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Abstract

Purpose

To systematically compare the efficacy and safety of lumbar total disc replacement (TDR)
with the efficacy and safety of anterior lumbar interbody fusion (ALIF) for the treatment of
lumbar degenerative disc disease (LDDD).

Methods

The electronic databases PubMed, Web of Science and the Cochrane Library were
searched for the period from the establishment of the databases to March 2018. The peer-
reviewed articles that investigate the safety and efficacy of TDR and ALIF were retrieved
under the given search terms. Quality assessment must be done independently by two
authors according to each item of criterion. The statistical analyses were performed using
RevMan (version 5.3) and Stata (version 14.0). The random-effect model was carried out to
pool the data. The F statistic was used to evaluate heterogeneity. The sensitivity analysis
was carried out to assess the robustness of the results of meta-analyses by omitting the arti-
cles one by one.

Results

Six studies (5 randomized controlled trials (RCT) and 1 observational study) involving 1093
patients were included in this meta-analysis. The risk of bias of the studies could be consid-
ered as low to moderate. Operative time (MD = 4.95; 95% CI -18.91-28.81; P = 0.68),
intraoperative blood loss (MD = 4.95; 95% CI -18.91-28.81; P = 0.68), hospital stay (MD =
-0.33; 95% Cl, -0.67-0.01; P = 0.05), complications (RR = 0.96; 95% CI 0.91-1.02; P =
0.18) and re-operation rate (RR = 0.54; 95% Cl 0.14-2.12; P = 0.38) were without significant
clinical difference between groups. Patients in the TDR group had higher postoperative
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satisfaction (RR = 1.19; 95% Cl 1.07—-1.32; P = 0.001) and, better improvements in ODI (MD
=-10.99; 95% CI -21.50- -0.48; P = 0.04), VAS (MD =-10.56; 95% CI -19.99- -1.13; P =
0.03) and postoperative lumbar mobility than did patients in the ALIF group.

Conclusions

The results showed that TDR has significant superiority in term of reduced clinical symp-
toms, improved physical function and preserved range of motion for the treatment of LDDD
compared to ALIF. TDR may be an ideal alternative for the selected patients with LDDD in
the short-term. However, the results of this study cannot suggest the use of TDR instead of
ALIF in lumbar spine treatment only in the light of short term results. More studies that are
well-designed, that are of high-quality and that have larger samples are needed to further
evaluate the efficacy and safety of TDR with at the long-term follow-up.

Level of evidence

Therapeutic Level 3

Introduction

Chronic low back pain (CLBP) is generally defined as lower back pain that persists for at least
3 months or 12 weeks [1]. More than 80% of all individuals experienced at least 1 episode of
LBP at some point in their lifetime [2]. Obviously, the impact of LBP is substantial, not only
on the individual, but also on communities and health systems [3,4]. Current research is still
not clear about the causes of CLBP, but lumbar disc degenerative disease is considered to be
closely related to CLBP.

For the patients seeking medical intervention for CLBP, lumbar operation will be consid-
ered when conservative treatments are ineffective for 6 months. ALIF, which was first reported
by Capener in 1932, has developed into a mature and popular operative method for the treat-
ment of LDDD. However, as an important part of many different fusion approaches, ALIF is
not perfect. It not only has some complications similar to other fusion approaches, such as
adjacent segment degeneration [5] and postoperative fusion pain, but is also associated with
the risk of vascular, intestinal and nerve injury [6]. Although those complications associated
with the approach can be decreased through improving techniques and continuous training,
the restriction in the range of motion (ROM) of the fusion segment generally cannot be
changed.

As an alternative to lumbar fusion, artificial lumbar total disc replacement (TDR), which is
continuously applied in clinical practice, can not only eliminate the adverse effects on spinal
stability after discectomy by restoring and preserving normal inter-segmental motion [7,8],
but also avoid the non-physiological load of adjacent segments to slow down degeneration [9].
Biomechanical study has already demonstrated that TDR can maintain the three-dimensional
motion and restore the biomechanical properties of lumbar vertebrae [10]. Relevant clinical
studies have been reported, but it is not clear which one is better or worse in the efficacy of
TDR and ALIF.

Scholars [11-14] have carried out several meta-analysis to survey the safety and efficacy of
TDR for patients with LDDD compared with lumbar fusion. However, the application of dif-
ferent fusion approaches in various studies may lead to certain bias and reduce the level of
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evidence after pooling data for the same outcome. ALIF and TDR have similar anatomical
approaches, and there are several clinical studies comparing TDR and ALIF in the treatment
of LDDD. Therefore, we believe that it is necessary to perform a detailed stratification of lum-
bar fusion in a new meta-analysis on comparison of TDR and ALIF.

Materials and methods

This systematic review and meta-analysis was performed according to the Preferred Reporting
Items of systematic review and meta-analysis (PRISMA) items [15]. (S1 File)

Search strategy

Two authors (M.XP and W.JX) who have been educated in literature retrieval courses inde-
pendently searched electronic databases including PubMed, Web of Science and the Cochrane
Library for the period from the establishment of the databases to March 2018. The following
search terms were used: (“total disc replacement” OR “lumbar disc arthroplasty” OR “artificial
disc replacement”) AND (“anterior lumbar interbody fusion” OR “anterior fusion” OR
“ALIF”). Due to the limitations of the authors’ own language, the studies written in other lan-
guages other than English and Chinese, were not considered for the inclusion in the present
study. The list of references of the relevant review and the included studies were also further
hand-checked one by one to identify studies that had not been retrieved in the preliminary
database search.

Selection criteria

The eligibility criteria in the present study included the following: (1) study design: random-
ized control trials and observational studies; (2) case population: adult patients with LDDD
underwent lumbar TDR or ALIF; (3) intervention methods: TDR (investigative group) versus
ALIF (control group); and (4) outcome measures: study containing at least one of the desired
evaluation indicators for this meta-analysis. Exclusion criteria were formulated as follows: (1)
a study containing patients with the history of lumbar surgery prior to TDR/ALIF; (2) a case
report, animal experiment, or biomechanical research paper; and (3) a study reporting patients
who underwent combinations of both of the interventions (TDR or ALIF) and/or one of the
interventions and other surgical procedures.

Data extraction

Two authors (M.XP and O.YF) independently extracted the data in accordance with the estab-
lished criteria and filled in the standardized form immediately. The following information was
extracted from every study: (1) study characteristics: authors, publication year, study design,
and number of patients each group; (2) surgical data: operative time, estimated blood loss, and
duration of hospitalization; (3) curative effect evaluation: VAS scores, ODI scores, and patient
satisfaction; (4) radiological parameter: range of motion (ROM) of each lumbar segment; and
(5) postoperative complications and re-operation: infections, approach-related events, and
neurological events, among other complications.

Risk of bias assessment and quality of evidence

Three reviewers (M.XP, L.ZH and W.JX) independently used the bias risk assessment tool pro-
vided by Cochrane back review group [16] for RCTs and the Newcastle-Ottawa Quality
Assessment Scale (NOQAS) [17] for cohort and case-controlled studies to evaluate the quality

of each study. Each RCT was re-examined and “yes”, “no” or “unsure” were answered
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provided for in the following items: (1) random sequence generation, allocation concealment
and baseline similarity for the important prognostic indicators (selection bias); (2) blinding of
patients and care provider, co-interventions (performance bias); (3) acceptable drop-out rate
and analysis of randomized participants (attrition bias); (4) blinding of outcome assessor and
identical timing of outcome assessment (measurement bias); (5) suggestion of selective out-
come reporting (reporting bias); and (6) other: other sources of potential bias. NOQAS was
composed of nine items in the following three categories: selection of the study population,
comparability among groups and outcome evaluation for cohort studies or exposure for case-
controlled studies. Out of a total score of 9 points, studies with less than 5 points were consid-
ered as low quality studies; studies with 5 points or greater were rated as high quality studies.
The Grading of Recommendations Assessment, Development and Evaluation (GRADE) sys-
tem [18] was used by two reviewers (M.XP and O.YF) to assess the confidence in effect esti-
mates. The quality of evidence was considered as high, moderate, low or very low involving
the following domains: risk of bias, inconsistency, indirectness, imprecision, and publication
bias. When disputes between the reviewers regarding results could not be resolved through
their internal negotiation, new reviewers would be added.

Date analysis and interpretation

An open and free statistic software, RevMan 5.3 version and Stata 14.0, were downloaded
and synthesized for all of available data in these relevant studies. Meta-analysis and forest
plots were expected to construct. Mean difference (MD) was used for continuous out-
comes with identical scales. Otherwise, we used standardized mean difference (SMD).
The relative risks (RRs) were carried out to analysis for binary outcomes. the correspond-
ing 95% confidence interval (95% CI) was provided for each outcome. The random-effect
(RE) model was carried out to pool the data, as this model is more conservative and pro-
vides better estimates with wider confidence intervals than the fixed-effects model. The I*
statistic was used to evaluate heterogeneity; values of 25%, 50%, and 75% were considered
low, moderate, and high heterogeneity, respectively [19]. The presence of heterogeneity
warrants examining the sources where we used covariates in a meta-regression analysis.
In this analysis, the covariates were used were the following: sample size (<200 cases vs.
>200 cases), study design (prospective vs. retrospective), and follow-up points (<24
months vs. >24 months). The publication bias was not evaluated, as a small meta-analysis
normally under-powered to detect much bias and this analysis tends to lead to conclu-
sions that are not justified. The sensitivity analysis was carried out to assess the robustness
of the results of meta-analyses by omitting the articles one by one. Under the same evalua-
tion index, an inappropriate data format from the included studieswas not pooled with
this software. But, to avoid missing meaningful results and to minimize the bias of the
report, these data were still displayed reported in the results section by descriptive text. A
double-sided p value less than 0.05 was considered as a significant difference.

Results
Literature search and study characteristic

The flow chart based on the PRISMA Statement [20] is shown in Fig 1. A total of 1641 records
were preliminarily identified under our search strategy. Of these, 564 duplicated articles were
eliminated. After screening the titles and abstracts, 39 potentially eligible studies were required
to undergo the full-text analysis. Finally, 6 studies [21-26] that met all of the selective criteria
were included in the current analysis. It’s worth pointing out that two [21,22] of the 6 articles
were from a randomized, multicenter US Food and Drug Administration Investigational
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Records identified through database searching (n=1641)

Records after duplicates removed (n=1077)

v

Records screened (n= 1077) |——| Records excluded (n= 1038)

Full text articles assessed for Full text articles excluded.
eligibility (n= 39) with reasons (n=33)

2

Studies included in the qualitative synthesis (n= 6)

Studies included in the qualitative synthesis (meta-analysis) (n= 6)

Fig 1. The flow chart of systematic review based on PRISMA statement.
https://doi.org/10.1371/journal.pone.0209660.g001

Device Exemption Study. Following in-depth discussion at the reviewers’ meeting, the consis-
tent conclusion was that we could not rule out either of these 2 articles, because the evaluation
indicators used in each article were different from those in the other article. Also, each of those
indicators was exactly what our meta-analysis needed.

Characteristics of the included studies are summarized in Table 1. These 6 articles were
published from 2005 to 2017 and included a total of 1093 patients, with sample numbers rang-
ing from 48 to 577. Of these studies, 5 studies were RCT's [21-25] and 1 article [26] was an
observational study. The mean age of patients ranged from 39.6 to 48.4. The follow-up time in
the investigative and control groups ranged from 12 months to 60 months.

Results of risk of bias assessment

According to the criteria of the Cochrane review group, the risk of bias of the included RCT's
were rated as low to moderate, and the results are summarized in Table 2. Negative answers to
the blinding could be found in almost all included studies. In fact, blinding of patients and
care providers is often not feasible in the field of surgery. So, given the nature of the surgical
research, we decided that we should not pay much more attention to the impact of blinding on
the quality of the study. Moreover,only one observational study received a high quality score
of 6 points (selection of cohorts: 2 scores, comparability of cohorts: 2 scores and assessment of
outcome: 2 scores) based on NOQAS.
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Table 1. Summary of characteristic of included studies.

Study

Blumenthal,
2005
Holt, 2007

Geisler, 2009

Gornet, 2011

Strube, 2016

Mattei, 2017

Design

RCT

RCT

RCT

RCT

RCT

oS

No. of
patients
TDR | ALIF
205 | 99
205 | 99
53 31
405 | 172
23 25
30 50

Mean age Gender Follow Inclusion criteria Outcome
up

TDR | ALIF | TDR | ALIF

39.6 | 39.6 | M:113 | M:44 | 24m Symptomatic degenerative disc disease; | Operative time, blood loss, hospital stay,
F:92 | F:55 single level at L4-L5 or L5-S1 patient satisfaction

39.6 | 39.6 | M:113 | M:44 | 24m Symptomatic degenerative disc disease; Total adverse events, re-operation
F:92 | E:55 single level at L4-L5 or L5-S1

41.0 | 40.2 | M:24 | M:18 | 60m Single level, symptomatic degenerative Operative time, blood loss, patient
F:29 | F:13 disc disease involvement L4-S1; TDR or satisfaction,VAS, ODI

ALIF no prior surgery

39.9 | 40.2 | M:205 | M:86 | 24m Degenerative disc disease; single-level, Operative time, blood loss, hospital stay,

F:200 | F:86 symptomatic involvement L4-S1 patient satisfaction,VAS, ODI, total
adverse events, re-operation

47.3 | 484 | M:10 | M:10 | 12m Degenerative disc disease; single level, ROM, VAS score, ODI score
F:13 | F:15 symptomatic involvement L4-S1

40.5 | 453 | M:15 | M:25| 12m Degenerative disc disease; single-level Blood loss, VAS score, ODI score
F:15 | F:25 symptomatic occurred at L4/L5 or L5/S1

OS = observational study; M = male; F = female; m = months; L = lumbar; S = sacral.

https://doi.org/10.1371/journal.pone.0209660.t001

Surgical data (TDR versus ALIF)

Three RCT's [21,23,24] with sufficient data reported the operative time and duration of hospi-
talization of patients who were underwent TDR or ALIF. The pooled results shown that there
was no significant difference in the operative time between TDR and ALIF groups [(Operative
time: MD, 4.95; 95% CI, -18.91 to 28.81; P = 0.68; Fig 2); Duration of hospitality: MD, -0.33;
95% CI, -0.67 to 0.01; P = 0.05; Fig 3)]. Three RCTs [21,23,24] and one observational study
[25] including a total of 1045 patients had the sufficient data on estimated blood loss. The syn-
thetic results revealed that TDR did not show any difference from ALIF (MD, 60.77; 95% CI,
-21.85 to 143.40; P = 0.15; Fig 4).

Radiographic outcome (TDR versus ALIF)

Range of motion (ROM), as a good evaluation indicator after fusion had been reported in two
studies [24,25]. Meta-analysis could not be performed due to insufficient data. Gornet et al
[23] reported that the mean preoperative segmental ROM was 7°, and it increased at 12 and 24
months follow-up (9.4°and 9.5°, respectively). In the ALIF group, the mean ROM was less
than 0.6"at any time after operation. However, a significant difference in postoperative lumbar
mobility was observed in patients undergoing TDR (median ROM = 11.4°, interquartile range
4.95°), compared with that of patients in the ALIF group (median ROM = 0.4°, interquartile
range 1.30°) [25].

Clinical outcome (TDR versus ALIF)

In our meta-analysis, VAS, ODI score and postoperative patient satisfaction were considered
as a category to assess the clinical curative efficacy. Each of the four clinical evaluation indica-
tors was reported by three studies. The pooled results signified that there were significant dif-
ferences in the VAS score at the final follow-up (MD, -10.56; 95% CI, -19.99 to -1.13; P = 0.03;
Fig 5), in the ODI score at the final follow-up (MD, -10.99; 95% CI, -21.50 to -0.48; P = 0.04;
Fig 6), and in the postoperative patient satisfaction (RR, 1.20; 95% CI, 1.11 to 1.30; P<0.00001;
Fig 7).
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Table 2. Risk of bias assessment of included RCTs.

Type of bias Criteria Answers
Blumenthal, Holt, 2007 Geisler, Gornet, Strube,
2005 2009 2011 2016
Selection | Was the method of randomization adequate? Yes Yes Unsure Yes Yes
Was the treatment allocation concealed? Yes Yes Unsure Yes Yes
Were the groups similar at baseline regarding the most important Yes Yes Yes Yes Yes
prognostic indicators?
Performance | Was the patient blinded to the intervention? No No No No Unsure
Was the care provider blinded to the intervention? No No No No Unsure
Were co-interventions avoided or similar? Yes Yes Yes Yes Yes
Attrition | Was the drop-out rate described and acceptable? Yes Unsure Yes Yes Yes
Were all randomized participants analyzed in the Yes Yes Yes Yes Yes
group to which they were allocated?
Measurement | Was the outcome assessor blinded to the intervention? No No No No Unsure
Was the timing of the outcome assessment similar in all groups? Yes Unsure Yes Yes Yes
Reporting | Are reports of the study free of suggestion of selective outcome reporting? No No Yes Yes Yes
Other Are other sources of potential bias unlikely? Unsure Unsure Unsure Unsure Unsure

https://doi.org/10.1371/journal.pone.0209660.t002

Complications and second surgery (TDR versus ALIF)

Two RCTs [22,24] reported data on total adverse events and the second surgery. The pooled
results reflected that there were no significant difference in the complications occurrence (RR,
0.96; 95% CI, 0.90 to 1.02; P = 0.22; Fig 8) or in the re-operation rates (RR, 0.54; 95% CI, 0.14
to 2.12; P = 0.38; Fig 9) between the two groups.

Results of the GREAD system assessment

Based on the GREAD system, confidence in the estimates were high for patient satisfaction,
moderate for operative time, duration of hospitalization and total adverse events, and low for
blood loss, VAS, ODI score and re-operation (Table 3).

Heterogeneity, sensitivity analysis

Meta-regression analyses were carried out in accordance with some covariates, including sam-
ple size, study design, and follow-up points; however, meta-regression outcomes did not detect
the sources of heterogeneity (Table 4). A sensitivity analysis was performed by omitting one
study (Blumenthal et al [21]). There was a significant difference between groups (MD = 0.42;
95% CI, 0.17-0.66)., which means that the results cannot be considered robust.

TDR (operative time) ALIF (operative time) Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD  Total Weight IV. Random, 95% CI IV, Random, 95% CI
Blumenthal et al, 2005 110.8 477 205 114 67.9 99 34.7% -3.20[-18.08,11.68] —
Geisler et al, 2009 1156 53.69 53 1282 66.23 31 26.2% -12.60[-40.03,14.83] -
Gornet et al, 2011 108 36 405 84 36 172 38.0% 24.00[17.58,30.42) ——

Total (95% Cl) 663 302 100.0% 4.95[-18.91, 28.81] -‘*‘-
L } 1}

Heterogeneity: Tau®= 369.08; Chi*=15.92, df= 2 (P = 0.0003); "= 87% !

Test for overall effect: Z= 0.41 (P = 0.68) =0 F-;/zurs TOR] UFavours [f\zLSIF] 50

Fig 2. Forest plot for operative time. df = degrees of freedom, and IV = Inverse Variance.

https://doi.org/10.1371/journal.pone.0209660.9002
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TDR (hospital stay) ALIF (hospital stay)

Mean Difference

Mean Difference

Study or Subgroup Mean SD _Total Mean SD __ Total Weight IV, Random, 95% CI
Blumenthal et al, 2005 37 118 205 42 1998 93 30.3% -0.50[-0.92,-0.08)
Geisler et al, 2009 3.7 086 53 43 147 31 22.0% -0.60[1.17,-0.03)
Gornetetal, 2011 2.2 1.3 405 2.3 1.1 172 47.7%  -0.10[0.31,0.11)
Total (95% Cl) 663 302 100.0% -0.33[-0.67,0.01]

Heterogeneity. Tau®= 0.05; Chi*= 4.69, df=2 (P=0.10); F=57%
Test for overall effect: Z=1.92 (P = 0.05)

Fig 3. Forest plot for duration of hospitalization. df = degrees of freedom, and IV = Inverse Variance.

https://doi.org/10.1371/journal.pone.0209660.g003

IV, Random, 95% CI
—.—
.__.__.
-‘-
-1 -05 0 0.5 1

Favours [TDR] Favours [ALIF]

TDR (blood loss)

Discussion
Main findings

Five RCT's and one observational study involving 1093 cases were included in this meta-analy-
sis. In the present study, we found that patients who underwent TDR had similar surgical data
(operative time, intraoperative blood loss and hospital stay) and similar risk of postoperative
adverse events compared with patients who underwent ALIF in the short term. However, the
statistical differences in the results of comparison of clinical efficacy showed that patients who
underwent TDR could achievebetter symptom relief and that their physical function
improved.

The results of the prior relevant meta-analysis

Several previous meta-analysis [11-13] comparing TDR to fusion for the treatment of lumbar
disc degenerative disease have been published. A meta-analysis with 5 RCTs published in 2010
[11], reported that a significant statistical difference was only found in the postoperative
patients’ satisfaction rate between both groups at 2-year follow-up. Although TDR revealed
slight advantages in better functioning and pain remission, the pooled effects of multiple stud-
ies were not statistically significant. Importantly, TDR did not show significant superiority in
the clinical outcomes at 5-year follow-up. Subsequently, two meta-analysis that included 6 and
7 RCTs under the same thesis were published in different peer-review journals by Wei et al
[12] and Rao et al [13], respectively. Wei et al [11] reported that, the safety and efficacy of TDR
during the 2-year follow-up were significantly better than that of lumbar fusion, but it was still
not considered that TDR is superior to lumbar fusion. However, TDR was demonstrated sig-
nificant superiorities in improved physical function, reduced pain and shortened duration of
hospitalization in the Rao and colleagues’ manuscript [13].

Inconsistent findings prompted Ding et al [27] to conduct a systematic review of overlap-
ping meta-analysis. After comparing 5 meta-analysis with the same topic, a paper by Jacobas

ALIF (blood loss) Mean Difference Mean Difference

Study or Subgroup Mean SD_Total Mean SD__Total Weight IV, Random, 95% CI IV, Random, 95% CI

Blumenthal et al, 2005 205 2117 205 2088 2838 99 25.4% -3.90 [-66.89, 59.09]

Geisler et al, 2009 248.7 277.81 53 186 169.19 31 21.3% 62.70[-32.91,158.31)

Gornetetal, 2011 2407 3011 405 952 1068 172 28.4% 14550([112.11,178.89] —
Mattei et al, 2017 154 164.34 30 12571 12217 50 24.8% 28.29 [-39.57,96.15) e

Total (95% Cl) 693 352 100.0% 60.77 [-21.85, 143.40] —reil——
Heterogeneity: Tau®= §859.00; Chi*= 22.39, df= 3 (P < 0.0001), F=87% -_200 » bo 0 160 200-

Test for overall effect: Z=1.44 (P=0.15)

Favours [TDR] Favours [ALIF]

Fig 4. Forest plot for estimated blood loss. df = degrees of freedom, and IV = Inverse Variance.

https://doi.org/10.1371/journal.pone.0209660.g004
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TDR (VAS score) ALIF (VAS score) Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Mattei et al, 2017 22.36 30.67 30 4552 4221 50 21.9% -23.16[-39.20,-7.12] .
Gornet et al, 2011 18 264 405 236 277 172 51.7% -560[-10.47,-0.73] i
Geisler et al, 2009 365 346 53 463 288 31 26.3% -9.80 [23.57,3.97) — 1
Total (95% CI) 488 253 100.0% -10.56 [-19.99, -1.13] i
Heterogeneity. Tau®= 38.57; Chi*=4.35, df=2 (P=0.11); F=54% -_50 _2-5 0 2-5 50-

Test for overall effect: Z=2.19 (P =0.03)

Favours [TDR] Favours [ALIF]

Fig 5. Forest plot for VAS score at the final follow-up. df = degrees of freedom, and IV = Inverse Variance.

https://doi.org/10.1371/journal.pone.0209660.9005

TDR (ODI score)

et al [14] was rated to provide the best available evidence. They demonstrated that TDR was
superior to lumbar fusion in patient satisfaction, ODI, VAS, pain, implant motion and subsi-
dence [14]. Finally, the cautious conclusions that TDR was at least as safe and effective as lum-
bar fusion in the short term were presented in Ding and coleagues’ study [27]. However, the
common defect in these meta-analysis that affected their findings is that different approaches
of lumbar fusion for LDDD would result in different outcomes [28]. Circumferential fusion
was the most used fusion approach in these meta-analysis. So, the results were largely influ-
enced by this approach. In order to minimize the impact of confounding factors on the level of
evidence, it is necessary to conduct a meta-analysis on the comparison of TDR and a specific
surgical approach, such as ALIF, PLIF.

The efficacy and safety of TDR

The efficacy of operation should be based primarily on patients’ safety. In the present study,
surgical time, intraoperative blood, complications and re-operation rate were used to evaluate
operative safety. The results were consistent with other studies [29]. Currently, most research-
ers believe that the early clinical efficacy of TDR is positive [30,31] on the premise of grasping
strictly the operative indication. A variety of evaluation indicators were comprehensively ana-
lyzed in our study and the conclusion could be obtained that the efficacy of TDR is indeed bet-
ter than that of ALIF for LDDD. As a new surgical technique, there were few mid- or long-
term follow-up studies. Guyer et al [32] reported no statistical differences were found in clini-
cal outcomes between TDR and ALIF, but patients who underwent TDR reached a statistically
greater rate of part- and full-time employment and a statistically lower rate of long-term dis-
ability. Also, Zigler et al [33] believed that patients in the TDR group had significantly better
improvement on some scales and were more satisfied about avoiding the stiffness of fusion
than patients in the lumbar fusion group during the 5-year follow-up. Similar results were
reported in the more than 15-year follow-up retrospective study [34].

ALIF (ODI score) Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV. Random, 95% CI IV. Random, 95% CI
Geisler et al, 2009 266 211 53 325 226 31 32.2% -5.80 [-15.68, 3.89) —
Gornet et al, 2011 18.4 202 405 248 196 172 425% -5.40[-8.93,-1.87) -
Mattei et al, 2017 19 19.28 30 4581 42.71 50 25.4% -26.81[-40.51,-13.11) ——
Total (95% Cl) 488 253 100.0% -10.99 [-21.50, -0.48] i
frem = - Chif= = = R= k + t {
Tostfor overal efect 2 205 (P2 0.08 R A I
PSSRt - Favours [TDR] Favours [ALIF]
Fig 6. Forest plot for ODI score at the final follow-up. df = degrees of freedom, and IV = Inverse Variance.
https://doi.org/10.1371/journal.pone.0209660.g006
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TDR (satisfaction rate)  ALIF (satisfaction rate Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI
Blumenthal et al, 2005 151 205 53 93 20.8% 1.38([1.13,1.68) ——
Geisler et al, 2009 51 53 26 31 27.9% 1.15[0.97,1.35) T =
Gornetetal, 2011 352 405 131 172 51.3% 1.14[1.04,1.25) i
Total (95% Cl) 663 302 100.0% 1.19[1.07,1.32] 3
Total events 554 210
Heterogeneity: Tau®= 0.00; Chi*= 3.23, df= 2 (P = 0.20); F= 38% '05 Df? ] 1f5 2'

Test for overall effect: Z= 3.20 (P = 0.001)

Favours TDR Favours ALIF

Fig 7. Forest plot for postoperative patient satisfaction. df = degrees of freedom, and M-H = Mantel-Haenszel.

https://doi.org/10.1371/journal.pone.0209660.9007

The retention of lumbar segmental motion is considered to be the greatest advantage of
TDR and the original intention of designing the artificial disc device. However, since the
included studies didn’t provide sufficient data about ROM, we could not evaluate the studies
by quantitative analysis. Descriptive qualitative analysis in our study showed that ROM after
TDR was significantly better than ALIF. And whether it is with anyone of different fusion
approaches or different artificial disc devices [35], the advantage of TDR in preserving postop-
erative ROM can be seen.

Strengths and limitations

To our knowledge, this is the first meta-analysis of published clinical studies comparing the
safety and efficacy of TDR and ALIF in patients with LDDD. Further, in our study, the applica-
tion of the confidence in effect estimates can provide more institutional guidance for clinical
decision-maker according to the GREAD system. However, this methodology has not been
found in the previous studies with similar theses. In addition, under the strict methodology,
significant superiorities of TDR in improved physical function, reduced pain and preserved
range of motion were reported compared with ALIF in this meta-analysis. It is our hope that
these results may be used to inform the clinical management of lumbar DDD, a condition that
substantially influences quality of life in older adults.

However, this study was restricted by several limitations that require the cautious interpre-
tation of the results. First, our meta-analysis that mainly focused on to investigating the safety
and efficacy of TDR and ALIF for patients with LDDD had already excluded the influence of
other fusion approaches on the results. However, the types of artificial intervertebral discs in
the TDR group could not be stratified because of the limitation of relevant studies, so there
may be an implementation bias. Moreover, although RCT's were the predominant studies
included in this meta-analysis, blinding was not applied in these included studies, which may
result in measurement bias. In addition, publication bias that can also affect the evidence level

TDR (adverse events)  ALIF (adverse events) Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H.Random. 95% CI M-H. Random. 95% ClI
Gornet et al, 2011 345 405 153 172 79.5% 0.96 [0.90, 1.02]
Holt et al, 2007 155 205 77 99 20.5% 0.97 [0.85,1.11] ==
Total (95% Cl) 610 271 100.0% 0.96 [0.91, 1.02] &
Total events 500 230
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P = 0.83); F= 0% *0 p 0=7 3 1=5 2=
Test for overall effect: Z=1.33 (P=0.18) ' Favdurq TDR Favours ALIF
Fig 8. Forest plot for total adverse events. df = degrees of freedom, and M-H = Mantel-Haenszel.
https://doi.org/10.1371/journal.pone.0209660.g008
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Risk Ratio

Weight M-H. Random, 95% CI

TDR (reoperation)  ALIF (reoperation)
Study or Subgroup Events Total Events Total
Gornetetal, 2011 35 405 15 172 56.8%
Hoilt et al, 2007 4 205 8 93 43.2%
Total (95% CI) 610 271 100.0%
Total events 38 23

Heterogeneity: Tau®= 0.77, Chi*= 4.47, df=1 (P = 0.03); F=78%
Test for overall effect: Z= 0.88 (P = 0.38)

Risk Ratio
M-H. Random, 95% CI

0.98[0.56,1.77]

0.24[0.07,0.79]

0.54[0.14,2.12]

0.1

Fig 9. Forest plot for the number of re-operation. df = degrees of freedom, and M-H = Mantel-Haenszel.
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https://doi.org/10.1371/journal.pone.0209660.g009

of conclusions couldn’t be well detected in the small meta-analysis with less than 10 included
studies, because only publicly published studies were included in this meta-analysis and stud-
ies that reported the contrary finding may be difficult to publish. Also Additionally, language
bias was found in our study. Finally, the result of the sensitivity analysis forced us to cautiously
interpret the results of the study only.
Given that significant heterogeneity was present in the current study, we used the meta-
regression analysis to test the factors that may be the sources of heterogeneity. Unfortunately,
these specific covariates have proven to be not the factors influencing the safety and effective-
ness of TDR. The cause for this finding has yet to be determined.

Conclusions

In summary, this meta-analysis based on the current available studies shows that the efficacy
of TDR is superior to that of ALIF in the short term. TDR may be an ideal alternative for

Table 3. Quality of evidence for outcome based on GREAD system.

Outcomes No. of patients and | Study design | Riskof |Inconsistency | Indirectness | Imprecision | Publication Estimate Confidence

trials (No.) Bias bias of Effect in Effect

(95% CI) Estimates

(GRADE)

Patient satisfaction 764 (3) RCT (3) No Not Serious | Not Serious | Not Serious None 1.20 High
Serious detected (1.11-1.30) EDDD
Operative time 965 (3) RCT (3) No Not Serious | Not Serious Serious None 4.95 MODERATE
Serious detected (-18.91- OO0
28.81)

Duration of 965 (3) RCT (3) No Not Serious | Not Serious Serious None -0.33 MODERATE
hospitalization Serious detected (-0.67-0.01) DDPO
Total adverse events 881 (2) RCT (2) Serious* Not Serious | Not Serious | Not Serious None 0.96 MODERATE

detected (0.90-1.02) Sl
Blood loss 1045 (4) RCT (3) No Serious’ Not Serious Serious None 60.77 LOW
CC (1) Serious detected (-21.85- P00
143.4)
VAS score 741 (3) RCT (2) No Serious’ Not Serious Serious None -10.56 LOW
CC (1) Serious detected (-19.99 ©e00
—1.13)
ODI score 741 (3) RCT (2) No Serious’ Not Serious Serious None -10.99 LOW
CC (1) Serious detected (-21.50 ®H00
—-0.48)
Reoperation 881 (2) RCT (3) Serious* Not Serious | Not Serious Serious None 0.54 LOW
detected (0.14-2.12) Bp00
*Selective outcome reporting among included studies.
"Different pooled estimates of effect between RCT and case-controlled study.
Wide 95% Cls.
CC = case-controlled study; CI = confidence interval.
https://doi.org/10.1371/journal.pone.0209660.t003
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Table 4. Meta-regression analysis of potential sources of heterogeneity.

Factors Coefficient Standard error P-value 95% confidence intervals
Sample size 0.544 0.606 0.435 -1.384,2.472
Study design 1.094 0.362 0.802 -0.382, 3.135
Follow-up points 0.091 0.331 0.802 -0.962, 1.143

https://doi.org/10.1371/journal.pone.0209660.t004

selected patients with LDDD in the short term. However, the results of this study cannot sug-
gest the use of TDR above the use of ALIF for lumbar spinal treatments only on the basis of
short term results. Furthermore, we think that this study still has a certain clinical significance,
although the limitations of this meta-analysis require us to be cautious about the present con-
clusions. Multicenter, well-designed, high-quality, large sample and long-term follow-up stud-
ies are needed to further evaluate the short- and long-term safety and efficacy of TDR
comparison of ALIF or other fusion approaches in the treatment of LDDD.
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