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Background: Few studies have reported the safety and efficacy of hybrid surgery (HS), and some of the studies comparing
HS with ACDF have reported conflicting results. We conducted this meta-analysis to clarify the advantages of
HS in the treatment of multilevel cervical spondylosis.

Material/Methods: We performed a systematic literature search in PubMed, Medline, and CNKI to identify relevant controlled trials
published up to October 2015. The standardized mean difference (SMD) and 95% confidence interval (95% Cl)
of the perioperative parameters, visual analogue scale pain score (VAS), neck disability index (NDI), and range
of motion (ROM) of C2—C7 and adjacent segments were calculated. We also analyzed complications and Odom
scale scores using risk difference (RD) and 95% Cl.

Results: In total, 7 studies were included. The pooled data exhibited significant differences in blood loss between the
2 groups. However, there was no evidence indicating significant differences in operation time, complications,
VAS, NDI, or Odom scale scores. Compared with the ACDF group, the HS group exhibited significantly protect-
ed C2-C7 ROM and reduced adjacent-segment ROM.

Conclusions: The safety of HS may be as good as that of ACDF. Furthermore, HS is superior to ACDF in conserving cervical
spine ROM and decreasing adjacent-segment ROM. However, the results should be accepted cautiously due to
the limitations of the study. Studies with larger sample sizes and longer follow-up periods are required to con-
firm and update the results of the present study.
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META-ANALYSIS

Background

With successful fusion rates and satisfactory clinical results,
anterior cervical discectomy and fusion (ACDF) is a standard
technique for treating cervical disc disease [1,2]. Although ACDF
is the most widely accepted procedure, with further study and
extension of follow-up time, certain questions have arisen. The
surgical procedure relieves symptoms but deprives patients
of surgical-segment motor function, which may cause or ac-
celerate adjacent segment degeneration (ASD). ASD is a com-
mon complication of ACDF, especially in long-term fusion, af-
fecting approximately 25% of patients within 10 years after
the initial surgery [3].

With advances in surgical techniques, artificial arthroplasty
was developed and used for the treatment of cervical disc dis-
ease, gaining widespread popularity. Artificial disc replacement
(ADR) is used in the surgery procedure, which largely retains
the cervical spine range of motion. Although the results of ar-
tificial arthroplasty are less established, the technique is ben-
eficial in terms of preserving the motion of the cervical spine
and reducing degeneration of adjacent levels [4,5], especial-
ly in multilevel surgeries [6,7]. However, some studies report-
ed that prosthesis implantation may require a longer proce-
dure, which can lead to the possibility of increasing blood loss
and wound complications [8-10]. Furthermore, compared with
the broad indications of ACDF, use of ADR is limited to a more
stringently selected group of patients.

Hybrid surgery (HS) incorporates ACDF and artificial arthroplas-
ty by combining the advantages of these 2 technologies, thus
retaining cervical spine motion as much as possible without
prolonging the operation time or increasing complications. To
obtain a reliable conclusion to the existing controversial sit-
uation, we performed a meta-analysis to compare the opera-
tion time, blood loss, evaluation of clinical outcomes, and ra-
diographic evaluation between HS and ACDF.

Material and Methods

Literature search strategy

Electronic databases PubMed, MEDLINE, and CNKI (China
National Knowledge Infrastructure, a widely used search en-
gine in China) were searched for relevant reports published
up to October 2015. The following keywords or phrases were
used: “hybrid surgery” or “arthroplasty or prosthesis or (disc
replacement) combine fusion or ACDF or (anterior discectomy
and fusion)” and “cervical”. There was no restriction on lan-
guage. We screened the reference lists of all eligible articles
manually to find more papers.
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Inclusion and exclusion criteria

Inclusion criteria were: (1) all patients were diagnosed as hav-
ing multilevel cervical spondylosis and had undergone an ante-
rior procedure; (2) studies involving the comparison between
HS and ACDF; (3) a clear assessment of surgical results; and
(4) available data could be obtained from the literature includ-
ed, or obtained by calculation. Exclusion criteria were: (1) the
study involved corpectomy; (2) the study was a review article,
case report or conference article; (3) it was an experimental in
vitro or biomechanical study; (4) the study reported on special
populations (e.g., elderly, infants, pregnant women); or (5) the
full text was not available.

Study selection

We reviewed the titles and abstracts to find papers that met
the inclusion criteria. In the presence of uncertainty regard-
ing the relevance of a paper, a full-text assessment was con-
ducted. Because the data used for this study were retrieved
from the literature, we did not need to obtain approval from
our Ethics Committee.

Data extraction

Two authors independently extracted the following data from
each included study: operation time, blood loss, complica-
tions, preoperative and postoperative visual analogue scale
pain score (VAS), preoperative and postoperative neck dis-
ability index (NDI), preoperative and postoperative Japanese
Orthopedic Association (JOA) score, preoperative and postop-
erative C2—-C7 range of motion (C2—C7 ROM), preoperative and
postoperative adjacent segment range of motion (superior ad-
jacent segment ROM and inferior adjacent segment ROM), and
Odom score. The following data were recorded: first author,
publication date, mean age, sample size, length of follow-up,
major evaluation index, and prosthesis type. These data were
then compiled into a standard table. Any disagreement was
resolved by consultation with an arbiter.

Validity assessment

We performed the quality assessment based on the Cochrane
risk of bias assessment tools for randomized trial and the
Newcastle-Ottawa quality assessment scale (NOS) for non-
randomized trials [11]. Any disagreements were resolved by
discussion.

Statistical analysis
Statistical analysis was performed with Review Manager 5.2

and Stata 12.0 software. Standard mean differences (SMDs)
and corresponding 95% confidence intervals (Cls) were used
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to measure the major outcomes of the 2 surgical approach-
es. Homogeneity testing was performed using the |2 statistic. Records identified through database
A fixed-effects model was used to combine the SMDs in the seatching (n=404)
absence of heterogeneity (12 <50%); otherwise, a random-ef- v -
. . Records after duplicates
fects model was used. Additionally, we performed a sensitivi- removed (n=314)
ty analysis to assess the effect of a single study on the overall Titles and abstracts screened
estimate by removing each study included, one at a time. For excluded (n=105)
detecting potential publication bias, we performed Begg’s and Potentfialllly eligéblezsslg;iesfor
) s . . ull-text (n= Review and meeting article (n=116)
Egger’s tests; in the present study, this result was considered Experiment in vitro (n=2)
as statistically significant if the p-value was less than 0.05. Case report (n=5)
Biomechanical study (n=26)
Studies included in quality Full-text evaluation excluded (n=37)
assessment (n=7) Involved corpectomy (n=3)
Insufficient date (n=3)
Results Uncontrolled (n=10)
Characteristics of selected studies Studies i“"”d&d_ig)mem'a"a'yﬂs
Initially, 404 records were retrieved according to the search

strategy. Among these, 90 reports were excluded as duplicate Figure 1. Flow diagram of literature screening.
studies. In total, 307 reports were excluded for not meeting the

Table 1. Basic character of included studies.

Author Publication year Country Mean age (HS/ACDF)  Sample size (HS/ACDF)
Shin et al. 2009 Korea 45.7/48 20/20
"""""" Kangetal 2012 China  s3e/s53 112
"""""" luetal 2012  China  S3wse4 a7
 Shemetal. 013 China  s4sa9 183
"""""" Heyetal 2013 Sigapore sy 77
© Graso 015 aly aa2473 2000
C gietal 2015 Korea  4s7¢48 2000

HS — hybrid surgery of anterior cervical discectomy and fusion combine with artificial arthroplasty; ACDF — anterior cervical dis-
cectomy and fusion.

Table 2. Surgery and follow-up character of included studies.

Follow-up time No. of operative segment Major evaluation index Prosthesis type
Shin et al. 2 year 2 level NDI VAS ROM Mobi-C
""""""" Kangetal  2year  3level  NDIVASROM  ProdiscC
""""""" luetal  6months  2level  NDIOAROM  ProdiscC

24.1 months
(18-24 months)*

Hey et al. 2 year 2 level and 3 leve NDI VAS Prodisc-C
Grasso >2 year 2 level NDI VAS ROM Prodisc-C
Jietal 5 year 2 level NDI VAS ROM Mobi-C

NDI — Neck Disability Index; VAS — visual analogue scale pain score; JOA — Japanese Orthopedic Association; ROM — range of motion;

* Mean time of follow-up (range).
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inclusion criteria after review of the title, abstract, or full text.
After the review, 7 studies were included [12-18] (Figure 1).
No additional study was obtained after review of reference
lists. Seven eligible studies (1 RCT and 6 non-RCTs) consist-
ing of 240 patients with cervical spondylosis (HS group, 114;
ACDF group, 126) were published between 2009 and 2015.
The average age of the patients was between 44.2 and 56.4
years. The general data of the included studies are summa-
rized in Tables 1 and 2.

Risk of bias assessment

Random sequence generation (selection bias)

Only 1 RCT was conducted using quality assessment based on
Cochrane risk of bias assessment tools. Randomization was
conducted using the odd or hospital number, which prompted a
high risk; adequate concealment of allocation was hard to guar-
Figure 2. Summary of bias risk of randomized controlled trials. antee or was unclear (Figure 2). Six non-RCTs used NOS and all
scores were greater than 7, showing higher quality (Table 3).

Kang etal. (2013)

a Selective reporting (reporting bias)

a Other bias

e Blinding of participants and personnel (performance bias)
a Blinding of outcome assessment (detection bias)
6 Incomplete outcome data (attrition bias)

° Allocation concealment (selection bias)

Table 3. Newcastle-Ottawa quality assessment scale (NOS) for non-randomized trials.

Quality assessment for non-randomized trials Shinetal. Liuetal. Heyetal. Shenetal. Grasso Jietal
Selection
"""" ls the case definition adequate  * ok x o a s
"""" Representativeness of the cases ~ * Ak x e s
"""" Selection of Controls x ek e e
"""" Definition of Controls
CComparabllty e e e e
CBgosute
"""" Ascertainment of exposure ot A x e e
"""" Same method of ascertainment for cases and controls ~ *xx
"""" NonResponserate A x o w e s e
"""" Totalscore 7 8 & 7 8 71

Postoperative 3 -0.24 -0.75,0.28 0.37 0 0.39
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HS ACDF Risk difference Risk difference
Study or subgroup Events Total Events Total Weight M.-H., fixed, 95% CI M.-H., fixed, 95% CI
Grasso, 2015 1 20 0 20 17.2% 0.05[-0.08,0.18] T
Heyetal., 2013 2 7 1 7 6.0% 0.14[-0.28,0.57] I B —
Jietal, 2015 9 17 7 19 15.4% 0.16[-0.16, 0.48] R B
Kang etal., 2012 1 12 2 12 10.3% —0.08 [-0.35,0.18] I I
Liuetal., 2012 0 17 0 17 14.6% 0.00[-0.11,0.11] -
Shenetal., 2013 0 18 0 30 19.3% 0.00[-0.08, 0.08] -
Shin et al., 2009 0 20 0 20 17.2% 0.00[-0.09, 0.09] -
Total (95% Cl) m 125 100.0% 0.03 [-0.04,0.11] ’
Total events 13 10
Heterogenity: Chi’=3.16, df=6 (P=0.79); ’=0% I } } |
T _ -1 0.5 0 0. 1
Test for overall effect: Z=0.91 (P=0.36) HS ACDE

Figure 3. Forest plot for comparison of complications between HS group and ACDF group.

Meta-analysis

We analyzed differences between the 2 groups in operation
times, blood loss, complications, NDI, VAS, JOA, C2-C7 ROM,
adjacent-segment ROM, and Odom score. Pooled data from the
7 included studies revealed no significant differences in opera-
tion times (Table 4). However, pooled data from the 4 relevant
studies revealed a significant difference in blood loss (Table 4).
We compared the complications between the 2 groups, and
the pooled data from the 7 included studies revealed no sig-
nificant differences in complications (Figure 3).

Two studies reported differences in preoperative and postop-
erative VAS between the 2 groups. The pooled SMD of preop-
erative and postoperative VAS were 0.05 and -0.52, respective-
ly (Table 4). Three studies reported differences in preoperative
and postoperative NDI between the 2 groups. No significant
differences in preoperative NDI or postoperative NDI were
noted (Table 4).

The pooled data revealed no significant differences in preoper-
ative, postoperative 1-month, postoperative 3-month, or post-
operative 6-month C2-C7 ROM (Figure 4). However, pooled data
revealed a significant difference in postoperative 12-month
and last follow-up C2-C7 ROM (Figure 4).

No significant differences in preoperative superior adjacent
segment ROM were noted (Figure 5). However, the pooled
data revealed a significant difference in postoperative supe-
rior adjacent-segment ROM at 1 month, 3 months, 6 months,
12 months, and the last follow-up superior adjacent-segment
ROM (Figure 5).

No significant differences in preoperative or postoperative
1-month inferior adjacent-segment ROM were noted (Figure 6).
However, compared with the ACDF group, the pooled data
revealed significant differences in postoperative inferior

adjacent-segment ROM at 3 months, 6 months, 12 months,
and the last follow-up in the HS group (Figure 6). Three studies
reported Odom score and the pooled date revealed no signifi-
cant differences in “good” scores between the groups (Figure 7).

Sensitivity analysis

We conducted a sensitivity analysis of operation time and
blood loss between the 2 groups by eliminating each study
sequentially from the relevant data. Stata 12.0 software was
used to pool SMD for the remaining studies. The consistent
results suggested that no single study significantly altered the
combined results (Figures 8, 9).

Publication bias

We used Stata 12.0 software to detect publication bias for op-
eration time and blood loss by using Egger’s and Begg’s tests.
No substantial asymmetry was observed in Begg’s funnel plot
(Figures 10, 11). Minimal evidence of publication bias was not-
ed in Egger’s regression test (p=0.064 and 0.452, respectively).

Discussion

In the treatment of cervical spondylosis, ACDF has been widely
used [19]. With the use of spinal implants, this surgical proce-
dure has enhanced the fusion rates, reduced postoperative im-
mobilization, and improved clinical therapeutic effects [3,20].
Although ACDF benefits the target level, it may harm the ad-
jacent segments. This feature is particularly prevalent in the
case of multiple segments [21-23].

Previous studies have demonstrated that a segment fusion in-
creases biomechanical stress and motion at adjacent levels,
which may activate or facilitate degeneration at those levels
[21,23-28]. Theoretically, when fewer segments are fused, there
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HS ACDF Std. mean difference Std. mean difference
Study or subgroup Mean SD Total  Mean SD Total Weight IV, fixed, 95% Cl IV, fixed, 95% Cl
Preoperative (2-C7 ROM
Kang etal., 2012 48.6 121 12 471 103 12 4.1% 0.13[-0.67,0.93] I
Liuetal., 2012 46 1 17 45 13 17 5.8% 0.08 [-0.59,0.75] -
Shenetal., 2013 463 134 18 46.5 14.1 30 7.7% -0.01[-0.60, 0.57] -
Shin etal., 2009 54 10.6 20 514 175 20 6.8% 0.18 [-0.44, 0.80] T
Subtotal (95% Cl) 67 79 24.3% 0.09[-0.24,0.41]
Heterogenity: Chi>=0.21, df=3 (P=0.98); ’=0%
Test for overall effect: 7=0.51 (P=0.61)
1 month (2-C7 ROM
Kang etal., 2012 28.7 93 12 23 68 12 3.8% 0.76 [-0.08, 1.59] T
Liuetal., 2012 32 8 17 32 15 17 5.8% 0.00 [-0.67, 0.67] —
Shin etal., 2009 283 6.7 20 265 103 20 6.8% 0.20 [-0.42, 082] -1
Subtotal (95% Cl) 49 49 16.3% 0.26[~0.14,0.66] L
Heterogenity: Chi>=1.98, df=2 (P=0.37); ’=0%
Test for overall effect: 7=1.27 (P=0.20)
3 months (2-C7 ROM
Kang etal., 2012 333 106 12 272 79 12 3.9% 0.63[-0.19, 1.45] T
Liuetal., 2012 39 8 17 36 15 17 5.7% 0.24[-0.43,0.92] -1
Shin et al., 2009 33.6 108 20 34 9.8 20 6.8% —0.04[-0.66, 0.58] b
Subtotal (95% Cl) 49 49 16.4% 0.22[-0.18, 0.62]
Heterogenity: Chi>=1.62, df=2 (P=0.44); ’=0%
Test for overall effect: Z=1.07 (P=0.29)
6 months (2-C7 ROM
Kang etal., 2012 375 717 12 304 64 12 3.6% 0.9710.11,1.82] —_—
Liuetal., 2012 4 8 17 38 15 17 5.7% 0.24[-0.43,0.92] o
Shin et al., 2009 394 10.2 20 375 95 20 6.8% 0.19[-0.43,0.81]
Subtotal (95% CI) 49 49 16.1% 0.38[-0.02,0.79] .
Heterogenity: Chi*=3.34, df=2 (P=0.31); ’=15%
Test for overall effect: Z=1.86 (P=0.06)
12 months (2—-C7 ROM
Kang etal., 2012 43 82 12 339 76 12 3.3% 1.2710.38, 2.16] —_—
Shin etal., 2009 462 11.8 20 40 116 20 6.6% 0.52[-0.11,1.15] T—
Subtotal (95% Cl) 32 32 9.9% 0.7710.25, 1.29] ’
Heterogenity: Chi*=1.81, df=1 (P=0.18); ’=45%
Test for overall effect: 7=2.93 (P=0.003)
Last follow-up (2—C7 ROM
Kang etal., 2012 459 11.8 12 361 89 12 3.6% 0.91[0.06, 1.75] —
Shenetal., 2013 41 128 18 31.8 135 30 6.9% 0.91[0.30, 1.53] —_—
Shin et al., 2009 541 127 20 449 141 20 6.4% 0.67[0.03,1.31] ——
Subtotal (95% Cl) 50 62 17.0% 0.82[0.43,1.21] ‘
Heterogenity: Chi?=0.33, df=2 (P=0.85); ’=0%
Test for overall effect: 7=4.10 (P<0.0001)
-2 - 12
HS  ACDF

Figure 4. Forest plot for comparison of C2—C7 ROM between HS group and ACDF group.

If the segment where the surgery was performed maintains
mobility, compensatory hyperkinesia is less likely to occur in
adjacent segments [3]. Artificial disc replacement (ADR) is re-
ported to diminish ASD [10,21,31-37]. The therapeutic effect
of this non-fusion of arthroplasty for retaining motion and re-
ducing hyperkinesia of the adjacent segment has been report-
ed in patients with Klippel-Feil syndrome [36,38]. However,
the biomechanical effect of artificial arthroplasty involving

is less compensatory activity in the adjacent segments. Thus,
the likelihood of ASD decreases. Brodke and Zdeblick reported
that fusion rate in 1-level ACDF is as high as 97% [29], whereas
the fusion rate in 3-level ACDF decreased to 83%. Swank et al.
reported that the likelihood of pseudoarthrosis was 10% in
1-level surgery, but in 2-level and 3-level surgeries the rates
increased to 44% and 54%, respectively [30].
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HS ACDF Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% Cl 1V, fixed, 95% CI
Preoperative superior adjacent-segment ROM
Kang etal., 2012 146 52 12 138 6.1 12 4.5% 0.14[-0.66, 0.94]
Liuetal., 2012 13 4 17 14 6 17 6.4% -0.19[-0.87, 0.48]
Shenetal., 2013 135 41 18 13.4 4 30 8.5% 0.02[-0.58,0.61]
Shin etal., 2009 134 51 20 169 10.6 20 74% —-0.41[-1.04,0.21]
Subtotal (95% CI) 67 79 26.9% -0.13[-0.46, 0.20]
Heterogenity: Chi*=1.50, df=3 (P=0.68); I’=0%
Test for overall effect: 7=0.77 (P=0.44)
1 month superior adjacent-segment ROM
Kang etal., 2012 69 45 12 93 36 12 43% -0.57[-1.39,0.25] -1
Liuetal., 2012 8 4 17 n 5 17 6.1% —0.65[-1.34,0.04] ]
Shin etal., 2009 6.7 4 20 111 4 20 6.6% -1.06 [-1.73,-0.40] -
Subtotal (95% Cl) 49 49 17.0% -0.79[-1.20,-0.37] 2
Heterogenity: Chi*=1.10, df=2 (P=0.58); I’=0%
Test for overall effect: Z=3.73 (P=0.0002)
3 months superior adjacent-segment ROM
Kang etal., 2012 124 37 12 144 48 12 4.4% -0.45[-1.26,0.36] T
Liuetal., 2012 10 4 17 14 5 17 5.8% -0.86[-1.57,-0.16] -
Shin etal., 2009 98 52 20 149 5 20 6.7% -0.98 [-1.64,-0.32] -
Subtotal (95% Cl) 49 49 16.9% -0.80[-1.22,-0.39] L 2
Heterogenity: Chi*=1.03, df=2 (P=0.60); I’=0%
Test for overall effect: Z=3.79 (P=0.0002)
6 months superior adjacent-segment ROM
Kang etal., 2012 148 41 12 154 45 12 4.5% -0.13[-0.94, 0.67] -
Liuetal., 2012 n 4 17 15 5 17 5.8% -0.86 [-1.57,-0.16] -
Subtotal (95% Cl) 29 29 10.4% -0.54[-1.07,-0.01] L 4
Heterogenity: Chi>=1.78, df=1 (P=0.18); ’=44%
Test for overall effect: 7=2.01 (P=0.04)
12 months superior adjacent-segment ROM
Kang etal., 2012 151 32 12 172 53 12 4.4% —0.46[-1.28,0.35] T
Shin etal., 2009 104 59 20 178 47 20 6.0% -1.36 [-2.05, -0.67] —
Subtotal (95% Cl) 32 32 10.4% -0.98[-1.51,-0.45] <&
Heterogenity: Chi*=2.70, df=1 (P=0.10); ’=63%
Test for overall effect: Z=3.64 (P=0.003)
Last follow-up superior adjacent-segment ROM
Kang etal., 2012 153 35 12 183 57 12 43% -0.61[-1.43,0.21] —
Shenetal., 2013 137 43 18 16,6 4.1 30 8.1% —0.68[-1.28,-0.08] —
Shin etal., 2009 112 54 20 17.8 4 20 6.0% -1.36 [-2.06, —0.67] —_—
Subtotal (95% Cl) 50 62 18.4% -0.89[-1.29,-0.49] L 3
Heterogenity: Chi*=2.66, df=2 (P=0.26); I’=25%
Test for overall effect: Z=4.38 (P<0.0001)
—4 -2 0 2 4
HS  ACDF

Figure 5. Forest plot for comparison of superior adjacent-segment ROM between HS group and ACDF group.

multiple segments, especially 3 or more segments, remains
poorly understood. In addition, the clinical effect of this tech-
nique has not yet been examined in prospective controlled tri-
als. Arthroplasty is associated with several problems, including
high health-care costs, difficult implantation, and prosthesis-
related complications [39]. In addition, ambiguous surgical in-
dications and select patients may restrict its use.

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

HS incorporates ACDF and artificial arthroplasty. This technique
reduces possible complications from multilevel ADR, while pre-
serving cervical motion and largely avoiding the drawbacks of
multilevel fusion [40]. Although surgical indication protocols of
the North American Spine Society (NASS) and the International
Society for the Advancement of Spine Surgery (ISASS) do not
approve of ADR adjacent to pre-existing fusion in the USA, sev-
eral studies have demonstrated that HS currently has a better
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HS ACDF Std. mean difference Std. mean difference
Study or subgroup Mean SD  Total Mean SD  Total Weight IV, fixed, 95% Cl IV, fixed, 95% CI
Preoperative inferior adjacent-segment ROM
Kang etal., 2012 ng8 37 12 1.2 4 12 4.4% 0.15[-0.65, 0.95] I
Liuetal., 2012 12 5 17 12 4 17 6.3% 0.00 [-0.67,0.67] -
Shenetal., 2013 126 3.8 18 124 39 30 8.3% 0.05[-0.53,0.64] -1
Shin et al., 2009 106 3.2 20 129 48 20 7.1% -0.55[-1.19,0.08] -
Subtotal (95% Cl) 67 79 26.1% -0.11[-0.44,0.22] .
Heterogenity: Chi>=2.68, df=3 (P=0.44); I’=0%
Test for overall effect: 7=0.64 (P=0.52)
1 month inferior adjacent-segment ROM
Kang etal., 2012 62 33 12 69 35 12 4.4% -0.20[-1.00, 0.60] -1
Liuetal., 2012 9 5 17 10 3 17 6.2% -0.241-0.91,0.44] /T
Shin et al., 2009 87 49 20 92 49 20 7.4% -0.10[-0.72,0.52] -1
Subtotal (95% Cl) 49 49 18.0% -0.17[-0.57,0.23] ‘
Heterogenity: Chi>=0.09, df=2 (P=0.96); I’=0%
Test for overall effect: 7=0.85 (P=0.40)
3 months inferior adjacent-segment ROM
Kang etal., 2012 102 3.1 12 16 32 12 4.3% -0.43[-1.24,0.38] -1
Liuetal., 2012 n 4 17 15 3 17 5.4% -1.10[-1.83,-0.38] —_—
Shin et al., 2009 98 43 20 136 7.1 20 7.0% -0.63[-1.27,0.00] -
Subtotal (95% Cl) 49 49 16.7% -0.73[-1.15,-0.32] ’
Heterogenity: Chi>=1.63, df=2 (P=0.44); I’=0%
Test for overall effect: Z=3.48 (P=0.0005)
6 months inferior adjacent-segment ROM
Kang etal., 2012 1n9 29 12 13 37 12 4.4% -0.32[-1.13,0.49] —
Liuetal., 2012 n 4 17 15 3 17 5.4% -1.10[-1.83,-0.38] —_—
Subtotal (95% CI) 29 29 9.7% -0.75[-1.29,-0.21] <&
Heterogenity: Chi*=2.01, df=1 (P=0.16); I’=50%
Test for overall effect: Z=2.73 (P=0.006)
12 months inferior adjacent-segment ROM
Kang etal., 2012 211 3 12 151 42 12 4.1% -0.79[-1.63,0.04] —_—
Shin et al., 2009 105 54 20 157 71 20 6.8% -0.81[-2.46,-0.16] —_—
Subtotal (95% Cl) 32 32 10.8% -0.80[-1.31,-0.29] <&
Heterogenity: Chi>=0.00, df=1 (P=0.98); I’=0%
Test for overall effect: Z=3.07 (P=0.002)
Last follow-up inferior adjacent-segment ROM
Kang etal., 2012 124 34 12 164 5.1 12 4.0% -0.89 [-1.74,-0.04] —
Shenetal., 2013 13 4 18 158 36 30 7.8% -0.73[-1.34,-0.13] —_—
Shin et al., 2009 m 53 20 165 7.8 20 6.8% -0.81[-1.46,-0.16] —_—
Subtotal (95% Cl) 50 62 18.5% -0.79[-1.19,-0.40] <&
Heterogenity: Chi>=0.09, df=2 (P=0.96); I’=0%
Test for overall effect: 7=3.98 (P<0.0001)
-4 - 2 4
HS  ACDF

Figure 6. Forest plot for comparison of inferior adjacent-segment ROM between HS group and ACDF group.

therapeutic effect than ACDF. Nevertheless, minimal informa-

tion is available comparing efficacy and safety between HS

and ACDF for the treatment of multilevel cervical disc disease
and the effect of the combination procedure on adjacent seg-
ments. The superiority of HS is not sufficiently demonstrated
by the few small-sample studies done to date. Therefore, we
conducted a meta-analysis to determine which surgical proce-

dure is optimal for use in multilevel cervical fusion.

This work is licensed under a Creative Commons

Attribution-NonCommercial-NoDerivs 3.0 Unported License

Safety

The pooled data of intraoperative and postoperative parame-
ters suggested that the safety of HS is as good as that of ACDF
for multilevel cervical spondylosis. Blood loss in the HS group
was lower (p=0.04) compared to the ACDF group. However, no
statistically significant difference in operation times (p=0.06)

or complications (p=0.75) was found. Of note, the heteroge-
neity was extremely high. The source of heterogeneity may
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HS ACDF Risk difference Risk difference
Study or subgroup Events Total Events Total Weight M.-H., random, 95% CI M.-H., random, 95% CI
Grasso, 2015 18 20 18 20 34.9% 0.00[-0.19,0.19]
Liuetal., 2012 15 17 16 17 34.7% -0.06[-0.25,0.13]
Shenetal., 2013 15 18 14 30 30.4% 0.37[0.12,0.61] ——
Total (95% Cl) 55 67 100.0% 0.09[-0.16, 0.34]
Total events 48 48 ) . , ,
Heterogenity: Tau’=0.04; Chi’=8.88, df=6 (P=0.01); I’=77% _'1 _0' 5 '0 0'5 .
Test for overall effect: 7=0.71 (P=0.48) TS ACDF

Figure 7. Forest plot for comparison of “good” rate between HS group and ACDF group.
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Figure 8. Plot of sensitivity analysis of operation time between Figure 10. Funnel plot for publication bias of operation time.

HS group and ACDF group.

Begg’s funnel plot with pseudo 95% confidence limits
Meta-analysis estimates, given named study is omitted
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Figure 11. Funnel plot for publication bias of blood loss.
Figure 9. Plot of sensitivity analysis of blood loss between HS
group and ACDF group. harvest. We investigated the reliability of these results with a
subsequent sensitivity analysis. No single study significantly
be the small sample size, differences in follow-up time, un- altered the combined results. We evaluated publication bias
clear assignment of different types (radiculopathy or myelop- by Egger’s and Begg’s tests and the results revealed little ev-

athy) of cervical spondylosis in the 2 groups, difference in the idence of publication bias.
surgery section, and the presence or absence of iliac bone
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META-ANALYSIS

The efficiency of clinical outcome

An increased postoperative Japanese Orthopaedic Association
(JOA) score suggested better clinical outcome, whereas NDI and
VAS suggested the opposite. The pooled data revealed no sig-
nificant difference in the preoperative NDI and VAS. No sig-
nificant difference in the postoperative NDI and VAS was not-
ed. Although Liu et al. and Shen et al. reported increased JOA
scores in HS [14,16], it is difficult to compare the JOA score be-
tween the 2 groups using the existing data. To date, we have
no evidence indicating that HS exhibits a better clinical out-
come than ACDF. There were no extremely high heterogene-
ities noted in the comparison of NDI and VAS between groups.

The efficiency of radiological outcome

Compared with ACDF, HS has the advantages of protecting cervi-
cal ROM and reducing the adjacent-segment ROM. The HS group
exhibited significantly greater postoperative C2-C7 ROM. After
12 months, C2-C7 ROM was better retained in the HS group. The
forest plot revealed that HS had better C2-C7 ROM with the ex-
tended follow-up period. Furthermore, the superior adjacent-seg-
ment ROM was reduced in the HS group at 1 month after sur-
gery, whereas the inferior adjacent-segment ROM was increased
at 3 months postoperatively. Similarly, forest plots also revealed
that HS had lower superior and inferior adjacent-segment ROM
with time progression. No extreme heterogeneity was noted.

Limitations

We must acknowledge the limitations of this study. First, al-
though we have attempted to identify all studies that com-
pared HS and ACDF, the sample size of our study was relative-

ly small. Second, only 1 randomized control trial (RCT) and 6
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