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Abstract BACKGROUND CONTEXT: Lumbar total disc replacement (TDR) is a treatment option for se-
lected patients with chronic low back pain (LBP) that is non-responsive to conservative treatment.
The long-term results of disc replacement compared with multidisciplinary rehabilitation (MDR) have
not been reported previously.
PURPOSE: We aimed to assess the long-term relative efficacy of lumbar TDR compared with MDR.
DESIGN: We undertook a multicenter randomized controlled trial at five university hospitals in Norway.
PATIENT SAMPLE: The sample consisted of 173 patients aged 25–55 years with chronic LBP
and localized degenerative changes in the lumbar intervertebral discs.
OUTCOME MEASURES: The primary outcome was self-reported physical function (Oswestry
Disability Index [ODI]) at 8-year follow-up in the intention-to-treat population. Secondary out-
comes included self-reported LBP (visual analogue scale [VAS]), quality of life (EuroQol [EQ-5D]),
emotional distress (Hopkins Symptom Checklist [HSCL-25]), occupational status, patient satisfac-
tion, drug use, complications, and additional back surgery.
METHODS: Patients were randomly assigned to lumbar TDR or MDR. Self-reported outcome
measures were collected 8 years after treatment. The study was powered to detect a difference of
10 ODI points between the groups. The study has not been funded by the industry.
RESULTS: A total of 605 patients were screened for eligibility, of whom 173 were randomly as-
signed treatment. Seventy-seven patients (90%) randomized to surgery and 74 patients (85%) randomized
to rehabilitation responded at 8-year follow-up. Mean improvement in the ODI was 20.0 points
(95% confidence interval [CI] 16.4–23.6, p≤.0001) in the surgery group and 14.4 points (95% CI
10.7–18.1, p≤.0001) in the rehabilitation group. Mean difference between the groups at 8-year
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follow-up was 6.1 points (95% CI 1.2–11.0, p=.02). Mean difference in favor of surgery on secondary
outcomes were 9.9 points on VAS (95% CI 0.6–19.2, p=.04) and 0.16 points on HSCL-25 (95% CI
0.01–0.32, p=.04). There were 18 patients (24%) in the surgery group and 4 patients (6%) in the
rehabilitation group who reported full recovery (p=.002). There were no significant differences between
the groups in EQ-5D, occupational status, satisfaction with care, or drug use. In the per protocol
analysis, the mean difference between groups was 8.1 ODI points (95% CI 2.3–13.9, p=.01) in favor
of surgery. Forty-three of 61 patients (70%) in the surgery group and 26 of 52 patients (50%) in the
rehabilitation group had a clinically important improvement (15 ODI points or more) from baseline
(p=.03). The proportion of patients with a clinically important deterioration (six ODI points or more)
was not significantly different between the groups. Twenty-one patients (24%) randomized to
rehabilitation had crossed over and had undergone back surgery since inclusion, whereas 12 patients
(14%) randomized to surgery had undergone additional back surgery. One serious adverse event after
disc replacement is registered (<1%).
CONCLUSIONS: Substantial long-term improvement can be expected after both disc replace-
ment and MDR. The difference between groups is statistically significant in favor of surgery, but
smaller than the prespecified clinically important difference of 10 ODI points that the study was de-
signed to detect. Future research should aim to improve selection criteria for disc replacement and
MDR. © 2017 Elsevier Inc. All rights reserved.

Keywords: Chronic low back pain; Degenerative disc disease; Long-term follow-up; Lumbar total disc replacement;
Multidisciplinary cognitive behavioral and exercise rehabilitation; Randomized trial; Self-rated disability

Introduction

Low back pain (LBP) is common and causes more
disability than any other condition [1]. The theory of a
multifactorial etiology of chronic LBP is supported by good
results from multidisciplinary rehabilitation (MDR) [2].
Degeneration of the intervertebral disc has been linked to
back pain [3]. The traditional surgical treatment is spinal
fusion, which aims to relieve pain by restricting the segmen-
tal motion.

Lumbar total disc replacement (TDR) was introduced as
a motion preserving surgical alternative to spinal fusion. A
Cochrane review found statistically significant results in favor
of TDR compared with fusion [4], but the differences were
not considered to be clinically important. A few random-
ized studies with mid- to long-term follow-up have now
been published [5–7], so far with promising results for disc
replacement.

The role of disc replacement is still controversial. Re-
cently, most major health insurance carriers in the United
States decided not to provide coverage for single-level lumbar
TDR, considering TDR to be experimental, and stating that
its long-term clinical outcome is unclear [8].

In patients with LBP and degenerative disc, fusion
and non-surgical treatment with MDR have had similar
short- [9,10] and long-term [11] results. However, TDR
was significantly more effective than MDR after 2 years
in the only randomized study comparing these two treat-
ments [12]. The long-term effect of disc replacement
compared with non-surgical treatment has not been re-
ported previously.

Hence, the aim of this study was to evaluate the long-
term efficacy of TDR compared with MDR in patients with
chronic LBP.

Materials and methods

Study design

This study is an 8-year follow-up of a randomized multi-
center study conducted at five university hospitals in Norway
[12]. The 8-year follow-up was approved by the Norwegian
Regional Ethical Committee South East C (2011/2177). The
project was conducted in accordance with the Helsinki Dec-
laration and the ICH-GCP guidelines and registered at
www.clinicaltrials.gov under the identifier NCT01704677 before
it commenced. Because this study does not evaluate drugs, a
data monitoring committee is not mandatory according to Nor-
wegian regulations, but it was overseen by a scientific board.

Results are reported according to the CONSORT stan-
dard for reporting randomized trials.

Participants

Patients were recruited from all health regions in Norway,
as detailed by Hellum and colleagues [12]. Written informed
consent was obtained. Eligible patients were aged 25–55 and
had LBP as their main symptom for at least 1 year, were re-
sistant to non-operative treatment, had a score of at least 30
on the Oswestry Disability Index (ODI), and degenerative
intervertebral disc changes in L4–L5 or L5–S1, or both. We
excluded patients with nerve root involvement, disc degen-
eration in more than two levels, symptoms of spinal stenosis,
generalized chronic pain, former lumbar fracture, osteopo-
rosis, spondylosis, arthritis, spinal deformity, or drug abuse.

Randomization and blinding

A statistician not involved in the trial created a computer-
generated random list (1:1 allocation and random block sizes
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of two to eight). Allocation was performed using a website
hosted by the medical faculty at the Norwegian University
of Science and Technology. Once a patient was included, a
coordinating secretary, blinded to the patients’ characteris-
tics and not involved in the inclusion process, logged their
information on the randomization website and performed
randomization. The treating unit and the patient were in-
formed about the allocation shortly after randomization and
patients were treated within the next 3 months. Randomiza-
tion was stratified by center and by previous back surgery
(microsurgical decompression) or not. Independent observers
collected and entered data.

Procedures

Detailed information on the study interventions is given
by Hellum and colleagues [12].

Rehabilitation
Rehabilitation was conducted according to the principles

described by Brox and colleagues and consisted of a cogni-
tive approach and supervised physical exercise [13]. The
intervention was standardized through three seminars as well
as videos and lecture sessions for the treatment providers before
the study. Rehabilitation was organized as an outpatient treat-
ment in groups and lasted for about 60 hours over 3–5 weeks.
The treatment consisted of lectures, individual discussions,
daily workouts to increase physical capacity, endurance,
strength, coordination, and specific training of the abdomi-

nal muscles and the lumbar multifidus muscles, as well as
challenging patients’ thoughts about, and participation in, phys-
ical activities that were previously not recommended (such
as lifting, jumping, vacuuming, dancing, and ball games).

Surgery
The surgical intervention consisted of replacement of the

degenerative intervertebral lumbar disc with an artificial disc
(ProDisc II, Synthes Spine). Anterior approach was used with
a Pfannenstiel, median or paramedian incision, and retro-
peritoneal dissection. A fluoroscope was used to ensure the
correct positioning of the prosthesis. Surgeons were required
to have inserted at least six disc prostheses before perform-
ing surgery in the study. There were no major postoperative
restrictions. Patients were not referred for postoperative phys-
iotherapy, but if requested they could be referred for general
mobilization and non-specific exercises at 6-weeks follow-up.

Outcomes

The primary outcome measure was pain and disability
measured with Norwegian version 2.0 of the ODI [14,15].
(Scores range from 0 to 100, with a lower score indicating
less pain and disability.) Secondary outcomes included LBP
(measured with a visual analogue scale, ranging from 0
(no pain) to 100 (worst pain imaginable)) and EuroQol (scores
ranging from −0.59 to 1 (1 represents perfect health)) [16].
We included emotional distress as a psychological variable
(Hopkins Symptom Checklist [HSCL-25], scores range from
1 to 4, with lower scores indicating less severe symptoms)
[17]. Work participation rate was calculated. Satisfaction with
the result of the treatment was reported on a seven-point Likert
scale, and satisfaction with care on a five-point Likert scale
[18]. Further, reoperations, complications, and daily use of
drugs were registered. Patient reported outcome measures were
obtained before randomization and at follow-up consulta-
tions at 6 weeks, 3 months, 6 months, 1 year, 2 years, and 8
years after the intervention was completed. At the main end
point 8 years after treatment, the patients completed all
outcome questionnaires at home and returned them by mail
to an independent observer before the follow-up visit.

Statistical analysis

Sample size
The first phase of the trial was designed to have 80% power

to detect the significant difference of a change of at least 10
points in the mean ODI score between the intervention groups
at 2-year follow-up. Baseline standard deviation was estimated
at 18 [14]. Adding 25% for a multicenter study design and 30%
for possible dropouts, we decided to include 180 patients.

Intention to treat
The main statistical analysis was in the intention-to-treat

population at the 8-year follow-up. Missing values were re-
placed with multiple imputation. Patients who received

Context
Via a randomized controlled trial (RCT), the authors com-
pared eight-year outcomes between total disc replacement
(TDR) and multidisciplinary rehab.

Contribution
While there were subtle differences favoring surgery, these
were not found to be clinically significant.

Implications
Problems with evaluating long-term functional outcomes
in surgery versus nonoperative RCTs using intent-to-
treat are well-recognized, as cross-over in the nonoperative
group and re-operations in the surgical groups make
drawing conclusions difficult. There is value (as we learned
from the thoughtful design of SPORT) to also following
those who choose their treatment, as opposed to only those
who have been randomized. That said, this study is in line
with well-known prior fusion versus CBT studies, lending
some support for the findings given similar reported out-
comes between TDR and fusion.

—The Editors
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treatment similar to the opposite treatment arm (crossovers)
were kept in the group they were randomized to. We used
χ2 test or Fisher exact test to analyze categorical variables
and an independent two-sided t test or analysis of variance
to analyze continuous variables. A significance level of 5%
was used throughout. All statistical analyses were performed
using SPSS version 22.0 (IBM SPSS Statistics for Windows,
IBM Corp., Armonk, NY). We did not adjust for significantly
different baseline scores.

Per protocol
In a per protocol analysis of the primary outcome vari-

able (ODI) we excluded patients who did not receive the
intervention they were randomized to, and those who had un-
dergone back surgery or MDR after the study intervention
was complete. Missing data were not replaced. In addition
to calculating the mean change in each group, we also cal-
culated the proportion of patients whose condition was
classified as either improved or deteriorated. According to the
Food and Drug Administration criteria, an individual im-
provement in ODI of at least 15 points can be considered a
clinically important improvement [19,20]. A decrease of six
ODI points represented a “change for the worse” [21]. We
calculated number needed to treat, which represents the number
of patients treated with TDR instead of MDR needed to
provide a clinically important improvement in one patient.

Sensitivity analysis
In an additional subanalysis of ODI we excluded pa-

tients who did not receive the intervention they were
randomized to, and used the last value before crossover or
reoperation in those who had undergone back surgery or MDR
after the study intervention was complete. Other missing data
were not replaced.

Role of the funding sources

The funders of the study (Oslo University Hospital, South
Eastern Norway Regional Health Authority, and EXTRA funds
from the Norwegian Foundation for Health and Rehabilita-
tion through the Norwegian Back Pain Association) had no
role in the study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding
author had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

Between April 30, 2004 and September 27, 2007, a total
of 605 patients were screened for eligibility, of which 179
patients were included. Six patients who obviously fulfilled
the exclusion criteria (n=3/3 in surgery/rehabilitation) were
included by mistake, and were therefore excluded shortly after
randomization. Hence, a total of 173 patients were included

605 patients screened for eligibility

86 allocated to surgery 

179 enrolled

426 ineligible
378 did not meet inclusion criteria
48 declined to participate

87 allocated to multidisciplinary rehabilitation
1 missing baseline characteristics

179 randomized 
6 excluded shortly after randomi-
zation due to exclusion criteria

61 treated according to protocol 

25 discontinued treatment
9 did not have surgery
12 had additional spinal surgery
4 had multidiciplinary rehabilitation

31 discontinued treatment
6 did not have multidiciplinary rehabilitation
1 did not have rehabilitation, but surgery
20 had spinal surgery
4 had additional multidiciplinary rehabilitation

55 treated according to protocol 

86 included in intention to treat analysis 86 included in intention to treat analysis 

9 lost to follow-up
5 lost contact
4 withdrew consent

 

12 lost to follow-up
8 lost contact 
3 withdrew consent
1 died

Fig. 1. Trial profile.
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in the study (n=86 allocated to surgery and n=87 allocated
to rehabilitation) (Fig. 1).

There were 151 participants (87%) available for
8-years’ follow-up, 74 (85%) in the rehabilitation group
and 77 (90%) in the surgery group. Because the dropout
rate was less than 30%, the power of the study was consid-
ered to be satisfactory.

In the MDR group, 21 of 87 patients (24%) had crossed
over and had undergone back surgery since inclusion (14 with
TDR, 5 with spinal fusion, and 2 with discectomy). In the
surgery group, 12 of 86 patients (14%) had undergone ad-
ditional back surgery (one reoperation because of implant
dislocation, three with spinal fusion at the level of the pros-
thesis, six with decompression of spinal stenosis (one of whom
had not received TDR), one discectomy (had not received
TDR), and one neurostimulator implantation). Four patients
from the rehabilitation group and four patients from the surgery
group received MDR after the intervention was finished. Sur-
vival without crossover or reoperation is presented in Fig. 2.
The figure is descriptive and does not include a measure of
effect.

Most baseline characteristics were similar in the two in-
tervention groups, but LBP score was significantly worse in
the rehabilitation group than in the surgery group (Table 1).

In the intention-to-treat analysis of the primary outcome
(ODI), the mean difference between the groups at 8-year
follow-up was 6.1 points (95% CI 1.2–11.0, p=.02) in favor
of surgery. Mean improvement in ODI from baseline to 8-year
follow-up was 14.4 points (95% CI 10.7–18.1) in the reha-
bilitation group and 20.0 points (95% CI 16.4–23.6) in the
surgery group.

In the intention-to-treat analysis of secondary outcomes,
the mean differences between groups in favor of surgery were:
9.9 on visual analogue scale (95% CI 0.6–19.2, p=.04), 0.05
points on EuroQol 5D (95% CI −0.06 to 0.16, p=.35), and
0.16 points on Hopkins Symptom Checklist-25 (95% CI 0.01–
0.32, p=.04). Categorical secondary outcomes are presented
in Table 2.

One serious complication was registered in the first 2 years
[12]. During revision surgery for a dislocated polyethylene
inlay 3 months postoperatively, an injury to the left common
iliac artery led to a compartment syndrome and subse-
quently a lower leg amputation. Minor complications within
2 years are also described by Hellum and colleagues [12].

Twelve patients randomized to rehabilitation underwent
spinal operations between 2 and 8 years, of which one re-
quired a reoperation; the patient was first operated on with
an anterior fusion, and later reoperated on with additional

Fig. 2. Kaplan-Meier plot comparing event-free survival of concepts of rehabilitation and disc replacement. Events are crossover to surgery (rehabilitation
group) and reoperation (surgery group). Number at risk represents the number of patients who were not reoperated and did not cross over.
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posterolateral fusion caused by non-fusion of the segment.
Nine patients randomized to surgery were operated on between
2 and 8 years, of which two required further reoperation; one
had a decompression at the level of the prosthesis and was
later reoperated on because of a dural tear, and one (who did

not receive TDR) had a decompression with an interspinous
device, followed by removal of the device, and subse-
quently an anterior fusion.

In the per protocol analysis, we found a mean difference
between groups of 8.1 ODI points (95% CI 2.3–13.9, p=.01)
in favor of surgery. Twenty-six of 52 patients (50%) in the
rehabilitation group and 43 of 61 patients (70%) in the surgery
group improved by 15 ODI points or more from baseline to
8-year follow-up (p=.03). Number needed to treat was 4.9
(95% CI 2.6–36.7). Six of 52 patients (12%) in the rehabil-
itation group and 3 of 61 patients (5%) in the surgery group
deteriorated by six ODI points or more (p=.30).

In the sensitivity analysis, the mean difference was 10.8
ODI points (95% CI 5.5–16.2, p<.0001) in favor of surgery.

Mean change in ODI among patients who crossed over
to surgery or underwent spinal reoperation, compared with
patients who did not, is presented in Table 3.

Discussion

In this randomized multicenter trial, we found signifi-
cant long-term improvement after both rehabilitation and disc
replacement, and statistically significant long-term results in
favor of disc replacement compared with rehabilitation in terms
of functional improvement and pain relief. The clinical sig-
nificance of the difference observed in this study will be
discussed, as it is smaller than the prespecified clinically im-
portant difference of 10 points on ODI. It is also worth noting
that there is still no agreement on the size of a clinically im-
portant difference between two treatment groups [22].

The choice of 10 ODI points as a threshold value for a
clinically important difference between treatment groups in
our study was based on recommendations at the time the
study was designed [21]. Different threshold values were used
in other studies at that time, for example, Fairbank and col-
leagues chose a threshold value of four points [10]. According
to Glassman and colleagues [23], the threshold value of 10
ODI points indicates a clinically important improvement in
an individual, and should not be misinterpreted as a measure
of a difference between groups. The authors advocate reporting
the proportion of patients achieving a minimal or substantial
clinical difference in each group, rather than reporting mean
group differences. Therefore, we did an additional analysis
and calculated the proportion of patients with a clinically im-
portant improvement, which in FDA studies is defined as a
minimum of 15 points improvement in ODI [19,20]. We found
a clinically important improvement in a significantly larger
proportion of patients in the TDR group (70%) than in the
MDR group (50%) at 8-year follow-up. An individual minimal
clinically important improvement is also commonly defined
as a 30% improvement in ODI [4,18], but we chose to use
the FDA criteria, because they had been used in an earlier
report from the present trial [12]. At 2-year follow-up in the
present study, the individual minimal clinical improvement
was calculated as 12.88 ODI points based on receiver operating
characteristic (ROC) curve analysis [24].

Table 1
Demographics and baseline clinical characteristics

Surgery
(n=86)

Rehabilitation
(n=86) p

Mean (SD) age (y) 41.1 (7.1) 40.8 (7.1) .73
Women (n, %) 40 (47) 51 (59) .11
Mean (SD) duration of back

pain (mo) (n, %)
76 (72) 85 (74) .49

Education: .08
Primary school (9 y) (n, %) 19 (22) 17 (20)
High school (12 y) (n, %) 44 (51) 58 (67)
College (n, %) 14 (16) 8 (9)
University (n, %) 9 (11) 3 (4)

Mean (SD) body mass
index (BMI)

25.6 (3.1) 25.5 (3.5) .71

Current smokers (n, %) 42 (49) 37 (43) .40
Work status (working vs.

not working) (n, %):
.24

Working (includes part time
sick leave)

24 (28) 22 (26)

On sick leave 25 (29) 34 (41)
Rehabilitation 29 (34) 25 (29)
Disability pension 3 (4) 0
Homemaker 0 2 (2)
Unemployed 1 (1) 0
Student 3 (4) 0
Unknown 1 (1) 3 (4)

Comorbidity (n, %) 20 (23) 21 (24) .86
Daily consumption of

narcotics (n, %)
23 (27) 17 (20) .26

Previous surgery (n, %) 23 (27) 25 (29) .77
Mean (SD) ODI score 41.8 (9.1) 42.8 (9.3) .50
Low back pain score* 64.9 (15.3) 73.6 (13.9) <.001
Mean (SD) SF-36 score:

Physical function 52.7 (17.6) 50.6 (17.7) .47
Role physical 25.3 (24.2 23.9 (18.7) .69
Bodily pain 24.9 (16.5) 24.4 (12.1) .84
General health 57.9 (19.7) 55.9 (19.9) .54
Vitality 37.8 (20.2) 33.1 (19.9) .15
Social function 53.0 (30.6) 57.6 (26.7) .32
Role emotion 72.5 (33.3) 67.6 (32.7) .35
Mental health 71.7 (18.0) 65.8 (18.9) .05
Physical component
summary score

30.5 (7.1) 30.8 (6.5) .79

Mental component
summary score

47.7 (13.0) 45.2 (13.2) .23

Mean (SD) HSCL-25 1.8 (0.5) 1.9 (0.5) .37
Mean (SD) FABQ work 25.9 (11.3) 27.4 (9.9) .38
Mean (SD) FABQ physical 14.1 (5.8) 12 (5.5) .08

FABQ, Fear Avoidance Beliefs Questionnaire (scale ranges from 0 to
24 [physical] and from 0 to 42 [work], lower scores indicate less severe symp-
toms); HSCL-25, Hopkins Symptom Checklist (for emotional distress, scores
range from 1 to 4, lower scores indicate less severe symptoms); ODI, Oswestry
Disability Index (from 0 to 100, lower scores indicate less severe symp-
toms); SD, standard deviation; SF-36, Short Form-36 (from 0 to 100, higher
scores indicate better health status).

* Calculated with horizontal scale ranging from 0 (no pain) to 100 (worst
pain imaginable), with word anchors at the beginning and end.
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The mean improvement from baseline in the rehabilita-
tion group was 14.4 ODI points, which is in line with the
mean improvement of 12.6 points at 11-years’ follow-up after
similar rehabilitation in patients with LBP and degenerative
discs in three randomized trials reported by Mannion and
colleagues [11]. The mean improvement from baseline in
the surgery group was 20.0 ODI points, which is compara-
ble with the findings in previous studies [5,6,19,20,25]
(Table 4).

The short-term (2-year) mean improvement in ODI from
baseline was 12.8 points in the rehabilitation group and 20.6
points in the surgery group [12], similar to the findings at
8-year follow-up, thus indicating a persistent long-term treat-
ment effect for both rehabilitation and disc replacement.

The most important strengths of this study are the mul-
ticenter randomized controlled design, public financing, and

data collection done by an independent research assistant. The
follow-up rate of 87% after 8 years ensures robust internal
validity of the results.

This study has several limitations that should be acknowl-
edged. First, the patients could not be blinded. This may have
led to a difference in placebo effect between the groups. A
considerable placebo effect has been reported for vertebroplasty
compared with sham surgery [26]. On the other hand, Freeman
and colleagues did not find a significant change in outcome
among patients with chronic LBP treated with intradiscal elec-
trothermal therapy or sham surgery [27]. No studies comparing
TDR with sham surgery have been published. Also, we do
not know the natural course of LBP over 8 years, although
Peng and colleagues observed a small, and not clinically im-
portant, improvement from 46.4 to 44.0 points in ODI over
4 years in an observational study [28].

Table 2
Categorical secondary outcomes 8 years after rehabilitation or disc replacement, with proportions and p-values

Rehabilitation Disc replacement

p-ValueNumber of patients Data Number of patients Data

Working or studying 73 29 (40%) 77 37 (48%) .33
Satisfaction with result of treatment* 73 76

Full recovery 4 (6%) 18 (24%) .002
Much better 26 (36%) 29 (38%) .87
No/minimal change† 36 (49%) 22 (29%) .01
Much worse 5 (7%) 1 (1%) .11
Worse than ever 2 (3%) 6 (8%) .28

Satisfied with care‡ 73 50 (69%) 76 5 (66%) .73
Daily analgetic medication 72 28 (39%) 76 31 (41%) .87

* Seven-point Likert scale.
† Including “Slightly better,” “No change,” and “Slightly worse.”
‡

Five-point Likert scale, not including “Slightly satisfied” as satisfied with care.

Table 3
Comparison of mean change on Oswestry Disability Index (ODI) from baseline to 8-year follow-up in patients who stayed in the treatment group they were
randomized to, and those who crossed over or underwent reoperation

Rehabilitation
only (n=65)

Crossover from rehabilitation
to surgery (n=21)

Disc replacement
only (n=74)

Disc replacement,
reoperated (n=12)

Mean change on ODI
(95% CI)

14.6
(10.2–19.0)

13.9
(6.5–21.3)

22.4
(18.7–26.4)

5.4
(−4.8 to 15.6)

Missing values are replaced by multiple imputation.

Table 4
Previously published prospective trials with long-term results after TDR

Current study Sköld et al. (2013) Siepe et al. (2014) Guyer et al. (2009) Guyer et al. (2016) Lemaire (2005)

Study design Multicenter
randomized

Single center
randomized

Single center
non-randomized

Multicenter
randomized

Multicenter
randomized

Single center
non-randomized

Study cohort 86 152 201 277 394 107
Mean follow-up 8 y 5 y 7 y 5 y 5 y 11 y
Follow-up rate 90% 99% 90% 44% 68% 93%
Reoperation rate 16% (total) 20% (total) 16% (total) 8% (device related) 12% (total) NA
ODI change 20 25 22 24 NA NA
Implant Prodisc II Charité, Prodisc II,

Maverick
Prodisc II Charité Kineflex-L, Charité Charité

ODI, Oswestry Disability Index; NA, not available; TDR, total disc replacement.

1486 H. Furunes et al. / The Spine Journal 17 (2017) 1480–1488



A second limitation of the study is that only 179 (30%)
of the 605 patients screened for eligibility were included, which
means that this study is only valid for a strictly defined group
among patients with chronic LBP. The most important ex-
clusion criteria were nerve root involvement or presence of
generalized disc degeneration.

A third limitation is the relatively high crossover rate, es-
pecially from rehabilitation to surgery. Although all patients
were informed that neither of the treatment methods were docu-
mented as being superior to the other, they were recruited as
candidates for disc replacement, and some might have par-
ticipated in the trial in hope of surgery. The number of patients
who did not complete the treatment they were randomized to
was similar in the two groups, but we did not assess patients’
treatment expectations before randomization. The crossover
rate is not higher than in other studies with long-term follow-
up comparing spine surgery with non-operative treatment
[11,29,30]. The crossovers probably have only a small impact
on the result in the intention-to-treat analysis, because a similar
change in ODI among patients randomized to rehabilitation
was found in the per protocol analysis (14.1 points) and in
the intention-to-treat analysis (14.4 points).

A forth limitation is the relatively high reoperation rate,
similar to previous studies with long-term follow-up after TDR
(Table 4). A high reoperation rate makes it difficult to un-
tangle the results of TDR from the results of the reoperation
in the intention-to-treat analysis. In the per protocol analy-
sis, patients reoperated on were excluded, thus probably
removing the most inferior results of surgery from this analysis.

Therefore, we added a sensitivity analysis in which values
before crossover or reoperation were carried forward. This
analysis may reflect the true results of the treatment the pa-
tients were randomized to, but carrying short-term results
forward certainly represents a limitation in this analysis.

We have not detected any systematic differences in base-
line characteristics between those randomized to rehabilitation
who crossed over to surgery and those who did not, and
long-term results for those who crossed over are similar to
those who did not cross over. Neither did we detect any
systematic differences in baseline characteristics between
those randomized to surgery who were reoperated on and
those who were not, but long-term results among those who
were reoperated on were inferior to those who were not
(Table 3).

To our knowledge, this is the only randomized trial com-
paring TDR with non-operative treatment, and we encourage
future researchers to conduct a similar study. Because 24%
of patients reported an excellent result with no symptoms of
back pain at 8-year follow-up, and yet 8% described them-
selves as “worse than ever” (Table 2), there is a need for
further research on predictors for good and bad long-term out-
comes following TDR. Predictors for outcome after MDR are
also needed. According to a Cochrane review [4], long-term
mobility of a disc prosthesis, and the fate of the adjacent level
and the facet joints following disc replacement, should also
be assessed in future research.

Based on available evidence, including this study, long-
term results of disc replacement seem to be acceptable, and
in line with short-term results. On the other hand, long-
term results of MDR are also acceptable [11]. Considering
the risk of surgical complications, and the significant number
of patients who achieve a clinically important improvement
after rehabilitation, the first choice of treatment should be
MDR.
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