Int J Clin Exp Med 2017;10(3):4473-4485
www.ijcem.com /ISSN:1940-5901/1JCEM0030427

Original Article

Efficacy and safety between the anterior and posterior
surgery in treating the ossification of posterior
cervicallongitudinal ligament

(OPLL): a meta-analysis

Guoyi Su, Shudong Chen, Yu Hou, Zhifeng Xiao, Jiheng Zhan

Guangzhou University of Chinese Medicine (Deparment of Spine, Guangdong Provincial Hospital of Chinese
Medicine), Guangzhou 510000, China

Received April 13, 2016; Accepted September 17, 2016; Epub March 15, 2017; Published March 30, 2017

Abstract: Background: The ossification of the posterior cervical longitudinal ligament (OPLL) is one of the main
causes of cervical spondylitis myelopathy (CSM). Apart from conservative approaches, both anterior and posterior
surgeries have been introduced into clinical practices for managing OPLL patients. Methods: Electronic databases
including PubMed, Embase and CNKI were searched to retrieve eligible publication sir respective of language re-
strictions. Only studies compared the efficacy and safety between anterior and posterior surgery were included.
All extracted data were expressed as standard mean difference (SMD) with 95% confidential interval (95% Cl) in
the forest plot. In addition, heterogeneity among studies was assessed through the I? and P-value as well. Finally,
publication bias was evaluate dusing the comparison-adjusted funnel plot. Results: A total of 33 studies with 2,910
subjects were contained in this meta-analysis. The pooled SMD of post-operative JOA score was 0.70 with 95% ClI
from 0.39 to 1.00, suggesting significant difference between these two surgical strategies. The merged SMD of IR
was 0.48 with 95% Cl from 0.25 to 0.72, which confirmed the same results gained from JOA score. The pooled SMD
for operation time was 0.84 with a 95% Cl from 0.25 to 1.42. No publication bias was found for each outcome.
Conclusions: The anterior approach had relatively better performance with respect to efficacy in managing OPLL or
CSM. Since there was no significant difference in blood loss or complications between the anterior and posterior
surgery, safety between these two approaches may be similar. As suggested by a shorter operation time, the poste-
rior surgery seemed to be better than anterior surgery. Therefore, OPLL patients managed by the anterior surgery
may benefit from its relatively strong effectiveness, while posterior surgery is comparatively safe for OPLL patients.
More studies should be carried out to confirm the above conclusions.

Keywords: Ossification of the posterior cervical longitudinal ligament, cervical spondylotic myelopathy, anterior
surgery, posterior surgery, Japanese orthopedic association score, improvement rate, meta-analysis

Introduction

The ossification of the posterior cervical longi-
tudinal ligament (OPLL) is an abnormal calcifi-
cation of the posterior longitudinal ligament
which is located in the cervical spine. This dis-
ease not only forms the lesion of the spinal
canal but also causes the sensory dysfunction,
dyskinesia and the disorder of autonomic ner-
vous system [1]. OPLL has been considered as
a common cervical myelopathy and approxi-
mately a quarter of cervical myelopathy
patients have experience OPLL [2]. The preva-
lence of OPLL in Asian was about 2.4% and this
figure is much higher than that in other ethnici-
ties [1]. As suggested by the Investigation

Committee on OPLL of the Japanese Ministry of
Public Health and Welfare, males are more like-
ly to develop OPLL than females and the aver-
age on-set age of this disease is over 40 [3, 4].
Although genetic factors, medication of hor-
monal, environmental hazards and life styles
have been linked with OPLL, discovering the
exact pathogenesis of OPLL is still challenging.
It is also challenging to diagnose OPLL since
patients usually have no significant symptoms
at early stages [1]. As a result, OPLL may prog-
ress gradually which may lead to severe neuro-
logical complications.

Plain radiographs, computed tomography scan-
ning, conventional lateral radiographic tomog-
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raphy and magnetic resonance imaging are
turned out to be reliable techniques in diagnos-
ing OPLL [5]. Conservative approaches in which
surgeries are not involved are appropriate for
patients with mild symptoms or those with
choroba organiczna and these approaches
include continuous skull traction, neck collar
fixation and the application of non-steroidal
anti-inflammatory drugs and neurotrophic
drugs [6, 7]. Nevertheless, abundant studies
have confirmed the predominant efficacy of
surgical approaches over conservative app-
roaches.

The anterior and posterior surgery are two com-
mon approaches used to manage OPLL patients
with severe symptoms since conservative treat-
ments may not be effective for these patients.
These two approaches are designed to decom-
press the spinal cord and enlarge the spinal
canal [8]. The anterior surgery refers to anterior
cervical discectomy fusion (ACDF) or anterior
cervical corpectomy fusion (ACCF) whereas
posterior surgeries include laminectomy, lami-
nectomy combined with instrumented arthrod-
esis and laminoplasty [9]. Theoretically, the
anterior surgery is considered as an optimal
choice for resecting ossification sites of poste-
rior longitudinal ligament which is located
below the third or fourth cervical vertebrae
[10]. Besides that, the posterior surgery is also
applied in clinical practices and this approach
enlarges the spinal canal through removing or
trimming the lamina of vertebra [11].

Both the anterior and posterior surgery may be
recommended for patients, but their efficacy
and tolerance is still unclear. Although a large
number of studies have compared the efficacy
and safety of these two approaches, contradic-
tory results have been revealed by the litera-
ture. For instance, a study conducted by Liu et
al. suggested that the improvement rate (IR) for
anterior surgery was 77.0% + 21.3% whereas
this figure for posterior surgery was 68.1% +
22.8% [12]. Another study by Seng et al. con-
cluded that posterior surgery exhibited more
desirable performance than anterior surgery
with respect to IR [13]. As a result of this, we
designed ameta-analysis for addressing the
inconsistency among current literatures. We
compared the efficacy and safety of these two
approaches by analyzing the pre-operation and
post-operation JOA scores, IR, blood loss, oper-
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ation time and risk of complications. This ele-
gant approach is to provide clinicians with the
corresponding guidance for selecting the
appropriate surgery for OPLL patients.

Methods
Literature identification

Relevant literatures were identified through
electronic searching from database of PubMed,
Embase and Chinese National Knowledge
Infrastructure (CNKI) without the limitation of
languages. “Ossification of cervical posterior
longitudinal ligament”, “anterior surgery”, “pos-
terior surgery”, “JOA score”, “improvement rate”
and their synonyms were used as searching
terms. Additionally, all the reference lists of
identified literatures were searched and exam-
ined manually in order to prevent the inappro-
priate omission of literatures. After that, all the
potential literatures were retrieved by two
reviewers and any disagreement was solved
under discussion.

Inclusion criteria

The following inclusion criteria were specifically
designed to determine the eligibility of studies:
(i) subjects involved in the study must be diag-
nosed as OPLL or CSM irrespective of the cervi-
cal level; (ii) each patient must undergo one of
the two surgeries (iii) at least one of the com-
parative outcomes of efficacy and safety
suchas JOA score, IR value, blood loss, opera-
tion time or complications should be provided.
The corresponding titles and abstracts of the
retrieved literatures were screened by two
reviewers independently, and if necessary, full
text was examined for more details so that the
final list of eligible studies can be formed.
Studies that do not comply with the above inclu-
sion criteria were not eligible for the analysis.

Data extraction and outcome measures

The following data were extracted from selec-
tive studies based on the inclusion criteria:
author, the year of publication, country and
researched disease; the information of patients
including the average age, detailed surgical
techniques, sample size, follow-up time and the
involvement of segment; the outcome of each
group including pre-operation and post-opera-
tion JOA scores, IR value, blood loss, operation
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683 articles identified through
electronic and manual searching

Statistical analysis

We carried out a meta-analy-

———» | 47 articles were excluded for duplicates

sis to synthesize evidence
from individual studies. Direct
comparison between two sur-

Y

636 articles reviewed by
screening the titles and abstracts

geries was conducted by cal-
culating the standard mean
difference (SMD) of JOA score,
IR value, blood loss and oper-

R

ation time. We also obtained

542 articles were excluded for irrelevant 05% confidence intervals
studies, case reports and review

(95% CI) for these estimates

Y

94 articles reviewed by
full-text assessments

as well as the weights of each
study that are required for the
meta-analysis. The correspo-
nding SMD and odds ratios

— | 61 articles were excluded for unavailable data

together with their 95% Cls
were displayed using forest
plots.

Y

33 articles finally included in

meta-analysis selection.

time and complication. JOA scores and IR val-
ues were considered as primary outcomes for
assessing the effectiveness and safety of
these two approaches. JOA scores with a maxi-
mum of 17 reflects the degree of dysfunction in
CSM patients and it assesses the motor func-
tion, sensory function as well as the bladder
function [14]. On the other hand, IR evaluates
the neurological status of patients and it is cal-
culated as: IR = (post-operative JOA score-pre-
operative JOA score)/(17-preoperative JOA
score) x 100% [15]. Surgery outcomes were
classified as excellent if IR exceeded 75%, as
good if IR was between 50% and 75%, as fair if
IR was between 25% and 50% and as poor
when IR was lower than 25% [16].

Besides, the volume of blood loss, operation
time and the number of complications were
taken into account as secondary outcomes.
Surgeries are considered as ineffective if it
involves a large amount of blood loss or unex-
pectedly long operation time [17]. In addition,
the number of complications was selected to
evaluate the safety of surgeries. Common com-
plications associated with surgeries include
cerebrospinal fluid leakage, postoperative neck
pain and postoperative C-5 nerve root palsy
[18].
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Figure 1. Flow chart of the literature

Additionally, heterogeneityam-
ong selected studies was eval-
uated through Cochran’s Q
and Higgins' I? statistic. The
percentage of variation across studies contrib-
uted by heterogeneity instead of chance was
described by 1%, and it can be calculated by the
formula: I = 100% x (Q-df)/Q, where Q is
Cochran’s heterogeneity statistic and df repre-
sents the degrees of freedom (the number of
studies) [19]. Significant heterogeneity was pre-
sented if P, < 0.05 or " > 50% and a random
effects model will be selected in such circum-
stances. Furthermore, the statistic tau? was
estimated using the approach of restricted
maximum likelihood estimation (RMLE) in order
to appraise heterogeneity among included
studies [20]. Finally, publication bias contribut-
ed by small study effects was assessed using
the comparison-adjusted funnel plot in which
SMD was plotted as the horizontal axis where-
as standard errors were plotted as the vertical
axis.

Results
Included studies

As suggested by the literature flow diagram
Figure 1, a total of 683 studies had been iden-
tified through both electronic and manual
searching in which 47 articles among them
were excluded for duplicates. The correspond-
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Table 1. The main characteristics of included studies
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Author Year Country Lan- pandomization 2 Age Surgical approach No.  rollow-up lnvolvement o 00
guage ease (month) (segments)
Chen 2008 China Chinese No (Retrospective) OPLL 57.2 A: ACCF 14 18 1-3 O2B®)
P: Laminoplasty 20 >3
Liu 2010 China Chinese No (Retrospective) OPLL 58.0 A: ACCF 29 31 <3 0
54.0 P: Laminoplasty 25 35 <3
Zhang 2012 China  Chinese No (Retrospective) OPLL 58.3 A: ACCF 20 12 2.2 O@®
P: Laminoplasty 28 4.5
Wu 2009 China  Chinese No (Retrospective) OPLL 54.6 A: ACCF 46 33.6 - [@PE)
P: Laminoplasty 59
Chen 2010 China Chinese No (Retrospective) OPLL 55.3 A: ACCF 51 12 <3 ®
P: Laminoplasty 75 >3
Wang 2008 China Chinese  No (Prospective)  OPLL 62.2 A: ACCF 16 12-24 <3 O@B@®)
P: Laminoplasty 6 >3
Yu 2013  China English  No (Retrospective) CSM 59.6 A: ACCF 29 12-42 4 O2B®B®
P: Laminectomy 24 4
Shibuya 2010 Japan English  No (Retrospective) CSM 60.4 +8.4 A:ACCF 34 12.1 1-4 ®@®)
64.8 +11.7 P: Laminoplasty 49 17.6 2-4
Seng 2013 Singapore English No (Retrospective) CSM  58.7 + 10.7 A: ACCF or ACDF 56 6 1-2 [OPO0E)
60.7 £ 10.8 P: Laminoplasty 42 6 34
Sah 2012  Nepal English  No (Prospective) CSM  56.0+ 12.0 A: ACCF and ACDF 20 3 - Q@@
52.0+ 8.0 P:Laminoplasty 20 3
Liu 2012  China English  No (Retrospective) CSM  53.9+10.7 A: ACCF 71 31.2 >2 LB
571+ 10.4 P: Laminectomy 45 31.2 >2
Lin 2013 China English Unclear CSM 52.2+9.7 A: ACCF and ACDF 27 39.8+5.2 4 006
54.5 + 10.3  P: Laminectomy 24 415+6.4 4
Lin 2012 China English  No (Retrospective) OPLL 54.7 +13.2 A: ACCF 26 36.3+6.4 3-4 006
56.2 +14.1 P: Laminectomy 30 37.6+6.7 34
Kristof 2009 Sweden English No (Retrospective) CSM  62.5+ 10.6 A: ACCF 42  196.56 + 212 2 @B
66.0 £ 12.4  P: Laminectomy 61 66.53+34.21 2
Jain 2005 India English  No (Retrospective) OPLL 51.5+84 A:ACCF 14 20+ 19 34 ®
56.1 + 10.8 P: Laminectomy 13 16.3 £ 10.9 34
Hirai 2011  Japan English  No (Prospective) CSM  59.2 + 10.7 A: Decompression and fusion 39 60 2 OO0
61.2 + 10.1  P: Laminoplasty 47 3-4
Ghogawala 2011 USA English Yes CSM 60.0 A: ACCF 28 12 - O
64.0 P: Laminectomy 22 12 -
Huo 2010  China Chinese No (Retrospective) OPLL 55.9+ 11.7 A: Decompression and fusion 11 12 1.9+0.7 OOB®B®
54.9+9.0 P:Laminoplasty 14 12 24+04
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Fehlings 2013 USA English  No (Prospective) CSM 525+ 10.6 A:ACCF and ACDF 169 12 - O®
62.8 £ 10.7  P: Laminectomy and Laminoplasty 95 12 -
Cabraja 2010 Germany English Unclear CSM 60.4+9.9 A:ACCF 39 33 1-2 O@®
66.2 £+ 8.8 P:Laminectomy 28 33 2-4
Edwards 2002 USA English  No (Retrospective) CSM 53.0+£8.3 A:ACCF 13 49 >2 ®
54.0 £ 8.0 P:Laminectomy 25 40 >2
Chen 2011  China English  No (Retrospective) OPLL 57.2 A: ACCF 22 48 3.3+03 O@B®
55.3 P: Laminectomy and Laminoplasty 53 3.59 £0.22
Li 2015  China English  No (Retrospective) CSM 53.9+9.6 A:ACCF and ACDF 19 18.0 + 6.6 >3 OOBRDB®
56.3+9.7 P:Laminoplasty 76 20.3+8.0 >3
Lau 2015 USA English  No (Retrospective) CSM  54.8+12.9 A:ACCF 20 321+252 3 @®
549+9.6 P:ACDF 35 221 +17.7 3
Kim 2015 Korea English  No (Retrospective) OPLL 57.3 £ 10.3 A: Decompression and fusion 71 48 + 14 - 0®)
56.4 + 10.3 P: Laminoplasty 64 41+95 -
Wang 2006 China English  No (Retrospective) CSM 54.8 A: Decompression and fusion 27 42.6 2-3 [@PE)
P: Laminoplasty 15 42.6 34
Wada 2001  Japan English  No (Retrospective) CSM 52.7+7.8 A:ACCF 23 15.0+ 2.7 2-4 OOE)
56.5+ 11.2 P: Laminoplasty 24 11.7 £ 0.9 2-4
Sakai 2012  Japan English  No (Prospective)  OPLL 59.5+9.3 A: Decompression and fusion 20 60 >2 OOBRDB®)
58.4+9.6 P:Laminoplasty 22 >2
Masaki 2007 Japan English No OPLL 51.8+ 6.6 A: Decompression and Fusion 19 12 29+09 OO
62.6 £ 10.3 P: Laminoplasty 40 12 46+0.5
Liu 2011  China English No CSM 546+115 A:ACDF 25 25.40+ 13.76 1-3 OOEWE®
57.3+10.1 P:Laminoplasty 27 2747 £ 11.06 34
Fang 2013  China English  No (Prospective) CSM  56.8+ 11.7 A: ACDF 54 36 - ©O6)
58.2+12.9 P:Laminoplasty 56 -
Fujimori 2013  Japan English  No (Retrospective) OPLL 55.6+7.8 A:ACDF 12 9.9+4.1(y) 2-4 [OPO0E)
58.7+9.1  P:Laminoplasty 15 10.2 £ 5.7 (y) 2-4
lwasaki 2007  Japan English  No (Retrospective) OPLL 58.0 £ 8.3 A: Decompression and Fusion 27 6+2(y) 3 @O
57.0 £ 8.5  P:Laminoplasty 66 10.2+3.75(y) 3

“OPLL: ossification of the posterior longitudinal ligament; CSM: cervical spondylotic myelopathy; A: anterior approaches; P: posterior approaches; ACDF: anterior cervical discectomy with fusion: ACCF: anterior
cervical corpectomy with fusion; No.: number; y: year; (D JOA score-before operation; @) JOA score-post operation; @) improvement rate; @ blood loss; ® operation time; © complications.
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Anterior Posterior

Study SD Mean Total SD MeanTotal SMD 95%Cl Weight
Chen 2008 180 930 14 160 870 20 0.35 [-0.34; 1.04] 3.5%
Liu 2010 4.21 9.1 29 438 935 25 -0.06 [-0.59; 0.48] 4.1%
Zhang 2012 1.60 9.20 20 170 9.00 28 0.12 [-0.46; 0.69] 3.9%
Wu 2009 208 949 46 188 967 59 -0.09 [-0.48; 0.30] 4.7%
Wang 2008 1.26 8.50 16 154 7.1 6 1.00 [0.01; 1.99] 2.5%
Yu 2013 1.93 7.28 29 177 7.21 24 0.04 [-0.50; 0.58] 4.1%
Seng 2013 3.00 11.00 56 3.00 11.00 42 0.00 [-0.40; 0.40] 4.6%
Sah 2012 1.03 8.30 20 123 7.60 20 0.60 [-0.03; 1.24] 3.7%
Liu 2012 2.50 9.50 7 270 10.50 45 -0.39 [-0.76; -0.01] 4.7%
Lin 2013 1.40 9.60 27 120 940 24 0.15 [-0.40; 0.70] 4.0%
Lin 2012 1.20 9.30 26 110 9.10 30 0.17 [-0.35; 0.70] 4.1%
Hirai 2011 3.10 9.90 39 290 970 47 0.07 [-0.36; 0.49] 4.5%
Ghogawala 2011 044 11.60 28 0.50 13.40 22  e—— -3.79 [-4.75; -2.84] 26%
Huo 2010 2.00 8.50 11 280 870 14 -0.08 [-0.87; 0.71] 3.1%
Fehlings 2013 246 13.47 169 286 11.84 95 = 0.62 [0.37; 0.88] 5.1%
Cabraja 2010 210 1250 39 320 1170 28 0.30 [-0.19; 0.79] 4.3%
Chen 2011 1.80 9.30 22 125 861 53 0.48 [-0.03; 0.98] 4.2%
Li 2015 186 1295 19 230 11.73 76 0.54 [0.04; 1.05] 4.2%
Kim 2015 400 12.00 71 3.00 12.00 64 0.00 [-0.34; 0.34] 4.9%
Wang 2006 2.80 8.80 27 260 940 15 -0.22 [-0.85; 0.42] 3.7%
Wada 2001 1.80 7.90 23 220 7.40 24 0.24 [-0.33; 0.82] 3.9%
Sakai 2002 280 11.40 20 230 10.90 22 0.19 [-0.41; 0.80] 3.8%
Masaki 2007 2.90 8.30 19 240 8.60 40 -0.12 [-0.66; 0.43] 4.1%
Liu 2012 3M 8.59 25 298 8.16 27 0.13 [-0.41; 0.68] 4.1%
Fujimori 2013 2.20 9.50 12 260 9.10 15 0.16 [-0.60; 0.92] 3.2%
Random effects model 878 865 0.06 [-0.15; 0.27] 100%

Heterogeneity: I’=76.4%, tau?=0.2085, P<0.0001

Figure 2. The forest plot of JOA score be- 4 2 0 9) 4
fore the operation. Favours [posterior] Favours [anterior]

Anterior Posterior
Study Mean SD Total Mean SD Total SMD 95%CIl Weight
Chen 2008 1420 130 14 1140 120 20 [ —— 220 [1.32; 3.08] 3.4%
Liu 2010 4870 775 29 4390 897 25 5 0.57 [0.02; 1.11] 4.1%
Zhang 2012 1450 120 20 1150 1.00 28 —— 271 [1.91; 352] 3.5%
Wu 2009 1454 186 46 1347 179 59 - 0.58 [0.19; 0.98] 4.4%
Wang 2008 1475 093 16 1333 173 6 1.16 [0.14; 2.17) 3.1%
Yu 2013 1317 165 29 1313 145 24 0.03 [-0.52; 057 4.1%
Seng 2013 1240 170 56 1370 310 42 -0.54 [-0.94; -0.13] 4.3%
Sah 2012 1355 115 20 1330 130 20 0.20 [-0.42; 0.82] 3.9%
Liu 2012 11.30 180 71 1070 200 45 0.32 [-0.06; 0.69] 4.4%
Lin 2013 1390 130 27 1310 150 24 1— 0.56 [0.00; 1.13] 4.1%
Lin 2012 1420 160 26 1370 150 30 - 0.32 [-0.21; 0.85] 4.1%
Hirai 2011 1490 230 39 1310 290 47 + 0.67 [0.24; 1.11] 43%
Ghogawala 2011 1544 099 28 1354 045 22 — 234 [1.60; 3.07] 3.7%
Huo 2010 1460 190 11 1260 300 14 —i— 0.75 [-0.07; 157 3.5%
Fehlings 2013 1594 023 169 1546 034 95 &= 1.74 [1.45; 2.04) 45%
Cabraja 2010 1580 280 39 1490 320 28 0.30 [-0.19; 0.79] 42%
Chen 2011 1420 130 22 1169 118 53 - 204 [1.44; 2.64] 4.0%
Li 2015 1534 140 19 1492 156 76 0.27 [-0.23; 0.78] 4.2%
Kim 2015 1560 425 71 1500 400 64 0.14 [-0.19; 0.48] 45%
Wang 2006 13.90 240 27 1370 230 15 0.08 [-0.55; 0.71] 3.9%
Wada 2001 1340 280 23 1220 300 24 0.41 [-0.17; 0.98] 4.0%
Sakai 2002 1510 220 20 1400 260 22 0.45 [-0.17; 1.06] 4.0%
Masaki 2007 1420 230 19 13.00 260 40 0.47 [-0.08; 1.03] 4.1%
Liu 2012 1320 273 25 1367 270 27 i 017 [-0.72; 0.37)] 4.1%
Fujimori 2013 13.30 190 12 170 270 15 T 0.65 [-0.13; 1.43] 3.6%
Random effects model 878 865 ? 0.70 [0.39; 1.00] 100%
Heterogeneity: /°’=88.2%, tau?=0.5158, P<0.0001 i

I ] ] L] L] L)

Figure 3. The forest plot of JOA score-post 3210123
operation. Favours [posterior] Favours [anterior]
ing titles and abstracts of the remaining 636 pendently. Except for the 542 irrelevant stud-
articles were skimmed by two reviewers inde- ies, full-text of 94 articles were reviewed and
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Anterior Posterior
Study Mean SD Total Mean SD Total SMD 95%Cl Weight
L
Chen 2008 62.30 1520 14 3350 1270 20 ¢ —— 204 [1.19; 2.90] 3.6%
Wu 2009 7495 983 46 69.90 956 59 -h- 0.52 [0.13;0.91] 5.7%
Wang 2008 7361 991 16 63.04 13.72 6 T 093 [-0.08; 1.91] 3.1%
Yu 2013 5986 1763 29 60.18 1201 24 = -0.02 [-0.56; 0.52] 5.0%
Shibuya 2010 5550 2530 34 6140 2120 49 L -0.25 [-0.69; 0.18] 5.5%
Seng 2013 31.80 4280 56 37.70 5850 42 . -0.12 [-0.52; 0.28] 5.6%
Sah 2012 60.67 1060 20 61.08 1125 20 -0.04 [-0.86; 0.58] 4.6%
Liu 2012 77.00 2130 71 68.10 22.80 45 L 0.40 [0.03;0.78] 5.8%
Lin 2013 57.70 1040 27 4930 1120 24 —— 077 [0.20; 1.34] 4.8%
Lin 2012 58.60 1040 26 5480 970 30 +— 0.37 [-0.16; 0.90] 5.0%
Jain 2005 63.27 2021 14 58.85 1538 13 _'.f;- 0.24 [-0.52; 1.00] 4.0%
Hirai 2011 7290 2830 39 5020 26.60 47 0.82 [0.38; 1.26] 5.4%
Huo 2010 7440 1840 11 4530 2410 14 (—— 129 [0.41;2.17] 3.5%
Chen 2011 63.20 1520 22 3482 1425 53 . —— 193 [1.34;2.52] 4.7%
Li 2015 5970 2530 19 5460 4490 76 :E'; 0.12 [-0.38; 0.62] 5.2%
Wang 2006 60.80 2070 27 5710 16.40 15 0.19 [-0.44; 0.82] 4.5%
Sakai 2002 7140 2600 20 5530 2960 22 e 057 [-0.05; 1.18] 4.6%
Masaki 2007 68.40 2730 19 5250 30.00 40 0.54 [-0.02; 1.09] 4.9%
Liu 2012 59.79 2343 25 5054 2937 27 . 0.01 [-0.53; 0.55] 5.0%
Fang 2013 72.00 1640 54 7090 1530 56 0.07 [-0.31; 0.44] 5.8%
Fujimori 2013 5250 1850 12 3010 3050 15 T-— 0.84 [ 0.04; 1.63] 3.8%
Random effects model 601 697 ? 0.48 [0.25; 0.72] 100%
Heterogeneity: 1°=74.4%, tau?=0.2134, P<0.0001 3
I_I'_'Iﬂ_l

Figure 4. The forest plot of improvement
rate.

-2
Favours [posterior]

1 0 1 2
Favours [anterior]

Anterior Posterior

Study Mean SD Total Mean SD Total SMD 95%Cl Weight
Wang 2008 280.00 3750 16 380.00 50.00 6 —— -2.35 [-3.56; -1.14] 4.7%
Yu 2013 25379 7794 29 45541 14046 24 == -1.80 [-2.44; -1.15] 5.6%
Shibuya 2010 1366.47 121555 34 404.00 426.00 49 - 1.13 [0.66; 1.60] 5.8%
Seng 2013 101.00 54.00 56 183.00 141.00 42 -0.81 [-1.22; -0.39] 5.9%
Sah 2012 65.00 15.00 20 150.00 50.00 20 - -2.26 [-3.07; -1.45] 5.3%
Lin 2013 250.00 131.00 27 284.00 120.00 24 -0.20 [-0.75; 0.36] 57%
Lin 2012 763.00 122.00 26 516.00 9400 30 - 2.26 [1.58; 2.94] 5.5%
Kristof 2009 743.33 74890 42 839.83 876.60 61 -0.12 [-0.51; 0.28] 5.9%
Hirai 2011 340.00 287.00 39 188.00 9210 47 - 0.74 [0.30; 1.18] 5.8%
Huo 2010 518.20 426.80 11 332.10 140.90 14 0.60 [-0.21; 1.41] 5.3%
Li 2015 24840 207.90 19 27530 140.70 76 -0.17 [-0.67; 0.33] 5.8%
Lau 2015 38220 24510 20 117.90 69.00 35 - 1.66 [1.02; 2.30] 5.6%
Wada 2001 986.00 751.00 23 608.00 212.00 24 0.68 [0.09; 1.27] 57%
Sakai 2002 20280 19280 20 289.60 21580 22 0.02 [-0.59; 0.62] 5.6%
Liu 2012 118.48 2762 25 361.11 57.80 27 et -5.21 [-6.39; -4.04] 4.7%
Fang 2013 19200 4700 54 17500 3900 56 0.39 [0.01; 0.77] 5.9%
Fujimori 2013 600.00 459.00 12 240.00 153.00 15 1.07 [0.25; 1.89] 5.3%
Iwasaki 2007 513.00 415.00 27 464.00 437.50 66 0.11 [-0.34; 0.56] 5.8%
Random effects model 500 638 -0.17 [0.71; 0.37] 100%

Heterogeneity: I’=94%, tau’=1.249, P<0.0001

Figure 5. The forest plot of the blood loss.

Favours [posterior]

61 of them did not provide adequate data for
analysis. Finally, 33 studies with 2,910 sub-
jects were included in the meta-analysis based
on the inclusion criteria [9, 12, 13, 16, 21-49]
(Table S1).

Characteristics of included studies

The main characteristics of eligible studies
were illustrated in Table 1 which included the
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6 4 -2 0 2 4 6

Favours [anterior]

first author, the year of publication, country, dis-
ease, average age, detailed surgical approach,
subjects, follow-up period in months, the cor-
responding segments and the corresponding
outcomes. Studies that are related to CSM
were also included in our analysis in order to
enhance the statistical power of the analysis.
The detailed operative technigues with respect
to the anterior surgery included ACCF, ACDF,
decompression and fusion. Laminoplasty and
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laminectomy are two specific approaches that
are used for the posterior surgery.

JOA score

As suggested by Figures 2 and 3, 25 out of 33
included articles provided us with data for both
pre-operative and post-operative JOA scores.
The corresponding sample sizes for the anteri-
or and posterior surgery group were 878 and
865, respectively. Significant differences in
pre-operative JOA scores between the two
approaches were suggested by five studies,
whereas such differences appeared to be non-
significant for the remaining studies. The cor-
responding SMDs of the two studies conducted
by Wang et al. [50] and Ghogawala et al. [27]
were 1.00 (95% Cl from 0.01 to 1.99) and -3.79
(95% CI from -4.75 to 2.84). The random-
effects model was selected for analysis since
the statistic of Pwas 76.4% (> 50%). Since the
pooled SMD of pre-operative JOA scores was
0.06 (95% Cl from -0.15 to 0.27), no significant
difference in pre-operative JOA scores was
found between the anterior and posterior sur-
gery. On the other hand, significant differences
in post-operative JOA scores were suggested by
11 studies in which only one study favored the
posterior approach [13] with SMD -0.54 (95%
Cl from -0.94 to -0.13). Significant heterogene-
ity also existed with respect to post-operative
JOA scores since I was 88.2%, and P value was
less than 0.0001. The random-effects model
concluded that the pooled SMD of post-opera-
tive JOAs scores between the anterior and pos-
terior surgery was 0.70 (95% CI from 0.39 to
1.00). The above evidence revealed that the
anterior surgery seemed to be more appropri-
ate than the posterior surgery.

Improvement rate (IR)

The IR value was also obtained in order to
reflect the improvement in neurological func-
tions of patients and to reduce the possible
biases contributed by the JOA scores. Figure 4
revealed the overall pattern of IR with a total of
21 studies and 1,298 patients. Eight studies
suggested that the anterior surgery was more
effective than the posterior surgery since SMDs
in these studies were significantly greater than
zero. Although another four studies indicated
that the posterior surgery was more effective
than the posterior surgery, SMD in these four
studies did not significantly different from zero.
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We implemented the random-effects model
since significant heterogeneity was presented
(P =74.4% > 50%, P-value < 0.0001). The syn-
thesized SMD was 0.48 with a 95% CI from
0.25 to 0.72. As a result, IR also indicated that
the anterior surgery was more effective than
the posterior surgery.

Blood loss

Figure 5 showed a total of 18 studies that
assessed the volume of blood loss between
the anterior and posterior surgery. As suggest-
ed by six studies, the volume of blood loss
between the two approaches did not have sig-
nificant difference. However, another five of the
12 studies favored the posterior surgery where-
as the remaining seven studies supported the
anterior surgery with respect to safety. Since I
is 94.0% which was significantly larger than
50% and the corresponding P-value was less
than 0.0001, the random-effects model was
implemented. The overall SMD provided by the
meta-analysis with a total of 1,138 patients is
-0.17 (95% Cl from -0.71 to 0.37). Therefore, we
concluded that the two surgical approaches
yielded similar safety results which was reflect-
ed by the volume of blood loss.

Operation time

We also measured and compared the safety of
these two surgical approaches using the opera-
tion time which was evaluated by 15 articles
(Figure 6A). Apart from two studies which
favored the anterior surgery (less average oper-
ation time), a total of ten studies have conclud-
ed that the posterior surgery was safer than the
anterior surgery. As suggested by the unexpect-
edly high heterogeneity (? = 93.9% > 50%,
P-value < 0.0001), the random-effects model
indicated the overall SMD was 0.84 (95% CI
from 0.25 to 1.42). Therefore, the posterior sur-
gery was safer than the anterior surgery since it
had shorter average operation time.

Complications

Our meta-analysis also investigated the distri-
bution of complications between patients who
underwent these two surgical approaches.
Among these 13 studies which included a total
of 732 subjects, only three studies provided
significant statistical results and all of them
favored the posterior surgery since the anterior
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A Operation time
Anterior Posterior
Study Mean SD Total Mean SD Total SMD 95%Cl Weight
1
Yu 2013 15548 1711 29 19225 3347 24 —— - -1.40 -2.01; -0. 6.7%
Shibuya 2010 33488 8258 34 17500 6000 49 ] = 2% 1.70; 2.82] 6.8%
Seng 2013 18600 3800 56 12300 2800 42 L - 183 136; 231]  69%
Lin 2013 12400 4700 27 11500 3600 24 - 021  [034;076] 68%
Lin 2012 161.00 4500 26 12500 3400 30 0.90 0.35; 1.45] 6.8%
Kristof 2009 2924 6010 42 18384 4662 61 086  [045 1271  7.0%
Hirai 2011 21100 5530 39 14900 3870 47 - 131 084 178]  69%
Huo 2010 13864 4730 11 10860 2820 14 —— 077  [005 159  63%
Li 2015 10490 1940 19 10480 2620 76 - 000  [050; 051]  68%
Wada 2001 26400 6500 23 182.00 4300 24 l-.— 147 0.82; 212 6.6%
Sakai 2002 30030 7860 20 18320 4110 22 —— 186 1.12; 2.59] 6.5%
Liu 2012 11592 2414 25 18778 2501 27 —d— ] 288 [367.-209]  64%
Fang 2013 17800 3100 54 14400 2000 56 = 130 [089 171]  70%
Fujimori 2013 31400 8990 12 12800 6000 15 ) ———242 139; 345]  59%
Iwasaki 2007 30200 7575 27 17700 7625 66 = 18 112, 214]  68%
Random effects model 444 577 < 084 [0.25 1.42] 100%
Heterogeneity: P=93.9%, tau?=1.243, P<0.0001 :
Tt

Favours [posterior]

321012 3
Favours [anterior]

B Complications
Anterior Posterior
Study Events Total Events Total OR 95%Cl Weight
Chen 2008 6 14 10 20 [0.19; 2.96] 8.7%
Zhang 2012 9 20 13 28 [030; 299]  96%
Chen 2010 12 51 28 75 [023; 115 110%
Wang 2008 8 16 2 6 [0.28; 14.20] 6.6%
Yu 2013 15 29 18 24 [0.11; 1.16] 95%
Huo 2010 4 1 6 14 [0.15; 3.86] 7.8%
Cabraja 2010 3 39 4 28 [010; 244] 79%
Edwards 2002 9 13 1 25 [5.30;550.23] 55%
Chen 2011 5 22 15 53 [023; 2.38] 9.6%
Li 2015 5 19 0 76 [304;110768]  41%
Lau 2015 4 20 2 35 [068; 2494  71%
Sakai 2002 5 20 0 2 [082310.14]  41%
Liu 2012 9 25 3 27 [1.05; 19.22] 8.4%
Random effects model 299 433 [0.77; 3.29] 100%
Heterogeneity: P=66.4%, tau’=1.072, P=0.0004
] ] ] )
Figure 6. The forest plot of (A) operation 0 01 1 10 1000

time and (B) complications.

Favours [posterior]

surgery exhibited an increased OR of complica-
tions compared to the posterior surgery (Figure
6B). However, the overall OR suggested by the
random-effects model appeared to be insignifi-
cant (OR = 1.59, 95% CI from 0.77 to 3.29) and
this trend may be explained by the presence of
significant heterogeneity (° = 66.4% > 50%).

Publication bias

The comparison-adjusted funnel plot is an
graphical approach for assessing the presence
of publication bias. Since no significant asym-
metry patterns were observed in pre-operation
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Favours [anterior]

JOA scores, post-operation JOA scores, IR,
blood loss, operation time or complications
studies associated with these endpoints did
not contain significant publication bias (Figure
S1).

Discussion

This meta-analysis gathered and researched
on the data from 33 studies with 2,910 sub-
jects, who were diagnosed as OPLL or CSM.
Either the anterior or posterior surgery was
introduced to these patients and our study
focused on comparing the effectiveness and
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safety between the two surgical approaches.
The anterior surgery seemed to be more effec-
tive than the posterior surgery with respect to
pre-operative JOA scores, post-operative sc-
ores and IR values. On the other hand, mea-
surements such as blood loss, operation time
and risk of complication were taken into
account for the sake of evaluating the safety of
these two surgical approaches. Although the
posterior surgery appeared to be slightly better
than the anterior surgery with respect to blood
loss and risk of complications, such a tendency
was not statistically significant. Therefore, it is
challenging to conclude that the posterior sur-
gery is safer than the anterior surgery due to
the lack of sufficient evidence.

The anterior surgery is a type of surgical tech-
nique which is operated through the incision of
the neck of patients. The centrum is resected
using ACCF whereas the intervertebral disc is
removed by ACDF. Furthermore, decompres-
sion and fusion is implemented by resecting
and trimming both centrum and disc. After that,
the bone graft from autologous ilium is fused in
the drill hole which is located in the interverte-
bral space [30, 51, 52]. As suggested by higher
post-operation JOA scores and IR values, the
anterior surgery has positive effects on improv-
ing the neurological function of patients.
However, this approach is far more complicated
than other techniques since the corresponding
incision must pass through the skin, the subcu-
taneous tissue and the platysma so that the
fascia space can be separated and the injury of
carotid artery and trachea can be prevented.
This may explain the fact that the anterior sur-
gery usually takes longer operation time than
other surgical techniques [53]. Several compli-
cations have been linked with the anterior sur-
gery and they include persistent dysphagia,
myelopathy progression and subjacent ankylo-
sis [54].

The posterior surgery which was included in our
meta-analysis mainly focused on the lamino-
plasty and laminectomy. The following proce-
dures are usually implemented in laminoplasty:
lamina is partially cut on both sides in order to
rebuild the spinal canal and relieve the pres-
sure on the cervical spinal cord [55]. By con-
trast, laminectomy is a popular back surgery
which involves the process of lamina removal
and the resection of bone spurs with ligaments
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so that the spinal cord and nerves can be
decompressed [56]. Although the posterior sur-
gery may not be as effective as the anterior sur-
gery, it is simple to be operated and hence it is
considered as a safer approach due to reduced
blood loss volume, operation time and risk of
complications. Thus, the posterior surgery is
widely used for patients with poor tolerance or
those who need multi-level treatment.

This meta-analysis compared the efficacy and
safety between the anterior and posterior sur-
gery for patients with OPLL or CSM through
pooling data from individual studies. Some limi-
tations contained in this study must be men-
tioned: (i) studies on CSM were included and
they may cover other types of CSM other than
OPLL and this was performed in order to
increase the sample size and statistical power;
(i) we imputed some data if some key informa-
tion was missing and some estimators may be
biased (iii) We ignored the detailed modality of
each surgery which may be a confounding fac-
tor or effect modifier for the overall conclusions
in order to accommodate the nature of the
approach of meta-analysis.

Conclusively, the anterior surgery exhibited
more effectiveness than the posterior approach
for managing OPLL patients. The posterior sur-
gery slightly safer than the anterior surgery, but
more evidence is demanded in order to con-
clude statistical significance. Apart from this,
the selection of surgical techniques for OPLL
patients should accommodate patients’ physi-
cal conditions in order to maximize their effica-
cy and safety.
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Figure S1. The funnel plot of the six outcomes. A: JOA score-before operation; B: JOA score-post operation; C: Im-
provement rate; D: Blood loss; E: Operation time; F: Complications.
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Table S1. The quality of all included studies using QUADAS-2

Risk of Bias Applicability

QUADAS-2 (1) (2) (3) (4) (5) (6) (7)

Studid Subjbias  Testbias Refbias Diagbias  Subjapp Testapp Refapp  Qscore
Chen, 2008 Yes No Yes Yes Yes Yes Yes 6
Liu, 2010 Unclear Yes Yes Yes Yes Unclear Yes 5
Zhang, 2012 Yes No Yes Yes Yes Yes Yes 6
Wu, 2009 Yes Yes Yes Yes No Yes Unclear 5
Chen, 2010 Yes Yes Yes Yes Yes Yes Yes 7
Wang, 2008 Yes Unclear Yes Yes Yes No Yes 5
Yu, 2013 Yes Yes Yes Yes Yes Yes Yes 7
Shibuya, 2010 Unclear Yes Yes Yes Yes Unclear Yes 5
Seng, 2013 Yes Yes Yes No Yes Yes No 5
Sah, 2012 Yes Unclear Yes Yes Yes Yes Yes 6
Liu, 2012 Yes Yes Yes Yes Yes Yes Yes 7
Lin, 2013 No Yes Yes Yes Yes Yes Yes 6
Lin, 2012 Yes Yes Yes No Yes Yes Yes 6
Kristof, 2009 Yes Yes Yes Yes Yes Yes Unclear 6
Jain, 2005 Yes Unclear Yes Yes Yes Yes Yes 6
Hirai, 2011 Yes Unclear Yes Yes No Yes Yes 5
Ghogawala, 2011 No Yes Yes No Yes Yes Yes 5
Huo, 2010 Yes Yes Yes Yes Yes Yes Yes 7
Fehlings, 2013 Yes Yes No No Yes Yes Yes 5
Cabraja, 2010 Yes No Yes Yes Yes Yes Yes 6
Edwards, 2002 Yes Yes Yes Yes Yes Yes Yes 7
Chen, 2011 Unclear No Yes Yes Yes Yes Yes 5
Li, 2015 Yes Yes Yes Yes Yes No Yes 6
Lau, 2015 Yes Unclear No Yes Yes Yes Yes 5
Kim, 2015 No Yes Yes Yes Yes Yes Yes 6
Wang, 2006 Yes No Yes Yes Yes Yes Yes 6
Wada, 2001 Yes Yes Yes Yes Yes Yes Yes 7
Sakai, 2012 Yes Yes Yes Yes Yes Yes Yes 7
Masaki, 2007 Yes Yes Yes Yes Unclear Yes Yes 6
Liu, 2011 No Yes Yes Yes Yes Yes Yes 6
Fang, 2013 Yes Yes No Yes Yes No Yes 5
Fujimori, 2013 Yes Yes Yes Yes Yes Yes Yes 7
lwasaki, 2007 Yes Yes Yes Yes Yes Yes Yes 7




