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Abstract

Background Currently, self-locking stand-alone cages (SSC) are commonly applied in anterior cervical discectomy
and fusion (ACDF), as are cage-plate constructs (CPC). However, it remains controversial concerning the long-term
effectiveness of both apparatuses. Our purpose is to compare long-term effectiveness of SSC with CPC in monoseg-
mental ACDF.

Methods Four electronic databases were queried to identify studies comparing SSC versus CPC in monosegmental
ACDF. The meta-analysis was carried out with the use of the Stata MP 17.0 software package.

Results Ten trials with 979 patients were included. Compared to CPC, SSC significantly reduced operative time,
intraoperative blood loss, duration of hospitalisation, cervical Cobb angle at final follow-up, 1-month postoperative
dysphagia rate, and incidence of adjacent segment degeneration (ASD) at final follow-up. No significant difference
was found regarding 1-month postoperative cervical Cobb angle, JOA scores, NDI scores, fusion rate and cage subsid-
ence rate at final follow-up.

Conclusion Both devices achieved similar long-term effectiveness in monosegmental ACDF regarding JOA scores,
NDI scores, fusion rate and cage subsidence rate. SSC had significant advantages over CPC in reducing surgical dura-
tion, intraoperative bleeding, duration of hospitalisation, as well as rates of dysphagia and ASD after surgery. There-
fore, SSC is a better option than CPC in monosegmental ACDF. However, SSC is inferior to CPC in maintaining cervical
curvature at long-term follow-up. Whether radiological changes affect clinical symptoms needs confirmation in trials
with longer follow-up.

Keywords Cervical spinal fusion, Self-locking stand-alone cage, Single segment, Long-term effectiveness, Meta-
analysis
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huge economic burden to society [1]. Neck pain in adults
is usually attributed to degenerative cervical spondylosis
(DCS), which in severe cases can develop into spinal cord
dysfunction. DCS is a series of clinical syndromes result-
ing from damage to the spinal cord, nerves and blood
vessels caused by degeneration of cervical intervertebral
discs and subsequent changes. This debilitating disorder
can be treated by conservative means in the early stages.
However, once conservative treatment is no longer effec-
tive or symptoms continue to worsen, the compressed
spinal cord is in danger of irreversible damage. To relieve
nerve compression and improve symptoms, surgical
treatment should be performed as soon as possible [2].

Currently, anterior cervical discectomy and fusion
(ACDF) is widely recognised a gold standard for treating
DCS. Through the use of anterior plate fixation, tradi-
tional ACDF can provide immediate cervical spinal sta-
bility, direct sufficient and effective nerve decompression,
normalize intervertebral height, and reconstruct cervi-
cal physiological curvature, as well as reducing the inci-
dence of pseudoarthrosis. The placement of a titanium
plate can provide additional stability to the operated seg-
ment, preventing collapse of the interbody fusion device
and the formation of a kyphotic deformity [3]. However,
intraoperative placement of the plate requires as much
exposure of the surgical field as possible, which is usu-
ally accompanied by complications, such as anterior soft
tissue injury, postoperative dysphagia and degeneration
of adjacent segments [4—6]. Lu et al. attributed postop-
erative dysphagia to soft tissue oedema at the surgical
location, surrounding hematoma, esophageal injury, and
tissue adhesion around the plate [7]. Cage-plate con-
struct (CPC) alters the normal biomechanical state of
the cervical spine, which leads to loss of motion at the
operated segment, concentrated stress loads on adjacent
segments, and increased abnormal activity, thereby accel-
erating adjacent segment degeneration (ASD) [8].

With the intention of reducing the risk of the com-
plications mentioned above, a novel self-locking stand-
alone cage (SSC) based on the zero-notch design
concept came into being. It was designed to allow self-
locking screws to be inserted through the fusion device
into the vertebral body of the adjacent segments with-
out plate fixation. The key difference between SSC and
CPC is that in the process of operation, there is no need
to expose a large anatomical area, which significantly
reduces the surgical injury and the formation of post-
operative scars. SSCs can effectively avoid invasion of
important structures located in the front of the cervical
spine, thereby reducing the incidence of postoperative
complications such as hematoma, ASD and postopera-
tive dysphagia [9, 10]. Studies have shown that SSC has
the similar clinical efficacy compared with cage-plate
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fixation [8, 11, 12]. It can effectively obtain good stabil-
ity of fused segments, thereby ensuring eventual bone
fusion. Nevertheless, it faces controversy in terms of
maintaining the physiological curvature of cervical
spine, preventing the subsidence of fusion devices and
so on [13, 14].

Some scholars conducted meta-analyses and further
compared the efficacy and complications between SSC
and CPC in treating DCS, yet the findings remained
diverse [15-20]. Limitations existed among these pre-
vious meta-analyses, including one fact that some
papers involved different surgical segments and dif-
ferent lengths of follow-up. Currently, the superiority
of SSC over CPC in terms of short- and medium-term
efficacy and safety has been confirmed in numerous
meta-analyses. Still, some meta-analysis results are not
clear when it comes to comparing the long-term out-
comes of SSC versus CPC [15, 17, 18]. One explanation
for this phenomenon is that variations in surgical seg-
ments and follow-up lengths may influence the results
of the meta-analyses. Up to now, no specific meta-anal-
ysis has been carried out to investigate the long-term
benefits and complications between SSC and CPC in
monosegmental ACDEF. Therefore, our aim is to evalu-
ate the long-term effectiveness and security of SSC
compared to traditional cage-plate fixation in the treat-
ment of monosegmental ACDF with a follow-up length
of > 2 years, in attempt to provide convincing evidence
for clinicians to make clinical decisions.

Methods

Literature search

This study has been registered with PROSPERO (CRD
42022373028). Literature was identified by searching the
electronic databases mentioned below: Pubmed, Embase,
Web of Science and Cochrane Library. Publication
period was from the start-up of the databases to 30 Janu-
ary 2023. The complete search syntax for each database
was recorded in the Additional file 1. First, studies were
assessed for inclusion based on their titles and abstracts.
Subsequently, studies were included based on a review of
the full text. In cases where several researches included
results from the same source, the most recent study was
included. Additionally, citations of articles were searched
for the identification of relevant studies that had not been
part of the initial literature search. The selection process
was carried out by two independent reviewers. Final
inclusion was based on the consensus of the two review-
ers. These studies were cross-referenced to identify any
other relevant studies. If there was any uncertainty, the
third author would discuss it with them and make a deci-
sion until the final results were reached.
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Study selection

Inclusion criteria: (1) Study population: Patients with
definite clinical and imaging diagnosis of degenerative
cervical spondylosis necessitating monosegmental ante-
rior cervical surgery. (2) Study design: observational
studies (OS) or randomised controlled trials (RCT) that
compared the efficacy of SSC versus conventional CPC
in monosegmental ACDEF. (3) Outcomes: operation time,
intraoperative blood loss, length of hospital stay, Japa-
nese orthopaedic association (JOA) score, neck disabil-
ity index (NDI) score, cervical Cobb angle, fusion rate,
incidence of cage subsidence, incidence of postopera-
tive dysphagia, incidence of adjacent segmental degen-
eration. Studies included at least one of the outcomes
listed above. (4) Studies with a postoperative follow-up
of at least two years. Exclusion criteria: 1. Study popu-
lation with multilevel cervical spondylosis or with other
cervical disorders, such as fracture, infection, tumour
and congenital deformity, or with a previous history of
cervical spine surgery. 2. Non-comparative studies. 3.
Reduplicated publications, biomechanical studies, cadav-
eric experiments, animal experiments, reviews, meta-
analyses, case reports, letters and conference abstracts.
4. Original data that were incomplete or unavailable for
analysis. 5. Non-English literature.

Data extraction

Data were extracted independently by two reviewers
using a standardised form. When differences of judge-
ment arose, they were addressed by means of discussion
with a third researcher. From the included literature, we
extracted data, including first author, publication date,
study type, country, number of cases, age, follow-up time
and outcomes.

Quality assessment

Both researchers independently assessed the quality
of the included studies. Randomised controlled trials
were evaluated for potential risk of bias according to the
Cochrane Collaboration’s risk of bias tool. In addition,
the Newcastle—Ottawa scale (NOS) was used to assess
observational studies. Three categories of bias (selection,
comparability and outcome) were assessed and scored by
answering eight questions, with a maximum score of 9.
High quality was defined as a score of at least 6. Then the
results were compared and a third evaluator was involved
to reach consensus as required.

Statistical analysis

The meta-analysis was performed using Stata MP 17.0
(Stata Corporation, College Station, TX, USA). The
SSC group was compared with the CPC group. For
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dichotomous outcomes, effect sizes were estimated as
odds ratios (OR) and 95% confidence intervals (CI). For
continuous outcomes, effect sizes were expressed as
weighted mean differences (WMD) and 95% confidence
intervals. The heterogeneity of the included studies was
assessed using the I? statistics. I°>50% indicated het-
erogeneity among included studies and a random-effects
model was used. Otherwise, a fixed-effects model was
used for pooling. Different publication years, countries
(Chinese or foreign), and study designs (RCTs or obser-
vational studies) were considered as possible sources of
significant heterogeneity. Meta-regression analysis or
subgroup analysis was used to further explore the poten-
tial sources of heterogeneity. Sensitivity analysis was con-
ducted by eliminating individual studies one by one to
evaluate the robustness of the pooled results. Publication
bias was assessed with the Egger’s test. Statistical signifi-
cance was interpreted as p-value <0.05.

Results

Search results and study characteristics

Initially, 746 relevant articles were selected through
a comprehensive review of the electronic databases.
Afterwards 378 duplicate records were removed. Subse-
quently, after scanning the titles and abstracts, 301 arti-
cles that failed to match the inclusion conditions were
removed. Having read the full texts of the remaining 67
publications, ten of them were included for our study at
last (Fig. 1) [21-30]. Among them, there were two ran-
domised controlled trials and eight observational studies,
which included a total of 979 patients who underwent
monosegmental ACDF during 2009—-2020 (Table 1).

Quality assessment

According to the Cochrane Collaboration tools for
assessing the risk of bias in two randomised controlled
trials, the results are summarised in Figs. 2. One study
did not adequately blind patients and doctors and there-
fore we considered performance bias as unclear.

In addition, we used the NOS scores to assess qual-
ity of observational studies. Detailed results of the qual-
ity assessment are shown in Table 2. The NOS results
showed all articles scored at least 7 points and were con-
sidered to be of high quality.

Results of meta-analyses

Operation time

Nine studies compared operation time, including a total
of 933 cases. The operation time was significantly shorter
in the SSC group than that in the CPC group [WMD=
—-11.35, 95% CI (—14.96, —7.74), p<0.001, I*=63.56%]
(Table 3) (Fig. 3).
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Fig. 1 Flow chart of literature search

Table 1 Study characteristics

* Multilevel ACDF (n=45)

* Insufficient follow-up (n=11)
» Traumatic cervical disease (n=1)
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Author Publication year Country Study type Sample size Age (years) Follow-up (months)

SSC CPC SSC CPC SSC CPC
Lynch 2022 USA oS 90 102 456185 481115 24 24
He 2021 China 0sS 42 45 62.59+821 61.15+7.52 266t33 27.1%35
Noh 2021 Korea (O8] 38 42 51.9%10.21 526t8.61 376%1591 37.1%157
Zhang 2021 China oS 74 116 50.14+6.05 50.29+9.06 34.07%3.20 36.50+6.28
Li 2020 China oS 61 55 588t46 58549 24 24
Lan 2018 China (05 35 33 54.05+10.11 52.09+10.46 23.68+1.93 24.39%+2.00
Noh 2018 Korea 0S 36 71 55.64+10.31 5506+11.13 327175 327175
Li 2015 China RCT 23 23 482179 492%63 24 24
Nemoto 2015 Japan RCT 24 22 409+7.2 41670 24 24
Wang 2014 China oS 22 25 50.86+8.79 53.68+8.96 3359552 33.16+597

SSC—self-locking stand-alone cage; OS—observational study; RCT—randomised controlled trial; CPC—cage-plate construct

Intraoperative blood Loss

Nine publications, including 422 patients in the SSC
group and 511 patients in the CPC group, reported intra-
operative bleeding. Compared to the CPC group, the SSC

group had less intraoperative blood loss and the differ-
ence was statistically significant [WMD = —8.00, 95% CI

(—11.61, —4.39), p<0.001, 2=71.12%] (Fig. 4).
P g
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Fig. 2 Cochrane risk of bias assessment for randomised controlled trials

Table 2 Newcastle-Ottawa scale of included observational — Length of hospital stay
Three studies involving 377 patients compared the length

studies

Study Selection Comparability Outcome  Total score
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of hospitalisation. Eventually, the result showed CPC was
significantly related to a longer hospital stay in compari-

Lynch 211 4 1 3 8 son with SSC [WMD= -1.53, 95% CI (-2.15, —0.91),
He [24] 4 1 3 8 p<0.001, *=34.71%)] (Fig. 5).
Noh [23] 3 1 3 7
Zhang[22] 4 1 3 8 JOA scores Four studies, involving a total of 461 cases,
Li [25] 3 1 3 7 analysed JOA scores at final follow-up. Finally, it was con-
Lan [27] 3 1 3 7 cluded from the result that the JOA scores were not signif-
Noh [26] 4 1 3 8 icantly different between SSC and CPC at final follow-up
Wang [30] 3 1 3 7
Table 3 Results of meta-analyses
Outcomes Study size Effectsize 95% Cl p-Value Heterogeneity Effect model Egger’s test
WMD/OR Lower limit Upper limit 12 (%) p-Value

Operation time 9 —-11.35 —14.96 —7.74 <0.001 63.56 Random 0.08
Intraoperative blood loss 9 —8.00 —11.61 —4.39 <0001 71.12 Random 0.10
Length of hospital stay 3 -153 —2.15 -091 <0001 3471 Fixed 0.34
JOA score 4 —0.03 —0.30 0.24 0.82 0.00 Fixed 0.26
NDI score 4 0.32 —0.67 1.31 053 5438 Random 0.22
Cervical Cobb angle

One month postoperatively 4 —0.21 —1.04 0.62 061 0.00 Fixed 0.89

Final follow-up 8 -1.51 -2.16 —-0.85 <0.001 0.00 Fixed 0.08
Fusion 8 0.65 0.30 142 0.28 0.00 Fixed 0.72
Cage subsidence 5 0.84 048 149 0.56 0.00 Fixed 0.95
Adjacent segment degeneration 4 033 0.19 0.57 <0.001 46.70 Fixed 0.25
Dysphagia

One month postoperatively 7 0.30 0.18 0.50 <0.001 0.00 Fixed 047

Final follow-up 4 0.30 0.06 142 0.13 0.00 Fixed 061

WMD weighted mean difference; NDI neck disability index; OR odds ratio; JOA Japanese orthopaedic association; Cl confidence interval
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SSC group CPC group Mean diff. Weight
Study N  Mean SD N Mean SD with 95% CI (%)
He 2021 42 84 23 45 98 27 —— —14.00 [ —24.58, -3.42] 7.64
Lan 2018 35 101.57 1436 33 107.88 14.35 —-—— -631[-13.14, 0.52] 1236
Li 2020 61 78.6 6 55 87.5 5.5 ] —8.90 [ —-11.00, —6.80] 20.60
Lynch 2022 90 488 11.1 102 572 134 -l -840 —11.91, —-4.89] 18.32
Nemoto 2015 24 1164 17.1 22 1285 174 —8— | -12.10[ —22.08, —2.12] 823
Noh 2018 36 11333 19.12 71 12796 3037 —®&— | -14.63[ —25.51, —3.75] 735
Noh 2021 38 10831 17.15 42 12325 28.23 —— —14.94 [ 2531, —-4.57] 7.83
Wang 2014 22 98.18 1555 25 1054 14.43 i =722 -15.79, 1351 9.85
Zhang 2021 74 100.71 27.86 116 12857 39.78 —— —27.86 [ —38.25, —17.47]  7.82
Overall <o —11.35[ —14.96, —7.74]
Heterogeneity: t* = 15.32, I' = 63.56%, H’ = 2.74
Test of q; = q;: Q(8) =16.67, p =0.03
Testof q=0:z=-6.16, p=0.00

40 30 20 -0 0
Random—effects REML model
Fig. 3 Forest plot of operation time

SSC group CPC group Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
He 2021 42 139 22 45 154 33 —— —15.00 [ —26.87, —3.13]  6.36
Lan 2018 35 934 9.04 33 9794 10.76 - —454[ -9.25, 0.17] 15.14
Li 2020 61 26 5 55 285 5 [ | —2.50[ -4.32, —0.68] 19.40
Lynch 2022 90  31.1 12 102 402 21.7 - —9.10 [ —14.15, —4.05] 14.58
Nemoto 2015 24 277 19 22 301 258 = —240[ —15.42, 10.62] 5.59
Noh 2018 36 7444 17.15 71 93.66 45.65 —a— —19.22 [ -34.69, —3.75] 4.30
Noh 2021 38 7239 13.11 42 9212 38.65 —a— —19.73 [ -32.65, —6.81]  5.65
Wang 2014 22 8795 12.02 25 924 11.28 —i —4.45[ —11.11, 221] 12.04
Zhang 2021 74 2571 852 116 37.14 14.37 . ] —11.43[ —15.05, —7.81] 16.93
Overall <@ —8.00 [ —11.61, —4.39]
Heterogeneity: t = 16.62, I’ = 71.12%, H> = 3.46
Test of q; = q;: Q(8) =33.00, p=0.00
Test of q=0: z=-4.34, p=0.00

T .

40 20 0 20

Random—effects REML model
Fig. 4 Forest plot of intraoperative blood loss
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SSC group CPC group Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
Noh 2018 36 647 255 71 893 5.17 = —2.46 [ —4.25, -0.67] 11.90
Noh 2021 38 6.13 258 42 834 335 — —2.21[-3.53, -0.89] 21.93
Zhang 2021 74 943 285 116 10.57 2.44 —l— |-1.14[-1.90, -0.38] 66.18
Overall o -1.53 [ -2.15, —0.91]
Heterogeneity: I’ = 34.71%, H = 1.53
Test of g, = q;: Q(2) =3.06, p=0.22
Test of q=0:z=-4.85,p=0.00
4 3 2 0
Fixed—effects inverse—variance model
Fig. 5 Forest plot of length of hospital stay
SSC group CPC group Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
He 2021 42 141 1.5 45 144 18 L -0.30[ —1.00, 0.40] 14.76
Lan 2018 35 1486 124 33 1503 1.21 L -0.17[ -0.75, 0.41] 21.23
Li 2020 61 15.6 1 55 154 12 B 0.20[ -0.20, 0.60] 44.92
Zhang 2021 74 13.86 2.18 116 14.07 2.06 L -0.21[-0.82, 0.40] 19.09
Overall - —0.03 [ -0.30, 0.24]
Heterogeneity: I’ = 0.00%, H’ = 1.00
Test of q; = q;: Q(3) =2.39, p=10.50
Testof q=0:z=-0.22,p=0.82
-1 s 0 5
Fixed—effects inverse—variance model
Fig. 6 Forest plot of JOA scores at final follow-up
SSC group CPC group Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
He 2021 42 147 46 45 15.1 44 —-0.40[—-2.29, 149] 18.12
Lynch 2022 90 28.7 214 102 21.6 192 —_— 7.10[ 1.36, 12.84] 2.81
Noh 2018 36 1445 239 71 14.86 223 -0.41[-1.33, 0.51] 36.69
Noh 2021 38 139 137 42 131 1.75 0.80[ 0.11, 1.49] 4238
Overall 0.32[-0.67, 1.31]
Heterogeneity: t* = 0.48, I’ = 54.38%, H> = 2.19
Test of ;= g;: Q(3) =10.17, p=0.02
Testof q=0:z=0.63,p=0.53
=S 0 5 10 I5

Random—effects REML model
Fig. 7 Forest plot of NDI scores at the final follow-up
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[WMD = —0.03, 95% CI (—0.30, 0.24), p=0.82, =0.00%]
(Fig. 6).

NDI scores NDI scores at the last follow-up were
reported in four publications, including a total of 466
patients (206 in the SSC group and 260 in the CPC group).
There was no significant difference regarding NDI scores
at final follow-up between both groups [WMD=0.32,
95% CI (=0.67, 1.31), p=0.53, I*=54.38%)] (Fig. 7).
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Cervical curvature
Four articles involving a total of 461 patients reported
the cervical Cobb angle at one month postoperatively.
Between the SSC and CPC groups, there was no signifi-
cant difference regarding cervical Cobb angles at one
month postoperatively [WMD= -0.21, 95% CI (-1.05,
0.62), p=0.61, *=0.00%] (Fig. 8).

Eight articles with a total of 886 patients (SSC group:
400; CPC group: 486) reported the cervical Cobb angle
at the last follow-up. The cervical Cobb angle at last

SSC group CPC group Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
He 2021 42 175 9.1 45 198 93 -230[-6.17, 1.57] 4.61
Lan 2018 35 2351 65 33 23.03 6.98 = 0.48[—-2.72, 3.68] 6.73
Li 2020 61 19.8 5 55 193 48 —ril— 0.50[-1.29, 2.29] 21.59
Zhang 2021 74 14.09 354 116 1446 3.44 —0.37[—1.38, 0.64] 67.07
Overall 1 —0.21 [ —1.04, 0.62]
Heterogeneity: I = 0.00%, H* = 1.00
Test of q; = q;: Q(3) =2.00, p=0.57
Test of q=0:z=-0.50, p = 0.61
5 0 5
Fixed—effects inverse—variance model
Fig. 8 Forest plot of cervical Cobb angle at one month postoperatively
SSC group CPC group Mean diff. Weight
Study N Mean SD N Mean SD with 95% CI (%)
He 2021 42 164 95 45 172 98 —0.80 [ —4.86, 3.26]  2.59
Lan 2018 35 212 694 33 21.03 6.72 0.17[-3.08, 3.42] 4.04
Li 2020 61 153 45 55 176 36 —— —2.30[-3.79, —0.81] 19.13
Lynch 2022 9 105 69 102 108 8.8 — —0.30[ —2.56, 1.96] 837
Nemoto 2015 24 107 34 22 122 34 —a— -1.50[ -3.47, 047] 11.03
Noh 2018 36 1841 811 71 1776 9.85 0.65[—3.08, 4.38] 3.06
Noh 2021 38 169 652 42 168 6.78 0.10[ —2.82, 3.02] 5.00
Zhang 2021 74 12.13 298 116 14.03 345 —1.90 [ —2.86, —0.94] 46.78
Overall t —1.51[ =2.16, —0.85]
Heterogeneity: I” = 0.00%, H> = 1.00
Test of q; = q;: Q(7) = 6.42, p = 0.49
Testof q=0:z=-4.53,p=0.00
T 1

Fixed—effects inverse—variance model
Fig.9 Forest plot of cervical curvature at final follow-up
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Treatment Control Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
He 2021 42 0 45 0 0.93[ 0.02, 48.13] 3.22
Lan 2018 350 33 0 1.06[ 0.02, 54.94] 3.01
Li 2020 61 0 55 0 .11 [ 0.02, 56.79] 2.96
Lynch 2022 8 5§ 97 5 —— 0.88[ 0.25, 3.13] 31.81
Nemoto 2015 23 1 22 0 = 0.35[ 0.01, 9.00] 8.86
Noh 2018 31 5 68 3 —B— 0.27[ 0.06, 1.22] 40.02
Noh 2021 37 1 40 2 = 1.85[ 0.16, 21.26]  6.30
Zhang 2021 74 0 116 0 0.64[ 0.01, 32.58]  3.82
Overall o 0.65[ 0.30, 1.42]
Heterogeneity: I’ = 0.00%, H> = 1.00
Test of q; = q;: Q(7) =2.51,p=0.93
Testof q=0:z=-1.08, p=0.28

164 18 1 8

Fixed—effects Mantel?Haenszel model
Fig. 10 Forest plot of fusion rate

follow-up was significantly smaller in the SSC group was no significant difference in fusion rate between the
than in the CPC groups [WMD = —1.51, 95% CI (-2.16, SSC and CPC groups at the final follow-up [OR=0.66,

—0.86), p<0.001, =0.00%] (Fig. 9).

Intervertebral fusion rate

95% CI (0.30, 1.42), p=0.28, I*=0.00%] (Fig. 10).

Cage subsidence
Overall, 512 patients were analysed among five papers

The fusion rate at the last follow-up was reported in eight ~ that reported data on the incidence of cage subsid-
studies in which a total of 886 cases were included. There ence. The results showed no statistical difference with

SSC group CPC group Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
He 2021 6 36 9 36 4— 0.67[ 0.22, 2.07] 28.27
Lynch 2022 0 90 0 102 1.13[ 0.02, 57.66] 1.77
Nemoto 2015 4 20 3 19 — 1.27[ 0.25, 6.42] 9.90
Noh 2018 9 27 15 56 —ﬁ 1.24[ 048, 3.20] 28.74
Noh 2021 5 33 10 32 —— 0.48[ 0.15, 1.58] 31.32
Overall <P 0.84[ 0.48, 1.49]
Heterogeneity: I’ =0.00%, H* = 1.00
Test of q; = q;: Q(4)=1.93,p=0.75
Test of q =0: z=-0.59, p=0.56

Fixed—effects Mantel?Haenszel model
Fig. 11 Forest plot of cage subsidence rates

132 1/4 2 16
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SSC group CPC group Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
Li2015 0 23 4 19 = 0.09[ 0.00, 1.82]  8.84
Nemoto 2015 3 21 14 8 —— 0.08 [ 0.02, 0.36] 25.64
Wang 2014 7 37 12 38 L 0.60[ 0.21, 1.69] 18.95
Zhang 2021 11 63 35 81 0.40[ 0.19, 0.86] 46.56
Overall 0.33[ 0.19, 0.57]
Heterogeneity: I = 46.70%, H> = 1.88
Test of q; = q;: Q(3) =5.63,p=0.13
Testof q=0: z=-4.02, p=0.00

1/128

Fixed—effects Mantel?Haenszel model
Fig. 12 Forest plot of adjacent segment degeneration rate

regard to cage subsidence rates between both groups
[OR=0.84, 95% CI (0.48, 1.49), p=0.56, I*=0.00%]
(Fig. 11).

Adjacent segment degeneration

ASD rate at final follow-up was reported in four publi-
cations. Analysis results showed that there were signifi-
cant differences in ASD rate between the SSC and CPC
groups, and the incidence of ASD was higher in the CPC
group than in the SSC group [OR=0.33, 95% CI (0.19,
0.57), p<0.001, I>=46.70%) (Fig. 12).

132 18 112

Dysphagia

Postoperative dysphagia rates at one month after sur-
gery and at the last follow-up were reported in seven and
four studies, respectively. The findings showed there was
statistically significant difference concerning dyspha-
gia rates at one month after surgery between SSC and
CPC groups [OR=0.30, 95% CI (0.18, 0.50), p<0.001,
P=0.00%] (Fig. 13). Whereas there was no significant dif-
ference concerning dysphagia rates between both groups
at final follow-up [OR=0.30, 95% CI (0.06, 1.42), p=0.13,
P=0.00%] (Fig. 14).

SSC group CPC group Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
He 2021 9 33 19 26 i 0.37[ 0.15, 0.96] 23.88
Lan 2018 4 31 11 22 0.26[ 0.07, 0.92] 16.62
Nemoto 2015 3 21 4 18 = 0.64[ 0.13, 3.26] 6.05
Noh 2018 1 35 8 63 L 0.23[ 0.03, 1.87] 8.67
Noh 2021 1 37 5 37 L 0.20[ 0.02, 1.80]  7.66
Wang 2014 1 21 8 17 L 0.10[ 0.01, 0.89] 11.84
Zhang 2021 5 69 21 95 0.33[ 0.12, 0.91] 25.27
Overall 0.30 [ 0.18, 0.50]
Heterogeneity: I’ = 0.00%, H> = 1.00
Test of qi = q;: Q(6) =2.29,p=10.89
Test of q=0: z=-4.60, p = 0.00

1/64

Fixed—effects Mantel?Haenszel model
Fig. 13 Forest plot of dysphagia rate at one month postoperatively
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SSC group CPC group Odds ratio Weight
Study Yes No Yes No with 95% CI (%)
He 2021 0 42 3 42 B 0.14[ 0.01, 2.85] 46.86
Noh 2018 0 36 1 70 i 0.64[ 0.03, 16.20] 14.08
Noh 2021 0 38 1 41 0.36[ 0.01, 9.09] 19.75
Wang 2014 0 22 1 24 036[ 0.01, 9.37] 19.31
Overall - 0.30[ 0.06, 1.42]
Heterogeneity: I = 0.00%, H* = 1.00
Test of q; = q;: Q(3) =0.48, p=0.92
Testofq=0:z=-1.52,p=0.13

1/1|28 1/|16 1}2 éll

Fixed—effects Mantel?Haenszel model
Fig. 14 Forest plot of dysphagia rate at the final follow-up

Sensitivity analysis

To perform sensitivity analyses, individual studies
were eliminated in turn and the remaining studies were
pooled. Finally, effect sizes of the outcome measures had
no statistically significant change after removal of the
individual studies. Hence, the pooled results of this study
were robust (Additional file 2).

Meta-regression for the potential sources of heterogeneity
There was significant heterogeneity among studies with
regard to operation time, intraoperative blood loss and
NDI scores at the final follow-up. Therefore, through the
univariate meta-regression analysis, we further explored
the sources of heterogeneity. Nevertheless, the findings
indicated publication year, study region and study type
were not contributing to heterogeneity (p>0.05) (Addi-
tional file 3). Consequently, no subgroup analysis was
carried out.

Publication bias assessment

Egger’s test was used to detect publication bias. The
results showed no significant publication bias among all
outcomes (p >0.05) (Additional file 4).

Discussion

Background and main findings

ACDF is currently the standard operation for the treat-
ment of DCS, which can fully decompress during the
operation, restore cervical curvature, and improve the
neurological function of patients. At present, there are
two main types of cervical fixation devices: CPC and SSC,
with their corresponding pros and cons. With regard to
clinical effectiveness, the choice between the two devices
remains highly controversial [13, 15]. Most of the current

comparative studies between SSC and CPC have investi-
gated short-term and medium-term outcomes. However,
few studies reported the long-term outcomes of both
devices in ACDF. The lack of adequate long-term follow-
up means that the evidence is often not very convincing
or robust. At the same time, different surgical segments
may bring biomechanical bias to the results of the studies
and become one of their limitations. Therefore, this study
included studies with a follow-up of at least two years
to objectively compare the long-term efficacy and safety
between SSC and CPC in the treatment of monosegmen-
tal ACDF with the aim of providing an evidence-based
medical basis for the selection of appropriate implants in
monosegmental ACDF. Our findings showed that opera-
tive time, intraoperative blood loss, length of hospital
stay, cervical curvature at last follow-up, incidence of
ASD and dysphagia at one month postoperatively were
significantly lower in the SSC group than in the CPC
group. There were no significant differences between
both groups with respect to JOA scores at last follow-up,
NDI scores at last follow-up, cervical curvature at one
month postoperatively, intervertebral fusion rate, inci-
dence of cage subsidence or dysphagia at last follow-up.
Our study was performed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) Statement (Additional file 5).

Interpretation of the results

Clinical outcomes

Our results showed that, compared with CPC, SSC signif-
icantly reduced operation time, intraoperative bleeding,
and length of hospitalisation. However, there was signifi-
cant heterogeneity regarding operation time and intra-
operative blood loss. Therefore, we used meta-regression
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analysis to explore possible factors contributing to het-
erogeneity, such as publication year, study region and
study design. However, the results showed that the fac-
tors mentioned above were not responsible for the het-
erogeneity. Consequently, we did not perform a subgroup
analysis. Clinically, surgical duration and intraoperative
bleeding are usually related to the experience and surgi-
cal habits of the surgeon, which can lead to heterogeneity.
Zhang et al. found that SSC reduced operative time sig-
nificantly compared with CPC, but no significant differ-
ence was found in intraoperative bleeding between both
groups [4]. Li et al. reported that SSC had a shorter surgi-
cal duration and less intraoperative blood loss than CPC
[31]. Sommaruga et al. found that patients with CPC
had a significantly longer surgical and hospitalisation
than those with SSC [11]. A meta-analysis based on ran-
domised controlled trials showed that surgical duration
and intraoperative bleeding were significantly reduced
with SSC compared to CPC for monosegmental ACDF
[20]. Fixation with a titanium plate requires extensive
exposure of the surgical field for plate placement. In con-
trast, SSC requires only a small, minimally invasive inci-
sion of 3—5 cm to expose the pathological intervertebral
disc without over-exposing the adjacent vertebral body.
In addition, the relatively uniform angle of screw inser-
tion simplifies self-locking screw fixation. These above
advantages technically reduce the operative time and
intraoperative blood loss and help to facilitate postopera-
tive recovery and shorten the duration of hospitalisation.

The main criteria for evaluating the effectiveness of sur-
gery are the adequacy of nerve decompression and recov-
ery of nerve function after surgery. The main objective of
surgery is to decompress the compressed spinal cord and
nerve roots sufficiently to create favourable conditions
for nerve recovery. Direct decompression of the nerve
by ACDF has proven to be effective in the treatment of
DCS. Several studies reported no significant differences
between the two interbody fusion systems for the treat-
ment of DCS as to JOA and NDI scores at final follow-up,
which indicated that both devices had similar satisfactory
efficacy [13, 15, 32]. Overall, we found no significant dif-
ferences between SSC and CPC concerning JOA scores
and NDI scores at the final follow-up. This result indi-
cated that in the long term, SSC could achieve the same
neurological recovery as CPC.

Radiological outcomes

In our study, the fusion rate at the last follow-up was sim-
ilar between both groups. It was reported that there was
no significant difference in bone fusion rate at 12 months
after surgery between the SSC and CPC groups in mon-
osegmental ACDF [4]. Zhu et al. found that fusion rates
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in both groups were similar at 3-year follow-up after
multilevel ACDF [33]. The above findings were consistent
with those of Guo et al.[19]. SSC can be placed directly
into the intervertebral space and be anchored to the adja-
cent vertebral body with screws through the endplate,
providing biomechanical stability similar to titanium
plates and improving fusion rates. Furthermore, effec-
tive interbody bone fusion can prevent the fusion devices
from loosening or sinking, thereby helping to maintain
cervical sagittal alignment and reduce postoperative loss
of cervical curvature. Hence, the result demonstrated
that the SSC system could achieve a satisfactory fusion
rate in the long term, similar to that achieved by the CPC
system.

Regarding the cervical Cobb angle, our results showed
no significant difference between the SSC and CPC
groups at one month postoperatively. However, the cer-
vical Cobb angle at the final follow-up was significantly
smaller in the SSC group than in the CPC group. A
meta-analysis by Kahaer et al. found no significant dif-
ference in cervical curvature at final follow-up between
SSC and CPC. The disagreement with our results might
be explained by the fact that some of their included stud-
ies had a follow-up period of less than two years [18].
Liu et al. found that cervical curvature was greater in the
CPC group than in the SSC group at both postoperative
and final follow-up in their meta-analysis, which, never-
theless, included both single- and multi-segment ADCF
[17]. Further subgroup analyses showed that in mon-
osegmental ACDEF, postoperative cervical curvature was
not significantly different between both groups, whereas
CPC had greater cervical curvature at final follow-up
than SSC. This finding was similar to our results. Fur-
thermore, according to different time points of last fol-
low-up, the subgroup analysis showed that the cervical
curvature was significantly less in the SSC group than in
the CPC group at the last follow-up of more than three
years, which indicated that as follow-up duration became
longer, the cervical curvature in the SSC group would
decrease significantly, compared to that in the CPC
group. In addition, Guo et al. carried out a retrospective
cohort study concerning 3-level ACDF and found that
there were no significant differences between both fusion
devices in terms of JOA scores, NDI scores and fusion
rates at the last follow-up, but the traditional plate-cage
system had a better cervical Cobb angle than the SSC sys-
tem at the 2-year follow-up after surgery [13]. Although
the exact pathophysiological mechanism of postopera-
tive cervical curvature loss remained unknown, several
biomechanical studies found that anterior plate fixation
could provide better cervical stability than SSC [34, 35].
Our findings confirmed that in monosegmental ACDEF,
the cervical curvature at long-term follow-up was lower
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in the SSC group than in the CPC group. Despite this, we
consider that symptom relief is more directly related to
the degree of decompression and whether radiological
changes affect clinical symptoms should be confirmed in
trials with longer follow-up.

Complications
Dysphagia is the most common complication after ACDF
surgery, which is usually thought to be related to the use
of titanium plates and oesophageal traction during the
operation. Yet the exact pathophysiological mechanism
of dysphagia remains unknown. Lee et al. believed the
thickness of titanium plates was an important risk factor
for dysphagia after surgery and suggested that smaller,
smoother titanium plates could significantly reduce
the incidence of this complication [36]. Studies have
shown that the usage of SSC in ACDF can considerably
decrease the occurrence of postoperative dysphagia [4,
7]. We found the incidence of dysphagia was significantly
lower in the SSC group than that in the CPC group at
one month postoperatively, which might be because that
the zero-profile design of SSC could avoid direct contact
between the traditional titanium plate and the oesopha-
gus, reducing postoperative irritation to the oesophagus
from the embedded implants. Compared with conven-
tional titanium plates, placement of SSC was easier and
required less exposure, resulting in shorter operative
durations, less bleeding and less intraoperative muscle
traction damage. These advantages therefore reduced
local tissue oedema, inflammatory response and oesoph-
ageal irritation [37, 38]. Besides, we found no significant
difference in the incidence of dysphagia between the two
groups at final follow-up, which might be related to post-
operative regression of soft tissue oedema in the anterior
cervical spine, patient adaptation and functional recov-
ery. Similar results were reported by Liu et al. They con-
cluded that patients in the CPC group had a prolonged
recovery phase from dysphagia [17]. Overall, the applica-
tion of SSC is more advantageous than CPC in prevent-
ing postoperative dysphagia in monosegmental ACDF.
Adjacent segment degeneration is considered to be
another common complication of ACDF. Biomechanical
studies showed that the use of titanium plates increased
stress on the adjacent disc and accelerated degeneration
of the adjacent segments [39, 40]. It was reported that
a plate-to-disc distance of<5 mm was a risk factor for
ASD in ACDF surgery [41]. According to a study by Zhou
et al, the risk of postoperative ASD was significantly
higher in the CPC group than in the SSC group [8]. The
result might be due to the fact that SSC was completely
placed in the intervertebral space, distant to the con-
tiguous levels, and micromotion of fused intervertebral
space reduced the pressure on the adjacent segments,
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thus reducing the potential for post-fusion degeneration
of the adjacent segments. Similar findings were observed
in previous meta-analyses [17-19]. Likewise, our results
showed that the incidence of ASD at final follow-up was
significantly higher in the CPC group than in the SSC
group, indicating that SSC was advantageous over CPC
in lowering the long-term occurrence of ASD in mon-
osegmental ACDFE.

Apart from the complications mentioned above, SSC
has an additional concern related to cage subsidence.
Previous meta-analyses showed that SSC had a higher
rate of subsidence than anterior plate fixation [16, 42].
In contrast, researches by Zhao et al. and Kahaer et al.
found no differences in subsidence rates between the two
devices [18, 20]. The reason for the different results in
the above meta-analyses might be due to the inclusion of
studies with different segments and follow-up periods. A
retrospective cohort study demonstrated cage subsidence
rates were significantly higher in the SSC group than
in the CPC group in multi-segment anterior surgery,
whereas in contrast the difference was not significant in
single-segment operations [14]. Baesd on the results of
our study, we concluded that there were no significant
differences in cage subsidence rates at final follow-up
between the SSC and CPC groups, probably due to the
similar biomechanical properties and similar fusion rates
of the two devices. Our results demonstrated that the use
of SSC in monosegmental ACDF did not increase the risk
of device subsidence compared with CPC, even beyond
two years of follow-up, indicating the long-term safety of
SSC in monosegmental ACDF.

Strengths and limitations

Our meta-analysis has several advantages. First of all, we
established strict criteria for study selection. This study
focused only on the most common patients with single-
level cervical spondylosis in the clinic, thus eliminating
the bias caused by the number of segments in the over-
all analysis. Meanwhile, in order to more fully compare
the long-term efficacy and safety between SSC and CPC,
only studies with a follow-up of>2 years were included
in the meta-analysis. Based on the strict inclusion and
exclusion criteria of our study, potential confounding
factors were eliminated as much as possible to improve
the validity and reliability of the results in our study. In
addition, Egger’s test was carried out in this study, which
proved that the possibility of publication bias was not
significant. Therefore, our study has important clini-
cal value and deserves careful interpretation, which can
provide clinicians with more reliable evidence in treating
monosegmental ACDEF. Also, the results of this study may
provide clues and guidance for future large sample, high
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quality randomised controlled trials in terms of study
design.

This study also has some limitations. Firstly, the num-
ber of included studies was small, with only two RCTS.
The included studies were primarily observational, which
reduced our ability to account for the different clinical
heterogeneity inherent in ACDF surgery and the selec-
tion bias between the SSC and CPC groups. Secondly,
in terms of some outcome indicators, there was signifi-
cant heterogeneity between the studies. However, meta-
regression analysis failed to find the potential source of
heterogeneity and we failed to conduct subgroup analy-
sis. Thirdly, the types of SSC included in the study were
inconsistent, which could lead to the bias of the results.
Fourthly, all included studies were conducted in the Eng-
lish language. Therefore, there might be an underlying
linguistic bias. Finally, due to the lack of medical expendi-
ture in the papers included in this study, the advantages
and disadvantages of the two devices could not be com-
prehensively compared. Therefore, in view of the short-
comings of the literature included in this study, the above
findings need to be further verified by randomised con-
trolled trials with large samples, multi-centre, long-term
follow-up and high quality.

Conclusions

Our analysis showed that compared with CPC, SSC
achieved similar long-term effectiveness and safety in
monosegmental ACDF in terms of JOA scores, NDI
scores, fusion rate and cage subsidence rate at the end of
follow-up. Notably, SSC had significant advantages over
traditional ACDF in terms of reducing operative time,
intraoperative blood loss, length of hospital stay, and the
incidence of postoperative dysphagia and adjacent seg-
ment degeneration. Therefore, SSC appears to be pref-
erable to CPC for patients who require monosegmental
ACDE. However, SSC is inferior to CPC in maintaining
cervical curvature at long-term follow-up. Given the
limitations and potential other biases in our study, more
large-scale, prospective, randomised controlled trials
need to be undertaken to provide further evidence to val-
idate our findings.
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CPC Cage-plate construct

ASD Adjacent segment degeneration

SSC Self-locking stand-alone cage

(&) Observational studies

RCT Randomised controlled trials

JOA Japanese orthopaedic association

NDI Neck disability index

NOS Newcastle-Ottawa scale

(2023) 18:403

Page 14 of 16

OR Odds ratios
@ Confidence interval
WMD Weighted mean difference

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513018-023-03885-4.

Additional file 1: Search strategy.
Additional file 2: Sensitivity analysis.

Additional file 3: Meta-regression analysis for the potential sources of
heterogeneity.

Additional file 4: Publication bias assessment.

Additional file 5: PRISMA checklist.

Acknowledgements
Not applicable in this section.

Author contributions

YZ and JJ contributed to concept, literature search, and data collection, and
then conducted data analysis and quality evaluation. YZ and JW made the
final result judgement and interpretation. YZ drafted the article. JJ and JW
contributed to critical revision of the article. All authors read and approved the
final manuscript.

Funding
This research received no external funding.

Availability of data and materials

Data supporting the findings of this study can be found in the article or its
supplementary material. The protocol of this systematic review and meta-anal-
ysis is available in the Prospective Register of Systematic Reviews (PROSPERO)
under number CRD 42022373028.

Declarations

Ethics approval and consent to participate
Not applicable in this section.

Consent for publication
Not applicable in this section.

Competing interests
The authors declare no competing interest exists.

Received: 21 April 2023 Accepted: 27 May 2023
Published online: 02 June 2023

References

1. Shin DW, Shin JI, Koyanagi A, Jacob L, Smith L, Lee H, et al. Global,
regional, and national neck pain burden in the general population,
1990-2019: an analysis of the global burden of disease study 2019. Front
Neurol. 2022;13:955367.

2. Sangondimath G, Mallepally AR, Marathe N, Mak KC, Suman S. Degenera-
tive cervical myelopathy: recent updates and future directions. J Clin
Orthop Trauma. 2020;11(5):822-9.

3. YuJ,HaY, ShinJJ, Oh JK, Lee CK, Kim KN, et al. Influence of plate fixation
on cervical height and alignment after one- or two-level anterior cervical
discectomy and fusion. Br J Neurosurg. 2018;32(2):188-95.

4. Zhang J,Wang S, Tang X, Xiong W, Wu H, Liu C, et al. Clinical and radio-
logical comparison of the zero-profile anchored cage and traditional


https://doi.org/10.1186/s13018-023-03885-4
https://doi.org/10.1186/s13018-023-03885-4

Zhang et al. Journal of Orthopaedic Surgery and Research

20.

21

cage-plate fixation in single-level anterior cervical discectomy and fusion.

Eur J Med Res. 2022;27(1):189.

ShenY, DuW, Wang LF, Dong Z, Wang F. Comparison of zero-profile
device versus plate-and-cage implant in the treatment of symptomatic
adjacent segment disease after anterior cervical discectomy and fusion: a
minimum 2-year follow-up study. World Neurosurg. 2018;115:226-32.
Niu J, Song D, Liu Y, Wang H, Huang C, Yu H, et al. Revision surgery for
symptomatic adjacent segment disc degeneration after initial anterior

cervical fusion: Is ROI-C better than plate-cage construct? Biomed Res Int.

2021,2021:6597754.

LuY, Bao W, Wang Z, Zhou F, Zou J, Jiang W, 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. 2018;97(5):e9808.

Zhou J, Li J, Lin H, Li X, Zhou X, Dong J. A comparison of a self-locking
stand-alone cage and anterior cervical plate for ACDF: minimum 3-year

assessment of radiographic and clinical outcomes. Clin Neurol Neurosurg.

2018;170:73-8.

Zhou J, Li J, Lin H, Li X, Dong J, Zhou X. Could self-locking stand-alone
cage reduce adjacent-level ossification development after aneterior
cervical discectomy and fusion? J Clin Neurosci. 2020;78:60-6.

He S, Feng H, Lan Z, Lai J, Sun Z, Wang Y, et al. A randomized trial compar-
ing clinical outcomes between zero-profile and traditional multilevel
anterior cervical discectomy and fusion surgery for cervical myelopathy.
Spine. 2018;43(5):E259-66.

. Sommaruga S, Camara-Quintana J, Patel K, Nouri A, Tessitore E, Molligaj

G, et al. Clinical outcomes between stand-alone zero-profile spac-

ers and cervical plate with cage fixation for anterior cervical discec-
tomy and fusion: a retrospective analysis of 166 patients. J Clin Med.
2021;10(14):3076.

Song D, Deng Z, Feng T, Wang J, Liu Y, Wang H, et al. The clinical effi-
cacy of anterior cervical discectomy and fusion with ROI-C device vs.
plate-cage in managing traumatic central cord syndrome. Front Surg.
2022;9:1055317.

Guo J, Jin W, ShiY, Guan Z, Wen J, Huang Y, et al. Is the zero-P spacer suit-
able for 3-level anterior cervical discectomy and fusion surgery in terms
of sagittal alignment reconstruction: a comparison study with traditional
plate and cage system. Brain Sci. 2022;12(11):1583.

Jin ZY,Teng Y, Wang HZ, Yang HL, Lu YJ, Gan MF. Comparative analysis of
cage subsidence in anterior cervical decompression and fusion: zero pro-
file anchored spacer (ROI-C) vs. conventional cage and plate construct.
Front Surg. 2021;8:736680.

Zhang T, Guo N, Gao G, Liu H, Li Y, Gao F, et al. Comparison of outcomes
between Zero-p implant and anterior cervical plate interbody fusion
systems for anterior cervical decompression and fusion: a systematic
review and meta-analysis of randomized controlled trials. J Orthop Surg
Res. 2022;17(1):47.

Savio SD, Deslivia MF, Arimbawa IBG, Suyasa IK, Wiguna |, Ridia KGM.
Thorough comparative analysis of stand-alone cage and anterior cervical
plate for anterior cervical discectomy and fusion in the treatment of cer-
vical degenerative disease: a systematic review and meta-analysis. Asian
Spine J. 2022;16(5):812-30.

Liu Z,YangY, Lan J, Xu H, Zhang Z, Miao J. Changes in cervical alignment
of zero-profile device versus conventional cage-plate construct after
anterior cervical discectomy and fusion: a meta-analysis. J Orthop Surg
Res. 2022;17(1):510.

Kahaer A, Chen R, Maitusong M, Mijiti P, Rexiti P. Zero-profile implant
versus conventional cage-plate construct in anterior cervical discec-
tomy and fusion for the treatment of single-level degenerative cervical
spondylosis: a systematic review and meta-analysis. J Orthop Surg Res.
2022;17(1):506.

Guo Z, Wu X, Yang S, Liu C, Zhu Y, Shen N, et al. Anterior cervical discec-
tomy and fusion using zero-P system for treatment of cervical spondylo-
sis: a meta-analysis. pain Res Manag. 2021;2021:3960553.

ZhaoY,Yang S, Huo Y, Li Z, Yang D, Ding W. 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(11):2734-44.

Lynch CP, Cha EDK, Patel MR, Jadczak CN, Mohan S, Geoghegan CE,

et al. Effects of anterior plating on achieving clinically meaningful

(2023) 18:403

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 150f 16

improvement following single-level anterior cervical discectomy and
fusion. Neurospine. 2022;19(2):315-22.

Zhang XB, Yuan WH, An JD, Li SL, Zhang RH, Hu YC, et al. Comparison
between zero-profile and cage plate devices in the treatment of single-
level cervical spondylopathy. Br J Neurosurg. 2021;2021:1-6.

Noh SH, Park JY, Kuh SU, Chin DK, Kim KS, Cho YE, et al. Comparison of
zero-profile anchored spacer versus plate-and-cage after 1-level ACDF
with complete uncinate process resection a 3-year assessment of radio-
graphic and clinical outcomes. Clin Spine Surgery. 2021;34(5):176-82.

He S, Zhou Z, Lv N, Shao X, Zhou X, Wang Y, et al. Comparison of clinical
outcomes following anterior cervical discectomy and fusion with zero-
profile anchored spacer-roi-c-fixation and combined intervertebral cage
and anterior cervical discectomy and fusion: a retrospective study from a
single center. Med Sci Monit. 2021,27:¢931050.

Li T, Yang JS, Wang XF, Meng CY, Wei JM, Wang YX, et al. Can zero-profile
cage maintain the cervical curvature similar to plate-cage construct for
single-level anterior cervical diskectomy and fusion? World Neurosurg.
2020;135:e300-6.

Noh SH, Zhang HY. Comparison among perfect-C (R), zero-P (R), and
plates with a cage in single-level cervical degenerative disc disease. BMC
Musculoskelet Disord. 2018. https://doi.org/10.1186/512891-018-1950-9.
LanT, Lin JZ, Hu SY, Yang XJ, Chen Y. Comparison between zero-profile
spacer and plate with cage in the treatment of single level cervical spon-
dylosis. J Back Musculoskelet Rehabil. 2018;31(2):299-304.

Nemoto O, Kitada A, Naitou S, Tachibana A, Ito Y, Fujikawa A. Stand-alone
anchored cage versus cage with plating for single-level anterior cervical
discectomy and fusion: a prospective, randomized, controlled study
with a 2-year follow-up. Eur J Orthop Surg Traumatol. 2015;25(Suppl
1):S127-34.

Li'Y,Hao D, He B, Wang X, Yan L. The efficiency of zero-profile implant in
anterior cervical discectomy fusion: a prospective controlled long-term
follow-up study. J Spinal Disord Tech. 2015;28(10):398-403.

Wang ZD, Zhu RF, Yang HL, Gan MF, Zhang SK, Shen MJ, et al. The applica-
tion of a zero-profile implant in anterior cervical discectomy and fusion. J
Clin Neurosci. 2014;21(3):462-6.

Li P Lei R, Gan L, Shangguan L, Liang Z, Chang L, et al. Comparing clinical
and radiographic outcomes between the self-locking stand-alone cage
and conventional cage-plate construct: a five-year retrospective cohort
study. Spine. 2023;48(1):56-66.

Sun Z, Liu Z, Hu W, Yang Y, Xiao X, Wang X. 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;120:551-61.

Zhu D, Zhang D, Liu B, Li C, Zhu J. Can self-locking cages offer the same
clinical outcomes as anterior cage-with-plate fixation for 3-level Anterior
Cervical Discectomy and Fusion (ACDF) in mid-term follow-up? Med Sci
Monit. 2019;25:547-57.

Scholz M, Schleicher P, Pabst S, Kandziora F. A zero-profile anchored
spacer in multilevel cervical anterior interbody fusion biome-

chanical comparison to established fixation techniques. Spine.
2015;40(7):E375-80.

Kinon MD, Greeley SL, Harris JA, Gelfand Y, Yassari R, Nakhla J, et al. Biome-
chanical evaluation comparing zero-profile devices versus fixed profile
systems in a cervical hybrid decompression model: a biomechanical

in vitro study. Spine J. 2020;20(4):657-64.

Lee MJ, Bazaz R, Furey CG, Yoo J. Influence of anterior cervical plate
design on Dysphagia: a 2-year prospective longitudinal follow-up study. J
Spinal Disord Tech. 2005;18(5):406-9.

Vaishnav AS, Saville P McAnany S, Patel D, Haws B, Khechen B, et al. Pre-
dictive factors of postoperative dysphagia in single-level anterior cervical
discectomy and fusion. Spine. 2019;44(7):E400-7.

Yang H, Chen D, Wang X, Yang L, He H, Yuan W. Zero-profile integrated
plate and spacer device reduces rate of adjacent-level ossification
development and dysphagia compared to ACDF with plating and cage
system. Arch Orthop Trauma Surg. 2015;135(6):781-7.

Jin LY, Wei K, Feng DM, Li JD, Song XX, Yin HL, et al. Changes of adjacent
segment biomechanics after anterior cervical interbody fusion with dif-
ferent profile design plate: single- versus double-level. Comput Methods
Biomech Biomed Eng. 2022,26:1-10.

Li XF, Jin LY, Liang CG, Yin HL, Song XX. Adjacent-level biomechanics after
single-level anterior cervical interbody fusion with anchored zero-profile


https://doi.org/10.1186/s12891-018-1950-9

Zhang et al. Journal of Orthopaedic Surgery and Research

41.

42.

(2023) 18:403

spacer versus cage-plate construct: a finite element study. BMC Surg.
2020;20(1):66.

Chung JY, Kim SK, Jung ST, Lee KB. Clinical adjacent-segment pathology
after anterior cervical discectomy and fusion: results after a minimum of
10-year follow-up. Spine J. 2014;14(10):2290-8.

LuY, Fang, Shen X, Lu D, Zhou L, Gan M, et al. Does zero-profile
anchored cage accompanied by a higher postoperative subsidence
compared with cage-plate construct? A meta-analysis. J Orthop Surg Res.
2020;15(1):189.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 16 of 16

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Self-locking stand-alone cage versus cage-plate fixation in monosegmental anterior cervical discectomy and fusion with a minimum 2-year follow-up: a systematic review and meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Literature search
	Study selection
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Search results and study characteristics
	Quality assessment
	Results of meta-analyses
	Operation time
	Intraoperative blood Loss
	Length of hospital stay
	JOA scores 
	NDI scores 

	Cervical curvature
	Intervertebral fusion rate
	Cage subsidence
	Adjacent segment degeneration
	Dysphagia
	Sensitivity analysis
	Meta-regression for the potential sources of heterogeneity
	Publication bias assessment


	Discussion
	Background and main findings
	Interpretation of the results
	Clinical outcomes
	Radiological outcomes
	Complications


	Strengths and limitations
	Conclusions
	Anchor 39
	Acknowledgements
	References


