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Objective: Objective: To investigate the risk factors for cervical sagittal malalignment after cervical
laminoplasty. Methods: The study included 41 patients who were treated with cervical laminoplasty from February 2006 to January 2010. The average follow-up period was 30.5 (range, 23-59
months). We divided the enrolled patients into three groups (Group A: C2 and C7 ligament preservation, Group B: C2 or C7 ligament preservation, Group C: Both C2 and C7 ligament excised). The
patients’ preoperative and postoperative clinical results were retrospectively reviewed using the
Japanese Orthopedic Association (JOA) score for functional outcome. Radiography was performed
before surgery and at the final follow-up, and the C2-7 Cobb angle, sagittal vertical axis (SVA) C2-7,
range of motion (ROM), C2 tilt, C1-2 lordosis, and T1 tilt were measured to evaluate cervical alignment. Results: Change in SVA C2-7, C2-7 lordosis, C1-2 lordosis, C2 tilt, and ROM showed statistically significant differences in groups B and C, but no statistically significant difference in group
A for all these radiographic parameters. There was no statistically significant difference between
preoperative and postoperative clinical outcome measurements for each group, as assessed by JOA
scores (p=0.999, 0.095, and 0.111, respectively). In ANOVA, change in SVA C2-7 showed a statistically significant difference (p=0.037) between the groups. The post-hoc analysis revealed a statistically significant difference between groups A and B (p=0.044) and between groups A and C (p=
0.011). Conclusion: We investigated SVA C2-7 as a factor of cervical sagittal alignment, and found
that as the involvement of C2 and C7 ligamentous structures increased, SVA C2-7 also increased.
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INTRODUCTION
Over the decades, several effective surgical options have been
developed such as anterior cervical discectomy or corpectomy
and fusion, posterior cervical laminoplasty, and posterior cervical laminectomy and instrumented fusion for treating cervical
spondylotic myelopathy (CSM), herniated cervical disc (HCD),
and ossification of the posterior longitudinal ligament (OPLL).
Many studies have been conducted to compare the outcomes
of these techniques clinically and radiologically.
Recently, cervical sagittal balance has been identified as an
important determinant of radiological outcomes following cer3,12)
vical surgery . However, few studies have investigated preand postoperative radiologic changes in cervical surgery and
the risk factors for these changes, considering the relatively
recent interest in the concept of sagittal alignment. Tang et
al.17) played a pivotal role in highlighting the concept of cervical
regional sagittal imbalance. They analyzed the relationships
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between radiographic parameters and health-related quality of
life (HRQOL) score. Of several radiographic parameters, sagittal
vertical axis (SVA) C2-7 showed a negative association with
17)
HRQOL scores after posterior cervical fusion . A previous
study reported that posterior ligamentous structures attached
to C2 and C7 played important roles in clinical outcome, but
this study only evaluated clinical outcomes such as neck pain
and did not examine the effects on the change in radiographic
sagittal parameters between the preoperative and postoperative
11)
status .
Thus, we hypothesized that the destruction of these uppermost and lowermost cervical stabilizing structures by various
means, such as surgical techniques, and the level of pathologic
lesion might have significant influences on cervical spinal
sagittal alignment and balance. This study aimed to investigate
the risk factors for postoperative cervical sagittal malalignment
and sagittal imbalance. In particular, we focused on the preservation of C2 and C7 posterior ligamentous structures during
surgery.
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MATERIALS AND METHODS
1. Patients and Study Design
Forty-one patients with HCD, CSM, and OPLL were included
in this retrospective study. Each patient underwent a cervical
laminoplasty at our hospital between February 2006 and January
2010 and provided informed consent. Patients with a history
of previous spine surgery, congenital block vertebrae, acquired
deformity due to infection, spinal cord tumor, and trauma were
excluded.
Enrolled patients were divided into three groups depending
on whether C2 and/or C7 ligamentous structures were preserved. Group A was composed of patients with both C2 and
C7 ligamentous structures preserved. Group B comprised patients with either C2 or C7 ligamentous structure preserved.
Group C consisted of patients without C2 or C7 ligamentous
structures preserved.

3. Clinical Outcome Measurement
Functional outcomes were evaluated using the Japanese Orthopedic Association (JOA) score. This score was measured at
the preoperative stage and at the last follow-up visit to the
outpatient clinic and the difference between at the two scores
was considered the clinical outcome of the surgery.

4. Statistical Analysis
Data analysis was performed using SPSS version 20.0 (IBM
Corp., Armonk, NY, USA). Alpha was set at 0.05 for each analysis. Repeated-measure analysis of variance (ANOVA) with posthoc (Bonferroni) corrections was used to determine the difference in clinical and radiographic parameters between the three
groups. The paired t-test was used to determine whether there
was a statistically significant difference in the mean and standard
deviation of the preoperative, postoperative, and change values
of each parameter.

2. Measurement of Radiologic Parameters
Preoperative and postoperative lateral standing radiographs
were obtained using the protocol for the standard lateral cervical
radiograph with the patients standing in a neutral position
17)
and instructed to look straight ahead with the knees locked .
We measured several radiographic parameters and finally included six parameters ((1) SVA C2-7, (2) C2-7 Cobb angle, (3) C1-2
lordosis, (4) C2 tilt, (5) T1 tilt, and (6) range of motion [ROM])
in the statistical analyses. Detailed methods of measurement
are as follows (Fig. 1):
(1) SVA C2-7 was defined as the distance of the C2 plumb
line (extending from the centroid of the C2 vertebra)
from the posterior superior end plate of C7.
(2) C2-7 lordosis was measured using usual sagittal Cobb
angles. A positive value indicated lordotic alignment and
a negative value indicated kyphotic alignment.
(3) C1-2 lordosis was calculated as a line connecting the
anterior tubercle to the posterior margin of the C1 spinous
process and the inferior endplate of C2.
(4) C2 tilt was the angle subtended by a line parallel to the
posterior border of the odontoid and a vertical line. A
negative value was defined when the superior tip of
the line along the posterior odontoid was posterior to
the vertical line.
(5) T1 tilt was measured as the angle between a horizontal
line and the superior endplate of T1 in a standing lateral
radiograph.
(6) ROM of the cervical spine was assessed as the difference
between a lordotic or kyphotic C2-7 Cobb angle measured
during extension and the same angle during flexion.

RESULTS
1. Patients’ Demographics and Overall Results
Forty-one patients (33 male, 8 female) were enrolled in the

Fig. 1. The distance of the C2 plumb line from the posterior superior
end plate of C7 (Sagittal vertical axis [SVA] C2-7). A line connecting
the anterior tubercle to the posterior margin of the C1 spinous process and the inferior endplate of C2 (C1-2 lordosis). The angle subtended by a line parallel to the posterior border of the odontoid and
a vertical line (C2 tilt). Measured as the angle between a horizontal
line and the superior endplate of T1 in a standing lateral radiograph
(T1 tilt).
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Table 1. Comparative data among the groups with regard to demographics and perioperative clinical and radiological outcomes
Post-hoc
ANOVA
†
‡
Group A*
Group B
Group C
p-value
A vs. B
A vs. C
B vs. C
Age (years)
53±8.83
56.5±7.9
56.95±8.6
0.557
0.374
0.291
0.879
Sex
0.296
0.255
0.545
0.689
Male
7 (100.0)
10 (71.4)
16 (80.0)
Female
0 (0.0)
4 (28.6)
4 (20.0)
Follow-up (months)
26±1.83
27.64±4.07
34±11.9
0.050
0.688
0.045
0.044
JOA
13±4.24
13.5±2
12.64±2.34
0.719
0.792
0.843
0.422
Preoperative
13±4.24
14.13±1.89
13.07±2.64
0.630
0.579
0.970
0.357
Postoperative
0.677
0.394
0.539
0.630
0±0
0.63±0.92
0.43±0.94
Change§
p-value
0.999
0.095
0.111
C2-7 Cobb angle
Preoperative
6.04±16.61
12.84±7.86
12.49±9.67
0.332
0.173
0.172
0.925
Postoperative
3.35±14.59
6.73±10.24
3.85±12.7
0.755
0.554
0.926
0.504
§
-2.69±4.99
-6.1±7.24
-8.64±6.28
0.113
0.260
0.042
0.266
Change
p-value
0.203
0.008
0.000
SVA C2-7
Preoperative
26.25±11.34
18.57±8.61
20.28±9.98
0.241
0.098
0.173
0.619
Postoperative
24.76±12.29
23.07±10.13
26.41±11.02
0.682
0.740
0.734
0.386
§
-3.05±4.49
4.5±7.09
6.13±9.05
0.037
0.044
0.011
0.553
Change
p-value
0.432
0.034
0.007
C2 tilt
Preoperative
11.33±11.27
2.51±6.38
4.64±6.73
0.049
0.016
0.050
0.424
Postoperative
11.57±9.88
8.45±8.34
13.38±8.76
0.286
0.449
0.643
0.116
0.24±5.68
5.94±6.84
8.75±8
0.038
0.100
0.011
0.275
Change§
p-value
0.914
0.006
0.001
ROM
Preoperative
23.14±15.7
36.87±9.36
34.37±11.24
0.040
0.014
0.032
0.537
Postoperative
16.26±11.95
22.97±10.46
16.24±8.65
0.132
0.150
0.995
0.058
§
-6.87±15.28
-13.9±10.16
-18.13±8.53
0.057
0.153
0.019
0.251
Change
p-value
0.279
0.000
0.000
C1-2 lordosis
Preoperative
40.63±10.49
36.52±4.94
37.77±5.94
0.411
0.186
0.328
0.591
Postoperative
39.36±9.58
36.83±5.06
39.47±6.75
0.511
0.426
0.970
0.271
§
-1.27±2.86
0.31±2.91
1.71±3.11
0.077
0.263
0.030
0.190
Change
p-value
0.284
0.700
0.024
T1 tilt
Preoperative
22.98±7.14
23.77±6.37
26.46±6.05
0.521
0.735
0.359
0.263
Postoperative
23.06±6.69
23.32±7.48
23.92±6.34
0.966
0.916
0.847
0.793
0.08±4.07
-0.45±4.30
-2.54±1.00
0.344
0.701
0.228
0.154
Change§
p-value
0.945
0.647
0.001
The data is presented as mean±standard deviation or number (%).
In accordance with the sex ratio, the chi-square test was used for statistical analysis. Confirmation age, sex, duration and change
between pre- and postoperative values (Independent two-sample t-test and chi-square test).
p-value: two-sample paired t-test. ANOVA with post-hoc analysis.
†
‡
*Group A: C2 and C7 ligament preservation. Group B: C2 or C7 ligament preservation. Group C: Both C2 and C7 ligament
§
excised. Change in variables: Postoperative value - Preoperative value.
ANOVA: analysis of variance; JOA: Japanese Orthopedic Association; SVA: sagittal vertical axis; ROM: range of motion.
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study. The mean patient age was 56.1 (range, 39-77 years) and
the mean follow-up period was 30.5 (range, 23-59 months).
Patients were divided into three groups (group A, B, and C)
comprising 7, 14, and 20 patients, respectively. There was no
statistically significant difference in age and sex between the
groups. Patients’ demographic data are summarized in Table 1.
Change in SVA C2-7, C2-7 lordosis, C1-2 lordosis, C2 tilt,
and ROM showed statistically significant differences in group
B and C, except for C1-2 lordosis that showed no statistically
significant difference in group B (p=0.700). However, there was
no significant difference in group A for all these radiographic
parameters (Table 1).

2. Comparative Analysis Between Groups
There was no statistically significant difference between preoperative and postoperative clinical outcome measurements
using JOA scores (Group A, p=0.999; Group B, p=0.095, Group
C, p=0.111) (Table 1). Moreover, no significant differences were
observed between the groups in the ANOVA (p=0.677) and
post hoc analysis (Group A vs. B, p=0.394, Group A vs. C, p=
0.539, Group B vs. C, p=0.630).
In ANOVA, change in SVA C2-7 showed a significant difference (p=0.037) between the groups. The post-hoc analysis revealed significant differences between groups A and B (p=0.044)
and between groups A and C (p=0.011).
A significant difference was not found in change in C2-7
lordosis between the groups in ANOVA (p=0.113). Based on
the post hoc analysis, a significant difference was only noted
between Groups A and C (p=0.042).
In ANOVA, preoperative, postoperative, and change in C1-2
lordosis values showed no significant differences between the
groups, although the post-hoc analysis showed a significant
difference between group A and C (p=0.030).
In ANOVA, C2 tilt showed statistically significant differences
for preoperative and change in C2 tilt values (p=0.049 and p=
0.038, respectively); however, no significant difference was
noted for postoperative C2 tilt (p=0.286). The post-hoc analysis
showed a significant difference for change in C2 tilt between
groups A and C (p=0.011).
Change in T1 tilt was not significantly different between groups
A and B (p=0.945 and p=0.647, respectively), but showed a
significant difference in group C (p=0,001). However, change
in T1 tilt showed no significant differences in the ANOVA or
post hoc analysis.
Change in ROM was significantly different between groups
B and C. In ANOVA, preoperative ROM showed a statistically
significant difference (p=0.040) among the three groups. However, change in ROM showed no significant difference (p=
0.057). In the post-hoc analysis, change in ROM was significantly
different between Group A and C. However, ANOVA showed
no significant difference in the change in ROM between the
groups.

3. Correlative Analysis and Multiple Linear Regression Analysis for Postoperative Cervical Sagittal
Malalignment
As a representative parameter of cervical sagittal imbalance,
change in SVA C2-7 was evaluated with correlative analysis.
There were no statistically significant differences in patient age,
Table 2. Correlation analysis of various clinical and radiological
variables with sagittal imbalance (Delta SVA C2-7)
Variable
Age
Sex
Female
Male
Follow-up
Group
Group A
Group B
Group C
JOA
Preoperative
Postoperative
Change
C2-7 Cobb angle
Preoperative
Postoperative
Change
SVA C2
Postoperative
C2 tilt
Preoperative
Postoperative
Change
C1 inclination
Preoperative
Postoperative
Change
T1 tilt
Preoperative
Postoperative
Change

R or mean±SD
-0.008
4.2±8.37
3.19±8.64
-0.068

p-value
0.963
0.772

0.672
0.037

-3.05±4.48
4.49±7.08
6.13±9.04
-0.182
-0.210
-0.114

0.395
0.325
0.596

0.088
-0.249
-0.59

0.584
0.117

0.463

0.002

-0.281
0.49
0.849

0.075
0.001

0.270
-0.182
-0.709

0.088
0.254

-0.025
0.164
0.331

0.876
0.307
0.034

There was a statistically significant difference between the groups
and a correlation between change of SVA C2-7 and change in
C2-7 Cobb angle, postoperative and change of C2 tilt values,
and change in T1 tilt. We designed a multivariate linear regression
analysis for further verification.
JOA: Japanese Orthopedic Association; SVA: sagittal vertical axis.
*Statistically significant values.
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sex, and JOA scores between the groups.
Change in C2-7 lordosis and C2 tilt showed a significant
moderate negative correlation (R=-0.59, R=0.849, p<0.001).
Change in T1 tilt showed a significant moderate correlation
with change in SVA C2-7 (R=0.331, p=0.034) (Table 2).

DISCUSSION
Currently, the importance of cervical sagittal alignment has
been acknowledged and sagittal imbalance after posterior surgery on the cervical spine has been considered a major source
3)
13)
of pain and disability . Sakai et al. suggested that preoperative
cervical sagittal imbalance is a powerful predictor of kyphotic
deformity after cervical laminoplasty and is related to poor
postoperative clinical outcomes.
16)
Suk et al. reported a significant decrease in cervical lordosis
after laminoplasty and that the incidence of kyphotic change
was significantly higher in the decreased preoperative cervical
lordosis group (Cobb angle<10°). This study also showed the
loss of cervical lordosis by measuring the change in C2-7 Cobb
angles and comparing preoperative and postoperative values
(Group A: -2.69±4.99, B: -6.1±7.24, C: -8.64±6.28). Although
there were no statistically significant differences in change in
C2-7 Cobb angle between the three groups with the ANOVA,
change in C2-7 Cobb angle revealed a strong negative correlation
with change in SVA C2-7. Thus, we concluded that the postoperative loss of cervical lordosis is an important risk factor for
postoperative cervical sagittal imbalance.
Some previous studies have shown that C2-7 paraspinal
muscle and ligament preservation can reduce the postoperative
14)
loss of cervical lordosis. Sakaura et al. reported the 8-years’
follow-up data of 20 patients after cervical laminoplasty from
the C3 to C6 level and the patients did not show any postopera8)
tive kyphotic change. Michael et al. reported a more significant
postoperative loss of cervical lordosis when C3 laminas were
included as compared to when C4 laminas were included and
C3 laminas excluded. C6/7 lesional cervical alignment also
plays important roles in the maintenance of cervical sagittal
1)
15)
alignment . Sakaura et al. reported that the funicular structures
of the nuchal ligament attached to C6/7 played important roles
in decreasing the segmental alignment of C6/7 postoperatively.
7)
Lin et al. introduced a laminoplasty technique with unilateral
muscle-ligament complex preservation and compared this procedure with the traditional open-door laminoplasty. Their modality showed superiority in maintaining cervical sagittal alignment, including SVA C2-7 and C3-7 cobb angle measurement.
These previous studies indicate that the paraspinal muscles
and nuchal ligament play important roles in the maintenance
of cervical lordosis. Furthermore, C2 and C7 are the core attachment points of the paraspinal muscles and nuchal ligament
for maintaining cervical lordosis. Our study results indicate
a relationship between C2/7 musculoligamentous structure preservation and cervical alignment. Consequently, we assumed
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that C2-C7 ligament disruption during surgery can influence
the postoperative loss of cervical lordosis, sagittal imbalance,
2,9,14)
.
and poor clinical outcomes
We considered the change in SVA C2-7 as a representative
parameter of cervical sagittal imbalance. Previous studies focused
on the C2-7 loss of lordosis as a radiographic parameter for
evaluating postoperative change. A few studies have evaluated
the relationship of SVA C2-7 with cervical sagittal imbalance,
although many studies have suggested a negative relationship
18,20)
.
between SVA C2-7 and clinical outcomes
Comparing the change in SVA C2-7, C2-7 lordosis, and T1
tilt with differences among groups and considering C2-7 ligament structure disruption that causes cervical spine destabilization and loss of cervical lordosis, it is difficult to elucidate which
of these first results in the loss of cervical lordosis. However,
it can be ascertained that changes in C2 tilt, T1 tilt, and SVA
C2 are correlated with and ultimately affect the forward pitch
of cervical sagittal balance.
T1 slope has been used as an important parameter for predicting surgical outcomes after posterior cervical surgery, and
some studies have reported a correlation between T1 slope
4-6,10,19)
. Patients with a higher
and C2-7 lordosis and SVA C2-7
preoperative T1 slope were more likely to exhibit a postoperative loss of C2-7 lordosis, which was greater at the degree
when it occurred. However, postoperative kyphosis did not
occur more frequently in patients with higher T1 slopes3). Our
study revealed that T1 tilt has a negative correlation with change
in SVA C2-7. It could be suggested that a high T1 tilt results
in a large C2-7 lordosis and that posterior cervical spine surgery
and disruptions of C2, 7 musculoskeletal structures lead to the
forward shifting of the center of gravity and change of SVA
C2-7. Thus, these three parameters: SVA C2-7, T1 tilt, and SVA
C2-7 have a complex organic correlation.
The limitations of this study include the small number of
enrolled patients and their further division into three separate
groups. Moreover, the follow-up periods of each group showed
some differences. Therefore, a larger number of patients and longterm follow-up seem necessary for more definitive conclusions.
We suggest that the increase in C2 and T1 tilt could result
from C2-7 supra and interspinous ligament destabilization,
which might influence the postoperative loss of cervical lordosis
and increased C2 SVA. Additional multivariate linear regression
analysis revealed that the loss of cervical lordosis and increase
of C2 and T1 tilt are significant factors for increased change
of SVA C2-7 after cervical laminoplasty.

CONCLUSION
In analyzing C2 and/or C7 ligament structure involvements
during the surgery, we found that C2 and C7 preservation
during laminoplasty plays an important role in minimizing the
preoperative-postoperative change of SVA C2-7, which means
maintenance of cervical sagittal alignment.
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