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Abstract

Background Zero-profile anchored spacers (ZAS) and plate-cage constructs (PCC) are currently employed when per-
forming anterior cervical discectomy and fusion (ACDF). Nevertheless, the efficacy and safety of both devices

in bilevel ACDF remain controversial. The goal of our meta-analysis is to assess the overall long-term efficacy and secu-
rity among ZAS and PCC in bilevel ACDF.

Methods A search of four electronic databases was conducted to identify researches that compared ZAS with PCC
for bilevel ACDF. Stata MP 17.0 software was used for this meta-analysis.

Results Nine researches with a total of 580 patients were involved. In comparison to PCC, ZAS significantly reduced
intraoperative bleeding and postoperative dysphagia rates. No significant differences were found concerning opera-
tion time, JOA score, NDI score, cervical Cobb angle, fusion rates, the incidence of adjacent segmental degeneration
(ASD) and implant sinking rates at last follow-up.

Conclusion Compared to PCC, ZAS achieved similar efficacy and security in bilevel ACDF with respect to operative
time, JOA score, NDI score, cervical Cobb angle, fusion rates, implant sinking rates and ASD rates at final follow-up.
Itis worth noting that ZAS offered considerable benefits over conventional PCC for the reduction of intraoperative
bleeding and postoperative dysphagia. Therefore, for patients requiring bilevel ACDF, ZAS seems superior to PCC.
Given the limitations of our study, larger prospective randomised controlled trials are needed to establish reliable
proof to consolidate our conclusions.

Keywords Zero-profile anchored spacers, Plate-cage constructs, Effectiveness and safety, Bilevel cervical spinal
fusion, Meta-analysis

Introduction
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disc disease (CDDD), which may progress to spinal cord
dysfunction in advanced stages [1, 2]. Several studies
have explored effective ways to relieve spinal cord com-
pression and restore spinal cord function in patients
with CDDD. Commonly reported surgical treatments for
cervical spinal conditions involve anterior approaches,
posterior approaches, combined anterior and posterior
approaches and various minimally invasive techniques
[3-5].

In 1958, Smith and Robinson initially described ante-
rior cervical surgery as a secure and useful technique in
treating CDDD [6]. Anterior cervical discectomy and
fusion (ACDF) is one of the most advanced cervical spine
surgical methods and plays an important role in treating
cervical spine disorders [7]. ACDF is usually performed
with an interbody fusion cage, restoring disc height and
avoiding implant migration with the application of an
anterior plate. Whereas this plate-cage construct (PCC)
has several advantages, such as immediate stabilisation, it
also presents some drawbacks inherent to the plate. The
most common disadvantages include fracture or loosen-
ing of the plate and screw, oesophageal interference and
adjacent segment degeneration (ASD) and so on [8-10].
In addition, plate fixation requires additional manipula-
tion and traction of the anterior cervical tissues, creating
additional anterior volume, thus increasing the risk of
dysphagia, especially in multisegmental ACDF [11].

In an effort to reduce the incidence of plate-related
complications, one novel zero-profile anchored spacer
(ZAS) was developed, which allowed the insertion of self-
locking screws into the adjacent vertebral body by pass-
ing across the fusion construct rather than utilizing an
anterior plate [12]. The crucial distinction between ZAS
and PCC is avoiding the necessity for exposing a great
deal of anatomical region during the procedure, thereby
considerably reducing operative trauma and postsurgi-
cal scarring. Furthermore, ZAS reduces the occurrence
of associated postoperative complications involving hae-
matoma, adjacent segment degeneration and dysphagia
without invading vital structures in the anterior cervical
spine [13, 14]. However, given the limited published data,
there is still no consensus among spine surgeons on the
best technique to achieve solid fusion and improve clini-
cal outcomes in ACDEF.

Meta-analyses were conducted to further evaluate the
efficacy of ZAS and PCC for the treatment of CDDD,
but the results remained controversial [15—20]. Previous
meta-analyses showed that ZAS had considerable superi-
ority to PCC in decreasing surgical duration, intraopera-
tive bleeding and postoperative dysphagia and ASD rates
at long-term follow-up [19]. However, one study regard-
ing multisegmental ACDF found that ZAS decreased
the incidence of postsurgical dysphagia, whereas it
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was inferior to PCC at maintaining the cervical Cobb
angle after surgery [20]. Bilevel CDDD is a specific type
of CDDD presenting with a more complex pathology,
including continuous and noncontinuous CDDD, which
severely affects patients’ quality of life [21-23]. Currently,
there are few meta-analyses comparing the outcomes of
ZAS versus PCC in bilevel ACDF. Hence, the goal of this
review is to investigate the efficacy and safety of ZAS in
bilevel ACDF compared with conventional PCC, thereby
providing clinicians with compelling proof to support
their therapeutic judgement.

Methods

Literature search

The literature search was carried out by means of the fol-
lowing electronic databases: PubMed, Cochrane Library,
Embase and Web of Science. The publication date was
from the creation of the database to 1 June, 2023. The full
query string of the individual databases was documented
in Additional file 1. Inclusion was initially assessed on
the basis of the title and abstract of the studies. There-
after, trials were selected for inclusion following full-text
review. If several trials reported findings obtained from
the same data source, the latest trial was considered for
inclusion. In addition, references to papers were screened
to determine any relevant trials missing from the primary
literature screening. The selective procedure was com-
pleted by two separate assessors. Consensus was reached
between the two assessors for final inclusion. The papers
were cross-referenced to identify potential related trials.
In cases of uncertainties, discussions were held with the
third author and a decision was made pending the defini-
tive result.

Selection criteria

Inclusion criteria: (1) Trial type: randomised controlled
trial (RCT) or observational study (OS) which analysed
the results of ZAS with traditional PCC in bilevel ACDFE.
ZAS was considered as treatment group and PCC as con-
trol group. (2) Patients with clear clinical and radiologi-
cal diagnosis of CDDD requiring bilevel ACDF. (3) Trials
reported one or more of the below endpoints: opera-
tive duration, intraoperative blood loss (IBL), Japanese
Orthopaedic Association (JOA) scores, cervical Cobb
angle, fusion rates, Neck Disability Index (NDI) scores,
cage subsidence rates, postoperative dysphagia rates,
ASD rates. (4) Researches with a follow-up period of at
least 1 year after the operation.

Exclusion criteria: 1. Studies involving people with
single level or multiple levels (>2 levels) of CDDD or
other cervical spinal disorders (e.g., fractures, infections,
tumours and congenital deformities) or with records
of operations on the cervical spine. 2. Trials without
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comparisons. 3. Repeated reports, reviews, meta-anal-
yses, case reports, biomechanical researches, cadaveric
studies, animal studies, letters and conference abstracts.
4. Raw information that was not complete or available for
analyses. 5. Literature not written in English.

Extraction of data

Using a standardised form, two assessors extracted infor-
mation independently. Any discrepancies in appraisal
were reconciled through consultation to a third inves-
tigator. In the selected publications, information was
extracted as follows: primary investigator, published date,
research design and nation, type of bilevel ACDF (con-
tinuous or noncontinuous), number of participants, ages,
follow-up duration and outcomes.

Quality assessment

Two investigators were appointed to evaluate the quality
of the eligible trials individually. The Newcastle—Ottawa
Scale (NOS) was applied to evaluate observational stud-
ies, and high quality was described as being scoring
between six and nine. Besides, the potential risk of bias
for RCTs was investigated by applying the Cochrane
Collaboration’s risk of bias tool. The results were subse-
quently checked against each other and, where necessary,
a third assessor was invited to ensure agreement.

Statistical methodology

For the meta-analyses, Stata MP 17.0 (Stata Corporation,
College Station, TX, USA) was utilised. We calculated
effect sizes as odds ratios (OR) and 95% confidence inter-
vals (CI) for all binary endpoints. Regarding continuous
endpoints, effect sizes were defined as weighted mean
differences (WMD) and 95% ClIs. First of all, we tested
the heterogeneity of the eligible trials by calculating
the I? statistic and the Cochrane Q test. Where >>50%
or p-value<0.05 demonstrated heterogeneity between
included trials, a random-effect model was applied. If
not, a fixed-effect model was employed for pooling.
Subsequently, different types of bilevel ACDF were con-
sidered as a possible source of heterogeneity. Subgroup
analyses were undertaken to further investigate possible
causes of heterogeneity. Furthermore, sensitivity analyses
were carried out by removing each individual trial step-
wise to determine the robustness of the combined find-
ings. Ultimately, the risk of publication bias was tested
by means of Egger’s test. In our study, p-value <0.05 was
adopted to indicate statistical significance.

Results

Search process and results

Originally, 750 related papers were chosen via a thor-
ough retrieval of the online database. Subsequently,
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374 duplicated articles were discarded. Afterwards, 308
articles that were not eligible for inclusion were deleted
according to the title and abstract scanning process.
Lastly, following reading the full text of the remaining 68
papers, nine were eventually involved in this meta-analy-
sis [23-31] (Fig. 1).

Study characteristics

Two RCTs and seven observational studies were eligi-
ble. A total of 580 participants received bilevel ACDF
between 2015 and 2022 (Table 1). Of these, six stud-
ies involved continuous bilevel ACDEF, while two papers
involved noncontinuous bilevel ACDF and the remaining
one did not mention a specific bilevel type.

Quality assessment

We evaluated the quality of observational trials accord-
ing to NOS scores, and then details of the quality evalu-
ation are presented with Table 2. The eventual findings
revealed that every publication received a score of at least
7 points and was classified as high quality.

Figure 2 presents the results of the quality appraisal
of 2 RCTs by use of the Cochrane Collaboration’s risk
of bias tool. Two studies were not sufficiently blinded to
patients, physicians or measurers, and we therefore con-
sidered implementation bias and measurement bias to be
unclear.

Results of meta-analyses

Intraoperative bleeding

Eight publications reported intraoperative bleed-
ing, including 272 cases at ZAS group and 267 cases at
PCC group. IBL was less at ZAS group in comparison
with PCC group, showing statistically significant differ-
ence [WMD = —4.45, 95% CI (—8.24, —0.67), p=0.02]
(Table 3). On further subgroup analysis, there were no
significant differences in intraoperative bleeding among
ZAS and PCC groups for either continuous or noncon-
tinuous ACDF (Fig. 3).

Surgical duration

Eight trials examined operative duration involving a sam-
ple size of 539 participants. The operative time in ZAS
group did not differ significantly from that in PCC group
[WMD= —3.44, 95% CI (—15.62, 8.74), p=0.58]. On
further subgroup analysis, there was no significant dif-
ference in operative time between ZAS and PCC groups
regarding either continuous or noncontinuous ACDF
(Fig. 4).

JOA score
Five trials with a total of 372 participants were pooled
for JOA score at the end of follow-up. Overall, the
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Fig. 1 Flow chart of literature search

Table 1 Study characteristics

" Reports excluded (n=59) :

* Single/>2-level/mixed ACDF
(n=57)

* Traumatic cervical disease (n=1)

* Overlapping study (n=1)
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Author Publicationdate Country Studydesign Type of bilevel Sample Age (years) Follow-up (months)

size

ZAS PCC ZAS PCC ZAS PCC
Lu 2018 China (O Noncontiguous 22 24 56.6+6.4 586+7.2 305452 32.1£6.5
Shi 2016 China 0S Noncontiguous 34 31 56.1+4.5 558+49 >24 >24
Thind 2022 USA (&N Contiguous 43 41 54.8+88 581+£115  141+62 204+£105
He 2022 China 0S Contiguous 35 34 61.59+8.21 60.15+7.52 266+34 27.1+38
Scholz 2020 Germany RCT Contiguous 21 20 58 58 24 24
Yun 2016 Korea 0S Contiguous 31 32 5329+755  5418%+987 1277+£785 13.62+9.21
Zavras 2022 USA RCT Contiguous 10 10 5350+1082 6208+9.17 12 12
Chen 2015 China 0S Contiguous 37 32 489+4.0 495+4.2 406+9.2 435+104
Yang 2016 China 0S Unspecified 60 63 4790+8.84 48.03+846 36 36

ZAS zero-profile anchored spacer; OS observational study; PCC plate-cage construct; RCT randomised controlled trial

analysis indicated there were no significant differences
in JOA scores among ZAS and PCC at final follow-
up [WMD=-0.02, 95% CI (—0.28, 0.25), p=0.91].

Following further subgroup analysis, there were no
significant differences in JOA score between ZAS and
PCC groups in both continuous and noncontinuous
ACDF (Fig. 5).
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Table 2 Quality evaluation of observational trials using
Newcastle-Ottawa Scale
Study Selection Comparability Outcome Total score
Lu2018 3 1 3 7
Shi2016 4 1 3 8
Thind 2022 4 1 3 8
He 2022 4 1 3 8
Yun 2016 4 1 3 8
Chen2015 4 1 3 8
Yang 2016 4 1 3 8
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Fig. 2 Quality appraisal of randomised controlled trials

NDI score

Five publications reported the final NDI score, including
a total of 333 participants (171 in ZAS group and 162 in
PCC group). The difference in NDI scores between both
groups at last follow-up was not statistically significant
[WMD =0.06, 95% CI (- 0.38, 0.50), p=0.79]. On further
subgroup analysis, there were no significant differences
in NDI scores between ZAS and PCC groups for either
continuous or noncontinuous ACDF (Fig. 6).
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Cervical Cobb angle

Five publications covering 312 cases recorded the cer-
vical Cobb angle at the last follow-up. There was no
statistically significant difference in the comparison
of cervical Cobb angle at last follow-up between ZAS
and PCC groups [WMD = —0.66, 95% CI (—1.68, 0.35),
p=0.20]. On further subgroup analysis, there were no
significant differences in cervical Cobb angle between
ZAS and PCC groups in either continuous or noncon-
tinuous ACDF (Fig. 7).

Fusion rate

Nine studies reported the fusion rate at final follow-
up, and included a total of 580 cases. At final follow-
up, the difference in fusion rate between ZAS and PCC
groups was not statistically significant [OR=0.75, 95%
CI (0.41, 1.39), p=0.36]. On further subgroup analy-
sis, there were no significant differences in fusion rate
between ZAS and PCC groups in either continuous or
noncontinuous ACDF (Fig. 8).

Cage subsidence

A total of 278 participants were examined in five papers
reporting information about the rate of cage subsid-
ence. The findings demonstrated no statistically sig-
nificant differences in cage sinking rate between the
two groups [OR=1.38, 95% CI (0.59, 3.22), p=0.46].
On further subgroup analysis, there was no significant
difference in cage sinking rates between ZAS and PCC
groups in both continuous and noncontinuous ACDF
(Fig. 9).

Adjacent segmental degeneration

Five publications reported the ASD rate at the last fol-
low-up. Overall, the analysis demonstrated no statisti-
cally significant difference in ASD rate between ZAS and
PCC groups [OR=0.61, 95% CI (0.29, 1.28), p=0.19]
(Fig. 10). Further subgroup analysis showed no significant
difference in ASD rates between ZAS and PCC groups in
both continuous and noncontinuous ACDFE.

Dysphagia

The incidence of postoperative dysphagia was reported
in seven studies. The findings showed a statistically sig-
nificant difference in the postoperative dysphagia rate
between ZAS and PCC groups [OR=0.53, 95% CI (0.36,
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Table 3 Findings of meta-analysis

Outcome Study Effectsize 95%Cl P-value Heterogeneity Effect Egger’s test
size WMD/OR Lower limit  Upper limit (%) p-Value Model p-Value
Intraoperative blood loss 8 —445 —-8.24 -0.67 002 2292 0.03 Random  0.08
Operation time 8 —3.44 —15.62 8.74 0.58  94.98 <0.01 Random 035
JOA score 5 -0.02 -0.28 0.25 091 0.00 083  Fixed 0.54
NDI score 5 0.06 -0.38 0.50 0.79 0.00 0.99 Fixed 0.67
Cervical Cobb angle 5 -0.66 -1.68 0.35 0.20 0.00 047 Fixed 0.21
Fusion rate 9 0.75 0.41 1.39 0.36 0.00 0.99 Fixed 0.69
Cage subsidence 5 1.38 0.59 322 046 0.00 0.83 Fixed 0.52
Adjacent segment degeneration 5 0.61 0.29 1.28 0.19 0.00 0.89  Fixed 0.54
Dysphagia 7 0.53 0.36 0.79 <0.01 9.70 035  Fixed 0.60

NDI neck disability index; JOA Japanese orthopaedic association; WMD weighted mean difference; OR odds ratio; Cl confidence interval

Treatment Control Mean diff. Weight
Study N  Mean SD N Mean SD with 95% CI (%)
Contiguous bilevel
Thind 2022 43 125.6 1299 41  101.7 63 —_— 23.90[ —20.10, 67.90] 0.73
He 2022 35 102 46 34 145 58 —=—— —43.00 [ -67.66, —18.34]  2.26
Yun 2016 31 204.68 46.41 32 221.61 61.21 —_— -16.93[ -43.82, 9.96] 1.92
Zavras 2022 10 15 7.5 10 19.17 12.76 —4.17[ -13.34, 5.00] 13.21
Chen 2015 37 88.9 8.1 32 92.6 109 =3.70[ -8.19, 0.79] 3224
Heterogeneity: t* = 213.77, I' = 83.66%, H> = 6.12 -10.34[ —26.14,  5.47]
Test of q; = q;: Q(4) = 11.88, p=10.02
Noncontiguous bilevel
Lu2018 22 79.1 12 24 863 158 R =7.20[ -1537, 097] 1575
Shi 2016 34 1014 115 31 100.9 109 0.50[ —-4.96, 596] 26.50
Heterogeneity: t = 17.09, I* = 57.64%, H> = 2.36 : —273[-10.17, 4.72]

Test of q; = q;: Q(1) =2.36,p=0.12

Unspecified
Yang 2016 60 10059 39.35 63 108.49 34.23 —— -7.90[ —20.92, 5.12] 739
Heterogeneity: t* = 0.00, ' = %, H = <> -7.90[ —20.92, 5.12]

Test of q; = g;: Q(0) =—0.00,p =

Overall ¢ —4.45[ -8.24, —0.67]
Heterogeneity: =630, =22.92%, H = 1.30
Test of q; = q;: Q(7) = 15.58, p=10.03

Test of group differences: Q,(2) =0.99, p =0.61

50 0 0 100

Random—effects REML model
Fig. 3 Forest plot of intraoperative blood loss
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Treatment Control Mean diff. Weight
Study N  Mean SD N Mean SD with 95% CI (%)
Contiguous bilevel
Thind 2022 43 199.6  38.6 41 1789  34.7 —l— 2070[ 498, 3642] 11.61
He 2022 35 101 22 34 118 29 —— -17.00 [ -29.12, —4.88] 12.60
Yun 2016 31 228 4345 32 208 35.34 —l— 2000[ 047, 39.53] 10.51
Zavras 2022 10 111.25 31.67 10 11825 15.66 —— —7.00 [ -28.90, 14.90] 9.82
Chen 2015 37 97.7 49 32 1003 6.8 -2.60[ -5.37, 0.17] 14.29
Heterogeneity: t = 215.68, I’ = 85.71%, H> = 7.00 L 2.08[ —12.44, 16.61]
Test of q; = q;: Q(4) = 19.10, p=0.00
Noncontiguous bilevel
Lu2018 22 121.1 147 24 1544 123 —33.30[ —41.11, —25.49] 13.59
Shi 2016 34 111.3  10.7 31 111.5  10.1 -0.20[ -5.27, 4.87] 14.04
Heterogeneity: t = 536.52, I = 97.94%, H’ = 48.54 -16.61 [ —49.05, 15.82]
Test of q; = q;: Q(1) =48.54, p=0.00
Unspecified
Yang 2016 60 1655 19.81 63 166.89 25.32 -1.39[ 945, 6.67] 13.54
Heterogeneity: t* = 0.00, ' = %, H = I —-139[ —9.45, 6.67]
Test of q; = g;: Q(0) =—0.00,p =
Overall - —3.44[-15.62, 8.74]
Heterogeneity: t* = 268.40, I' = 94.98%, H* = 19.92
Test of q; = q;: Q(7) =77.36, p=0.00
Test of group differences: Q,(2) = 1.07, p = 0.59
T )

Random—effects REML model
Fig. 4 Forest plot of operation time

0.79), p<0.01]. On further subgroup analysis, the post-
operative dysphagia rate was significantly smaller in ZAS
group than in PCC group in continuous ACDF. However,
in noncontinuous ACDF, there was no significant differ-
ence between two groups (Fig. 11).

Sensitivity analysis

For sensitivity analysis, individual trials were sequentially
excluded and then the remaining trials were combined.
In the end, there was no statistically significant change in
the effect sizes for the outcome indicators after exclud-
ing individual trials, except for intraoperative bleeding
(Additional file 2). After excluding three studies sepa-
rately, the pooled effect sizes for intraoperative bleeding
changed significantly (Fig. 12). Consequently, the finding
regarding intraoperative bleeding was not robust, and the
pooled results for the remaining outcomes were robust.

40 20 0 20 40

Subgroup analysis for possible causes of heterogeneity
Considerable heterogeneity existed between all included
trials for surgical duration and intraoperative bleeding.
Therefore, the sources of heterogeneity were further
investigated by subgroup analysis. However, the results
showed that the type of bilevel ACDF did not contribute
to the heterogeneity.

Publication bias assessment

Egger’s test was applied for the evaluation of publication
bias (Additional file 3). Eventually, the findings indicated
no significant publication bias in any outcome (p >0.05).

Discussion

Nowadays, ACDF has become extensively accepted as
the standard procedure for treating symptomatic mon-
osegmental CDDD with satisfactory clinical outcomes.
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Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Contiguous bilevel
He 2022 35 148 1.6 34 149 1.7 L —0.10[—0.88, 0.68] 11.53
Chen 2015 37 131 1.7 32 129 .8 —— 0.20[—0.44, 0.84] 16.89
Heterogeneity: I" = 0.00%, H* = 1.00 —_— 0.08 [ -0.42, 0.57]
Test of q; = q;: Q(1) =0.34, p=0.56
Noncontiguous bilevel
Lu2018 22 149 14 24 146 13 = 0.30[—0.48, 1.08] 11.49
Shi 2016 34 1418 131 31 1435 125 ———— -0.17[—-0.79, 0.45] 17.96
Heterogeneity: I' = 0.00%, H* = 1.00 e 0.01 [ —0.47, 0.50]
Test of q; = q;: Q(1) = 0.85,p=0.36
Unspecified
Yang 2016 60 145 1.1 63 146 12 1‘— -0.10[—0.51, 0.31] 42.13
Heterogeneity: I' = 100.00%, H’ = 1.00 -0.10 [ -0.51, 0.31]
Test of q; = g;: Q(0) =—0.00,p =.
Overall o —0.02 [ —0.28, 0.25]
Heterogeneity: I’ = 0.00%, H* = 1.00
Test of q; = q;: Q(4)=1.51,p=0.83
Test of group differences: Qy(2) = 0.32, p=10.85
I T T

Fixed—effects inverse—variance model
Fig.5 Forest plot of final JOA score

However, as the number of compressed segments
increases, the pathological presentation becomes more
complex, and currently the surgical decision remains
controversial [9, 32-34]. Previously, numerous scholars
undertook meta-analyses and compared the effective-
ness and complications of ZAS and PCC in the treatment
of single-level and multilevel CDDD, albeit with contra-
dictory conclusions. Nambiar et al. concluded that ZAS
minimised surgical duration, the incidence of postsur-
gical dysphagia in single-segment ACDF compared to
PCC, although both implants provided similar effective-
ness in restoring cervical curvature [35]. In contrast to
their results, one meta-analysis conducted by Yang et al.
demonstrated that ZAS was inferior to PCC in maintain-
ing cervical flexion in multi-segmental ACDE, albeit with
the superiority in diminishing the incidence of ASD after
surgery [36]. In terms of postoperative cage subsidence,
Lu et al. considered ZAS to have a higher risk than PCC,
especially in multi-segmental ACDF [37].

iJ]_

Currently, the main surgical procedure for bilevel
CDDD is still ACDEF, in which the main intraoperative
fixation and fusion devices applied are PCC and ZAS.
Several clinical studies have compared the efficacy of
both devices in the treatment of bilevel CDDD [22, 23,
26, 27]. However, there are few meta-analyses that evalu-
ate the benefit and safety of ZAS versus PCC for bilevel
ACDE. Our research was conducted to objectively assess
the effectiveness and safeness of ZAS versus PCC in
bilevel ACDE, with a goal of guiding clinicians on an
evidence-based basis to select an appropriate implant in
bilevel ACDEF. Overall, our analysis demonstrated intra-
operative bleeding and postoperative dysphagia rate
to be significantly lower in ZAS group as compared to
PCC group. However, there was no significant difference
between both groups in operative time, JOA scores, NDI
scores, cervical Cobb angle, fusion rates, ASD rates and
cage sinking rates at the last follow-up.
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Treatment Control Mean diff. Weight

Study N Mean SD N Mean SD with 95% CI (%)
Contiguous bilevel
Thind 2022 43 249 11.1 41 243 79 0.60 [ —3.54, 4.74] 1.15
He 2022 35 134 46 34 131 43 —— 0.30[—1.80, 2.40] 4.45
Chen 2015 37 5.5 1.1 32 54 19 0.10[ -0.62, 0.82] 37.87
Heterogeneity: I* = 0.00%, H> = 1.00 I 0.13 [ -0.54, 0.81]

Test of q; = q;: Q(2) = 0.08, p=0.96

Noncontiguous bilevel

Lu 2018 22 131 57 24 127 57
Shi 2016 34 538 126 31 539 12
Heterogeneity: I* = 0.00%, H> = 1.00

Test of q; = q;: Q(1) =0.06, p=0.81

Overall
Heterogeneity: I = 0.00%, H> = 1.00
Test of ;= q;: Q(4)=0.22,p=0.99

Test of group differences: Q,(1) =0.08, p=0.77

0.40 [ —2.90, 3.70] 1.81

t -0.01[—0.61, 0.59] 54.72
0.00 [ -0.59, 0.59]
L 0.06 [ —0.38, 0.50]

I 1

-5 0 5

Fixed—effects inverse—variance model
Fig. 6 Forest plot of final NDI score

As is well known, the unique integrated design of
ZAS allows exposure of the pathological disc through
a small incision, avoiding overexposure of the adjacent
vertebral body. At the same time, the relatively simple
implantation procedure significantly reduces surgical
duration and intraoperative blood loss [32, 38, 39]. A
meta-analysis found that ZAS in single-segment ACDF
significantly reduced surgical duration and intraopera-
tive bleeding than PCC [18]. Our study found that com-
pared to PCC, ZAS significantly reduced intraoperative
blood loss in bilevel ACDE, but there was no significant
difference regarding operative time between both groups.
In addition, there was considerable heterogeneity as
regards operative time and intraoperative blood loss.
We explored the source of heterogeneity by subgroup
analysis, but the type of bilevel ACDF was not the cause
of heterogeneity. Clinically, the duration of surgery and
intraoperative blood loss are generally linked to the sur-
geon’s operative experience and habits, as well as the
patient’s own condition, which may contribute to hetero-
geneity. It is worth noting that sensitivity analysis indi-
cated the combined result of intraoperative bleeding was
unrobust, so the result from the meta-analysis of intraop-
erative bleeding should be interpreted with caution.

Regarding the assessment of clinical outcomes in
bilevel ACDF, JOA and NDI scores were similar in both
groups at final follow-up. On the subgroup analysis, the
results were also similar for both subgroups. This result
suggested that the degree of symptom relief and neuro-
logical recovery was the same for ZAS and PCC in both
continuous and noncontinuous bilevel ACDFE. One poten-
tial rationale for this finding is as follows: while distinct
fusion constructs are utilised, both surgical approaches
directly decompress the spinal cord via removal of ante-
rior pathological compression, for example, herniated
discs, and hyperplastic bone at the posterior aspect of the
vertebrae. A few trials found no significant differences
between both interbody implants with regard to JOA
score and NDI score at last follow-up for CDDD treat-
ment [15, 34, 40]. Overall, our findings demonstrate both
constructs have equally favourable effectiveness in both
continuous and noncontinuous bilevel ACDF.

In terms of cervical Cobb angle and fusion rate at last
follow-up, there was no significant difference between
both groups for bilevel ACDEF. Further subgroup analy-
sis demonstrated no significant difference between both
groups in either continuous or noncontinuous ACDEF.
Kahaer et al. carried out one meta-analysis and then
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Treatment Control Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Contiguous bilevel
He 2022 35 179 88 34 171 96 —&— 0.80[—3.54, 5.14] 545
Yun 2016 31 1555 86 32 131 747 —T 245[-1.52, 6.42] 6.51
Chen 2015 37 152 23 32 163 33 - -1.10 [ —2.43, 0.23] 58.24
Heterogeneity: I' = 37.59%, H> = 1.60 <> -0.62 [ -1.83, 0.59]
Test of ;= q;: Q(2) =3.20, p=0.20
Noncontiguous bilevel
Lu 2018 22 159 37 24 163 309 —i— -0.40 [ —2.60, 1.80] 21.20
Shi 2016 34 167 6.69 31 1833 752 —&——— -1.63[-5.08, 1.82] 8.61
Heterogeneity: I’ = 0.00%, H* = 1.00 . —0.76 [ -2.61, 1.10]
Test of q; = q;: Q(1) =0.35,p=0.56
Overall S 3 —0.66 [ -1.68, 0.35]
Heterogeneity: I = 0.00%, H* = 1.00
Test of q; = g;: Q(4) = 3.56, p=0.47
Test of group differences: Q,(1) =0.01, p=0.91
5 0 5 10

Fixed—effects inverse—variance model
Fig. 7 Forest plot of cervical curvature

their findings revealed no significant differences concern-
ing cervical curvatures between ZAS and PCC at final
follow-up [18]. Sun et al. observed similar fusion rate
between the two groups at 5-year follow-up after three-
segment ACDF [41]. Also, Abudouaini et al. reported no
statistically significant difference in fusion rate between
ZAS and PCC groups at last follow-up in single-segment
ACDEF [42]. ZAS may be inserted straight into the inter-
body spaces and screwed to the surrounding vertebral
bodies via the endplates, thereby offering biomechanical
stabilisation equivalent to an anterior plate and enhanc-
ing fusion rate. In addition, successful intervertebral
fusion may prohibit loosening or subsidence of the fusion
device, which may help decrease postsurgical reduction
of cervical Cobb angle. Thus, the results suggest ZAS
can obtain satisfactory fusion rates and maintain cervi-
cal curvature in the long term, the same as PCC in bilevel
ACDE

Dysphagia remains the most commonly reported com-
plication of ACDF and is often attributed to the intro-
duction of anterior plates and oesophageal traction

intraoperatively. Studies showed ZAS significantly mini-
mised the incidence of postoperative dysphagia in ACDF
[32, 38, 43]. Our results demonstrated that the postop-
erative dysphagia rate was significantly smaller in ZAS
group than in PCC group in bilevel ACDE. Further sub-
group analysis indicated ZAS significantly diminished
the incidence of postsurgical dysphagia in continuous
bilevel ACDEF, whereas there was no significant differ-
ence in the incidence of postsurgical dysphagia between
the two groups in noncontinuous bilevel ACDF. ZAS can
eliminate direct touch of the conventional plates against
the oesophagus, thereby diminishing oesophageal irrita-
tion from the implant. Simultaneously, the placement of
ZAS is more minimally invasive, reducing operative time
and surgical field exposure, as well as reducing intraop-
erative stress on the prevertebral soft tissues and local
soft tissue oedema during surgery. These advantages of
ZAS decrease postoperative dysphagia rates in bilevel
ACDE, particularly in continuous ACDEFE. Conversely,
noncontinuous bilevel ACDF requires exposure of more
surgical segments, greater surgical trauma and longer
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Treatment Control Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
Contiguous bilevel
Thind 2022 32 11 35 6 — 0.50[ 0.17, 1.50] 38.92
He 2022 35 0 34 0 1.03[ 0.02, 53.33] 2.06
Scholz 2020 20 1 19 1 1.05[ 0.06, 18.05] 3.94
Yun 2016 22 9 24 8 —L 0.81[ 027, 2.48] 29.11
Zavras 2022 8 2 9 1 L 0.44[ 0.03, 588] 7.64
Chen 2015 37 0 32 0 1.15[ 0.02, 59.80] 1.94
Heterogeneity: I* = 0.00%, H> = 1.00 < 0.66[ 0.33, 1.32]
Test of g, = q;: Q(5) =0.70, p=0.98
Noncontiguous bilevel
Lu 2018 22 0 24 0 0.92[ 0.02, 48.25] 2.17
Shi 2016 34 0 31 0 1.10[ 0.02, 56.86]  2.00
Heterogeneity: I’ = 0.00%, H* = 1.00 e 1.00[ 0.06, 16.45]
Test of q;=q;: Q(1) =0.00, p=10.95
Unspecified
Yang 2016 57 3 59 4 1.29[ 0.28, 6.01] 1222
Heterogeneity: I’ = 0.00%, H’ = 1.00 i 1291 0.28, 6.01]
Test of g, = g;: Q(0) =0.00,p =.
Overall 2 0.75[ 041, 1.39]
Heterogeneity: I* = 0.00%, H* = 1.00
Test of q; = q;: Q(8) =1.35,p=0.99
Test of group differences: Q,(2) = 0.65, p=0.72

1/|32 1}4 é 1]6

Fixed—effects Mantel?Haenszel model
Fig. 8 Forest plot of fusion rate

operative time, and undoubtedly increases prevertebral
soft tissue oedema, which in turn promotes the develop-
ment of postoperative dysphagia, offsetting the advan-
tages of the ZAS in reducing the incidence of dysphagia.
In conclusion, ZAS has an advantage over PCC in terms
of reducing postoperative dysphagia in bilevel, especially
continuous ACDE.

ZAS can avoid potential plate-induced irritation of
adjacent segments, which is thought to be a predispos-
ing factor for adjacent segment degeneration [44]. A

biomechanical research suggested the presence of an
anterior plate might increase loads on adjoining interver-
tebral discs and accelerate ASD [45]. Several studies
showed that the incidence of postoperative ASD was sig-
nificantly lower in the ZAS group than in the PCC group
[38, 39, 46]. ZAS is capable of being implanted entirely
within the interbody region, away from the adjacent
levels. Conversely, the application of an anterior plate
requires greater disruption and irritation of the soft tis-
sues surrounding the adjacent segmental disc. The plate
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Treatment Control Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
Contiguous bilevel
Thind 2022 0 43 0 41 0.95[ 0.02, 49.20] 5.5
Yun 2016 12 19 12 20 —— 1.05[ 038, 291] 79.38
Zavras 2022 1 9 0 10 332[ 0.12, 91.60] 4.74
Heterogeneity: I = 0.00%, H> = 1.00 E— 1.17[ 0.46, 2.97]
Test of q; = g;: Q(2) =0.43, p=0.81
Noncontiguous bilevel
Lu2018 2 20 0 24 598[ 0.27, 131.66] 4.68
Shi 2016 0 34 0 31 091[ 0.02, 47.40] 5.65
Heterogeneity: I = 0.00%, H> = 1.00 — 3210 033, 31.14]
Test of q; = g;: Q(1) = 0.54, p = 0.46
Overall - 1.38[ 0.59, 3.22]
Heterogeneity: I’ = 0.00%, H> = 1.00
Test of ;= q;: Q(4) =1.48,p=10.83
Test of group differences: Q,(1) = 0.65, p =0.42
132 1R 8 128

Fixed—effects Mantel?Haenszel model
Fig. 9 Forest plot of cage sinking rate

structure adds considerable stiffness and increases the
stress on the adjacent segment, leading to a higher inci-
dence of ASD. Meanwhile, micro-movement of the surgi-
cal segment reduces the stress on the adjacent segment
and reduces the risk of ASD. With regard to ASD, our
study found no significant difference between the two
groups for either continuous or noncontinuous bilevel
ACDF. In the future, randomised controlled trials with
large samples, high quality and longitudinal follow-up are
essential to better determine whether ZAS contributes to
a reduction in the incidence of ASD.

Concerning cage subsidence, there was no significant
difference between ZAS and PCC in bilevel ACDEFE. Our
result is similar to the findings of He et al. and Zhao et al.,
which may be inferred from the similar biomechanical
properties of the two devices and similar fusion rates [43,
47]. Overall, our findings suggested the adoption of ZAS
in bilevel ACDF did not raise the incidence of cage sink-
ing in comparison to PCC.

This article had a few merits. First of all, we developed
rigorous study selection criteria. Only patients with clini-
cally uncommon bilevel ACDF were included, hence
minimising the expected biomechanical bias introduced
by the count of discs across the entire analysis. Moreover,
for further comparison of the effectiveness and security
of ZAS versus PCC, we carried out subgroup analyses
based on the type of bilevel ACDF and compared the
clinical results of the two devices in the different types
separately. Due to the rigorous inclusion criteria and
exhaustive analysis in this research, possible confound-
ing factors were minimised to enhance the validity and
credibility of our findings. Furthermore, this analysis was
subjected to Egger’s test, which demonstrated that the
potential for publishing bias was insignificant. Overall,
this paper holds significant practical implications and is
worthwhile to be interpreted with caution, thus offering
clinicians more convincing guidance on the management
of bilevel CDDD.
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Treatment  Control Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
Contiguous bilevel
He 2022 9 26 10 24 AJ* 0.83[ 0.29, 2.39] 4097
Zavras 2022 0 10 0 10 | 1.00[ 0.02, 55.27]  2.59
Chen 2015 5 32 7 25 0.56[ 0.16, 1.97] 3530
Heterogeneity: I* = 0.00%, H> = 1.00 0.71[ 032, 1.58]
Test of g, =q;: Q(2) =0.25, p =0.88
Noncontiguous bilevel
Lu 2018 0o 22 2 22 I 0.20[ 0.01, 4.40] 12.74
Shi 2016 0 34 1 30 = 0.29[ 0.01, 7.51] 8.40
Heterogeneity: I’ = 0.00%, H* = 1.00 ——— 0.24[ 0.03, 221]
Test of q;=q;: Q(1) =0.03, p=0.86
Overall S g 0.61[ 0.29, 1.28]
Heterogeneity: I’ =0.00%, H = 1.00
Test of g, =q;: Q(4) =1.10, p =0.89
Test of group differences: Q,(1) = 0.83, p =0.36

164 18 1 8

Fixed—effects Mantel?Haenszel model
Fig. 10 Forest plot of adjacent segmental degeneration rates

Some limitations of this research were likewise noted.
First of all, due to the low natural incidence of bilevel
CDDD, the sample size of included trials was small,
consisting of just two randomised controlled trials. The
selected articles were mainly observational, reducing
the capacity of explaining the diverse clinical heteroge-
neity within ACDF and selection bias between ZAS and
PCC groups. Furthermore, given the small number of
trials, some clinical outcomes compared were not com-
prehensive. As there was no comprehensive analysis of
spine alignment parameters such as C2-7 sagittal verti-
cal axis and T1 slope, the results of this study might be
underpowered to reflect changes in imaging outcomes.
Also, because we focused only on two-segment ACDE,
the results of this study did not necessarily apply to
single-segment and multi-segment ACDE. Secondly,

considerable heterogeneity between trials was observed
among certain endpoint measures. Nevertheless, the
subgroup analyses did not identify possible sources of
heterogeneity, which could be related to the surgeon’s
clinical experience, surgical proficiency, the patient’s own
circumstances, etc. Thirdly, the type of ZAS was diverse
across studies, which could be a source of bias in the
findings. In addition, English was the language of all eli-
gible trials. Hence, there could be a potential language
bias. In the end, the unavailable medical costs in the tri-
als involved in this review prevented a full comparison
of the merits and demerits between both apparatuses.
Consequently, given the shortcomings of our review, the
above findings remain under validation by RCTs with
large sample size, multicentre, longitudinal observation
and high quality.
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Treatment Control Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
Contiguous bilevel
Thind 2022 10 33 7 34 ——®— 147[ 0.50, 4.33] 8.09
He 2022 6 29 15 19 —— 0.26 [ 0.09, 0.79] 18.55
Scholz 2020 7 14 12 8 L 0.33[ 0.09, 1.19] 12.05
Chen 2015 8 29 10 22 —— 0.61[ 0.21, 1.79] 12.36
Heterogeneity: I’ = 45.87%, H> = 1.85 . 0.55[ 0.32, 0.96]
Test of q; = q;: Q(3) =5.54,p=0.14
Noncontiguous bilevel
Lu 2018 3 19 9 15 L 0.26[ 0.06, 1.15] 10.94
Shi 2016 5 29 6 25 = 0.72[ 0.20, 2.64] 7.87
Heterogeneity: I = 0.50%, H’ = 1.01 —_— 0.45[ 0.17, 1.18]
Test of q; = q;: Q(1) = 1.01, p=0.32
Unspecified
Yang 2016 24 36 35 28 —— 0.53[ 0.26, 1.09] 30.14
Heterogeneity: I’ = 0.00%, H* = 1.00 - 0.53[ 0.26, 1.09]
Test of ¢; = q;: Q(0)=0.00,p=.
Overall <o 0.53[ 0.36, 0.79]
Heterogeneity: '=9.70%, H = 1.11
Test of q; = q;: Q(6) = 6.64, p=0.35
Test of group differences: Q,(2) =0.13, p=0.94
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Fixed—effects Mantel?Haenszel model
Fig. 11 Forest plot of postoperative dysphagia rates

Conclusion

Our findings demonstrated ZAS attained equivalent effi-
cacy and security in bilevel ACDF compared to PCC with
respect to operative time, JOA score, NDI score, cervi-
cal Cobb angle, fusion rates, cage sinking rates and ASD
rates at final follow-up. Importantly, ZAS offered con-
siderable superiority over conventional PCC concerning

the reduction of intraoperative bleeding and postopera-
tive dysphagia rates. Overall, ZAS is considered advanta-
geous over PCC in bilevel ACDE. Given the limitations of
our study, larger prospective randomised controlled trials
are essential to generate further compelling evidence to
consolidate our conclusions.
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Mean diff.
Omitted study with 95% CI p—value
Lu 2018 —434[ -9.02, 0.34] 0.069
Shi 2016 — —5.47[ -8.88, —2.05] 0.002
Thind 2022 o —485[ -8.87,-0.83] 0.018
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Yun 2016 —-4.09[ -7.73, —0.45] 0.028
Zavras 2022 ° —6.06 [ —12.26, 0.13] 0.055
Chen 2015 o —6.87[ —14.12, 0.38] 0.063
Yang 2016 —431[ -8.45,-0.17] 0.041
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Fig. 12 Sensitivity analysis of intraoperative bleeding
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