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Abstract

Purpose To evaluate long-term clinical results of lumbar
total disc replacement (TDR) compared with posterior
lumbar fusion.

Methods This prospective randomized controlled trial
comprised 152 patients; 80 were randomized to TDR and
72 to fusion. All patients had chronic low back pain
(CLBP) and had not responded to nonsurgical treatment.
Primary outcome measure was global assessment of back
pain (GA), secondary outcome measures were back and leg
pain, Oswestry Disability Index (ODI), EQ5D, and SF-36.
All measures were collected from SweSpine (Swedish
national register for spinal surgery) at 1, 2, and 5 years.
Follow-up rate at 5 years was 99.3 %.

Results Both groups showed clinical improvement at
5-year follow-up. For GA, 38 % (30/80) in the TDR group
were totally pain free vs. 15 % (11/71) in the fusion group
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(» < 0.003). Back pain and improvement of back pain
were better in the TDR group: VAS back pain at 5 years
23 £ 29 vs. 31 £ 27, p = 0.009, and VAS improvement
of back pain at 5 years 40 + 32 vs. 28 &+ 32, p = 0.022.
ODI and improvement in ODI were also better in the TDR
group: ODI at 5 years 17 £ 19 vs. 23 + 17, p = 0.02
and ODI improvement at 5 years 25 + 18 vs. 18 & 19
(p = 0.02). There was no difference in complications and
reoperations between the two groups.

Conclusions Global assessment of low back pain differed
between the two surgical groups at all follow-up occasions.
Significant differences between groups concerning back pain,
pain improvement, and ODI were present at 1 year and dis-
appeared at 2 years, but reappeared at the 5-year follow-up.

Keywords Degenerative disc disease - Prospective
randomized controlled trial - Total disc replacement -
Spinal fusion - Global assessment of back pain

Introduction

The current first-line treatment for chronic low back pain
(CLBP) is rehabilitation, preferably multimodal with cog-
nitive behavioural therapy included. If this fails, there is the
option of lumbar surgery for a subgroup of patients with
identified disc degeneration and level-specific pain. Lum-
bar spinal fusion has long been considered the gold stan-
dard for surgical treatment of CLBP due to degenerative
disc disease (DDD) [1, 2].

However, four randomized controlled studies have been
conducted that could not determine whether spinal fusion
or non-operative treatment is preferable; the discrepancy
among non-operative regimes creates further difficulties in
making comparisons [3-7].
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The purpose of fusion is to eliminate painful motion in
an assumed symptomatic motion segment; however,
decreased segmental mobility is also thought to increase
the stress on the neighbouring segments, particularly the
adjacent segment [8—11]. This could lead to recurrence of
symptoms, known as adjacent segment disease (ASD), and
a subsequent need for further surgery. Total disc replace-
ment (TDR) has been developed to avoid the negative
effects of arthrodesis.

In previously performed randomized studies comparing
disc arthroplasty with fusion, clinical outcome was similar
for the two methods, with disc prosthesis having a slight
advantage [12-15]. The results of one recently performed
randomized controlled trial (RCT) indicated that TDR may
yield a better clinical outcome than a multimodal rehabil-
itation program [16].

There is a lack of high-level evidence concerning long-
term follow-up for both fusion and TDR, particularly
TDR; the follow-up rate at 5 years was very low in the
two reported RCTs that compared fusion and TDR [14,
17]. Moreover, TDR has been associated with complica-
tions, including types of complications that are not seen
after fusion surgery, such as malposition and subsidence
[18].

Recently, a Cochrane review of TDR for CLBP in the
presence of DDD concluded that high-quality evidence
for long-term results is missing. Although significant
differences have been seen, differences in parameters that
are generally accepted as being of clinical importance,
such as short-term pain relief, disability, and quality of
life have not yet been shown [19]. Thus, there is a need
for further investigations that evaluate the long-term
clinical results of fusion and TDR and the incidence of
ASD.

The objective of this study was to evaluate the long-term
clinical outcome of the two surgical interventions TDR and
lumbar spinal fusion. This study reports the 5-year results
from a RCT that was previously reported on after 2 years
of follow-up [15].

Materials and methods
Study design

The original study consisted of a previously published
RCT [15] comparing TDR with instrumented lumbar
spinal fusion and was approved by the Ethics Committee
of the Karolinska Institute in 2003 (03-268). Detailed
information about the study design and randomization
process is to be found in the previously published mate-
rial [15]. Inclusion and exclusion criteria are listed in
Table 1.

Demographics

Out of 152 patients included in the original study (90
women and 62 men), 80 patients were treated with TDR
and 72 patients with instrumented lumbar fusion. More
detailed information is listed in Table 2.

Study interventions

Detailed information about the surgical technique was
described previously [15]. TDR patients were randomized
to one of the three devices: Charité (DePuy Spine, Rayn-
ham, MA, USA), ProDisc (Synthes Spine, West Chester,
PA, USA), or Maverick (MedTronic, Memphis, TE, USA).

Outcome measures

The primary outcome was GA of back pain classified by
patient themselves into five categories: “total relief,”
“much better,” “better,” “unchanged,” or “worse.” Sec-
ondary outcomes included low back pain visual analogue
scale (VAS), disease-specific pain and disability measured
by Oswestry Disability Index (ODI) version 2.0 [20],
EQ-5D (score ranges from —0.59 to 1 [21], SF-36 [22], and
leg pain VAS. The term “ODI-success” was used
according to Blumenthal et al. [12]. Work status, compli-
cations, and reoperations were registered.

Patient attended follow-up visits at 1, 2, and 5 years
after surgery. All of the self-assessing outcome measures
were registered by specific forms filled in by each patient
before surgery and at 1, 2, and 5 years after surgery. All of
the data were collected by and stored at the independent
Swedish Spine Register SweSpine. Radiographs were
obtained before surgery and at all follow-up occasions. The
results concerning motion preservation and fusion healing
at the 2-year follow-up were presented elsewhere [23].

Power calculation and statistical analysis

Statistical analyses were performed with Statistica version
10 (StatSoft Inc., Tulsa, OK, USA). Results are given as
means, standard deviations, and ranges. For comparisons
between treatment groups and for some sub-group analy-
ses, two-tailed Mann—Whitney U test and Wilcoxon rank
sum tests were used. For ordinal data, Student’s ¢ test was
used, and for categorical data, such as GA, Spearman’s R,
Fisher’s exact test, and y” tests were used. Statistical sig-
nificance was defined as p < 0.05. All analyses were per-
formed according to intention to treat (ITT), and there were
no crossovers between the groups before the 2-year follow-
up. The follow-up rate at 5 years was 99 %. The patients
who underwent a reoperation remained in their starting
groups for further analysis according to ITT.

@ Springer
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Table 1 Inclusion and
exclusion criteria

Inclusion criteria

Exclusion criteria

Low back pain (LBP) with or without leg pain for
more than 1 year. If leg pain occurred, then LBP
was dominant

Conservative treatment for >3 months had failed
Confirmation of disc degeneration by MRI
Age 20-55 years

Oswestry Disability Index >30 or back pain (VAS)
>50/100 the week before inclusion

Signed informed consent

Patient open to considering the two treatment
options

Spinal stenosis requiring decompression

Moderate or worse facet joint arthritis

Three or more painful levels at clinical examination

No obvious painful level or levels upon evaluation
by diagnostic injection (if performed)

Isthmic spondylolysis/spondylolisthesis

Degenerative spondylolisthesis >3 mm
Major deformity

Manifest osteoporosis. If osteoporosis was
suspected due to gender and age (females >50),
illness, or medication, osteoporosis was evaluated
and excluded before inclusion

Previous lumbar fusion or decompression with
postoperative instability (e.g., facet joint damage
or wide laminectomy)

Compromised vertebral body
Previous spinal infection or tumour

Inability to understand information due to abuse,
psychological, or medical reasons

Language difficulties with inability to understand
follow-up instruments

Pregnancy or other medical conditions that would
be a contraindication to surgery

Table 2 Patient demographics and intraoperative data (mean values)

TDR (N = 80) Fusion (N = 72) )4 Total (N = 152)
Female gender 48 (60 %) 42 (58 %) 0.715 90
Age 40.2 £ 8.1 385+ 78 0.229 39.4 + 8.0
Smoker 8 (10 %) 8 (11 %) 0.824 16 (11 %)
Previous spinal surgery 10 (12 %) 8 (11 %) 0.792 18 (12 %)
Back pain VAS 62.3 + 20.8 58.5 £ 21.7 0.218 60.5 + 21.2
Leg pain VAS 32.8 + 264 437 £ 282 0.016 379 £ 27.7
EQ5D 0.42 £+ 0.31 0.36 + 0.33 0.167 0.39 + 0.32
ODI (%) 41.8 £ 11.8 412 £ 14.6 0.303 41.5 + 13.1
LBP >2 years 79 % 87 % 0.147 83 %
One-level surgery 45 (56 %) 33 (46 %) 0.200 78 (51 %)
Intraoperative blood loss (ml) 560 + 400 444 + 228 0.185 505 + 335
Operating time (h) 234+0.8 2.7+ 0.6 0.0008 2.5+07
Length of hospital stay (days) 44 £1.6 59+12 0.0000 51 £1.6

VAS visual analogue scale, EQ-5D Euroqol, ODI Oswestry Disability Index Questionnaire, LBP low back pain

Results

Primary outcome: global assessment

Both groups showed clinical improvement at 5-year fol-
low-up (Table 1). In the TDR group, 38 % (30/80) reported

@ Springer

being totally pain free compared to 15 % (11/71) in the
fusion group (Table 3). In the TDR group, 72.5 % (58/80)

reported being either totally pain free or much better

(defined as clinical success) compared to 66.7 % (48/72) in

the fusion group (n.s.). Six patients in the TDR group
classified themselves as worse, and three patients as
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Table 3 Primary and secondary outcomes at 1, 2, and 5 years after surgery

2 years 5 years

1 year

Outcome: global assessment of back pain

Fusion

TDR

Fusion

TDR

Fusion

TDR

0.002

11 (15 %)
37 (52 %)

0.031 30 (38 %)

n.s.

11 (15 %)

35 (49 %)

24 (30 %)
32 (40 %)

0.003
n.s.

7 (10 %)

23 (29 %)

GA: totally pain free
GA: much better

GA: better

0.034
n.s.

28 (35 %)

38 (53 %)

35 (44 %)
12 (15 %)

709 %)

14 (20 %)
6 (8 %)

13 (16 %)
34 %)

n.s.

16 22 %)
7 (10 %)
34 %)

14 (18 %)
5(6 %)

15 (21 %) n.s.

7 (10 %)
5 (7 %)

n.s.

n.s.

n.s.

GA: unchanged
GA: worse

n.s.

34 %)

6 (8 %)

n.s.

5(6 %)

n.s.

3 (4 %)

0.009

30.5 + 26.9
27.5 £ 323
20.3 £+ 24.7
22.6 + 28.5
0.68 £ 0.30
0.32 £ 0.39
225+ 17.1

227 £29.2
39.6 + 31.8
14.0 + 23.1

0.056

29.2 + 24.6
29.3 + 31.6
20.7 + 243
232 +28.1
0.69 + 0.25

0.030 254 +29.8
0.33

334 + 26.8
25.1 £ 342
20.6 + 25.1
23.1 £+ 32.7
0.63 + 0.27
0.33 + 0.38
249 + 16.1

25.5 £ 26.5
36.8 + 30.0
13.2 £ 219
19.6 £ 32.1
0.71 £ 0.28
0.25 £ 0.36

VAS back pain

0.022

0.099

36.9 + 31.0

0.027

Difference pre—postop

VAS leg pain

0.037
n.s.

0.037

16.4 + 24.5
21.0 + 264
0.67 + 0.33
0.25 + 0.36
20.0 + 19.6
21.9 + 18.9

64 %

0.007

18.8 + 33.6
0.76 £ 0.30
0.34 £+ 0.35

0.254

0.610

Difference pre—postop

EQ5D

0.026
n.s.

0.740
0.248
0.248
0.152
0.305

0.046
0.057

+ 0.38

Difference pre—postop

ODI

0.015

17.3 £ 19.0
24.6 + 18.1

78 %

23.0 £ 17.0

0.023

19.5 £ 18.7
224 +17.8

65 %

0.019

18.3 £ 18.6

65 %

18.1 £ 194

55 %

0.036

16.3 £ 18.4

53 %

Difference pre—postop

0.084

0.127

ODI success

GA global assessment, VAS visual analogue scale, EQ-5D Euroqol, ODI Oswestry Disability Index Questionnaire, LBP low back pain, n.s. not significant

unchanged. In the fusion group, three patients considered
themselves worse after surgery, and six patients considered
themselves unchanged (Fig. 1).

Secondary outcomes
Back pain

The improvement in back pain from baseline to 5-year
follow-up was significantly greater in the TDR group
(Table 3). The distribution of VAS difference 5 years
from baseline in each category of global assessment of
back pain is displayed in Table 4. In each of the five
categories, there were no VAS differences between the
TDR group and the fusion group, thus the two groups
seem to have the same opinion about what is a relevant
change of pain status.

ODI

Significantly more patients in the TDR group had a lower
level of disability at the 5-year follow-up. The mean rate of
improvement was 60.3 % in the TDR group and 43.6 % in
the fusion group (p = 0.006). In the TDR group, 77.5 %
(62/80) achieved the limit for ODI success with at
least 25 % improvement compared to 64.8 % (46/71)
(p = 0.08) in the fusion group.

EQ5D

The TDR group had a score of 0.76 £ 0.30, and the fusion
group had a score of 0.68 = 0.30 (p = 0.026). There was
no significant difference between the groups in change
from baseline.

SF 36

There were no differences between the two groups con-
cerning SF 36 at the 1- and 2-year follow-ups. The 5-year
follow-up showed a significant difference between the two
groups concerning the subscale for pain. Back pain
at 5years was 67.6 £ 31.8 in the TDR group and
56.8 + 27.3 in the fusion group. The difference between
back pain at baseline and at 5 years was significant, with a
39.0-point difference in the TDR group compared to a
27.8-point difference in the fusion group.

Patient satisfaction
After 5 years, 79 % of the TDR group was satisfied with

the results of the operation compared to 69 % in the fusion
group (p = 0.14).

@ Springer
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Fig. 1 Typical posterolateral fusion

Table 4 The distribution in the whole material regarding self-
assessed VAS difference from baseline to 5 years presented for each
category of global assessment of back pain

Global assessment of Mean VAS difference CI95 %
back pain (N = 152) 5 years from baseline

Totally pain free [41] 59.6 (17.0; 102.2)
Much better [65] 394 (—11.4;90.2)
Better [27] 6.9 (—44.0; 57.7)
Unchanged [9] 2.3 (=51.5; 56.1)
Worse [9] -9.3 (—42.1; 23.5)

There was no significant difference between how TDR and fusion
patients judged their GA correlated to VAS difference

Consumption of analgesics

In the TDR group, 59 % (47/80) were totally free from pain
medication at the S-year follow-up compared to 38 %
(27/71) in the fusion group (p = 0.01).

Work status

There was no difference in the percentage of patients with
sickness benefits between the groups. In the TDR group,
84 % (67/80) had no sickness benefits at 5-year follow-up
compared to 83 % (57/69) in the fusion group. At the start
of the study, 41.9 % of the participants were at work, full-
or part-time: 36.8 % in the TDR group and 47.2 % in the
fusion group. This number had increased to 83.4 % in total
at the 5-year follow-up. At the 5-year time-point, 77.5 %
(62/80) were working full- or part-time in the TDR group
compared to 90 % in the fusion group (64/71) (p = 0.04).
The change in percentage of those who returned to work

@ Springer

between the 2- and 5-year follow-ups was 72-90 % in the
fusion group and 76-78 % in TDR group.

Complications and reoperations

The treating surgeon reported both complications and
reoperations at 1 and 2 years after treatment began. In
addition, medical records were retrospectively scrutinised
for information. Complications were equally common in
both groups (Table 5).

The reoperation rate at the index level performed within
5 years was 6/72 (8.3 %) for the fusion group (excluding
operations due to complaints of suspected screw irritation)
and 5/80 (6.3 %) for the TDR group (excluding fusions
performed at the TDR level). The total numbers of oper-
ations performed both at the index level and at a new level
in the lower back in the two groups are listed in Table 6.

In general, patients who underwent a reoperation had
significantly higher levels of VAS back pain (36.0 £ 29.0
vs. 23.7 £ 27.7, p =0.009). This group had a mean
improvement in ODI of 15.0 £ 21.4 compared to the mean
of patients who did not undergo additional surgery
(23.4 £ 17.3, p = 0.01).

In the group that underwent a reoperation that consisted
of fusion at the TDR level, only one out of eight classified
themselves as much better or totally pain free 5 years after
surgery. In the group that had their devices extracted, 12
out of 21 reached a level of much better or totally pain free.

Discussion

This randomized trial with long-term follow-up comparing
TDR with fusion surgery showed a significant difference in
the primary outcome variable after 5 years. Five years after
surgery, a higher proportion of TDR patients were totally
pain free. The same pattern was consistent at all follow-up

Table 5 Complications registered 5 years after surgery

Complication TDR Fusion Total

Infection

Hematoma

Suspected facet joint pain
Pseudarthrosis

Wound hernia

Nerve entrapment

Donor site pain

Dural tear

Meralgia paresthetica

—_ = 0 O = N O OO
e L (SR S B e SR VS I

Subsidence
Total

© OO = = 0 O N O = i

—
[O¥]
[\
[\S)
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Table 6 Total number of operations 5 years after surgery at index
level

Reoperation TDR Fusion Total
Decompression 1 0 1
Extraction of pedicle 0 1 1

screws + decompression
Refusion 1 5 6
Hematoma removal 2 1 3
Hernia repair 4 0 4
Repair of dural tear 0 1 1
Total 9 7 16
No. of patients 5(6.3 %) 6 (8.3 %) 11 (7.2 %)
Device-related reoperation

Extraction of pedicle screws 1 20 21

Fusion at TDR level 8 0 8
Total 9 20 29
New operation at new level

TDR 2 8 10

Posterior lateral fusion 3 0 3

(PLF)

Decompression 4+ PLF 0 2 2

Decompression 1 1 2

Disc hernia 1 0 1
Total 7 11 18

1

Total no. of patients with
reoperation, new
operation, or both

6 (20.0 %) 30 (41.7 %) 46 (30.3 %)

occasions. However, the significant difference did not
remain between the groups when the GA was dichotomized
into totally pain free or much better vs. better, unchanged or
worse. Most of the patients in this study seemed to benefit
from surgery, but the TDR patients had a significantly better
probability of becoming totally pain free (Fig. 2).

In general, there was little deterioration over time, but a
group of patients remained unsatisfied and, in some cases,
reported being even worse off than before surgery. This
group remained relatively constant from the 1-year follow-
up onward: 11.25 % (9/80) in the TDR group and 12.7 %
(9/71) in the fusion group. Further analysis is needed to
understand if nonresponders, irrespective of group, are
comparable in terms of individual and sociodemographic
factors. If this is the case, it might indicate a need to take
this factor into account before offering surgery. A separate
analysis of these group and the predictors for good clinical
outcome is planned and will be published in the near future.

We also found significant differences in favour of TDR
with regard to all secondary outcome variables. Consider-
ing VAS for back pain, there was a relatively large dif-
ference between the two groups at the 5-year follow-up.
The difference between the two groups became greater
over the years following surgery, and the reason for this

Fig. 2 Typical TDR of one of the brands included in the study

remains unclear. However, because the amelioration of
back pain is of fundamental importance when deciding
whether to recommend surgery for CLBP, this finding is
particularly relevant.

Quality of life and function measured by ODI appeared
to be better at the 5-year follow-up compared to 2 years
after surgery in the TDR group, supporting our findings for
the primary outcome variable. In former reports on this
topic, a clinical success level for ODI was set, with the
approval of the United States Food and Drug Administra-
tion, as an improvement of 25 % or a reduction of 15 units.
In this study, 77.5 % of patients in the TDR treatment arm
reached this level and 64.8 % reached it in the fusion arm.
This is in line with previous findings, although Zigler et al.
[12, 13, 16] used a different, insufficiently validated ver-
sion of ODI, making comparisons difficult.

Even though significant differences were reached
between the groups concerning ODI improvement, the
difference measured in ODI success was not significant.
However, both groups reached a high level of success rate,
making this information important in the general decision-
making concerning surgery.

It appears as if the fusion group has a higher probability
of working part- or full-time 5 years after surgery. This
diversity did not exist at the 2-year follow-up and the
reason for it remains unknown. It has previously been
reported that patients who have been out of work for
2 years have a very little chance of returning to work, but
there was no difference between the groups at the base-line
regarding this matter.
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However, there was a difference between the groups
concerning work rate to start with. This is probably not the
whole explanation. Analysing the different subgroups, one
can see that the patients who have not returned to work are
evenly distributed in all categories of global assessment.
This finding supports the former known knowledge that
work status has a large amount of possible confounding
factors, for example, socioeconomic situation and psy-
chological factors [25, 26].

Because of the design of our study, the amount of reo-
perations was higher than usual. When the study began,
there was a general consensus that fusion was the gold-
standard treatment, and that patients ought at least to have
the right to undergo this procedure if they felt that their
initial results were unsatisfactory. The patients, therefore,
were informed that they could undergo fusion or have their
fusion implants extracted if they were unhappy with the
results at the 2-year follow-up. In total, 29 patients decided
to avail themselves of this option; in general, their results
were poorer than those of the rest of the group. Given what
we currently know about the different treatment options for
CLBP, we believe that most of these reoperations were
unnecessary and should be avoided in the future, except in
highly selected cases.

Strengths and limitations

Our study has several strengths. It was randomized and had
no patients who crossed over from one treatment to the
other. The follow-up rate remained extraordinarily high
(99.3 %), even after 5 years had passed since the index
operation. Collection of the self-assessed data was inde-
pendent and handled by the Swedish Spine Register. The
study also had an independent design with a low risk of
financial bias.

One limitation of our study was the lack of a non-
operative control group. Considering the fact that there is
still some controversy about the superiority of fusion vs.
conservative treatment, a comparison of the effectiveness
of TDR and fusion vs. nonsurgical treatment would be
highly relevant. Hellum et al. recently published a study
that compared TDR with a conservative treatment regime;
data from that study suggest that operative treatment is
slightly superior [17].

Other methodological limitations of our study were the
fact that three different brands were used in the TDR
operations and both posterolateral interbody fusion and
instrumented posterolateral fusion were allowed. Regard-
ing the slightly different operations in the fusion group,
previously published studies did not report significant dif-
ferences between these two methods [24].

The patients included in this study consisted of a group
of selected individuals, with restrictive inclusion and
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exclusion criteria. When trying to extrapolate our results to
a more general population, one must be aware of this fact.
However, a registry study undertaken by the authors of the
2-year results from this study supports the present results,
but in a less selective patient group [27].

Conclusion

There is a lack of long-term follow-up of surgery for DDD
in which fusion surgery is compared with TDR. This ran-
domized controlled study, with a follow-up rate of 99.3 %,
found that in general the results were good 5 years after
surgery. However, there were more than twice as many
patients in the TDR group who were totally pain free
5 years after surgery. This group also had significantly
better outcomes in almost all of the outcome variables
measured. Although further studies are needed on the topic,
it seems that the majority of DDD patients might benefit
from surgery in general and that there is little if any
deterioration over time.
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