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In this meta-analysis of 4 included RCTs with a minimum 4 years of

follow-ups, total disc arthroplasty showed improvements over ACDF as

measured by the NDI, VAS of neck and arm pain, and SF-36 PCS.
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Abstract: The prevalence of cervical disc disease is high, and the

traditional surgical method of anterior cervical discectomy and fusion

(ACDF) carries with it the disadvantages of motion loss at the operated

level, and accelerated adjacent level disc degeneration. Preliminary

results of the efficacy and reoperative rate comparing TDA versus

ACDF have been reported; however, the long-term outcomes of TDA

versus ACDF still remain a topic of debate.

This review was prepared following the standard procedures set

forth by the Cochrane Collaboration organization, and preferred report-

ing items for systematic reviews and meta-analyses (PRISMA). The

only studies included were randomized controlled trials with a minimum

of 4 years of follow-up data. The meta-analysis included the neck

disability index (NDI), visual analog scale (VAS) of neck and arm pain,

SF-36 physical component scores (SF-36 PCS), over success, neuro-

logical success, work status, implant-related complications, and sec-

ondary surgery events.

Four randomized controlled trials meet the inclusion criteria. The

long-term improvement of NDI, VAS of neck and arm pain, SF-36 PCS,

over success, and neurological success favored the TDA group. The TDA

group also had a lower incidence of secondary surgery for both the index

level (RR: 0.45 [0.28, 0.72]) and adjacent level (RR: 0.53 [0.33, 0.88]).
h Paul Mullinix, B n, MD,
, MD, Hua-Zi Xu, MD, and Yong-Long Chi, MD

(Medicine 94(15):e665)

Abbreviations: ACDF = anterior cervical discectomy and fusion,

NDI = neck disability index, RCT = randomized controlled trial,

RR = relative risk, SF-36 PCS = short form-36 physical component

score, TDA = total disc arthroplasty, VAS = visual analog scale,

WMD = weighted mean difference.

INTRODUCTION

A nterior cervical discectomy and fusion (ACDF) is widely
used to treat cervical disc disease.1,2 However, this technique

is in question because of the disadvantages of motion loss at the
operated level and accelerated adjacent level disc degeneration.3,4

For this reason, the long-term efficacy and reoperative rate com-
paring TDA and ACDF are still in debate. Novel dynamic tech-
niques to preserve the segmental motion of operative levels have
beeninvestigatedbysurgeons, includingdevicessuchastheBryan
disc, Prestige disc, KineflexjC, and ProDisc-C.5–8

The potential advantages of these dynamic devices may be
that they can postpone the degeneration of adjacent level disc, and
avoid secondary operations on adjacent level discs. There have
beenmanystudies9–12 ontheefficacyandreoperativeratesof total
disc arthroplasty (TDA) by dynamic device versus traditional
ACDF; however, the results have been confounded by the sec-
ondary effects spinal decompression has on both methods.13,14

Therefore, the purpose of this study was to use meta-
analysis to systematically review the long-term outcomes of
TDA versus ACDF for cervical disc disease.

METHODS
This is a meta-analysis of previous reports, so ethical

approval is not necessary.
Inclusion criteria: prospective randomized controlled trials

(RCTs) comparing TDA with dynamic devices and standard
ACDF for cervical disc disease, which included symptomatic
cervical disc disease with refractory/intractable radiculopathy
or myelopathy; adult population; minimum of 4 years of fol-
low-up data.

Exclusion criteria: non-RCTs or respective studies; follow-
up less than 4 years; duplicated publications from the same
medical center or investigate site.

Prospective RCTs with follow-up less than 4 years, non-
randomized studies, retrospective studies, and case series are
excluded.

Search Strategy and Study Selection

.W. and N.F.T.) independently searched

e database of Medline and Embase for
with dynamic devices and standard
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ACDF for cervical disc disease. All studies published between
January 1966 and December 2013 were included in the search
strategy, without limitation of language. Keywords were used
as: TDA, cervical disc arthroplasty, total disc replacement,
dynamic device, artificial disc, ACDF, cervical spine arthrod-
esis, RCT, controlled clinical trial, randomized, randomly, and
trial and are used in combination with Boolean operators of
AND, OR, and NOT. The function of ‘‘related article’’ is also
used for search. The reference studies of previous systematic
reviews, meta-analysis, and RCTs were manually searched to
avoid initial miss. After 2 authors assessed the potentially
eligible studies independently, any disagreement was discussed
and resolved with the third independent author (Y.L.C.). A track
search was performed on October 1, 2014, to include the new
studies published between January and October 2014

Data Collection
After confirming the study is eligible for inclusion, 2

authors (H.X. and A.M.W.) independently extracted data for
analysis. A standard data extracted form was used at this stage,
including publish date, study design, sample size, follow-up
duration, characteristics of patients, interventions, NDI scores,
VAS of neck pain, VAS of arm pain, SF-36, over success,
neurological success, work status, implant-related complication
(implant loosing, implant migration, implant subsidence) and
secondary surgery of index and adjacent levels.

Secondary surgery includes revision, removals, supple-
mental fixation, and reoperation. According to the included
studies, revision was the procedure to modify the original
implant, removal was the procedure that 1 or more components
of the original implant configuration were removed without
replacement, supplemental fixation was the procedure of
implanting additional instrumentation, and reoperation of index
level was any surgical procedure at the index level that did not
remove, modify, or add any components.

Risk of Bias Assessment
We assessed the risk of bias of included RCTs according to

the Cochrane Handbook for Systematic Reviews of Interven-
tions: random sequence generation; allocation concealment;
blinding of participants and personnel; blinding of outcome
assessment; incomplete outcome data addressed; selective
reporting; 7. other bias. And the judgments of reviewers are
classified as ‘‘low risk,’’ ‘‘high risk,’’ or ‘‘unclear risk’’ of bias.

Statistical Analysis
The data suitable for meta-analysis were performed with the

STATA software (version 12.0; StataCorp, College Station, TX).
Relative risk (RR) was calculated for dichotomous outcomes and
weighted mean difference (WMD) was calculated for continuous
outcomes in this study. Sensitivity analysis involved removing 1
study and evaluating whether the other results would be markedly
affected. Heterogeneity was evaluated using the x2 and I2. We
defined the acceptable heterogeneity by P value of x2 test>0.10
and I2<50%. Results of homogeneity data were pooled using the
fixed-effects model and 95% confidence intervals, and hetero-
geneity data by random-effects models.

RESULTS

Wu et al
Included Studies and Risk of Bias Assessment
A total of 205 records were identified through Medline

(n¼ 128) and Embase (n¼ 77) databases. Twenty-nine
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duplicated papers were deleted, leaving 176 records. Total 63
full-text articles were assessed for eligibility, 18 literatures of
them were not RCTs and 15 were minimize follow-up less than 48
months, 2 were study protocols, 4 were from the same site to the
including studies, 1 was Cochrane review, and 19 for other
reasons were excluded (the list of the these articles is shown
in Supplemental List 1). At last 4 randomly controlled trials with
a minimum of 4 years of follow-ups were included in this study
according to our inclusion criteria, a 7-year study reported by
Burkus et al15 was found at track search to replace their 5 years’
results16 (Figure 1).

The characteristics of the 4 included studies are shown in
Table 1. A total of 921 patients with cervical disc disease were
randomized to the TDA group (n¼ 506) and ACDF groups
(n¼ 415), respectively.

Three included studies15,17,18 were multicenter random-
ized controlled clinical trials and 1 was from a single investiga-
tional site,19 the indications in study of Coric et al19 were 1-level
symptomatic cervical disc disease with medically refractory
radiculopathy, in study of Zigler et al17 was intractable, debil-
itating radiculopathy, in studies of Sasso et al18 and Burkus
et al15 was 1-level cervical disc disease with radiculopathy or
myelopathy, but only C3–4 or C6–7 levels included in study of
Burkus et al.15 Information of allocation concealment is not
available for all 4 studies. Two of the studies17,18 were blind to
the participant, and 1 of the studies15 was not blind, 1 was
unclear.19 Due to the difference in appearance of the post-
operative radiological data between TDA and ACDF groups, a
blind outcome assessment was impossible; the term ‘‘blinding
of outcome assessment’’ was assessed as ‘‘high risk’’ for all 4
studies. The risk of bias of included studies is shown in Table 2.

Clinical Outcomes
Two studies of Sasso et al and Burkus et al15,18 provide

both mean value and standard deviation of the neck disability
index (NDI), VAS of arm pain and neck pain, SF-36 physical
component scores, over success, neurological success, and
work status.

The meta-analysis of NDI, VAS of arm pain and neck pain,
SF-36 physical component scores (SF-36 PCS) results showed
in favor of TDA group, with RRs (95% CI) of �6.59 (�6.93,
�6.26), �4.92 (�7.90, �1.94), �8.91 (�12.06, �5.77), and
3.16 (1.87, 4.44), respectively; all of them had statistical
significant difference (Figure 2). Only the I2 of VAS of neck
pain subgroup was 53.8%; the others were less than 50%.

The results of over success and neurological success
showed a higher success rate in TDA group than that in ACDF
group, with RRs (95%CI) of 1.19 (1.08, 1.30), and 1.06 (1.00,
1.12), respectively. However, no significant difference was
calculated of work status, with RR of 1.05 (0.96, 1.15)
(Figure 3).

Implant Complication and Secondary Surgery
The RR of implant-related complications of TDA versus

ACDF was 5.37 (0.97, 29.63), without significant difference,
and the meta-analysis showed that TDA can significantly
decrease the risk of secondary surgery at the index and adjacent
levels, with RRs of 0.45 (0.28, 0.72) and 0.53 (0.33, 0.88),
respectively (Figure 4).
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DISCUSSION
ACDF was one of standard treatments for cervical disc

disease; many studies proved the safety and efficacy of this
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method.20–22 However, studies reporting motion loss at the
operated level, and accelerated adjacent level disc degeneration,

FIGURE 1. The selection of literatures for included studies.
are becoming more prevalent.11,23 Additionally, cadaveric bio-
mechanical studies24,25 suggest that significant increase in
intradiscal pressure and segmental motion at the levels adjacent

TABLE 1. Characteristics of the Included Trials

Authors Coric et al Zigler e

Year 2013 2013
Study design RCT RCT
Intervention TDA (Bryan disc and

KineflexjC) vs ACDF
TDA (ProD

vs ACDF
Number of

participants
TDA: 41 TDA: 72

ACDF: 33 ACDF: 61
Age (y) TDA: 49.5 TDA: 42.7�

ACDF: 49.3 ACDF: 43.5
Gender TDA: 39.0% male TDA: 44.7%

ACDF: 43.8% male ACDF: 46.2
Follow-up term 4 y 5 y

ACDF¼ anterior cervical discectomy and fusion, RCT¼ randomized cli

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
to fusion during normal range of motion. The drawbacks of
ACDF necessitate the search for a novel device which could

preserve the motion of operated levels.26 Although the radio-
logical outcomes of present studies8,11 showed these novel
dynamic devices could preserve the motion of the operative

t al Burkus et al Sasso et al

2014 2011
RCT RCT

isc-C) TDA (Prestige disc)
vs ACDF

TDA (Bryan disc)
vs ACDF

TDA: 212 TDA: 181

ACDF: 183 ACDF: 138
8.4 TDA: 43.3 (25–72) >21
� 7. ACDF: 43.9 (22–73)
male TDA: 46.4% male -

% male ACDF: 46.0% male
7 y 4 y

nical trial, TDA¼ total disc arthroplasty.
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TABLE 2. Risk of Bias Assessment of All Included Studies

Coric et al 2013 Zigler et al 2013 Burkus et al 2014 Sasso et al 2011

Random sequence generation Low risk Low risk Low risk Low risk
Allocation concealment Unclear risk Unclear risk Unclear risk Unclear risk
Blinding of participants and personnel Unclear risk Low risk High risk Low risk
Blinding of outcome assessment High risk High risk High risk High risk

L
L
U

Wu et al Medicine � Volume 94, Number 15, April 2015
level, the ability of the device to decrease adjacent level disc
degeneration was still unclear, primarily because degeneration
of adjacent level discs is a slow process. In spite of these
problems, there were many preliminary reports of the efficacy
of dynamic devices; however, the long-term clinical outcomes
and safety of motion preservation devices in the cervical spine is
still in debate.

This meta-analysis including 4 prospective RCTs with a
minimum of 4 years of follow-ups, 1 of them18 was previously
included by Yang et al,27 Boselie et al,28 and Gao et al,29 and
other 3 studies15,17,19 were published in 2013 and 2014, and
were not included in previous systematic reviews or meta-

Incomplete outcome data addressed Low risk
Selective reporting Low risk
Free of other bias Unclear risk
analysis.
Our present meta-analysis showed that all the long-term

improvements of NDI, VAS of neck and arm pain, SF-36 PCS,

FIGURE 2. TDA versus ACDF for cervical disc disease: forest plot for N
cervical discectomy and fusion, CI¼ confidence interval, NDI¼ neck
TDA¼ total disc arthroplasty, VAS¼ visual analog scale, WMD¼wei

4 | www.md-journal.com
overall success, and neurological success are in favor of the
TDA groups, except for work status; however, since the unclear
risk of allocation concealment and high risk of the blinding of
outcome assessment, these results should still be interpreted
with caution.

The concept of ‘‘adjacent segment degeneration’’ and
‘‘adjacent segment disease’’ were defined differently,30,31 the
former was defined as radiographic changes at the adjacent
discs without clinical symptoms, and ‘‘adjacent segment dis-
ease’’ was defined as the development of new clinical symp-
toms based on ‘‘adjacent segment degeneration.’. For adjacent
segment degeneration the patient may be symptom free, and

ow risk Low risk Low risk
ow risk Low risk Low risk
nclear risk Unclear risk Unclear risk
difficult to diagnose accurately. Adjacent segment disease
requiring intervention was more related to quality of life. In
this study, we focused on the differences in secondary surgeries

DI, VAS of arm pain and neck pain, SF-36 PCS. ACDF¼ anterior
disability index, SF-36 PCS¼ SF-36 physical component scores,

ghted mean difference.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. TDA versus ACDF for cervical disc disease: forest plot for over success, neurological success, and work status. ACDF¼ anterior
cervical discectomy and fusion, CI¼ confidence interval, RR¼ relative risk, TDA¼ total disc arthroplasty.

FIGURE 4. TDA versus ACDF for cervical disc disease: forest plot for implant-related complications, secondary surgery of index level, and
adjacent level. ACDF¼ anterior cervical discectomy and fusion, CI¼ confidence interval, RR¼ relative risk, TDA¼ total disc arthroplasty.
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of the index and adjacent levels between TDA and ACDF
groups. The long-term follow-up meta-analysis showed a lower
rate of secondary surgery for the index and adjacent levels of the
TDA group over ACDF groups. Although these findings were
similar to the findings of Gao et al,29 the same reason of the
unclear risk of allocation concealment and high risk of the
blinding of outcome assessment, these results should still be
interpreted with caution.

Strengths of Study
Our meta-analysis compared the long-term efficacy and

safety of 2 different treatment modalities, TDA and ACDF, for
cervical disc disease. All of included studies were RCTs with
follow-ups of more than 4 years, the longest being 7 years.15

Moreover, the total number of patients involved in different
cervical artificial disc procedures, including, Bryan disc, Pres-
tige disc, KineflexjC, and ProDisc-C, was 921. Therefore, the
results were credible.

Limitations of Study
This study has several limitations. The blind to participants

of 2 included studies was removed immediately after surgery;
this was done to avoid the risk of bias induced by participants
withdrawing before surgery; however, the risk of bias induced
by further subjective evaluation is inevitable. Although the bias
of random sequence generation, incomplete outcome data and
selective reporting of all included studies is low risk, the
blinding of outcomes assessment is high risk of all included
studies, and the blinding of participants and personnel is high
risk of Burkus et al,15 unclear risk of Coric et al,19 allocation
concealment of all included studies is unclear risk too; there-
fore, the results that TDA in better clinical outcomes of NDI,
VAS of neck and arm pain, SF-36 PCS, over success, and
neurological success than ACDF and had a lower rate of
secondary surgery in both index and adjacent levels should
be interpreted with caution. Meanwhile, our present study
included most patients with at least 4 years of follow-up data,
but 4 studies were still a small number, and we suggest that
larger sample sizes and longer-term follow-up studies could be
carried out in the future.

CONCLUSION
Our meta-analysis of 4 included RCTs with a minimum 4

years of follow-ups suggested: TDA with dynamic device was a
safe and effective method for cervical disc disease, resulting in
better clinical outcomes of NDI, VAS of neck and arm pain, SF-
36 PCS, over success, and neurological success than ACDF, and
had a lower rate of secondary surgery in both index and
adjacent levels.
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