sagittal 
alignment, and enhancing neurological recovery. Postoperative 
FK-line distance, C2–7 flexion angle, and preoperative exten-
sion reserve independently predicted recovery. These findings 
highlight the importance of incorporating FK-line status and 
dynamic sagittal parameters into surgical planning to optimize 
outcomes in cervical OPLL.
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