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Agreement on the Level Selection in Laminoplasty
among Experienced Surgeons: A Survey-Based Study
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Study Design: Survey based study.

Purpose: To assess the degree of agreement in level selection of laminoplasty (LP) for the selected cervical myeloradiculopathy
cases between experienced spine surgeons.

Overview of Literature: Although, cervical LP is a widely used surgical technique for multi-level spinal cord compression, until now
there is no consensus about how many segments or which segments should be opened to achieve a satisfactory decompression.
Methods: Thorough clinical and radiographic data (plain X-ray, computed tomography, and magnetic resonance imaging) of 30 pa-
tients who had cervical myelopathy were prepared. The data were provided to three independent spine surgeons with over 10 years
experience in operation of their own practices. They were questioned about the most preferable surgical method and suitable decom-
pression levels. The second survey was carried out after 6 months with the same cases. If the level difference between respondents
was a half level or below, agreement was considered acceptable. The intraobserver and interobserver agreements in level selection
were assessed by kappa statistics.

Results: Three respondents selected LP as an option for 6, 8, and 22 cases in the first survey and 10, 21, and 24 cases in the second
survey. The reasons for selection of LP were levels of ossification of the posterior longitudinal ligament (p=0.004), segmental kyphotic
deformity (p=0.036) and mean compression score (p=0.041). Intracbserver agreement showed variable results. Interobserver agree-
ment was poor to fair by perfect matching (kappa=0.111-0.304) and fair to moderate by acceptable matching (kappa=0.308—0.625).
Conclusions: The degree of agreement for level selection of LP was not high even though experienced surgeons would choose the
opening segments on the basis of same criteria. These results suggest that more specific guidelines in determination of levels for LP
should be required to decrease unnecessary wide decompression according to individual variance.
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Introduction by spondylosis or ossification of the posterior longitudi-

nal ligament (OPLL) [1]. In general, sagittal alignment,

Several factors affect surgical decisions regarding ap- involved levels, symptoms, bone quality, and surgical
proaches and levels in cervical myeloradiculopathy caused preference are all considered when selecting appropriate
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surgical options. However, even selection between the
anterior and posterior approaches is not as easy as might
be imagined [2,3]. The value of randomization of surgical
approaches in cervical spondylotic myelopathy cases has
been analyzed [4]. In that study, it was reported that more
than 5 degrees of cervical kyphosis or a segmental cervical
kyphotic deformity typically led to a surgeon recommend-
ed anterior approach. Other than such cases, however, the
best approach remains contentious.

Laminoplasty (LP) is considered valid when the best
course of action is uncertain. The conventional indication
of LP has been cervical myelopathy in cases with multi-
level involvement without kyphotic deformity. However,
the definite criteria are uncertain because so many fac-
tors are related to the decision process. In addition, level
selection in LP is another complex decision that requires
considerable experience. Although the level of conven-
tional LP ranges from C3 to C7, level selection has been
variable when using emerging selective LP or dome LP
[5,6]. However, there is no consensus about how many
segments or which segments should be opened to achieve
a satisfactory decompression. The purpose of this study
was to address the variability in level selection of LP and
also to screen for related factors in the selection of LP for
cervical myeloradiculopathy cases by conducting surveys
of experienced cervical spine surgeons.

Materials and Methods

1. Survey design

This study was a survey-based descriptive analysis that
was approved by the Institutional Review Board of our
hospital. Thirty cervical myeloradiculopathy patients in-
cluding cases of spondylosis and OPLL that required sur-
gery were recruited from the same institute for the survey
which included basic demographic data, descriptions of
symptoms, physical examinations, and radiographic data.
The cases showing more than 10 degrees of cervical ky-
phosis or considerable neck pain (visual analog scale >3)
were excluded in this survey. Plain radiographs contained
cervical spine anteroposterior, lateral views, and dynamic
lateral views. Sagittal and axial images of each level from
C2 to T'1 were captured using computed tomography (CT)
and magnetic resonance imaging (MRI). The first survey
included questions about (1) the most preferable surgical
method and (2) the suitable decompression levels. The

baseline characteristics of 30 survey cases are described in
Table 1. C2-C7 lordosis was defined as an angle between
the upper endplate of C2 and C7, and was measured using
Cobb’s method in lateral neutral radiographs. Segmental
kyphotic deformity was defined as positive if three or
more levels of disc-osteophyte extended dorsally to a line
drawn between the dorsal caudal point of C2 and that of
C7 in sagittal reconstructed CT images [4]. The degree
of cord compression was defined using a grading system,
with a T2-weighted sagittal section of MRI data obtained
as previously described [7]. Each grade was denoted as:
grade 0, normal; grade 1, more than 50% subarachnoid
obliteration without any cord deformity; grade 2, defi-
nite cord deformity without signal change and grade 3,
definite cord deformity with increased signal intensity in
T2-weighted images. The mean compression score was
defined as the sum of compression grades in each level
divided by the number of compressions. The extents of
compression, OPLL and foraminal stenosis were counted
by determining the involved levels from C2 to T1. A rep-
resentative case is illustrated in Fig. 1.

The concept of “acceptable agreement” was introduced
to assess the degree of agreement in the level selection for
LP [8]. If the difference was a half level or less, the degree
of agreement was considered acceptable. An example
for the acceptable agreement is described in Fig. 2. The
dome LP was considered as a half level. Three experienced
spine surgeons who had their own practice for more than
10 years conducted the first survey. Given that all of the
surgeons worked at other institutes, the participants were
blind to the objectives of the survey. The second survey
was conducted 6 months after the initial survey but its fo-
cus was slightly different to the first survey. The surgeons
were queried on the acceptability for LP as a treatment
option and suitable decompression levels.

2. Statistical analyses

The approaches and levels of response were analyzed
descriptively. The intraobserver and interobserver agree-
ments in level selection for LP were assessed by kappa sta-
tistics. The kappa values were evaluated as follows: poor,
<0.20; fair, between 0.21 and 0.40; moderate, between
0.41 and 0.60; good, between 0.61 and 0.80; and excel-
lent, >0.80. The factors that were related to decisions to
perform LP in each respondent were revealed by Student’s
t-test, chi-square test, Mann-Whitney U-test, or Fisher’s
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Table 1. Baseline characteristics of 30 survey cases

Age Sxonset Motor C2-C7 Levels of Levels of  Foraminal

MCS

S (yr) (mo) weakness  lordosis®” compression OPLL stenosis

1 Female 54 9 Y 11.3 Y 3 2.00 0 2
2 Male 60 2 Y 15.9 N 5 1.80 5 0
3 Female 72 120 Y 06 Y 4 1.50 0 4
4 Male 68 14 N 1.4 N 5 1.80 5 1
5 Female 67 20 N -3.6 Y 4 1.25 3 3
6 Female 72 7 Y 29.2 N 3 1.67 2 0
7 Male 55 6 N 9.4 N 5 1.80 5 0
8 Female 62 2 Y 12.0 N 4 1.50 4 0
9 Female 48 8 Y -1.0 Y 3 1.67 1 2
10 Female 69 6 N -1.6 Y 4 2.25 0 1
11 Male 63 3 Y 237 N 2 2.00 0 2
12 Male 56 3 Y -49 Y 4 1.25 0 0
13 Female 55 6 Y 4.7 Y 2 1.50 0 1
14 Female 78 5 Y -7.9 N 5 1.20 0 2
15 Female 65 1 N 0.6 N 5 1.80 0 2
16 Male 33 3 N 11.3 N 3 2.00 0 1
17 Male 59 3 Y 39 N 5 1.60 0 2
18 Male 56 3 Y -0.9 N 4 2.00 0 3
19 Male 67 7 Y 17.3 N 4 2.50 1 2
20 Male 58 3 N 19.6 N 5 1.80 5 1
21 Male 47 1 Y 17.9 N 4 1.75 0 2
22 Male 55 18 Y 19.9 N 4 2.25 0 2
23 Female 78 3 Y -2.9 Y 5 1.60 2 0
24 Male 63 3 N 18.4 N 4 1.75 0 3
25 Female 56 1 N -04 Y 5 2.00 2 2
26 Male 54 3 Y =313 Y 3 2.00 3 2
27 Male 48 1 Y 1.6 Y 4 2.50 3 4
28 Male 60 5 N 1.6 Y 5 1.60 2 1
29 Male 57 3 N 1.7 Y 5 1.80 0 4
30 Male 61 3 N 2.8 Y 4 1.75 0 1

N, case number; Sx, symptom; Y, yes; N, no; SKD, segmental kyphotic deformity; MCS, mean compression score; OPLL, ossification of posterior lon-
gitudinal ligament.
INegative means kyphosis.

exact test. The related factors derived by univariate analy- Results

sis were also assessed by multivariate logistic regression

analysis using a stepwise backward manner. Statistical 1. Selection of LP and related factors

analyses were performed using the SPSS ver. 21.0 (SPSS

Inc, Chicago, IL, USA). A p-value<0.05 was considered The numbers of selected LP procedures reported in the

statistically significant. first survey by the three surgeons were 6, 8, and 22. These
values increased to 10, 21, and 24 in the same respective
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order in the second survey. The details regarding the
choice of LP for each case are described in Table 2. The
related factors involved in selecting LP were assessed. The
number of compression by OPLL and number of forami-
nal spurs (stenosis) were significant in univariate analysis,
and the number of compression by OPLL was the only
significantly related factor in multivariate analysis by the
first respondent (p=0.004). In a similar manner, segmen-
tal kyphotic deformity listed by the second respondent
(p=0.036) and the mean compression score by the third
respondent (p=0.041) were related factors that were con-
firmed by multivariate analysis. Factors related to the
selection of LP are summarized in Table 3.

Fig. 1. A 72-year-old female patient who showed clumsi-
ness in her right hand and pain with numbness on both
hands for 10 years. (A) Preoperative plain anterior-posterior
and lateral radiographs. (B) Segmental kyphotic deformity
was found using a sagittal reconstructed using computed
tomography scan. Three levels of disc-osteophyte (arrows)
extended dorsally to the C2—C7 line (shown as black line).
(C) Posterolateral spur formation was detected in multi-
level disc spaces (arrows). (D) A two-level grade 3 com-
pression was evident on sagittal sections by T2 weighted
magnetic resonance imaging.

[c36] [c@6 ] [c3-6] [cor-0)]

Acceptable

Fig. 2. The concept of acceptable agreement in terms of level
selection. In the case on the left, the disparity between R1 and R2
is a half level, which is “acceptable agreement” (bracket means
dome laminoplasty and is considered half level). In the case on
the right, the disparity is one level, which is “unacceptable agree-
ment”. R1, the first respondent; R2, the second respondent.

Unacceptable
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Table 2. Choices of laminoplasty and levels determined by each respondent

Choice of LP

1 N N N N Y Y

2 Y Y Y Y Y Y C37)
3 N N N N N N

4 Y Y Y Y Y Y C(2-7)
5 N N N N N Y

6 Y Y Y Y Y Y C3-6
7 Y Y Y Y Y Y C3-5
8 Y Y Y Y Y Y C3-6)
9 N N N N N N

10 N N Y N N Y

11 N N N N N N

12 N N Y N Y N

13 N N N N N N

14 N N N N Y N

15 N N Y N Y Y

16 N N Y N Y Y

17 N N Y Y Y Y

18 N N Y N Y Y

19 N N Y N N Y

20 N Y Y Y Y Y

21 N Y Y Y Y Y

22 N N Y N Y Y

23 N N Y Y N Y

24 N N Y N Y Y

25 N N N N Y Y

26 Y Y Y Y Y Y C2)-7
27 N N Y N Y Y

28 N N Y N Y Y

29 N N Y N Y Y

30 N N Y N N Y

C4-(7) C4-{7)
Cl2H7) C3+7) C3-(6) Cl2H7) C(2)-6)
Cl2H7) C(2)-6 Cl2H7) Cl2H7) Cl2H7)
C(3}-T1
C(2)-(6) C(2)5) C(2)-5 C3-(6) Cl2)-4
Cl2H7) Cl2)5) Cl216) Cl2H7) C3-4
C3-6 C3-5 C3-5 C3+7) C3-(6)
C4-(7) C4+7)
Ca-7) Cl4-H7)
Cl2H7)
C3H7) C3H7) C(3H7)
Cl3H7) C3-(7) C3-(7)
Cl2)-4 C3-6 Cl2H7) Cl2)-4
C4-(7) C3-(7) C4-(7)
C3-(7) C3-(6)
Cl21H7) C3-(6) C3-6 C37) C3-6
Cl3H7) Cl3H7) C4-7 Cl3H7) Cl3H7)
C37) C37) C37)
Cl2H7) C(2)-6 C(2)-6
C4-(7) Ca-(7) C(3H7)
Cl3H7) C3-6
C(2)6) Cl2)-4 C(2)-5 C(2)-5 Cl2)-4
C3-6) C3+7) C3-6
C(2)-6 Cl21H7) C(2)-6
Cl2H7) C37) Cl2H7)
C3H7) C3H7)

LP, laminoplasty; R1, the first respondent; R2, the second respondent; R3, the third respondent; Y, yes; N, no.

“Brackets used in levels means dome laminoplasty.

2. Intraobserver and interobserver agreement in the se-
lection of LP

The suggested level selections for LP from each respon-
dent are indicated in Table 2. The intraobserver agreement
was poor to moderate with perfect matching (0.143, 0.467,

and 0.464) and variable with acceptable matching (0.294,
1.000, and 0.851). The interobserver agreement in the
first survey was poor with perfect matching (0.143, 0.143,
and 0.111) and variable with acceptable matching (0.625,
0.455, and 0.344). The interobserver agreement in the sec-
ond survey was fair (0.203, 0.278, and 0.304) with perfect
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Table 3. Related factors for selecting laminoplasty in the second survey

Factors Mean value (LP vs. non-LP) Univariate Multivariate
R1
Levels of OPLL 3.10 vs. 0.60 p=0.003 p=0.004
Levels of foraminal stenosis 0.80vs. 2.10 p=0.004
SKD 0.2 (2/10) vs. 0.6 (12/20) p=0.058
R2
Levels of compression 4.29vs. 3.56 p=0.041
SKD 0.33(7/21)vs. 0.78 (7/9) p=0.046 p=0.036
Kyphosis 0.24 (5/21) vs. 0.67 (6/9) p=0.042
R3
Mean compression score 1.86 vs. 1.52 p=0.016 p=0.041
Levels of OPLL 1.75vs.0.17 p=0.001

LP. laminoplasty; R1, the first respondent; OPLL, ossification of posterior longitudinal ligament; SKD, segmental kyphotic deformity; R2, the second
respondent; R3, the third respondent.

Table 4. Intraobserver and interobserver agreements in level selections of laminoplasty

Cislis w L agprir:&?nt ] el ﬁg;:r(;?arr)r:e;ﬁlt?’ Kappa value

in common (n [%]) value disagreement (n [%])
R1-1vs. R1-2 6 1(16.6) 0.143 1.00 (6/6) 2(33.3) 0.294
R2-1vs. R2-2 8 4.(50.0) 0.467 0.25(4/8) 8(100.0) 1.000
R3-1vs. R3-2 21 10 (47.6) 0.464 0.36 (7.5/21) 18 (85.7) 0.851
R1-1vs. R2-1 6 1(16.6) 0.143 0.83 (5/6) 4 (66.6) 0.625
R1-1vs. R3-1 6 1(16.6) 0.143 1.00 (6/6) 3(50.0) 0.455
R2-1 vs. R3-1 8 1(12.5) 0.111 1.00 (8/8) 3(37.5) 0.344
R1-2 vs. R2-2 9 2(22.2) 0.203 0.83(7.5/9) 3(33.3) 0.308
R1-2 vs. R3-2 10 3(30.0) 0.278 0.85(8.5/10) 5(50.0) 0.474
R2-2 vs. R3-2 19 6(31.6) 0.304 0.79(15/19) 11(57.9) 0.566

Rx-y means ‘x’ respondent and 'y’ survey.
LP. laminoplasty.
Acceptable agreement permits the half-level disagreement.

matching and fair to moderate with acceptable matching
(0.308, 0.474, and 0.566). The average disagreement levels
between respondents ranged from 0.79 to 1.00. The over-
all results of agreement are summarized in Table 4.

Discussion

Cervical spondylotic myelopathy or OPLL is a common
condition that provokes cervical cord compression and
requires surgical decompression. However, debate persists
about selecting anterior or posterior approaches [4,9-11].

Many studies have shown good clinical and radiological
outcomes with anterior, posterior or combined approach-
es. Notwithstanding the general agreement about the
most appropriate approach, such as posterior approach
for multi-level involvement and anterior approach for
kyphotic deformity, definite guidelines have not been es-
tablished [9,11]. In some cases, radiological patterns have
been used to select a surgical approach for cervical spon-
dylotic myelopathy, although definite conclusions have
never been reached [12]. Likewise, there is currently no
definite consensus about the selection of either wide-level
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surgery or minimal-level surgery. In particular, LP could
have a wide range of options in terms of level selection.
Although conventional LP involves the opening of lami-
nae from the third to seventh cervical vertebrae, newly
developed concepts such as selective LP or dome LP have
rendered level selection more complex [13-15].

Our current study has a few notable findings. Our first
respondent did not prefer LP over other options. Only
6 cases were selected in the first survey and the selected
numbers were no higher in the second survey. In contrast,
the third respondent showed a considerable preference for
LP with over 20 cases selected for this treatment in each
survey. Whereas the first survey failed to indicate a prefer-
ence of the second respondent for LP, the second survey
revealed a high level of acceptance of LP as an option.
Thus, even experienced surgeons display variability in
terms of preference as well as acceptance of LP. This vari-
ability might have complicated our results for selection of
LP. In addition, we confirmed that dome LP and selective
LP was widely used (Table 2). The frequency of selection
for dome LP was about 88.9% (32/36) and 85.5% (47/55)
in each survey. Furthermore, selective LP was considered
more frequently than conventional LP, which was not
selected at all throughout our surveys. The preference
for selective LP might have led to variable level selection,
which is one of the reasons for the poor level of agreement
between each respondent.

Also of interest were the related factors used to select
LP from the results of our second survey. Given that ques-
tions in the first survey did not target LP, we analyzed the
factors related to the results of our second survey. With
the multivariate regression model, only one factor in each
respondent was selected as a related factor. The extent
of OPLLs reported by the first respondent and the mean
compression score reported by the third respondent were
related to the level and severity of compression, respec-
tively. LP was chosen if more levels were involved and
the degree of compression was more severe. Segmental
kyphotic deformity recorded by the second respondent is
the factor that was related to cervical sagittal alignment.
The factors identified in our surveys are not significantly
different from previously suggested indicators for LP,
which included multi-level involvement and the absence
of kyphosis.

The level of agreement on level selection between the
experienced surgeons we surveyed was a primary concern
in our current study. Interestingly, the interobserver agree-

ment we observed in terms of level selection of LP was
relatively lower than expected. The reason for this dispar-
ity is thought to be the absence of a universal standard for
this level selection. Minimally invasive procedures, such
as dome LP, have been introduced previously to minimize
disruption of muscle detachment and alleviate axial neck
pain and showed favorable outcomes [5,13]. The choice
of dome LP and selective LP could introduce difficulty in
reaching a consensus about the level selections of LP.

There were some limitations to our current study. First,
as we used only three respondents, the findings in our
present study cannot be generalized. Our focus was to
search for the factors that affected the tendency of ex-
perienced cervical spine surgeons towards LP and level
selections. In addition, the lack of certain data from our
surveys was a weakness. For example, dynamic MRI was
not included in our survey and is considered to be an im-
portant factor that influences decision making by some
surgeons [16,17]. Furthermore, given that we conducted
a survey-based study, clinical correlations were not used.
However, the number of cases we examined was thought
to be enough for analysis. In addition, the interval be-
tween the first and second survey was 6 months, which
is sufficient to minimize recall bias, considering that one
month is commonly considered an acceptable interval in
this regard. These aspects could be regarded as strengths
of the current study.

Conclusions

In summary, the degree of agreement we observed for
level selections of LP were not especially high, although
the factors related to this decision were not different from
previously suggested criteria, i.e. long-level compression
and the maintenance of lordosis. We conclude that more
specific guidelines for selecting LP appear to be required
to decrease unnecessary wide decompression according to
individual variance.
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