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Abstract Lumbar fusion has been developed for several
decades and became the standard surgical treatment for
symptomatic lumbar degenerative disc disease (DDD).
Artificial total disc replacement (TDR), as an alternative
for spinal arthrodesis, is becoming more commonly
employed treating lumbar DDD. It is still uncertain whe-
ther TDR is more effective and safer than lumbar fusion.
To systematically compare the effectiveness and safety of
TDR to that of the fusion for the treatment of lumbar DDD,
we performed a meta-analysis. Cochrane review methods
were used to analyze all relevant randomized controlled
trials published up to July 2009. Five relevant randomized
controlled trials involving 837 patients were identified.
Patients in TDR group have sightly better functioning and
less back or leg pain without clinical significance, and
significantly higher satisfaction status in TDR group
compared with lumbar fusion group at the 2-year follow-
up. But these outcomes are highly influenced by the study
with BAK cage interbody fusion, the function/pain and
patient satisfaction status are no longer significantly dif-
ferent between two groups after excluding this study. At
5 years, these outcomes are not significantly different
between comparing groups. The complication and reoper-
ation rate of two groups are similar both at 2 and at 5 years.
In conclusion, TDR does not show significant superiority
for the treatment of lumbar DDD compared with fusion.
The benefits of motion preservation and the long-term
complications are still unable to be concluded. More high-
quality RCTs with long-term follow-up are needed.
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Introduction

Degenerative disc disease (DDD) is a major cause for
chronic low-back pain with lumbar segmental instability in
which surgical intervention is required when failed of
conservative treatment. Spinal fusion for DDD is the most
common accepted treatment in effort to eliminate abnormal
motion and instability at the symptomatic degenerated
levels, and thereby reduce or eliminate low-back pain [1, 4,
7, 17]. Artificial total disc replacement (TDR), as an alter-
native to spinal arthrodesis, is increasingly applied for
surgically treating lumbar DDD [30, 32, 42]. By performing
lumbar TDR, it is postulated that the patient’s normal
intervertebral segment motion is restored and maintained
while the adjacent level is prevented from non-physiologic
loading and thus the pain is relieved [43]. Previous studies
that compared the clinical effects of TDR to fusion for
treating lumbar DDD are constituted of ambiguous results
[10, 21, 35, 47]. Therefore, it is still uncertain whether TDR
is more effective and safer than fusion. The objective of this
study is to systematically compare the effectiveness and
safety of TDR to fusion for the treatment of lumbar DDD.

Materials and methods

Criteria for selected trials

All randomized controlled clinical trials (RCTs) comparing
the TDR to fusion for the treatment of lumbar DDD were
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identified in this study. Patients older than 18 years of
age with lumbar systematic DDD were included in the
study. The interventions in this study included various
types of TDR and fusion in the lumbar spine. The outcomes
obtained in this study were labeled as the primary out-
come and the secondary outcome. The primary outcome
includes: (1) the improvement in pain measured by a val-
idate pain scale, (2) the improvement of movement and
functioning measured by a disability scale, (3) patient
satisfaction with the treatment, and (4) the complications.
The secondary outcome includes: (1) clinical success rate,
(2) operative level range of motion (ROM) measured on
the flexion/extension films, (3) the operation time and the
blood loss, (4) employment rate, and (5) the reoperation
rate.

Search methods for identification of studies

Updating to July 2009, the relevant RCTs in all languages
were identified through computer and other research
methods. The sources of computer searching include Pub-
Med, The Cochrane Central Register of Controlled Trials,
Ovid MEDLINE, and EMBASE. Other searching methods
include hand searching of Spine, European Spine Journal
and Journal of Bone and Joint Surgery abstracts from 1990,
and communications with international experts. Key words
that have been used for researching are degenerative disc
disease, low-back pain, lumbar fusion, artificial total disc
replacement, and randomized controlled trial.

Data collection and analysis
Selection of studies

Titles and abstracts identified from the database are
checked by two reviewers (Wu Y and Han X). The full text
of all the possibly relevant studies are assessed indepen-
dently by the two reviewers. The reviewers decide which
trials fit the inclusion criteria. Any disagreements were
resolved by discussion between two reviewers, when nec-
essary, further discussion with another independent expert.

Data extraction and management

The data were extracted from included reports indepen-
dently by two reviewers (Wu Y and Han X), and further
discussions would be needed to deal with the disagree-
ments. The data extracted include the following categories:
the participant characteristics, the number of participants,
and the loss to follow-up; study characteristics; the inter-
vention details; the primary and the secondary outcomes;
odds ratios (OR) or mean difference (MD), and 95% con-
fidence limits (95% CI) of the comparisons.

Assessment of risk of bias

The risk of bias was assessed by two reviewers (Wu Y and
Han X) independently. In a subsequent meeting, the
reviewers tried to reach consensus on each criterion that
they initially disagreed on. The criteria list from Koes et al.
[28] is used for assessment. Different weights are attached
to each criterion, respectively. The maximum score is 100
points. The higher score indicates lower risk of bias. The
study which scored more than 50 points would be con-
sidered as the good study according to the criteria [28].

Assessment of clinical relevance

Two reviewers independently assessed the clinical rele-
vance of the included studies referring to the five questions
recommended by the Cochrane Back Review Group [46].
Positive (+) would be recorded for the question if the
clinical relevance item is met, negative (—) for the irrele-
vance, and unclear (?) if the data is inadequate for
answering the question. A 20% of improvement in the pain
score [37] and a 25% of improvement in the functioning
score [29] are considered to be clinically important.

Assessment of heterogeneity

The clinical homogeneity was evaluated by contrasting the
RCTs while taking into account the following consider-
ations: the participant characteristics including age, sex,
clinical manifestation, pain, and function status baseline;
surgical technique including the type of artificial lumbar
disc and fusion method; follow-up period, and measure-
ment method. The chi-squared test was performed to
identify the heterogeneity of clinical outcomes, which can
be interpreted as the proportion of observed variation in
measured outcomes caused by heterogeneity besides rather
than random variation [25, 26]. The statistical pooling
would not be performed for measured outcomes when
heterogeneity is statistically significant (P < 0.05).

Measures of treatment effect

Attempts were made to statistically pool the data of homo-
geneous studies in order to obtain the primary and the sec-
ondary outcomes. The results were expressed in terms of
odds ratio (OR) and a 95% confidence interval (95% CI) for
dichotomous outcomes, and in terms of mean difference
(MD) and 95% CI for continuous outcomes. When the same
continuous outcomes are measured in different scales,
standardized mean difference (SMD) and 95% CI are cal-
culated. If in some studies outcomes are shown as dichoto-
mous data while in the other studies expressed as continuous
data, odds ratios would be re-pressed as standardized mean
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difference to allow dichotomous and continuous data to be
pooled together [27]. We performed a sensitivity analysis for
the measured effects omitting the study which may largely
influence the clinical results. Collected data were checked
and entered into the computer by the two reviewers (Wu Y
and Han X). RevMan software (vesion5.0) was used for data
analysis. A random-effects model was used in this meta-
analysis [11]. A rating system with five levels of evidence
taken from the Cochrane Back Review Group was used to
evaluate the level of evidence [46].

Results
Description of studies

The process of identifying relevant studies is summarized
in Fig. 1. From the selected databases, 696 references were
obtained. By screening the titles and abstracts, 471 refer-
ences were excluded due to the irrelevance to this topic. In
225 potentially relevant references, 209 references were
omitted according to conditions listed in Fig. 1. The
remaining 16 reports were taken for a comprehensive
evaluation. These reports were based upon five indepen-
dent continuous clinical randomized control trials, report-
ing for different follow-up periods or containing separated
results. Nine reports from the five RCTs with the relevant
information are eventually included involving 837 patients
[2, 3,9, 18, 20, 34, 36, 41, 48].

The characteristics of five included studies are summa-
rized in Table 1. In all included studies, the adult patients
with symptomatic lumbar DDD were recruited with sample
size ranging from 67 to 304 patients. All the included
studies have definite inclusion/exclusion criteria. Blume-
thal et al. [3] performed the CHARITE artificial disc
(DePuy Spine, Raynham, MA) replacement compared with
anterior lumbar interbody fusion (ALIF) with BAK cages.
In three studies, the ProDisc-L (Synthes Spine, West
Chester, PA) [9, 48] and FlexiCore (Stryker Spine, Allen-
dale, NJ) [41] artificial disc were employed compared with
circumferential fusion. Berg et al. [2] performed artificial
disc replacement with one of three following devices:
CHARITE, ProDisc-L, or Maverick (Medtronic, Memphis,
TE, USA) compared with the posterolateral fusion (PLF)
with autologous bone graft or posterior interbody fusion
(PLIF) with two carbon fiber cages. The clinical outcomes,
surgical data, and complications were analyzed in 2- or 5-
year follow-up period.

Risk of bias in included studies

The assessment of bias risk of the included studies is
presented in Table 2. Ten items (10/90, 11.1%) with
inconsistent scores were further discussed to reach the
consensus. Four studies with 770 patients participated have
scored more than 50 points for the 18 questions [2, 3, 9, 48].
One study involving 67 patients has only scored 44 [41].
The most prevalent methodologic shortcomings are the

Fig. 1 Study selection process.
The flow-chart showed the
selection of randomized

225 potentially relevant

reports identified

205 reports excluded with:

different fusions comparison:59

controlled trials for meta-
analysis

clinical outcome of fusion:68

dynamic fixation: 9

comparison of fusion with nonoperation: 7
rhBMP : 14 graft comparison: 17

cervical: 6 reviews: 9

20 reports retrieved for more

detailed evaluation

complications of fusion: 9

biomechanic: 7

4 non-RCTs reports excluded

considered

the full text of 16 reports

7 reports withdrawn with:

duplicate report: 1

serial reports in different follow-up: 6

5 RCTs (9 reports containing

useful data) included
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Table 1 Characteristics of the included studies

Study Blumenthal et al. [3] Delamarter et al. [9] Zigler et al. [48] Sasso et al. [41] Berg et al. [2]
Methods R: fixed blocking R: fixed blocking R:fixed blocking R: unclear R: randomization with
method method method C: unclear unclear method
C: sealed envelope C: unclear C: no use B: no use C: sealed envelope

Participants

B: blind patients until
after surgery

L: Exp 44/205, Ctl 33/
99 (at 2 years),

total 100/233 (at
5 years)

304 Patients; 157 males,
147 females; mean age
39.6 (19-60); single
level DDD at L4-L5
or L5-S1; Oswestry
score >30, VAS score
>40 (of 100); Back
and/or leg pain with
no nerve root
compression; Failed
>6 months of
appropriate
nonoperative care;
good compliance

Interventions Exp: TDR with the

Outcomes

CHARITE artificial
disc

Ctl: ALIF with BAK
cages packed with
iliac crest autograft

Surgical data; clinical
outcomes: ODI, VAS
score, patient
satisfaction; clinical
success rate; work
status; radiographic
outcome: ROM, disc
space height;
complications;
reoperation (in 2-year
follow-up)

B: blind patients until
after surgery

L: Exp 0/56, Ctl 0/22 (at
2 years)

78 Patients; 43 males,
35 females; mean age
41 (19-59); one or two
level DDD between
L3-S1; Oswestry score
>20/50(>40%); Back
and/or leg pain; Failed
>6 months of
conservative
treatment; good
compliance

Exp: TDR with
ProDisc-L artificial
disc

Ctl: ALIF with femoral
ring allograft plus
instrumented PLF with
autogenous iliac crest
bone graft

Surgical data; clinical
outcomes: ODI, VAS
score, patient
satisfaction;
radiographic outcome:
ROM (in 1-1.5-year
follow-up)

B: blind patients until
after surgery

L: Exp 2/161, Ctl 2/75
(at 2 years)

236 Patients; 116 males,
120 females; mean age
39.2; Single level
DDD at L3-S1;
Oswestry score >40
(20 /50); Back and/or
leg (radicular) pain;
Failed >6 months of
conservative
treatment; good
compliance

Exp: TDR with
ProDisc-L artificial
disc

Ctl: ALIF with femoral
ring allograft plus

instrumented PLF with

autogenous iliac crest
bone graft

Surgical data; clinical
outcomes: ODI, VAS,
SF-36 score, patient
satisfaction; device,
neurologic, and
overall success; work
status; radiographic
outcome: ROM;
complications;
reoperation (in 2-year
follow-up)

L: Exp 34/45, Ctl 15/ 22
(at 2 years)

67 Patients; 33 males,
34 females; mean age
37.7; single level
DDD at L4-L5 or L5—
S1; Oswestry score
>40, VAS score >40
(of 100); Back and/or
leg pain; Failed
>6 months of
conservative
treatment; good
compliance

Exp: TDR with Flexi-
Core artificial disc

Ctl: ALIF with femoral
ring allograft plus
instrumented PLF with
autogenous iliac crest
bone graft

Surgical data; clinical
outcomes: ODI, VAS
score; radiographic
outcome: ROM;
complications;
reoperation (in 2-year
follow-up)

B: no use

L: Exp 0/80, Ctl 0/72 (at
2 years)

152 Patients; 62 males,
90 females; mean age
40; one or two level
DDD between L3 and
S1; Oswestry score
>30, VAS score >50
(of 100); Back with/
without leg pain
>1 year; Failed
>3 months of
conservative
treatment; good
compliance, open-
minded to treatment
options

Exp: TDR with
CHARITE, or
ProDisc-L, or
Maverick artificial
disc

Ctl: instrumented PLF
with autologous bone
graft, or instrumented
PLIF with two carbon
fiber cages and bone
graft

Surgical data; clinical
outcomes: ODI, VAS,
EQS5D, SF-36 score;
patient satisfaction;
work status;
complications;
reoperation (in 2-year
follow-up)

R randomization, C concealment of allocation, B blinding, L losses to follow-up, Exp experimental group, Ctl control group, DDD degenerative
disc disease, TDR total disc replacement, ALIF anterior lumbar interbody fusion, PLF posterolateral fusion, PLIF posterior lumbar interbody

fusion

limited size of the study population, and a lack of reference
concerning the blinding of outcome assessor. A fixed
blocking method of randomization with six assignments
per block was described in three studies [3, 9, 48]. Sealed
envelop technique for allocation concealment was applied

in two studies [3, 48]. In three studies, the participants
remained blinded until the operation was finished [3, 9, 48].
All of the participants in the five studies had performed the
follow-up for at least 2 years and a follow-up rate of more
than 89% was obtained in four of these studies [2, 3, 9, 48].
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Table 2 Risk of bias assessment of included studies

Criterion Weight Blumenthal Delamarter Zigler et al. Sasso et al. Berg et al.
et al. [3] et al. [9] [48] [41] [2]

A. Homogeneity 2 2 2 2 2 2

B. Comparability of relevant baseline characteristics 5 3 3 3 3 3

C. Randomization procedure adequate 4 4 2 4 2

D. Drop-outs described for each study group separately 3 3 3 3 3 3

E. <20% loss to follow-up 2 2 2 2 2

<10% loss to follow-up 2 2 2 2

F. >50 subjects in the smallest group 8 8 8 8

>100 subjects in the smallest group 9

G. Interventions included in protocol and described 10 10 10 10 10 10

H. Pragmatic study 5 5 5 5 5

I. Co-interventions avoided 5 5 5 5

J. Placebo-controlled 5

K. Patients blinded 5 5 5 5

L. Outcome measures relevant 10 10 10 10 6 8

M. Blinded outcome assessments 10

N. Follow-up period adequate 5 5 5 5 5 5

O. Intention-to-treat analysis 5

P. Frequencies of most important outcomes presented for 5 5 5 5 5 5

each treatment group
Total score 100 67 59 69 44 60

Nevertheless, in one study only 18 out of the 67 patients
have completed the 2-year follow-up [41]. The extremely
low follow-up rate is the reason why outcomes of Sasso’s
study have not been statistically pooled into meta-analysis.
None of the included studies encompassed the information
of intention-to-treat (ITT) analysis.

Clinical relevance

The results of clinical relevance are presented in Table 3.
There was one disagreement on 20 items (5%) between the
two reviewers (Wu Y and Han X). Consensus was then
reached on all scorings after discussion. The patient details
and intervention procedures were explicitly recoded in all
included studies in effort to allow researchers to replicate
the treatment in clinical practice. In one study trial, the
relevant outcomes, such as complications were not reported
[9]. An improvement more than 20% in pain scores and
improvement more than 25% in functioning were accom-
plished in all five studies. The consistent outcomes of all
included studies suggested that the treatment benefits were
likely worth the potential harms.

Heterogeneity

According to the data of Table 1, the participant groups
from five studies had similar demographic characteristics,
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and comparable pain and functioning status baseline. In the
above studies, four different artificial discs (CHARITE,
ProDisc-L, Maverick, and FlexiCore) were employed.
Circumferential fusion was performed in three studies [9,
41, 48], ALIF in Blumethal’s study [3, 29], and instru-
mented PLF or PLIF in Berg’s study [2]. Therefore, the
surgical data were not pooled together. In the included
studies, most outcomes were measured by the same method
and at similar follow-up points. Pooling analysis of clinical
success rate and range of motion was not performed since
the definitions were inconsistent among studies. In random-
effects meta-analysis, heterogeneity was observed in
patient satisfaction (I* = 37%, P = 0.20), proportion of
patients choosing the same treatment again (I* = 64%,
P = 0.06), proportion of patients returning to full-time/
part-time work (I2 = 29%, P = 0.24), and the duration of
hospitalization (> = 80%, P = 0.002). The outcomes
regarding patient functioning, painfulness, complication,
and reoperation rate were consistent (P = 0%).

Meta-analysis results

At 2-year follow-up, the patient functioning ability mea-
sured by ODI in the TDR group was better than that of the
fusion group (MD —4.06; 95% CI [-7.28,—0.84];
P = 0.01) with statistical significance, but the mean dif-
ference of 4 Owestry points was not clinically relevant.
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Table 3 Clinical relevance
Blumenthal Delamarter Zigler Sasso Berg
et al. [3] et al. [9] et al. [48] et al. [41] etal. [2]
1. Are the patients described in detail so that you can decide whether they are + + + + +
comparable to those that you see in your practice?
2. Are the interventions and treatment settings described well enough so that you + + + + +
can provide the same for your patients?
3. Were all clinically relevant outcomes measured and reported? + - + + -
4. Is the size of the effect clinically important? + + + + +
5. Are the likely treatment benefits worth the potential harms? + + + + +

The VAS score of painfulness for TDR group was less than
that of the fusion group MD —4.75; 95% CI [-9.14,
—0.35]; P = 0.03), but the mean difference of 5 points was
also not clinically significant. Patient satisfaction status
was significantly better in TDR group than fusion group
(SMD 0.29; 95% CI [0.05,0.53]; P = 0.02). A greater
proportion of patients in TDR group was willing to choose
the same operation again (OR 2.86; 95% CI [1.41, 5.77];
P = 0.003), with 77.3% in TDR group and 58.2% in fusion
group. There was no significant difference in complications
(OR 0.80; 95% CI [0.50,1.28]; P = 0.36), the proportion of
patients who returned to full-time/part-time work (OR
1.21; 95% CI [0.76,1.91]; P = 0.43), and reoperation
rate (OR 0.73; 95% CI [0.40,1.33]; P = 0.31) between
TDR and the control group. In sensitivity analysis, the
Blumenthal’s study [3] was found to be highly influential.
After excluding this study, there was no longer signifi-
cant difference in the ODI score (MD —3.92; 95% CI
[—7.92,0.08]; P = 0.05), VAS score (MD —4.19; 95% CI
[—9.72,1.33]; P = 0.14), patient satisfaction (SMD 0.16;
95% CI [—0.08,0.40]; P = 0.19), and proportion of
patients who would choose the same treatment again (OR
4.13;95% CI1[0.77,22.15]; P = 0.10). The outcomes of the
meta-analysis are enumerated by Figs. 2 and 3.

Qualitative results

In all included studies, patients in TDR and fusion groups
have demonstrated significant improvement in ODI and
VAS scores compared with preoperative scores at all follow-
up time points. Blumenthal et al. [3] reported that the overall
clinical success was achieved in 57.1% of patients in the
TDR group and 46.5% in the control group (P < 0.0001)
with the fulfillment of the following four criteria: >25%
improvement in ODI score at 24 months compared with the
preoperative score, no device failure, no major complica-
tions, and no neurological deterioration. Zigler et al. [48]
reported the overall success rate of 53.4% in TDR group and
40.8% in control group using FDA criteria (P = 0.0438).
McAfee et al. [34] reported an operative level ROM of

113.6% of preoperative status in TDR group at 24 months
(7.4 £5.28), and the mean ROM in fusion group has
dropped to 1.1 & 0.87 (with 91.9% patient gaining suc-
cessful lumbar fusion). In Delamarter’s study [23], the result
showed significantly better motility at L4-L5 for disc
replacement patients (10.5° at 12 months) comparing with
the fusion patients (P < 0.05), but at L5-S1 the differences
between two groups was not statistically significant at
6-month point. Zigler et al. [48] reported that operative level
ROM averaged 7.7° was maintained within a normal func-
tional range in 93.7% of the lumbar disc replacement
patients. The flexion—extension ROM of the FlexiCore
recipients gained 3.8° at 6-week follow-up after surgery
[41]. For operative time (OT) and blood loss (BL) there were
significant differences between TDR group and circumfer-
ential fusion group in Zigler’s report [48] (mean OT 121 vs.
229 min; mean BL 204 vs. 465 ml) and Sasso’s report [41]
(mean OT 82 vs. 179 min; mean BL 97 vs. 179 ml), but no
significant differences between TDR group and ALIF group
(or PLF/PLIF) in Blumenthal’s [3] (mean OT 110.8 vs.
114 min; mean BL. 212.1 vs. 204.3 ml) and Berg’s report [2]
(mean BL 560 vs. 444 ml). Significant differences were
observed in patients in duration of hospitalization in TDR
and fusion group from the studies reported by Blumenthal
et al. [3] (mean 3.7 vs. 4.2 days, P = 0.0039), Zigler et al.
[48] (mean 3.5 vs. 4.4 days, P = 0.0001), Sasso et al. [41]
(mean 2 vs. 3 days, P < 0.005), and Berg et al. [2] (mean 4.4
vs. 5.9, P < 0.00001).

There is strong evidence (5 trials, 837 patients) that
patients in both groups demonstrated significant improve-
ment as measured by ODI and VAS scores compared with
preoperative scores at all follow-up time points. There is
conflicting evidence (4 trials [9, 34, 41, 48], 685 patients)
that the operative level ROM of disc replacement patients
maintained within a normal functional range different from
that of fusion patients in 6 to 24 months period of time.
There is moderate evidence (4 trials [2, 3, 41, 48], 759
patients) that the duration of hospitalization is significantly
shorter with patients of TDR group than those of the
fusion group.
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Fig. 2 Pooled results of
artificial total disc replacement
versus lumbar fusion. The 2-
year results of TDR versus
fusion for the treatment of
lumbar DDD were shown,
concerning function status, pain,
patient satisfaction,
complications, work status, and
reoperation rate
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Oswestry Disability Index
TDR Fusion
Study or Subgroup _Mean _SD Total Mean SD Total Weight

Mean Difference
1V, Random, 95% CI

Mean Difference

Berg 2009 20 19.6 80 23 17 72 30.6%
Blumenthal2005 258 22 205 30.1 229 99 35.2%

Delamarter2005 40.4 24.8 56 44 17.2 22 11.0%
Zigler2007 345 248 161 39.8 243 75 23.1%
Total (95% Cl) 502 268 100.0%

Heterogeneity: Tau? = 0.00; Chi2 = 0.28, df = 3 (P = 0.96); I>= 0%
Test for overall effect: Z=2.47 (P = 0.01)
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Blumenthal2005 143 205 50 99 43.2%
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Heterogeneity: Tau? = 0.23; Chi2 = 5.53, df = 2 (P = 0.06); |12 = 64%
Test for overall effect: Z = 2.93 (P = 0.003)
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TDR Fusion
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Test for overall effect: Z = 0.92 (P = 0.36)
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Fig. 3 Pooled results of
artificial total disc replacement
versus lumbar fusion after
excluding the study with stand-
alone cage interbody fusion
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Five-year results

Guyer et al. [29] reported the 5-year clinical follow-up
results on large part of the patients participated in the
previous 2-year randomized controlled trial performed by
Blumenthal et al. [3]. As much as 133 randomized patients
(90 CHARITE patients vs. 43 fusion patients) were avail-
able at 5 years with a follow-up rate of 57% (133/233).
Overall success rate was 57.8% in the CHARITE' group
versus a 51.2% rate in the fusion group by using Blu-
menthal’s definition (P = 0.0359) [3]. There was no sta-
tistical difference between the two groups in terms of ODI
scores, VAS score, SF-36 PCS scores, and patient satis-
faction at the 5-year follow-up point. A total of 65.6% in
the CHARITE group versus 46.5% of patients in the fusion
group have been employed full-time (P = 0.0403). Long-
term disability was recorded 8.0% of CHARITE patients
statistically different from 20.9% of fusion patients
(P = 0.0441). There was no significant difference in
complication (TDR 22.2% vs. fusion 32.6%, P = 0.20) and
reoperation rates (TDR 7.7% vs. fusion 16.3%, P = 0.14)
between the two groups. Additional surgeries for adjacent-
level disease were performed in one (1.1%) CHARITE'
patient and two (4.7%) fusion patients. The mean ROM at
the index level was 6.0° for CHARITE' patients and 1.0°
for fusion patients. The preoperative adjacent-level ROM
was not statistically different from postoperative ROM at
the 2 or 5-year point, for both CHARITE' and fusion
patients, regardless of the implanted level. For the assess-
ment of longitudinal ossification, 17 (18.9%) CHARITE
cases showed lack of motion and a rating >3 on the lon-
gitudinal classification system using the 5° cut-off FDA
guideline.

Discussion

In this meta-analysis, five RCTs comparing total disc
replacement to spinal fusion for degenerative lumbar disc
disease are identified. It reveals that TDR results in a
slightly better function and less back or leg pain in the
lumbar DDD patients without clinical significance and a
significantly better patient satisfaction when compared
with lumbar fusion at 2-year follow-up point. In sensitivity
analysis, Blumenthal’s study [3] was found to be highly
influential. After excluding this study, there is no longer
significant difference in the ODI and VAS score, and
patient’s satisfaction. At 5-year point, there is no signifi-
cant difference in the function and pain status, and patient
satisfaction between TDR and fusion group. The compli-
cation and reoperation rates of the two groups are similar
when measured respectively at 2- and 5-year points. There
is strong evidence supporting that patients in both groups
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demonstrated significant improvement in function and pain
status compared with preoperative status at all follow-up
points up to 5 years.

Lumbar fusion has been developed for several decades
as the standard surgical treatment for symptomatic DDD,
and various methods for achieving successful arthrodesis
have been suggested. The spinal fusion is applied to
eliminate the segment motion and to treat instability at the
symptomatic degenerated levels and thereby could reduce
or eliminate lower back pain [1]. Brantigan et al. [5]
reported the 10-year results of circumferential fusion for
the treatment of lumbar DDD. The high rate of clinical
success (87.8%), fusion success (96.7%), and patient sat-
isfaction (93.9%) was achieved at 10 years. Spinal fusion
could alter the original biomechanics of the spine, where
the loss of motion at the fused levels is compensated by
increasing motion at the adjacent unfused segments [45],
and a significant amount of additional force is placed on the
facet joints at the adjacent unfused levels [6, 31]. As a
result, the degeneration at adjacent segment may be
accelerated, which is known as the adjacent segment dis-
ease (ASD) [39]. It was reported in Brantigan’s study that
adjacent segment degeneration occurred in 61% of patients,
but was clinically significant only in 20% at 10 years after
lumbar fusion [5]. Total disc replacement has been
employed in an attempt to avoid disadvantages of the
fusion surgery, such as adjacent segment degeneration.
Harrop et al. [24] performed a system review of published
incidence of radiographic adjacent segment degeneration
(ASDeg) and symptomatic adjacent segment disease (AS-
Dis) after arthrodesis or total disc replacement. The study
suggested a correlation between fusion and the develop-
ment of ASDeg and a stronger correlation between fusion
and ASDis compared to arthroplasty, but the data support
only a class C recommendation (lowest tier) for the use of
arthroplasty to reduce ASDis and disc degeneration com-
pared to arthrodesis. Despite the controversy surrounding
surgical fusion of the painful degenerative functional spinal
unit, without a better alternative it has de facto become the
‘‘gold standard’” procedure for conservative-resistant cases
[16]. So the total disc replacement, as a newly developed
method for the treatment of lumbar DDD, should be
examined by the “golden standard” of spinal fusion in
order to measure the validity and guide for clinical
practice.

The purpose of this study is to systematically compare
the effectiveness and the safety of TDR to fusion for the
treatment of lumbar DDD. Freeman et al. [14] have prior
reviewed TDR in the lumbar spine in 2006, and subse-
quently Gibson et al. [19] reviewed surgery for degenera-
tive lumbar spondylosis in 2007. Due to the lack of
relevant RCTs, the statistically pooling results of TDR
versus fusion were not stated in both of their reviews. In
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our study, five RCTs which compare TDR to the spinal
fusion are included to evaluate a total of 837 patients with
lumbar DDD. When the 2-year data from four high-quality
included studies were pooled, we found that the patients
with TDR had a slightly better function and back or leg
pain status, greater patient satisfaction, similar occurrence
of complications and reoperation rate, and employment
status. But we found Blumenthal’s study [3] to be highly
influential to the overall results in sensitivity analysis,
which reported good function result and significantly
higher patient satisfaction rate in TDR group compared
with BAK cage interbody fusion. Because stand-alone
interbody cages have limitations in biomechanical prop-
erties such as inadequate stabilization and subsidence [13,
38, 40], ALIF with BAK cage may overestimate the effect
of compared TDR. After omitting Blumenthal’s study,
there is no longer significant difference in function and
pain status and patient satisfaction between TDR and
fusion group. Qualitative analysis reveals that there is
strong evidence for significantly improved functioning
(ODI score) and painfulness (VAS score) status in both
groups compared with preoperative status. It is demon-
strated that both treatments are efficacious for lumbar
DDD. The 2-year results suggest that TDR has similar
effectiveness and safety comparable to lumbar fusion for
the treatment of lumbar DDD. However, the 2-year follow-
up is too short to conclusively assess the complications
and the long-term effects of adjacent-level degeneration.
Guyer’s study [20] provided an opportunity for the long-
term assessment. At 5-year follow-up, no statistical
difference is observed between TDR and the fusion groups.
In addition, TDR (CHARITE’) patients have shown a
statistically greater rate of part-time/full-time employment
and a lower rate of long-term disability than BAK fusion
patients. There is no significant difference in complication
and reoperation rate between two groups. Additional sur-
gery for adjacent-level disease was operated in cases of one
CHARITE' patient and two BAK fusion patients. However,
these numbers are too low to draw statistical conclusion.
The 5-year results are consistent with 2-year results which
show the similarity of effectiveness and safety between
TDR and lumbar fusion. This result is also supported by
other long-term TDR researches studied beforehand [8,
32]. However, from this meta-analysis still the benefits of
motion preservation and protecting adjacent levels remain
unproved. Moreover, only one study with 5-year follow-up
is not enough for assessment of long-term complications.
In every included study, the patients were selected care-
fully by means of employing the similar inclusion and
exclusion criteria. The mean VAS score at baseline for
both groups from all studies was >60 (of 100) whereas the
mean ODI score at baseline was >40 (of 100). These
criteria did in fact result in a patient sample with significant

painfulness and disability which could contribute to good
clinical results. The benefit of both interventions may not
be repeated when performing them onto every DDD
patient. Meticulous patient selection is essential to obtain a
good clinical result [41, 48].

Meta-analysis is a statistical analysis of data collected
from several different researches and surveys on the same
problem, pooling outcomes in order to arrive at a more
unbiased and scientific conclusion [12, 22]. Ideally, each of
the studies included in meta-analysis should contain large
numbers of cases and have a similar validated design. To
avoid outcomes distorted by language bias, we made
efforts to look for studies in all languages. Finally, only
five published RCTs on lumbar TDR versus fusion were
analyzed. Four studies had good methodological qualities
(score > 50), one study only gained 44 score which implies
a higher risk of bias. The most prevalent methodological
shortcomings appeared to be the small size of populations
and the insufficiency regarding the outcome assessor
blinding to intervention. The low number of included
studies limited our assessment of potential publication bias
by the funnel plot and unpublished researches with nega-
tive results can not be identified. Therefore, publication
bias may exist, which could result in the overestimation of
the effectiveness of interventions. In included studies, the
interventions were inconsistent. Different procedures of
lumbar fusion and different types of artificial disc may
modify the comparing effect between the interventions,
although no artificial disc is shown to be superior or infe-
rior to the others [2]. Fusion method could result in dif-
ferent operative data and radiographic results, even if there
is no significant difference in clinical and function results
[15, 23, 33, 44]. Due to these limitations, the combined
results of this meta-analysis should be cautiously accepted.
In addition, the benefits of motion preservation and pro-
tecting adjacent levels, long-term complications and sur-
gical revisions still remain unproved from the existing data.
More independent high-quality RCTs with long-term out-
comes and cost/effectiveness analyses are needed.

Conclusions

Compared with lumbar fusion, total artificial disc
replacement results in a slightly better functioning and
back or leg pain status without clinical significance, and a
significantly greater patient satisfaction at the two-year
follow-up point. However, the study that used stand-alone
cage interbody fusion as the control is highly influential to
overall results. After omitting this study, there is no longer
significant difference in function and pain status and
patient satisfaction between TDR and fusion group. At five
years, these outcomes are not significantly different
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between comparing groups. Complication and reoperation
rate are similar between the two groups at 2 and 5 years,
respectively. From the existing outcomes, the total artificial
disc replacement does not show significant superiority for
the treatment of lumbar DDD compared with fusion. To
assess the benefits of motion preservation and the long-
term complications, more high-quality RCTs with long-
term outcomes are needed.

Conflict of interest statement None.
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