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Abstract

cervical surgery for degenerative cervical disease.

Background: ASD is a relatively common degenerative alteration after cervical surgery which occurs above or below
the fused segment. In addition, some patients may need reoperation to treat severe ASD after the primary surgery. It
was considered that sagittal balance is correlated with postoperative clinical outcomes; however, few studies
have reported the influence of sagittal balance on ASD. The present study is designed to investigate whether
sagittal balance impacts the pathology of adjacent segment disease (ASD) in patients who undergo anterior

Methods: Databases including Pubmed, Embase, Cochrane library, and Web of Science were used to search
for literature published before June 2018. Review Manager 5.3 was used to perform the statistical analysis. Sagittal balance
parameters before and after surgery were compared between patients with and without ASD. Weighted mean difference
(WMD) was summarized for continuous data and P < 0.05 was set for the level of significance.

Results: A total of 221 patients with ASD and 680 patients without ASD from seven articles were studied in this meta-
analysis. There were no significant differences in most sagittal balance parameters between the two groups, except for
postoperative cervical lordosis (CL) (WMD -3.30, C1 -591, — 069, P=0.01).

Conclusions: Some sagittal balance parameters may be associated with the development of ASD after anterior cervical
surgery. Sufficient restoration of CL may decrease the incidence of ASD. The results in present study needed to be
expanded carefully and further high-quality studies are warranted to investigate the impact of sagittal balance on ASD.
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Introduction

Cervical degenerative disease is common among elderly
people, and manifests as neck pain, cervical radiolopathy
and myelopathy [1]. Clinical symptoms, caused by com-
pression of the nerve root and spinal cord, may include
disc protrusion, spondylotic bone spurs, and ligament
thickening [2]. The surgical procedure for treating this
disease can effectively improve radiographic and clinical
outcomes, and has been frequently used in the past few
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decades [3]. Compared to other approaches, anterior
procedures including anterior cervical discectomy and
fusion (ACDF), anterior cervical corpectomy and fusion
(ACCEF), cervical disc arthroplasty (CDA), and total disc
replacement (TDR) can restore cervical lordosis better
and achieve preferred exposure and decompression [4,
5]. However, anterior cervical surgery has many draw-
backs such as cage subsidence, dysphagia, and elevated
rates of pseudoarthrosis [6].

Adjacent segment disease (ASD) refers to recurrent
radicular or myelopathic symptoms from adjacent de-
generation after surgery [7]. It has been recognized as an
important complication after anterior cervical discec-
tomy and fusion, and may be related to many factors [7].
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A meta-analysis by Wang et al. [8] reported a 6.2% inci-
dence of ASD after single-level ACDF and found that
old age and the development of canal stenosis were risk
factors for ASD. Bydon et al. [9] analyzed the location
and length of arthrodesis for index ACDFs and found
that stress and instability introduced during surgery may
result in the pathogenesis of ASD. Unfortunately, the
exact etiology of ASD has not yet been illuminated.

Recently, the restoration of sagittal balance after cervical
surgery has been emphasized more frequently. Postopera-
tive sagittal balance of the cervical spine is considered to
be correlated with clinical outcomes. Kato et al. [10]
reported an association between postoperative cervical
deformity and outcomes which indicate that poor cervical
alignment after surgery may predict a worse SF-36 PCS.
Furthermore, previous studies revealed that sagittal bal-
ance was related to postoperative ASD. Faldini et al. [11]
found that a postoperative segmental alignment greater
than 0° increased the incidence of adjacent-level degener-
ation. Hu et al. [12] also reported that patients without
improved cervical lordosis had a higher incidence of ASD,
worse NDI scores and neck pain. Conversely, some studies
reported no impact of sagittal balance on the progression
of ASD [13]. Hence, we aim to investigate whether sagittal
balance of the cervical spine influences postoperative ASD
after anterior cervical surgery by reviewing the previous
literature.

Methods

Search strategy

This systematic review and meta-analysis followed the ac-
cording PRISMA statement and guidelines [14, 15]. The
literature research was performed using Pubmed, Embase,
Cochrane library, and the Web of Science before June
2018. The search terms combined the following items:
“sagittal balance”, “sagittal alignment”, “sagittal imbal-
ance”, “cervical lordosis”, “segmental lordosis”, “sagittal
vertical axis”, “T1 slope”, “adjacent segment disease”, and
“adjacent segment degeneration”. The reference lists of all
articles were reviewed for additional information and the
language was restricted to English. The identified articles
were evaluated independently by two reviewers (B P and
Y] Z) in terms of the inclusion criteria.

Selection criteria

The eligible studies included in this systematic review
and meta-analysis met the following inclusion criteria:
(1) randomized controlled trials or comparative studies
(retrospective and prospective) of patients undergoing
anterior cervical surgery; (2) patients were divided into
two groups: those with ASD and those without ASD; (3)
measured at least one sagittal balance parameter of the
cervical spine; (4) follow-up time more than 1 year. The
studies were excluded if: (1) sagittal balance parameters

Page 2 of 10

were not measured; (2) patients were not grouped by the
presence of ASD; (3) abstracts, case reports, conference
presentations, editorials and expert opinions; (4) biomech-
anical or corpse research. The Newcastle-Ottawa Scale
was applied for evaluating of the quality of included
studies.

Data extraction

All potential studies were extracted from full texts, ta-
bles, and figures and assessed by two reviewers (B P and
Y] Z) independently for inclusion. Discrepancies and
doubtful cases were discussed to reach consensuses. The
authors, year of publication, type of study, patient char-
acteristics, surgical procedures, follow-up time, and sa-
gittal balance parameters of the cervical spine (cervical
lordosis, segmental lordosis, cervical range of motion,
segmental range of motion) before and after surgery
were all extracted from eligible studies.

Statistical analysis

The statistical analysis was conducted using Review
Manager Version 5.3 (Nordic Cochrane Centre, Cochrane
Collaboration, Copenhagen, Sweden). The mean and
standard deviation were integrated into the weighted
mean difference (WMD) for continuous parameters, and a
95% confidence interval (CI) was used for statistical ana-
lysis. P values less than 0.05 were considered statistically
significant. Both fixed- and random- effect models were
tested. x” tests and I* statistics were used to study the
heterogeneity between trials. The random-effects model
was used when heterogeneity was significant (7 > 50% and
P < 0.10); otherwise, the fixed-effects model was used.

Results

Included studies

A flow diagram outlining the systematic review process is
shown in Fig. 1. A total of 991 studies were found (985
searches identified through database and 6 identified
through other sources). After elimination of duplicates,
578 records were screened, and 46 full-text articles were
assessed for eligibility. Thirty-nine articles were subse-
quently excluded for having no comparative data, no
anterior cervical surgery, or being comment/editorial arti-
cles. Ultimately, a total of seven articles were included in
this meta-analysis (Table 1). Sagittal balance parameters
measured in all studies included preoperative cervical
lordosis (CL) (N=4), segmental lordosis (SL) (N=5),
cervical range of motion (N=5), segmental range of
motion (N =5), postoperative cervical lordosis (CL) (N =
4), segmental lordosis (SL) (N=3), cervical range of
motion (N =4), and segmental range of motion (N =4).
All the included studies attained favorable Newcastle-
Ottawa Scale (scores larger than 7 points), indicating a
reliability of these studies (Table 2).
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Patients cohort

ASD was defined as the presence of at least one of the
following criteria in radiographic finding: (1) new or
enlarging anterior or posterior osteophyte formation; (2)
new or developed calcification of the anterior or poster-
ior longitudinal ligament; (3) new occurrence of a disc
space narrowing less than 30% of the intervertebral disc
space. A total of 221 patients with ASD and 680 patients
without ASD were included in this meta-analysis. The
mean age was 48.7 years in the ASD group (N =4) and

Table 1 Characteristics of included studies

50.6 in the non-ASD group (N =4), which created no
significant difference (P=0.36). In addition, there was
no significant difference in the proportion of males be-
tween the ASD (59/99, N=4) and non-ASD groups
(250/464, N = 4) (P = 0.40).

Sagittal balance parameters

For the preoperative data, there was no significant differ-
ence in CL between patients with and without ASD
(WMD -2.19, CI -4.87, 0.48, P=0.11) associated with

Authors Year Study type Age (years) Male Surgical Follow-up N N
procedure (ASD) (Controls)
Katsuura 2001 Retrospective 48.1 for ASD and 19/21 for ASD and 15/ ACDF 1224 months for ASD and 1127 21 21
et al. [16] study 52.7 for Control 21 for Control months for Control
Kimetal. 2015 Prospective 4352 117/180 TDR Mean 48.6 months 73 107
17 study
Leeetal. 2015 Retrospective 47.1 12/14 CDA Mean 43.4 months 5 9
[18] study
Retrospective  53.6 24/28 ACDF Mean 44.6 months 16 12
study
Lietal 2015 Retrospective  50.2 61/106 ACDF 30.6 months for ASD and 31.2 28 88
[19] study months for non-ASD
Song et al. 2018 Retrospective 51.8 for ASD and 11/25 for ASD and 85/ ACCF and  34.2 months for ASD and 34.8 25 175
[20] study 485 for N-ASD 175 for N-ASD ACDF months for N-ASD
Song et al. 2014 Retrospective 57.73 for ASD and 12/15 for ASD and ACDF Mean 63.85 months 15 216
[21] study 54.09 for Control 125/216 for Control
Yang et al. 2017 Retrospective 43.3 for ASD and 17/21 for ASD and 25/ CDA Mean 79.3 months for SASD and 38 52
[22] study 426 for N-ASD 27 for N-ASD 78.6 months Non-SASD

Abbreviation: ASD adjacent segment disease, ACDF anterior cervical discectomy and fusion, CDA cervical disc arthroplasty
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Table 2 Quality assessment of the enrolled studies

Authors Selection Comparability Exposure
Katsuura2001 et al [35] * %k k * % * %k
Kim2015 et al [36] Kok kk Kk ok k
Lee2015 et al [37] Kk kk ok ok k
Li2014 et al [38] >k %k k *k Kk
Song2014 et al [39] Kk k Kk ok k
Song2018 et al [40] ok kk ok ok
Yang2017 et al [41] * %k * % * %k

moderate heterogeneity (I*=52%). Similarly, no signifi-
cant difference was detected in SL (WMD -0.69, CI
-1.61,0.22, P=0.14), cervical range of motion (WMD
-0.25, CI -7.66, 7.16, P=0.95), and segmental range of
motion (WMD 0.10, CI -0.60, 0.79, P = 0.79) with differ-
ent heterogeneity (I”=0%, I*=77%, I*=34%, respect-
ively) (Figs. 2 and 3).

For the postoperative data, there was no significant
difference in SL (WMD -0.69, CI -3.06, 1.67, P=0.57),
cervical range of motion (WMD 0.60, CI -4.32, 5.51, P =
0.81), and segmental range of motion (WMD -1.58, CI
-3.37, 0.20, P=0.08) between the two groups with
distinctive heterogeneity (I* =77%, I* = 0%, I*=78%, re-
spectively). It is noted that a significant difference was
shown in CL between patients with and without ASD
(WMD -3.30, CI -5.91, - 0.69, P=0.01) associated with
moderate heterogeneity (P = 63%) (Figs. 4 and 5).

Clinical assessment
For the preoperative data, there was no significant differ-
ence in JOA and NDI between patients with and without
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ASD (WMD 0.06, CI -1.23, 1.36, P=0.92) (WMD 0.74,
CI -1.18, 2.66, P=0.45) associated with moderate and
low heterogeneity, respectively (I2 = 65%, 12 = 0%). Simi-
larly, no significant difference was detected in VAS-neck
(WMD 0.06, CI -0.68,0.80, P=0.87) and VAS-arm
(WMD 0.12, CI -0.50, 0.74, P=0.70) with low hetero-
geneity (12 = 0%, 12 = 21%) (Figs. 6 and 7).

For the postoperative data, there was no significant
difference in JOA (WMD -0.50, CI -1.26, 0.27, P =0.20)
and VAS-arm (WMD 0.23, CI -0.16, 0.62, P =0.24) be-
tween the two groups with low heterogeneity (12 = 0%,
12 =0%). It is noted that a significant difference was
shown in NDI and VAS-neck between patients with and
without ASD (WMD 1.06, CI 0.03, 2.09, P=0.04)
(WMD 0.56, CI 0.14, 0.98, P =0.01) associated with low
heterogeneity (12 =0%, 12 =0%) (Figs. 8 and 9) (Add-
itional file 1).

Discussion
Anterior cervical surgery including anterior cervical disc-
ectomy and fusion (ACDF), anterior cervical corpectomy
and fusion (ACCEF), and cervical disc arthroplasty (CDA)
have all proved to be effective procedures for the treat-
ment of cervical degenerative disease. Operative treatment
can dramatically bring the imbalanced sagittal curve closer
to a normal lordotic alignment and increase disc height,
relieving neck pain and improving quality of life [23, 24].
However, various complications such as dysphagia, C5
nerve palsy, implant failure, and adjacent segment disease
may also occur after surgery [25].

Adjacent segment disease (ASD) is a common compli-
cation after cervical surgery and is defined as the devel-
opment of new clinical symptoms that correspond to the

-

ASD Group Non-ASD Group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Katsuura 2001 88 121 byl 18 121 21 10.6% -10.20[-17.52,-2.88] -
Li2014 16.5 18 28 178 5.3 88 401% -1.30[F3.33,0.73]
Song 2014 15.04 1045 15 1788 1339 216 16.0% -2B4 842,274
Yang 2017 128 6.2 3@ 1249 7.3 52 33.3% -0.40[3.20, 2.40]
Total (95% CI) 102 377 100.0% -2.19[-4.87, 0.48]

Heterogeneity: Tau*= 3.57; Chi*=6.28 df= 3 (P=0.10); F=52%
Testfor overall effect Z=1.61 (P=0.11)

00 -50 0 50 100
ASD Group MNon-ASD Group

ASD Group Non-ASD Group Mean Difference Mean Difference
Study or Subgroup  Mean _ SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Katsuura 2001 2 52 21 25 38 21 1089% -050[-3.28,2.28]
Lee 2015 612 566 i 2326 477 9 25% 386[200977
Lee(2) 2015 -1.01 6.22 16 219 644 12 37% -3.20[-7.951.55]
Li 2014 0z 27 28 08 36 88 538% -0.60[-1.85 0.65]
Yang 2017 02 48 38 12 32 52 281% -1.00[-2.70,0.70]
Total (95% CI) 108 182 100.0% -0.69[-1.61, 0.22]

Heterogeneity: Chi*=3.95, df=4 (P=047), F=0%
Testfor overall effect Z=1.48(F=014)

Fig. 2 Forest plot of ASD group and non-ASD group: Comparison of preoperative cervical lordosis (above) and preoperative segmental lordosis (below)
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Heterogeneity: Tau*=43.03; Chi*=12.77 df=3 (P=0.008), F=77%
Testfor overall effect: Z= 0.07 (P = 0.95)

Mean Difference Mean Difference
IV, Random, 95% CI IV, Random, 95% CI

ASD Group Non-ASD Group
Study or Subgrou| Mean SD Total Mean SD _Total Weight
Kim 2015 4053 18.449 T3 4275 1804 107 28.2%
Lee 2015 4537 11.32 16 4692 1207 12 22.6%
Lee{Z) 2015 332 2495 5 4361 1273 g 228%
Song 2014 42,96 12.28 15 4181 1415 216 26.5%
Total (95% CI) 109 344 100.0%

7.78[2.33,13.23] -
-1.55 [-10.35, 7.25]
-10.41 [-19.12,-1.70] ——
1.05 [-5.44, 7.54]

-0.25 [-7.66, 7.16]
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IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Heterogeneity, Chi®= 4,55, df= 3 (P =0.21); F= 34%
Testfor overall effect. Z=0.27 (F=0.79)

segment lordosis range of motion (below)

ASD Group Non-ASD Group
Study or Subgroup  Mean SD Total Mean SD Total Weight
Kim 2015 104 426 73 894 572 107 228%
Lee 2015 5487 3.88 5 7.3 542 9  20%
Lee{2) 2015 933 3.36 16 8.29 511 12 4.4%
Yang 2017 69 21 38 7.2 1.8 52 T0.9%
Total (95% CI) 132 180 100.0%

Fig. 3 Forest plot of ASD group and non-ASD group: Comparison of preoperative cervical lordosis range of motion (above) and preoperative

1.46 [0.00, 2.92]
-1.33 [-6.30, 3.64]
0.04 329, 3.37]
-0.30 113, 0.53]
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radiographic change to the level of the previous spinal
fusion [26]. Patients with postoperative ASD may have
uncomfortable symptoms including neck pain, stiffness
and activity limitation. In this study, we revealed com-
pared with non-ASD, patients with ASD had prominently
worse NDI and VAS-neck scores. The symptomatic ASD
after ACDF was reported to be at a relatively constant
incidence of 2.9% per year [27], however, our meta-
analysis revealed that the integrated incidence of ASD was

24.5% (221/901) from the seven articles included, all of
which had at least 2 years follow-up. We concluded that
this may be attributed to the definition of ASD, which
requires both radiographic and symptomatic ASD. Gener-
ally, radiographic alteration of ASD can be detected via
MRI after cervical surgery, but only a fraction may develop
into symptomatic ASD that requires reoperation. Wu
et al. [28] analyzed an 11-year national database in Taiwan
and found that while the incidence of the repeated ACDF

ASD Group Non-ASD Group

Study or Subgrou| Mean SD_Total Mean

Heterogeneity: Tau®= 5.01; Chi*=10.93, df=4 (P=0.03); "= 63%
Testfor overall effect: 2= 2.48 (P =0.01)

Heterogeneity: Tau*= 511, Chi*=17.20, df= 4 {(P=0.002); F=77%
Testfor overall effect Z=0.57 (F=0.57)

SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% Cl

Katsuura 2001 78 108 21203 107 21 111%
Liz2014 20.2 49 28 237 6.1 88 28.2%
Song 2014 23.76 13.16 16 2479 1123 216 10.4%
Saong 2018 716 5.63 25 877 625 175 27.3%
Yang 2017 136 73 3| 140 8.3 52 23.0%
Total (95% CI) 127 552 100.0%

-12.40 [-18.90, -5.90]
-3.50[-5.72,-1.28]
-1.03[-7.86, 5.80]
-2.61 [-5.00,-0.22]
-0.50[-3.74, 2.74]

‘$l+-+

-3.30 [-5.91, -0.69]

00 -A0 0 50 100
ASD Group MNon-ASD Group

Mean Difference Mean Difference

ASD Group Non-ASD Group
Study or Subgroup  Mean SD Total Mean SD Total Weight
Katsuura 2001 -08 T 21 44 a1 21 167%
Lee 2015 001 43 16 -1.07 5499 12 158%
Lee{2) 2014 345 313 5 -1.32 372 9 17.0%
Liz2014 11 35 28 2.1 3.2 88 258%
Yang 2017 36 81 38 58 21 52 248%
Total (95% CI) 108 182 100.0%

Fig. 4 Forest plot of ASD group and non-ASD group: Comparison of postoperative cervical lordosis (above) and postoperative segmental lordosis (below)
J
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ASD Group Non-ASD Group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kim 2014 4082 18.68 73 4058 2263 107 B58% 0.24 [5.82, 6.30]
Lee 2015 3988 874 16 365 148 12 246%  3.38[6.5313.29)
Lee(2) 2014 4222 1524 5 4627 1295 9 97% -405[19.87 11.77]
Total (95% CI) 94 128 100.0% 0.60 [-4.32, 5.51]
Heterageneity: Chi* = 0.65, df= 2 (P = 0.72); F= 0% b f ' = |
Testfor overall effect Z=0.24 (P =0.81) 100 SADSD Group DMDn-ASD g?_ﬂup 100
ASD Group Non-ASD Group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Kim 2014 7.59 547 T3 985 547 107 284% -2.26[-3.89 -063]
Lee 2014 T44 582 5 11.03 485 q TA%  -388[9.63 2.44]
Lee(2) 2014 375 1.64 16 319 207 12 30.2% 0.56 [-0.86, 1.98]
Yang 2017 58 16 3B 83 27 52 342% -250[-3.38,-1.61]
Total (95% Cl) 132 180 100.0%  -1.58[-3.37,0.20]
Heterogeneity: Tau®= 2.22; Chi*= 13.60, df= 3 (F = 0.004); F= 7% T 7 s o0

Testfor overall effect Z=1.74 (F=0.08)

segmental lordosis range of motion (below)

Fig. 5 Forest plot of ASD group and non-ASD group: Comparison of postoperative cervical lordosis range of motion (above) and postoperative

ASD Group Mon-ASD Group

for ASD was approximately 0.8%, as much as 5.6% pa-
tients received a second operation at the end of the 10-
year cohort. This indicated that the risk of reoperation for
ASD may increase over time.

The pathology of ASD is a complicated process and
may be attributed to multiple factors. Nunley et al. [29]
reported that osteopenia (OD =9.35) and documented
lumbar degenerative disc disorder (OD =5.13) were two
independent risk factors for ASD in patients undergoing
total disc replacement. Yu et al. [30] found that older

age, poor restoration of postoperative cervical lordosis,
and a plate to disc distance less than 5 mm may result in
ASD after cervical fusion. Lee et al. [31] revealed that
patients with one- or two- level anterior arthrodesis and
those who smoked were more likely to receive an adja-
cent segment surgery within 10years. Recently, some
studies indicated that postoperative restoration of sagit-
tal balance may be related to clinical outcomes [32].
Furthermore, it was reported that sagittal balance of the
cervical spine may be associated with ASD. Alhashash

ASD Group Non-ASD Group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD _Total Weight IV, Random, 95% CI IV, Random. 95% Cl
Katsuura 2001 127 2 21107 441 21 24.0% 2.00[0.05, 3.95]
Liz014 92 21 28 97 35 88 38.8%  -0480[1.57, 057
Yang 2017 102 2.3 38 108 3.3 52 3T1% -0.60 [-1.76, 0.56]
Total (95% CI) 87 161 100.0% 0.06 [-1.23, 1.36]
Heterogeneity: Tau® = 0.83; Chi*= 5.65, df= 2 (P = 0.06); F= 65% l l J f !
o _ -100 -a0 ] 50 100
Testfor overall effect Z=010(P=092) ASD Group Non-ASD Group
ASD Group Non-ASD Group Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Fixed, 95% CI IV, Fixed, 95% CI
Lee 2015 168 8.22 5 16.22 B8.43 9  45% 058849, 965
Lee{2) 2015 1568 812 16 18.33 794 12 10.2% -32.65[-B.65, 3.35]
Liz2014 513 758 28 502 6.5 88 38.4% 1.10[-1.99 418]
Yang 2017 435 B3 3B 423 72 52 4B.9% 1.20[-1.60, 4.00]
Total (95% CI) 87 161 100.0% 0.74[-1.18, 2.66]
1l—_hat?;Ug;enem.il:l C;I T;?Bﬂ ?TE;:PBEPD=4?5.T1);I =0% '-100 .én ﬂ SID 1E|IJI
estfor overall effect Z=0.76 (F = 0.45) ASD Group MNon-ASD Group
Fig. 6 Forest plot of ASD group and non-ASD group: Comparison of preoperative JOA scores (above) and preoperative NDI scores (below)
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ASD Group Non-ASD Group

Study or Subgroup  Mean SD Total Mean

SD Total Weight

Mean Difference
IV, Fixed, 95% CI

Mean Difference
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Fig. 7 Forest plot of ASD group and non-ASD group: Comparison of preoperative VAS-Neck scores (above) and postoperative VAS-Arm scores (below)
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et al. [33] demonstrated that ASD is more likely to occur
in single level fusion and that restoration and preserva-
tion of cervical sagittal alignment can significantly re-
duce the risk of ASD. Another study also verified that
malalignment of the cervical spine following anterior
cervical fusion can lead to the development of ASD [34].
Conversely, Park et al. [35] found that several radio-
graphic parameters were unrelated to postoperative
ASD, indicating that ASD is associated with a natural
degenerative process instead of operative complications.
In our meta-analysis, most sagittal balance parameters
showed no significant difference between ASD and non-
ASD patients. It is worth noting that a significant

difference was detected in postoperative CL between
two groups (OR =-3.32, P=0.02), which indicates that
CL restoration may be correlated with the development
of postoperative ASD.

The natural curvature of the cervical spine maintains a
lordotic shape to maintain the wedge-shaped cervical
vertebrae and compensate for the kyphotic curvature of
the thoracic spine [36]. Nevertheless, increasing age and
long-term improper posture may alter the normal align-
ment of the cervical spine, and even result in progressive
cervical kyphosis. Furthermore, the deformity can lead to
draping of the spinal cord against the vertebral bodies and
increase longitudinal cord tension, which subsequently

ASD Group Non-ASD Group

Study or Subgroup  Mean SD_Total Mean

SD_Total Weight

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Katsuura 2001 145 2.5 21 153 2 21
Li2014 141 36 28 147 28 88
Yang 2017 141 26 38 143 31 52
Total (95% CI) a7 161

Heterogeneity: Chi*=0.45, df=2 (P=0.80), F= 0%
Testfor overall effect: Z=1.27 (P = 0.20)
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Fig. 8 Forest plot of ASD group and non-ASD group: Comparison of postoperative JOA scores (above) and postoperative NDI scores (below)
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Test for overall effect. 2= 2.59 (P =0.010)
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Fig. 9 Forest plot of ASD group and non-ASD group: Comparison of postoperative VAS-Neck scores (above) and postoperative VAS-Arm scores (below)
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compresses the spinal cord and nerve root [37]. Although
symptoms can be alleviated via the surgical procedures
including ACCF and CDA, simple decompression without
the correction of deformity, especially cervical kyphosis,
may not result in satisfied outcomes. It was considered that
insufficient correction of sagittal balance may contribute to
the pathology of ASD due to increased anterior loads and
pressure [38]. Biomechanical results showed that intradis-
cal stress and ROM at the adjacent segment changed
more in the postoperative model with less lordosis, which
illustrated that decreased lordosis may result in alteration
of the adjacent segment and subsequently lead to the on-
set of ASD [39]. Despite several sagittal balance parame-
ters in this meta-analysis, our results showed no
significant difference between ASD and non-ASD patients,
and the crucial parameter “postoperative CL” differed
significantly. It has been suggested that CL is the optimal
parameter to depict cervical alignment and that it corre-
lates with several other sagittal balance parameters like T1
slope and SVA [40]. Indeed, C2~7 SVA is regarded as an
important sagittal balance parameters, however, because
of the limited data the authors cannot analyze the impact
of C2~7 SVA on ASD. On the other hand, CL proved to
be more important in relation to long-term clinical out-
comes [41]. Hence, we speculate that the progression of
ASD may result from the abnormal stress distribution of
adjacent segments and the increased tension in the poster-
jor column when moving the segments, caused by
decreased CL after surgery.

Limitations
There are some limitations in this meta-analysis — first,
only seven articles were enrolled. This is because few

studies have focused on the relationship between sagittal
balance and ASD and grouped patients by ASD and
non-ASD. Second, this study consisted of one prospect-
ive cohort study and six retrospective studies, which
may lead to less powerful results compared with ran-
domized controlled trials. Third, due the limited en-
rolled studies, the heterogeneity in some results were
substantial, which may lead to unpowered evidence.
Forth, though C2~7 SVA was an important sagittal bal-
ance parameters, insufficient data from published articles
cannot be analyzed in this study. Fifth, the original data,
especially the complete sagittal balance parameters from
the included articles, failed to be obtained in this study,
which may limit the credibility and reliability of our re-
sults. Lastly, since ASD measurement is unstandardized
across the different countries included, this may cause
some discrepancies between the results. Therefore, more
randomized controlled trials of high quality that focus
on more detailed sagittal balance parameters are needed
to analyze the association between sagittal balance and
ASD.

Conclusion

The sagittal balance parameter postoperative CL is a
crucial factor which may predict the development of
ASD. Sufficient restoration of CL may decrease the
incidence of ASD in patients undergoing anterior cer-
vical surgery for degenerative cervical disease. Due to
the limited studies and moderate heterogeneity, the
conclusions of the present study need to be interpreted
with caution. More studies with strong evidence and
adequate parameter were needed to verify our conclu-
sion in future.
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