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ARTICLE INFO ABSTRACT

Keywords: Study design: Systematic review of meta-analyses.
ACDF Objective: To perform a systematic review of meta-analyses to compare the clinical and radiological outcomes
Standalf’“e cage following anterior cervical discectomy and fusion with stand-alone cage (SAC) and anterior cervical cage-plate
Cage with plat,e constructs (ACCPC).
Recommendation . . . . . .
Systematic review Methods: The systematic overview was conducted in accordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines and reported as per Cochrane Handbook for Systematic Reviews
of Interventions following the methodology described in reporting Overview of reviews.
Results: Based on the available level-1 evidence, SAC offers significantly better benefits over ACCPC, in terms of
shorter operative time (p < 0.00001; 2 = 0%), lower blood loss (» =0.01; 2 = 0%), lesser rates of post-operative
dysphagia (p = 0.02; 12 = 0%), reduced overall expenditure (p = 0.001) and long-term adjacent segment
degeneration (ASD)/anterior longitudinal ligament ossification (ALO; p = 0.0003; I = 0%). There is no signif-
icant difference between the two constructs with regard to fusion rates, functional outcome scores, follow-up
radiological sagittal alignment parameters or cage subsidence.
Conclusion: Based on the available evidence, SAC constructs in ACDF reduce blood loss, decreases operative time,
mitigates post-operative dysphagia, lessens hospital-related expenditure and minimises long-term ASD rates.

1. Introduction plate-augmented constructs were associated with complications
including plate failure, dysphagia, neurovascular adversities, soft tissue

Since the initial description by Smith and Robinson in 1958, anterior damage and adjacent segment degeneration (ASD).>”’

cervical discectomy and fusion (ACDF) has remained an effective pro-
cedure performed for degenerative conditions of the cervical spine.1
Traditionally, this has been achieved with an anterior cervical cage-plate
construct (ACCPC), where augmentation of the anterior column with a
plate device provides greater spinal stability, enhances intervertebral
fusion and mitigates cage displacement.> Nevertheless, these

In order to overcome these complications, a newer surgical technique
was introduced around two decades earlier, which involved the utiliza-
tion of a stand-alone-cage (SAC) system using zero-profile anchoring
cages.>® This construct consists of a cage anchored directly to the
adjoining vertebral bodies by a pair of locking screws, which precludes
the need for an additional plate.®° This has been reported to potentially

Abbreviations: ACCPC, Anterior cervical cage-plate constructs; ACDF, Anterior Cervical Discectomy and Fusion; ACP, Anterior cage plating; ALO, Anterior lon-
gitudinal ligament ossification; AMSTAR, Assessment of Systematic Reviews; ASD, Adjacent Segment Degeneration; CCT, Cochrane Collaboration's tool; CHSRI,
Cochrane Handbook for Systematic Reviews of Intervention; CLH, Cochrane Library Handbook; CRBT, Cochrane Risk of Bias Tool; CRGC, Cochrane Review Group
criteria; DBS, Downs and Black score; JBISS, Joanna Briggs Institute Scoring System; JOA, Japanese Orthopaedic Association; MOOSE, Meta-analyses Of Observational
Studies in Epidemiology; NDI, Neck Disability Index; NOS, Newcastle-Ottawa Scale; NR, Not reported; OCEBMLECS, Oxford Centre for Evidence-Based Medicine Level
of Evidence 2 classification system; PRESS, Peer Review of Electronic Search Strategy; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses;
PROSPERO, Prospective Register of Systematic Reviews; RCT, Randomised controlled trial; SAC, Stand-Alone Cage; VAS, Visual Analog Scale score.
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offer less soft tissue violation and lower implant profile, resulting in
mitigated implant-related adversities. On the other hand, certain studies
have also reported compromised early stability, higher rates of subsi-
dence and poorer sagittal alignment restoration following the use of SAC.

Diverse randomised trials and systematic reviews have been pub-
lished on this subject hitherto.'®'* Nevertheless, there has been no
definitive evidence on whether one of these surgical options is clinically,
radiologically or functionally superior to the other. The current study was
thus planned to perform a systematic review of the existing
meta-analyses, so as to explore these controversies, compare the
high-quality evidence regarding the clinical and radiological outcome;
and provide recommendations on this issue.

2. Methods

The systematic overview was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines and reported as per Cochrane Handbook for Sys-
tematic Reviews of Interventions following the methodology described in
reporting Overview of reviews.'

2.1. Search strategy

We searched for the systematic reviews with meta-analysis published
in the English literature analysing the cage constructs utilised in ACDF
surgery using search terms such as “ACDF”, “anterior cervical decom-

pression fusion”, “cage”, “standalone cage”, “cage with plate”, “system-
atic review”, “meta-analysis” in PubMed, EMBASE, Web of Science,
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Scopus and the Cochrane Database of Systematic Reviews. We made our
search strategy in accordance with the Peer Review of Electronic Search
Strategy (PRESS) guidelines.'® We also searched the reference list of the
included studies for any relevant additional studies not identified in
primary search. Moreover, we also looked into the International Pro-
spective Register of Systematic Reviews (PROSPERO) registry for any
potential ongoing reviews nearing completion on the subject analysed.
The literature search was done on April 15th 2022 without any restric-
tion of publication period. Two reviewers made an independent and
duplicate search of literature with above search strategy and any
discrepancy were resolved with discussion. Fig. 1 shows the PRISMA flow
diagram of selection of reviews for inclusion into the analysis.

2.2. Inclusion & exclusion criteria

We included only systematic reviews with meta-analysis that
compared the utilisation of standalone cage versus cage with plate fixa-
tion for ACDF surgeries. We included studies published in English lan-
guage with a clear reporting of strategies for study selection, appraisal
methods and result synthesis. The study must have included at least one
of the outcomes of interest such as fusion, functional outcome parame-
ters, complications in their research question of systematic review. We
excluded narrative reviews, correspondence articles, topical reviews,
reviews without a comparator group, systematic review without meta-
analysis and reviews with mixed intervention groups analysed
together. Two reviewers made an independent and duplicate search of
literature and any discrepancy in inclusion of reviews were resolved with
discussion.
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Fig. 1. PRISMA flow diagram of the included studies in the analysis.
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2.3. Data extraction

Two reviewers did an independent and duplicate data extraction from
the included studies. We extracted data such as name of the author, year
and journal of publication, date of literature search, total number of
included studies, nature of the included studies, language restrictions if
any, their inclusion and exclusion criteria, databases searched, hetero-
geneity of the reported results and subgroups analysed. Any disagree-
ment in the data extraction was resolved by discussion until a consensus
was attained.

2.4. Quality assessment

We ascertained the methodological quality of the included systematic
review based on the level of evidence of the included primary studies in
them based on the Oxford Levels of Evidence. We used the Assessment of
Systematic Reviews (AMSTAR) score and its upgraded tool AMSTAR 2
grading to evaluate the methodological quality of the included re-
views.!”"!® Two reviewers made independent and duplicate assessment
of methodological quality and any disagreement was resolved by dis-
cussion until a consensus was attained.

2.5. Heterogeneity assessment

12 values reported in the included reviews were used to analyse the
heterogeneity in the reported results. If I* > 50% and p < 0.1, hetero-
geneity was deemed to exist in the reported results and the reviews were
further explored for sensitivity or subgroup analysis if done to explore
into the heterogeneity noted in their reported results. Final recommen-
dations were derived from the results analysed from the individual re-
views with due appraisal of the heterogeneity of the result concerned and
overall level of evidence of the review performed.

3. Results

The comprehensive systematic search in the electronic databases
generated 922 articles, which were subjected to an initial screening for
the removal of duplicate articles. This yielded 562 articles. Further
screening of title and abstract resulted in the exclusion of 452 articles.
Following this, a total of 32 articles qualified for reviewing the full-text.
After full-text review by both reviewers, 19 studies were excluded.
Finally, 13 meta-analyses'® %1926 were included in this systematic re-
view. These overlapping meta-analyses were published in different
journals between 2015 and 2021. The number of studies included in
these studies ranged between 6 and 19 as shown in Table 1. The publi-
cation years of the included studies in these meta-analyses ranged be-
tween 2004 and 2019 as shown in Table 2. The characteristics of the
patients included in these reviews were presented in Table 3.

3.1. Quality assessment

Based on the AMSTAR criteria the scores of the included reviews
ranged from 6 to 10 with a mean score of 9 showing good methodological
quality of the included articles. However, on further analysis based on the
AMSTAR 2 grading, most of the included studies failed at critical do-
mains of AMSTAR 2 grading such as non-availability of the complete list
of excluded articles from the full-text screening with their reasons for
exclusion and analysis of publication bias. Hence almost all of them were
allotted to low or critically low grades as shown in Table 4.

3.2. Heterogeneity assessment

All the included studies'® %1926 used 12 values to assess the het-
erogeneity of the results from their analysis. But only four of the included
studies' 121424 explored into the causes for heterogeneity by sensitivity
or subgroup analysis. Of all the included studies only one study'>
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Table 1
Studies included in the analysis.
SL Study Publication Journal Country Number of
No year included
Primary
Studies
1 Shao 2015 Journal of China 7
et al. Orthopaedic
Surgery and
Research
2 Xiaoetal. 2016 European Spine China 16
Journal
3 Oliver 2017 Spine USA 15
etal.
4 Nambiar 2017 European Spine Australia 6
et al. Journal
5 Tong 2017 World China 7
et al. Neurosurgery
6 Lu et al. 2018 European Spine Germany 9
Journal
7 Zhang 2018 World China 15
et al. Neurosurgery
8 Yang 2018 Medicine China 10
et al.
9 Cheung 2019 Global Spine USA 19
et al. Journal
10 Gabr 2020 Global Spine USA 14
et al. Journal
11 Zhao 2020 European Spine China 7
et al. Journal
12 Boeretal. 2021 Global Spine Brazil 6
Journal
13 Savio 2021 Asian Spine Indonesia 14
et al. Journal

SAC - Stand-Alone Cage; ACP — Anterior cage plating.

performed GRADE assessment of their outcomes. All the results from the
included systematic reviews were appraised based on the heterogeneity
of the results and the overall level of evidence of the review performed
and presented below.

3.3. Clinical outcomes

Table 5 shows the compilation of evidence regarding the clinical
outcomes such as improvement on Visual Analog Scale score (VAS),
Odom's criteria, Robinson's criteria, Japanese Orthopaedic Association
(JOA) criteria and Neck Disability Index (NDI); and overall fusion rates
from the included studies. With regard to fusion rate, a majority of the
included studies (excepting three) reported no significant difference in
the fusion rate between the two constructs.'>*>2° Three studies (Oliver
et al,]2 Savio et al’® and Gabr et al*®) demonstrated statistically better
fusion rates with cage-plate constructs. However, on further evaluation,
it was noted that the quality of these 3 studies was relatively less
acceptable (the former 2 studies were observational in nature; while the
latter study did not follow a standard meta-analytic methodology
resulting in the generation of heterogenous inferences).

Similarly, with regard to the improvements in pain (VAS score) and
functional outcome (based on Odom's criteria, Robinson's criteria, JOA
score, and NDI score), a majority of included studies did not demonstrate
any statistically significant difference between the two constructs. The
only study which demonstrated significantly better outcome with ACCPC
was published by Oliver et el.'?> However, in view of the afore-mentioned
reasons regarding its methodology, the quality of evidence in this study
was relatively less reliable.

3.4. Perioperative parameters and early complications

Table 6 shows the compilation of evidence on perioperative param-
eters such as operative time, blood loss, length of hospitalisation and
immediate postoperative complications such as dysphagia and dysphasia
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Table 2
Characteristics of the included systematic reviews and meta-analyses.

SL Study SAC [n (%)] Years of publication Studies Primary Study Level of Number of patients Study

No (Individual studies) included Design Evidence included Appraisal

1 Shao et al. 262 (46.8%) 2013 to 2015 7 Prospective — 2 Level IIT 560 CLH
RCT-1
Retrospective — 4

2 Xiao et al. 545 (51.1%) 2013 to 2016 16 Prospective — 3 Level IIT 1066 NOS
RCT -2
Retrospective — 11

3 Oliver et al. 486 (54.4%) 2004 to 2016 15 RCT -3 Level 11T 893 NOS, CRGC
Prospective — 1
Retrospective — 11

4 Nambiar 167 2014 to 2016 6 RCT-1 Level III 325 MOOSE

et al. (51.38%) Retrospective — 5

5 Tong et al. 195 (47.7%) 2012 to 2016 7 RCT-1 Level II 409 MINORS
Retrospective — 6

6 Lu et al. 302 (44%) 2012 to 2017 Retrospective — 9 Level IIT 687 MOOSE

7 Zhang et al. 496 (48.7%) 2012 to 2018 15 Prospective — 3 Level III 1018 NOS
Retrospective — 12

8 Yang et al. 277 (48.8%) 2012 to 2018 10 Retrospective — 10 Level III NR NOS

9 Cheung et al. 603 (51.5%) 2009 to 2016 19 Prospective — 4 Level III 1170 DBS
Retrospective — 15

10 Gabr et al. 583 (50%) NR 14 RCT - 14 Level I 1173 CHSRI

11 Zhao et al. 268 (49.6%) 2015 to 2018 7 RCT-7 Level I 540 CCT

12 Boer et al. 154 (49.8%) 2007 to 2017 6 RCT-6 Level I 309 CCT, CRBT

13 Savio et al. 522 2010 to 2019 14 Prospective — 2 Level III 960 JBISS

(54.38%)

Retrospective — 12

CCT - Cochrane Collaboration's tool; CHSRI - Cochrane Handbook for Systematic Reviews of Intervention; CLH - Cochrane Library Handbook.

CRBT - Cochrane Risk of Bias Tool; CRGC - Cochrane Review Group criteria; DBS - Downs and Black score; JBISS - Joanna Briggs Institute Scoring System; Method-
ological index for non-randomized studies; MOOSE - Meta-analyses Of Observational Studies in Epidemiology; NOS-Newcastle-Ottawa Scale; NR — Not reported;
OCEBMLECS - Oxford Centre for Evidence-Based Medicine Level of Evidence 2 classification system; RCT — Randomised controlled trial.

Table 3
Characteristics of patients included in the systematic review analysed.

SL Study Age (years) Levels of surgery Follow-up (months)
N
© Standalone Cage group Anterior Cage Plate group Standalone Cage group Anterior Cage Plate group
1 Shao et al. 43.6-56.8 44.9-54 1-3 6-33.6 6-33.2
2 Xiao et al. 40.9 4+ 7.2-58.2 + 1.45 41.6 +7.0-57.5 £ 9.5 1-4 6-36 6-36
3 Oliver et al. 53.2 53.4 1-4 21.6 21.95
4 Nambiar et al. 40.9 +7.2-57.3 £ 13.3 41.6 + 7-54.0 £ 8.5 1 6-35.2 6-35.5
5 Tong et al. 49.3-56.9 48.8-57.5 >2 12.8-36 13.6-36
6 Lu et al. 48-59 48-61 2 6-36 6-36
7 Zhang et al. 43.4-56.9 £ 5.9 43.5-59.5 £ 12.6 >2 12.77 + 7.85-40.6 + 9.2 14.6-43.5 + 10.4
8 Yang et al. 48.9 &+ 4.0-56.9 £ 5.9 48.8 4+ 3.9-58.6 £ 7.2 NR 23.3 +6.9-40.6 £ 9.2 24.2 + 6.4-43.5 £ 10.4
9 Cheung et al. 44.1 £+ 5.8-63.55 £ 7.12 42.8 + 6.1-64.28 + 8.76 NR 6-36 6-36
10 Gabr et al. 50.84 + 4.91 50.87 + 4.79 1-4 NR NR
11 Zhao et al. 40.9 £+ 7.2-56.9 £ 5.9 41.6 +7.0-59.5 £ 12.6 1-4 6-36 6-36
12 Boer et al. NR NR NR NR NR
13 Savio et al. 49 +11-62.3 £ 6.7 44.3 £ 9.7-64.4 + 3.2 1-3 12-50 12-50
NR - not reported.
23,24

from the included studies. Heterogeneity was noted in the results of the
included studies with regard to operative time and blood loss between
the two procedures, owing to the fact that these parameters vary
depending upon the expertise and experience of the surgeons. Never-
theless, level-1 evidence revealed a significantly shorter operative time
and lower blood loss for ACDF using SAC constructs.?>2*Although the
study by Boer et al?® did not concur with this inference, the heterogeneity
of the generated result downgraded the value of the evidence generated
from their analysis. There was no statistically significant difference in the
length of hospital stay between the two constructs.>*>* However, based
on level-1 evidence, utilisation of cage-plate (CP) construct for ACDF
increased the overall cost of the procedure and hospitalisation
[$6478.20 + 836.6 (SAC) vs $7510.80 + 899.9 (ACP); p = 0.001].%
With regard to the immediate or late post-operative complications such
as dysphasia and dysphagia, we noted more homogenous results from the
included studies.?>"?> Although the choice of the construct did not alter
the incidence of dysphasia,”> > the use of SAC construct significantly

reduced the dysphagia rates in ACDF surgeries.

3.5. Late radiological outcomes

Table 7 shows the compilation of evidence on the late radiological
outcome parameters such as maintenance of cervical lordosis, segmental
lordosis, disc height along with the incidence of cage subsidence and
adjacent segment disease. Heterogeneity was noted among the included
studies with regard to the radiological outcomes analysed. Overall, level-
1 evidence showed no significant difference between the two ACDF
constructs with regard to a majority of cervical spinal radiological
alignment parameters. With regard to the development of adjacent
segment degeneration, level-1 evidence seems to suggest a substantially
higher rate of anterior longitudinal ligament ossification (ALO) and
adjacent segment degeneration following ACPC. In the other level-1
study (Gabr et al®®), although higher rates of ALO were reported
following SAC, the differences were not statistically significant.



Table 4
Methodological quality assessment of the included systematic reviews.
SL Author Year Priori Literature List of Publication Appropriate Conclusion Duplicate Grey Included Quality Conflicts AMSTAR AMSTAR 2
No design search included and bias meta-analysis based on study study selection literature study data appraisal of interest Score Grade
excluded assessment methods quality & extraction search
studies
1 Shaoetal. 2015 1 1 0 0 1 1 1 0 1 0 1 7 Critically
Low
2 Xiaoetal. 2016 1 1 0 0 1 1 1 0 1 0 0 6 Critically
Low
3 Oliver 2017 1 1 0 0 1 0 1 0 1 1 1 7 Critically
et al. Low
4 Nambiar 2017 1 1 0 0 1 1 1 0 1 1 0 7 Critically
et al. Low
5 Tong 2017 1 1 0 0 1 1 1 0 1 1 1 8 Critically
et al. Low
6 Lu et al. 2018 1 1 0 1 1 1 1 0 1 1 1 9 Low
7 Zhang 2018 1 1 0 0 1 1 1 0 1 1 1 8 Critically
et al. Low
8 Yang 2018 1 1 0 0 1 1 1 0 1 1 0 7 Critically
etal. Low
9 Cheung 2019 1 1 0 0 1 1 1 0 1 1 1 8 Critically
et al. Low
10 Gabretal. 2020 1 1 0 0 1 0 1 0 1 1 1 7 Critically
Low
11 Zhao 2020 1 1 0 0 1 1 1 0 1 1 1 8 Critically
et al. Low
12 Boeretal. 2021 1 1 0 0 1 1 1 0 1 1 1 8 Critically
Low
13 Savio 2021 1 1 0 0 1 0 1 0 1 1 0 6 Critically
et al. Low

AMSTAR - Assessment of Systematic Reviews.
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Table 5
Fusion rates and clinical outcome among the included studies.
SL Odom’s | Robinson’s
No Study Fusion VAS improvement criteria eriteria JOA NDI
Level I Evidence
| Gabr et al. p=0.019; >=NR | NR NR NR NR p=0.37;
I>=NR
5 Zhao et al. p=0.63; ’=0% | p=0.23; ’=0% NR NR p=0.05; p=0.08;
1%=95% =92%
Boer et al. p=0.66; I’=13% | VAS neck: p=0.814; NR NR NR p=0.04;
’=83% >=98%
’ VAS arm: p=0.766;
’=97%
Level 111 Evidence
1 | Shaoetal NR NR NR NR NR NR
2 | Xiaoetal. NR NR NR NR NR NR
Oliver et al. P<0.05; I>=0% VAS neck: p<0.05; NR NR NR p>0.05;
’=0% ’=0%
3 VAS arm: p<0.05;
>=0%
A Nambiar et al. | p=0.31; ’=5% p=0.15; ’=NR NR NR p=0.63; p=0.54;
I>=NR I>=NR
s Tong et al. p=0.78; ’=0% | NR NR NR p=0.53; p=0.87;
>=0% >=0%
6 Lu et al. p=0.45; >=NR | p=0.14; ’=NR NR NR p=0.77;
I’=NR
; Zhang et al. p=0.86; >=0% NR NR NR p=0.39; p=0.73;
1=0% =0%
) Yang et al. p=0.5; >=0% NR NR NR p=0.51; p=0.93;
1=0% =0%
0 Cheungetal. | p=0.09; ’=2% | p=0.28; >=81% NR NR p=0.1; p=0.62;
p=0.64; ’=94% =0% =0%
10 Savio et al. p=0.02; ’=0% | p=0.85; >=89% p=0.93; p=0.47; p=0.39; p=0.26;
’=0% *=11% >=0% >=42%
No difference among groups
Favour standalone cage group
Favour anterior cage with plate
group

JOA - Japanese Orthopaedic Association Score; NDI — Neck Disability Index; NR — Not reported; VAS - Visual Analog Scale score.

4. Discussion

Although multiple meta-analyses have been published heretofore
comparing SAC and APCC for patients undergoing ACDF, the evidence
regarding the superiority of one of these constructs over the other is still
ambiguous.'®141°2° This can be attributed to the scarcity of

high-quality studies performing a thorough comparison of clinical and
radiological outcome parameters between these two modalities.”® Real-
ising the need for a thorough analysis comparing these surgical proced-
ures in terms of perioperative factors, complications, clinical and
radiological outcomes; and to provide high-quality evidence regarding
the same, the current systematic review of the existing meta-analyses was
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Table 6
Perioperative parameters and early complications among the included studies.
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NR — Not reported

performed. The recommendations were provided on the basis of the
consensus statements issued on the relevant and crucial questions on this
subject among the studies with highly reliable study methodology
(level-1 evidence).

Between 2015 and 2021, 13 meta-analyses comparing the relative
efficacies of SAC and ACCPC have been published.'% %1926 A majority
of these contributions emanated from China (46.2%) and the United
States of America (23.1%) between 2004 and 2019.'01419-26 Despite
such large volume of data, we could observe that only 3 meta-analyses
included level-1 evidence.?>?® The reminder of the literature included
both retrospective and prospective trials; and therefore, offered less
reliable evidence on this subject. Among these 3 studies providing level-1
evidence, Gabr et al®® (2020) performed a systematic review of 14 RCTs
(involving 1173 patients) to compare the rates of pseudoarthrosis and
dysphagia following these procedures. The other two RCT-based reviews,
published by Zhao et al** (2020) and Boer et al*® (2021), included 7 (540
patients) and 6 (309 patients) individual studies, respectively. A majority
of the strongest evidence, available hitherto on this subject, is based upon
these 3 studies only.

It is well-acknowledged that the clinical and radiological outcome
parameters following ACDF (including pseudo-arthrosis and other
complication rates) vary depending upon the levels and extent of sur-
gery.?>"2° However, there is a significant heterogeneity in the published
literature regarding the reporting of outcome measures in comparison
with the extent of surgery.'®1*1°72° Only the reviews by Nambiar et al'>
(2017 - single-level ACDF only) and Lu et al'? (2018 - two-level ACDF

SL
N Study Operative time Blood loss Dysphasia Dysphagia Hospitalisation
0
Level I Evidence
| | Gabretal p=0.0001; I>=NR p=0.0001; I>=NR p=0.5; >=NR | p=0.001; >=NR p=0.48; ’=NR
5 | Zhao et al. P<0.00001; >=0% | p=0.01; I>=0% NR p=0.02; I>=0% p=0.27; I>=36%
3 | Boeretal. P<0.001; 1>=99% NR NR NR NR
Level III Evidence
1 | Shaoetal. p=0.38; ’=92% P=0.0001; ’=23% | NR p=0.001; >=0% NR
2 | Xiao et al. NR NR NR p=0.006; 1>=0% NR
3 | Oliver et al. NR NR NR p>0.05; ’=0% NR
4 | Nambiar etal. | p=0.04; ’=43% p = 0.08; >=87% NR p=0.05; I>=0% NR
5 | Tong et al. p=0.10; 1>=89% p=0.07; >=73% NR p=0.01; >=0% NR
6 | Luetal p=0.21; [>=NR p=0.90; >=NR NR p=0.09; I>=0% p=0.39; >=NR
7 | Zhang et al. p=0.01; >=80% p=0.002; I>=86% NR p=0.002; I>=0% p=0.03; I>=0%
8 | Yangetal. NR NR NR p=0.012; >=0% NR
0 Cheungetal. | p=0.65; I>=92% p=0.001; I>=82% p=0.96; ’=0% | p=0.00001; p=0.52; ’=47%
1=22%
10 | Savio et al. p<0.00001; ’=74% | P<0.00001; I’=96% | P=0.67; >=0% | p=0.0001; ’=0% | p=0.40; I’=0%
No difference among groups
Favour standalone cage group
Favour anterior cage with plate group

only) focused specifically on evaluating the outcome for specified levels
of fusion. However, both these reviews primarily included retrospective
studies (excepting one RCT on single-level ACDF). On the other hand,
studies with level-1 evidence on this subject have been very inclusive
with regard to the surgical levels (1 to 4-level ACDF).%%%5 Therefore,
based on our systematic review, we do emphasize upon the need for
high-quality prospective and RCTs evaluating the comparative efficacies
of these constructs, separately focusing on single- and multi-level ACDFs.
Based on the AMSTAR grading too, the methodological quality of pub-
lished meta-analyses has varied between critically low to low. Despite
these limitations, based on a critical analysis of the available level-1 and
level-3 studies, we were able to put forth lucid recommendations on this
subject.

The primary outcome measure in a majority of the published meta-
analyses was the rate of fusion.'®'*1°25 The follow-up period in
these meta-analyses extended between 6 and 50 months. A majority of
the meta-analyses (8 out of 11 studies) have reported no significant
differences between the two constructs in terms of final fusion
rates. >1419-222425 On the other hand, three (1 level-1?° and 2
level-2'%2° evidence) studies reported better fusion rates with ACCPC. It
is well-recognised that the healing rates following ACDF depend on a
number of clinical and radiological parameters, namely levels of fusion,
associated comorbidities (like diabetes mellitus, renal osteodystrophy
etc.), underlying osteoporosis, revision procedures and the use of bio-
logical agents (allografts, allografts or other osteo-biologics). 0141926
The available literature does not provide any evidence on whether one of
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Table 7
Late radiological outcomes among the included studies.
SL Cervical Segmental Adjacent
No Study Lordosis Lordosis Disc Height Cage Subsidence Segment Disease
Level I Evidence
1 | Gabretal. NR NR NR NR p=0.24; >=NR
5 | Zhaoetal. p=0.48; ’=0% p=0.26; ’=27% | p=0.06; ’=0% | p=0.78; I>’=NR p=0.0003; I’=0%
3 | Boeretal p=0.04; ’=87% | NR NR NR NR
Level I1I Evidence
1 | Shaoetal. NR NR NR NR NR
2 | Xiao etal. NR NR NR NR NR
3 | Oliver et al. NR NR NR P<0.05; I>°=28% NR
4 | Nambiar et al. p=0.12; >=0% p=0.07;>=0% | NR p=0.42; =0% NR
5 | Tongetal. p=0.21; >=52% | p=0.09; I*=91% | p=0.71; >°=70% | p=0.15; *=48% p=0.51; I*=0%
6 | Luetal p=0.04; ’=56% | p=0.12; I>’=NR | p=0.04; ’=45% | p=0.0001; >=15% | NR
7 | Zhang et al. p=0.03; ’=56% | p=0.15; 1>=92% | p=0.41; >=81% | p=0.22; I’=69% p=0.05; ’=0%
8 | Yangetal p=0.04; ’=26% | NR NR NR p=0.04; ’=0%
9 | Cheung et al. p=0.04; ’=59% | p=0.09; I>=0% | p=0.003; ’=0% | p=0.0001; >=20% | p=0.003; I’=0%
10 | Savio et al. p=0.002; ’=72% | p=0.01; >=65% | p=0.02; ’=71% | p=0.00001; ’=32% | p=0.002; *=0%
No difference among groups
Favour standalone cage group
Favour anterior cage with plate group

NR — Not reported

these constructs offers additional benefits over the other in any of these
aforementioned, complex situations. Following a critical analysis of the
current evidence, we did not observe any substantial difference in the
fusion rates between the two techniques.'°*'%-2° Additionally, none of
the available reviews has critically evaluated whether there is any sig-
nificant difference in time required for fusion between the two con-
structs, which is also an opportunity for future research.

Six meta-analyses reviewed the prevalence of neck pain (one review
also analysed residual radicular pain) during the follow-up.!%1%2%24-26
Apart from one level-3'2 evidence study, all others failed to demonstrate
any significant difference in follow-up VAS scores between the two
procedures. Four different functional outcome parameters (NDI — 10
studies, JOA - 8 studies, Odom's and Robinson's criteria in one study
each) were evaluated in the included meta-analyses.!* %1926 All the
studies were consistent in demonstrating no significant difference in the

functional outcome parameters between the two surgical
procedures.'0 141926

A majority of the included reviews compared the intra-operative
blood loss and operative times between these two

constructs,!®13141920.22.26 There js substantial level-1 evidence in
favour of SAC constructs, in terms of both these variables.”>*! Although
both these parameters depend upon a number of variables like surgeons’
experience, expertise and familiarity with the procedure, levels and
extent of procedure, and the underlying diagnosis; the literature evi-
dence demonstrates a significant advantage of SAC constructs in this
context.”>?* Six reviews evaluated the difference in the length of hos-
pitalisation between the two constructs.'>?%?22425 Other than one
level-3 evidence study by Zhang et al’’ which demonstrated a

significantly shorter hospitalisation time in SAC constructs in multi-level
ACDFs, none of the included studies demonstrated any substantial su-
periority of one construct over the other in this regard.'>?>2%2° One of
the included reviews (with level-1 evidence), which evaluated the cost
difference during hospitalisation between the two constructs, showed a
statistically significant advantage of SAC over ACCP construct.”>

Among the early complications following ACDF, the two most
commonly reported adversities included dysphasia (reported in 1 level-
1,® and 2 level-22%%% studies) and dysphagia.'*1%192420 There is a
substantially good level-1 evidence to support better outcome following
SACconstructs, with respect to post-operative dysphagia.'®!1>!420-24.26
The various factors which may result in mitigated dysphagia rates in SAC
constructs include reduced profile of the cervical implant, shorter dura-
tion of procedure, reduced need for retraction of esophagus and subse-
quently less irritation of the trachea-esophageal complex. There is no
difference in the dysphasia rates.’>>>° With regard to the comparison
of other early complications including surgical site infections (SSI),
wound dehiscence, febrile episodes, breathing difficulty etc., there is still
insufficient evidence in the published literature.

Various studies have also compared the long-term radiological
outcome following these two surgical procedures.'* %1926 One of the
most crucial benefits of additional plate stabilisation initially put forth by
the proponents of this construct was the meliorated maintenance of
sagittal alignment.?® The past reviews have evaluated radiological pa-
rameters, namely cervical lordosis, segmental lordosis and disc height to
study the sagittal cervical alignment.'>*°"2% In terms of segmental
lordosis and disc height, the evidence seems to suggest a similar outcome
following both the procedures.'?%** Nine studies compared the change
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of cervical lordosis during the follow-up following the two surgical
procedures. 31419222426 Among them, 5 level-3 evidence studies
observed better restoration or maintenance of cervical lordosis
following ACCPC.'??%2% Nevertheless, the evidence on this issue among
the level -1 studies is still not clear.>>*> Additionally, other relevant
factors like levels of surgery, underlying diagnosis or cervical pathology,
size of cage, cervical segment involved (eg. upper, middle or
lower-segment disease) and associated osteoporosis which could poten-
tially influence the final lordotic alignment, were not critically analysed
in these studies.'%*19-2° Therefore, there is still insufficient evidence to
definitively conclude upon the influence of the surgical construct on the
final sagittal alignment after ACDF.'% %1926 Another long-term radio-
logical parameter, which was compared in relation to these two surgical
constructs, was cage subsidence.!?20222426 Eyen though 4 level-3
studies' 192226 gbserved mitigated rates of cage subsidence following
plate stabilisation, there is no strong level-1 evidence to substantiate this
finding.?*

Another important concern regarding the use of CP construct includes
the development of adjacent segment degeneration.?* The current level-1
evidence also seems to favour better outcome with SAC on this issue.?*
The study by Zhao et al** demonstrated a significantly lower incidence of
both ASD and ALO. On the other hand, while the level-1 evidence by
Gabr et al?® also showed better outcome with SAC in this regard, the
difference did not reach a statistically significant threshold. The higher
rates of ALO and ASD with ACCPC can be well-explained by the fact that
application of an anterior plate necessitates greater violation and irrita-
tion of soft tissues in relation to the adjacent-level disc.?* In addition,
plate also adds substantial rigidity to the construct, which in turn en-
hances the stress at the adjacent level, leading to higher degeneration.”*

Our Study has few limitations. As previously mentioned, only 3 of the
published 13 meta-analyses provide level-1 evidence.?*%° The available
meta-analyses also have not specifically compared the role of these two
constructs, with respect to specific, relevant scenarios like single-level or
multi-level procedures, cervical deformity surgeries, and patients with
serious comorbidities or underlying osteoporosis. The number of
high-quality, prospective and randomised-controlled studies on this
subject is also fairly limited.

5. Conclusion

Based on a systematic overview of the existing meta-analyses, we
have been able to conclude that SAC offers significantly better benefits
over ACCPC, in terms of shorter operative time, lower blood loss, lesser
rates of post-operative dysphagia, reduced overall expenditure related to
hospital stay and long-term ASD or ALO. There is no definitive evidence
to show any substantial difference between the two constructs with re-
gard to fusion rates, function outcome scores, follow-up radiological
parameters like sagittal alignment or cage subsidence and other adverse
events.

Declaration of competing interest
Authors declare no conflicts of interst.

References

1. Smith GW, Robinson RA. The treatment of certain cervical-spine disorders by
anterior removal of the intervertebral disc and interbody fusion. J Bone Joint Surg Am.
1958;40-A:607-624.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

World Neurosurgery: X 18 (2023) 100185

. Pitzen TR, Chrobok J, Stulik J, et al. Implant complications, fusion, loss of lordosis,

and outcome after anterior cervical plating with dynamic or rigid plates: two-year
results of a multi-centric, randomized, controlled study. Spine. 2009;34:641-646.

. Song K-J, Taghavi CE, Lee K-B, et al. The efficacy of plate construct augmentation

versus cage alone in anterior cervical fusion. Spine. 2009;34:2886-2892.

. Kaiser MG, Haid RW, Subach BR, et al. Anterior cervical plating enhances arthrodesis

after discectomy and fusion with cortical allograft. Neurosurgery. 2002;50:229-236.
discussion 236-238.

. Yang L, Gu Y, Liang L, et al. Stand-alone anchored spacer versus anterior plate for

multilevel anterior cervical diskectomy and fusion. Orthopedics. 2012;35:
e1503-e1510.

. Wu J-C, Liu L, Wen-Cheng H, et al. The incidence of adjacent segment disease

requiring surgery after anterior cervical diskectomy and fusion: estimation using an
11-year comprehensive nationwide database in Taiwan. Neurosurgery. 2012;70:
594-601.

. Fountas KN, Kapsalaki EZ, Nikolakakos LG, et al. Anterior cervical discectomy and

fusion associated complications. Spine. 2007;32:2310-2317.

. Lu'Y, Bao W, Wang Z, et al. Comparison of the clinical effects of zero-profile

anchored spacer (ROI-C) and conventional cage-plate construct for the treatment of
noncontiguous bilevel of cervical degenerative disc disease (CDDD): a minimum 2-
year follow-up. Medicine (Baltim). 2018;97, e9808.

. Sun Z, Liu Z, Hu W, et al. Zero-profile versus cage and plate in anterior cervical

discectomy and fusion with a minimum 2 Years of follow-up: a meta-analysis. World
Neurosurg. 2018;120:e551-e561.

Shao H, Chen J, Ru B, et al. Zero-profile implant versus conventional cage-plate
implant in anterior cervical discectomy and fusion for the treatment of degenerative
cervical spondylosis: a meta-analysis. J Orthop Surg Res. 2015;10:148.

Xiao S, Liang Z, Wei W, et al. Zero-profile anchored cage reduces risk of
postoperative dysphagia compared with cage with plate fixation after anterior
cervical discectomy and fusion. Eur Spine J. 2017;26:975-984.

Oliver JD, Goncalves S, Kerezoudis P, et al. Comparison of outcomes for anterior
cervical discectomy and fusion with and without anterior plate fixation: a systematic
review and meta-analysis. Spine (Phila Pa 1976. 2018;43:E413-E422.

Nambiar M, Phan K, Cunningham JE, et al. Locking stand-alone cages versus anterior
plate constructs in single-level fusion for degenerative cervical disease: a systematic
review and meta-analysis. Eur Spine J. 2017;26:2258-2266.

Tong M-J, Xiang G-H, He Z-L, et al. Zero-profile spacer versus cage-plate construct in
anterior cervical diskectomy and fusion for multilevel cervical spondylotic
myelopathy: systematic review and meta-analysis. World Neurosurg. 2017;104:
545-553.

Higgins JP. Cochrane Handbook for systematic reviews of interventions. 2nd ed.
Chichester (UK): John Wiley & Sons, Ltd, https://training.cochrane.org/handbook
(accessed 22 April 2022).

McGowan J, Sampson M, Salzwedel DM, et al. PRESS peer review of electronic
search strategies: 2015 guideline statement. J Clin Epidemiol. 2016;75:40—46.

Shea BJ, Bouter LM, Peterson J, et al. External validation of a measurement tool to
assess systematic reviews (AMSTAR). PLoS One. 2007;2, e1350.

Shea BJ, Reeves BC, Wells G, et al. Amstar 2: a critical appraisal tool for systematic
reviews that include randomised or non-randomised studies of healthcare
interventions, or both. BMJ. 2017;358:j4008.

Lu VM, Mobbs RJ, Fang B, et al. Clinical outcomes of locking stand-alone cage versus
anterior plate construct in two-level anterior cervical discectomy and fusion: a
systematic review and meta-analysis. Eur Spine J. 2019;28:199-208.

Zhang D, Liu B, Zhu J, et al. Comparison of clinical and radiologic outcomes between
self-locking stand-alone cage and cage with anterior plate for multilevel anterior
cervical discectomy and fusion: a meta-analysis. World Neurosurg. 2019;125:
ell17-e131.

Yang Z, Zhao Y, Luo J. Incidence of dysphagia of zero-profile spacer versus cage-plate
after anterior cervical discectomy and fusion: a meta-analysis. Medicine (Baltim).
2019;98, e15767.

Cheung ZB, Gidumal S, White S, et al. Comparison of anterior cervical discectomy
and fusion with a stand-alone interbody cage versus a conventional cage-plate
technique: a systematic review and meta-analysis. Global Spine J. 2019;9:446-455.
Gabr MA, Touko E, Yadav AP, et al. Improved dysphagia outcomes in anchored
spacers versus plate-screw systems in anterior cervical discectomy and fusion: a
systematic review. Global Spine J. 2020;10:1057-1065.

Zhao'Y, Yang S, Huo Y, et al. Locking stand-alone cage versus anterior plate construct
in anterior cervical discectomy and fusion: a systematic review and meta-analysis
based on randomized controlled trials. Eur Spine J. 2020;29:2734-2744.

Boer LFR, Zorzetto E, Yeh F, et al. Degenerative cervical disorder-stand-alone cage
versus cage and cervical plate: a systematic review. Global Spine J. 2021;11:249-255.
Savio SD, Deslivia MF, Arimbawa IBG, et al. Thorough comparative analysis of stand-
alone cage and anterior cervical plate for anterior cervical discectomy and fusion in
the treatment of cervical degenerative disease: a systematic review and meta-
analysis. Asian Spine J. 2022. https://doi.org/10.31616/asj.2021.0123. Epub ahead
of print 11 March.


http://refhub.elsevier.com/S2590-1397(23)00034-0/sref1
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref1
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref1
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref1
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref2
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref2
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref2
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref2
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref3
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref3
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref3
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref4
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref4
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref4
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref4
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref5
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref5
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref5
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref5
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref6
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref6
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref6
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref6
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref6
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref7
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref7
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref7
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref8
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref8
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref8
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref8
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref9
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref9
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref9
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref9
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref10
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref10
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref10
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref11
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref11
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref11
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref11
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref12
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref12
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref12
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref12
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref13
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref13
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref13
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref13
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref14
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref14
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref14
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref14
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref14
https://training.cochrane.org/handbook
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref16
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref16
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref16
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref17
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref17
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref18
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref18
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref18
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref19
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref19
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref19
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref19
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref20
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref20
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref20
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref20
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref20
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref21
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref21
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref21
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref22
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref22
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref22
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref22
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref23
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref23
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref23
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref23
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref24
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref24
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref24
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref24
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref25
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref25
http://refhub.elsevier.com/S2590-1397(23)00034-0/sref25
https://doi.org/10.31616/asj.2021.0123

	Is anterior cervical plating necessary for cage constructs in anterior cervical discectomy and fusion surgery for cervical  ...
	1. Introduction
	2. Methods
	2.1. Search strategy
	2.2. Inclusion & exclusion criteria
	2.3. Data extraction
	2.4. Quality assessment
	2.5. Heterogeneity assessment

	3. Results
	3.1. Quality assessment
	3.2. Heterogeneity assessment
	3.3. Clinical outcomes
	3.4. Perioperative parameters and early complications
	3.5. Late radiological outcomes

	4. Discussion
	5. Conclusion
	Declaration of competing interest
	References


