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ABSTRACT
Objectives To compare the long-term effectiveness 

of surgical and non-surgical treatment in patients with 

chronic low back pain.

Methods Two merged randomised clinical trials 

compared instrumented transpedicular fusion with 

cognitive intervention and exercises in 124 patients with 

disc degeneration and at least 1 year of symptoms after 

or without previous surgery for disc herniation. The main 

outcome measure was the Oswestry disability index.

Results At 4 years 14 (24%) patients randomly 

assigned to cognitive intervention and exercises had also 

undergone surgery. 15 (23%) patients assigned fusion had 

undergone re-surgery. The mean treatment effect for the 

primary outcome was 1.1; 95% CI −5.9 to 8.2, according 

to the intention-to-treat analysis and −1.6; 95% CI −8.9 

to 5.6 in the as-treated analysis. There was no difference 

in return to work.

Conclusions Long-term improvement was not better 

after instrumented transpedicular fusion compared with 

cognitive intervention and exercises.

Lumbar spine fusion for chronic low back pain has 
increased rapidly during the past two decades.1 
Four randomised studies have compared lumbar 
fusion and conservative treatment in patients with 
disc degeneration and chronic low back pain.2–5 
Results up to 2 years after treatment have been 
published. A recent meta-analysis concluded that 
cumulative evidence at the present time does not 
support routine fusion, whereas a recent system-
atic review concluded that surgery may be more 
effi cacious than unstructured care, but may not be 
more effi cacious than structured cognitive-behav-
ioural therapy.6 7 Methodological limitations of the 
randomised trials prevent fi rm conclusions. The 
Norwegian studies, published in three papers,4 5 8 
were criticised for lack of power, short follow-up 
and a high number of withdrawals from fusion 
among patients with chronic low back pain after 
surgery for disc herniation. Because results, inter-
ventions and outcome measures were similar we 
merged the two Norwegian trials for long-term fol-
low-up using a questionnaire mailed to the patients. 
We report the 4-year effectiveness of lumbar fusion 
compared with cognitive intervention and exer-
cises in patients with chronic low back pain with 
and without previous surgery for disc herniation.

PATIENTS AND METHODS
Study design
The Norwegian studies were investigator initi-
ated in 1999 and were conducted at four univer-
sity hospitals. They were designed as two separate 
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randomised trials and results were reported after 
1-year follow-up.4 5 The ethics committee for med-
ical research in health region I of Norway approved 
the studies.

Patients
Patients aged 25–60 years with chronic low back 
pain for at least 1 year, Oswestry disability index 
score greater than 30, and disc degeneration at 
L4–L5 and/or L5–S1, were eligible to participate 
in the study. Exclusion criteria were: widespread 
myofascial pain; spinal stenosis with reduced 
walking distance and neurological signs; disc 
herniation or lateral recess stenosis with clinical 
signs of radiculopathy; infl ammatory disease; pre-
vious spinal fracture; previous fusion surgery of 
the spine; pelvic pain; generalised disc degenera-
tion on plain radiographic examination; ongoing 
serious somatic and psychiatric disease; registered 
medicine abuse and reluctance to accept one of 
the interventions. At least one spine surgeon and 
one specialist in physical medicine and rehabili-
tation examined each patient. A research phys-
iotherapist coordinated the study and verifi ed 
eligibility. All eligible patients were given oral and 
written information about the study and the two 
interventions.

Randomisation
Patients received treatment assignments from an 
independent unit at Unifob Health, University of 
Bergen that was not involved in the treatment. 
Computer-generated randomly permuted blocks 
were used and allocation was concealed. The pro-
ject coordinator telephoned the unit at Unifob 
Health and reported an identifi cation number and 
was phoned back in order to inform the patient 
about the assigned intervention.4 Treatments were 
started within 3 months after randomisation.

Study interventions
The protocol surgery was posterolateral fusion with 
transpedicular screws of the L4–L5 and/or L5–S1 
segment. Autologous bone was used in all cases. 
Postoperative rehabilitation was at the choice of 
the surgeon. Surgery was performed at two neuro-
surgical and two orthopaedic departments.4

The cognitive intervention and exercises con-
sisted of 1 week plus 2 weeks in the outpatient 
clinic at the study centre interrupted by 2 weeks at 
home. Specialists in physical medicine and phys-
iotherapists gave the intervention. In addition, 
patients met a peer for exchanging experiences. 
The main aim was to make the patients confi dent 
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that they could not do any harm to the disc (back) by engag-
ing in ordinary activities of daily life. Details of the programme 
have been outlined previously.4

Outcome measures
A standardised questionnaire was sent by post to all patients. 
The primary outcome measure was the original (version 1.0) 
Oswestry disability index.9 This score has 10 questions about 
pain and disability and ranges from 0% (no pain and disability) 
to 100% (worst possible disability).

Secondary outcome measures included pain,3 general function 
score,10 global back disability question for the assessment of 
patients’ overall rating,11 work and medication,11 emotional dis-
tress,12 fear-avoidance beliefs13 and life satisfaction (for details 
see additional supplemental fi le, available online only).14 The 
questionnaire also included questions about treatment taken 
after the 1-year follow-up. Additional surgery was verifi ed from 
medical records.

Statistical analysis
Estimation of sample sizes in the two trials merged for 4-year 
follow-up has been reported previously.4 5 Results are primarily 

analysed with an intention-to-treat approach. Because of cross-
over and withdrawal, sensitivity analyses were based on the 
treatment actually received. Baseline characteristics in those 
who attended the 4-year follow-up were compared with cross-
over patients and withdrawals in the two treatment groups 
(table 1). Means (±SD) or numbers (percentages) were calcu-
lated for baseline and 4-year follow-up in those who attended, 
and are reported separately for intention-to-treat and as-treated 
analyses. The analyses of treatment effects compared differences 
between interventions at 4 years using linear regression with 
adjustments for gender, age, previous surgery for disc herniation 
and baseline scores. We conducted analyses with and without 
the most recent observed non-missing value carried forward in 
those who did not attend the 4-year follow-up. We used this 
simplistic method, being aware that more comprehensive mul-
tiple imputation techniques are available.15 The estimated treat-
ment effects are reported as mean adjusted differences between 
groups (95% CI) based on analyses using the last observed value 
carried forward and including all patients randomly assigned 
(tables 2 and 3). Categorical outcomes (patients’ overall rating, 
medication and work) were dichotomised and logistic regres-
sion was used to calculate adjusted OR (95% CI) with adjust-
ments for gender, age, previous surgery for disc herniation and 

Table 1 Baseline characteristics of the patients*

Lumbar fusion Cognitive intervention and exercises

 All randomised 
(n=66)

Crossover/withdrawals 
(n=11)†

All randomised 
(n=58)

Crossover/withdrawals 
(n=17)†

Age (years) 42.7±8.0 43.9±7.3 42.4±8.0 42.1±7.7

No of men (%) 27 (41) 7 (64) 29 (50) 8 (47)

Years from fi rst pain 
episode

8.9±7.9 8.1±7.9 9.6±7.4 12.2±9.6

Married/living together 
no (%)

57 (86) 10 (91) 49 (81) 15 (88)

Occupational education 
<3 years no (%)

45 (68) 8 (27) 38 (66) 9 (53)

Work status no (%)

 Working 9 (14) 2 (18) 9 (16) 1 (6)

 On sick leave 14 (21) 3 (27) 16 (28) 5 (29)

 On rehabilitation 29 (44) 3 (27) 22 (38) 7 (41)

 Disability pension 10 (15) 3 (27) 10 (17) 4 (24)

 Student, homemaker, 
unemployed

3 (5) 1 (2)

 Retirement pension 1 (2)

Back pain (0–100)‡ 63.0±14.7 64.2±15.5 64.6±12.5 65.2±12.0

Oswestry disability 
index§

44.5±10.7 45.3±10.1 44.2±11.0 47.0±7.8

Emotional distress (1–4)¶ 1.9±0.5 1.9±0.7 1.9±0.5 1.9±0.5

Previous surgery for disc 
herniation no (%)

29 (44) 4 (36) 31 (53) 8 (47)

Beliefs in surgery** 69.7±18.2 62.1±17.7 72.4±20.3 70.3±16.5

Beliefs in non-surgical 
treatment**

40.1±25.4 42.1±24.5 44.5±25.1 44.0±24.7

Comorbidity no (%) 24 (36) 6 (55) 18 (31) 6 (35)

Taking analgesics daily or 
weekly no (%)

40 (61) 4 (36) 40 (69) 16 (94)

Smoking no (%) 36 (55) 4 (36) 30 (52) 9 (53)

*Plus–minus values are means±SD.
†Three patients allocated lumbar fusion died, four did not have and four had cognitive intervention and exercises. Fourteen patients 
allocated cognitive intervention and exercises had surgery.
‡Back pain ranges from 0 to 100, with lower scores indicating less severe symptoms.
§The Oswestry disability index ranges from 0 to 100, with lower scores indicating less severe symptoms.
¶Emotional stress ranges from 1 to 4, with lower scores indicating less severe symptoms.
**Beliefs ranges from 0 to 100, with lower scores indicating not effi cient.
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often men and non-smokers, had higher occupational education 
and higher comorbidity, but took analgesics less often at base-
line. Such patients from the non-surgical group took analgesics 
more often at baseline.

Healthcare utilisation and return to work
Thirty (49%) and 29 (58%) allocated surgical or non-surgical 
treatment, respectively, reported visits to a physician for back 
pain the year before the 4-year follow-up. Physiotherapy (20% 
vs 22%) and other treatments (16% vs 14%) were taken by a 
minority in both groups. More patients who had surgery (53% 
vs 32%) were on disability pension (adjusted OR 2.5; 95% CI 
1.1 to 5.9). For the intention-to-treat analysis this difference was 
no longer signifi cant (p=0.21). The number of patients working 
full time was not signifi cantly different (tables 2 and 3).

baseline scores.4 Analyses were performed with the use of SPSS 
software, version 15.

RESULTS
Patients
A total of 124 patients was enrolled out of 234 who were eli-
gible: 66 were assigned to the surgical group and 58 to the 
non-surgical group (fi gure 1). The 4-year follow-up rate was 
92% and 86%, respectively. In the surgical group, 88% had 
undergone surgery at 1 year and 91% at 4 years. In the non-
surgical group, 5% had undergone surgery at 1 year and 24% 
at 4 years.

In both groups patients had stronger beliefs in surgical 
compared with non-surgical treatment at baseline (table 1). 
Crossover patients and withdrawals from surgery were more 

Table 2 Intention-to-treat analysis*

Outcome Lumbar fusion (N=61)†
Cognitive/exercises 
(N=50)†

Adjusted treatment 
effect (95% CI)‡

Primary

 Oswestry disability index†

  Baseline 44.1±10.7 43.4±11.1 1.1 (−5.9 to 8.2)

  4 Years 29.7±20.5 27.0±19.4

Secondary

 General function score†

  Baseline 37.3±19.3 40.0±18.9 −3.5 (−11.6 to 4.6)

  4 Years 25.8±24.7 21.4±21.5

 Back pain†

  Baseline 62.8±14.5 64.2±12.5 2.3 (−6.4 to 10.9)

  4 Years 42.2±23.9 44.7±22.8

 Lower limb pain†

  Baseline 48.5±24.4 44.8±23.5 1.3 (−8.3 to 10.8)

  4 Years 34.8±29.4 33.5±24.7

 Emotional distress§

  Baseline 1.9±0.5 1.9±0.5 −0.1 (−0.1 to 0.3)

  4 Years 1.7±0.6 1.7±0.6

 Life satisfaction¶

  Baseline 5.0±2.2 4.6±1.7 −0.3 (−1.1 to 0.6)

  4 Years 6.2±2.5 6.4±2.3

 Fear-avoidance beliefs physical activity**

  Baseline 13.0±5.0 15.4±5.0 −3.5 (−5.8 to −1.1)

  4 Years 9.1±7.3 7.0±6.0

 Fear-avoidance beliefs work**

  Baseline 26.1±10.5 28.4±10.7 −4.3 (−8.3 to −0.2)

  4 Years 23.9±13.8 21.1±12.5

 Patients overall rating – no (%) success††

  1 Year 38 (62) 32 (64) 1.0 (0.8 to 1.5)

 Work – no (%)

  Baseline 9 (15) 8 (16) 0.8 (0.3 to 1.9)
  1 Year 16 (26) 17 (34)  

*Mean values±SD unless otherwise noted.
†The Oswestry disability index, the general function score, back and lower limb pain ranges from 0 to 100, with lower scores 
indicating fewer symptoms.
‡The treatment effect is the difference between patients randomly assigned to lumbar fusion and cognitive intervention and exercises 
at 4 years with adjustments for baseline score, age, gender and previous disc surgery. All patients randomly assigned (n=124) are 
included with last observed value carried forward.
††All who did not attend the 4-year follow-up are classifi ed as non-success.
§Emotional stress ranges from 1 to 4, with lower scores indicating less severe symptoms.
¶Life satisfaction ranges from 1 to 10, with higher scores indicating better life satisfaction.
**Fear-avoidance beliefs for physical activity ranges from 0 to 24 and for work from 0 to 42, with lower scores indicating less strong 
beliefs for physical activity and work hurting the back.
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Crossover, complications and re-operations
Non-adherence was registered in 17 (29%) patients randomly 
assigned to cognitive intervention and exercises, three (5%) 
did not have the allocated treatment and 14 (24%) patients 
later had surgery (fi gure 1). Eleven (17%) patients randomly 
assigned to surgery were classifi ed as non-adherent, six (9%) 
did not have lumbar fusion (fi gure 1), two (3%) withdrew and 
three (5%) patients died. Deaths were not related to the sur-
gical procedures. Four crossover patients operated (25%) in 
the non-surgical group and 15 (25%) in the surgical group had 
re-operation.

The reason was persistent complaints or deterioration of the 
condition. Complications have been described previously.4 5 
No major complications occurred in patients operated after the 
1-year follow-up.

Main treatment effects
In the intention-to-treat analysis there was no treatment effect 
for the Oswestry disability index. When adjusted for age, gen-
der, baseline score and previous disc surgery the treatment 
effect was 1.1; 95% CI –5.9 to 8.2 (table 2). The mean adjusted 
treatment effect was −1.6; 95% CI −8.9 to 5.6 (table 3) accord-
ing to as-treated analysis. Sensitivity analyses including only 
those who attended the 4-year follow-up did not alter the 
results.

Secondary outcome
The only treatment effect observed in the secondary outcome 
was a reduction of fear-avoidance beliefs favouring cognitive 
intervention and exercises (tables 2 and 3). The mean treatment 
effect for fear-avoidance beliefs for physical activity was –3.5; 

Table 3 As-treated analyses*

Outcome Lumbar fusion (N=62)
Cognitive/exercises 
(N=49)

Adjusted treatment 
effect (95% CI)†

Primary

 Oswestry disability index‡

  Baseline 44.4±10.6 43.0±11.1 −1.6 (−8.9 to 5.6)

  4 Years 29.1±20.2 27.7±19.9

Secondary

 General function score‡

  Baseline 37.9±19.3 39.2±19.2 −3.2 (−11.4 to 5.0)

  4 Years 24.8±24.7 22.5±22.9

 Back pain‡

  Baseline 63.3±14.7 64.2±12.5 4.1 (−4.7 to 12.8)

  4 Years 40.5±23.0 46.8±23.4

 Lower limb pain‡

  Baseline 48.4±23.1 44.8±24.9 −2.9 (−12.6 to 6.7)

  4 Years 35.5±27.7 32.7±26.8

 Emotional distress§

  Baseline 1.8±0.5 1.9±0.5 0.1 (−0.2 to 0.3)

  4 Years 1.6±0.5 1.6±0.7

 Life satisfaction¶

  Baseline 5.0±2.3 4.7±1.7 0.2 (−0.6 to 1.0)

  4 Years 6.4±2.4 6.2±2.4

 Fear-avoidance physical activity**

  Baseline 13.1±5.0 15.5±5.1 −2.8 (−5.3 to −0.4)

  4 Years 8.8±7.0 7.3±6.4

 Fear – avoidance work**

  Baseline 26.4±10.1 28.1±12.4 −4.8 (−8.9 to −0.7)

  4 Years 23.8±13.0 21.1±13.4

 Patients overall rating – no (%) success††

  1 Year 38 (61) 32 (65) 1.1 (0.8 to 1.8)

 Work – no (%)

  Baseline 8 (13) 9 (18) 0.8 (0.4 to 1.6)
  1 Year 15 (26) 16 (33)  

*Mean values±SD unless otherwise noted.
†The treatment effect is the difference between the lumbar fusion group and the cognitive intervention and exercises group at 4 years 
with adjustments for baseline score, age, gender and previous disc surgery. All patients randomly assigned (n=124) are included with 
last observed value carried forward.
‡The Oswestry disability index, the general function score, back and lower limb pain ranges from 0 to 100, with lower scores 
indicating fewer symptoms.
§Emotional stress ranges from 1 to 4, with lower scores indicating less severe symptoms.
¶Life satisfaction ranges from 1 to 10, with higher scores indicating better life satisfaction.
**Fear-avoidance beliefs for physical activity ranges from 0 to 24 and for work from 0 to 42, with lower scores indicating less strong 
beliefs for physical activity and work hurting the back.
††All who did not attend the 4-year follow-up are classifi ed as non-success.
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95% CI –5.8 to –1.1 in the intention-to-treat analysis and –2.8; 
95% CI –5.3 to –0.4 in the as-treated last analysis, and –4.3; 95% 
CI –8.3 to –0.2 and –4.8; 95% CI –8.9 to –0.7 for fear-avoidance 
beliefs for work, respectively. Pain medication was taken daily 
or weekly by 58% treated with surgery compared with 35% 
not operated (adjusted OR 2.3; 95% CI 1.0 to 5.2). For the inten-
tion-to-treat analysis the difference was no longer signifi cant 
(p=0.14).

DISCUSSION
In patients with chronic low back pain with and without previ-
ous surgery for disc herniation, lumbar fusion was not superior 
to cognitive intervention and exercises at relieving symptoms, 
improving function and return to work at 4-years. The results 
were consistent for intention-to-treat and as-treated analyses. 
The number of re-operations in patients randomly assigned 
to surgery were similar to the number patients operated in the 
non-surgical group.

The CI for the treatment effects were within 10 points on 
the Oswestry disability index that the trial was designed to 
detect. This indicates that lack of power is unlikely to explain 
the observed results.

Comparison with existing literature
The present study is the fi rst to provide the long-term results of 
a randomised study comparing lumbar fusion with non-surgical 
treatment in patients with chronic low back pain. Results are in 
agreement with previously reported results at 1 and 2 years.2–5 
The reported long-term results do not exclude the possibility 
that fusion may be indicated in carefully selected patients with 
chronic low back pain, but widening indications have contrib-
uted to the rise in rates of fusion surgery.16 Despite much effort 
to improve selection criteria, there is no agreement on provid-
ing a valid tool to diagnose discogenic pain, and even proce-
dures such as discography and MRI are not reliable for selecting 
patients.17 Hägg et al18 reported that a personality characterised 
by low neuroticism and low disc height predicted functional 
improvement after surgery and that work resumption was pre-
dicted by low age and short-term sick leave.

The re-operation rate was slightly higher than previously 
reported after spinal surgery.19 A higher rate is not unexpected 
after instrumented fusion compared with laminectomy and dis-
cectomy. Although device failure and postoperative infection 
did not explain the cases in the present study, the outcome after 
surgery for back pain may be less predictable than after surgery 
for leg pain. Re-operation is an undesirable outcome, and the 
high rate observed in the present study is an argument against 
surgery. Preventing repeat spinal surgery is an important goal for 
surgeons and patients.

We observed no treatment effects in secondary outcome 
except for fear-avoidance beliefs. Differences in favour of non-
surgical treatment for the number taking pain medication regu-
larly or on disability pension were observed in the as-treated 
analysis only. The aim of the non-surgical intervention was to 
give patients the understanding that they could not do any harm 
to the disc (back) by engaging in ordinary activities of daily life. 
To reduce fear and avoidance and achieve confi dence patients 
were encouraged and confronted with physical activities that 
were previously not recommended. Results at 4 years suggest 
that the reduction in avoidant behaviour observed at 1 year was 
maintained.

We observed that more patients used pain medication after 
surgery. Alternative interpretations are that these patients either 
experience more pain or they are habituated to pain medication. 
A recent study reported that surgical patients used more opiates, 
but that both pain medication and pain intensity were reduced 
after participation in a multidisciplinary pain programme.20 The 
reduction was attributed to a cognitive-behavioural approach to 
symptom management during the course of the rehabilitation 
programme. The possible effect of multidisciplinary pain reha-
bilitation on withdrawal of pain medication warrants further 
studies.

Most patients included were out of work at baseline. The 
number who had returned to work was not signifi cantly differ-
ent at 4 years, but the OR for disability pension was increased 
after surgery. Our interpretation is that the claim adjuster may 
consider that lumbar fusion represents the end stage of treat-
ment, and consequently the claim for disability pension may be 
more easily accepted.

Figure 1 Exclusion, enrolment, randomisation and follow-up of participants.

84 Were ineligible 
33 Were not surgical candidates 

8 Had generalised degeneration, 10 Had previous fusion, 
12 had radicular pain, 21 had other reasons 

26 Patients declined to participate 

61 Answered the questionnaire at 4 years 
2 Died 

1 Withdrew 
60 (91%) Had undergone surgery, 

15 (25%) Had undergone re-surgery 

64 Were available at 1 year 
1 Died 

1 Withdrew 
58 (88%) Had undergone surgery 

66 Were assigned to lumbar instrumented fusion 

50 Answered the questionnaire at 4 years 
1 Withdrew 

4 Did not answer follow-up questionnaire 
14 (24%) Had undergone surgery, 
4 (25%) Had undergone re-surgery 

55 Were available at 1 year 
3 Withdrew 

3 Did not have allocated treatment 
3 (5%) Had undergone surgery 

58 Were assigned to cognitive intervention and exercises 

124 Patients were randomly allocated treatment 

150 Patients were eligible 

234 Patients were assessed for eligibility
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Possible confounders and weaknesses
A limitation of this study is the non-adherence to randomised 
treatment. Although patients consented to the protocol, some 
of them chose to change their consent as they are allowed to 
in clinical trials. The degree of non-adherence was lower than 
in the SPORT studies.21 22 One possible interpretation is that 
we aimed to conduct the interventions within 3 months after 
enrolment compared with 3–6 months in the SPORT studies. 
The consistency of results in intention-to-treat and as-treated 
analyses of the present study indicates that non-adherence does 
not play a decisive role to explain our results. Although 89% 
answered the follow-up questionnaire, the use of last value 
carried forward and not the multiple imputation technique for 
missing values may bias results.

Another limitation is the lack of a placebo group. Expectations 
are important for outcome. Sham surgery has previously shown 
that methods expected to be highly effective were mediated 
by placebo.23 We are unable to exclude the possibility that the 
observed improvements refl ect the natural course, placebo or 
expectations and care.

Surgeons, patients and stakeholders may consider new tech-
nical surgical solutions more powerful, implying fast improve-
ment and simple technical solutions in the hands of a skilled 
spinal surgeon., but postulated advantages for new procedures 
are based more on theories than knowledge.24 The introduction 
of new technology in clinical practice should be based on sound 
evidence from randomised studies.25 Patients allocated non-sur-
gical treatment should be given the best evidence intervention 
and the same attention and care as the surgical patients.

In conclusion, patients did not have a better long-term 
improvement after instrumented fusion compared with cogni-
tive intervention and exercises.

Acknowledgements The authors would like to thank the patients who participated 
in the trial, the nurses and the nurse aids at the hospital departments and outpatient 
clinics and the referring medical doctors: A Friis for coordinating inclusion, treatments 
and 1-year follow-up; H Ursin and H Eriksen at Unifob Health, University of Bergen for 
their work with the random assignment of patients and comments on study design; 
AH Pripp at Rikshospitalet University Hospital for statistical advice; physiotherapists 
AK Koller, MFosdahl and T Haakenstad for non-surgical treatments; R Sørensen, JE 
Lange, R Riise and O Grundnes for lumbar fusions and the radiologists R Gunderson 
and AM Finnanger for their assistance.

Competing interests None.

Patient consent Obtained.

Ethics approval This study was conducted with the approval of the Ethics 
Committee Health region I, Norway.

Provenance and peer review Not commissioned; externally peer reviewed.

REFERENCES
 1. Cowan JA Jr, Dimick JB, Wainess R, et al. Changes in the utilization of spinal fusion 

in the United States. Neurosurgery 2006;59:15–20; discussion 15–20.

 2. Fairbank J, Frost H, Wilson-MacDonald J, et al. Randomised controlled trial to 

compare surgical stabilisation of the lumbar spine with an intensive rehabilitation 

programme for patients with chronic low back pain: the MRC spine stabilisation trial. 

BMJ 2005;330:1233–9.

 3. Fritzell P, Hägg O, Wessberg P, et al. 2001 Volvo Award Winner in Clinical Studies: 

Lumbar fusion versus nonsurgical treatment for chronic low back pain: a multicenter 

randomized controlled trial from the Swedish Lumbar Spine Study Group. Spine 

2001;26:2521–32; discussion 2532–4.

 4. Brox JI, Sørensen R, Friis A, et al. Randomized clinical trial of lumbar instrumented 

fusion and cognitive intervention and exercises in patients with chronic low back pain 

and disc degeneration. Spine 2003;28:1913–21.

 5. Brox JI, Reikerås O, Nygaard Ø, et al. Lumbar instrumented fusion compared 

with cognitive intervention and exercises in patients with chronic back pain after 

previous surgery for disc herniation: a prospective randomized controlled study. Pain 

2006;122:145–55.

 6. Ibrahim T, Tleyjeh IM, Gabbar O. Surgical versus non-surgical treatment of chronic 

low back pain: a meta-analysis of randomised trials. Int Orthop 2008;32:107–13.

 7. Mirza SK, Deyo RA. Systematic review of randomized trials comparing lumbar 

fusion surgery to nonoperative care for treatment of chronic back pain. Spine 

2007;32:816–23.

 8. Keller A, Brox JI, Gunderson R, et al. Trunk muscle strength, cross-sectional area, 

and density in patients with chronic low back pain randomized to lumbar fusion or 

cognitive intervention and exercises. Spine 2004;29:3–8.

 9. Fairbank JC, Couper J, Davies JB, et al. The Oswestry low back pain disability 

questionnaire. Physiotherapy 1980;66:271–3.

10. Hägg O, Fritzell P, Romberg K, et al. The General Function Score: a useful 

tool for measurement of physical disability. Validity and reliability. Eur Spine J 

2001;10:203–10.

11. Holm I, Friis A, Storheim K, et al. Measuring self-reported functional status and pain 

in patients with chronic low back pain by postal questionnaires: a reliability study. 

Spine 2003;28:828–33.

12. Derogatis LR, Lipman RS, Rickels K, et al. The Hopkins Symptom Checklist (HSCL): a 

self-report symptom inventory. Behav Sci 1974;19:1–15.

13. Waddell G, Newton M, Henderson I, et al. A Fear-Avoidance Beliefs Questionnaire 

(FABQ) and the role of fear-avoidance beliefs in chronic low back pain and disability. 

Pain 1993;52:157–68.

14. Andrews FM, Robinson JP. Measures of subjective well-being. In: Robinson JP, 

Shaver PR, Wrightsman LS, eds. Measures of personality and social psychological 

attitudes. San Diego, California, USA: Academic Press, 1991.

15. Carpenter JR, Kenward MG, Vansteelandt S. A comparison of multiple imputation 

and doubly robust estimation for analysis with missing data. J Roy Statist Soc (A) 

2006;169:1–14.

16. Deyo RA, Nachemson A, Mirza SK. Spinal-fusion surgery – the case for restraint. N 

Engl J Med 2004;350:722–6.

17. Carragee EJ. Clinical practice. Persistent low back pain. N Engl J Med 

2005;352:1891–8.

18. Hägg O, Fritzell P, Ekselius L, et al. Predictors of outcome in fusion surgery for 

chronic low back pain. A report from the Swedish Lumbar Spine Study. Eur Spine J 

2003;12:22–33.

19. Martin BI, Mirza SK, Comstock BA, et al. Are lumbar spine reoperation rates 

falling with greater use of fusion surgery and new surgical technology? Spine 

2007;32:2119–26.

20. Crisostomo RA, Schmidt JE, Hooten WM, et al. Withdrawal of analgesic medication 

for chronic low-back pain patients: improvement in outcomes of multidisciplinary 

rehabilitation regardless of surgical history. Am J Phys Med Rehabil 2008;87:527–36.

21. Weinstein JN, Tosteson TD, Lurie JD, et al. Surgical versus nonsurgical therapy for 

lumbar spinal stenosis. N Engl J Med 2008;358:794–810.

22. Weinstein JN, Lurie JD, Tosteson TD, et al. Surgical versus nonsurgical treatment for 

lumbar degenerative spondylolisthesis. N Engl J Med 2007;356:2257–70.

23. Chalmers TC. Randomization and coronary artery surgery. Ann Thorac Surg 

1972;14:323–7.

24. Gibson JN, Waddell G. Surgery for degenerative lumbar spondylosis. Cochrane 

Database Syst Rev 2005;4:CD001352.

25. Weinstein JN. The tortoise and the hare: is there a place in spine surgery for 

randomized trials? Spine 1999;24:2548–9.

12_annrheumdis108902.indd   164812_annrheumdis108902.indd   1648 8/2/2010   6:04:14 PM8/2/2010   6:04:14 PM


