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Many studies have focused on pre-operative sagittal alignment parameters which could predict poor clinical or radiological 
outcomes after laminoplasty. However, the influx of too many new factors causes confusion. This study reviewed sagittal alignment 
parameters, predictive of clinical or radiological outcomes, in the literature. Preoperative kyphotic alignment was initially proposed 
as a predictor of clinical outcomes. The clinical significance of the K-line and K-line variants also has been studied. Sagittal vertical 
axis, T1 slope (T1s), T1s-cervical lordosis (CL), anterolisthesis, local kyphosis, the longitudinal distance index, and range of motion 
were proposed to have relationships with clinical outcomes. The relationship between loss of cervical lordosis (LCL) and T1s has 
been widely studied, but controversy remains. Extension function, the ratio of CL to T1s (CL/T1s), and Sharma classification were 
recently proposed as LCL predictors. In predicting postoperative kyphosis, T1s cannot predict postoperative kyphosis, but a low CL/
T1s ratio was associated with postoperative kyphosis.
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INTRODUCTION

Laminoplasty is an important treatment option for cervical 

spondylotic myelopathy (CSM) and ossified posterior longitu-

dinal ligament (OPLL) disease. Its long-term clinical and ra-

diological outcomes have also been reported to be excel-

lent9,21,48,60). However, some patients have unpredictably poor 

clinical outcomes after laminoplasty. In this regards, many 

studies have focused on preoperative sagittal alignment pa-

rameters that could predict poor clinical or radiological out-

comes. Preoperative cervical kyphotic alignment is the first 

suggested factor and is also the most important predicting 
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factor for clinical results after laminoplasty1,58). The K-line also 

helped clinicians to predict patients’ clinical prognosis13). Re-

cent studies have an interest in the loss of cervical lordosis 

(LCL) because patients could have a kyphotic alignment or K-

line (–) after laminoplasty19). In this regard, the T1 slope (T1s) 

has been spotlighted recently31). However, the inf lux of too 

many new predictive factors can cause confusion in the analy-

sis of patients’ information61,63). In this study, we present an 

overview of the sagittal alignment parameters that might pre-

dict clinical or radiological results through a literature review.

MATERIALS AND METHODS

A comprehensive literature search and analysis was per-

formed using the search terms “laminoplasty” and “align-

ment” in the Embase and PubMed (MEDLINE) databases for 

peer-reviewed articles published in English. Articles relevant 

for this review were selected by the authors if they included 

information on relationships between pre-operative sagittal 

parameters and clinical or radiological outcomes.

Since this study aims to analyze the sagittal alignment relat-

ed parameters, the analysis of the following factors was ex-

cluded; differences in the surgical technique (open-door, 

French-door, C3 laminectomy, and extensor muscle-preserv-

ing)20), surgical devices (sutures, mini-plates, bone grafts, and 

spacers)25), the most cephalic level (C3 or C4), and indices us-

ing axial images of computed tomography (CT) or magnetic 

resonance image (MRI), such as space available for the spinal 

cord32) and the spinal cord compression ratio46).

The analyzed parameters were divided into two categories : 

1) preoperative radiological parameters predicting clinical 

outcomes and 2) preoperative radiological parameters predict-

ing radiological outcomes. The radiological outcomes were 

divided into (2-a) LCL and (2-b) postoperative kyphosis.

RESULTS

We included 32 papers which had focused on pre-operative 

Fig. 1. Flow chart diagram of our search mechanism in accordance to the PRISMA. PRISMA : preferred reporting items for systematic reviews and meta-
analyses, ACDF : anterior cervical discectomy and fusion.
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cervical alignment related parameter to predict clinical or ra-

diological outcomes after laminoplasty. In addition, we 

searched all references of 32 papers, and nine additional pa-

pers related to the subject were identified (Fig. 1)2,8-10,21,27,48,64,68).

Pre-operative radiological parameter predicting 
clinical outcomes

Most of the indices used for outcome measurement were 

the Japanese Orthopaedic Association (JOA) scale73) or the 

modified JOA (mJOA), and the recovery rate (RR)15) were 

used. The Visual analogue scale (VAS) of neck pain and the 

Oswestry disability index (ODI) were also used. The disease 

entity analyzed in each study is indicated next to the subhead-

ing. The included parameters and measurement methods are 

summarized in Table 1 and Fig. 2. Radiological factors related 

to clinical outcomes are summarized in Table 2.

Pre-operative kyphotic alignment (CSM and OPLL)
This risk factor was particularly emphasized in laminecto-

my-only procedures. To obtain a sagittal bowstring effect, 

preoperative and postoperative lordotic alignment is essen-

tial4,5). Because laminoplasty preserves more posterior bony 

structure than laminectomy, it reduces the postoperative inci-

dence of kyphosis, but it cannot change preoperative kyphosis 

to lordosis16). In this regard, it was suggested that patients with 

preoperative kyphotic alignment should not undergo lamino-

plasty in order to ensure the sagittal bowstring effect. Baba et 

al.2) demonstrated this relationship in laminoplasty through 

MRI. Posterior cord migration was significantly correlated 

with preoperative and postoperative cervical spine lordosis. 

They also found that posterior cord migration was signifi-

cantly correlated with neurological improvements, and pa-

tients with neurological improvement (RR) ≥50% had a sig-

nificantly larger posterior shift.

However, controversy remains regarding the relationship be-

tween preoperative kyphosis and clinical outcomes12,18,24,30,34,43,47,72). 

In a long-term study, Iwasaki et al.21) included OPLL patients 

with more than 10 years of follow-up. LCL occurred in 55% of 

patients, and postoperative kyphotic alignment occurred in 

8% of patients. However, preoperative alignment and align-

ment changes had no significant effects on neurological dete-

rioration. Ogawa et al.48) also reported no significant differ-

ence in the highest postoperative JOA score, RR, or nuchal 

pain according to preoperative lordotic or kyphotic alignment 

in OPLL. Additionally, the highest JOA score and RR were not 

significantly different according to LCL occurrence. Chiba et 

al.9) analyzed CSM and OPLL patients with more than 10 

years of follow-up. They reported that preoperative alignment 

did not affect the RR in CSM patients, but preoperative ky-

photic alignment tended to be related to a lower RR in OPLL 

Table 1. The list of enrolled sagittal parameters and measurement method

Measurement method

CL (Neutral X-ray) Cobb's method : angle between a line drawing the inferior endplate of C2 and another line drawing the inferior 
endplate of C7

SVA (Neutral X-ray) horizontal offset between plumb line of the center of C2 and the posterosuperior corner of C7

T1s (Neutral X-ray) angle between upper endplate of T1 and horizontal reference line

T1s-CL (Neutral X-ray) difference value between T1 slope and CL

CL/T1s (Neutral X-ray) ratio of CL to T1 slope

ROM (Dynamic X-ray) difference of CL between flexion and extension

K-line (Neutral X-ray or MR) straight-line connects the midpoints of the spinal canal from C2 to C7

mK-line (MR T1 sagittal) straight-line connects the midpoints of the spinal canal from C2 to C7

Anterolisthesis (Flexion X-ray) >3 mm of anterior vertebral displacement in relation to a below VB

Local kyphosis (Neutral X-ray) angle between forming the maximum local kyphosis

LDI (Neutral X-ray) length of the vertical line between the poster-inferior edge of the C2 and C7 divided by the AP diameter of the C4

EF (Dynamic X-ray) difference of CL between neutral and extension

CL : cervical lordosis, SVA : sagittal vertical axis, T1s : T1 slope, CL/T1s : ratio of cervical lordosis to T1 slope, ROM : range of motion, mK-line : modified K-
line, MR : magnetic resonance image, VB : vertebral body, LDI : longitudinal distance index of cervical spine, AP : anterior-posterior, EF:  extension func-
tion
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patients.

K-line (OPLL), modified K-line (CSM) and variants
Preoperative alignment is a concept that does not include 

the size of the OPLL, so it has limitations in predicting clinical 

results. Fujiyoshi et al.13) proposed a new index, the K-line, 

which includes preoperative alignment and OPLL size. They 

reported that K-line (–) was closely associated with a low RR. 

A recent study reported that laminoplasty was also effective in 

patients with K-line (–) in the neutral position, but K-line (+) 

in the extension position40).

The concept of the K-line was originally based on lateral 

images of the cervical spine. It is difficult to measure, espe-

cially for patients with a short neck. Ijima et al.17) pointed out 

the mismatch between K-line (–/+) in standing lateral images 

of the cervical spine and supine CT images. Specifically, four 

of the 33 patients who were measured as K-line (–) on CT im-

ages were identified as K-line (+) based on X-rays. Although 

the clinical results of these mismatched patients were not re-

ported, their findings demonstrate that the K-line cannot be 

replaced by supine-position images.

Taniyama et al.68,69) developed a modified K-line (mK-line) 

using T1-weighted sagittal MRI for CSM. Based on the mK-

line, they measured the minimum interval (INTmin) between 

the mK-line and the anterior compression factor on midsagit-

tal images. In patients with an INTmin <4 mm, significant re-

sidual anterior compression of the spinal cord (insufficient in-

direct decompression) may occur, and an INTmin <4 mm is 

therefore associated with a lower RR than an INTmin ≥4 mm. 

The findings of Sun et al.66) also support the association of the 

mK-line with clinical outcomes.

Other variants, such as the kappa line35), K-line tilt55), coronal 

K-line, and K-plane37) have been presented at academic meet-

ings, but no clinical articles have investigated their usefulness.

K–line (–)K-line (+)

Anterolisthesis

LDI=a/b

b

a

A

C D E

B

CL
SVA
T1s

T1s–CL
CL/T1s

CL

T1s

SVA

EF=CL(E)–CL(N)

CL(E)

CL(N)

Fig. 2. Schematic images of sagittal radiological parameters. A : Routine sagittal parameters. B : K-line. C : a means length of a vertical line drawn 
between the postero-inferior edges of C2 and C7, b means the antero-posterior diameter of C4, and LDI of the cervical spine. D : Extension function (EF). 
E : Anterolisthesis in flexion position. CL : cervical lordosis, SVA : sagittal vertical axis, T1s : T1 slope, LDI : longitudinal distance index, CL(N) : cervical 
lordosis in neutral position, CL(E) : cervical lordosis in extension position.



 Radiological Factors in Laminoplasty | Lee SH, et al.

681J Korean Neurosurg Soc 64 (5) : 677-692

Ta
bl

e 
2.

 R
ad

io
lo

gi
ca

l p
ar

am
et

er
s r

el
at

ed
 to

 c
lin

ic
al

 o
ut

co
m

es

St
ud

y
Sa

m
pl

e 
si

ze
, O

P 
ty

pe
, d

is
ea

se
Cl

in
ic

al
 

ou
tc

om
es

Pr
e-

op
 

ky
ph

os
is

Po
st

-o
p 

ky
ph

os
is

LC
L

SV
A

T1
s –

CL
T1

s
O

th
er

 fa
ct

or

Ba
ba

 e
t a

l.2)
 (1

99
6)

55
, O

D,
 C

SM
+O

PL
L

JO
A 

RR
 (5

0%
)

*
*

Po
st

er
io

r c
or

d 
m

ig
ra

tio
n 

w
as

 re
la

te
d 

w
ith

 R
R

Ya
m

az
ak

i e
t a

l.72
)  (1

99
9)

38
, F

D,
 O

PL
L

Co
nt

ac
t/n

on
-

co
nt

ac
t

(1
0°

)*
(5

°)*
M

ax
im

al
 th

ic
kn

es
s o

f O
PL

L 
>7

 m
m

Pr
e-

op
 n

on
-lo

rd
ot

ic
 (C

L 
<1

0°
, n

=1
2)

Ish
ib

as
hi

18
)  (2

00
0)

14
0, 

FD
, C

SM
+O

PL
L

JO
A 

RR
N.

S.
N.

S.
N.

S.
Pr

e-
op

 k
yp

ho
sis

 (C
L 

<0
°, 

n=
2)

Pr
e-

op
 k

yp
ho

sis
 w

as
 n

ot
 re

la
te

d 
po

or
 R

R

Ch
ib

a 
et

 a
l.8)

 (2
00

0)
70

, O
D,

 C
SM

+O
PL

L
JO

A 
RR

LD
I h

ad
 a

 n
eg

at
iv

e 
co

rre
la

tio
n 

w
ith

 R
R 

(r=
-0

.3
08

, p
=

0.
01

4)

Iw
as

ak
i e

t a
l.21

)  (2
00

2)
92

, O
D,

 O
PL

L
JO

A 
RR

N.
S.

N.
S.

Fo
llo

w
 u

p 
>1

0 
ye

ar
s

Pr
e-

op
 k

yp
ho

sis
 (n

=1
)

Po
st

-o
p 

al
ig

nm
en

t w
as

 n
ot

 re
la

te
d 

w
ith

 R
R

Ka
w

ak
am

i e
t a

l.24
) (2

00
2)

10
3, 

FD
, C

SM
+O

PL
L (

?)
JO

A 
RR

N.
 S

N.
S.

Pr
e-

op
 k

yp
ho

sis
 (C

L 
<0

°, 
n=

16
)

Pr
e-

op
 k

yp
ho

sis
 w

as
 n

ot
 re

la
te

d 
po

or
 R

R
Co

rd
 co

nv
ex

 ty
pe

, C
2 

de
co

m
pr

es
sio

n 
w

as
 re

la
te

d 
w

ith
 p

oo
r R

R

Su
da

 e
t a

l.64
)  (2

00
3)

11
4, 

FD
, C

SM
+O

PL
L (

?)
JO

A 
RR

 (5
0%

)
(C

L 
<0

°)*
Pr

e-
op

 k
yp

ho
sis

 (C
L 

<0
°, 

n=
12

)
Lo

ca
l k

yp
ho

sis
 a

nd
 c

or
d 

sig
na

l c
ha

ng
e 

w
er

e 
in

de
pe

nd
en

t r
isk

 
fa

ct
or

s o
f R

R 
<

50
%

O
ga

w
a 

et
 a

l.48
)  (2

00
4)

72
, O

D,
 O

PL
L

JO
A 

RR
N.

S.
N.

S.
N.

S.
Fo

llo
w

 u
p 

>1
0 

ye
ar

s
Pr

e-
op

 k
yp

ho
sis

 (n
=1

0)
Pr

e-
op

 JO
A,

 a
ge

, s
ym

pt
om

 d
ur

at
io

n 
aff

ec
te

d 
cl

in
ic

al
 o

ut
co

m
es

Ch
ib

a 
et

 a
l.9)

 (2
00

6)
80

, O
D,

 C
SM

+O
PL

L
JO

A 
RR

N.
S.

 (C
SM

)*
 

(O
PL

L)
N.

S.
Fo

llo
w

 u
p 

>1
0 

ye
ar

s

M
as

ak
i e

t a
l.44

)  (2
00

7)
40

, O
D,

 O
PL

L
JO

A 
RR

 (4
0%

)
N.

S.
*

O
ld

 a
ge

, l
on

g 
sy

m
pt

om
 d

ur
at

io
n,

 h
ig

h 
LC

L,
 lo

w
 R

O
M

 w
er

e 
re

la
te

d 
to

 p
oo

r o
ut

co
m

e

Fu
jiy

os
hi

 e
t a

l.13
)  (2

00
8)

27
, O

D,
 O

PL
L

JO
A 

RR
In

te
ro

p 
US

N.
S.

Th
is 

st
ud

y 
in

cl
ud

in
g 

pa
tie

nt
s 

w
ith

 p
os

te
rio

r l
am

in
ec

to
m

y 
an

d 
fu

sio
n 

(n
=

8)
K -

lin
e 

( –
) w

as
 c

lo
se

ly
 re

la
te

d 
w

ith
 p

oo
r R

R

Ki
m

 e
t a

l.30
)  (2

01
3)

58
, F

D,
 C

SM
+O

PL
L

VA
S, 

ND
I

(1
0°

)
N.

S.
Pr

e-
op

 n
on

-lo
rd

ot
ic

 (C
L 

<1
0°

, n
=1

8)
Pr

e-
op

 k
yp

ho
sis

 w
as

 n
ot

 re
la

te
d 

po
or

 R
R

To
ya

m
a 

cl
as

sifi
ca

tio
n 

w
as

 n
ot

 re
la

te
d 

w
ith

 R
R

M
ar

uo
 e

t a
l.43

)  (2
01

4)
45

, F
D,

 O
PL

L
JO

A 
RR

 (5
0%

)
N.

S.
N.

S.
N.

S.
Pr

e-
RO

M
 w

as
 h

ig
he

r i
n 

th
e 

po
or

 o
ut

co
m

e 
gr

ou
p

Ch
o 

et
 a

l.10
)  (2

01
4)

76
, O

D
+

FD
, 

CS
M

+
O

PL
L 

(?
)

JO
A,

 V
AS

, N
DI

, 
SF

-3
6

(2
7.3

°)
N.

S.

Ta
ni

ya
m

a 
et

 a
l.69

)  (2
01

4)
61

, O
D

CS
M

JO
A

N.
S.

m
K-

lin
e 

w
as

 m
ea

su
re

d 
on

 m
id

sa
gi

tt
al

 T
1 

M
RI

IN
Tm

in
 w

as
 co

rre
la

te
d 

w
ith

 R
R 

w
ith

 n
on

-lo
rd

ot
ic

 a
lig

nm
en

t.

Le
e 

et
 a

l.34
)  (2

01
6)

50
, O

D,
 O

PL
L

JO
A,

 V
AS

, N
DI

, 
SF

-3
6

N.
S.

N.
S.

N.
S.

(3
0 

m
m

)
N.

S.
(2

2°
)

N.
S

C7
 in

vo
lv

em
en

t
Pr

e-
op

 k
yp

ho
sis

 (C
L 

<0
°, 

n=
7)

Pr
e-

op
 k

yp
ho

sis
 w

as
 n

ot
 re

la
te

d 
po

or
 R

R

O
sh

im
a 

et
 a

l.51
)  (2

01
6)

92
, F

D,
 C

SM
+O

PL
L

JO
A,

 V
AS

, N
DI

, 
SF

-3
6

(5
0 

m
m

)*
SV

A 
>5

0 m
m

 re
lat

ed
 to

 p
oo

r f
un

ct
io

na
l o

ut
co

m
e, 

bu
t im

pr
ov

em
en

t 
(R

R)
 is

 n
ot



J Korean Neurosurg Soc 64 | September 2021

682 https://doi.org/10.3340/jkns.2020.0294

Ta
bl

e 
2.

 C
on

tin
ue

d

St
ud

y
Sa

m
pl

e 
si

ze
, O

P 
ty

pe
, d

is
ea

se
Cl

in
ic

al
 

ou
tc

om
es

Pr
e-

op
 

ky
ph

os
is

Po
st

-o
p 

ky
ph

os
is

LC
L

SV
A

T1
s –

CL
T1

s
O

th
er

 fa
ct

or

O
ic

hi
 e

t a
l.50

)  (2
01

6)
12

5,
 F

D,
 O

PL
L

JO
A 

RR
 (5

0%
)

N.
S.

Pr
e-

op
 k

yp
ho

sis
 (C

L 
<0

°, 
n=

20
)

Pr
e-

op
 k

yp
ho

sis
 w

as
 n

ot
 re

la
te

d 
po

or
 R

R
Ag

e 
an

d 
RR

 <
50

%
 (O

R,
 1

.0
5;

 p
=

0.
01

9)
, a

nt
er

ol
ist

he
sis

 a
nd

 R
R 

<
50

%
 (O

R,
 8

.9
; p

=
0.

01
2)

Sa
ka

i e
t a

l.56
)  (2

01
6)

17
4,

 F
D,

 C
SM

JO
A 

RR
(C

L 
<-

5°
)*

Po
st

op
 C

L 
<-

5°
 w

as
 re

la
te

d 
to

 p
oo

r c
lin

ic
al

 o
ut

co
m

e

Ka
to

 e
t a

l.23
)  (2

01
7)

11
0,

 O
D,

 C
SM

+
O

PL
L

JO
AC

M
EQ

,  
SF

-3
6,

 JO
A,

 
VA

S

N.
S.

(3
5 

m
m

)
CS

F*
PC

S*

N.
S.

Li
 e

t a
l.40

)  (2
01

7)
40

, O
D,

 O
PL

L
JO

A,
 N

DI
K-

lin
e 

(–
) N

N
P 

bu
t K

-li
ne

 (+
) N

EP
 g

ro
up

 a
lso

 h
as

 a
 re

la
tiv

el
y 

eff
ec

tiv
e 

an
d 

sa
fe

Ca
o 

et
 a

l.6)
 (2

01
7)

17
3,

 O
D,

 C
SM

JO
A 

RR
(C

L 
<-

5°
)*

Po
st

op
 C

L 
<-

5°
 w

as
 re

la
te

d 
to

 p
oo

r c
lin

ic
al

 o
ut

co
m

e

Fu
jiw

ar
a 

et
 a

l.12
)  (2

01
8)

57
, O

D,
 C

SM
+

O
PL

L
VA

S,
 JO

AC
M

EQ
N.

S.
 (C

SM
)

(O
PL

L)
*

N.
S.

N.
S.

N.
S.

Pr
e-

CL
 a

nd
 U

EF
 in

 O
PL

L 
: r

=
-0

.42
Pr

e-
RO

M
 a

nd
 Q

O
L 

in
 O

PL
L 

: r
=

0.
53

Po
st

-R
O

M
 a

nd
 L

EF
 in

 C
SM

 : r
=

0.
32

M
iy

az
ak

i e
t a

l.47
)  (2

01
8)

35
, F

D,
 O

PL
L

JO
A 

RR
(3

0.1
°)

N.
S.

Pr
e 

M
RI

 g
ra

de
 in

de
pe

nd
en

tly
 a

ss
oc

ia
te

d 
w

ith
 R

R

Le
e 

et
 a

l.38
)  (2

01
8)

33
, O

D,
 C

SM
+

O
PL

L
JO

A,
 N

DI
(2

0°
)*

Sa
ka

ur
a 

et
 a

l.57
)  (2

01
9)

21
9, 

no
 d

at
a,

 
CS

M
+

O
PL

L
JO

A 
RR

(0
°)

(C
SM

)*
N.

S.
 (O

PL
L)

(3
0 

m
m

)
(C

SM
)*

N.
S.

 (O
PL

L)

Ch
en

 e
t a

l.7)
 (2

02
0)

85
, F

D,
 C

SM
JO

A,
 V

AS
, N

ur
ic

k
N.

S.
(2

8.
9 

m
m

)*
(2

0°
)*

Pr
e-

op
 k

yp
ho

sis
 (C

L 
<0

°, 
n=

7)

Ra
o 

et
 a

l.54
)  (2

01
9)

85
, O

D,
 C

SM
+

O
PL

L 
(?

)
JO

A 
RR

, N
DI

(2
0°

)*

Li
 e

t a
l.41

)  (2
01

9)
78

, O
D,

 C
SM

+
O

PL
L 

(?
)

JO
A 

RR
CL

/T
1s

 : 
fa

ir 
ra

tio
 h

ad
 a

 b
et

te
r o

ut
co

m
e 

th
an

 th
e 

lo
w

 o
r h

ig
h 

ra
tio

Le
e 

et
 a

l.39
)  (2

01
9)

50
, O

D,
 C

SM
+

O
PL

L
JO

A 
RR

 (5
0%

)
N.

S.
N.

S.
N.

S.
Ag

e 
ha

s a
 co

rre
la

tio
n 

w
ith

 R
R 

(r=
-0

.3
30

, p
=

0.
01

9)

Sh
ar

m
a 

et
 a

l.62
)  (2

02
0)

12
1, 

O
D,

 C
SM

+
O

PL
L

JO
A,

 O
DI

(2
0 

m
m

)*
(3

0°
)*

Co
rd

 si
gn

al
 c

ha
ng

e 
gr

ad
e 

an
d 

m
JO

A 
w

er
e 

cl
os

el
y 

re
la

te
d.

Cl
as

sifi
ca

tio
n 

sy
st

em
 (A

–D
) 

Ta
m

ai
 e

t a
l.67

)  (2
02

0)
60

, O
D,

 C
SM

JO
AC

M
EQ

, J
O

A,
 

SF
-3

6,
 V

AS
(4

0 
m

m
)

N.
S.

Pr
op

en
sit

y 
sc

or
e-

m
at

ch
in

g

*I
nd

ic
at

es
 s

ta
tis

tic
al

ly
 s

ig
ni

fic
an

t r
el

at
io

ns
hi

p,
 n

um
be

rs
 in

 p
ar

en
th

es
es

 ( 
) i

nd
ic

at
e 

cu
to

ff 
va

lu
es

. O
P 

ty
pe

 : 
op

er
at

io
n 

ty
pe

, P
re

-o
p 

: p
re

op
er

at
iv

e,
 P

os
t-

op
 : 

po
st

op
er

at
iv

e,
 L

CL
 : 

lo
ss

 o
f c

er
vi

ca
l 

lo
rd

os
is,

 S
VA

 : 
sa

gi
tt

al
 v

er
tic

al
 a

xis
, T

1s
 : 

T1
 sl

op
e,

 C
L 

: c
er

vi
ca

l l
or

do
sis

, O
D 

: o
pe

n-
do

or
 la

m
in

op
la

st
y, 

CS
M

 : 
ce

rv
ic

al
 sp

on
dy

lo
tic

 m
ye

lo
pa

th
y, 

O
PL

L 
: o

ss
ifi

ed
 p

os
te

rio
r l

on
gi

tu
di

na
l l

ig
am

en
t, 

JO
A 

:  
Ja

pa
ne

se
 o

rt
ho

pe
di

c 
as

so
cia

tio
n 

sc
al

e,
 R

R 
: r

ec
ov

er
y 

ra
te

, F
D 

: F
re

nc
h-

do
or

 la
m

in
op

la
st

y, 
N.

S.
 : 

no
 s

ta
tis

tic
al

 re
la

tio
ns

hi
p,

 L
DI

 : 
lo

ng
itu

di
na

l d
ist

an
ce

 in
de

x 
of

 c
er

vi
ca

l s
pi

ne
, O

PL
L 

(?
) :

 O
PL

L 
w

as
 

no
t c

le
ar

ly
 e

xc
lu

de
d 

fro
m

 e
nr

ol
l d

at
a,

 R
O

M
 : 

ra
ng

e 
of

 m
ot

io
n,

 U
S 

: u
ltr

as
on

og
ra

ph
y, 

ND
I : 

ne
ck

 d
isa

bi
lit

y 
in

de
x, 

VA
S 

: V
isu

al
 a

na
lo

g 
sc

al
e 

fo
r n

ec
k 

pa
in

, O
DI

 : 
O

sw
es

tr
y 

di
sa

bi
lit

y 
in

de
x, 

SF
-3

6 
: s

ho
rt 

fo
rm

-3
6,

 m
K-

lin
e 

: m
od

ifi
ed

 K
-li

ne
, M

RI
 : 

m
ag

ne
tic

 re
so

na
nc

e 
im

ag
e,

 IN
Tm

in
 : 

m
in

im
um

 in
te

rv
al

 b
et

w
ee

n 
th

e 
m

K-
lin

e 
an

d 
th

e 
an

te
rio

r c
om

pr
es

sio
n 

fa
ct

or
 o

n 
th

e 
m

id
sa

gi
tt

al
 T

1 
M

R 
im

ag
e,

 O
R 

: 
od

ds
 ra

tio
, J

OA
CM

EQ
 : J

OA
 c

er
vi

ca
l m

ye
lo

pa
th

y 
ev

al
ua

tio
n 

qu
es

tio
nn

ai
re

, C
SF

 : c
er

vi
ca

l s
pi

ne
 fu

nc
tio

n,
 P

CS
 : p

hy
sic

al
 c

om
po

ne
nt

 su
m

m
ar

y 
of

 S
F-

36
, N

NP
 : n

ec
k 

ne
ut

ra
l p

os
iti

on
, N

EP
 : n

ec
k 

ex
te

n-
sio

n 
po

sit
io

n,
 U

EF
: u

pp
er

 e
xt

re
m

ity
 fu

nc
tio

n,
 Q

O
L 

: q
ua

lit
y 

of
 li

fe
, L

EF
 : l

ow
er

 e
xt

re
m

ity
 fu

nc
tio

n,
 C

L/
T1

s :
 ra

tio
 o

f C
er

vi
ca

l l
or

do
sis

 to
 T

1 
slo

pe



 Radiological Factors in Laminoplasty | Lee SH, et al.

683J Korean Neurosurg Soc 64 (5) : 677-692

Sagittal balance-related parameters (CSM and OPLL) 
Rao et al.54) reported that a mismatch of preoperative T1s 

and cervical lordosis (CL) of more than 20° (T1s-CL ≥20°) 

was related to poor RR in CSM patients. Sharma et al.62) clas-

sified CSM and OPLL patients into four groups using T1s and 

the sagittal vertical axis (SVA). They reported that the bal-

anced group (T1s <30° and SVA <20 mm) had good improve-

ments in the ODI, but the unbalanced group (T1s ≥30° and 

SVA ≥20 mm) had poor ODI improvements. Furthermore, 

various cut-off values of SVA (28.9, 30, 35, and 50 mm) and 

T1s-CL (20°) have been reported to be related to clinical re-

sults7,23,51,57).

However, Tamai et al.67) performed a propensity score–

matching analysis adjusting for age, sex, cervical alignment, 

and preoperative JOA scores. In an analysis of Japanese Or-

thopaedic Association Cervical Myelopathy Evaluation Ques-

tionnaire responses based on sagittal balance (SVA, 40 mm), 

no statistically significant differences according to balance 

were found.

T1s (CSM and OPLL) 
Three studies reported no significant relationship between 

T1s and clinical outcomes. Miyazaki et al.47) found that the 

MR grade was associated with RR in OPLL patients, but T1s 

was not. Fujiwara et al.12) also reported no significant relation-

ship between T1s and clinical outcomes in CSM and OPLL 

patients. Cho et al.10) similarly reported that T1s was not relat-

ed to VAS, the neck disability index, or the Short form-36.

Range of motion (ROM) (OPLL)
Maruo et al.43) found that preoperative alignment, LCL, oc-

cupying ratio, and MR T2 high signal intensity were not asso-

ciated with poor outcomes; instead, only preoperative ROM 

showed an association with poor outcomes. The odds ratio of 

an ROM >20° for a poor outcome was 4.853 (95% confidence 

interval [CI], 1.263–16.635). Masaki et al.44) also reported that 

larger preoperative and postoperative ROMs were related to 

poor outcomes.

Radiological change (LCL, post-operative kyphosis) (CSM 
and OPLL)

Controversy exists regarding whether these two factors are 

of clinical significance. Sakaura et al.57) found that the RR was 

lower in CSM patients with postoperative kyphosis. This rela-

tionship was not found in OPLL patients. Sharma et al. re-

ported that an LCL >10° was related to lower ODI changes62). 

Masaki et al.44) also reported that greater LCL was associated 

with poor outcomes. However, other studies have reported 

that LCL or postoperative kyphosis did not affect clinical out-

comes34,43,47).

Miscellaneous
Anterolisthesis (CSM) was a significant risk factor for poor 

outcome (p=0.01), whereas retrolisthesis did not affect the 

neurological outcomes (p=0.6)50). Local kyphosis (CSM) was 

related with poor outcome (RR <50%) (odds ratio [OR], 6.69 

per 10° kyphosis; p<0.01)64). Longitudinal distance index (LDI) 

of cervical spine (CSM and OPLL) was significantly lower in 

the CSM group than in the OPLL group. Also, LDI had a weak 

but statistically significant negative correlation with RR (r= 

-0.308, p=0.014)8).

Preoperative radiological parameters predicting 
radiological outcomes

LCL
Pre-operative T1s, SVA, CL, ROM, T1s-CL, the ratio of CL 

to T1s (CL/T1s) and extension function (EF) have been pro-

posed as risk factors for LCL. Table 3 summarizes the rela-

tionships of LCL with those proposed factors.

T1s : Kim et al.31) first reported that high/low T1s were relat-

ed to LCL in CSM. On the contrary, Cho et al.10) reported no 

relationship between T1s and LCL. Subsequently, studies re-

porting positive or negative findings regarding this relation-

ship have been published10,38,39). Even in papers supporting the 

existence of a relationship between T1s and LCL, the correla-

tion coefficient (r) was low, near 0.327,33,36,47,56,74).

EF : This parameter represents the contraction reserve of 

the posterior musculo-ligament complex. This factor was 

found explained the phenomenon of low LCL in patients with 

a high T1s. Lee et al.39) reported that the correlation coefficient 

(r) between EF and LCL was 0.504, which had a stronger cor-

relation than that found for T1s. This parameter is also in-

cluded in the Sharma classification62).

Ratio of CL to T1s (CL/T1s) : Li et al.41) classified the CL/T1s 

ratio as low (bottom 25%; CL/T1s <0.45), fair (middle 50%; 

CL/T1s ranging from 0.45 to 1.05), or high (top 25%; CL/T1s 

>1.05). A high CL/T1s ratio was significantly related to a high 
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LCL (high ratio, 14.53±0.63; fair ratio, 5.51±7.59; low ratio, 

0.95±9.84; p<0.001).

Sharma classification : The Sharma classification presents a 

scoring system including preoperative CL, T1s, and EF62). Of 

particular note, it separately presents straight curvature (Cobb 

angle [CA] <10°), which can frequently occur in patients with 

postoperative kyphosis due to LCL. In the score 0 group (CA 

<10°, T1s <30°, EF >12°), significant LCL (>10°) occurred in 

0% of patients. In contrast, 100% of patients with a score of 4 

(CA >10°, T1s >30°, EF <12°) had significant LCL.

Postoperative kyphosis
Postoperative kyphosis is a distinct concept from LCL. In 

postoperative kyphosis, LCL occurs on the basis of preopera-

tive CL, and as a result, the postoperative CL is <-10°.

Preoperative CL <10° : Patients with preoperative CL <10° 

can easily develop postoperative kyphosis, even with a slight 

LCL. Suk et al.65) reported that patients with preoperative CL 

<10° had more postoperative kyphosis than those with preop-

erative CL >10° (OR, 7.625; p=0.008).

Kyphotic angle in flexion position > lordotic angle in exten-

sion position : This pattern was related to postoperative ky-

phosis (OR, 9.167; p=0.005)65).

T1s : Three studies analyzed the association between high/

low T1s and postoperative kyphosis, but found no significant 

association between the two factors27,31,47).

CL/T1s : Patients with a low CL/T1s ratio had a significantly 

higher rate of postoperative kyphosis than those with a fair or 

high ratio (OR, 16.63; 95% CI, 3.07–90.12; p<0.001)41).

Case presentation
We categorized the preoperative alignment parameter for 

which laminoplasty is relatively preferred or not through a re-

view of the previous literature (Fig. 3). In patients with straight 

or lordotic curves, LCL prediction is important. If the risk of 

LCL is low, sufficient decompression can be expected (case 1), 

but if the risk of LCL is high, postoperative alignment could 

be changed to kyphotic alignment (CSM) or K-line (–) (OPLL) 

(case 4). These changes closely related to insufficient decom-

pression, leading to a poor clinical outcome. In the case of ky-

photic alignment, laminoplasty corresponds to relative con-

traindication (case 3). However, as reported in the previous 

literature, some patients recovered to lordosis after surgery, 

and have shown a relatively good clinical course9,21,48). There is 

no known mechanism about the recovery of kyphotic align-

ment to the lordotic curve after surgery, but we should note 

that patients with kyphotic alignment could be compensatory 

alignment due to pain limitation (case 2). The extension posi-

tion helps to differentiate these compensatory alignments. 

This differentiation can help determine whether to perform 

laminoplasty in kyphotic alignment patient group with a high 

risk of complications from the fusion operation, such as elder-

Preop
alignment

Fig. 3. Schema of the indication of laminoplasty according to preoperative alignment, diagnosis, K-line, and loss of cervical lordosis. Preop : 
preoperative, OPLL : ossified posterior longitudinal ligament, CSM : cervical spondylotic myelopathy, LCL : loss of cervical lordosis.
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ly and severe osteoporosis.

Case 1 (Fig. 4)
A 55-year-old male patient with preoperative straight curve 

had severe preoperative neck pain (VAS, 7), and gait distur-

bance (pre-operative mJOA, 15). Preoperative CA was 5.7°, T1s 

was 26.4°, and EF was 12.1°. This corresponds to ‘Ia’ type and 

score 0 in Sharma classification and the probability of LCL 

was reported as 0%. Postoperative CA was 12.4° and no LCL 

occurred. After surgery, neck pain was decreased (VAS, 4), 

and mJOA recovered to 18 (RR, 100%). On postoperative 

MRI, we found that the spinal cord was freed from the anteri-

or lesion by indirect decompression following sufficient pos-

terior shifting after laminoplasty.

Case 2 (Fig. 5)
A 66-year-old male patient had a preoperative kyphotic 

alignment (preoperative CA, -15.9°; T1s, 15.2°; EF, 25.60°). The 

patient had severe preoperative arm pain (VAS, 8) and com-

plained of a decrease in hand fine motor and gait disturbance 

(preoperative mJOA, 12). Although kyphotic alignment was 

not applied to Sharma classification, both T1s and EF were 

low-risk factors for LCL. The patient recovered to straight 

curvature (postoperative CA, 0.9°) after surgery. The neck 

pain did not improve, but the arm pain improved. (VAS, 3), 

and mJOA recovered to 16 (RR, 66.7%).

Case 3 (Figs. 5 and 6)
A 52-year-old male patient was diagnosed with C2–6 con-

tinuous type OPLL. The patient complained of severe neck 

pain and arm pain (both VAS, 8), deterioration of the hand 

fine motor and gait disturbance (preoperative mJOA, 10). The 

patient had a preoperative kyphotic alignment (preoperative 

CA, -11.4°), and the EF was also limited to 7.1°. There was no 

significant change in alignment after surgery (postoperative 

CA, -9°) and T1s was decreased for compensation (preopera-

tive, 16.7°; postoperative, 12.5°). Neck and arm pain partially 

decreased (neck VAS, 6; arm VAS, 4), but there was no signifi-

cant improvement in hand fine motor and gait (mJOA, 13; 

RR, 37.50%). On postoperative MRI, the spinal canal was 

widened after laminoplasty, but the cord was still compressed 

by the anterior lesion.

Fig. 4. Sufficient indirect decompression (case 1). CL : cervical lordosis, SVA : sagittal vertical axis, T1s : T1 slope, Flex CL : cervical lordosis in flexion 
position, Ext CL : cervical lordosis in extension position.

Preoperative
CL 5.7, SVA 22.16, T1s 26.4, Flex CL -24.5, Ext CL 17.8

Postoperative
CL 12.4, SVA 11.15, T1s 23.1

Case 1

Preoperative Postoperative
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Fig. 5. Different postoperative alignment and clinical outcomes in two patients with preoperative kyphotic alignment (case 2 [upper] and case 3 
[lower]). CL : cervical lordosis, SVA : sagittal vertical axis, T1s : T1 slope, Flex CL : cervical lordosis in flexion position, Ext CL : cervical lordosis in extension 
position, EF : extension function.

Preoperative
CL -15.9, SVA 28.77, T1s 15.2, Flex CL -27.8, Ext CL 9.7, EF 25.60

Preoperative
CL -11.4, SVA 25.16, T1s 16.7, Flex CL -31.1, Ext CL -4.3, EF 7.1

Postoperative
CL 0.9, SVA 18.63, T1s 16.1

Postoperative
CL -9.0, SVA 18.88, T1s 12.5

Case 2

Case 3

Fig. 6. Failure of indirect decompression in patients with preoperative kyphotic alignment (case 3). CL : cervical lordosis, SVA : sagittal vertical axis, T1s : 
T1 slope. 

Preoperative
CL -11.4, SVA 25.16, T1s 16.7

Postoperative
CL -9.0, SVA 18.88, T1s 12.5

Case 3
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Case 4 (Fig. 7)
A 52-year-old male patient with segmental OPLL com-

plained of severe arm pain (VAS, 7) and fine hand motor 

weakness (mJOA, 15). The patient had a preoperative straight 

alignment (preoperative CA, -1.4°), Preoperative T1s was 18.0°, 

and EF was 10.6°. This corresponds to ‘Ib’ type and score 1 in 

Sharma classification, and the probability of LCL was report-

ed as 20%. There was 11.8° of LCL, and kyphotic alignment 

was obtained after surgery (postoperative CA, -13.2°). We 

found the insufficient indirect decompression in postopera-

tive MRI. There was some improvement in arm pain after 

surgery (VAS, 4), but there was no significant improvement in 

fine motor weakness (mJOA, 16; RR, 33.3%).

DISCUSSION

The World Federation of Neurosurgical Societies (WFNS) 

spine committee recently announced recommendations for 

CSM and OPLL3,11,53,75-77). The WFNS recommendations 

pointed out that the most important factors associated with 

the clinical results of CSM are age, symptom duration, and 

disease severity. However, because these factors are non-mod-

ifiable, numerous studies have attempted to find modifiable 

factors that influence clinical outcomes. The most important 

modifiable factor related to clinical results is the surgical ap-

proach14,52). Among the several surgical approaches, lamino-

plasty is preferred because it has fewer complications than an-

terior corpectomy and fusion or posterior laminectomy and 

fusion, especially in older osteoporotic patients3,14,28,40,71). The 

current consensus is that laminoplasty is indicated in patients 

with neutral or lordotic alignment without significant axial 

pain and in K-line (+) OPLL patients. However, these indica-

tions do not always lead to good clinical outcomes. This re-

view conducted a literature review of all possible pre-operative 

radiological parameters on why poor clinical/radiological out-

comes occur in some of the patients even corresponding to 

the indication.

Most studies investigating the effect of preoperative align-

ment on clinical outcomes did not report statistical signifi-

cance (Table 2). The clinical results are primarily affected by 

age, disease severity, and symptom duration. Additionally, 

MR-based parameters, such as the occupying ratio, OPLL 

shape, and cord signal change have a significant impact on 

clinical outcomes. Complications of laminoplasty such as 

LCL, C5 palsy49), postoperative neck pain, increased size of 

Fig. 7. Failure of indirect decompression following loss of cervical lordosis in preoperative straight alignment patients (case 4). CL : cervical lordosis, SVA : 
sagittal vertical axis, T1s : T1 slope, Flex CL : cervical lordosis in flexion position, Ext CL : cervical lordosis in extension position, EF : extension function.

Preoperative
CL -1.4, SVA 24.31, T1s 18, Flex CL -35.6, Ext CL 9.2, EF 10.6

Postoperative
CL -13.2, SVA 33.46, T1s 15.8

Case 4

Preoperative Postoperative
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OPLL70), decreased ROM, and insufficient decompression also 

affects clinical outcomes. In this regard, there is a limited de-

gree to which clinical effects can be analyzed in terms of 

alignment factors alone. Various factors are involved in pre-

dicting clinical outcomes, and further research using recent 

big data technology (e.g., deep learning) is needed for a com-

prehensive analysis22,26,29,59).

Patients with alignments suitable for laminoplasty can pro-

ceed with postoperative kyphotic alignment or postoperative 

K-line (–) according to LCL. In this regard, LCL has been ac-

tively studied, but the exact mechanism has not been estab-

lished. Many studies have investigated the role of T1s in LCL, 

but the reported correlation coefficients are low (near 0.3), and 

some studies have also reported no correlation (Table 3). A 

meta-analysis is needed to resolve this controversy. Recogni-

tion of the limitations of T1s as an LCL predictor led to the 

study of new risk factors, such as EF, CL/T1s, Sharma classifi-

cation. EF is a recently proposed factor that showed a higher 

correlation coefficient than existing factors39). The correlation 

between LCL and EF was also confirmed by Sharma et al.62). 

Li et al.41) reported more LCL was related to high CL/T1s, and 

postoperative kyphosis was related to low CL/T1s. The Shar-

ma classification has shown an excellent prediction rate of sig-

nificant LCL. However, reproducibility studies in other groups 

have not yet been conducted, and the Sharma classification 

does not ref lect differences among disease entities, such as 

CSM and OPLL.

This study has the following limitations. First, this study 

was aimed at systematic review, but nine additional papers 

were identified in the reference during the searching process 

(9/41, 22%). The influx of these additional papers can act as a 

limit to securing objectivity as a systematic review. The sec-

ond, we did not perform meta-analysis related to outcomes. 

This study focuses on the identification of various factors. In 

that respect, many factors have been suggested, and various 

clinical or radiological factors have been suggested as depen-

dent factors. In that respect, there was a limit to performing a 

meta-analysis. 

CONCLUSION

Numerous sagittal parameters are associated with clinical 

and radiological outcomes after laminoplasty. We classified 

the suggested sagittal parameters into clinical and radiological 

results and summarized the previous literature. Pre-operative 

kyphotic alignment, K-line, and pre-operative sagittal balance 

were considered important factors in the prediction of clinical 

results. In addition, we should pay attention to the occurrence 

of postoperative kyphotic alignment according to LCL even 

without preoperative kyphotic alignment. With regard to 

LCL, T1s has been suggested as an important risk factor. 

However, due to the weak correlation between T1s and LCL, 

new factors, such as EF, CL/T1s, and Sharma classification, 

have been proposed, and validation of these factors is required.
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