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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

Sherly Desnita Savio, Maria Florencia Deslivia, Ida Bagus Gede Arimbawa,
I Ketut Suyasa, I Gusti Lanang Ngurah Agung Artha Wiguna, Ketut Gede Mulyadi Ridia

Department of Orthopaedics and Traumatology, Sanglah General Hospital, Faculty of Medicine, Udayana University, Denpasar, Indonesia

In this systematic review and meta-analysis, we aim to thoroughly describe and objectively compare the efficacy of anterior cervical
plate (ACP) and stand-alone cage (SAC). Although recognized as an effective procedure for cervical degenerative disease (CDD), a
debate between the methods of anterior cervical discectomy and fusion exists. ACP provides stability to the fusion construct; how-
ever, some complications have been reported, such as dysphagia, adjacent disc disease, and soft tissue injury. To overcome these
complications, a SAC was later introduced. A systematic search was conducted on the basis of PRISMA (preferred reporting items for
systematic reviews and meta-analyses) guidelines to identify relevant studies through PubMed, Google Scholar, and Cochrane data-
base. A total of 14 studies (960 patients) were included in the meta-analysis. Twenty outcomes were clinically and radiologically com-
pared between the two procedures. ACP and SAC were comparable in terms of dysphasia rate, loss of segmental angle, loss of disc
height, the Odom criteria, Robinson’s criteria, hospital stay, Japanese Orthopaedic Association score, Neck Disability Index, Visual
Analog Scale, and fusion time. However, SAC was superior in terms of shorter operation time, less blood loss, lower dysphagia rate,
and lower rate of adjacent level disease, whereas ACP was advantageous in terms of lower subsidence rate, better maintenance of
the cervical global and segmental angles and disc height, and higher fusion rate. Both procedures can be used in patients with CDD,
although it might be more beneficial to choose ACP in patients with multi-level pathologies, wherein better mechanical stability is
provided. However, SAC may be more beneficial to use in patients with comorbidities, anemia, or swelling problems because it offers
lower complication rates.
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Introduction

First introduced in 1958 by Cloward [1] and by Smith
and Robinson [2], anterior cervical operation has been
known to be a safe and effective method for the treatment
of degenerative cervical spondylosis. Although recognized
as an effective procedure for cervical degenerative disease
(CDD), a debate between the methods of anterior cervi-
cal discectomy and fusion (ACDF) exists [3]. As a routine
traditional method of ACDE, anterior cervical plate (ACP)
provides stability to the fusion construct [4,5]. However,
some complications have been reported, such as dyspha-
gia, adjacent disc disease, and soft tissue injury, especially
in multi-level ACDE To overcome these complications,
a newer surgical technique was introduced in the 2000s,
which was a stand-alone cage (SAC), also called a zero-
profile implant or anchoring cage. It consists of a cage and
an internal implant with a pair of locking screws, allowing
the internal implant to be directly inserted into the inter-
vertebral disc, with the screws inserted into the adjacent
vertebral body as fixation. The major difference between
ACP and SAC is that no additional plate is attached to the
anterior surface of the vertebral body in SAC [6]. With
this construct, SAC offers less soft tissue damage, result-
ing in fewer hardware-related complications. Conversely,
some literature reported poor immediate stability, higher
incidence of subsidence rate, and malalignment using
SAC [5].

To date, there has been no consensus that thoroughly
describes and objectively compares the efficacy between
the two procedures in detail. Moreover, the results vary
from one literature to another. Through this systematic re-
view and meta-analysis, we aim to further clarify contro-
versies regarding this matter by comparing the outcomes
between ACP and SAC for CDD.

Materials and Methods

This study has been registered in the PROSPERO (inter-
national prospective register of systematic reviews) regis-
try (registration no., CRD42021244236). The study design
was a systematic review and meta-analysis of relevant
randomized controlled trials and non-randomized com-
parative studies. A systematic search was conducted from
October 2020 to January 2021 to identify relevant studies
through PubMed, Google Scholar, and Cochrane database
based on the PRISMA (preferred reporting items for sys-

tematic reviews and meta-analyses) guideline (Fig. 1). The
following were the keywords used: “Stand-alone Cage”
AND “Anterior Cervical Plate” AND “Anterior Cervical
Discectomy and Fusion” AND “Outcome”.

Titles and abstracts of the articles found were then
manually scanned and reviewed by all authors. Full text
of relevant articles was subsequently extracted and care-
fully selected according to the following inclusion criteria:
(1) studies included a comparative design for SAC versus
ACP in CDD, whether in retrospective, prospective as
well as randomized controlled and observational stud-
ies; (2) studies reported a clinically and/or radiologically
desirable outcome with either continuous or dichotomous
variable; (3) studies with a follow-up period of at least 12
months; and (4) studies in English with any publication
year. Exclusion criteria were patients with rheumatoid ar-
thritis, congenital spine disorders, neoplasm or infection
of the spine, traumatic cervical pathology, and history
of previous cervical surgery and patients receiving other
methods of treatment. Duplicate publications, noncom-
parative studies, nonhuman in vivo and in vitro studies,
and articles in a language other than English were also
excluded. Table 1 describes the population, intervention,

Additional records identified
through other sources (n=0)

Records identified through
database searching (n=294)
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A 4
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_ | Full-text articles excluded,
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quantitative synthesis
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Fig. 1. Flow chart showing article selection.
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control, and outcomes method for defining the inclusion
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and exclusion criteria. The Joanna Briggs Institute Scoring
System will be used as a measure for eligibility assessment.
Disagreements were solved by discussion among the three
authors.

Data extraction was collected under basic characteris-
tics and outcomes using designated tables in Microsoft
Excel (Microsoft Corp., Redmond, WA, USA) for all
identified and included studies. When the data were avail-
able, quantitative analysis was performed using Review
Manager (RevMan, computer program ver. 5.3, the Co-
chrane Collaboration, 2014; The Nordic Cochrane Center,
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Copenhagen, Denmark). Outcomes were presented in the
form of forest plots. In each study, the mean difference for
continuous outcome and odds ratio for dichotomous out-
come with a 95% confidence interval (CI) was calculated.
A fixed-effects model was used when the heterogeneity
(I) was <50%, whereas a random-effects model was used
when the heterogeneity was >50%.

Results

A total of 14 studies (960 patients) were included, divided
into 20 outcome analyses. Twelve studies were cohort ret-

Table 1. Population-Intervention-Comparison-Outcome table describing inclusion and exclusion criteria

Study component Inclusion

Population

Intervention and comparison (1) Stand-alone cage; (2) anterior cervical plate

(1) Any age and gender; (2) patients with cervical degenerative disease; (3)
at least 12-month follow-up; (4) one-level and multiple-level surgery

Exclusion

(1) Animal studies; (2) less than 12-month follow-up; (3) patients
with rheumatoid arthritis, congenital spine disorders, neo-
plasm or infection of the spine, traumatic cervical pathology

(1) Other methods of treatment; (2) studies with only one meth-
od of treatment (non-comparative studies); (3) simultaneous
anterior and posterior surgery

Outcome (1) Operation time; (2) blood loss; (3) dysphagia rate; (4) dysphasia rate; No outcome mentioned or different outcomes

(5) cervical angle; (6) segmental angle; (7) disc height; (8) subsidence

rate; (9) adjacent level disease; (10) Odom’s criteria; (11) Robinson's

criteria; (12) Japanese Orthopaedic Association score; (13) Neck

Disability Index score; (14) Visual Analog Scale; (15) fusion rate; (16)

fusion time; (17) hospital length of stay
Publication Studies published in English in peer-reviewed journals (1) Abstracts, editorials, letters; (2) duplicate publications of

the same study that do not report on different outcomes; (3)
meeting presentations or proceedings
Study design All study design except case reports and review articles Case reports and review articles
Stand-alone cage Cage with plate Mean difference Mean difference
Study or subgroup Weight (%)
Mean+SD Total MeanSD Total IV, random, 95% ClI IV, random, 95% Cl

Chen et al. [20](2016) 11374315 28 138.2+39.1 26 6.3  -2450(-4353t0-5.47) —_—
Lietal. [13](2017) 7324223 68 81.2+195 70 135  -8.00(-15.00to-1.00) —u—
Luetal. [5](2018) 121.1414.7 22 154.4+12.3 24 129 -33.30(-41.17t0-25.43) —
Perrini etal. [14](2017)  146.34+46.31 56 154.55+40.59 22 56  -821(-29.03t012.61) —
Zhang etal. [33](2018) 1264132 23 14344179 2 118  -17.40(-26.77 to -8.03) ——
Zhouetal. [10](2018)(1) 69.3+9.6 20 83.7+7.7 21 146 -14.40(-19.74 t0 -9.06) -
Zhouetal. [10](2018)(2)  117.2+123 18 138.5+14.1 14 118  -21.30(-30.62t0 11.98) —
Zhouetal. [10](2018)(3)  1385+79 13 1526124 12 126 -14.10(22.33t0-5.87) —
Zhuetal. [11](2019) 100.8+24.22 30 130+18.13 32 109 -29.20(-39.90 to 18.50) —
Total (95% Cl) 218 242 1000  -19.00(-25.06 to -12.94) &
Heterogeneity: tau’=58.04; x’=30.96; df=8 (p=0.0001); =74% -100 -50 0 50 100

Test for overall effect: 7=6.15 (p<0.00001)

Cage with plate Stand-alone cage

Fig. 2. Forest plot analysis for operation time. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.



rospective design (level III evidence), whereas two articles

were cohort prospective design (level II evidence) (Table
2). A total of 522 patients (54.38%) were treated with
SAC, whereas 438 patients (45.62%) were treated with
ACP. Critical appraisal of all included studies based on
the Joanna Briggs Institute Scoring System showed that
no study had more than three invalid parameters. Table
3 describes sample characteristics, whereas Tables 4 and
5 describe the outcome analysis of included studies. (Full
tabulation of eligibility assessment and detailed study
characteristics is available in the supplementary section.)

For the operation time, nine articles were included in
the analysis, with a total sample of 520 patients; the mean
operation time for SAC (n=278) and ACP (n=242) was
111.79 minutes and 130.73 minutes, respectively. Fig. 2
shows a significant difference in terms of operation time
between the two procedures, wherein ACP required
longer operation time than SAC (heterogeneity, I'=72%;
weighted mean difference [WMD], -19.00; 95% CI, -25.06
to -12.94; p<0.00001).

For blood loss, eight articles were included in the analy-
sis, with a total sample of 442 patients; the mean blood
loss for SAC (n=222) and ACP (n=220) was 64.25 mL and
78.19 mL, respectively. Fig. 3 shows a significant differ-
ence in terms of blood loss between the two procedures,
wherein SAC was beneficial with less intraoperative blood
loss (heterogeneity: I’=96%; WMD, -12.84; 95% CI, -18.15
to -7.53; p<0.00001).

Table 2. Studies included in the analysis

Reference Journal
Chen et al. [20] (2016) Eur Spine J

Jietal. [28](2015) J Spinal Disord Tech

Joo et al. [27](2010) J Korean Neurosurg Soc

SAC vs. ACP for ACDF in Cervical Disc Disease 3 I

For dysphasia rate, three articles were included in the
analysis, with a total sample of 282 patients; dysphasia was
experienced in four of 141 patients (2.84%) treated with
SAC and three of 141 patients (2.13%) treated with ACP,
indicating no significant difference (heterogeneity: I’'=0%,
p=0.67) (Fig. 4).

For dysphagia rate, nine articles were included in the
analysis, with a total sample of 602 patients; dysphagia
was experienced in 12 of 320 patients (3.75%) treated with
SAC and 51 of 282 patients (18.09%) treated with ACP, in-
dicating a significant difference, wherein ACP resulted in
higher dysphagia rate (heterogeneity: I’=0%, p<0.00001)
(Fig. 5).

For the postoperative cervical angle, 10 articles were in-
cluded in the analysis, with a total sample of 600 patients;
the mean cervical angle for SAC (n=311) and ACP (n=289)
was 12.78° and 14.99°, respectively. Fig. 6 presents a sig-
nificant difference in terms of the cervical angle between
the two procedures, wherein ACP resulted in a higher
cervical angle than SAC (heterogeneity: I'’=72%; WMD,
-1.82; 95% CI, -2.98 to -0.66; p=0.002). As for the loss of
cervical lordosis, two articles were included in the analy-
sis, with a total sample of 116 patients; the mean loss of
cervical lordosis for SAC (n=58) and ACP (n=58) was 3.9°
and 1.9°, respectively. Fig. 7 shows a significant difference
in terms of loss of cervical lordosis between the two pro-
cedures, wherein SAC was associated with a higher loss of
cervical lordosis (heterogeneity: I’=0%; WMD, 2.04; 95%

Kim et al. [25] (2013)
Kim et al. [29] (2017)
Lee et al. [24] (2013)
Lietal. [13](2017)
Luetal. [5](2018)

Oh et al. [22](2013)
Perrini et al. [14] (2017)
Shinetal. [21](2014)
Zhang et al. [33] (2018)
Zhou et al. [10](2018)
Zhuetal.[11](2019)

Neurosurgery

J Korean Neurosurg Soc
J Spinal Disord Tech

Eur Spine J

Medicine (Baltimore)

J Spinal Disord Tech
Clin Neurol Neurosurg

Korean J Spine

BMC Musculoskelet Disord

Clin Neurol Neurosurg
Med Sci Monit

Study design Level of evidence
Cohort retrospective Level Ill
Cohort retrospective Level Ill
Cohort retrospective Level lll
Cohort prospective Level Il
Cohort prospective Level Il
Cohort retrospective Level lll
Cohort retrospective Level Ill
Cohort retrospective Level Ill
Cohort retrospective Level Ill
Cohort retrospective Level Ill
Cohort retrospective Level Il
Cohort retrospective Level lll
Cohort retrospective Level lll
Cohort retrospective Level Ill
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Table 5. Continued

Robinson’s criteria

Odom'’s criteria

Subsidence rate

=
£
=
=
=)
@
ic
o
2
o

Segmental angle (°)

Reference

NA

NA

Satisfactory: 38

3(3.52%) Satisfactory: 41

4(4.21%)

NA

NA

NA NA

Zhouetal.[10]

(80.85%); not

(80.39%); not

(2018)

satisfactory: 9

(19.15%)
Satisfactory: 29

satisfactory: 10

(19.61%)
Satisfactory: 27

NA

NA

17/90(18.8%) 8/96 (8.3%)

10.1+3.71

81.118.15

9.5+4.33 78.4+6.17

Zhuetal. [11]

(90.6%); not

(90%); not satis-

(2019)

satisfactory: 3

(9.4%)

factory: 3 (10%)

Values are presented as meansstandard deviation or number (%), unless otherwise stated.

SAC, stand-alone cage; ACP, anterior cervical plate; Postop, postoperative; NA, not available.

SAC vs. ACP for ACDF in Cervical Disc Disease £ I

CIL, 1.23 to 2.84; p<0.00001).

For the postoperative segmental angle, 8 articles were
included in the analysis, with a total sample of 424 pa-
tients; the mean segmental angle for SAC (n=227) and
ACP (n=197) was 3.22° and 5.06°, respectively. Fig. 8
shows a significant difference in terms of the cervical
angle between the two procedures, wherein ACP resulted
in a higher segmental angle than SAC (heterogeneity:
I’=65%; WMD, -1.70; 95% CI, -3.04 to -0.35; p=0.01).
As for the loss of segmental angle, three articles were in-
cluded in the analysis, with a total sample of 168 patients;
the mean loss of segmental angle for SAC (n=87) and
ACP (n=81) was 1.84° and 1.2°, respectively. Fig. 9 reveals
no significant difference in terms of loss of segmental
angle between the two procedures (heterogeneity: I'=53%;
WMD, 0.85; 95% CI, -0.02 to 1.72; p=0.06).

For the postoperative disc height, nine articles were in-
cluded in the analysis, with a total sample of 152 patients;
the mean postoperative disc height for SAC (n=90) and
ACP (n=62) was 16.41 mm and 17.27 mm, respectively.
Fig. 10 shows a significant difference in terms of disc
height between the two procedures, wherein ACP resulted
in a higher disc height postoperatively (heterogeneity:
I=71%; WMD, -0.56; 95% CI, -1.02 to -0.10; p=0.02). As
for the loss of disc height, six articles were included in the
analysis, with a total sample of 310 patients; the mean loss
of disc height for SAC (n=159) and ACP (n=151) was 2.14
mm and 1.64 mm, respectively. Fig. 11 reveals no signifi-
cant difference in terms of loss of disc height between the
two procedures (heterogeneity: I’=82%; WMD, 0.40; 95%
CL -0.22 to 1.03; p=0.21).

For the subsidence rate, 13 articles were included in the
analysis, with a total sample of 1.305 patients; subsidence
was experienced in 200 of 692 patients (28.9%) treated
with SAC and 82 of 613 patients (13.38%) treated with
ACP, indicating a significant difference, wherein ACP may
benefit with lower subsidence rate (heterogeneity: I'=32%,
p<0.00001) (Fig. 12).

Functional outcomes were measured using the Odom
criteria, Robinson’s criteria, Japanese Orthopaedic As-
sociation score (JOA), and Neck Disability Index (NDI).
Four articles were included in the analysis of the Odom
criteria. With a total sample of 254 patients, 116 of 129
patients (89.92%) treated with SAC and 113 of 125 pa-
tients (90.4%) treated with ACP had satisfying functional
outcome, indicating no significant difference (heterogene-
ity: I’=0%, p=0.93) (Fig. 13). Four articles were included
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Stand-alone cage Cage with plate Mean difference Mean difference

Study or subgroup Weight (%)

Mean+SD Total Mean+SD Total IV, random, 95% CI |V, random, 95% Cl
Chen etal. [20](2016) 15.9+38.1 28 187.4+42.8 26 45 -27.50(-49.17 0 -5.83) —_—
Lietal.[13](2017) 54.6+33.3 68 75.7+46.8 70 8.1 -21.10(-34.62 t0 -7.58) —
Luetal.[5](2018) 791412 22 86.315.8 24 123 -7.20(-1527 10 0.87) —u
Zhang etal. [33](2018) 70£15.8 23 754+23 2 93 -540(-17.17 10 6.37) —
Zhouetal. [10](2018)(1) 246225 20 342423 2 17.1 -960(-1098t0-8.22) =
Zhouetal. [101(2018)(2) 39614 18 535t1.4 14 172 -13.90(-14.88t0-12.92) =
Zhouetal. [10](2018)(3) 56,619 13 825+34 12 16.8 -25.90(-28.08t0-23.72) u
Zhuetal. [11](2019) 29.6+9.82 30 30.5+11.63 32 14.7 -0.90(-6.25 to 4.45) —
Total (95% Cl) 222 220 100.0 -12.84(-18.15t0 -7.53) . . <& . .
Heterogeneity: tau’=42.45; =183.25; df7 (p=0.00001); /=86% 100 50 0 50 100

Test for overall effect: 7=4.74 (p<0.00001)

Cage with plate

Fig. 3. Forest plot analysis for blood loss. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.

Stand-alone cage

Study or subgroup Star;f;;gone Total Cagle;l/éith Total ~ Weight (%) M-H(,)?igzdr,a;?% a M-H?ﬁ)?:dr,a;g)"/u al
Lietal.[13](2017) 3 68 3 70 86.3 1.03(0.20t05.29) —*—
Luetal. [5](2018) 1 2 0 24 137 3.42(0.13t088.40)

Zhou etal. [10](2018) 0 51 0 47 Not estimable

Total (95% Cl) 4 141 3 141 100.0 1.36 (0.33 to 5.64)

Heterogeneity: x’=0.42; df=1 (p=0.52); //=0%
Test for overall effect: 7=4.2 (p=0.67)

Fig. 4. Forest plot analysis for dysphasia. M-H, Mantel-Haenszel; Cl, confidence interval; df, degrees of freedom.

0.01

Cage with plate

0.1 1

10

Stand-alone cage

Study or subgroup Staré(;—gaelone Total Cag;gith Total Weight (%) M_H(’]]E:S:J'agg% a M—H?j‘ji)((j:dr,aég)% a
Chen etal. [20] (2016) 2 28 7 26 132 021(0.04t01.12) _
Jooetal.[27](2010) 0 2 2 20 50 0.16(0.01t0 3.64 B S E—
Lietal.[13](2017) 5 68 13 70 233 0.35(0.12 to 1.04) —w

Luetal. [5](2018) 0 2 6 24 12.0 0.06(0.00 to 1.20) D I

Perrini et al. [14] (2017) 2 56 2 22 54 0.37(0.05t02.81) —a
Shinetal. [21](2014) 1 20 6 20 1.2 0.12(0.01t0 1.14) e —

Zhang et al. [33](2018) 0 23 4 21 90 0.08(0.00 to 1.64) -—
Zhou et al. [10](2018) 0 51 1 47 30 0.30(0.01t0 7.57) .

Zhuetal. [11](2019) 2 30 10 K7 17.7 0.16(0.03t0 0.79) —_—

Total (95% Cl) 12 320 51 282 100.0 02001110038 . - )
Heterogeneity: x’=2.59; df=8 (p=0.96); //=0% 0:01 [].I1 1 1£]

Test for overall effect: 7=5.00 (p=0.00001)

Fig. 5. Forest plot analysis for dysphagia. M-H, Mantel-Haenszel; Cl, confidence interval; df, degrees of freedom.

in the analysis of Robinsons criteria. With a total sample
of 216 patients, 110 of 128 patients (85.94%) treated with
SAC and 79 of 88 patients (89.77%) treated with ACP had
satisfying functional outcome, indicating no significant
difference (heterogeneity: I’=11%, p=0.47) (Fig. 14). Five

Cage with plate

Stand-alone cage

articles were included in the analysis of JOA, with a total
sample of 388 patients; the mean JOA for SAC (n=194)
and ACP (n=194) was 14.37 and 14.33, respectively. Fig.
15 shows no significant difference in terms of JOA be-

tween the two procedures (heterogeneity: I’=0%; WMD,
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Stand-alone cage Cage with plate Mean difference Mean difference

Study or subgroup Weight (%)

Mean+SD Total Mean+SD Total |V, random, 95% Cl IV, random, 95% Cl
Chen etal. [20](2016) 1646.7 28 19.1£7.9 26 6.5 -3.10(-7.02t0 0.82) ]
Kim etal. [25](2013) 11.7£10.31 24 11.6£9.55 28 39 054(-489105.97) -
Kim etal. [29](2017) 8.53+7.78 12 10.78+7.93 20 3.7 -2.25(-7.86t0 3.36) [
Lietal.[13](2017) 14.01£1.17 68 14.49+17 70 243 -048(-1.01100.09)
Luetal.[5](2018) 15937 22 16.3t39 24 133 -040(-260t0 1.80)
Ohetal. [22](2013) 14.01+1.47 68 14.49+17 70 243 -048(-1.01100.09)
Perrini et al. [14](2017) 744£12.19 56 15.64+8.06 22 50  -820(-12.84t0-356) —
Shinetal. [21](2014) 11.3246.91 28 19.1£7.9 26 6.4 -7.78(-11.75t0-3.81) —m
Zhang etal. [33](2018) 187186 23 177483 21 44 -100(-4.00106.00) ——
Zhuetal.[11](2019) 15.545.93 30 204+7.32 32 83  -490(-8.21t0-0.66) -
Total (95% Cl) 359 339 1000  -1.82(-2.98t0-12.94) . . 4 . .
Heterogeneity: tau’=1.37; ’=32.15; df=0 (p=0.0002); /*=72% -100 50 0 50 100
Test for overall effect: 7=3.08 (p=0.002) Cage with plate Stand-alone cage

Fig. 6. Forest plot analysis for cervical angle. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.

Stand-alone cage Cage with plate ] Mean difference Mean difference
Study or subgroup Weight (%)
Mean+SD Total Mean+SD Total IV, random, 95% Cl IV, random, 95% Cl

Zhuetal.[11](2019) 39+37 28 241 26 318 1.90(0.48103.32)

Chen et al. [20] (2016) 3.9+2.25 30 1.8+157 32 68.2 2.10(1.13t03.07)

Total (95% Cl) 58 58 100.0 2.04(1.23t0 2.84) . . . .
[ ' } ' ]

Heterogeneity: x’=0.05; df=1 (p=0.82); ’=0% -100 -50 0 50 100

Test for overall effect; 7=4.97 (p<0.00001) Cage with plate Stand-alone cage

Fig. 7. Forest plot analysis for loss of cervical lordosis. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.

Study orsubgroup Stand-alone cage Cage with plate Weight (%) Mean difference Mean difference
Mean+SD Total Mean+SD Total IV, random, 95% Cl [V, random, 95% Cl
Chen et al.[20](2016) 10865 28 114475 26 80  -060(-4.36t03.16)
Kim et al. [25] (2013) 0.21£3.13 29 0.8+2.83 23 163 -059(-2.21101.03)
Kimetal. [29](2017)(1)  1.0442.37 24 1.78+2.48 28 177 -0.74(-2.06t0 0.58)
Kimetal. [29](2017)(2) ~ 1.37+2.56 12 3.38:1.94 20 160  -201(-369100.33)
Oh etal. [22](2013) 0.09:8.26 28 1.546.66 26 74 -141(-54010-2.58)
Perrini et al. [14](2017) 0.02+8.44 56 7.68+4.82 22 104 -7.66(-10.65 to -4.67) L
Shin et al. [21](2014) 269526 20 3.85+4.48 20 99  -1.16(-430t01.98)
Zhuetal. [11](2019) 95+4.33 30 1014371 32 144 -060(-2.61t01.41)
Total (95% Cl) 221 197 1000 -1.70(-3.04t0-0.35) . . .
Heterogeneity: tau’=2.21; x’=20.05; df=7 (p=0.005); /’=65% -100 50 0 50 100
Test for overall effect: 7=2.47 (p=0.01) Cage with plate Stand-alone cage

Fig. 8. Forest plot analysis for segmental angle. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.

0.08; 95% CI, -0.10 to 0.27; p=0.39). Eight articles were no significant difference in terms of NDI between the two
included in the analysis of NDI, with a total sample of procedures (heterogeneity: I’=42%; WMD, -0.2; 95% CI,
570 patients; the mean NDI for SAC (n=303) and ACP -0.55 to 0.15; p=0.26).

(n=267) was 13.12 and 14.74, respectively. Fig. 16 displays For the hospital stay, three articles were included in the
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Stand-alone cage Cage with plate Mean difference Mean difference
Study or subgroup Weight (%)
Mean+SD Total Mean+SD Total IV, random, 95% Cl IV, random, 95% Cl
Chen et al. [20](2016) 31427 28 1.7£2.1 26 26.0 1.40(0.11t0 2.69)
Kim et al. [25] (2013) 0214313 29 0.8+2.83 23 194 -059(-221101.03)
Zhuetal. [11](2019) 224082 30 1.140.55 32 54.6 1.10(0.75t0 1.45)
Total (95% Cl) 87 81 100.0 0.85(-0.02t0 1.72)
! ' } ' ]
Heterogeneity: tau’=0.33; 5’=4.28; df=2 (p=0.12); °=53% -100 -50 0 50 100
Test for overall effect: 7=1.91 (p=0.06) Cage with plate Stand-alone cage

Fig. 9. Forest plot analysis for loss of segmental angle. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.

Study o subgroup Stand-alone cage Cage with plate Weight () Mean difference Mean difference
Mean+SD Total Mean+SD Total IV, random, 95% Cl IV, random, 95% Cl
Jietal.[28](2015) 5.83:0.71 2 5.65:0.61 20 186 0.18(-0.22 0 0.58)
Kimetal. [29](2017)(1)  6.41:0.85 24 6.58+1.06 28 170 -0.17(-0.69t0 0.35)
Kim et al. [29] (2017) (2) 6.65+0.9 12 6.66£1.17 20 14.1 -0.01(-0.73t0 0.71)
Lietal.[13](2017) 6.63:0.79 68 7.09+1.02 70 198 -0.46(0.76 t0 0.16)
Luetal. [5](2018) 6.4+1 2 6.9:0.9 24 16.5 -0.50(-1.05t0 0.05)
Oh et al. [22](2013) 498142 28 5295345 26 41 -314(-5.180-1.10) T
Perrini et al. [14](2017)  36.75+3.9 56 3951435 22 5.1 -2.76 (-4.54 0 -0.98) |
Shinetal. [21](2014) 324+347 20 3471388 20 34 -2.31(-459t0-0.03) -
Zhu etal. [11](2019) 7844617 30 81.118.15 R 15 -2.70(-6.28 10 0.83) by
Total (95% Cl) 282 262 100.0 -0.56(-1.02t0-0.10) ) [ ) )
Heterogeneity: tau’=0.25; 3’=27.38; df=8 (p=0.008): =71% 4100 50 0 50 100
Test for overall effect: 7=2.38 (p=0.02) Cage with plate Stand-alone cage

Fig. 10. Forest plot analysis for disc height. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.

Stand-alone cage Cage with plate _ Mean difference Mean difference

Study or subgroup Weight (%)

Mean+SD Total Mean+SD Total IV random, 95% CI IV, random, 95% ClI
Chen et al. [20](2016) 2.1+14 28 14408 26 195 0.70(0.10t0 1.30)
Jietal. [28](2015) 0.06:0.41 22 049028 20 232 -043(-0.64t00.22)
Kim et al. [25] (2013) 2.94+2.88 29 2.35+1.66 23 123 0.59(-0.66 to 1.84)
Luetal. [5](2018) 1.42+1.03 22 1.06+0.8 24 203 0.36(-0.18 0 0.90)
Oh et al. [22] (2013) 4.34+2.49 28 4.16+2.24 26 122 0.18(-1.08 to 1.44)
Zhuetal. [11](2019) 242.3 30 0.4+2.61 32 125 160(0.38t02.82)
Total (95% Cl) 159 151 100.0 0.40(-0.22t0 1.03) . . . .
Heterogeneity: tau’=0.43; y’=27.36; df=5 (p<0.0001); //=82% -100 50 0 50 100
Test for overall effect: 7=1.26 (p=0.21) Cage with plate Stand-alone cage

Fig. 11. Forest plot analysis for loss of disc height. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.

analysis, with a total sample of 278 patients; the mean For adjacent level disease, seven articles were included
hospital stay for SAC (n=154) and ACP (n=124) was 6.2 in the analysis, with a total sample of 516 patients; adja-
days and 6.17 days, respectively. Fig. 17 shows no signifi- cent level disease was experienced in nine of 255 patients

cant difference in terms of hospital stay between the two (3.53%) treated with SAC and 29 of 261 patients (11.11%)
procedures (heterogeneity: I’=0%; WMD, -0.09; 95% CI, treated with ACP, indicating a significant difference,
-0.29 to 0.12; p=0.40). wherein SAC was more advantageous with less adjacent
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Study o subgroup Stand-alone cage Cage with plate Weight (%) Ost ratio O(?ds ratio
Evebts Total Evebts Total M-H, fixed, 95% Cl M-H, fixed, 95% Cl
Chen etal. [20](2016) 14 84 5 8 84 2.92(1.00t08.53) ———
Joo et al. [27](2010) 7 2 6 20 84 1.09(0.29 0 4.04) —
Kim et al. [25] (2013) 10 29 7 23 100 1.20(0.37 10 3.89) —
Kim et al. [29] (2017) (1) 11 24 9 28 88 1.79(0.58 0 5.52) —1
Kim et al. [29] (2017) (2) 8 12 6 20 29 4.67(1.011t021.65) L E—
Lee et al. [24] (2013) 51 87 15 39 16.8 227(1.01t04.91) -
Lietal.[13](2017) 12 123 9 122 15.9 1.36(0.55 0 3.35) —
Luetal. [5](2018) 2 2 0 24 08 5.98(0.27 to 131.66) —_—t>
Oh et al. [22](2013) 10 28 3 26 39 4.26(1.02t0 17.80) —
Perrini et al. [14] (2017) 40 56 2 22 16 25.00(5.23t0 119.56) — >
Shinetal. [21](2014) 14 20 9 30 42 544 (15810 18.71) _—
Zhou et al. [10](2018) 4 9% 3 85 59 1.20(0.26 t0 5.53) —p—
Zhuetal. [11](2019) 17 90 8 9% 12.3 256(1.05t06.27) e
Total (95% Cl) 200 692 82 613 100.0 258(1.89t0352) . < .
Heterogeneity: x’=17.59; df=12 (p=0.13); /’=32% 001 01 0 10 100
Test for overall effect: 7=5.98 (p<0.00001) Cage with plate Stand-alone cage

Fig. 12. Forest plot analysis for subsidence rate. M-H, Mantel-Haenszel; Cl, confidence interval; df, degrees of freedom.

Study o subgroup Stand-alone cage Cage with plate Weight (%) qus ratio Ogds ratio
Evebts Total Evebts Total M-H, fixed, 95% Cl M-H, fixed, 95% Cl
Zhuetal. [11](2019) 27 30 29 32 266 0.93(0.17t05.02) — e
Zhou et al. [10](2018) al 51 38 47 734 0.97(0.36 t0 2.65) —i—
Shinetal. [21](2014) 20 20 20 20 Not estimable
Chen et al. [20](2016) 28 28 26 26 Not estimable
Total (95% Cl) 116 129 113 125 100.0 096(041t0227) : f : :
Heterogeneity: x’=0.00; df=1 (p=0.97); //=0% 001 Cage Wit[f]11plate 0 Stand-;Igne cage 100

Test for overall effect: 7=0.09 (p<0.93)
Fig. 13. Forest plot analysis for odom’s criteria. M-H, Mantel-Haenszel; Cl, confidence interval; df, degrees of freedom.

Stand-alone cage Cage with plate (Odds ratio Odds ratio
Sty o subgroup Evebts Total Evebts Total Weight %) M-H, fixed, 95% CI M-H, fixed, 95% CI
Jietal. [28](2015) 19 2 19 20 209 0.33(0.03t0 3.50) =
Jooetal. [27](2010) 19 22 17 20 18.7 1.12(0.20t0 6.30)
Oh et al. [22](2013) 23 28 25 26 356 0.18(0.02t0 1.69) =
Perrini et al. [14] (2017) 49 56 18 22 248 1.56(0.41 t0 5.95) —_—
Total (95% Cl) 110 128 79 88 100.0 073(031t01.70) . ~_p— . .
Heterogeneity: 17=3.36; df=3 (p=0.34); =11% 001 Cage Wmelate 0 - d-ll[l]one Cagemo

Test for overall effect: 7=0.73 (p<0.047)

Fig. 14. Forest plot analysis for robinson'’s criteria. M-H, Mantel-Haenszel; Cl, confidence interval; df, degrees of freedom.

level disease (heterogeneity: F=0%, p=0.002) (Fig. 18). (n=163) and ACP (n=173) was 2.45 and 2.48, respectively.

For pain assessment as measured using Visual Analog Fig. 19 shows no significant difference in terms of VAS be-
Scale (VAS), five articles were included in the analysis, tween the two procedures (heterogeneity: I’=89%; WMD,
with a total sample of 336 patients; the mean VAS for SAC 0.08; 95% CI, -0.77 to 0.93; p=0.85).
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Fig. 15. Forest plot analysis for the Japanese Orthopaedic Association score. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.
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Fig. 16. Forest plot analysis for Neck Disability Index. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.

Stand-alone cage Cage with plate ) Mean difference Mean difference
Study or subgroup Weight (%) - -
Mean+SD Total Mean+SD Total IV, fixed, 95% Cl IV, fixed, 95% CI
Lietal [13](2017) 99422 68 98419 70 88 0.10(-059t00.79)
Perrini et al. [14] (2017) 2.3+0.54 56 2414059 22 51.1 -0.11(-0.39t00.17)
Zhuetal. [11](2019) 6.240.72 30 6.3:0.55 32 402 -0.10(-042100.22)

Total (95% Cl) 154 124

100.0 -0.09(-0.29t0 0.12)

Heterogeneity: x’=0.32; df=2 (p=0.85); //=0%
Test for overall effect: 7=0.85 (p=0.40)

0 50 100
Stand-alone cage

100 50
Cage with plate

Fig. 17. Forest plot analysis for hospital stay. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.

For fusion rate, 12 articles were included in the analysis,
with a total sample of 912 patients; fusion was experi-
enced in 419 of 478 patients (87.66%) treated with SAC
and 409 of 434 patients (94.24%) treated with ACP, in-
dicating a significant difference, wherein the fusion rate
was higher in patients treated with ACP (heterogeneity:
I=0%, p=0.02) (Fig. 20).

For fusion time, three articles were included in the anal-
ysis, with a total sample of 290 patients; the mean fusion

time for SAC (n=147) and ACP (n=143) was 8 months
and 6.88 months, respectively. Fig. 21 reveals no signifi-
cant difference in terms of fusion time between the two
procedures (heterogeneity: P=87%; WMD, 1.01; 95% CI,
-0.68 to 2.7; p=0.24).

Discussion

The decision to choose between ACP and SAC for pa-
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Fig. 18. Forest plot analysis for adjacent level disease. M-H, Mantel-Haenszel; Cl, confidence interval; df, degrees of freedom.
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Fig. 19. Forest plot analysis for Visual Analog Scale. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.
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Fig. 20. Forest plot analysis for fusion rate. M-H, Mantel-Haenszel; Cl, confidence interval; df, degrees of freedom.
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Fig. 21. Forest plot analysis for fusion time. SD, standard deviation; IV, intravenous; Cl, confidence interval; df, degrees of freedom.

tients with CDD is yet to be conclusive until now because
the number of literatures thoroughly describing their
comparison remains limited. Realizing the need for a
thorough analysis comparing the two procedures in terms
of intraoperative factors, radiological outcome, and func-
tional outcome and putting in as many qualified studies
as possible, we aim to give a wider image for treatment
choice in patients with CDD undergoing anterior cervical
procedure.

The main limitation of the previous meta-analysis is
the limited outcomes and number of studies included in
the final quantitative analysis. A study by Yang et al. [7] in
2019 compared ACP and SAC in terms of JOA score, NDI
score, fusion rate, dysphagia rate, and adjacent segment
degeneration. Another meta-analysis by Zhao et al. [8] in
2020 described clinical and radiological outcomes of the
two procedures, stating that SAC is superior to ACP in
terms of lower complication rates and comparable clini-
cal outcomes. However, they only included 1-4 articles
in each forest plot, causing the possibility of analysis bias
[8]. In studies by Yin et al. [3] in 2016 and Nambiar et al.
[9] in 2017, a detailed analysis was performed for several
outcomes. However, the number of studies included was
low. This study included 14 articles with a more compre-
hensive analysis of outcomes, which should be considered
to perform decision making in surgery.

The operation time for SAC was significantly shorter
than that for ACP in our analysis. This might be caused by
the simple nature of the SAC implant with its self-locking
structure, contributing to fewer required steps for the in-
sertion of the anchoring clips compared with the conven-
tional cage with a plate. Furthermore, a shorter duration
of surgery and less manipulation also contribute to less
soft tissue damage caused by surgery as well as blood loss,
which minimizes the risk of some complications [5,10,11].
However, this might differ from one operator to another
because of familiarity. In general, it is commendable to use

SAC in high-risk cervical cases with significant comor-
bidities. Our study found a mean difference of 12.84 mL
between the two procedures. Despite being statistically
significant, we believe that it is clinically not significant.
Increased complications and morbidity in anterior cervi-
cal surgery were found to be related to >300 mL blood
loss and >5 hours.

As one of the most common complications after ACP,
the pathogenesis of dysphagia is not fully understood.
Fountas et al. [12] in 2007 reported that patients undergo-
ing three-level fusion had a higher incidence of dysphagia
than those undergoing single or two-level fusion, stating
that intraoperative soft tissue irritation may contribute to
this condition, considering SAC requires less surgical ex-
tent than ACP [9]. Furthermore, the design of SAC allows
the whole implantation of the cage into the intervertebral
space, avoiding implant contact with soft tissue anteriorly
[5]. A study by Zhou et al. [10] in 2018 stated that dyspha-
gia may be a result of tracheal intubation, soft tissue re-
traction, esophageal injury, postoperative hematoma, and/
or adhesions. Furthermore, it was revealed that patients
undergoing SAC had a faster resolution of dysphagia than
those undergoing ACP [5]. Although most dysphagia is
transient and disappears within 3 months postoperatively,
chronic dysphagia-related symptoms are expected to be
3%-21% [13]. In contrast, Perrini et al. [14] in 2017 sug-
gested that plate application did not induce significant
esophageal irritation, contributing only to two out of 22
patients undergoing the ACP method. Conventionally,
it was believed that a higher level of pathology correlates
with a higher risk of dysphagia because more tissue re-
traction is required. However, recent studies found no dif-
ference between upper (C3-C4) and lower cervical levels
(C5 and below) (Bazaz et al. [15] in 2002), and another
study found lower levels (C4 and below) to be a risk factor
(Kalb et al. [16] in 2012). Cervical graft material is anoth-
er risk factor identified, wherein Bazaz et al. [15] in 2002
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described one patient with dysphagia due to a prominent
fibular graft, needing revision. In addition, plate thick-
ness as a risk factor for dysphagia remains controversial,
wherein a study by Lee et al. [17] in 2005 proved that a
thicker plate correlated with a higher dysphagia rate and
a study by Kalb et al. [16] in 2012 failed to prove implant
type and thickness as risk factors for dysphagia. To mini-
mize esophageal damage and reduce the risk of dysphagia,
some studies advise the avoidance of large graft utilization,
a reduction of endotracheal tube cuff pressure, the use of
methylprednisolone as local irrigation, and minimizing
pharynx as well as esophagus retraction intraoperatively
[18,19].

Conversely, dysphasia/hoarseness has not been well
described in the existing literature; however, it is believed
to be a result of soft tissue damage and extensive exposure
during surgery [10]. In our meta-analysis, the dysphasia
rate was found to be not significantly different between
the two procedures. Furthermore, Lu et al. [5] in 2018
stated that this complication resolved after conservative
treatment and appropriate nursing. However, because
both complications might affect a patient’s quality of life,
it should be well informed to patients preoperatively, es-
pecially in patients receiving ACP.

Cervical and segmental angles are some radiological
parameters that are postoperatively measured following
ACDE Our study proved that ACP had higher cervical
and segmental angles than SAC postoperatively; however,
the loss of segmental angle did not significantly differ
between the two procedures. Cervical alignment and its
maintenance are essential factors in cervical surgery be-
cause misalignment might lead to degenerative changes.
Although still controversial, some studies stated that
anterior plate is more effective in maintaining cervical
alignment, especially for multi-level pathology, resulting
in less loss of disc height and cervical malalignment [20-
22]. Furthermore, sagittal malalignment will alter stress
distribution along with the device and adjacent segments,
increasing the risk of fixation failure and adjacent segment
disease and causing chronic postoperative axial pain, neu-
rological deficit, and worsening final functional outcome
[13].

Restoring and maintaining intervertebral height and
cervical segmental and global alignment as well as mini-
mizing the risk of subsidence are significant elements of
a successful anterior cervical surgery. Intervertebral fora-
men enlargement as a result of intervertebral space height

restoration leads to nerve root decompression and symp-
tom relief. Cage subsidence disturbs this by decreasing the
intervertebral foramen space and causing the loss of cer-
vical alignment [11]. Nemoto et al. [23] in 2015 defined
subsidence as a decrease in total intervertebral disc height
of >2 mm. In contrast, Lee et al. [24] in 2013 and Kim et
al. [25] in 2013 set 3 mm as the cutoff point for subsid-
ence. Our meta-analysis proved that SAC had a higher
subsidence rate than ACP, possibly due to the better sup-
portability of plate fixation in maintaining anterior disc
height. The biomechanical properties of the cervical plate
may contribute to this phenomenon, wherein axial load-
ing is more evenly dispersed in the cervical plating group,
whereas SACs may sink into vertebral bodies. Acting as
a load-sharing device, the cervical plate reduces peak
contact pressure; therefore, it is considered more stable in
maintaining segmental height [14,24,26].

Furthermore, although subsidence may influence the
segmental angle, the global cervical angle is not frequently
affected because a single-level kyphosis can be compen-
sated by the other cervical joints. This is supported by the
study of Lee et al. [24] in 2013, stating that cervical plate
application may preserve segmental angle, although not
global cervical angle. However, this statement remains
controversial, with some other literature stating that the
significantly higher subsidence rate observed in SAC is
inevitably correlated with the loss of cervical alignment,
globally and segmentally, as well as the development of
adjacent segment degeneration. To minimize these pos-
sible complications, well-understood surgical techniques
in preserving bony endplate, appropriate selection of cage
size and position, contact-surface ratio, and avoidance
of over distraction should frequently be kept in mind, al-
though patients’ bone density may also contribute to this
condition [5,23].

Adjacent segment degeneration is defined as disc space
narrowing, with or without osteophytes, ligament calci-
fication, disc height loss of >30%, intervertebral hernia-
tion, and segmental instability. Although the results vary
in diverse literature, our meta-analysis proved that ACP
results in a higher incidence of adjacent level disease.
Cervical fusion reduces segmental motion and further
increases stress on adjacent discs below and above it, re-
sulting in disc degeneration. In plate fixation, the higher
fused segment rigidity is believed to cause greater stress in
neighboring levels during motion postoperatively, thereby
increasing the risk of adjacent segment degeneration
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[27,28]. In SAC, the device can be completely contained
in the intervertebral space, contributing to less irritation
to anterior cervical structures. However, to date, there has
not been any literature sufficient enough to prove that ad-
jacent level disease contributes to the clinical outcome of
patients undergoing ACDF [29].

In terms of functional outcome, Odom and Robinson’s
criteria have been used in some literature as an assess-
ment method in patients with CDD undergoing cervical
procedures. They both categorize functional outcomes
as poor, fair, good, and excellent [30-32]. Although both
ACDF methods could improve the clinical outcome in
patients with CDD, our study failed to prove a significant
difference between ACP and SAC in terms of postopera-
tive functional outcomes as measured by these criteria.
This symptom improvement is the result of compressive
material removal and affected nerve decompression [10].

The use of JOA, NDI, and VAS is another means of as-
sessing functional outcomes. A study by Zhang et al. [33]
in 2018 stated that a lower preoperative JOA score is a
risk factor for unsatisfactory outcome after ACDF and
a higher occupying ratio contributed to this, wherein a
patient with a higher occupying ratio had a higher risk
for experiencing reperfusion postoperatively, causing
permanent neurologic impairment and poor clinical out-
come. Theologou et al. [34] in 2020 further suggested the
assessment of possible coexistence of lumbar pathologies,
wherein this condition may mask the symptoms of CDD,
thereby resulting in a bias of clinical outcome. However,
it has been said in various literature that the relationship
between radiological and clinical outcomes is not yet es-
tablished [26].

Bony fusion has been the aim of ACDE, and our study
proved that ACP results in a significantly higher fusion
rate than SAC. Joo et al. [27] in 2010 stated that this might
be the result of an insufficient fixation power of cage
alone, causing a higher rate of subsidence and pseudoar-
throsis in the SAC group. This lack of stable fixation fur-
ther causes constant micromotions and prevents bone fu-
sion [27]. However, some studies proved that the addition
of an anterior plate may enhance stability and rigidity,
although not the fusion rate and time [24]. The study of
Zhou et al. [10] in 2018 further stated that SAC has com-
parable stability, fusion rate, and fusion time with ACP,
due to its unique structure that fits the adjacent vertebral
body and endplate.

The current systematic review and meta-analysis sug-

Asian Spine J 2022;16(5):812-830

gest that ACP and SAC are comparable in terms of dys-
phasia rate, loss of segmental angle, loss of disc height,
the Odom criteria, Robinson’s criteria, hospital stay, JOA,
NDI, VAS, and fusion time. However, SAC is superior in
terms of the shorter operation time, less blood loss, lower
dysphagia rate, and a lower rate of adjacent level disease,
whereas ACP is advantageous in terms of lower subsid-
ence rate, better maintenance of the cervical global and
segmental angles and disc height, and higher fusion rate.
Therefore, both procedures are comparable in terms of
functional outcomes, but SAC is superior in terms of less
complication rate, and ACP is superior in terms of radio-
logical outcomes.

This study has several limitations. First, most of the
studies included are of level III evidence. Second, the
heterogeneity of some analyses is high (>50%). Third,
because of the scarcity of studies, all single and multi-
level pathologies were included in the analysis, which may
cause bias in the overall analysis. However, to our knowl-
edge, this study is the first to formulate a thorough sys-
tematic review and meta-analysis on this matter from as
many aspects as possible preoperatively, intraoperatively,
and postoperatively, wherein we succeeded to cover as
much as 20 aspects out of 14 included studies, both from
clinical and radiological points of view. It is anticipated
that this study might be beneficial as a guideline in choos-
ing the appropriate method of treatment for patients with
CDD, with the consideration of each patient’s character-
istics, comorbidities, and pathology, and further inspire
other researchers to conduct well-designed trials with a
bigger number of samples and perform subgroup analysis.

Conclusions

Both procedures can be used in patients with CDD, al-
though it might be more beneficial to choose ACP in
patients with multi-level pathologies, wherein better me-
chanical stability is provided. However, in patients with
comorbidities, anemia, or swelling problems, SAC may be
more beneficial to use because it offers lower complication
rates.
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