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Abstract

Background Anterior cervical discectomy and fusion is a

standard surgical treatment for cervical radiculopathy and

myelopathy, but reoperations sometimes are performed to

treat complications of fusion such as pseudarthrosis and

adjacent-segment degeneration. A cervical disc

arthroplasty is designed to preserve motion and avoid the

shortcomings of fusion. Available evidence suggests that a

cervical disc arthroplasty can provide pain relief and

functional improvements similar or superior to an anterior

cervical discectomy and fusion. However, there is contro-

versy regarding whether a cervical disc arthroplasty can

reduce the frequency of reoperations.

Questions/purposes We performed a meta-analysis of

randomized controlled trials (RCTs) to compare cervical

disc arthroplasty with anterior cervical discectomy and

fusion regarding (1) the overall frequency of reoperation at

the index and adjacent levels; (2) the frequency of reop-

eration at the index level; and (3) the frequency of

reoperation at the adjacent levels.

Methods PubMed, EMBASE, and the Cochrane Register

of Controlled Trials databases were searched to identify

RCTs comparing cervical disc arthroplasty with anterior

cervical discectomy and fusion and reporting the fre-

quency of reoperation. We also manually searched

the reference lists of articles and reviews for possible

relevant studies. Twelve RCTs with a total of 3234 ran-

domized patients were included. Eight types of disc

prostheses were used in the included studies. In the

anterior cervical discectomy and fusion group, autograft

was used in one study and allograft in 11 studies. Nine of

12 studies were industry sponsored. Pooled risk ratio (RR)

and associated 95% CI were calculated for the frequency

of reoperation using random-effects or fixed-effects

models depending on the heterogeneity of the included

studies. A funnel plot suggested the possible presence of

publication bias in the available pool of studies; that is,

the shape of the plot suggests that smaller negative or no-

difference studies may have been performed but have not

been published, and so were not identified and included in

this meta-analysis.

Results The overall frequency of reoperation at the index

and adjacent levels was lower in the cervical disc

arthroplasty group (6%; 108/1762) than in the anterior

cervical discectomy and fusion group (12%; 171/1472)

(RR, 0.54; 95% CI, 0.36–0.80; p = 0.002). Subgroup

analyses were performed according to secondary surgical

level. Compared with anterior cervical discectomy and

fusion, cervical disc arthroplasty was associated with fewer

reoperations at the index level (RR, 0.50; 95% CI, 0.37–
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0.68; p\ 0.001) and adjacent levels (RR, 0.52; 95% CI,

0.37–0.74; p\ 0.001).

Conclusions Cervical disc arthroplasty is associated with

fewer reoperations than anterior cervical discectomy and

fusion, indicating that it is a safe and effective alternative

to fusion for cervical radiculopathy and myelopathy.

However, because of some limitations, these findings

should be interpreted with caution. Additional studies are

needed.

Level of Evidence Level I, therapeutic study.

Introduction

Anterior cervical discectomy and fusion is widely accep-

ted as a standard surgical treatment for cervical

spondylosis with radiculopathy or myelopathy refractory to

conservative management [4, 17]. This technique allows

direct decompression of the neural elements and generally

is accompanied by interbody fusion and anterior plate

stabilization. Despite its widespread acceptance, reopera-

tions may be required to treat complications of fusion such

as pseudarthrosis and adjacent-segment degeneration. van

Eck et al. [39] reviewed 672 patients undergoing anterior

cervical discectomy and fusion and found that the reoper-

ation rate was 15% within an average 31 months of

followup; the adjacent-segment degeneration and pseu-

darthrosis were the most common reasons for reoperation.

Hilibrand et al. [21] reported symptomatic adjacent-seg-

ment degeneration occurred with an annual risk of 3% after

anterior cervical discectomy and fusion. Recently, Lee

et al. [24] reported adjacent segments underwent surgical

treatment at an annual rate of 2% after cervical fusion and

predicted that 22% of patients would need a reoperation for

adjacent-segment degeneration within 10 years.

The cervical disc arthroplasty is designed to maintain

disc space height and motion at the index segment and

prevent abnormal loading stresses and motion at adjacent

segments that theoretically lead to accelerated degeneration

[12, 13]. During the past decade, the cervical disc

arthroplasty has emerged as an alternative to fusion and has

been shown to provide the pain relief and functional

improvements similar or superior to those of anterior cer-

vical discectomy and fusion in FDA Investigational Device

Exemption clinical trials [5, 8, 10, 22, 30, 32, 35, 38, 44].

Owing to its biomechanical advantages, the cervical disc

arthroplasty may be associated with less adjacent-segment

degeneration. Furthermore, it avoids the potential of

pseudarthrosis, anterior cervical plate-related complica-

tions, and cervical immobilization. However, the

association between cervical disc arthroplasty and lower

risk of adjacent-segment degeneration is not consistently

supported [23, 29, 33]. A recent meta-analysis by Luo et al.

[25] found that the cervical disc arthroplasty had signifi-

cantly less adjacent-segment degeneration compared with

anterior cervical discectomy and fusion. Their findings,

however, were in disagreement with those of Verma et al.

[40] and Yang et al. [41] who reported no difference in the

rate of adjacent-segment degeneration between the two

groups. These published meta-analyses were based on

small sample sizes and short-term studies. Therefore,

strong evidence is needed that is based on the latest high-

quality studies to analyze the potential benefits of cervical

disc arthroplasty. Reoperation is a definitive endpoint to

evaluate the safety of new surgical technologies such as

cervical disc arthroplasty [1, 3] and also is an important

metric to quantify cost-effectiveness of treatments [31].

Reoperation after cervical disc arthroplasty has been

attracting the attention of investigators since several cer-

vical artificial discs have received FDA approval for

implantation. Some FDA Investigational Device Exemp-

tion trials and a retrospective study have suggested that

patients who underwent cervical disc arthroplasty had

fewer reoperations than those treated with anterior cervical

discectomy and fusion [5, 10, 22, 31, 38, 44]. However,

two other FDA Investigational Device Exemption trials

showed that the secondary surgical procedures were not

significantly different between the two groups at 24 months

[8, 19] and longer-term followups [35]. Notably, a higher

frequency of reoperation in the cervical disc arthroplasty

group (8%) compared with the anterior cervical discectomy

and fusion group (2%) was documented in a retrospective

study based on the US Nationwide Inpatient Sample

database [28]. Therefore, controversy remains regarding

whether the cervical disc arthroplasty is associated with

lower frequency of reoperation compared with the anterior

cervical discectomy and fusion.

To further clarify these issues, we performed a meta-

analysis to compare cervical disc arthroplasty with anterior

cervical discectomy and fusion with respect to (1) the

overall frequency of reoperation at the index and adjacent

levels; (2) the frequency of reoperation at the index level;

and (3) the frequency of reoperation at the adjacent levels.

Materials and Methods

Inclusion and Exclusion Criteria

Our meta-analysis was conducted in accordance with

the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) guidelines [27]. Studies

were eligible for inclusion if they met the following cri-

teria: randomized controlled trials (RCTs) comparing

cervical disc arthroplasty with anterior cervical discectomy

and fusion for cervical spondylosis with radiculopathy or
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myelopathy; a study population 18 years and older; a

minimum 2-year followup; and investigation of the rates of

secondary surgeries. Studies were excluded if they met the

following criteria: nonrandomized studies, retrospective

studies, reviews, commentaries, meta-analyses, and animal

studies; duplicate publications of one trial; and single-site

data as part of a multicenter trial.

Search Strategy

A comprehensive literature search was performed in

PubMed, EMBASE, and Cochrane Central Register of

Controlled Trials databases dated up to June 26, 2015.

There was no language restriction. The following search

terms were used: cervical, artificial disc, arthroplasty,

replacement, fusion, arthrodesis, secondary surgery, reop-

eration, revision, randomized controlled trial (Appendix 1.

Supplemental material is available with the online version

of CORR1.). The reference lists of all relevant retrieved

articles and reviews were searched manually to identify

additional studies that might have been missed.

However, it was difficult to identify unpublished studies

which were not included in this meta-analysis.

Study Selection

Study selection was performed independently by two

reviewers (ZMZ and SYZ). Disagreements were resolved

by consensus or consultation with a third reviewer (JTC).

Our literature search identified a total of 195 potentially

relevant publications. After removing 70 duplicates, the

titles and abstracts of 125 publications were screened. At

this stage, studies that did not fulfill the inclusion criteria in

any manner were excluded. After excluding 82 publica-

tions, the full text was assessed in the remaining 43 studies

for eligibility criteria (Appendix 1. Supplemental material

is available with the online version of CORR1.). Finally,

12 eligible RCTs were included in our systematic review

and meta-analysis [5, 8, 10, 22, 30, 34, 35, 37, 38, 42–44].

The study selection is shown in the PRISMA

flowchart (Fig. 1).

Data Extraction

Study characteristics and secondary surgical outcomes

were extracted independently by two reviewers (ZMZ and

QW) using a data extraction form, with discrepancies being

arbitrated by consensus with a third reviewer (JTC).

Information extracted from each study included study

design, number of participants, study setting, patient

characteristics, sample size, followup duration, and reop-

eration at the index and adjacent levels. In three included

studies [10, 38, 44], more-detailed information regarding

the reoperations is available in their companion publica-

tions, in which the reoperation events are reported [2, 9,

11].

In the current study, we defined reoperation as revision,

removal, supplemental fixation, additional surgery at the

index level, or additional surgery for adjacent-level dis-

ease. Revision was the procedure to modify or adjust the

original implant without removal of the entire construct.

An example of this type of procedure would be reposi-

tioning of the implant. Removal was the procedure in

which one or more components of the original implant

configuration was removed. For example, removal of the

disc prosthesis and replacement with an interbody cage and

anterior plate would be classified as removal surgery.

Supplemental fixation was the procedure of implanting

additional instrumentation, such as posterior plating.

Additional surgery at the index level was any surgical

procedure that was not classified as a revision, removal, or

supplemental fixation.

Study Characteristics

All 12 studies included in this meta-analysis were parallel-

group randomized trials, eight were conducted in the

United States [5, 8, 10, 22, 30, 35, 38, 44], and the other

four were done in Asia and Europe [34, 37, 42, 43]

(Table 1). The years of publication ranged from 2011 to

2015, and the lengths of followup ranged from 2 to 7 years.

Sample sizes ranged from 101 to 540, and a total of 3234

patients (1762 in the cervical disc arthroplasty group and

1472 in the anterior cervical discectomy and fusion group)

were enrolled in the 12 studies. Disc prostheses used to

treat one- or two-level cervical disc disease, including the

Mobi-C1 (LDR Medical, Troyes, France), Bryan1 (Med-

tronic Sofamor Danek, Memphis, TN, USA), Kineflex|CTM

(Spinal Motion Inc, Mountain View, CA, USA), Dis-

cover1 (DePuy Spine, Raynham, MA, USA), Prestige1

ST (Medtronic Sofamor Danek, Memphis, TN, USA),

ProDisc1-C (Synthes Inc, West Chester, PA,USA),

SECURE1-C (Globus Medical, Audubon, PA, USA), and

PMC1 (NuVasive Inc, San Diego, CA, USA). Bone graft

and anterior plating were used in the control group.

Autograft was used in one study [37] and allografts were

used in the other 11 studies. Ten studies reported the sec-

ondary surgical procedures at the index level and 11

reported the secondary surgical procedures at the adjacent

level. Most of the included studies were multicenter trials

[5, 8, 10, 22, 30, 35, 37, 38, 42–44]; only one was a single-
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center trial [34], and nine of these studies were industry-

sponsored [5, 8, 10, 22, 30, 35, 37, 38, 44].

Risk of Bias Assessments

Risk of bias was evaluated using the 12 criteria recom-

mended in the 2009 updated Cochrane Back Review Group

guidelines, which are based on Cochrane Handbook for

Systematic Reviews of Interventions [16]. Random

sequence generation, allocation concealment, blinding of

patients, blinding of care providers, blinding of outcome

assessment, dropout rate, intention-to-treat analysis,

selective reporting, similar baseline, cointerventions,

compliance, and identical timing outcome assessment

were graded as low risk of bias, high risk of bias, or un-

clear risk of bias. Two reviewers (ZMZ and JSZ)

independently applied these criteria to the selected studies.

Disagreements were resolved by consulting a third re-

viewer (JTC). A study was judged as having a low overall

risk of bias when six or more of the 12 criteria were met

and there were no serious methodologic flaws. In this meta-

analysis, 12 included articles were considered to meet at

least six of the 12 criteria, without serious flaws, and were

rated as ‘‘low risk of bias’’ (Fig. 2).

Publication Bias

A funnel plot was constructed to assess the publication

bias. The shape of the funnel plot was asymmetric, sug-

gesting the existence of publication bias (Fig. 3); that is,

the shape of the plot suggests that smaller negative or no-

difference studies may have been performed but have not

been published, and so were not identified and included in

this meta-analysis.

Fig. 1 The flow chart shows the process of publication selection. CDA = cervical disc arthroplasty; RCT = randomized controlled trial.
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Data Analysis

When pooling the data from the included studies, the

number of patients requiring secondary surgeries was

combined rather than the number of levels or number of

surgeries (Appendix 1. Supplemental material is available

with the online version of CORR1). When performing

subgroup analyses based on secondary surgical level, some

patients undergoing reoperations at the index and adjacent

levels were counted simultaneously in the analyses of

index-level and adjacent-level procedures. Patients under-

going external bone growth stimulator or nonadjacent-level

procedures were not included in this meta-analysis.

The meta-analysis was performed using Review Man-

ager (RevMan) software, Version 5.3 (Nordic Cochrane

Centre, Copenhagen, Denmark). Only dichotomous out-

comes were mentioned in our study. Risk ratio (RR) and

the accompanying 95% CI were calculated for dichoto-

mous variables, and a p value of 0.05 or less was

considered statistically significant. Heterogeneity was

evaluated using the chi-square test and the I2 statistic [20].

When the probability was less than 0.05 and I2 greater than

50%, heterogeneity was considered significant across

studies and the meta-analysis was performed in a random-

effects model. Otherwise, a fixed-effects model was used.

Results

Overall Frequency of Reoperation at Index and

Adjacent Levels

Patients in the cervical disc arthroplasty group underwent

fewer secondary surgical procedures than did patients in

the anterior cervical discectomy and fusion group (RR,

0.54; 95% CI, 0.36-0.80; p = 0.002) (Fig. 4). The overall

frequency of reoperation at the index and adjacent levels

was 6% (108 of 1762) in the cervical disc arthroplasty

group and 12% (171 of 1472) in the anterior cervical dis-

cectomy and fusion group, respectively. There was

significant heterogeneity across studies (p = 0.01; I2 =

55%), and the random-effects model was used.

Frequency of Reoperation at the Index Level

Pooled analysis showed that patients treated with cervical

disc arthroplasty were less likely to undergo reoperation at

the index level compared with patients treated with anterior

cervical discectomy and fusion (RR, 0.50; 95% CI, 0.37–

0.68; p\ 0.001) (Fig. 5). The frequency of reoperation at

the index level was 4% (65 of 1647) in the cervical disc

arthroplasty group and 8% (104 of 1356) in the anteriorT
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cervical discectomy and fusion group, respectively. There

was no significant heterogeneity across studies (p = 0.08;

I2 = 42%), and a fixed-effects model was used.

Frequency of Reoperation at the Adjacent Level

Pooled analysis showed patients in the cervical disc

arthroplasty were less likely to undergo reoperation at

adjacent levels than were patients in the anterior cer-

vical discectomy and fusion group (RR, 0.52; 95% CI,

0.37–0.74; p \ 0.001) (Fig. 6). The frequency of reop-

eration at the adjacent level was 3% (49 of 1711) in the

cervical disc arthroplasty group and 8% (81 of 1422) in

the anterior cervical discectomy and fusion group,

respectively. No heterogeneity was detected among

studies (p = 0.48; I2 = 0%), and a fixed-effects model

was used.

Fig. 2 Assessment of risk of bias for the included studies is shown. + = low risk of bias; � = high risk of bias; ? = unclear risk of bias.
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Discussion

The anterior cervical discectomy and fusion has been shown

to be effective in patients with cervical radiculopathy or

myelopathy [4, 17]. Despite the success of this procedure,

cervical fusion has some important shortcomings, including

loss of segmental motion and persistence or recurrence of

symptoms resulting in reoperation at either the index or

adjacent levels. Concerns regarding these issues led to the

design and development of the cervical disc arthroplasty.

Compared with anterior cervical discectomy and fusion, the

cervical disc arthroplasty offers the theoretical biomechan-

ical advantage of preservation of motion at the index level,

which reduces stresses at the adjacent levels [12,

13]. The equivalency or superiority of the cervical disc

arthroplasty as an alternative to anterior cervical discectomy

and fusion has been seen in FDA Investigational Device

Exemption and other studies [5, 7, 8, 10, 22, 30, 32, 34, 35,

37, 38, 42–44]. However, there is controversy regarding

whether the cervical disc arthroplasty results in a lower

frequency of reoperation comparedwith the anterior cervical

discectomy and fusion. We therefore performed a meta-

analysis of randomized trials to compare the frequency of

reoperation after these two procedures, at a minimum of 2

years of followup. We found that patients undergoing cer-

vical disc arthroplasty had a substantially lower likelihood of

undergoing reoperation between 2 and 7 years after surgery

than did patients undergoing anterior cervical discectomy

and fusion.

Our study has several limitations. First, our funnel plot

(Fig. 3) suggested the presence of positive-outcome bias in

the population of studies we identified. This means that it is

likely that smaller studies have been performed but have not

been published, and so were not available for our analysis.

The effect of positive-outcome bias, if present, would be to

inflate the apparent benefits of the cervical disc arthroplasty.

Although we cannot prove this, we caution the reader that

the effect sizes and apparent clinical benefits of cervical

disc arthroplasty therefore might be overestimated in our

meta-analysis. We encourage others to publish their work

regardless whether the results are positive or negative to

mitigate this issue. Second, nine of the 12 included studies

were industry funded. This might limit the generalizability

of our findings and introduce a potential bias in favor of

cervical disc arthroplasty. Results in our meta-analysis

therefore should be interpreted with some caution. Given

the rapidly growing market of cervical disc prostheses, the

potential bias could be nullified and controlled in more

Fig. 4 The forest plot shows the overall frequency of reoperation at

the index and adjacent levels after cervical disc arthroplasty versus

anterior cervical discectomy and fusion. The size of the squares

reflects the weight of the trial in pooled analysis. The horizontal bars

represent the 95% CI. MH = Mantel-Haenszel; df = degrees of

freedom; CDA = cervical disc arthroplasty; ACDF = anterior cervical

discectomy and fusion.

Fig. 3 A funnel plot of the included studies is asymmetric, indicating

the presence of publication bias. SE = standard error; RR = risk ratio.
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nonindustry-sponsored studies on this topic, which would

help surgeons know the degree to which these findings will

generalize in the practice community. Third, only one of 12

studies used an autograft; the other 11 used allografts. An

autograft provides better conditions for bone fusion and a

higher fusion rate compared with allograft [15, 36]. The use

of allografts could increase the risk of pseudarthrosis and

the frequency of reoperation in the control group. This also

could introduce a potential bias in favor of cervical disc

arthroplasty. Therefore, we encourage investigators to use

the gold standard autograft in future studies. Fourth, eight

different types of prostheses were used in the included

studies. Clinical heterogeneity might be caused by the

properties of the different prostheses. However, it currently

is not feasible to perform a subgroup analysis because of the

paucity of studies for each type of prosthesis. Fifth, two

studies did not provide sufficient data regarding revision,

removal, supplemental fixation, and additional surgery [5,

38]. We could do only the combined analysis for reopera-

tion at the index level, but not a subgroup analysis for these

procedures.

In this meta-analysis, we provided evidence of a higher

frequency of reoperation at the index level in the anterior

cervical discectomy and fusion group compared with the

cervical disc arthroplasty group. Secondary surgical proce-

dures at the index level in the patients undergoing anterior

Fig. 5 The forest plot shows the frequency of reoperation at the

index level after cervical disc arthroplasty versus anterior cervical

discectomy and fusion. The size of the squares reflects the weight of

the trial in pooled analysis. The horizontal bars represent the

95% CI. MH = Mantel-Haenszel; df = degrees of freedom; CDA =

cervical disc arthroplasty; ACDF = anterior cervical discectomy and

fusion.

Fig. 6 The forest plot shows the frequency of reoperation at adjacent

levels after cervical disc arthroplasty versus anterior cervical discec-

tomy and fusion. The size of the squares reflects the weight of the trial

in pooled analysis. The horizontal bars represent the 95% CI. MH =

Mantel-Haenszel; df = degrees of freedom; CDA = cervical disc

arthroplasty; ACDF = anterior cervical discectomy and fusion.
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cervical discectomy and fusion were performed mainly for

pseudarthrosis and a few for instrumentation failure, dis-

lodgement, dysphagia, or cervical stenosis [8, 10, 22, 30, 34,

44]. One potential benefit of the cervical disc arthroplasty is

elimination of the risk of pseudarthrosis, which theoretically

is helpful in reducing the risk of reoperation at the index

level. However, the cervical disc arthroplasty is associated

with some challenges including migration, subsidence,

heterotopic ossification, and wear debris [3, 26]. In the

current study, the cervical disc arthroplasty group yielded a

relatively low frequency of reoperation at the index level

(4%). Most of these surgical procedures were for persistent

or recurring neck pain without device failure, but some

were device-related such as device malposition, migration,

or subsidence [8, 10, 22, 30, 37, 44]. Wear debris causing

osteolysis is known as a late complication of the large joint

arthroplasty [6, 18]. The cervical disc arthroplasty is

designed for younger healthy patients with disc degenera-

tion. The younger population would experience the greatest

amount of prosthesis wear and tear owing to time and

activity level [26]. Despite no cases of wear debris reported

in the studies included in our meta-analysis, future studies

with larger samples and longer-term followups are needed

to examine this issue.

The principal disadvantage of the anterior cervical dis-

cectomy and fusion is that the loss of movement in the

fusion segment places increased stresses on adjacent levels.

It has been postulated that the biomechanical alterations

after fusion accelerate degeneration of the adjacent segment

and may result in symptomatic adjacent-segment degener-

ation [14, 21, 24]. The motivation behind the design and

adoption of the cervical disc arthroplasty is to

reduce or prevent adjacent-segment degeneration and thus

to reduce the potential of symptomatic adjacent-segment

degeneration requiring surgery. However, three published

meta-analyses yielded inconsistent results regarding

whether the cervical disc arthroplasty was associated with a

reduced frequency of symptomatic adjacent-segment

degeneration requiring surgery [25, 40, 41]. In our meta-

analysis, a total of 11 included studies reported the adja-

cent-segment surgical cases. All adjacent-segment

procedures were in response to symptomatic adjacent-seg-

ment degeneration. Our study had a larger sample size and

included the latest RCTs compared with previous meta-

analyses [25, 40, 41]. We found that the frequency of

reoperation at the adjacent level was lower in the cervical

disc arthroplasty group than in the anterior cervical dis-

cectomy and fusion group. Results of our meta-analysis

suggest that the cervical disc arthroplasty is associated with

fewer reoperations than the anterior cervical discectomy

and fusion, indicating that the cervical disc arthroplasty is a

safe and effective alternative to fusion for cervical radicu-

lopathy and myelopathy. This information would be useful

in educating patients and surgeons during the informed

consent process. However, our results should be interpreted

cautiously because of some limitations inherent to this

meta-analysis. Additional prospective randomized studies

with larger sample sizes and longer-term followups are

necessary to update this meta-analysis to better evaluate the

frequency of reoperation after cervical disc arthroplasty.
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