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Abstract
Study Design: Multicenter retrospective study.

Objectives: We aim to investigate features of cervical spondylotic myelopathy (CSM) associated with anterior cervical spon-
dylolisthesis (ACS) during posterior decompression surgery.

Methods: A total of 732 patients with CSM were enrolled, who underwent posterior decompression surgery between July 201 | and
November 2015 at 17 institutions. The patients with ACS (group A), defined as an anterior slippage of >2 mm on plain radiographs,
were compared with those without ACS (group non-A). Also, the characteristics of patients with ACS progression (group P), defined
as postoperative worsening of ACS >2 mm or newly developed ACS, were investigated. Moreover, kyphosis was defined as C2-C7
angle in neutral position <—5°. The Japanese Orthopedic Association (JOA) scoring system was used for clinical evaluation.

Results: Group A consisting of 62 patients (8.5%) had worse preoperative clinical status but comparable surgical outcomes to
group non-A. Furthermore, ACS was associated with greater age, and the degree of slippage did not affect myelopathy grades.
Seventeen patients (2.3%) were observed in group P, and preoperative ACS was a significant predisposing factor for the progression
without clinical impact. Among the patients in group A, preoperative cervical kyphosis was a risk factor for lower JOA recovery rate.
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Conclusions: Although the presence of ACS increases the risk of postoperative progression, it is not a contraindication for
posterior decompression. However, surgeons need to consider the indication of fusion surgery for the patients who have ACS
accompanied by kyphosis because of the poor surgical outcomes.

Keywords

anterior cervical spondylolisthesis, kyphosis, cervical spondylotic myelopathy, posterior decompression surgery, laminoplasty,

selective laminectomy

Introduction

Cervical spondylotic myelopathy (CSM) is essentially caused
by age-related degeneration, which leads to spinal cord dys-
function and impairment. The pathology of CSM consists of
spondylosis, protruding disc, facet arthritis, and hypertrophy of
the ligamentum flavum.'* Because CSM is thought to be a
progressive disease, patients with moderate or severe CSM
frequently require surgical intervention. In addition, due to the
global increase in the aging population, the need for surgical
treatment is expected to increase over time.'

Cervical posterior decompression surgeries without fixa-
tion, which include open-door laminoplasty,® double-door
laminoplasty,® and selective laminectomy with muscle pre-
servation,” are widely used for CSM treatment because of
satisfactory surgical outcomes with less invasive technique.
However, the ideal procedure to produce the best surgical
outcomes is yet to be determined for specific pathological
conditions such as anterior and posterior cervical spondylo-
listhesis,®'" kyphotic cervical alignment,'* and signal inten-
sity change on magnetic resonance imaging (MRI).'? With
respect to anterior cervical spondylolisthesis (ACS) in previ-
ous studies, fewer clinical studies exist compared to those
concerning the lumbar spine and the clinical efficacy of ACS
on CSM is controversial.*'! Several studies have shown that
ACS significantly worsens preoperative myelopathy and sur-
gical outcomes,®'! whereas others have concluded that ACS
does not affect CSM before and after laminoplasty.”'® In
addition, little has been reported on postoperative progression
of cervical slippage after decompression surgery compared
with those involving the lumbar spine.”*

The reason for this controversy could be due to small sam-
ple size and nonuniform definitions of cervical spondylolisth-
esis in previous studies.®'""!3!® Therefore, we conducted a
multicenter retrospective study with 732 CSM patients who
underwent posterior decompression surgeries to identify the
impact of cervical spondylolisthesis on myelopathy; this has
been the largest series reported to date. Cervical spondylo-
listhesis was defined as an anterior slippage of 2 mm or more
on a neutral lateral radiograph, according to the previous
reports.'"'31 Moreover, we focused on the clinical impact
of ACS associated with cervical kyphosis, which was reported
to exacerbate myelopathy grade in a previous study.'? The
aim of this study was to investigate the features of preopera-
tive ACS and any progression following posterior decompres-
sion surgery.

Materials and Methods

Patients

Seven hundred thirty-two patients were enrolled; all were diag-
nosed with CSM and underwent posterior decompression sur-
geries between July 2011 and November 2015 at one of 17
institutions with a minimum follow-up of 1 year. Patients were
excluded if they were diagnosed with ossification of posterior
longitudinal ligament, disc herniation, trauma, infection, tumor,
renal failure requiring hemodialysis, collagen disease such as
rheumatoid arthritis, or history of previous cervical surgery.
Clinical data on each patient was collected retrospectively using
patient charts and operative records. Institutional review board
approval was granted by the Tokyo Dental College Ichikawa
General Hospital Ethics Guideline (Approval Number: I-
316R), and all study participants provided informed consent.

Surgical Procedures

Posterior decompression surgeries included open-door lami-
noplasty (n = 291), double-door laminoplasty (n = 221), and
selective laminectomy (n = 220). Surgical technique of each
procedure is described elsewhere.>> On postoperative day 1,
patients were out of bed and standing. Use of and duration
of cervical collar varied and was determined by surgeon
preference.

Anterior Cervical Spondylolisthesis

Flexion-extension lateral radiographs were taken at a 1.5m
film focal distance for all patients. Anterior slippage was mea-
sured by the distance from the vertical line from posteroinferior
corner of cranial vertebral body to the vertical line from poster-
osuperior corner of caudal vertebral body on a cervical plain
radiograph in the neutral position. ACS was defined as anterior
slippage of >2mm and patients with posterior cervical
spondylolisthesis (PCS) were excluded from this study
(Figure 1).'*'%18 If a patient had cervical vertebrae with ante-
rior slippage at more than 2 levels, the level with the most
distant anterolisthesis was used for analysis. The patients were
divided into 2 groups based on degree of preoperative anterior
slippage. Group A and group non-A included patients with
preoperative ACS >2mm and those with under 2 mm, respec-
tively. Comparative studies of demographic, radiological, and
clinical factors were performed between the groups.
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Figure |. Definition of preoperative ACS and progression of ACS
after surgery. (A) Preoperative ACS was defined as anterior slippage
of >2 mm on performing a cervical plain radiograph in the neutral
position. (B) Progression of ACS was defined as follows: postoperative
worsening of ACS >2 mm on the level with preoperative ACS (B.1) or
newly developed ACS >2 mm at the final follow-up (B.2). ACS,
anterior cervical spondylolisthesis.

Progression of Anterior Cervical Spondylolisthesis

Progression of ACS following decompression surgery was defined
as (1) postoperative worsening of ACS >2mm in group A or (2)
presence of newly developed ACS >2mm at the final follow-up
period in group non-A regarding the other previous studies (Fig-
ure 1).">'® The enrolled patients were divided into group P and
group non-P, which consisted of patients who showed progression
of ACS after surgery and those without progression of ACS, respec-
tively. We conducted a comparative analysis to identify demo-
graphic, radiological, and clinical features between the groups.

Cervical Kyphosis

Cervical kyphosis was defined as C2-C7 angle in neutral posi-
tion <—5° according to a previous study.'® Demographic, radi-
ological, and clinical factors were analyzed considering the
presence of cervical kyphosis.

Outcomes

Data including demographic factors, age, sex, height, body
weight, body mass index (BMI), and follow-up period was col-
lected. For radiological analysis, C2-C7 angles in neutral, flexion,

and extension positions, range of motion (ROM), and C2-C7
sagittal vertical axis (SVA) were measured. The C2-C7 angle was
measured by the angle between the horizontal line of C2 lower
endplate and the horizontal line of C7 lower endplate according to
Cobb’s method.?® The ROM of the cervical spine was measured
as the difference of C2-C7 angle between flexion and extension
positions.?! C2-C7 SVA was defined as a distance between a
plumb line dropped from the center of C2 and the posterior super-
ior aspect of C7.%? Japanese Orthopedic Association (JOA) scor-
ing system for CSM was estimated before surgery and at final
follow-up. The recovery rate according to JOA scores was calcu-
lated by the Hirabayashi method et al.*?

Statistical Analysis

SPSS Statistics version 22.0 (IBM Corp) was used to perform
statistical analyses. Student’s 7 test and ¥ test were performed
for univariate analysis. If the expected value was lower than 5
in at least 20% of the cells, a Fisher’s exact test was used as an
alternative to a y? test. To identify a predisposing factor of
ACS, a univariate logistic regression analysis was used to
determine the significance of various parameters. Age was
classified into 7 groups for analysis: 21 to 30, 31 to 40, 41 to
50, 51 to 60, 61 to 70, 71 to 80, and 81 to 90 years. Meanwhile,
other variables were considered as continuous. Factors with
P < .25 in the univariate logistic regression analysis were then
included in the multivariate logistic regression analysis. Dif-
ferences were considered significant at P < .05.

Results

Prevalence and Level of Anterior Cervical
Spondylolisthesis

A total of 491 male and 241 female subjects were enrolled;
mean age was 67.4 + 11.4 (range, 27-93) years. Sixty-two
patients (8.5%) had preoperative ACS. C4/5 (n = 25, 40.3%)
was the level most frequently involved, followed by C3/4 and
C5/6 (n=11,17.7%),C7/T1 (n=9, 14.5%), and C2/3 and C6/7
(n = 3, 4.8%; Supplementary Figure 1).

Demographic and Radiological Information Regarding
Anterior Cervical Spondylolisthesis

Table 1 shows demographic data for groups A and non-A. The
patients in group A showed increased age, shorter height, and
lower body weight and BMI compared with group non-A.
Radiologically, the patients in group A had significantly larger
preoperative C2-C7 SVA than those in group non-A.

Factors Affecting Preoperative Cervical
Spondylolisthesis
To identify factors associated with the preoperative ACS, uni-

variate and multivariate logistic regression analyses were per-
formed. Univariate logistic regression analysis showed that
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Table |. Demographic and radiological factors regarding ACS using
univariate analysis.

Group A, n (%) Group non-A, n (%)

Variables or mean + SD or mean + SD P value
Number of patients 62 (8.5) 670 (91.5)
Age (years) 73.1 £ 10.1 668 + 11.4 <.01%*
Sex 3l
Male 38 (61.3) 453 (67.6)
Female 24 (38.7) 217 (32.4)
Height (cm) 156.0 + 9.2 160.0 + 9.9 <.01%**
Body weight (kg) 55.8 + 9.7 61.2 + 123 <.01%*
BMI (kg/mz) 228 + 2.8 23.8 + 3.6 .045*
Follow-up period 234 + 9.0 222 + 83 27
(months)
C2-C7 angle (°)
Neutral 122 + 143 129 £+ 13.2 .70
Flexion —94 + |5.1 —99 + 124 .82
Extension 23.1 + 147 244 4+ 134 48
ROM (°) 335 + 134 349 + 134 .54
C2-C7 SVA (mm) 272 + 145 228 + 139 .02*

Abbreviations: ACS, anterior cervical spondylolisthesis; Group A, patients with
preoperative ACS; Group non-A, patients without ACS; BMI, body mass index;
ROM, range of motion; C2-C7 SVA, C2—-C7 sagittal vertical axis. * indicates
P <0.05, ** indicates P <0.01.

Table 2. Univariate and multivariate logistic regression analyses of
demographic and radiological characteristics for anterior cervical
spondylolisthesis.

Univariate logistic
regression analysis

Multivariate logistic
regression analysis

OR 95% ClI Pvalue OR 95% Cl P value

Age 1.76 1.34-232 <.001 .75 1.32-2.32 <.00I
Sex .26
Height 0.96 0.94-0.99 .002 .26
Body weight 0.96 0.94-0.98 .001 .08
BMI 0.92 0.85-0.998 .044 .19
C2-C7 angle

Neutral .70

Flexion .59

Extension 45
ROM 45
C2-C7 SVA 1.02 1.003-1.04 .022 21

Abbreviations: OR, odds ratio; Cl, confidence interval; BMI, body mass index;
ROM, range of motion; C2—C7 SVA, C2-C7 sagittal vertical axis.

increased age, decreased height, lower BMI, and larger C2-C7
SVA were significantly associated with preoperative ACS
(Table 2). Among the factors, age was the most significant
predisposing factor for preoperative ACS by multivariate logis-
tic regression analysis (Table 2).

Clinical Impact of Preoperative Anterior Cervical
Spondylolisthesis on Myelopathy

Preoperative JOA score was significantly lower in group A
than in group non-A (10.2 + 3.0 and 11.0 + 2.7, P =

A **p <0.01

**P <0.01

P=0.92
16 *P=0.04 l

Preoperative JOA Postoperative JOA

mGroup A mGroup non-A

P=0.23

1]

Group A

JOA recovery rate (%)
o [~
= =

]
=)

=

Group non-A

Figure 2. (A) Pre- and postoperative JOA score and (B) JOA recovery
rate of patients who underwent cervical posterior decompression sur-
gery. Group A, patients with preoperative ACS; group non-A, patients
without ACS. JOA, Japanese Orthopedics Association; ACS, anterior
cervical spondylolisthesis. *Indicates P < .05, **indicates P < .01.

.04; Figure 2). In contrast, we did not see significant differences
in postoperative JOA scores or JOA recovery rates between
group A and group non-A (13.9 + 2.2 and 139 + 19, P =
.92; 53.5 4+ 30.8% and 48.1 + 25.9%, P = .23, respectively;
Figure 2). The correlation analysis between the degree of ante-
rior slippage >2 mm and clinical factors such as pre- and post-
operative JOA score and JOA recovery rate did not show
statistically significant associations among the groups
(Figure 3).

Clinical Impact of Preoperative Anterior Cervical
Spondylolisthesis Associated With Cervical Kyphosis
on Myelopathy

Among the group A patients, those with cervical kyphosis
showed a significantly lower JOA recovery rate compared with
those without cervical kyphosis (36.4 + 23.5% and 56.3 +
35.1%; P = .043; Figure 4). Though average C2-C7 angles in
neutral, flexion, and extension positions were significantly dif-
ferent, other demographic and radiological factors were com-
parable between the groups (Table 3).
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Figure 3. Correlation analysis between ACS and clinical factors.
(A) Correlation analysis between ACS and preoperative JOA (r =
0.05, P = .73). (B) Correlation analysis between ACS and post-
operative JOA (r = 0.02, P = .91). (C) Correlation analysis
between ACS and JOA recovery rate (r = 0.01, P = .96). ACS,
anterior cervical spondylolisthesis; JOA, Japanese Orthopaedics
Association.

Prevalence and Characteristics of Postoperative
Progression of Anterior Cervical Spondylolisthesis

Postoperative progression (newly developed or worsening) of
ACS was observed with a frequency of 2.3% (17/732) among
the subjects. The distribution of levels was as follows: C4/5
(n = 10, 58.8%) followed by C3/4 (n = 4, 23.5%) and C2/3
(n = 3, 17.6%; Supplementary Figure 2). Among group P and
the group non-P, the patients who had preoperative ACS were
observed to be 23.5% and 8.1%, respectively. The patients who
had preoperative ACS showed a significantly higher frequency
of the progression of ACS after surgery (P = .048) by Fisher’s
exact test (Table 4).

Additionally, shorter height and smaller C2-C7 angle in
neutral and extension positions were associated with progres-
sion of ACS (Table 4). The average preoperative JOA scores,
postoperative JOA scores, and JOA recovery rate in group P
and in group non-P were 10.6 + 2.2 and 10.9 + 2.7 (P = .66),

A P <0.01

**P < (.01
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Figure 4. (A) Pre- and postoperative JOA score and (B) JOA
recovery rate in patients with anterior cervical spondylolisthesis
associated with presence of kyphosis. JOA, Japanese Orthopedics
Association. *Indicates P < .05 and **indicates P < .01.

14.0 + 1.8 and 13.9 4+ 2.2 (P = .89), and 50.4 + 25.4% and
48.8 + 30.6% (P = .85), respectively (Figure 5).

Discussion

The current multicenter retrospective study demonstrated that
the CSM patients who had ACS >2mm on plain radiograph
were significantly related to greater age by multivariate regres-
sion analysis. Although preoperative neurological status was
worse, comparable surgical outcomes were achieved in patients
with preoperative ACS after posterior decompression surgery.
Nevertheless, ACS associated with cervical kyphosis was a
significant risk factor for lower JOA recovery rate. Although
patients with ACS demonstrated significantly higher incidence
of postoperative progression of anterior slippage, the presence
of preoperative ACS and progression of ACS did not worsen
surgical outcomes.

The clinical impact of cervical spondylolisthesis on CSM is
contentious and the controversy may be attributed to nonuni-
form definitions of cervical spondylolisthesis in previous stud-
ies; the minimum degree (usually 0-3 mm) and direction of
slippage (anterior, posterior, or both anterior and posterior direc-
tions) and cervical position (neutral or flexion-extension posi-
tions) for imaging varied.®'"'*!'® We defined the minimum



Ninomiya et al

825

Table 3. Demographic and radiological factors regarding cervical
kyphosis in the patients who have anterior cervical spondylolisthesis

using univariate analysis.

Kyphosis (+), Kyphosis (—),
n (%) or n (%) or

Variables mean + SD mean + SD P value
Number 8 (12.9) 54 (87.1)

of patients
Age (years) 68.5 + 17.0 73.7 + 87 42
Sex 48

Male 4 (50.0) 34 (68.2)

Female 4 (50.0) 20 (31.8)
Height (cm) 1547 + 9.3 1562 + 9.2 .67
Body weight (kg) 56.0 + 10.0 55.8 + 9.7 .94
BMI (kg/mz) 233 + 28 227 + 28 .83
Follow-up period 20.8 + 49 238 + 9.3 53

(months)
C2-C7 angle (°)

Neutral —8.7 + 29 153 + 12,6 <.01%*

Flexion —265 + 84 —6.8 + 4.1 <.0**

Extension 58 + 10.0 258 + 134  <.0I**
ROM (°) 32.3 + 16.5 33.7 + 147 8l
C2-C7 SVA (mm) 31.3 + 23.0 265 + 129 .59

**P<0.01

**P<0.01 P=10.89
16 N }

M | I I

Postoperative JOA

Preoperative JOA

uGroup P mGroup non-P

P=0.85

80

&

Abbreviations: BMI, body mass index; ROM, range of motion; C2—-C7 SVA,
C2-C7 sagittal vertical axis. ** indicates P <0.01.

Table 4. Demographic and radiological factors regarding progression
of ACS using univariate analysis.

JOA recovery rate (%)

Group P

N

Group non-P

Group P, n (%) Group non-P,n (%) P

Variables ormean + SD  ormean + SD  value
Number of patients 17 (2.3) 715 (97.7)
Age (years) 703 + 9.3 673 + 105 .29
Sex .83
Male 11 (64.7) 480 (67.1)
Female 6 (35.3) 235 (32.9)
Height (cm) I55 + II.1 160 + 9.8 .049*
Body weight (kg) 569 + 11.4 608 + 122 .19
BMI (kg/m?) 232 + 35 237 + 35 .63
Follow-up period 25.6 + 84 222 + 84 .10
(months)
Presence of 4 (23.5) 58 (8.1) .048*
preoperative ACS
C2-C7 angle (°)
Neutral 63 +93 13.0 + 134  .04*
Flexion —15.1 + 105 —10.1 + 123 .11
Extension 17.6 + 105 245 + 135  .04*
ROM (°) 327 + 10.6 348 + 135 .54
C2-C7 SVA (mm) 269 + 10.7 23.1 + 14.1 .26

Abbreviations: ACS, anterior cervical spondylolisthesis; Group P, patients with
postoperative progression of ACS; Group non-P, patients without postopera-
tive progression of ACS; BMI, body mass index; ROM, range of motion; C2-C7
SVA, C2-C7 sagittal vertical axis. * indicates P <0.05.

degree of cervical spondylolisthesis as 2 mm with only anterior
direction on neutral lateral radiograph in this study, referencing
other reports which demonstrated that a less severe spondylo-
listhesis (ie, a 1- or 2-mm slip) may frequently cause few or no

Figure 5. (A) Pre- and postoperative JOA score and (B) JOA
recovery rate in patients who developed postoperative progression
of ACS after cervical posterior decompression surgery. Group P,
patients with postoperative progression of ACS; Group non-P,
patients without postoperative progression of ACS; JOA, Japanese
Orthopedics Association; ACS, anterior cervical spondylolisthesis.
*ndicates P < .0I.

symptoms'*'® and different pathology between anterior and

posterior spondylolistheses.'' Though the detailed data is shown
later in the discussion, patients with cervical spondylolisthesis
defined as anterior slippage >2 mm on neutral lateral radiograph
significantly affected preoperative degree of myelopathy and
incidence of progression of slippage after posterior decompres-
sion surgery. These results supported that our definition of cer-
vical spondylolisthesis is clinically appropriate to analyze the
effect of spondylolisthesis on myelopathy severity.

Our multivariate logistic regression analyses identified that
increased age was a significant predisposing factor for preo-
perative ACS. This result was in accordance with previous
studies which speculated that changes of spinal elements due
to age, such as facet joints and discs triggered cervical spondy-
lolisthesis.*'* To the best of our knowledge, only 2 previous
studies have demonstrated that older patients are more likely to
have cervical spondylolisthesis than younger patients.®'° How-
ever, these 2 previous studies defined cervical spondylolisth-
esis as a slippage consisting of both anterior and posterior
directions.®'° This may be problematic because several studies
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Figure 6. Spinal cord decompression in patients with flexion position after posterior surgery considering ACS and kyphosis. (A) Normal
alignment without ACS, (B) ACS with normal alignment, (C) kyphosis without ACS, and (D) ACS associated with kyphosis. The patients who
have ACS and kyphosis are more likely to have persistent anterior spinal cord compression due to insufficient indirect decompression.

ACS, anterior cervical spondylolisthesis.

demonstrated different pathology between ACS and PCS.%7-!!
Therefore, our finding is clinically important because this is the
first study to demonstrate the correlation between occurrence
of cervical spondylolisthesis with only anterior direction and
aging among the patients with CSM.

We demonstrated that the CSM patients with ACS had sig-
nificantly worse preoperative clinical status than those without
ACS, but that the distance of ACS did not correlate with mye-
lopathy grades. Kawasaki et al'' ascertained that although
CSM patients with ACS had a significantly wider cervical
spinal canal than those with PCS, the ACS had a greater impact
on severity of CSM. The results of their study are consistent
with that of our study in terms of finding a greater clinical
impact of ACS on myelopathy. On the contrary, Sakai et al’
reported that average preoperative JOA score of patients with
ACS are comparable to those without ACS. We can speculate
on 2 factors influencing the different impacts of ACS on the
preoperative myelopathy between the studies. First, our study
included a larger number of patients (N = 732) than in the
previous study (N = 132). The greater power of the larger
sample size in our study may provide a more reliable analysis.
Second, the average age of patients with ACS in the current
study (73.1 + 10.1 years) was greater than that in the previous
study (66.3 + 8.7 years). Several studies have shown that older
symptomatic patients have significantly worse myelopathy
grades than younger patients, and the different age distribution
between the 2 studies may have affected the preoperative clin-
ical status of the patients.”**> We do not know the reason why
the correlation was not observed between distance of ACS and
myelopathy grades, but speculate that factors other than spon-
dylolisthesis may affect the degree of myelopathy among the
patients.

The current study showed that the CSM patients with ACS
had comparable surgical outcomes to those without ACS after
posterior decompression surgery. To our knowledge, 2 other

studies analyzed the impact of preoperative ACS on myelo-
pathic severity after posterior decompression surgery.®’ Sakai
et al’” demonstrated that patients with ACS showed signifi-
cantly better surgical outcomes than those with PCS following
laminoplasty. Our satisfactory surgical outcomes of the
patients with ACS following posterior decompression are com-
parable with their study. On the other hand, Oichi et al®
reported that ACS was a significant risk factor for poor surgical
outcomes owing to residual anterior spinal cord compression in
flexion position following laminoplasty. We can speculate on
factors explaining the different results between the studies.
First, our study included a larger sample size (N = 732) than
the study by Oichi et al® (N = 125). Second, although we
performed a comparative clinical analysis between sympto-
matic patients with ACS and those without ACS in this study,
the previous study did not conduct this kind of comparative
study, and consequently, potential confounders which might
affect the relationship between ACS and myelopathy were not
evaluated. These differences between the studies may support a
reliability of our results, indicating that posterior decompres-
sion surgery is a favorable surgical method for CSM patients
with ACS.

Our study showed that only ACS or kyphosis did not impact
surgical outcomes following posterior decompression surgery,
but the presence of both ACS and cervical kyphosis signifi-
cantly decreased the JOA recovery rate. We speculated the
mechanism as follows. Among the patients with ACS, anterior
spinal cord compression is likely to persist in flexion position
compared with those without ACS (Figure 6A and B).® How-
ever, posterior decompression surgery provided a sufficient
effect overwhelming the residual anterior spinal cord compres-
sion in the patients with ACS, and consequently, satisfactory
surgical outcomes were obtained. Similarly, preoperative
kyphosis is reported as a predisposing factor of residual ante-
rior spinal cord compression after posterior decompression
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surgery, which may worsen the surgical outcomes
(Figure 6C).'* Nevertheless, our satisfactory surgical outcomes
for the patients with kyphosis (Supplementary Figure 3)
implied that the effect of decompression surgery overcomes
residual anterior compression on the spinal cord among the
patients with kyphosis as well as those with ACS, whereas a
combination of ACS and cervical kyphosis may result in the
largest residual anterior spinal cord compression in the patients
considering the existence of ACS and kyphosis (Figure 6D).
Thus, the effect of cervical posterior decompression surgery is
insufficient and, subsequently, the surgical outcomes are sig-
nificantly worse in the patients who have both ACS and cervi-
cal kyphosis. Therefore, the instrumentation surgery which can
correct ACS and cervical kyphosis may be a surgical option for
the patients with ACS and kyphosis.

We presume that preoperative ACS associated with kypho-
sis causes the most severe residual anterior compression of
spinal cord during flexion of cervical spine, and it negatively
affects the outcomes of posterior decompression surgery refer-
encing a speculation of another study (Figure 6).° Therefore,
we should consider the instrumentation surgery to correct spon-
dylolisthesis and alignment other than posterior decompression
for patients who have ACS accompanied with kyphosis.

We identified a significantly higher incidence of progres-
sion of anterior slippage among patients with ACS than among
the patients without ACS. Also, shorter height and smaller C2-
C7 angle in neutral and extension positions were significantly
associated with progression of ACS. However, progression did
not worsen surgical outcomes following posterior decompres-
sion surgery. This result was unexpected because all previous
studies demonstrated that preoperative ACS did not signifi-
cantly correlate with progression of slippage after lamino-
plasty.®” The authors in the previous study speculated that
the result was caused by stabilization of cervical soft tissue,
which were associated with contracture and unexpected bony
fusion in facet joints following laminoplasty.® We consider that
the discordant results between the studies can be explained by
recent advances of posterior surgical procedure in our hospi-
tals. For example, our study included 220 cases of selective
laminectomy, which is reported to minimize a cervical contrac-
ture by limiting the number of decompressions and reducing
exposure.” With regard to previous studies which indicated
negative correlations between muscle strength and height*® and
between muscle volume and spinal malalignment,?” we spec-
ulate that the muscle weakness associated with shorter height
and cervical hypolordosis can result in difficulty maintaining a
sagittal balance, making subsequent slippage more likely to
occur postoperatively.

Some limitations must be considered when interpreting the
present results. First, this is a retrospective study and thus
sample and control biases are difficult to control. Second, this
is a multicenter study and different surgeons have different
indications for surgery, skills, and postoperative treatment
which might influence surgical outcomes. Third, symptomatic
patients who have severe ACS are more likely to undergo
anterior or posterior decompression with instrumentation

surgery; however, such cases were excluded in the current
study. To address these limitations, further prospective inves-
tigation is needed with a longer follow-up period.

In conclusion, this multicenter retrospective study included
the largest number of symptomatic patients to analyze the clin-
ical effect of ACS on myelopathy. We showed that preopera-
tive ACS is significantly associated with increased age among
the CSM patients by multivariate logistic regression analysis.
The definition of ACS with regard to clinical significance on
myelopathy severity was controversial in previous studies.
However, we have shown that symptomatic patients with ACS
>2mm on a plain radiograph have significantly lower preo-
perative JOA score and favorable surgical outcomes after pos-
terior decompression surgery. Although the degree of ACS did
not correlate with the severity of CSM, preoperative ACS asso-
ciated with kyphosis significantly decreased JOA recovery
rate, possibly due to persistent anterior spinal cord compres-
sion. The patients with ACS demonstrated a significantly
higher incidence of postoperative progression of anterior slip-
page, but posterior decompression surgery provides favorable
surgical outcomes for the patients regardless of this progression
of slippage. Taken together, posterior decompression surgery
can be a beneficial intervention for CSM patients with ACS
with satisfactory outcomes, but addition of instrumentation
surgery should be considered for the patients who have ACS
associated with kyphosis.
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