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Background: To date, the decision to treat multilevel cervical spondylotic myelopathy (CSM)
with anterior cervical discectomy and fusion (ACDF) or anterior cervical corpectomy and fusion
(ACCF) remains controversial. Therefore, we conducted a meta-analysis to quantitatively
determine the efficacy of ACDF and ACCEF in the treatment of multilevel CSM.

Methods: We searched several databases for related research articles published in English or
Chinese. We extracted and assessed the data independently. We determined the pooled data,
data heterogeneity, and overall effect, respectively.

Results: We identified 15 eligible studies with 1,368 patients. We found that blood loss and num-
bers of complications during surgery in ACDF were significantly less that in ACCF; however,
other clinical outcomes, such as operation time, bone fusion failure, post Japanese Orthopedic
Association scores, recovery rates, and visual analog scale scores between ACDF and ACCF
with multilevel CSM were not significantly different.

Conclusion: Our results strongly suggest that surgical treatments of multilevel CSM are similar
in terms of most clinical outcomes using ACDF or ACCF.

Keyword: meta-analysis, therapy, anterior cervical discectomy and fusion, anterior cervical
corpectomy and fusion, cervical spondylotic myelopathy

Introduction

Cervical spondylotic myelopathy (CSM) is a common spinal disease caused by
narrowing of the cervical spinal canal as a result of degenerative and congenital
changes, and leads to significant neurological disability.'” Except major cause of
spinal degeneration, cervical congenital malformations that result in progressive scolio-
sis, such as developmental stenosis, may predispose to CSM. In addition to congenital
cervical spinal stenosis, spontaneous fusion of the cervical vertebrae is a further type
of congenital malformation that is also a known cause of CSM.* Surgeries involving
anterior and posterior approaches, including anterior cervical discectomy with fusion
(ACDF),> ! anterior cervical corpectomy with fusion (ACCF),* ! laminoplasty,'* !
laminectomy, 2% and laminectomy with fusion (class I11),2-* have been developed,
and the functional outcome is improved after surgical treatment for CSM.?!* The surgi-
cal choice of an anterior, posterior, or combined approach for CSM should be based on
the location and extent of compressive pathology, previous surgery, and the presence
of preoperative neck pain, as well as the patient’s age and overall health conditions.?¢3¢
Among the anterior approaches, ACCF has demonstrated relatively good fusion
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rates,” ! but is associated with high morbidity of nonunion
due to multiple graft-host interfaces,** a higher incidence
of complications including vertebral artery injury,>*4¢ dural
tears, and cerebrospinal fluid leakage.”” ACDF is safe and
effective for managing multilevel CSM, with a low preva-
lence of graft extrusion or migration;*’** however, ACDF
may have a high risk of incomplete decompression, limited
visual exposure, and injury to the cord, as well as a high rate
of pseudarthrosis secondary to an increase in the number of
fusion surfaces.¢464° Therefore, to date, the decision to treat
CSM, especially multilevel CSM, with ACDF or ACCF
remains controversial.”® In the present study, we conducted
a meta-analysis to quantitatively determine the efficacy of
ACDF and ACCEF in the treatment of multilevel CSM.

Materials and methods

We performed the meta-analysis according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses®!
and the recommendations of the Cochrane Collaboration.>?

Data source and search

We searched and identified all published studies that com-
pared the efficacy of ACDF and ACCF in the treatment of
multilevel CSM. An extensive search of the literature was
performed in Embase (1974 to July 2014), PubMed (1966 to
July 2014) and the Cochrane Library, Biological Abstracts,
Science Citation Index, Chinese BioMedical Literature
Database, and China National Knowledge Infrastructure
(1980 to July 2014). Medical Subject Headings were used
to search in both the Chinese and English languages. We
used the following keywords: cervical spondylotic myel-
opathy (CSM), anterior cervical discectomy and fusion
(ACDF), anterior cervical corpectomy and fusion (ACCF).
The full search strategy is available upon request from the
corresponding authors. Relevant reviews and meta-analysis
of surgeries in the treatment of CSM were also checked for
inclusive studies.

Study selection

This meta-analysis included studies primarily evaluating the
efficacy of ACDF and ACCF in the treatment of multilevel
CSM. The bibliographies of the search results were indepen-
dently reviewed by two authors (ZW and JD) to identify rele-
vant articles that met the inclusion criteria (full text or abstract).
The quality of the studies was independently assessed, and the
level of agreement between them was recorded. The decision
on whether to include an article was made by manual screen-
ing of titles and abstracts, followed by full-text screening by

the same reviewers. If additional data or clarification were
necessary, we contacted the study authors. Any disagreements
between initial reviewers were resolved by discussion with
another reviewer until agreement was reached.

Data extraction

The data were extracted independently by two reviewers
(ZL and HX). Data for publication information (name of
first author, year of publication), study information (sample
size and distributions of age and sex), and the effect of
ACDF and ACCEF in the treatment of multilevel CSM were
collected using standard data extraction forms. The preop-
erative and postoperative Japanese Orthopedic Association
(JOA) score, operation time, blood loss, surgical complica-
tions, neurological recovery rate, reoperation rate, as well
as the recovery rates and the arm pain visual analog scale
(VAS) scores were checked and extracted by the other two
reviewers (GL and XL). The recovery rate was determined
by the following equation:

JOA score at follow-up —
Neurological preoperative JOA score

= y x100%
recovery rate 17 —preoperative JOA score

Disagreement was checked again by a third reviewer (DL).
Exclusion criteria were combined surgery, non-controlled
studies, follow-up less than 1 year, and CSM caused by
ossification of the posterior longitudinal ligament.

Statistical analysis
All statistical analyses were performed using RevMan
version 5 from the Cochrane Collaboration.

Odds ratios were calculated for binary outcomes and
weighted mean differences for continuous outcomes, along
with 95% confidence intervals. The pooled relative risks
were combined by the Mantel-Haenszel method. The Peto
method was used when there were trials with no events in
one or both arms.’>%3 Heterogeneity was evaluated using the
x? test and P statistics (considered significant when the
P-value for y* test was <0.10 or /2 was >50%). The level
of significance was set at P<<0.05. Fixed-effect models
were applied unless statistical heterogeneity was significant,
in which case random-effect models were used. We also
assessed the probability of publication bias with funnel plots™
and the Egger’s test.”® We investigated the influence of study
design (randomized controlled trial or quasi-randomized con-
trolled trial) and fixed levels (short or long segment fixation)
on pooled estimates using subgroup analysis.
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Additional records identified through other
Records identified through database searching 9
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(n=341) (n=170)
A y
Records after duplicates removed
(n=511)
A
Records screened R Records excluded
(n=511) i’ (n=310)
A 4
Full-text articles assessed Full-text articles excluded, with
for eligibility > reasons
(n=201) (n=186)
A 4
Studies included in qualitative
synthesis
(n=15)
v
Studies included in quantitative
synthesis (meta-analysis)
(n=15)
Figure | Flow chart of study selection.
Results Of these, 496 were initially excluded after reading the
Study selection and characteristics abstracts and/or whole articles (Figure 1). Finally, the

Five hundred and eleven relevant citations were selected ~ Systematic literature search generated a total of 15 datasets
for initial review according to the aforementioned search ~ and 1,368 patients for meta-analysis. The demographic
strategies and provided data regarding anterior cervical dis-  data from studies included in the meta-analysis are shown
cectomy and corpectomy in patients with multilevel CSM.  in Table 1.

Table | Demographic data from studies included in meta-analysis

Study Surgeries Patients, n (ACDF/ACCF) Country Year of publication
Li et al’ ACDF/ACCF 89 (47/42) People’s Republic of China 2013
Lin et al" ACDF/ACCF 120 (57/63) People’s Republic of China 2012
Liu et al® ACDF/ACCF 108 (69/39) People’s Republic of China 2012
Song et al'® ACDF/ACCF 40 (25/15) South Korea 2012
Guo et al*® ACDF/ACCF 67 (43/24) People’s Republic of China 2011
Lian et al* ACDF/ACCF 105 (55/50) People’s Republic of China 2010
Oh et al® ACDF/ACCF 31 (14/17) South Korea 2009
Uribe et al® ACDF/ACCF 80 (42/38) USA 2009
Hwang et al*! ACDF/ACCF 62 (27/35) People’s Republic of China 2007
Liu et al®! ACDF/ACCF 52 (19/33) People’s Republic of China 2006
Nirala et al? ACDF/ACCF 201 (69/132) India 2004
Hilibrand et al* ACDF/ACCF 190 (131/59) USA 2002
Wang et al® ACDF/ACCF 52 (32/20) USA 2001
Emery et al** ACDF/ACCF 100 (45/55) USA 1998
Yonenobu et al*® ACDF/ACCF 71 (50/21) Japan 1985

Abbreviations: ACCF, anterior cervical corpectomy and fusion; ACDF, anterior cervical discectomy and fusion.
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Methodological quality of the studies
Fifteen selected studies were evaluated to have high levels
of methodological quality (more than six stars) according to
the Newcastle—Ottawa quality assessment scale.>

Comparison of operation time
between ACDF and ACCF for CSM

Seven studies with a total of 551 CSM patients who under-
went either ACDF or ACCF surgery were meta-analyzed.
Heterogeneity analysis shows that 7 was 97%. The test for
overall effect (Z=0.78, P=0.43) indicated that the operation
time between ACDF and ACCF for CSM was not signifi-
cantly different (Figure 2).

Comparison of blood loss between
ACDF and ACCF for CSM

Seven studies reporting blood loss in a total of 551 CSM
patients who underwent ACDF or ACCF surgery were also
meta-analyzed. Heterogeneity analysis showed that I was
98%. The test for overall effect (Z=3.16, P=0.002) indicated
that blood loss between ACDF and ACCF for CSM was
significantly different (Figure 3).

Comeparison of bone fusion failure
between ACDF and ACCF for CSM
Fourteen studies including bone fusion failure records in a
total of 1,297 CSM patients with ACDF or ACCF surgery
were meta-analyzed. Heterogeneity analysis shows that /2
was 78%. The test for overall effect (Z=0.8, P=0.42) indicated

that bone fusion failure between the two types of surgery was
not significantly different (Figure 4).

Comparison of numbers of complications
between ACDF and ACCF for CSM

Ten studies with a record of numbers of complications dur-
ing or after ACDF or ACCF surgery in a total of 906 CSM
patients were meta-analyzed. Heterogeneity analysis shows
that > was 46%. The test for overall effect (Z=2.34, P=0.02)
indicated that numbers of complications between ACDF and
ACCF for CSM was significantly different (Figure 5).

Comparison of post JOA scores

between ACDF and ACCF for CSM

Nine studies with post JOA scores in a total of 674 CSM
patients with ACDF or ACCF surgery were meta-analyzed.
Heterogeneity analysis shows that /> was 88%. The test for
overall effect (Z=0.45, P=0.66) indicated that post JOA
scores between ACDF and ACCF for CSM were not sig-
nificantly different (Figure 6).

Comparison of clinical outcomes
between ACDF and ACCF for CSM

We determined the recovery rates for five studies in a total
of 384 CSM patients with ACDF or ACCF surgery. Hetero-
geneity analysis shows that 2 was 90%. The test for overall
effect (Z=0.71, P=0.48) indicated that the recovery rates
between ACDF and ACCF for CSM were not significantly
different (Figure 7A). In addition, we also determined the

Study or ACDF ACCF Mean difference Mean difference
subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Guoetal® 974 17.1 43 119.2 164 24 15.0% —21.80(-30.12,-13.48) -+

Lianetal® 1402 271 55 168.3 31.7 50 14.8% —28.10 (-39.44, -16.76) -

Lin et al' 138.07 30.9 57 125.08 26.4 63 14.9% 12.99 (2.65, 23.33) ——

Liu et al® 1436 31.7 69 116.5 29.8 39 14.8% 27.10(15.12, 39.08) -

Oh et al*® 140.71 445 14 210 6 17 13.8% —69.29 (-92.77, -45.81) =——t—

Songetal® 186.3 58.3 25 268.04 65.2 15 11.9% —81.74 (=121.88, —41.60) fsppmmee

Uribe et al® 220 30 42 160 20 38 14.8% 60.00 (48.92, 71.08) ——
Total (95% Cl) 305 246 100.0% -11.89 (—41.67, 17.89)

Heterogeneity: 72=1,524.48; y?=237.15, df=6 (P<0.00001); I>=97%

Test for overall effect: Z=0.78 (P=0.43)

. P

f T 1 1 |
-100 50 0 50 100

Favors (experimental) Favors (control)

Figure 2 Comparison of operation time between ACDF and ACCF for the treatment of CSM.
Abbreviations: ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy and fusion; CSM, cervical spondylotic myelopathy; Cl, confidence

interval; SD, standard deviation; IV, independent variable.
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Study or  ACDF ACCF Mean difference Mean difference
subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Guoetal®® 143.3 727 43 208.5 136.9 24 16.8% —65.20 (-124.12, -6.28) L —
Lianetal® 269.1 97.2 55 378.6 111.4 50 17.5% -109.50 (—149.67, —69.33) I
Lin et al" 102.81 51.3 57 149.05 74 63 17.9% -46.24 (-68.85, —23,63) —r—
Liu et al® 107.5 496 69 172.3 68.2 39 17.9% -64.80 (-89.19, —40.41) —_—
Oh et al* 306.43 151.1 14 778.8 644..3 17 54%  -472.37 (-788.71,-156.03) {
Song et al® 621.33 138.7 25 1,011.28 5334 15 6.5% —389.95 (-665.30, —114.60) {
Uribe et al® 150 23 42 375 30 38 18.1% —225.00 (-236.81,-213.19) {
Total (95% CI) 305 246 100.0% -141.59 (—229.55, —53.63)  [J—
[ | | |
1

Heterogeneity: 72=11,115.41; y>=294.31, df=6 (P<0.00001); >=98%
Test for overall effect: Z=3.16 (P=0.002)

|
50 100
Favors (control)

I !
-100 -50
Favors (experimental)

0

Figure 3 Comparison of blood loss between ACDF and ACCF for the treatment of CSM.
Abbreviations: ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy and fusion; CSM, cervical spondylotic myelopathy; Cl, confidence

interval; SD, standard deviation; IV, independent variable.

VAS scores in four studies in a total of 236 CSM patients
with ACDF or ACCF surgery. Heterogeneity analysis shows
that I was 76%. The test for overall effect (Z=1.05, P=0.29)
indicated that the VAS scores between ACDF and ACCF
for CSM was not significantly different (Figure 7B).

Sensitivity analysis and publication bias

A sensitivity analysis was conducted to assess the stability
of our results. The pooled odds ratios or mean differences
were not significantly changed, indicating the stability of our
analyses. The funnel plots were largely symmetrical (Figure 8)

Study or ACDF ACCF Odds ratio Odds ratio

subgroup Events Total Events Total Weight M-H, random, 95% ClI  M-H, random, 95% CI
Emery et al®* 0 45 2 55 6.2%  0.24 (0.01, 5.03)

Guo et al*® 1 43 1 24 6.7% 0.55 (0.03, 9.17)

Hilibrand et al*® 44 131 4 59 10.7% 6.95 (2.37, 20.43) —_—
Hwang et al*! 1 27 3 35 7.8% 0.41 (0.04, 4.18) ———

Wang et al®® 0 32 1 20 5.8%  0.20(0.01,5.16) ¢

Lietal 0 47 0 42 Not estimable

Lian et al® 3 55 18 50 10.2% 0.10 (0.03, 0.38) —_—

Lin et al™ 3 57 6 63 9.9% 0.53 (0.13, 2.22) —_—T

Liu et al®’ 3 19 6 33 9.7% 0.84 (0.18, 3.85) —_—

Liu et al® 0 69 6 39 6.5%  0.04(0.00,0.68) —+——"—

Nirala et al®? 21 69 8 132 11.1% 6.78 (2.81,16.35) —_—
Oh et al*® 0 14 0 17 Not estimable

Song et al'® 3 25 1 15 7.7% 1.91 (0.18, 20.22) -l
Uribe et al® 1 42 3 38 7.8%  0.28 (0.03, 2.86) _—

Total (95% CI) 675 622 100.0% 0.64 (0.21,1.91) -

Total events 80 59

Heterogeneity: 7°=2.63; #2=50.87, df=11 (P<0.00001); I>=78% } ' } '

Test for overall effect: Z=0.80 (P=0.42)

I 1 1
0.01 0.1 1 10 100

Favors (experimental)

Favors (control)

Figure 4 Comparison of bone fusion failure between ACDF and ACCEF for the treatment of CSM.
Abbreviations: ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy and fusion; CSM, cervical spondylotic myelopathy; Cl, confidence
interval; M—H, Mantel-Haenszel test.
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Study or ACDF ACCF Odds ratio Odds ratio
subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Guo et al® 1 43 6 24 8.7% 0.07 (0.01, 0.64) O

Hwang et al*' 8 27 19 35 13.4% 0.35(0.12, 1.02) —r

Lian et al® 8 55 9 50 9.3% 0.78 (0.27, 2.19) —_—

Lin et al" 11 57 14 63 12.4% 0.84 (0.34, 2.03) v

Liu et al®' 7 19 4 33 2.1% 4.23 (1.04,17.16) —
Liu et al® 15 69 17 39 19.6% 0.36 (0.15, 0.84) —a—

Nirala et al¢? 16 69 37 132 22.5% 0.78 (0.39, 1.52) —a

Song et al'® 16 25 15 4.2% 1.56 (0.42, 5.72) S B
Uribe et al® 1 42 38 3.5% 0.28 (0.03, 2.86) ———
Yonenobu et al® 6 50 3 21 4.3% 0.82 (0.18, 3.63) _—
Total (95% Cl) 456 450 100.0%  0.67 (0.48, 0.94) .

Total events 89 120

Heterogeneity: 72=16.79, df=9 (P=0.05); 1?=46%
Test for overall effect: Z=2.34 (P=0.02)

1 | 1 ]
I T Ll 1
0.01 0.1 1 10 100
Favors (experimental)  Favors (Control)

Figure 5 Comparison of numbers of complications between ACDF and ACCF for the treatment of CSM.
Abbreviations: ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy and fusion; CSM, cervical spondylotic myelopathy; Cl, confidence

interval; M—H, Mantel-Haenszel test.

suggesting that there was no publication bias in the meta-
analysis of CSM patients with ACDF or ACCF surgery.

Discussion
Previous studies have shown that surgical treatments of
two-level CSM using ACDF or ACCF are similar in terms

of clinical outcome. However, with regard to the amount
of bleeding and radiological results, two-level ACDF was
found to be superior to one-level ACCF in terms of opera-
tion times.*

Cunningham et al reviewed retrospective cohort stud-
ies comparing ACDF, corpectomy, laminoplasty, and

Study or ACDF ACCF Mean difference Mean difference
subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl IV, random, 95% CI
Guo et al*® 137 19 43 13 2 24 121% 0.70(-0.28, 1.68)

Hwang et al*'  14.3 24 27 139 21 35 11.6% 0.40 (-0.74, 1.54)

Lietal” 14 2.3 47 141 1.9 42 124% -0.10(-0.97, 0.77)

Lian et al® 12.8 6.3 55 9.1 6.8 50 7.3% 3.70 (1.19, 6.21) >

Lin et al™ 13.86 1.6 57 13.27 1.8 63 13.0% 0.59 (-0.02, 1.20)

Liu et al®! 6.85 3.21 19 13.85 3.95 33 8.9% —7.00 (-8.97, -5.03) »

Liu et al® 141 16 69 145 1.8 39 12.9% -0.40(-1.08, 0.28)

Oh et al*® 1525 15 14 14.72 1.7 17 11.7% 0.53 (-0.60, 1.66)

Song et al™ 14.1 23 25 149 27 15 10.0% —0.80 (-2.44,0.84) 1

Total (95% Cl) 356 318 100.0% -0.23 (-1.23,0.77)

Heterogeneity: 72=1.91; ?=65.66, df=8 (P<0.00001); />=88% [ | | |

Test for overall effect: Z=0.45 (P=0.66)

1 1
50 100
Favors (control)

f T
-100 -50 0
Favors (experimental)

Figure 6 Comparison of post Japanese Orthopedic Association scores between ACDF and ACCF for the treatment of CSM.
Abbreviations: ACDF, anterior cervical discectomy and fusion; ACCF, anterior cervical corpectomy and fusion; CSM, cervical spondylotic myelopathy; IV, independent

variable; Cl, confidence interval; SD, standard deviation.
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laminectomy and fusion as surgical options for CSM from
1980 to January 2008, and concluded that all approaches
yield similar neurorecovery rates.’’” Recently, Shamji et al
reviewed studies comparing multiple discectomies with
single or multiple corpectomy, multiple discectomies with
a hybrid discectomy—corpectomy procedure, and multiple
corpectomies with a hybrid discectomy—corpectomy proce-
dure, and concluded that all three operative approaches are
effective strategies for the anterior surgical management
of CSM.! However, which surgery is a better option in the
treatment of multilevel CSM remains unclear.

Based on 15 studies and a total of 1,368 cases of multi-
level CSM using ACDF or ACCEF, this pooled analysis com-
prehensively assessed the clinical outcomes after surgery.
Using pooled analysis from the included studies, we found
that although blood loss and numbers of complications in
ACDF was significantly less than in ACCF, other clinical
outcomes, such as operation time, bone fusion failure, and

post JOA scores between ACDF and ACCF for multilevel
CSM were not significantly different.

We did find evidence of publication bias, and consistent
results are shown in sensitivity analyses. We should mention
several potential limitations of this study. First, the searching
strategy was restricted to articles published in the English
or Chinese languages. Articles with potentially high-quality
data that were published in other languages were not included
because of anticipated difficulties in obtaining accurate
medical translations. Second, the possibility of information
and selection biases and unidentified confounders cannot
be completely excluded because all of the included stud-
ies were observational. Hence, caution is advised when
interpreting our findings and how they may relate to the
general population.

Based on this meta-analysis of ACDF and ACCEF for the
treatment of CSM, we conclude that although blood loss and
numbers of complications during surgery in ACDF were
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Figure 8 The funnel plots are largely symmetrical, suggesting there is no publication bias in the meta-analysis of anterior cervical discectomy and fusion and anterior cervical

corpectomy and fusion in the treatment of cervical spondylotic myelopathy.

Notes: The funnel plot from seven studies comparing operation time (A). The funnel plot from seven studies comparing blood loss (B). The funnel plot from 14 studies
comparing bone fusion failure (C). The funnel plot from ten studies comparing complications (D). The funnel plot from nine studies comparing post Japanese Orthopedic
Association scores (E). The funnel plot from five studies comparing the recovery rates (F). The funnel plot from four studies comparing the visual analog scale scores (G).

Abbreviations: SE, standard error; MD, mean difference.
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significantly less that with ACCF, in terms of other clinical
outcomes, such as operation time, bone fusion failure, post
JOA scores, recovery rates, and VAS scores, there is no
statistically significant difference between ACDF and ACCF
for multilevel CSM were not significantly different.
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