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Abstract BACKGROUND CONTEXT: Chronic low back pain (cLBP) represents a major challenge to our
health care systems. The relative efficacy of surgery over nonoperative treatment for the treatment
of cLBP remains controversial, and little is known of the long-term comparative outcomes.
PURPOSE: To compare the clinical outcome at long-term follow-up (LTFU) of patients who were
randomized with either spinal fusion or multidisciplinary cognitive-behavioral and exercise rehabil-
itation for cLBP.

STUDY DESIGN/SETTING: Long-term clinical follow-up of three multicenter randomized con-
trolled trials (RCTs) of surgery (instrumented or noninstrumented fusion, stabilization) versus non-
operative treatment (multidisciplinary cognitive-behavioral and exercise rehabilitation) in Norway
and the United Kingdom.

PATIENT SAMPLE: A total of 473 patients with cLBP of at least 1 year’s duration who were all
considered candidates for spinal fusion.

OUTCOME MEASURES: The primary outcome was the Oswestry Disability Index (ODIv2.1a
for the United Kingdom and ODIv1 for Norway) score measured at LTFU. Secondary outcomes
included visual analog scale (VAS) pain intensity, pain frequency, pain medication use, work status,
EuroQol VAS for health-related quality of life, satisfaction with care, and global treatment outcome
at LTFU.

METHODS: Patients who consented to LTFU (average 11.4 [range 8—15] years after the initial
treatment) completed the outcome questionnaires.

RESULTS: Of 473 enrolled patients, 261 (55%) completed LTFU, 140/242 patients randomized to
receive surgery and 121/231 randomized to receive multidisciplinary cognitive-behavioral and ex-
ercise rehabilitation. The intention-to-treat analysis showed no statistically or clinically significant
differences between treatment groups for ODI scores at LTFU (adjusted for baseline ODI, previous
surgery, duration of LBP, sex, age, and smoking habit): the mean adjusted treatment effect of fusion
was —0.7 points on the 0-100 ODI scale (95% confidence interval [CI], —5.5 to 4.2). An as-treated
analysis similarly demonstrated no advantage of surgery (treatment effect, —0.8 points on the ODI
(95% CI, —5.9 to 4.3). The results for the secondary outcomes were largely consistent with those of
the ODI, showing no relevant group differences.

CONCLUSIONS: After an average of 11 years follow-up, there was no difference in patient self-
rated outcomes between fusion and multidisciplinary cognitive-behavioral and exercise rehabilitation
for cLBP. The results suggest that, given the increased risks of surgery and the lack of deterioration in
nonoperative outcomes over time, the use of lumbar fusion in cLBP patients should not be favored in
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health care systems where multidisciplinary cognitive-behavioral and exercise rehabilitation pro-
grammes are available. © 2013 Elsevier Inc. All rights reserved.
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Introduction

Chronic low back pain (cLBP) represents a major chal-
lenge to our health care systems. Disc degeneration, an in-
evitable process of aging and a phenomenon that occurs at
variable rates and to variable degrees in different individ-
uals, is considered by some to be one of the major causes
of cLBP [1-3]. The relative efficacy of surgery over nonop-
erative care for the treatment of cLBP associated with disc
degeneration remains controversial. There is limited evi-
dence (level C [based on the classification system described
in [4,5]]) from systematic reviews [4,5] that in selected pa-
tients with severe cLBP and degenerative changes at the
lower lumbar levels who have failed to improve with con-
servative treatment, surgery may be more successful than
traditional, nonspecific physiotherapy as far as improve-
ments in functional disability (Oswestry Disability Index
[ODI]) and pain 2 years after treatment are concerned.
There is moderate evidence (level B) that surgery is similar
to multidisciplinary cognitive-behavioral and exercise
rehabilitation in improving functional disability (as re-
flected by the ODI) [4,5]. Hence, current guidelines (eg,
the COST guidelines [4], and NICE: http://www.nice.org.
uk/nicemedia/pdf/CG88fullguideline.pdf) generally advo-
cate the use of multidisciplinary cognitive-behavioral and
exercise rehabilitation programs as first-line treatments,
with fusion surgery being considered if such nonoperative
treatments have ‘“‘failed to improve the condition.” The
follow-up period used in the original randomized con-
trolled trials [6-9] on which the recommendations in
current guidelines are based, was just 1-2 years. Five- to
10-year results from the Swedish trial were presented in ab-
stract form only and, contrary to their published 2-year re-
sults, showed no difference in outcome between lumbar
fusion and traditional physiotherapy treatment in primary
care [10]. There is limited evidence from the Norwegian
trials that neither treatment is superior to the other in the
very long term [11,12]. In clinical practice, one of the most
frequent issues raised by the patient during the preoperative
consent process concerns the likely outcome in the long
term after surgery, especially as compared with conserva-
tive measures. Currently, there are no clear answers to this
specific question.

The aim of the present study was to compare the clinical
outcome at long-term follow-up (LTFU; average 11 [range
8—15] years) in patients with cLBP who presented as poten-
tial candidates for spinal fusion and were randomized
to receive either fusion or multidisciplinary cognitive-
behavioral and exercise rehabilitation. The data were

pooled from three recent European randomized controlled
trials (RCTs) [7-9].

Methods
Study design

The study comprised the long-term (average 11 years)
clinical follow-up of patients in the surgical and multidis-
ciplinary cognitive-behavioral and exercise rehabilitation
groups of three previous randomized controlled trials [7-9].

Patients

In the original studies, a total of 473 patients were ran-
domized to one of two treatment arms (242 fusion surgery,
231 multidisciplinary cognitive-behavioral and exercise re-
habilitation). The precise admission criteria are given in the
original studies [7-9]. The main inclusion criteria were: pa-
tients in whom the clinician and patient were uncertain
which of the study treatment strategies was best (explicitly
stated for the United Kingdom; implicit in Norway); flu-
ency in the native language (both countries); aged 18-55
years (UK), 25-60 y (Norway); LBP duration of at least
1 year; disability level of 30/100 on the ODI (Norway),
no criterion for disability for the United Kingdom; degener-
ation (spondylosis) at L4-L5 and/or L5-S1 (Norway), no
criterion for this for the United Kingdom; willingness to
participate in a clinical trial and be randomized to treat-
ment. Exclusion criteria (all studies) included ongoing psy-
chiatric disease (under psychiatric care); specific radiologic
findings, such as spondylolisthesis; new or old fractures; in-
fection; inflammatory diseases; and neoplasm.

For the present study, all patients in the original studies
who had originally given consent for LTFU were contacted
by telephone and then by letter, inviting them to participate
in the LTFU at their local center.

Treatments

The treatments administered in each of the studies have
been described in detail for the respective trials (UK [9] and
Norway [7.8]). The surgical treatment in Norway involved
posterolateral fusion with transpedicular screws; in the
United Kingdom, the particular technique to be used
(whether posterolateral fusion with or without transpedicu-
lar screw fixation, anterior lumbar interbody fusion or pos-
terior lumbar interbody fusion and/or dynamic stabilization
[eg, Graf]) was left to the discretion of the operating sur-
geon. The index procedure was dynamic stabilization alone
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METHODS

Context
Since the classic studies of Fritzell et al., Brox et al., and

Fairbanks et al. were published in the early 2000s, there
has been considerable controversy over the role of fu-
sion in the treatment of chronic low back pain.

Contribution
In this long-term follow-up study of three RCTs with an

average of 11 years post-treatment, fusion was found to
be no better than cognitive behavioral therapy and exer-
cise rehabilitation analyzed both from the intent-to-treat
and as-treated perspectives.

Implications
The findings at 11 years mirror those reported at two

years and, coupled with risks and costs, appropriate non-
operative treatment appears to be the treatment of choice
for chronic LBP in places where such treatment can be
provided.

or together with fusion at the neighboring segment in 38
(18%) of the surgical patients (28 patients [14%] of those
completing LTFU). The nonoperative treatment was com-
parable in the two countries and comprised multidisciplin-
ary cognitive-behavioral and exercise rehabilitation [7-9].

Clinical outcomes

Baseline demographic data (age, gender, smoking sta-
tus), clinical data (previous surgery, LBP history/duration),
and treatment data relevant to the current analysis were ex-
tracted from the original patient data files for each study. At
the LTFU, patients completed a questionnaire booklet con-
taining various questions/questionnaires to assess clinical
outcome.

The primary outcome measure was the score at LTFU for
the ODI (v 2.1a in the United Kingdom and v 1 in Norway).
ODI scores range from 0% (no disability) to 100% (totally
disabled or bedridden) [13]. The proportion of patients
reaching an ODI score of =22 was also determined, reflect-
ing the level of disability seen in healthy populations with
no cLBP (calculated by Miranda van Hoof, from data cited
in Fairbank and Pynsent [13], personal communication).

Secondary outcomes included:

e Work status (full-time, part-time, or not working [on
sick leave, vocational/medical rehabilitation, disabil-
ity pension, old-age pension, homemaker, student])

e Visual analog scale back pain (0-100) and leg pain
(0-100)

e The EuroQoL visual analog scale (EQ VAS; 0-100)
for health-related quality of life

e Frequency of pain medication taken for the back
problem (four categories: 1, several times per day;
2, every day; 3, occasionally; 4, never)

e Frequency of back pain (five categories: 1, constantly
day and night; 2, daily; 3, frequently [few times/
week], 4, occasionally [few times/month]; 5, never)

e Global assessment of the degree of improvement in
the back problem (four categories: 1, much better;
2, better; 3, unchanged; 4, worse)

e Global assessment of the current back status (five cat-
egories: 1, excellent [no complaints]; 2, good [occa-
sionally influences activity]; 3, fair [some pain and
limited function]; 4, poor [unchanged, considerable
complaints and severe disability]; 5 dreadful [worse,
not self-reliant in activities of daily living])

e Satisfaction with care (very satisfied, satisfied, neither
satisfied nor dissatisfied, dissatisfied, very dissatisfied)

These outcome measures were defined and administered
for the present study and were not necessarily part of the
original study protocols.

The study was approved by the local ethics committees
of all regions involved in recruiting patients in each of the
countries.

Statistics

Sample size calculations

For each study, appropriate power calculations had been
carried out beforehand to ensure that the studies had ade-
quate power (>80%) to detect a treatment difference at
a two-sided 5% significance level if a true clinically rele-
vant difference between them existed. For the pooled data
analysis in the present study, we attempted to follow-up
with as many patients from the original trials as possible.

Analyses

The group of patients who underwent the current LTFU
was compared with the group of patients who declined (for
each national study and for the whole group) in terms of
their baseline characteristics. Independent ¢ tests were used
for normally distributed parametric data; chi-squared anal-
yses were used for categorical data. Differences between
completers and noncompleters for the ODI at the 1- to
2-year follow-up were assessed using multiple regression
analysis adjusting for baseline ODI scores, age, gender,
smoking status, previous surgery, and duration of LBP his-
tory. For assessing the influence of treatment group on ODI
at the LTFU, data were analyzed using both an intention-to-
treat (ITT) and an as-treated approach. Where patients had
crossed over and undergone fusion in the interim period,
they were considered as being in the surgical group for
the as-treated analysis. Where no study treatment was un-
dertaken within 12 months of randomization, patients were
labeled as nonoperative in the as-treated analysis (unless
the interim or long-term follow-ups revealed that surgery
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had taken place at some time before the LTFU). Of the
whole group, no treatment was undertaken (within 12
months of randomization) by 36/242 (15%) randomized
to fusion and 15/231 (6%) randomized to nonoperative
treatment; the corresponding figures for those completing
LTFU were 14/140 (10%) and 4/121 (3%), respectively.
The data were analyzed using these two approaches (ie,
ITT and as-treated) based on both complete case analyses
(ie, patients with LTFU data, the main data reported here)
and based on imputed data using the last recorded value
(at 1, 2, 4, or 7 years’ follow-up) carried forward (reported
only as a secondary analysis to ensure no major differences
from complete case analyses). The final ODI score at LTFU
was considered as the dependent variable in a multiple lin-
ear regression analysis, with baseline ODI scores, treatment
group, and key demographic/clinical variables (age, gender,
smoking status, previous surgery, duration of LBP history)
acting as the independent variables being put into the
model using the enter method. The latter variables were
chosen on theoretical grounds because they have previously
proven to be potential confounding variables in relation to
outcome [ 14]. The presence of collinearity was excluded by
examining the tolerance values and variance inflation
values for the independent variables in the final regression
model; values <0.1 and >5, respectively, were considered
to suggest problematic collinearity. Similar multiple linear
regression analyses (adjusted for the same covariates) were
carried out for the secondary outcomes. Likert scale data
are considered to be interval-scale level, which is between

mm Randomised

ordinal and relational and is sufficient for linear regression
analysis; ordinal data violate the assumptions of parametric
testing to a greater extent, but linear regression has also
been shown to be robust to this in most cases [15,16].
(To ensure no major bias through using multiple linear
regression analyses, ordinal [for more than two categories]
and binary logistic [for dichotomized data] regression
analyses were also carried out on the secondary outcomes
and the p values for the corresponding treatment effect
reported.)

Statistical analyses were carried out using Statview 5.0
(SAS Institute Inc, San Francisco, CA, USA) and IBM
SPSS v21.0 for Apple Macintosh (Chicago, IL, USA). Sta-
tistical significance was accepted at the p<<.05 level and no
corrections were made for multiple testing of the secondary
outcomes [17].

Results
Final patient groups

Figure 1 shows the flow of patients through the studies
(with the two Norwegian studies being pooled). Of the
473 patients included in the combined studies at baseline
(242 surgery, 231 multidisciplinary cognitive-behavioral
and exercise rehabilitation), 261 (55%) completed the
LTFU, 140 of whom had been randomized to fusion surgery
and 121 to multidisciplinary cognitive-behavioral and ex-
ercise rehabilitation. There were 10 deaths in patients

349
124
473

= S Randomised
- 1]
Baseline a
Total
% Allocated to surgery 176
2yr Follow-up B Allocated to surgery 66
| [Total 242
‘ Received Surgery 195

could not be contacted 63

withdrew 28
died 10
serious lliness 1

|

s . % Allocated to surgery 85

LTFU (average 11 y) questionnaire EI= located to surgery £
Total 140

| 'Received Surgery 122

| Did not receive surgery 18
EIZ As treated surgery 107
LTFU (average 11 y) questionnaire Sl As treated surgery 63
Total 170

[% Allocated to multidisciplinary cognitive-behavioral and exercise rehabilitation ' 173
‘ Ha Allocated to multidisciplinary cognitive-behavioral and exercise rehabilitation 58
| Total 231
‘ Received Non-operative care 204

could not be contacted 64

withdrew 44

died 1

serious lliness 1
[%Allccatm to multidisciplinary cognitive-behavioral and exercise rehabilitation 77
|ﬂ= Allocated to multidisciplinary cognitive-behavioral and exercise rehabilitation 44
| Total 121
| Received multidisciplinary cognitive-behavioral and exercise rehabilitation 73
| Received surgery 48
[E% As treated multidisciplinary cognitive-behavioral and exercise rehabilitation 55
IHE As treated multidisciplinary cognitive-behavioral and exercise rehabilitation 36
Total 91

Fig. 1. Flow of patients through the studies.



Table 1

Demographic and baseline clinical data and treatment group details of the patients who did (yes) and did not (no) volunteer for participation in the LTFU

UK + Norway participants in
LTFU (total eligible 473)

UK participants in LTFU (total eligible 349)

Norway participants in LTFU (total eligible 124)

All patients No, both Yes, both p (no vs.
at baseline countries countries yes for No, UK Yes, UK p (no vs. yes  No, Norway Yes, Norway p (no vs. yes
(N=473) (N=212) (N=261) LTFU) N=187 (54%) N=162 (46%) for LTFU) N=25 (20%) N=99 (80%) for LTFU)
Baseline
Age (y) 41.2 (8.3) 40.5 (8.2) 41.8 (8.4) .07 40.3 (8.3) 41.2 (8.4) 32 41.4 (1.7) 42.8 (8.3) 45
Gender 47.2 46.7 47.5 .86 45.5 53.1 .15 56.0 384 11
(% male)
Smoker 44.9 52.2 39.0 004 50.5 33.8 .002 64.0 475 14
(% yes)
Previous spine 15.0 10.0 19.1 007 1.7 4.6 13 68.0 41.0 .017
surgery (%
yes)
Duration of 100 (88) 87 (77) 110 (94) .005 84 (72) 109 (99) .02 113 (108) 111 (87) .55
LBP (mo)
ODI 45.3 (13.8) 46.9 (14.1) 44.0 (13.4) .03 47.2 (14.5) 43.8 (14.7) .03 44.5 (10.4) 44.4 (10.9) 98
(0-100)
Randomized 51% fusion 48% fusion  54% fusion .23 49% fusion 52% fusion 48 44% fusion 56% fusion .30
group
Mid-term follow-up (1-2 y)
12 or 24 mo 36.8 (21.4) 32.8 (19.9) 051% 37.0 (21.8) 34.0 (20.6) 25 36.2 (19.2) 30.9 (18.8) 21
ODI (N=160) (N=240) (N=135) (N=141) (N=25) (N=99)
(0-100)
Change ODI, 10.1 (18.8) 11.2 (16.9) 53 10.4 (19.1) 9.6 (15.8) .69 8.2 (17.2) (N=25) 13.5 (18.1) .19
preoperative (N=160) (N=240) (N=135) (N=141) (N=99)
to 12-24 mo

LBP, low back pain; LTFU, long-term follow-up; ODI, Oswestry Disability Index.
Data are means and SD unless otherwise stated.
Bold values are total patients from UK + Norway.

* p=.38 for 12-24 mo ODI when adjusted for baseline ODI values, gender, previous surgery, duration of LBP history, and age and smoking status at LTFU using multiple regression.
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randomized to fusion, and just one death in those random-
ized to multidisciplinary cognitive-behavioral and exercise
rehabilitation (Fig. 1). The average follow-up duration was
11.4 (standard deviation [SD] 2.1, range 8—15) years. In the
group randomized to surgery and who completed LTFU,
122/140 (87%) had actually undergone fusion, and 18/140
(13%) had not; 48/121 (40%) of those randomized to mul-
tidisciplinary cognitive-behavioral and exercise rehabilita-
tion had crossed over and also undergone fusion by the
time of the LTFU.

Table 1 shows the baseline demographic and clinical
data for the whole group of patients and for each country
separately in relation to those who did and did not partici-
pate in the LTFU. There were no significant differences at
baseline between the patients who completed the LTFU and
those who did not for age, gender, and randomized treat-
ment group membership. The group that completed the
LTFU had a significantly longer LBP history, had lower
baseline ODI, comprised fewer smokers, and contained
a higher proportion of patients that had previously under-
gone spine surgery (Table 1). There was no significant dif-
ference between the completers and noncompleters of the
LTFU for the ODI score recorded at 12-24 months’
follow-up (Table 1).

Primary outcome

The course of change in the unadjusted mean (and 95%
confidence interval [CI]) ODI values for the two treatment
groups, preoperatively and at short-term, mid-term, and
long-term follow-ups, are shown in Fig. 2.

The mean ODI scores at baseline and LTFU in the two
treatment groups are shown in Table 2. There was a signifi-
cant reduction in mean ODI scores from baseline to LTFU
for both treatment groups (p<<.05) with no significant differ-
ence between the groups in the extent of the reduction
(p>.05). The adjusted treatment effect for ODI at LTFU be-
tween fusion and multidisciplinary cognitive-behavioral and
exercise rehabilitation, analyzed using ITT, was —0.7 points
(95% CI, —5.5 to 4.2; Table 2) (ie, fusion showed a 0.7 point
lower ODI score at LTFU). The corresponding value for the
as-treated analysis was —0.8 (95% CI, —5.9 to 4.3) (fusion
group 0.8 ODI points lower than multidisciplinary
cognitive-behavioral and exercise rehabilitation at LTFU).

The findings were similar when missing data were im-
puted with the last value carried forward: the adjusted treat-
ment effect for ODI with ITT was —0.5 points (95% CI,
—5.2 to 4.2) and the corresponding value for the as-
treated analysis was —1.5 (95% CI, —6.5 to 3.4).

Secondary outcomes

Of all the secondary outcomes, analyzed using both ITT
and as-treated, just two showed statistically significant
(p=.05) group differences, favoring fusion, in the (ad-
justed) as-treated analyses only: the ordinal-scaled “‘current
back status” and the proportion achieving an ODI score

50
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45
A =&—Non-op
40
o AN
5 35 T
@ H‘
- 30 T ? %7
O 25
20
15
10
5
0 T T T T T 1
0 2 4 6 8 10 12
Years of follow-up
50
=@-Fusion
45
—&—Non-op
40 \
@
5 35
Q
2 30
[=}
O i
20
15
10
5
0 :
0 2 4 6 8 10 12
Years of follow-up
AT

Fig. 2. Change in Oswestry Disability Index (ODI) score over the entire
follow-up period for all with a questionnaire at each time point. Upper
graph, intention-to-treat analysis (N=124 fusion, N=105 nonoperative);
lower graph, as-treated analysis (N=151 fusion by the time of long-term
follow-up (LTFU), N=78 nonoperative). Values are means*95% confi-
dence interval. Note, first follow-up was after 1 year in Norway and 2 years
in the United Kingdom (average of the ODI values at these two time points
are shown); second follow-up was after 4 years in Norway and 7 years in
the United Kingdom (average ODI values shown).

=22 (Table 2 for details). It appeared that more patients
in the as-treated fusion group than in the nonoperative
group reported that their current back status was either
excellent/good or poor/dreadful (ie, the two extremes) as
opposed to fair; there was a tendency for a similar finding
for the global assessment of improvement (higher propor-
tions of much better and worse in fusion than in nonopera-
tive [as-treated analysis]) (Table 2).

Repeat surgery rates

Overall, 38 of the 261 (15%) patients who had re-
ceived a fusion at some stage within the LTFU period
had undergone further surgery after their initial fusion.
The majority of these involved hardware removal
(N=17), further fusion (N=11) or a combination of hard-
ware removal and repeat fusion (N=9). One patient un-
derwent discectomy.
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Influence of treatment group (fusion vs. multidisciplinary cognitive-behavioral and exercise rehabilitation) on outcome at LTFU

Fusion surgery

Multidisc. cognitive-behavioral

Adjusted LTFU treatment

Analysis type, N Unadjusted and exercise rehabilitation effect: fusion compared p Value
in adjusted analysis ~ Outcome measure mean (SD) Unadjusted mean (SD) with nonoperative (95% CI)*  adjusted
ITT 238 ODI (0-100)
Baseline 45.1 (13.3) 42.3 (13.1) —0.7 (=5.5t0 4.2) 79
LTFU 30.3 (22.5) 29.7 (18.6)
As-treated 238 ODI (0-100)
Baseline 45.8 (13.6) 40.0 (11.7) —0.8 (=59 t0 4.3) .76
LTFU 31.4 (22.1) 27.4 (17.5)
ITT 232 VAS LBP (0-100)
LTFU 44.3 (26.7) 44.2 (26.9) —1.0 (=7.7 to 5.6) i
As-treated 232 VAS LBP (0-100)
LTFU 44.4 (27.6) 44.0 (25.2) —4.6 (—11.6 to 2.3) .19
ITT 226 VAS LP (0-100)
LTFU 30.3 (27.9) 32.9 (27.3) —2.3(-9.4 t0 4.7) 52
As-treated 226 VAS LP (0-100)
LTFU 30.9 (28.3) 32.6 (26.3) —4.5 (—12.0 to 3.0) 24
ITT 238 EQ VAS (0-100)
LTFU 62.9 (25.5) 60.6 (23.3) 2.7 (—3.5 to 8.8) 39
As-treated 238 EQ VAS (0-100)
LTFU 62.3 (25.8) 60.9 (21.7) 3.9 (-2.6 to 10.4) 24
ITT 248 Pain medication LTFU, %
Several times/day 25 25 —0.007 (—0.27 to 0.26) 96' (.98)
Every day 22 18
Occasionally 31 31
Never 22 26
As-treated 248 Pain medication LTFU, %
Several times/day 28 19 —0.063 (—0.34 to 0.21) 65" (.66)!
Every day 20 21
Occasionally 30 33
Never 22 27
ITT 249 Pain frequency LTFU, %
Constantly, day and night 39 37 0.006 (—0.33 to 0.34) 97" (.80)!
Daily 20 21
Frequently (few times/wk) 11 11
Occasionally (few times/mo) 22 23
Never 8 8
As-treated 249 Pain frequency LTFU, %
Constantly, day and night 40 34 0.048 (—0.31 to 0.40) 79" (L90)!
Daily 21 19
Frequently (few times/wk) 9 14
Occasionally (few times/mo) 22 24
Never 8 9
ITT 249 Current back status LTFU, %
Excellent 12 4 —0.12 (=0.37 to 0.13) 351 (26)
Good 26 27
Fair 31 39
Poor 23 27
Dreadful 8 2
As-treated 249 Current back status LTFU, %
Excellent 11 3 —0.27 (=0.53 to —0.01) 041 (.04)’
Good 29 23
Fair 26 49
Poor 27 21
Dreadful 6 3
ITT 245 Satisfied with care LTFU, %
Very satisfied 47 45 0.02 (—0.25 to 0.29) 881 (.80)’
Satisfied 31 27
Neither satisfied/dissatisfied 12 24
Dissatisfied 8 2
Very dissatisfied 2 2

(Continued)
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Table 2
(Continued)
Fusion surgery ~ Multidisc. cognitive-behavioral = Adjusted LTFU treatment
Analysis type, N Unadjusted and exercise rehabilitation effect: fusion compared p Value
in adjusted analysis ~ Outcome measure mean (SD) Unadjusted mean (SD) with nonoperative (95% CI)*  adjusted
As-treated 245 Satisfied with care LTFU, %
Very satisfied 48 41 —0.02 (—0.31 to 0.26) 87" (59)
Satisfied 29 29
Neither satisfied/dissatisfied 12 28
Dissatisfied 8 1
Very dissatisfied 3 1
ITT 247 Global assessment LTFU, %
Much better 36 31 —0.01 (—0.26 to 0.29) 927 (.64)!
Better 23 24
Unchanged 18 30
Worse 23 16
As-treated 247 Global assessment LTFU, %
Much better 36 28 —0.12 (—0.41 to 0.18) 437 (49)
Better 23 25
Unchanged 17 36
Worse 24 11
ITT 246 Work status LTFU, %
Full-time 35 33 —0.01 (—0.13 to 0.11) 871 (33)
Part-time 12 20
Not working 53 47
As-treated 246 Work status LTFU, %
Full-time 31 39 0.01 (—0.11 to 0.13) 86" (77)
Part-time 15 17
Not working 54 44
ITT 238 ODI =22 points LTFU, %
Yes 43 38 0.09 (—0.03 to 0.21) 151 (15
No 57 62
As-treated 238 ODI =22 points LTFU, %
Yes 42 39 0.13 (0.003-0.26) 041 (.05)*
No 58 61

CI, confidence interval; EQ VAS, EuroQol visual analog scale for health-related quality of life state (http://www.euroqol.org/); ITT, intent-to-treat, LTFU,
long-term follow-up; ODI, Oswestry Disability Index; SD, standard deviation; VAS LBP, visual analog scale for low back pain intensity; VAS LP, visual analog

scale for leg pain intensity.

* Adjusted for gender, previous surgery, baseline ODI values, duration of LBP history, and age and smoking status at LTFU.
" Coded through the corresponding categories as 0/1 (for dichotomous variables) or 1 to 4 or 1 to 5 (for ordinal variables; see Methods).
¥ p Values in parentheses=corresponding p value for the given variable in adjusted logistic or ordinal regression analyses (see Methods for further

details).

Discussion
Main findings

The aim of the present study was to compare the long-
term (average 11 years) outcome of patients with cLBP ran-
domized to surgical lumbar fusion or multidisciplinary
cognitive-behavioral and exercise rehabilitation, from three
randomized controlled trials conducted in the United King-
dom and Norway. No statistically significant or clinically
relevant group differences in either the primary outcome
(ODI) or any secondary outcomes were observed at LTFU,
regardless of whether ITT or as-treated analyses were used,
and whether using complete case analysis or imputation
with the last value carried forward. Further, none of the
confidence intervals for the mean group differences in-
cluded a clinically significant difference [18,19] for any
of the outcomes.

In both treatment groups, the statistically significant
mean improvement in ODI score at LTFU was around

12-15 points on an average baseline value of approximately
44 points, which is accepted as being a clinically relevant
change score; in contrast, the adjusted mean differences be-
tween the groups of less than 1.0 points on the ODI are con-
sidered clinically irrelevant [19]. At LTFU, however, just
50% to 60% patients in each group reported that their back
problem was better/much better and only about 40% of all
patients had ODI scores in the range reported for “normal”
populations (ODI =22). This highlights the harsh reality
that few of these patients are actually ‘“‘cured,” regardless
of the treatment approach chosen. This is likely the result
of the chronicity and intractability of cLBP; indeed, the
mean duration of the back problem at baseline in patients
in the current study was 8 years.

Validity and relevance of the findings

We consider the results of our study to be valid and
important. At baseline, the patients were all carefully
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selected as candidates for spinal fusion by experienced
spine surgeons, who then had no influence on the subse-
quent treatment to which the patient was randomized.
This is a unique cohort and differs from all previously re-
ported cohorts of cLBP patients examined at LTFU after
surgical or nonoperative treatment (eg, [20]) in that none
of these has previously arisen from RCTs. It is by far the
largest randomized cohort examined in the literature to
date, with the longest follow-up. The final group of pa-
tients examined at LTFU was formed by combining the
data from high-quality RCTs in two different European
countries. We have considered the cultural and selection
issues that might have influenced the pooling of these data
and are unable to identify any effect of the minor differ-
ences between studies, but we cannot exclude the possi-
bility that such differences exist. The admission criteria
for the UK and Norwegian trials were slightly different
(slightly younger age range and no restrictions regarding
disability levels/imaging findings in the UK study), but
baseline characteristics were similar and identical out-
come instruments were used that had been cross-
culturally adapted for the languages of the respective
countries, ensuring good comparability of the outcome
data collected. Certainly these factors make the pooled
data more homogeneous than that reported in some sys-
tematic reviews of spine surgical procedures [21-23]. Al-
though different surgical fusion procedures were used in
the different trials (and even within a given country’s
trial), there is currently no evidence to suggest that this
would have had any effect on the clinical outcome
[5,24,25]. The nonoperative treatments used in the three
studies were similar and comprised contemporary multi-
disciplinary cognitive-behavioral and exercise rehabilita-
tion. Finally, the data were compiled and analyzed by
an independent investigator who was not involved in
any of the original trials, which lent some impartiality
to the analyses.

The lack of superiority of fusion over nonoperative care
at LTFU concurs with the 1- to 2-year findings of three of
the four previous RCTs (from the United Kingdom and
Norway) [7-9] and also with the 5- to 10-year findings of
the RCT conducted in Sweden [10]. The only significant
group difference reported was for the 2-year results in Swe-
den, where nonoperative care gave inferior results to sur-
gery [6]. Notably, at each time point of assessment, in all
studies from all countries, similar ODI score changes were
recorded for the surgical arms, suggesting that surgery was
similarly effective across the board; the relative superiority
of fusion in the Swedish study at the 2-year follow-up
hence appeared to arise solely as a consequence of the
less-effective nonoperative treatment used, compared with
that in the United Kingdom and Norway. In Sweden, non-
operative treatment comprised unstructured, nonspecific
physiotherapy of a type that purportedly represented *‘stan-
dard, current practice” at the time; no new treatment
strategy was introduced for this group [6]. Interestingly,

a clinical trial in Sweden, reported in 1992 when the Swed-
ish Fusion Trial began, had already shown that a behavioral
therapy approach was superior to standard current practice
for reducing health care resources and recurrences, and for
improving return to work, mobility, strength, and fitness
[26,27], yet such a treatment was not chosen for compari-
son with fusion. Clearly, when the comparison group shows
poor results, the relative benefit of the other treatment will
be exaggerated. This treatment effect had nonetheless dis-
appeared by the time of the Swedish study’s 5- to 10-year
follow-up, at which point the outcomes were similar in both
treatment groups [10]. Combining all this information to
provide a qualitative clinical interpretation of the findings,
it would appear that fusion demonstrates similar results to
a program of multidisciplinary cognitive-behavioral and ex-
ercise rehabilitation at 1-2 years’ follow-up and that both
of these treatments are superior to unstructured, nonspecific
physiotherapy; in the longer term, however, the reported ef-
fect sizes appear similar for all treatments.

Limitations of the study

Many patients were lost to follow-up, although given the
long follow-up duration and the burden associated with
their prior participation, this was not unexpected. There
was a notable mortality, though we cannot say whether this
was excessive or was associated with the CLBP condition
and its treatment. Some patients were infirm for reasons
unrelated to their back problem. In the United Kingdom,
many patients had moved far from their location at the time
of randomization and were difficult to trace. The high drop-
out rate meant that we could not exclude selection bias,
although scores for the majority of the important baseline
variables and for the primary outcome (ODI) at 12-24
months’ follow-up did not differ between the patients
who completed the LTFU and those who did not. This tends
to suggest that the dropouts were not specifically those with
a poorer outcome at the earlier follow-ups. Further, it was
noted that in the Norwegian arm of the study more patients
dropped out from the LTFU (20%) than did from the
follow-up at 4 years (9%) [11], yet the overall results were
not different at the two time points.

Another limitation of the study was that, by the time of
the LTFU, 25% of all patients had crossed over into the
other treatment group (predominantly from multidisciplin-
ary cognitive-behavioral and exercise rehabilitation to sur-
gery). This may have been the result of both higher
expectations of surgery and a less satisfactory outcome of
nonoperative treatment. Group crossovers are common in
trials of surgery versus nonoperative treatment and threaten
to challenge conclusions about the superiority or equiva-
lence of the treatments examined [28]. The group cross-
overs in the present study, although occurring at a lower
rate than in previous RCTs of surgical versus nonoperative
treatment in patients with degenerative disorders [28-30],
make definitive interpretations of the data difficult.
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Nonetheless, the fidelity of our main conclusion is sup-
ported by the finding that, in contrast to many previous
RCTs of spine surgery [28-30], results were similar regard-
less of whether ITT or as-treated analyses were used. Our
analyses made use of multiple regression in an attempt to
control for potential confounding factors that may have in-
troduced bias once the comparability of the groups—other-
wise assured by randomization and compliance with
treatment and follow-up—was no longer guaranteed.

Within the confines of the present study, we were un-
able to do any subgroup analysis in relation to the extent
of baseline disc morphologic changes or other possible
predictors of outcome. The global treatment outcome data
in the as-treated analyses tended to suggest a greater pro-
portion of very good and very poor outcomes with surgical
treatment than with nonoperative care, perhaps indicating
that surgery is helpful in some and not in others. It is
possible that subgroups exist with, for example, more pro-
nounced disc degeneration, more severe disability, higher
fear-avoidance beliefs, a shorter duration of symptoms, or
work absence. These factors should be examined in fur-
ther studies that are specifically designed to address the
question of who benefits most from surgery. In analyzing
the many secondary outcomes, we did not adjust the p
values for multiple testing [17]; instead, we recommend
that the reader interpret these within the context of the
other changes. Finally, our study was not designed to test
cost-effectiveness of the interventions, although this was
reported in one of the individual studies, based on the
mid-term follow-up [31].

Implications of the study

This study provides essential information for future
patients regarding the likely benefits and disadvantages in
the long term of having a spinal fusion or undergoing struc-
tured multidisciplinary cognitive-behavioral and exercise
rehabilitation for cLBP. Such information is essential in
relation to the preoperative informed consent process and
patient education/choice. The study supports previous
reports that both spinal fusion and multidisciplinary
cognitive-behavioral and exercise rehabilitation programs
are associated with a reduction in disability in selected
patients with cLBP. However, it cannot ascertain whether
either of the interventions improved the patients’ LBP-
status more in the long term, over and above natural history
or a placebo effect. The study does not provide any evi-
dence for one treatment being beneficial over the other in
terms of self-rated disability and other secondary outcomes
in the long-term perspective. However, given the increased
risks of surgery and the lack of deterioration in nonopera-
tive outcomes over time (Fig. 2), it seems reasonable to
suggest that the use of lumbar fusion in cLBP patients
should not be favored in health care systems where multi-
disciplinary cognitive-behavioral and exercise rehabilita-
tion programs are available.

Overall, the relatively low proportion of good outcomes
at long-term follow-up—regardless of treatment under-
taken—is not especially encouraging. There is clearly con-
siderable further work required in honing the indications
and patient selection criteria for surgery and for nonopera-
tive treatment in an attempt to improve the number of suc-
cessful outcomes with both treatments.

In conclusion, there was no statistically significant or
clinically relevant difference in long-term outcome between
patients randomized to lumbar fusion or to multidisciplin-
ary cognitive-behavioral and exercise rehabilitation. Both
treatment groups reported significantly lower cLBP-
related disability at LTFU compared with baseline although
the size of the effect was only moderate and regression to
the mean or a placebo effect cannot be excluded as an
explanation for the findings.
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