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Abstract

Background

Anterior plate fusion is an effective procedure for the treatment of cervical spinal diseases
but is accompanied by a high incidence of postoperative dysphagia. A zero profile (Zero-P)
spacer is increasingly being used to reduce postoperative dysphagia and other potential
complications associated with surgical intervention. Studies comparing the Zero-P spacer
and anterior plate have reported conflicting results.

Methodology

A meta-analysis was conducted to compare the safety, efficacy, radiological outcomes and
complications associated with the use of a Zero-P spacer versus an anterior plate in anterior
cervical spine fusion for the treatment of cervical spinal disease. We comprehensively
searched PubMed, Embase, the Cochrane Library and other databases and performed a
meta-analysis of all randomized controlled trials (RCTs) and prospective or retrospective
comparative studies assessing the two techniques.

Results

Ten studies enrolling 719 cervical spondylosis patients were included. The pooled data
showed significant differences in the operation time [SMD =-0.58 (95% Cl = -0.77 to0 0.40,
p <0.01)] and blood loss [SMD = -0.40, 95% CI (-0.59 to —0.21), p < 0.01] between the two
groups. Compared to the anterior plate group, the Zero-P group exhibited a significantly im-
proved JOA score and reduced NDI and VAS. However, anterior plate fusion had greater
postoperative segmental and cervical Cobb’s angles than the Zero-P group at the last fol-
low-up. The fusion rate in the two groups was similar. More importantly, the Zero-P group
had a lower incidence of earlier and later postoperative dysphagia.
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Conclusions

Compared to anterior plate fusion, Zero-P is a safer and effective procedure, with a similar
fusion rate and lower incidence of earlier and later postoperative dysphagia. However, the
results of this meta-analysis should be accepted with caution due to the limitations of the
study. Further evaluation and large-sample RCTs are required to confirm and update the re-
sults of this study.

Introduction

Cervical spondylosis is a major cause of spinal cord dysfunction[1]. Patients suffering from this
disease are often treated with anterior cervical discectomy and fusion (ACDEF), which has been
regarded as the gold-standard procedure in recent decades[2]. This surgical procedure usually
fuses two or more cervical vertebrae using an anterior plate combined with vertebral screws or
by using an interbody fusion device or bone graft after decompression by discectomy. The pro-
cedure can provide spine segments with a stable biomechanical environment at the operative
level. Although ACDF has been reported to have a high fusion rate of 92.8%/3], as well as max-
imum restoration of physiological sagittal alignment[4], it is also accompanied by various com-
plications[5], one of which is dysphagia. The reported incidence rate of postoperative
dysphagia at the early stage varies from 1% to 71%[6-8], and its one-year prevalence rate pla-
teau varies from 12.5% to 21%[9, 10]. The high profile of the plate is one of the notable draw-
backs leading to postoperative dysphagia[11].

An anchored spacer, a zero-profile interbody fusion device (Zero-P), has been developed to
reduce the potential risk of complications after anterior cervical fusion. Biomechanical testing
of Zero-P has demonstrated similar stability when compared with the anterior plate[12, 13].
This device contains an interbody spacer and a rigid, very low-profile plate for the screw fixa-
tion in the interbody interval instead of the anterior space of the cervical vertebral body. Al-
though theoretically, the width of the pre-vertebral soft tissue could be decreased by the Zero-P
device, studies have reported that the postoperative width of the pre-vertebral soft tissue did
not contribute to postoperative dysphagia[14, 15]. Though Zero-P requires a smaller surgical
area, it takes time to dissect the soft tissues, paravertebral muscle and anterior longitudinal liga-
ment in order to expose the intervertebral space for its implantation.

A randomized controlled study reported that the difference in the incidence of dysphagia in
patients who underwent Zero-P fusion was not significant compared with the patients in the
anterior plate fusion group[16]. However, the number of patients in Nemoto et al.’s study was
small[16]. Several in vivo studies showed that Zero-P did decrease the operative time, volume
of blood loss and incidence rate of postoperative dysphagia versus anterior plate fusion[17-20].
To obtain a reliable conclusion, we performed a meta-analysis to compare the operative time,
volume of blood loss, dysphagia rate, Cobb’s angle and other evaluation indexes between Zero-
P fusion and anterior plate fusion. To the best of our knowledge, this study is the first meta-
analysis comparing Zero-P and anterior plate fusion.

Materials and Methods

Our study was conducted under the guidelines from the Review Manager handbook (version:
5.3.3) from Cochrane Collaboration and was performed on the basis of preferred reporting
items for systematic reviews and meta-analysis (PRISMA)[21]. The PRISMA checklist of our
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study is shown in S1 Table. The protocol was prepared in advance. The search strategy, inclu-
sion and exclusion criteria, data extraction and quality assessment, and statistical analysis were
performed as follows.

Search strategy

Electronic databases, including MEDLINE, Embase, Cochrane Library, IS Web of Knowledge
(all databases), and CBM (China Biology Medicine) were searched for relevant reports pub-
lished up to October 31, 2014. The keywords used for our searches included ‘cervica* AND
spin*, ‘anterior cervical fusion,” ‘anterior plate,” ‘anterior cervical discectomy and fusion,’
‘ACDF, ‘interbody fusion,” low profile,” ‘zero profile,’ ‘zero-p,” ‘anchored fusion,” ‘anchored
spacer device,’ and ‘stand alone.” The conjunctions “AND” and “OR” were used during the lit-
erature retrieval. The language was not restricted. The retrieval processes are shown in S1-S5
Figs. References from the retrieved articles were checked manually for additional studies.

Inclusion and exclusion criteria

Two authors (Jun D. and Meng L.) reviewed the articles, including randomized controlled trials
(RCTs) and retrospective or prospective studies, in detail. The inclusion criteria for this study
were as follows: (1) all patients with cervical spondylosis and who have undergone an anterior
fusion procedure; (2) studies involving two cervical fusion groups: one with a Zero-P device
and the other with an anterior fusion plate; and (3) a follow-up time of no less than 12 months.
The following articles were excluded: (1) meeting abstracts, review articles, editorial comments,
letters, technical reports, case reports, biomechanical studies and animal experiments; (2) stud-
ies that did not meet the inclusion criteria; (3) articles considered as duplicate publications;
and (4) articles for which the full text was not available.

Data extraction and quality assessment

Two authors (Teng L. and Baobao L.) independently extracted data from each included study.
The primary end points were the dysphagia rates within six weeks and at last follow-up. The
secondary end points were the operation time, blood loss, preoperative and postoperative Japa-
nese Orthopedic Association (JOA) score, preoperative and postoperative neck disability index
(NDI), preoperative and postoperative visual analog scale (VAS), postoperative segmental
Cobb’s angle, postoperative cervical Cobb’s angle (the angle between the inferior endplate of
C, and the inferior endplate of C;) and fusion rate. The following data were recorded: (1) basic
characteristics: first author, publication year, study design, sample size, etc.; (2) intraoperative
outcomes: operation time and volume of blood loss; (3) clinical outcomes: JOA score, VAS
score and NDI for neck pain; (4) radiological outcomes: cervical Cobb’s angle, segment Cobb’s
angle and fusion rate; and (5) complications: dysphagia rate within six weeks and at the last fol-
low-up. If the data were available in figures rather than in a table, the software GetData Graph
Digitizer (S. Fedorov, version: 2.24) was used to obtain the original (x, y) data from the graphs.
If the data [mean or standard deviation (SD)] needed to be combined from multiple groups
into one group, a formula for data combining was used (S2 Table). Two authors independently
assessed the methodological quality of each study. The RCTs were evaluated according to a
method described by Chalmers et al.[22] (S3 Table) Retrospective and prospective studies un-
derwent quality assessment using the modified MINORS criteria[23] (S4 Table). Correspond-
ing authors were contacted for further details. The authors resolved any disagreements
through discussions with the senior author (Xijing H.).
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Statistical analysis

Meta-analysis was performed using the Mantel-Haenszel method with Review Manager soft-
ware (RevMan version 5.3.3, Cochrane Collaboration, Germany). The mean difference (MD)/
standardized mean difference (SMD) and 95% confidence interval (CI) were used for continu-
ous data calculation. Relative risk (RR) and 95% CI were used for dichotomous data. Heteroge-
neity was assessed using I” and the result of the chi-squared test. Significant heterogeneity was
assumed when the p-value was less than 0.1 or the I” value was greater than 50%. Fixed-effects
modeling was applied in the absence of heterogeneity. Subgroup or sensitivity analysis was per-
formed when the cause of heterogeneity was ascertained. However, if the heterogeneity could
not be eliminated, random-effects modeling was used for the combined analysis of the studies.

Results
Literature results and bias assessment

A total of 258 records were retrieved according to the search strategy. Among these, 124 rec-
ords were identified through database searching (PubMed, n = 42; Ovid, n = 19; Embase,

n = 63), and 134 additional records were identified via other sources (ISI Web of Science,

n = 96; CBM, n = 17; Google Scholar, Scopus, Wanfang, n = 21). After review by title, abstract
or full text, 248 reports were excluded for not meeting the inclusion criteria. Five full-text ex-
cluded studies and reasons for their exclusion are shown in S1 File. Finally, 10 eligible records
were included in this study[16-20, 24-28] (Fig 1). The included studies were published be-
tween 2012 and 2014 and included 719 cervical spondylosis patients (Zero-P group, 343; Plate
group, 376). The basic characteristics are summarized in Table 1. The statistically similar base-
line between Zero-P and anterior plate groups is summarized in Table 2. The preoperative and

134 of additional records identified
through other sources (ISI Web of
Science, n=96; CBM, n=17;
Google scholar, Scopus, Wanfang,
n=21).

124 of records identified
through database searching
(PubMed, n=42; Embase,
n=63; Ovid, n=19).

|

4{ 112 duplicates removed. ]

/7129 of records excluded (patent,
n=11; biomechanical study, n=16,
without Zero-P, n=69, without
plate, n=22; animal study, n=3;
finite element analysis, n=3;
review, n=1, case report, n=2;

cher, n=2).

[ Screening ] [Identiﬁcation]

[ 146 of records screened.

/"5 of full-text articles excluded, N
with reasons (3 studies were
17 of full-text articles considered as duplicate
assessed for eligibility. publications; 1 study was technical
report; 1 study had a follow-up
\____ time less than 12 months).  /

N
12 of studies included in 2 of studies excluded  after
qualitative synthesis qualitative synthesis

]

10 of studies included in J

quantitative  synthesis
(meta-analysis).

[ Included ] [Eligibility]

Fig 1. Flow diagram of literature search.

doi:10.1371/journal.pone.0130223.g001
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Table 1. Basic character of included studies.

Study Country Language F (M) Simple Size (M\F) Mean Age (Year) Operation Time (Min) Blood Loss (mL)
Zero-P Plate Zero-P Plate Zero-P Plate Zero-P Plate

18° America  English 13.9 35(16\19) 35(18\17) 56.8+1.6 51.5+2 107.1+4.5 109.415.7 53.814.3 103.3122.3

24° China English 24 23(14\9) 23(10\13) 49.348.3 50.116.4 94.7+4.6 86.11+4.1 87.1£3.5 89.5+3.4

25" China English 19.6 39(23\16) 50(29\21) 50.3 52.6 \ \ \ \

16 ¢ Japan English 24 24(21\3) 22(21\1) 40.917.2 41.617.0 116.4+17.1 128.5+17.4 27.7+19.0 30.1£25.8

19° China English 19 83(47\36) 107(58\49) 43.6 44.9 130.3t34.4 153.5443.2 170.0+46.0 185.0+52.0

262 Korea English 13 20(7\13) 20(13\7) 50.0+12.0 44.3+9.7 \ \ \ \

27" Czech English 24 44(26\18) 33(19\14) 50.2+ 10.3 51.8£12.9 \ \ \ \

20° China English 24 30(18\12)  33(14\19) 56.8#11.0 54.0+10.0 103.8t27.5 124.4+28.3 68.5+23.4 95.2+33.1

282 China English 33 22(11\11)  25(10\15) 50.948.8 53.7+8.9 98.2+15.6 105.4+14.4 87.9+12.0 92.4+11.3

17° China English 14.6 23(17\7) 28(21\7) 55.31+8.9 56.4+7.9 116.9+17.7 128.2+18.9 102.6+27.0 108.9+26.5

Note:  Retrospective, b Prospective, © Randomized controlled trial; F.: Follow-up time; \: no data available.

doi:10.1371/journal.pone.0130223.1001

postoperative evaluation data are summarized in Table 3and Table 4, respectively. Among the
included studies were two small-sample RCTs, three prospective studies and five retrospective
studies.

Assessment of study quality

Two studies were excluded for unclear inclusion and exclusion criteria, unspecified locations of
fusions, an unspecified number of vertebrae operated on, and other methodological ambigui-
ties. The quality assessment of two RCTs[16, 24] is shown in S5 Table. Both RCT's clearly

Table 2. Comparison of baseline of Zero-P and anterior plate in cervical fusion.

Characteristic Study

18 24 25 16 19 26 27 20 28 17
Mean age * NS NC NS NS NS NS NS NS NS
Gender NS NS NC NS NS NS NS NS NS NS
Length of follow-up NS NS NC NS \ NS NS NS NS NS
Locations of fusions NS NS NC \ NC NC NS \ \ \
Number of levels operated \ NS NC NS NS NC NC NS NS NS
Preoperative JOA Score NS NC NS \ \ \ \ NS NS NS
Preoperative NDI \ \ \ \ NC \ NS \ NS
Preoperative VAS \ NC NS NS NC \ \ \ \ \
Preoperative Segmental Angle \ \ \ NS \ NC NC \ \ \
Preoperative Cervical Angle \ \ NS NS NC NC NC NS \ NS

*: Statistical differences (p<0.05)

NS: Not Significant (p>0.05)

JOA: Japanese Orthopedic Association

NDI: Neck Disability Index

VAS: Visual Analogue Scale

NC: not compared; the author published the data with Mean value but did not provide the SD. We considered that the difference of the two procedures
could not be compared

\: no data available.

doi:10.1371/journal.pone.0130223.1002
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Table 3. Preoperative evaluation data.

Study JOA SCORE NDI VAS S Cobb's Angle (°) C Cobb's Angle (°)
Zero- P Plate Zero- P Plate Zero- P Plate Zero- P Plate Zero-P Plate

18 13.6+0.3 13.71£0.2 \ \ \ \ \ \ \ \

24 7.03 7.16 \ \ 7.8 7.43 \ \ \ \

25 9.7+1.7 10.0t1.4 \ \ 7.3+1.3 6.4+1.2 \ \ 8.9+10.1 1.5+11.1

16 \ \ \ \ 4.3+1.4 4.5+1.3 1.9+2.3 1.8+2.6 6.2+3.3 5.6+3.9

19 \ \ 50.6+0.7 51.6+0.8 78.6+0.31 78.0+1.8 \ \ 10.8+2.9 10.4+2.9

26 \ \ \ \ \ \ 1.1#5.3 -2.2+7.6 7.7£12.7 9.9+12.3

27 \ \ 25.4+4.0 23.7+4.7 \ \ 2.5+1.5 4+1.7 7.1+3.8 11.624.4

20 9.1+2.4 9.4+2.0 36.8+16.0 37.6+16.7 \ \ \ \ 12.4+9.1 11.9+10.0

28 9.1+1.4 9.2+1.6 \ \ \ \ \ \ \ \

17 8.6+1.8 9.0+1.5 13.243.5 12.5+3.2 \ \ \ \ 10.2+5.4 10.815.2

Note: JOA, Japanese orthopedic association; NDI, Neck disability index; VAS, Visual analog scale; S Cobb's Angle, segmental Cobb’s angle; C Cobb's
Angle, Cervical Cobb’s angle; \: no data available.

doi:10.1371/journal.pone.0130223.t003

reported specific definitions of diagnosis, selection criteria and good representativeness of the
source population in the control group. Each study obtained nine scores, suggesting high quali-
ty. The assessment of the non-randomized studies is shown in S6 Table. The eight cohort stud-
ies reported a clearly stated aim, follow-up period appropriate to the aim of the study, loss to
follow-up less than 5%, adequate control group, contemporary groups and adequate statistical

Table 4. Postoperative evaluation data.

Study JOA NDI VAS S Cobb's Angle C Cobb's Angle EarlyD LastD  Fusion
ZP AP ZP AP ZpP AP ZP AP zP AP ZP AP ZP AP ZP AP
18 15.54 15.31 \ \ \ \ \ \ \ \ 11 14 A1 7 \ \
+0.47 +0.29
24 10.4 10.3 \ \ 0.91 1.26 \ \ \ \ \ \ 0 4 25 24
25 15.13 15.02 \ \ 1.13 0.6 \ \ 17.58 16.75 \ \ o 1 \ \
+1.232 +1.56 +0.64 +0.52 +8.69 18.29
16 \ \ \ \ 0.9t0.8 1.1£0.7 6.0#3.0 6.9+3.1 15.03 14.10 \ \ 0o 4 \ \
+0.50 +4.30
19 \ \ 24.9 24.7 22+2.8 24.7 \ \ 16.30 18.0 9 10 O 0 22 21
1.0 +1.3 1.1 +3.20 +3.60
26 \ \ \ \ \ \ 3.46 3.85 12.51 14.73 \ \ 0o 5 \ \
+5.21 +4.87 +11.07 19.22
27 \ \ 12.7 15.8 \ \ 41x1.0 5111 7.2+3.8 149443 1 6 0 0 \ \
2.7 +3.1
20 13.86+1.7 14.12 \ \ \ \ \ \ \ \ 6 14 0 9 \ \
+1.13
28 14.9+2.1 14.7+2.0 11.8 12.7 \ \ \ \ 16.10 16.60 10 10 1 3 41 29
9.0 19.1 +7.90 $9.30
17 13.96 13.57 3.56 3.93 \ \ \ \ 16.93 18.36 2 8 0 1 \ \
+1.52 +1.35 +1.77 +1.66 +2.78 1+3.67

Note: JOA, Japanese orthopedic association; NDI, Neck disability index; VAS, Visual analog scale; S Cobb's Angle, segmental Cobb’s angle; C Cobb's
Angle, Cervical Cobb’s angle; Early D, Dysphagia within six weeks; Last D, Dysphagia at last follow-up; ZP, Zero-P; AP, anterior plate; \: no
data available.

doi:10.1371/journal.pone.0130223.1004
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analyses. However, no study adequately reported an unbiased assessment of the study endpoint
or prospective calculation of the study size. Only three studies[17, 19, 25] reported prospective
collection of data. All, except the study by Hofstetter et al.[ 18], clearly described the inclusion
of consecutive patients and endpoints appropriate to the aim of the study. The baseline equiva-
lence of groups was well established except that in Miao et al.[25].

Operation time

Data regarding operation time were available in seven separate studies with a total of 513 pa-
tients (Zero-P group, 240; Plate group, 273)[16-20, 24, 28]. The fixed-effects model was ap-
plied to determine the operation time between the two groups after sensitivity analysis of
eliminating the study of Li et al.[24] (Heterogeneity: I? = 0%). The pooled SMD was -0.58 (95%
CI=-0.77 t0 0.40, p < 0.01) for patients in the Zero-P group compared to the plate group, sug-
gesting that there was a significant difference between these two treatment groups in terms of
operation time (Fig 2).

Blood loss

The relevant data regarding the blood loss were documented in seven articles including 513 pa-
tients (Zero-P group, 240; Plate group, 273)[16-20, 24, 28]. The fixed-effects model was ap-
plied to determine the difference in blood loss between the two groups after sensitivity analysis
of eliminating the study of Hofstetter et al.[18] (Heterogeneity: I* = 22%). The remaining six
trials showed that the Zero-P group had a significantly reduced intraoperative blood loss com-
pared to the Plate group. Pooling of relevant data also showed a significant difference between
the two groups (SMD = -0.40, 95% CI (-0.59 to -0.21), p < 0.01) (Fig 3).

JOA score

Five studies consisting of 320 patients reported the preoperative and postoperative JOA scores
(Zero-P group, 149; Plate group, 171)[17, 18, 20, 25, 28]. The fixed-effects model was applied
to compare the JOA score between the two groups. The pooled estimate revealed that the pre-
operative JOA score of the Zero-P group was lower and that the difference was significant be-
tween the two groups without heterogeneity (SMD = -0.24, 95% CI (-0.46 to —0.02), p = 0.03)
(Fig 4). The pooled estimate of the postoperative JOA score revealed no significant difference
(SMD =0.18, 95% CI (-0.04 to 0.40), p = 0.11), with low heterogeneity: I* = 14% (Fig 5).

Zero-p group Plate group Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Hofstetter et al. 2013 107.1 4.5 35 109.4 5.7 35 15.4% -0.44 [-0.92, 0.03] R |
Lietal. 2013 94.7 4.6 23 86.1 41 23 Not estimable
Nemoto et al. 2014 116.4 171 24 1285 174 22 9.7% -0.69 [-1.29, -0.09] -
Qietal. 2013 130.3 344 83 1535 432 107 40.5% -0.58 [-0.88, -0.29] —&
Wang ZD et al. 2014 98.18 15.55 22 1054 14.43 25 10.3% -0.47 [-1.06, 0.11] - T
Wang ZW et al. 2014 103.8 275 30 1244 283 33 13.3% -0.73 [-1.24, -0.22] -
Yang et al. 2012 116.96 17.76 23 128.2 18.96 28 10.9% -0.60 [-1.17, -0.04] R
Total (95% CI) 217 250 100.0% -0.58 [-0.77, -0.40] L 2

Heterogeneity: Chi? = 0.91, df =5 (P = 0.97); I’ = 0% _'2 ‘1 0 1 2
Test for overall effect: Z = 6.13 (P < 0.00001) Favours [experimental] Favours [control]
Fig 2. Standardized mean difference (SMD) estimate for operation time.

doi:10.1371/journal.pone.0130223.9002
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Zero-p group

Study or Subgroup Mean SD_Total
Hofstetter et al. 2013 53.8 4.3 35
Lietal. 2013 87.1 35 23
Nemoto et al. 2014 27.7 19 24
Qi et al. 2013 170 46 83
Wang ZD et al. 2014 87.95 12.02 22
Wang ZW et al. 2014 685 234 30
Yang et al. 2012 102.61 26.96 23
Total (95% Cl) 205

Heterogeneity: Chi? = 6.39, df =5 (P = 0.27); I> = 22%
Test for overall effect: Z=4.13 (P < 0.0001)

Plate group Std. Mean Difference Std. Mean Difference
Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
103.3 223 35 Not estimable

89.5 34 23 10.1% -0.68 [-1.28, -0.09]

30.1 2538 22 10.7% -0.10 [-0.68, 0.47] T

185 52 107 43.3% -0.30 [-0.59, -0.01] -

92.4 11.28 25 10.8% -0.38 [-0.95, 0.20] - T

95.2 331 33 13.3% -0.91 [-1.43, -0.39] -
108.93 26.54 28 11.8% -0.23 [-0.79, 0.32] -

238 100.0% -0.40 [-0.59, -0.21] 2
-2 0 2 4

Fig 3. Standardized mean difference (SMD) estimate for blood loss.

doi:10.1371/journal.pone.0130223.9003

Study or Subgroup
Hofstetter et al. 2013
Miao et al 2013
Wang ZD et al. 2014
Wang ZW et al. 2014
Yang et al. 2012

Total (95% Cl)

Zero-p group

Mean SD Total
13.59 0.29 35
9.68 1.68 39
9.09 1.41 22
91 24 30
8.61 1.78 23
149

NDI

Favours [experimental]

Favours [control]

Four studies consisting of 381 patients reported the preoperative and postoperative neck NDI
(Zero-P group, 180; Plate group, 201)[17, 19, 20, 27]. The fixed-effects model was applied to

compare the preoperative or postoperative NDI between the two groups but was accompanied
by high heterogeneity (preoperative, I* = 94%; postoperative, I” = 84%). The cause of heteroge-
neity was investigated by subgroup analysis and sensitivity analysis but could not be ascer-
tained. Finally, a random-effects model was applied. Pooled data of preoperative NDI from the
relevant studies revealed no significant difference between the two groups (SMD = -0.20, 95%
CI (-1.1t00.7), p = 0.66 > 0.05) and high heterogeneity: I* = 94% (Fig 6). Pooled data of post-
operative NDI did not reveal any significant difference (SMD = —0.29, 95% CI (-0.84 to 0.26),
p =0.31 > 0.05) and high heterogeneity: I’ = 84% (Fig 7).

VAS

Three studies consisting of 325 patients reported preoperative and postoperative neck VAS
scores (Zero-P group, 146; Plate group, 179)[16, 19, 25]. The fixed-effects model was applied to
compare the preoperative and postoperative VAS between the two groups. High heterogeneity
was detected (preoperative, I* = 61%; postoperative, I* = 97%). The cause of heterogeneity
could not be determined by subgroup analysis or sensitivity analysis. Finally, a random-effects
model was applied. Pooled data of preoperative VAS from the three relevant studies revealed
no significant difference (SMD = 0.38, 95% CI (-0.20 to 0.77), p = 0.06 > 0.05) and high het-
erogeneity: I = 61% (Fig 8). Pooled data of postoperative VAS revealed no significant

Plate group Std. Mean Difference Std. Mean Difference
Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
13.72 0.22 35 21.5% -0.50 [-0.98, -0.02] "
9.97 1.35 50 27.7% -0.19[-0.61, 0.23] il
9.2 158 25 14.9% -0.07 [-0.65, 0.50] T
9.4 2 33 19.9% -0.13[-0.63, 0.36] T
9.04 1.48 28 15.9% -0.26 [-0.82, 0.29] =1
171 100.0%  -0.24 [-0.46, -0.02] L 4
-2 -1 0 1 2

Heterogeneity: Chiz = 1.70, df =4 (P = 0.79); I? = 0%
Test for overall effect: Z =2.13 (P = 0.03)

Fig 4. Standardized mean difference (SMD) estimate for preoperative JOA score.

doi:10.1371/journal.pone.0130223.9004
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Miao et al 2013
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Zero-p group
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14.9
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SD Total
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1.23 39
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1.52 23

149

Plate group Std. Mean Difference Std. Mean Difference
Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
15.31 0.29 35 21.3% 0.58 [0.10, 1.06] - =
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14.12 1.13 25 14.8% -0.18 [-0.75, 0.39] - =
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13.57 1.35 28 15.9% 0.27 [-0.29, 0.82] - T
171 100.0% 0.18 [-0.04, 0.40] I
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Fig 5. Standardized mean difference (SMD) estimate for postoperative JOA score.

doi:10.1371/journal.pone.0130223.9005

Study or Subgroup
Qietal. 2013

Vanek et al. 2013
Wang ZW et al. 2014
Yang et al. 2012

Total (95% Cl)

Heterogeneity: Tau? = 0.79; Chi? = 49.85, df = 3 (P < 0.00001); I> = 94%

Zero-p group

Mean
50.6
25.4
36.8

13.22

SD_Total
0.7 83
4 44

16 30
3.54 23
180

Test for overall effect: Z = 0.43 (P = 0.66)

difference (SMD = 0.38, 95% CI (-0.02 to —0.77), p = 0.75 > 0.05) and significant heterogene-
ity: I* = 97% (Fig 9).

Postoperative segmental Cobb’s angle

Three studies reported a postoperative segmental Cobb’s angle in 163 patients (Zero-P group,
88; Plate group, 75)[16, 26, 27]. The fixed-effects model was applied to compare the postopera-
tive segmental Cobb’s angle between the two groups. Pooled data from the three relevant stud-
ies revealed a significant difference (MD = —0.98, 95% CI (-1.44 to —0.52), p < 0.01) without
heterogeneity: I* = 0% (Fig 10).

Postoperative cervical Cobb’s angle

Seven studies consisting of 556 patients reported postoperative cervical Cobb’s angle (Zero-P
group, 263; Plate group, 293)[16, 17, 19, 20, 25-27]. The heterogeneity in comparing the post-
operative cervical Cobb’s angle between the two groups was significant in the fixed-effects
model (I = 86%). Subgroup analysis according to race or sensitivity analysis did not reveal the
cause. Pooled data of the random-effects model from the relevant studies revealed no signifi-
cant difference (SMD = -0.37, 95% CI (-0.86 to 0.120), p = 0.14 > 0.05) and significant hetero-
geneity: I* = 86% (Fig 11).

Fusion rate

Four studies consisting of 237 patients reported the fusion rate at the end of follow-up (Zero-P
group, 121; Plate group, 116)[16, 17, 20, 27]. The fixed-effects model was applied to compare
dysphagia rate at the end of follow-up between the two groups. This comparison did not show

Plate group Std. Mean Difference Std. Mean Difference
Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
516 0.8 107 259% -1.31 [-1.63, -1.00] e
23.7 47 33 25.0% 0.39 [-0.07, 0.85]
37.6 16.7 33 24.8% -0.05 [-0.54, 0.45]
1246 3.2 28 24.3% 0.22[-0.33, 0.78]

201 100.0% -0.20 [-1.10, 0.70]

Il 1 1
T T T

-2 -1 0 1 2
Favours [experimental] Favours [control]

Fig 6. Standardized mean difference (SMD) estimate for preoperative NDI.

doi:10.1371/journal.pone.0130223.9006
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Total (95% CI) 180

Heterogeneity: Tau? = 0.26; Chi? = 18.64, df =

Test for overall effect: Z=1.02 (P = 0.31)

Plate group Std. Mean Difference Std. Mean Difference
Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% ClI
247 13 107 28.0% 0.17 [-0.12, 0.46] ™
158 3.1 33 24.5% -1.07 [-1.55, -0.58] .
12.7 91 33 24.3% -0.10 [-0.59, 0.40] =
3.93 1.66 28 23.2% -0.21[-0.77, 0.34] -
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Fig 7. Standardized mean difference (SMD) estimate for postoperative NDI.

doi:10.1371/journal.pone.0130223.9007

Zero-p group

any significant difference between the two groups (RR = 0.99, 95% CI (0.93 to 1.06),
p =0.76 > 0.05) and no heterogeneity: ’=0% (Fig 12).

Dysphagia within six weeks

Seven studies consisting of 394 patients reported dysphagia rate within six weeks (Zero-P
group, 198; Plate group, 196)[16-18, 20, 26-28]. The fixed-effects model was applied to com-
pare the dysphagia rate within six weeks between the two groups. This comparison showed a
significant difference between the two groups (RR = 0.62, 95% CI (0.45 to 0.84), p < 0.01) with
no heterogeneity: I’ = 0% (Fig 13). The funnel plot for publication bias is shown in Fig 14.

Dysphagia at the end of follow-up

Ten studies consisting of 719 patients reported the dysphagia rate at the end of follow-up
(Zero-P group, 343; Plate group, 376)[16-20, 24-28]. Three studies were excluded because
there were no events data[16, 17, 26]. The fixed-effects model was applied to compare the dys-
phagia rate at the end of follow-up between the two groups. This comparison showed a signifi-
cant difference between the two groups (RR = 0.15, 95% CI (0.05 to 0.39), p < 0.01) and no
heterogeneity: I* = 0% (Fig 15). The funnel plot for publication bias is shown in Fig 16.

Discussion

ACDF has been widely used in the treatment of cervical spondylosis[2]. During this procedure,
an anterior cervical plate is usually applied to enhance the cervical stability, increase the inter-
body fusion rate and prevent graft dislocation or subsidence[3, 29]. However, several postoper-
ative complications are closely associated with the anterior plate, as the plate can lead to the
compression or stimulation of vital structures[27]. Zero-P is a stand-alone anchored spacer de-
signed to reduce the profile of the anterior plate in cervical fusion and to simultaneously

Std. Mean Difference

Plate group Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Miao et al 2013 7.25 1.28 39 6.4 117 50 32.9% 0.69[0.26, 1.12] =

Nemoto et al. 2014 43 14 24 45 13 22 24.9% -0.15[-0.72, 0.43] —

Qi et al. 2013 786 0.31 83 78 1.8 107 421% 0.44 [0.15, 0.73] Ll

Total (95% ClI) 146 179 100.0% 0.38 [-0.02, 0.77]

Heterogeneity: Tau? = 0.07; Chi?=5.19, df =2 (P = 0.07); I?=61% _=4 _i,z 0 é i

Test for overall effect: Z = 1.88 (P = 0.06)

Favours [experimental] Favours [control]

Fig 8. Standardized mean difference (SMD) estimate for preoperative VAS.

doi:10.1371/journal.pone.0130223.9008
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Fig 9. Standardized mean difference (SMD) estimate for postoperative VAS.

doi:10.1371/journal.pone.0130223.9009

provide the spine a stable biomechanical environment[12, 13]. Several relevant clinical studies
have compared Zero-P and anterior plate techniques following ACDF[16-20, 24-28]; however,
the evidence regarding whether Zero-P is superior to anterior plate is insufficient. Therefore,
we conducted a meta-analysis to evaluate which device is the optimal implant for

cervical fusion.

This meta-analysis, consisting of 2 RCTs, 3 prospective and 5 retrospective studies including
719 patients, compared the outcomes of Zero-P and anterior plate fusion and showed that
Zero-P was safer and more effective, with significantly reduced operation time and blood loss,
a significant improvement of postoperative JOA score, and a similar reduction of postoperative
NDI and VAS score as compared with anterior plate. Zero-P also had a lower incidence of
postoperative dysphagia at early stage as well as at last follow-up. These two procedures had a
similar fusion rate. However, the anterior plate group had a greater postoperative segmental
and cervical Cobb’s angle than the Zero-P group.

Safety

The pooled data of postoperative outcomes suggested that Zero-P is safe for cervical spondylo-
sis. Compared with the plate group, the operating time and blood loss in the Zero-P group
were lower (p < 0.01). It is noteworthy that the heterogeneity was extremely high if the study
of Li et al. was included in the analysis of operating time. High heterogeneity was also observed
in the analysis of blood loss. However, no remarkable differences could be detected in the de-
tailed assessment of these two studies. The broad inclusion criteria may explain this phenome-
non. Considering that the operative levels in these two studies were not clearly described,
multilevel fusion may be included. In this condition, a longer operating time is required, theo-
retically leading to a higher volume of blood loss than single-level fusion. Therefore, the reli-
ability of these results was investigated following sensitivity analysis. No heterogeneity existed
after excluding the study of Li et al. (Fig 2). The heterogeneity in the blood loss comparison
was low (I* = 22%) (Fig 3).

Zero-p group Plate group Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Nemoto et al. 2014 6 3 24 6.9 3.1 22 6.7% -0.90 [-2.67, 0.87] _
Shin et al. 2014 3.46 5.21 20 3.85 4.87 20 21% -0.39[-3.52, 2.74]
Vanek et al. 2013 41 1 44 51 11 33 91.2% -1.00[-1.48,-0.52] .
Total (95% CI) 88 75 100.0% -0.98 [-1.44, -0.52] <

[T 2 - - L 12 =09 1 t 1 t
Heterogeneity: Chi? = 0.15, df =2 (P = 0.93); 12 = 0% B B 0 5 4

Test for overall effect: Z = 4.21 (P < 0.0001)

Favours [experimental] Favours [control]

Fig 10. Mean difference (MD) estimate for postoperative segmental Cobb’s angle.

doi:10.1371/journal.pone.0130223.9010
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Fig 11. Standardized mean difference (SMD) estimate for postoperative cervical Cobb’s angle.

doi:10.1371/journal.pone.0130223.g011

Zero-p group
Study or Subgroup Events Total

Nemoto et al. 2014 22 24
Vanek et al. 2013 41 44
Wang ZW et al. 2014 30 30
Yang et al. 2012 21 23
Total (95% CI) 121
Total events 114

Heterogeneity: Chi? = 2.32, df =3 (P = 0.51); 7= 0%

Test for overall effect: Z=0.31 (P = 0.76)

Efficacy

The efficacy of the cervical-spine operation was often evaluated by objective or subjective
scales, such as JOA score, NDI and VAS. A higher postoperative JOA score and lower NDI or
VAS suggested better clinical outcome. Our study revealed that there was a significant differ-
ence in the preoperative JOA scores (Fig 4). However, there was no significant difference in the
postoperative JOA scores (Fig 5). This finding indicated that the improvement in the JOA
score was significantly higher in the Zero-P group than in the anterior plate group. However, a
significant difference was not observed either in preoperative and postoperative NDI (Fig 6
and Fig 7) or in preoperative and postoperative VAS (Fig 8 and Fig 9), indicating that the de-
crease in NDI and VAS in the Zero-P group was similar to that in the anterior plate group. Al-
though the heterogeneities were extremely high in the comparison of NDI and VAS between
groups, the subgroup and sensitivity analyses did not find the cause, which may be attributed
to the subjectivity of the two scales. Overall, the Zero-P group exhibited a higher JOA score im-
provement and similar NDI and VAS reduction in comparison with the anterior plate group.
However, due to the high heterogeneity in the pooled data of NDI or VAS, additional studies
are needed.

Radiological outcome

The anterior plate group had significantly greater postoperative segmental and cervical Cobb’s
angle than the Zero-P group at last follow-up. These results may be related to the following fac-
tor: the Zero-P technique fuses two vertebral bodies using an interbody device, in which case

Plate group Risk Ratio Risk Ratio
Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
21 22 194%  0.96[0.83, 1.12] —

29 33 204%  1.06[0.91, 1.23] —r
33 33 283%  1.00[0.94, 1.06] —
28 28 229%  0.91[0.79, 1.05] —
116 100.0%  0.99 [0.93, 1.06] <o
111

0.7 0.85 1 1.2 1.5
Favours [experimental] Favours [control]

Fig 12. Risk ratio (RR) estimate for fusion rate.

doi:10.1371/journal.pone.0130223.9012
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Fig 13. Risk ratio (RR) estimate for postoperative dysphagia at early stage.

doi:10.1371/journal.pone.0130223.g013

the segmental sagittal alignment is not changed substantially, whereas the anterior plate fusion

remodels the stable cervical spine with a plate that is longer than the interbody space, which
can greatly affect the sagittal alignment. However, the cause of the heterogeneity of the
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Fig 14. Funnel plot for publication bias of dysphagia within six weeks.
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Fig 15. Risk ratio (RR) estimate for postoperative dysphagia at last follow-up.

doi:10.1371/journal.pone.0130223.9015
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postoperative cervical Cobb’s angle could not be determined. The finding that the anterior
plate technique produced a greater postoperative cervical Cobb’s angle should be accepted with
caution. Both the Zero-P device and the anterior plate can provide a stable biomechanical envi-
ronment that dramatically promotes vertebral body fusion[12, 13]. This similarity may explain
why the fusion rates in two groups were similar.

Complications

Complications are a very important factor that is closely associated with the outcome of an op-
eration. The most concerning postoperative complication after anterior plate fusion was post-
operative dysphagia[6, 10, 15]. The etiology of this symptom may be multifactorial, including
the contact of the plate with the esophagus[6]. In addition, the risk of postoperative dysphagia
increases with the number of fused vertebrae[27]. Our study suggested that the Zero-P device
could significantly reduce the rate of dysphagia within six weeks and at last follow-up. These
results were surprising, as Zero-P requires a very small area, making it potentially more chal-
lenging for spinal surgeons. Considering that this low-profile device provided the same biome-
chanics for the cervical spine as the anterior plate, its lower incidence of earlier and later
dysphagia is an advantage. However, it is worth noting that the two RCT's reported no signifi-
cant difference in the later-stage dysphagia rate in the Zero-P group and anterior plate group.
This lack of a detectable difference may have arisen because of the small sample size of the

two studies.

Limitations

The limitations of this study must be acknowledged. First, among the ten enrolled studies,
there were only two RCTs, and the sample size of the Zero-P group and the control group was
small. Including only ten studies limited the reliability of our meta-regression; thus, the poten-
tial risk factors could not be effectively investigated by meta-regression. Second, different seg-
mental fusion techniques were performed, which could affect the outcome of operation time
and blood loss. Multiple-segmental fusion requires a greater operation time and results in
more blood loss. Our study revealed low heterogeneities in the primary end points and most of
the secondary end points, and the sensitivity analysis using the random-effects model sug-
gested no significant differences (S7 Table), however, clinical and methodological heterogene-
ity could not be completely eliminated due to the inclusion of cohort studies. Third, the broad
inclusion criteria and different levels of surgical technologies may contribute to clinical hetero-
geneity. Fourth, the limitation of publication bias should be recognized in this study. Generally,
a test for funnel plot asymmetry is reccommended when there are at least 10 studies included in
a meta-analysis. In our study, fewer than ten studies were included in the analysis of primary
or secondary end points; thus, the power of the tests was too low to distinguish chance from
real symmetry or asymmetry.

Conclusion

This meta-analysis compared two fusion procedures, Zero-P and anterior plate, in anterior cer-
vical fusion. Our results suggest that Zero-P is a safe and effective procedure with a similar fu-
sion rate and lower incidence of postoperative dysphagia than the use of an anterior plate.
However, the results of this meta-analysis should be accepted with caution because of the limi-
tations of the study. Further evaluation and large-sample RCTs are required to confirm and up-
date the results of this study.
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