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Objective: To investigate whether the modified K-line can be used to predict the clinical outcome and to determine
the surgical approach for K-line (=) patients with cervical ossification of the posterior longitudinal ligament (OPLL).

Methods: A new modified K-line was defined as the line connecting the midpoints of the spinal cord at C, and Cg on
the lateral cervical radiographs. A total of four consecutive patients (three men and one woman) with cervical myelopa-
thy due to OPLL were included in this research. The patients were diagnosed with OPLL with K-line (=) while they were
also classified as modified K-line (+). Preoperative modified K-line was used to predict the surgical outcome in K-line
(—) patients with OPLL according to the original K-line. And a modified laminoplasty with C3z laminectomy and C4¢ bilat-
eral open-door laminoplasty was adopted to perform on all the patients. The Japanese Orthopaedic Association scores
before surgery and at 1-year follow-up after surgery were evaluated and the recovery rate was calculated. The visual
analogue scale (VAS) scores were also evaluated before surgery and after surgery. Furthermore, cervical plain radio-
graphs in neutral position before surgery and after surgery were obtained to measure C,—C; angles for assessing the
cervical sagittal alignment.

Results: The results showed that good neurological improvement could be achieved in all Kline (=) patients who
underwent C3 laminectomy with C,—Cg bilateral open-door laminoplasty. The Postoperative JOA scores improved from
13.5 to 16.5, from 11 to 16.5, from 13 to 16, and from 12.5 to 13, respectively. The mean recovery rate was 65.4%
in the K-line (—) patients. And the VAS scores dropped from 3 to 1, 5 to 2, 5 to 3, and 4 to 2, respectively. The JOA
and VAS scores showed satisfaction in all patients at the 1-year follow-up. Relatively satisfactory and stable cervical
sagittal alignment was observed on postoperative lateral radiography in all patients at the 3-month follow-up period.
There were no postoperative complications associated with this technique found in all the patients.

Conclusions: Modified K-line may predict the clinical outcome of this modified laminoplasty and offer guidance regard-
ing the choice of surgical method for K-line (—) patients with OPLL. Additionally, C3 laminectomy with C4,—Cg bilateral
open-door laminoplasty should be recommended for the use in patients with K-line (=) OPLL, who were also classified
as modified K-line (+). However, further studies with more cases will be required to reveal its generalizability and
availability.

Key words: Cervical myelopathy; Laminectomy; Laminoplasty; Modified K-line; Ossification of the posterior longitudinal
ligament
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Introduction
ssification of the posterior longitudinal ligament

(OPLL) is a common disorder that often leads to neuro-
logical symptoms, ranging from discomfort to severe mye-
lopathy, due to compression of the spinal cord and nerve
roots by progressive ossification. One of the main surgical
treatments is laminoplasty from posterior decompression’.
The K-line can predict clinical outcomes after laminoplasty,
as reported in the previous research’. The K-line is defined
as a straight line connecting the midpoints of the spinal
canal at C, and C; on lateral radiographs. OPLL not exceed-
ing the K-line is indicated by K-line (+), and OPLL exten-
ding beyond the K-line is considered K-line (—)*. Previous
research has demonstrated sufficient neurological improve-
ment could be obtained from posterior decompression pro-
cedure in the K-line (+) patients with cervical OPLL2. Thus,
the selection of surgeries from the posterior approach is
appropriate for such patients. Although laminoplasty has
been recognized as a standard procedure to release the com-
pression of the spinal cord due to cervical multilevel OPLL,
it may be accompanied by persistent axial symptoms when
damaging semispinalis cervicis muscles™. Recently, numer-
ous papers have reported that C,—C, laminoplasty with C;
laminectomy is an effective technique for preventing postop-
erative axial symptoms’. In contrast, C3-Cs laminoplasty has
a significantly lower incidence of axial neck pain®, for which
the spinal cord is rarely affected at the Cq/; level in patients
with degenerative spinal diseases’.

In K-line (—) cases, anterior decompression with
fusion (ADF) or posterior decompression with fusion (PDF)
is a commonly used surgical procedure that would be recom-
mendable. However, some complications usually occur in
these procedures, including upper airway obstruction,
adjacent-segment degeneration, Cs palsy, and a reduction in
the ROM of the cervical spine® °.

To our knowledge, the K-line is a reliable clinical indi-
cator which plays a significant role in selecting the surgical
approach of patients with cervical myelopathy caused by
OPLL. However, it is not suitable in all kinds of conditions,
especially for certain regional larger OPLL masses. On the
one hand, it was designed for total en bloc laminoplasty of
five segments from C; to C,. Therefore, segmental larger
OPLL masses may make a difference to the result of K-line,
decreasing its predictive value. On the other hand, the loss
of cervical lordosis at segmental level could also change K-
line (+) into K-line (—). Furthermore, Taniyama et all® !
made a modification of the K-line as the line that con-
necting the midpoints of the spinal cord at C, and C; on
preoperative T1-weighted sagittal MRI, which demonstrated
that this modified K-line could be used to predict insuffi-
cient decompression of cervical laminoplasty and clinical
outcome in patients with non-lordotic alignment. Another
study indicated that the modified K-line can provide a guide
for predicting poor clinical outcome after laminoplasty and
making decisions regarding the surgical approach in patients
with cervical spondylotic myelopathy'?.

Mobiriep K-LINE IN PaTIENTS WiTH K-LINE (-) OPLL

Taking all these things into consideration, we intro-
duced a new modified K-line, which is defined as the line
connecting the midpoints of the spinal cord at C, and Cs on
the lateral cervical radiographs, to assess whether this index
predicted clinical outcome after laminoplasty in patients with
K-line (—) OPLL. Additionally, we adopted C; laminectomy
with C4-C bilateral open-door laminoplasty as a surgical
procedure for cervical OPLL patients in this study.

The purpose of this study was to: (i) investigate the
influence of the modified K-line on the selection of the surgi-
cal approach in patients with k-line (-) OPLL; (ii) investigate

A ' %
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FIG 1 lllustration of the K-line and modified K-line on a plain lateral
radiograph. K-line was defined as a straight line connecting the
midpoints of the spinal canal at C, and C; introduced by Fujiyoshi et al.
(white line). A modifed straight line connecting the midpoints of the
spinal canal from C4—Cg was first raised based on the K-line (red line).
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FIG 2 Case 1 Images obtained from
a 51-year-old female who presented
with hand numbness.

(A) Preoperative plain lateral
radiograph showing an OPLL mass
surpassing the K-line but not
extending beyond the modified K-
line. (B) Flexion and extension
lateral radiographs. (C) Preoperative
sagittal CT showing a multilevel
OPLL mass. (D) cervical sagittal MRI
showing spinal cord compression
due to OPLL. (E) postoperative plain
lateral radiograph showing Cs
laminectomy with C4¢ bilateral open-
door laminoplasty.

whether the modified K-line should be applied to evaluate
the surgical outcomes for patients with K-line (—) OPLL;
(iii) assess the efficiency and safety of C; laminectomy with
C4—C¢ laminoplasty that performed on the patients with K-
line (=) OPLL.

Methods

Modified K-line

To draw the modified K-line, the same instructions were
used as those for drawing the original K-line. A lateral view
of the cervical radiograph was used in the neutral position.
We drew a straight line that connected the midpoints of the
spinal canal from the C4—Cg4 segments on plain lateral radio-
graphs in the neutral position, which defined as modified K-
line (Fig. 1). As the original K-line, the modified K-line (+)
meant that the OPLL mass did not pass the modified K-line,
while the modified K-line (—) meant that the OPLL extended
beyond the modified K-line. The patients were also divided
into groups with modified K-line (+) and modified K-line
(=) according to the original definition of the K-line.

Mobiriep K-LINE IN PaTIENTS WiTH K-LINE (-) OPLL

Fiexion

Patients

This study was approved by the ethics committee of the First affili-
ated Hospital of Sun Yat-sen University. Patients with cervical
myelopathy due to OPLL underwent posterior decompression sur-
gery. A total of four consecutive patients with K-line (—) OPLL
between January 2017 and May 2018 were included and these
patients with modified K-line (+) OPLL were confirmed by two
spine surgeons. All the patients with modified K-line (+)
OPLLAQ34 were diagnosed based on these patients with original
K-line (—). All the patients presented with severe symptoms cau-
sed by spinal cord compression and cervical lordosis. All the
patients were followed up for at least 1 year. Our cervical enlarge-
ment laminoplasty consisted of C; to Cs laminoplasty
(Kurokawa’s method) with C; laminectomy13. The mean age at
surgery was 56.8 years old. An example (case 1) is shown in Fig. 2.

Clinical Assessment

Japanese Orthopaedic Association Score and Recovery Rate
The Japanese Orthopaedic Association (JOA) score was
introduced to assess the neurological outcomes for cervical
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Co.7 Lordosis (degree)

C-JOA

VAS

Ossification

Follow-

Age
(yrs),

Occupation

Type
of OPLL

thickness

up
Period

Final Levels

Surgical
intervention

Case
No.

ratio (%)

(mm)

of OPLL

FU

Preop  Postop  Preop

Postop

Preop

Major Symptoms

Sex

75.0

mix

continuous

8.7

Cas

14
8.

4.13 2.42
8.45 14.16

16.5

13.5

Hand numbness
Hand clumsiness,

1, F

5

48.3

6.89

Cis

28

16.5

11

59, M

Gait
disturbance
Hand numbness
Hand numbness

mix 31.3

4.29
5.51

C247

5.91
12.3

18.43
4.7

8.19

16
13

13
12.5

, M

53

345

mix

C3-7

8.26

54, M

Abbreviations: F, female; JOA, Japanese orthopedic association; M, male; VAS, Visual analog scale; OPLL, posterior longitudinal ligament.
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myelopathy. The JOA scores were evaluated before surgery
and 1 year after surgery according to the JOA scale. And the
recovery rates of the JOA score were calculated as follows:

Recovery ratio (%) = 100 (postoperative score — preop-
erative score)/ (17 — preoperative score)™.

The JOA score and recovery rate was to evaluate spinal
cord function. Recovery ratio of more than 75% is regarded
as excellent effect, 50% to 75% is considered as favorable
treatment, 25% to 50% means ordinary effect, 0% to 25%
indicates invalid treatment, and less than 0% is considered as
deteriorated treatment.

Visual Analogue Scale Score

The visual analog scale (VAS) was commonly used to assess
neck pain after surgery. The VAS scores were evaluated
according to VAS scale preoperatively and postoperatively.
The VAS score can respond to the validity of treatment:
VAS of 0 to 2 is considered as excellent effect, 3 to 5 indi-
cates favorable treatment, 6 to 8 means accepatable effect,
and more than 8 is regarded as poor treatment.

Radiological Assessment

C,-C; Lordotic Angle

The C,-C; lordotic angle was defined as the Cobb angle
formed by the inferior endplate of C, and C; on a standing
lateral radiograph. C,-C; lordotic angle was measured on
the lateral radiograph before and after surgery. Cervical lor-
dosis was used to predicted the surgical prognosis assessed
by the C,-C; lordotic angle.

Ossification Thickness

The thickness of OPLL was measured as the thickest part of
the OPLL by sagittal CT reconstruction images. The thick-
ness of OPLL contributed to the assessment of OPLL.

Spinal Canal Occupation Ratio

The spinal canal occupation ratio was defined as the ratio of
maximum anteroposterior thickness of ossified ligament to
anteroposterior diameter of spinal canal. The occupying ratio
of the spinal canal was measured on a CT sagittal image
before operation. The spinal canal occupation ratio was help-
ful to assess the severity of cord compression and directing
surgical treatment.

The OPLL Types

OPLL was classified into continuous, segmental, mixed, or
localized type on the basis of the criteria previously reported.
The OPLL type was observed on the CT reconstruction sagit-
tal image. The type of OPLL contributed to the assessment
of OPLL and selection of surgical method.

Areas of Ossified Vertebrae

Radiological features of OPLL showed it involved different
areas of ossified vertebrae due to its different type. The areas of
ossified vertebrae were observed on a sagittal view of CT of the
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2
odified K-line(+)
K-line(-)
FIG 3 Case 2 Images from a 59-year-
old male who presented with hand
clumsiness and slowly progressive
gait disturbance. (A) Preoperative
plain lateral radiograph showing K-line
(=) but modified K-line (+). (B)
Dynamic plain lateral radiographs. (C)
Sagittal three-dimensional
reconstructed CT showing a
continuous OPLL mass (arrows). (D)
MR image showing multilevel spinal
cord compression. (E) Postoperative
plain lateral radiograph showing C3
laminectomy with C4—Cg laminoplasty
after installing allograft bone (arrows)

[2&1 8]
and modified K-line (+). @

cervical spine. The areas of ossified vertebrae contributed to the
assessment of OPLL and the instruction to surgery.

Results

General Results

All patients exhibited improvement of both subjective
symptoms and clinical scores. The preoperative and postop-
erative clinical data are summarized (Table 1). No systemic
complications occurred in any of the patients at the final
follow-up period. The mean operative time was 90 min,
and the mean amount of blood loss was 50 mL. The post-
operative lateral radiographs revealed cervical lordosis with
a modified K-line (+) and sufficient enlargement of the spi-
nal cord. Examples (cases 2 and 3) are shown in Figs 3 and
4. In addition, the postoperative lateral radiographs also
revealed cervical lordosis with K-line (+). An example (case
4) is shown in Fig. 5.

Clinical Results
Japanese Orthopaedic Association Score and Recovery Rate

The JOA scores improved (from 13.5 to 16.5, from 11 to
16.5, from 13 to 16, and from 12.5 to 13) in all patients at

Mobiriep K-LINE IN PaTIENTS WiTH K-LINE (-) OPLL

Extension

Flexion

Modified K-line(+)
(E)

the 1-year follow-up. The recovery rate in all patients with
K-line (—) was 85.7%, 91.7%, 75%, and 11.1%, respectively.

Visual Analogue Scale Score
The VAS scores in all patients decreased from 3 to 1, 5 to
2, 5to 3, and 4 to 2, respectively.

Radiological Results

C,-C; Lordotic Angle

The mean C, ; lordotic angles preoperatively and immedi-
ately after surgery were also shown in Table 1. The mean
C,-C; lordotic angles immediately changed in all patients
after surgery from 4.13° to 2.42°, from 8.45° to 14.16°, from
8.19° to 18.43°, and from 8.26° to 4.7°. The radiological
parameters regarding cervical sagittal alignment remained
stable, and there were no changes in kyphosis at the
3-month follow-up.

Ossification Thickness

The ossification thickness in all patients was 8.7 mm, 6.89
mm, 4.29 mm, and 551 mm, respectively. And the mean
ossification thickness was 6.35 mm.
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Spinal Canal Occupation Ratio
The spinal canal occupation ratio in patients was 75%,
48.3%, 31.3%, 34.5%, respectively.

The OPLL Types

Among these K-line (—) patients with cervical myelopathy
due to multilevel OPLL, mixed-type was the major cause and
continuous-type was the other cause.

Areas of Ossified Vertebrae
All patients with OPLL involved in multilevel cervical verte-
brae, including C,-Cg, C;-Cs, C2-7, and C;5-C,.

Discussion
Cervical myelopathy resulting from OPLL is a common
condition that can lead to cervical cord compression and
usually requires surgical decompression. Although the selection
of the anterior or posterior approach has been the subject of
debate', multilevel cord compression by OPLL and preopera-
tive cervical lordotic sagittal alignment are conditions that
favor a posterior approach'®. Cervical laminoplasty has been a
standard treatment for compressive myelopathy associated

Mobiriep K-LINE IN PaTIENTS WiTH K-LINE (-) OPLL

FIG 4 Case 3 Images obtained from
a 53-year-old male who presented
with hand numbness. (A) cervical
plain lateral radiograph
demonstrated K-line (=) but modified
K-line (+). (B) Flexion and extension
lateral radiographs. (C) Sagittal CT
reconstruction image demonstrated a
continuous and segmental OPLL
mass. (D) T2-weighted MR image
demonstrated severe spinal cord
compression caused by OPLL. (E)

Modified K-line(+)

Postoperative plain lateral radiograph
@ demonstrated modified K-line (+).

with OPLL with fewer complications than anterior or posterior
fusion. The long-term neurologic results of laminoplasty over
10 years have been satisfactory'’"'*. However, many studies
have shown that poor clinical and radiological outcomes may
occur if posterior laminoplasty is performed in OPLL patients
with K-line (=)> * . The K-line has been reported to be a
reliable indicator that may predict surgical outcomes in
patients with OPLL and cervical myelopathy?, and it has been
suggested that sufficient posterior shifting of the spinal cord
will not be obtained after posterior decompressive surgery in
K-line (—) patients.

For cervical lordosis in K-line (—) patients with multi-
level OPLL masses, ADF might be considered an appropriate
way to rebuild cervical alignment and save neurological func-
tion. Previous studies showed that ADF was one of the suit-
able surgical options that could provide better improvement
than laminoplasty or PDF for K-line (—) patients with
OPLL” *" **>, However, this approach requires high technical
demands that accompanies by a high incidence of surgery-
related complications, including CSF leakage, dysphagia, Cs
nerve palsy, and graft-related problems®> **. By comparison,
laminoplasty as an indirect method for relieving spinal cord
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FIG 5 Case 4 Images obtained from a
54-year-old male who presented with hand
numbness and underwent Cz laminectomy
with C4—Cg laminoplasty. (A) Preoperative
plain lateral radiograph showing K-line (—) but
modified K-line (+). (B) Dynamic plain lateral
radiographs. (C) MR image showing spinal
cord compression. (D) Postoperative plain
lateral radiograph showing K-line (+).

compression may be more effective and safer to obtain better
surgical outcomes in K-line (—) patients with OPLL under
certain circumstances. In addition, PDF could be a surgical
option for K-line (—) patients with OPLL*%. Obviously, there
is a lack of evidence to support posterior decompression for
K-line (—) patients with OPLL.

Several studies have shown that the K-line in different
cervical positions will lead to different treatments and will affect
clinical outcomes® *> ?°. Regarding the influence and effi-
ciency of the K-line, we introduced a new concept of the modi-
fied K-line in different segments of the cervical spine, which
may provide a basis for the posterior approach, especially for
K-line (—) patients with OPLL. In the current study, we pro-
posed a new modified K-line that changed from C,-C, to C,-
Cs, and patients with K-line (—) OPLL were classified as modi-
fied K-line (+) confirmed by two independent spine surgeons.
Regarding the surgical options, we believe it is highly advisable
to choose a modified laminoplasty according to the results of
previous reports®>'>*” and personal experience. Thus, C4~Cg
laminoplasty with C; laminectomy was conducted, and almost
all the patients attained good recovery of neurological function
and maintained acceptable sagittal alignment of the cervical
spine after this modified laminoplasty in accordance with the

Mobiriep K-LINE IN PaTIENTS WiTH K-LINE (-) OPLL

Extension

Flexion

modified K-line. By using the modified K-line, we also evalu-
ated cervical alignment and OPLL size specifically.

In the present study, three of the patients achieved a high
recovery rate of the JOA score, and one of them had a low
recovery rate. The average recovery rate of the JOA score was
65.4%, which is consistent with the clinical results described in
a previous study”" ** *® *°. Ha et al. reported that laminoplasty
was much better at preserving preoperative cervical lordosis
and cervical range of motion, and maximally reduced neck dis-
ability than laminectomy with fusion®. In our study, two
patients lost preoperative cervical lordosis on immediate post-
operative plain radiography and regained cervical lordosis at
the final follow-up. There were no kyphotic changes found in
any of the patients, and high satisfaction was achieved by using
this technique. These may be slightly different results from
those showing that K-line (—) patients obtained poor neurolog-
ical improvement after double-door C,-C, or C;-C,
laminoplasty’’. These possible explanations for this finding
could be the function of modified K-line (+) and this surgical
technique. It was shown that almost the same neurologic
recovery and radiological results were obtained in K-line (+)
patients, which is probably more applicable than the K-line
in OPLL.
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Limitations

There are several limitations in this study. First, a large sam-
ple of randomized controlled studies was lacking to confirm
the advantage of this parameter. We still need a multicenter
trial to reveal the effectiveness and instruction of this modi-
fied K-line. Second, this technique was not be applied to
patients with continuous ossification of the upper cervical
region. Third, the radiological follow-up time was not satis-
fied due to patients’ compliance. In this study, our work
mainly focused on the guidance of the modified K-line to
determine the surgical approach, without a focus on the sur-
gical procedure or surgical timing that may influence the
results. Finally, multivariable analyses with more cases
should be used to assess the surgical outcomes of this tech-
nique, and long-term follow-up is strongly needed in future
studies.

Mobiriep K-LINE IN PaTIENTS WiTH K-LINE (-) OPLL

Conclusion

Our results suggest that the modified K-line may be an indi-
cator for predicting clinical outcome and it could provide a
basis for the determination of surgical approaches in such
patients. C; laminectomy with C4—Cg bilateral open-door
laminoplasty is a relatively safe and effective technique,
which should be recommended for the use in patients with
K-line (—) OPLL when patients are classified as modified
K-line (+). However, further investigation is needed to clarify
the efficiency and universality of these results.
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