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Abstract

The effectiveness of lumbar fusion for chronic low back pain after surgery for disc herniation has not been evaluated in a ran-
domized controlled trial. The aim of the present study was to compare the effectiveness of lumbar fusion with posterior transpedic-
ular screws and cognitive intervention and exercises. Sixty patients aged 25–60 years with low back pain lasting longer than 1 year
after previous surgery for disc herniation were randomly allocated to the two treatment groups. Experienced back surgeons per-
formed transpedicular fusion. Cognitive intervention consisted of a lecture intended to give the patient an understanding that ordin-
ary physical activity would not harm the disc and a recommendation to use the back and bend it. This was reinforced by three daily
physical exercise sessions for 3 weeks. The primary outcome measure was the Oswestry Disability Index (ODI). Outcome data were
analyzed on an intention-to-treat basis. Ninety-seven percent of the patients, including seven of eight patients who had either not
attended treatment (n = 5) or changed groups (n = 2), completed 1-year follow-up. ODI was significantly improved from 47 to 38
after fusion and from 45 to 32 after cognitive intervention and exercises. The mean difference between treatments after adjustment
for gender was �7.3 (95% CI �17.3 to 2.7, p = 0.15). The success rate was 50% in the fusion group and 48% in the cognitive inter-
vention/exercise group. For patients with chronic low back pain after previous surgery for disc herniation, lumbar fusion failed to
show any benefit over cognitive intervention and exercises.
� 2006 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Success rates of 75–80% are reported after surgery
for disc herniation (Asch et al., 2002). Despite these
ublished by Elsevier B.V. All rights reserved.
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findings a considerable number of patients have
reported postoperative back pain with or without leg
pain (Nachemson, 1993; Manniche, 1995; Berger,
2000). Manniche found that more than half of the
patients suffered from considerable back pain, sciatica,
and functional disabilities. These patients are often con-
sidered for repeat disc surgery or lumbar fusion. Studies
on results of surgery for disc herniation report inappro-
priate patient selection as the leading cause of surgical
failure (Nachemson, 1993; Berger, 2000). Re-operation
is usually considered if the patient has a recurrent disc
herniation with clinical symptoms and signs. Inferior
results are reported after repeat disc surgery in patients
with postoperative pain, but without recurrent disc her-
niation (Vik et al., 2001). According to evidence-based
medicine, activity restriction is unnecessary after lumbar
disc surgery (Ostelo et al., 2003).

Three randomized studies have compared lumbar
fusion to non-operative treatment (Fritzell et al., 2001;
Brox et al., 2003; Fairbank et al., 2005). Fritzell et al.
found that, of 294 patients, lumbar fusion reduced pain
and decreased disability more efficiently than usual care
within the primary health care system (Fritzell et al.,
2001). Only 19% of these patients had previously been
operated for lumbar disc herniation. In our previous trial,
which included 64 patients, we reported that lumbar
fusion and cognitive intervention and exercises showed
equal improvement in patients with chronic low back pain
and disc degeneration (Brox et al., 2003). The study by
Fairbank et al. included 349 patients and found no clear
evidence that spinal fusion was more beneficial than inten-
sive rehabilitation. In that study, patients allocated to the
rehabilitation program completed exercises and cognitive
behavior intervention for 75 days. Patients in the surgery
group were operated on by surgeons using the surgical
technique of their choice (Fairbank et al., 2005). Only
8% of the patients had post-laminectomy pain. To our
knowledge, the effectiveness of lumbar fusion in patients
with chronic low back pain after surgery for disc hernia-
tion has not been evaluated in a randomized study.

Posterolateral fusion with pedicle fixation is one of a
variety of contemporary fusion and non-fusion tech-
niques employed for the treatment of degenerative disc
disease. Previous randomized studies consistently show
no clinical advantage of any particular technique (Deyo
et al., 2004),

The study design and methods, except the history of
surgery for disc herniation, are similar in the present
study and the previously published study (Brox et al.,
2003). We have previously published results on trunk
muscle strength, cross-sectional muscle area, and density
for both study populations together (Keller et al., 2004).
The purpose of the present study was to compare the
effect of transpedicular fusion with cognitive interven-
tion and exercise in a prospective randomized study of
patients with previous surgery for disc herniation. The
predefined primary outcome measure was the difference
between groups in change in Oswestry Disability Index
(ODI) between baseline and 1-year follow-up. Second-
ary outcome measures are outlined in Section 2.
2. Materials and methods

2.1. Study design

This study was a randomized, single blind, clinical trial with
prospective assessment before randomization and blinded
assessment of the two parallel treatment groups by two inde-
pendent observers at 1-year follow-up. The study is reported
according to the Consolidated Standards of Reporting Trials
(CONSORT) (Moher et al., 2001).

2.2. Participants

Patients with chronic low back pain and previous surgery
for disc herniation, referred from departments of orthopedic
surgery, neurosurgery, and physical medicine and rehabilita-
tion from all regions in Norway during the period 1997–
2000, were eligible to participate in the study. Clinicians at
the referral hospitals performed a brief examination of patients
with respect to inclusion and exclusion criteria and informed
eligible patients about the trial. All patients referred for inclu-
sion were examined at the Orthopedic Department at the Riks-
hospitalet University Hospital. At least one spine surgeon and
one specialist in physical medicine and rehabilitation examined
each patient. All patients underwent plain radiography and
magnetic resonance imaging of the lumbar spine. Where indi-
cated, a gadolinium contrast magnetic resonance imaging was
performed to discriminate between disc herniation and scar tis-
sue. Discography for imaging and pain provocation testing
was not used except for a few patients for whom an additional
diagnostic tool was deemed necessary.

Inclusion criteria were: age 25–60 years; pain duration of at
least 1 year after previous surgery for disc herniation; a score
of at least 30 of 100 points on the Oswestry Disability Index
(ODI); degeneration at L4–L5 and/or L5–S1 (spondylosis)
on plain radiographs. Exclusion criteria were: widespread
myofascial pain; spinal stenosis with reduced walking distance
and neurological signs; recurrent disc herniation or lateral
recess stenosis with clinical signs of radiculopathy; inflamma-
tory disease; previous spinal fracture; previous lumbar fusion;
generalized disc degeneration on plain X-ray examination;
ongoing somatic or psychiatric disease that excludes either
one or both treatment alternatives; registered medical abuse;
reluctance to accept one or both of the treatment regimens
of the study.

All eligible patients were given verbal and written informa-
tion about the study and the two treatment alternatives. Each
patient signed an informed consent before participating in the
study. To standardize patient management, the maximum
waiting time between inclusion and start of treatment was set
to 3 months for both treatments. This was a possible incentive
because waiting time for spinal fusion for chronic low back
pain in Norway was between 6 and 12 months at that time.

The Ethics Committee for Medical Research in Health
Region I of Norway approved the study.
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2.3. Randomization

Participants were randomly allocated to one of two treat-
ment groups: posterolateral fusion with pedicle fixation or cog-
nitive intervention and exercises. Each eligible patient was
assigned an identification number by the randomization cen-
tral at the University of Bergen. Concealed random allocation
was conducted by a computer generated random list. Blocks of
10 patients were used to ensure fairly even-numbered treat-
ment groups.

2.4. Treatments

2.4.1. Posterolateral fusion with pedicle fixation

Patients in the fusion group were operated on by nine expe-
rienced back surgeons at four different hospital departments:
Orthopedic Department, Rikshospitalet University Hospital;
Neurosurgical Department, St. Olavs Hospital; Neurosurgical
Department, University Hospital Northern Norway; Orthope-
dic Department, Ullevaal University Hospital. The fusion pro-
cedure used was posterolateral fusion with transpedicular
screws of either the L4–L5 and/or the L5–S1 segment. The
types of screws and instruments used were not standardized.
Autologous bone was used in all cases. Physical therapists at
the respective departments advised patients regarding physical
activities during the first 3 months following surgery. The sur-
geons conducted follow-up consultations with each patient at 3
and 6 months, with the surgeon prescribing physiotherapy,
including exercises, at the first follow-up.

2.4.2. Cognitive intervention and exercises

Patients allocated to the cognitive intervention and exercis-
es group were treated at the Physiotherapy Department at the
Rikshospitalet University Hospital. This rehabilitation pro-
gram has been described previously (Brox et al., 1999, 2003).
The average duration of the program was about 25 h per week
for 3 weeks. During the first week, a specialist in physical med-
icine and rehabilitation gave a presentation to the patients
describing pain receptors in the discs, facet joints, and muscles,
the reflexive interplay between various structures, and the abil-
ity to suppress and reinforce various peripheral stimuli.
Patients were assured that they could not do any harm to
the disc (back) by engaging in ordinary activities of daily life
and were told to use their backs and to not be too cautious
(Indahl et al., 1995). They were challenged in physical activities
previously labeled as not recommended, such as vacuum clean-
ing, jumping, lifting, and ball games. Patients were told to
bend their back while lifting light objects and to bend their
knees while lifting heavy objects. Endurance and coordination
exercises were also recommended, not necessarily with the goal
of increasing aerobic capacity and trunk muscle strength, but
to gain confidence towards engaging in ordinary activities of
daily life. An additional exercise that specifically trains the
co-contraction of the deep abdominal muscles with lumbar
multifidus was performed according to principles outlined by
O’Sullivan et al. (1997).

Individual goals for the rehabilitation process were estab-
lished based on the patients’ answers to a comprehensive ques-
tionnaire (thoughts and feelings) and their test results (physical
function and behavior). Additionally, an operant conditioning
behavioral approach (Lindström et al., 1992) was used for a
few patients. This approach is aimed at teaching the patients
that it is safe to move, while regaining function. The original
plan was that patients would fill out a training diary, but com-
pliance was low and that was dropped.

Because the patients were recruited from all over Norway,
most patients stayed at a patient hotel. Three daily workouts
were performed: aerobics or outdoor activities, water gymnas-
tics, and individual exercises. Additionally, individual consul-
tations, group lessons, and discussions were given. Groups of
patients met with a former participant in the program in order
to exchange experiences.

2.5. Outcomes

The primary outcome measure was predefined in the study
protocol. The Norwegian version of the original ODI (version
1.0) was used to evaluate condition-specific disability and pain
(Fairbank et al., 1990). The ODI is comprised of 10 questions
concerning pain and pain-related disability in activities of daily
life and social participation. Each question has six different
response alternatives with each response having a score. The
sum of the response scores is calculated and presented as a per-
centage, where 0% represents no pain or disability, and 100%
represents the worst possible pain and disability. In a recent
study evaluating several outcome measures in the target popu-
lation, the ODI showed the highest test–retest reliability of the
variables used in the questionnaire (Holm et al., 2003). Chang-
es within 12% points using the ODI could be attributed to
measurement error or random variation in a single patient
with chronic low back pain (Holm et al., 2003; Grotle et al.,
2004a,b).

Secondary outcome measures were assessed using a stan-
dardized questionnaire, which was completed by the patients
before inclusion and again at the 1-year follow-up visit.
Patients ranked the intensity of their back and leg pain during
the previous week on a vertical visual analog scale ranging
from 0 to 100, where 100 reflected the worst pain imaginable.
Maximum pain, minimum pain, and current pain were scored
on three separate scales. The mean of the three measurements
provided the pain index for back pain and lower limb pain
(Fritzell et al., 2001). The use of daily pain medication was reg-
istered (including drug name and dosage, reported by the
patient) for the week just prior to inclusion and the 1-year fol-
low-up. The consumption of different classes of drugs was calcu-
lated with defined daily doses as a measurement unit. Drugs were
classified according to therapeutic group, defined by the ana-
tomic therapeutic chemical system (Brox et al., 1993; Rønning
et al., 2000; WHO, 2002). The therapeutic groups were: analge-
sics; anxiolytics, hypnotics, and sedatives; antidepressants; anti-
inflammatory agents; muscle relaxants. One defined daily dose
equals 3 g paracetamol (acetaminophen) or 0.5 g naproxen.

The General Function Score (GFS) was used to measure
back-related disability in activities of daily living (Fritzell
et al., 2001). Patients answered nine questions with one of
three alternatives: ‘‘can perform’’, ‘‘can perform with difficulty
due to back complaints’’, and ‘‘cannot perform due to back
complaints’’. The score is expressed as a percentage, with
100% representing maximum disability. The reliability and
validity of GFS were found to be acceptable in a Swedish study
(Hägg et al., 2002). The minimal clinically important difference
was 12% points (Hägg et al., 2003).
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Emotional distress was rated by the Hopkins Symptom
Check List-25 (Derogatis et al., 1974). Patients ranked their
experience of 25 symptoms from 1 (‘‘not at all’’) to 4 (‘‘ex-
treme’’). An average score above 1.75 is a high predictor of
whether a patient is currently seeking help, but seems to reflect
illness or non-specific distress more than psychiatric diagnoses
(Sandanger et al., 1999).

A Norwegian version of Waddell’s Fear-Avoidance Belief
Questionnaire (FABQ) was used to quantify fear-avoidance
beliefs (Waddell et al., 1993). FABQ is comprised of two
sub-scales, one for physical activity (FABQ-PA) and one for
work (FABQ-Work). Each item in the questionnaire was
scored from 0 to 6, with higher numbers indicating increased
levels of fear-avoidance beliefs. According to Waddel et al.’s
original paper seven of the 11 items in the FABQ-Work are
summed to a FABQ-Work score and all five items in the
FABQ-PA are summed to a FABQ-PA score. Therefore, the
FABQ-Work score ranges from 0 to 42, and the FABQ-PA
ranges from 0 to 24. An early Norwegian version of FABQ
showed acceptable test–retest reliability and internal consisten-
cy by Chronbach’s a (Holm et al., 2003). In this version, item
12 (‘‘I should not do my normal work with my present pain’’)
in FABQ-Work was omitted. We adjusted for this omission by
adding the mean of the other FABQ-Work items to the sum
score. A new Norwegian version of the FABQ that includes
all 16 items has since been validated (Grotle et al., 2004a,b).

Patients rated their overall function using the Global Back
Disability Question at the 1-year follow-up visit (Holm et al.,
2003). There were five response alternatives: excellent, no com-
plaints; good, occasionally influences activity; fair, some pain,
and limited function; poor, unchanged, considerable com-
plaints, and severe disability; miserable, worse, not self-reliant
in activities of daily living. The reliability and construct valid-
ity of this question are good in the target population (Holm
et al., 2003).

Evaluation of work status included questions about paid
work (full time, part time, and not working) and status if
not working (on sick leave, vocational or medical rehabilita-
tion, disability pension, unemployed, and other (homemaker
or student)). The assessment of work status was standard
and reliable in the target population (Holm et al., 2003).

Relevant information from the index operation for disc
herniation was tracked on medical charts. Baseline charac-
teristics were assessed by a standardized questionnaire.
Co-morbidity was assessed by a single question: ‘‘Do you
have other diseases?’’ Two visual analog scales assessed
pre-treatment beliefs and expectancies about the potential
benefit from surgical and non-surgical treatment, respective-
ly. The scale ranged from 0 (no benefit) to 100 (complete
recovery). The reliability and validity of these questions
have not been evaluated. The number of physiotherapy ses-
sions attended after leaving the hospital was obtained by
patient self-report.

A specialist in physical medicine and rehabilitation working
at another hospital and a physiotherapist not involved in either
treatment and working in another building at the Rikshospita-
let University Hospital evaluated the patients at 1-year follow-
up. All patients wore T-shirts during the evaluation to hide any
scars from surgery and were told not to disclose which treat-
ment they had received. The physician rated the patients’ over-
all functional and work status using the Prolo Scale (Prolo
et al., 1986). This scale has been applied in large series to eval-
uate results after lumbar discectomy (Davis, 1994; Berger,
2000). The Prolo Scale has two parts: economic and functional
status. We chose to use functional status only, which ranks
pain and the effect of pain on five categories of daily living
activities. The scale ranges from ‘‘complete recovery’’ to
‘‘worse’’. The physiotherapist measured fingertip–floor dis-
tance as described by Hyytiäinen with the patient standing
on a platform and bending forward (Hyytiäinen et al., 1999).

In addition, experienced radiologists assessed radiographic
fusion. Anteroposterior and lateral radiographs of the lumbar
sacral spine were taken. Fusion was graded as fused or not
fused (Christensen et al., 2001).

2.6. Sample size

The study was designed to detect the difference of as little as
10 points between groups in change on the ODI from baseline
to the 1-year follow-up visit. After a pilot study, the standard
deviation was estimated at 10 points (Brox et al., 1999). With a
set at 0.05 (type I error) and b at 0.1 (type II error), 26 patients
were required for each treatment group to complete the trial
(Pocock, 1983).

2.7. Statistical analysis

The results were analyzed according to the method of inten-
tion-to-treat. The normal distribution of baseline, follow-up
data, and differences was checked by histograms and discussed
with a statistician. Results are presented as medians (interquar-
tile ranges (IQR)), proportions or means (SD). Differences are
presented as means (95% confidence interval (CI) or odds ratio
for categories (95% CI)). Baseline categories were compared
with the v2-test or the Fisher’s exact test. Paired t-tests
(2-sided) were used to assess differences within the two groups
from baseline to 1-year follow-up. Correlations between
improvement in ODI and 1-year results according to Global
Back Disability Questionnaire and Prolo Scale for functional
status were calculated (Pearson’s correlation coefficient).
Categorical data for work and overall ratings were dichoto-
mized. Success was defined as the three best grades (all
responses except ‘‘unchanged’’ and ‘‘worse’’) for the Prolo
Scale and the Global Back Question (Gibson et al., 1999).
Results were compared with the Fisher’s exact test. Because
of small numbers in the work categories, work was dichoto-
mized into full time work or not working. The McNmar’s test
of paired proportions was used to test differences in return
to full time work. Patients on disability pension and other
(homemaker, unemployed, and student) at baseline were
excluded from this analysis.

Multiple regression analysis predicting 1-year follow-up
scores on the outcome measure adjusted for baseline scores
and gender was used to measure point estimates and confi-
dence intervals for group differences (Tables 2 and 3). We con-
structed a variable from baseline scores for treatment
expectations: expectation of surgery for patients assigned sur-
gery and expectation of the cognitive intervention for patients
allocated to that treatment. This variable correlated �0.12
(Pearson’s correlation coefficient) with change in ODI. Adjust-
ment for this variable made small differences and is reported
only for primary outcome.
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A second analysis, which included only the patients who
completed the study, paralleled the intention-to-treat analysis.
In a third analysis, we carried the last value forward to replace
post-baseline values in the few patients missing results from 1-
year follow-up. Analyses were performed using SPSS software,
version 12.0.
3. Results

3.1. Recruitment and baseline characteristics

Of the 113 patients referred, 53 did not fulfill the cri-
teria for randomization (Fig. 1), and 60 gave signed,
informed consent and were randomly allocated to the
study groups. The baseline characteristics of the patients
are shown in Table 1. The percentage of men was lower
in the surgery group (38%) than in the cognitive/exercis-
es group (64%) (p = 0.04). The two groups did not differ
in age, duration of disease, comorbidity, the use of anal-
gesics or smoking habits. Beliefs in surgery were consid-
erably higher than beliefs in non-operative treatment for
both groups.

The 1-year follow-up rate was 97% (Fig. 1). Six
patients in the surgery group did not receive the assigned
treatment because they changed their mind after having
been randomized to lumbar fusion. In addition, one
patient died during the follow-up period. Two patients
did not receive the assigned treatment because they
changed their mind after having been randomized to
the cognitive/exercises group. Additionally, two patients
from the cognitive/exercises group had lumbar fusion
Fig. 1. Recruitment and follow
during the follow-up period. Both patients had
researched the possibility of having back surgery abroad
before they were randomized to the study and under-
went an operation in Sweden during the follow-up peri-
od. The median number of physiotherapy sessions
attended after the hospital or patient hotel stay was 32
(range 0–96) in the surgical group and 0 (range 0–40)
for cognitive/exercises group (p < 0.001, Fisher’s exact
test).

3.2. Outcomes

3.2.1. Primary outcome measure: improvement in back

specific pain and disability measured by ODI
The improvement in the ODI at the 1-year follow-

up was significant in both groups from 47.0 (SD 9.4)
to 38.1 (20.1) (p = 0.023) for lumbar fusion and from
45.1 (9.1) to 32.3 (19.1) (p = 0.001) for cognitive inter-
vention and exercises (Table 2) The improvement in the
ODI at the 1-year follow-up visit did not differ signif-
icantly between treatments (Table 2). The mean differ-
ence in change between groups was �3.7 (95%
confidence interval �13.5 to 6.2), �7.3 (�17.3 to 2.7)
after adjusting for gender, and �9.7 (�21.7 to 1.7)
after adjusting for gender and pretreatment expecta-
tions. The mean scores at baseline, 3 and 6 months,
and at the 1-year follow-up visit are shown in Fig. 2.
Improvement above measurement error (12 points) in
a single patient was observed in 12 of 28 surgery
patients and 14 of 29 cognitive/exercise patients
(p = 0.79, Fischer’s exact test).
-up of study participants.



Table 1
Baseline characteristics of the patients

Lumbar fusion (n = 29) Cognitive/exercises (n = 31) p-value

Age (years, median, and IQR) 42 (35–45) 43 (37–50) 0.35c

Gender (women/total) 18/29 11/31 0.04
Duration from first onset (months, median, and IQR) 100 (39–150) 93 (36–146) 0.62
Educational level

High school/university/college 9/29 11/31 0.72
Pre-randomization beliefs/expectancies in surgerya (mean (SD)) 71.6 (19.3) 70.5 (16.9) 0.99d

Pre-randomization beliefs/expectancies in non-surgical treatmenta (mean (SD)) 40.8 (24.3) 51.8 (22.8) 0.07d

Comorbidity 12/29 12/31 0.83
Daily or weekly consumption of analgesics including acetaminophen 20/27 26/31 0.52e

Smoking 21/29 18/31 0.24
Married/living together 25/29 27/31 1.00e

Radiculopathy at index operation 21/27 25/29 0.50e

Radiculopathy improved after index operationb

3 months 15/28 22/31 0.17
1 year 12/28 11/31 0.56

Second index operation (reoperation) 8/29 14/31 0.16

Numbers are proportions and Pearson’s v2 test is used to compare groups unless stated otherwise.
a 0 = no effect, 100 = complete recovery.
b Index operation = operation for disc herniation.
c Mann–Whitney U-test.
d Independent 2-sided t-test.
e Fischer’s exact 2-sided test.
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The mean difference in change between groups for
ODI from baseline to the 1-year follow-up visit in
patients who adhered to their assigned treatment was
�3.8 (�14.1 to 6.5), and �3.2 (�12.5 to 6.3) when the
baseline values replaced missing 1-year follow-up values.
ODI scores for the men in the surgery group did not
improve. The mean difference in ODI for men between
treatment groups was �19.8 (�32.8 to �6.8)
(p = 0.001). The difference in women was 5.9 (�8.2 to
20.0) (p = 0.4). Moreover, the two men from the cogni-
tive/exercise treatment group who had surgery during
the follow-up period did not improve. The median
improvement on the ODI was 16 (range �18 to 38)
for single level L5–S1 fusions (n = 8) and 8 (range �14
to 60) for two level L4–S1 fusions (n = 14).
Table 2
Primary outcome

Outcome Lumbar fusion
(n = 28)a

Cognitive/exercises
(n = 29)a

p-

Oswestry (0–100)
Baseline 47.0 (9.4) 45.1 (9.1)
1-year 38.1 (20.1) 32.3 (19.1)

Difference 8.9 (1.3 to 18.5)* 12.6 (6.0–19.2)** 0.4

Data are means (SD) for lumbar fusion and cognitive/exercises and means
baseline and 1-year and regression analysis predicting 1-year follow-up score
baseline score, gender and treatment expectations.

a Two patients randomized cognitive intervention/exercises and one patient
observer did not examine two patients given intervention/exercises.

* p = 0.023.
** p = 0.001.

*** p = 0.09.
3.2.2. Secondary outcomes

Patients randomized to cognitive intervention and
exercise improved significantly from baseline to 1-year
follow-up in all variables except back pain (p = 0.07),
work (p = 0.13), and emotional distress (p = 0.08).
Patients in the surgery group did not improve signifi-
cantly in any variable except back pain (p = 0.02). Dif-
ferences between groups from baseline to 1-year
follow-up were not significant, except for fingertip–floor
distance and fear-avoidance beliefs for physical activity
(Table 3). Complete results for the Global Back Disabil-
ity Question and the Prolo Scale for functional status
are presented in Tables 4 and 5. Correlation coefficients
between improvement in ODI and Global Back Disabil-
ity Question and Prolo scale were �0.75 and �0.77,
value Mean difference (95% CI)
between groups from baseline
to 1-year adjusted for gender

Adjusted for gender
and treatment
expectations

3 �7.3 (�17.3 to 2.7) �9.7 (�21.7 to 1.7)***

(95% CI) and p-values from paired t-tests for the differences between
s on the outcome measure adjusted for baseline score and gender, and

randomized surgery did not attend 1-year follow-up. The independent
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Fig. 2. Mean values for Oswestry Disability Index (ODI) in each study
group. The ODI was the predefined main outcome variable and the
study was designed to detect a difference in change of at least 10 points
between groups. This measure consists of 10 questions about pain-
related disability of activities of daily life and social participation. The
total score ranges from 0 (no pain and disability) to 100 (worst possible
pain and disability).

Table 3
Secondary outcome

Outcome Lumbar fusion
(n = 28)a

Cognitive/exe
(n = 29)a

General Function Score (0–100)
Baseline (median (IQR)) 40.3 (20.1) 39.1 (17.1)
1-year 30.8 (21.6) 23.8 (21.0)

Back pain (0–100)
Baseline (median (IQR)) 64.6 (15.4) 64.7 (11.1)
1-year 50.7 (27.3) 49.5 (20.0)

Lower limb pain (0–100)
Baseline (median (IQR)) 52.7 (20.2) 55.3 (19.4)
1-year 45.0 (29.8) 47.7 (24.1)

Medication (DDDb)
Baseline 1.2 (1.4) 1.6 (2.0)
1-year 0.9 (1.2) 0.9 (1.2)

Emotional distress (1–4)
Baseline 2.0 (0.6) 2.0 (0.5)
1-year 1.8 (0.6) 1.7 (0.5)

Fear-avoidance physical activity (0–24)
Baseline 12.8 (5.1) 14.2 (4.4)
1-year 11.9 (5.4) 7.9 (5.4)

Fear-avoidance work (0–42)
Baseline 26.8 (10.3) 27.7 (10.1)
1-year 24.7 (13.1) 22.5 (13.4)

Fingertip–floor distance (cm)
Baseline 25.9 (20.2) 28.7 (17.1)
1-year 19.8 (21.8) 11.7 (18.7)

Working full timec

Baseline 1/20 3/21
1-year 2/20* 8/21**

Data are means (SD) for lumbar fusion and cognitive/exercises and means (9
up scores on the outcome measure adjusted for baseline score and gender
measures can be obtained by multiplying p-values with 12. n.a., not applica

a Two patients randomized cognitive intervention/exercises and one patient
observer did not examine two patients given intervention/exercises.

b DDD, daily defined doses based on ATC codes.
c Patients on disability pension and other (homemaker, student, and unem
* p = 1.0.

** p = 0.13 (McNmar’s test).
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respectively, and 0.81 between the two overall rating
scales. Success rate, as assessed by the patients (Global
Back Disability Question), was 50% for the surgery
group and 48% for the cognitive/exercise group (Table
4). Success rates according to the independent observer
(functional Prolo Scale) were 57% and 67%, respectively
(Table 5). The observed fusion rate was 85%.

3.2.3. Adverse effects

Early complications included two wound infections
among the 23 operated patients. There were no late
complications.

4. Discussion

We found no difference in primary outcome between
lumbar fusion and cognitive intervention and exercises
rcises p-value Mean difference (95% CI) between groups from
baseline to 1-year adjusted for gender

0.09 �9.5 (�20.7 to 1.6)

0.42 �5.2 (�18.0 to 7.6)

0.68 �2.7 (�15.8 to 10.4)

0.31 �0.3 (�1.3 to 0.3)

0.33 �0.1 (�0.5 to 0.2)

0.003 �5.5 (�8.9 to �2.0)

0.31 �3.2 (�9.5 to 3.0)

0.009 �13.2 (�23.0 to �3.4)

n.a.

5% CI) and p-values from regression analysis predicting 1-year follow-
unless stated otherwise. Bonferroni correction for secondary outcome
ble.

randomized surgery did not attend 1-year follow-up. The independent

ployed) are excluded.



Table 4
Patient overall rating by the Global Disability Question

Outcome Lumbar fusion
(n = 28)a

Cognitive/exercises
(n = 29)a

Excellent 1 1
Good 5 8
Fair 8 5
Poor 12 15
Worse 2

Proportion with
success at 1 year

14/28 14/29

Data are number of patients. Odds ratio (95% CI) for success
(excellent, good, or fair) of surgery at 1-year: 1.1 (0.4–3.0), p = 0.91
(Pearson’s v2 test).

a Two patients randomized cognitive intervention/exercises and one
patient randomized surgery did not attend 1-year follow-up. In
addition the independent observer did not examine two patients given
cognitive intervention exercieses.
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after 1 year. Consistent results were observed for the
primary outcome and overall evaluation at 1-year
follow-up. Observed results for fear-avoidance for
physical activity and fingertip–floor distance were better
after non-operative treatment. The small size of the
present study and the large variation between patients
are reflected in the large confidence intervals. We had
considered a difference between treatments of 10.0 on
the Oswestry Disability Index to be clinically relevant
before starting the study. After adjustment for gender
and pretreatment expectations, the observed difference
was 9.7 in favor of cognitive intervention and exercise.
Thus, we cannot exclude the fact that cognitive interven-
tion and exercises are more effective than lumbar fusion.

Patients with chronic low back pain after surgery for
disc herniation are often considered for fusion or disc
prosthesis. These patients are commonly classified as
having failed back surgery syndrome and the prognosis
after a second operation is generally considered poor
Table 5
Independent observer overall rating by the Prolo scale for functional
status

Outcome Lumbar fusion
(n = 28)a

Cognitive/exercises
(n = 29)a

Complete recovery 2 6
Recurrent pain 4 7
Mild pain 9 5
Unchanged 12 9
Worse 1

Proportion with
success at 1-year

15/28 18/29

Data are number of patients. Odds ratio (95% CI) for success (excel-
lent, good, or fair) of surgery at 1-year: 0.6 (0.2 to �1.7), p = 0.32.
(Pearson’s v2 test).

a Two patients randomized cognitive intervention/exercises and one
patient randomized surgery did not attend 1-year follow-up. In
addition the independent observer did not examine two patients given
cognitive intervention exercieses.
compared with the prognosis in patients without previous
surgery for disc herniation. The present patient popula-
tion was more debilitated and chronically disabled than
the population from our previously published study, but
results were similar (Brox et al., 2003). Comparable
results were reported in a sub-group of patients with the
post-laminectomy syndrome in the British study
(Fairbank et al., 2005). Separate results for patients who
had previous surgery for disc herniation were not report-
ed in the Swedish lumbar study (Fritzell et al., 2001).

The lack of a ‘‘no treatment’’ group is a limitation of
the present study. This raises the possibility that neither
of the treatments given was effective or that the modest
improvements simply reflect the natural history, placebo
or regression to the mean. Given the high rates of back
surgery and the poorly documented results, a study
including a sham operation group might be ethically
acceptable, although difficult to conduct. It has been
claimed that the conservative treatment given in the
Swedish study resembles a non-treatment group (Moo-
ney, 2001). A three group design including a placebo
control group would have been preferable.

The greater reductions in fear-avoidance beliefs, fin-
gertip–floor distance, and reduction in the number of
physiotherapy sessions attended in the cognitive/exercise
group compared with the surgery group may have
occurred statistically by chance because we compared
multiple outcomes, but could suggest that a change in
pain behavior had occurred in the cognitive/exercise
group. The reduction we found in fear-avoidance beliefs
agrees with the results from a recent trial in chronic back
pain patients that incorporated fear reducing and acti-
vating techniques (Von Korff et al., 2005). The avoid-
ance of physical activity and fear of pain were the two
main factors directly associated with back symptoms
and changes in physical activity in a recent study (Keen
et al., 1999). In the present study, the main purpose of
cognitive intervention and exercises was to build confi-
dence, via both lecture and experience, in patients that
using their back would do no harm. This approach is
based on the hypothesis that inaccurate and detrimental
beliefs, ineffective coping behavior, negative mood
states, social problems, and patho-physiological pro-
cesses all interact to perpetuate the illness (Enright,
1997). Cognitive behavior therapy ascribes a central role
to conscious thoughts, beliefs, and behavior in the per-
petuation of disability (Vlaeyen and Linton, 2000). This
therapy is a brief and problem-oriented approach. Its
efficacy is documented by an increasing number of clin-
ical studies (Vlaeyen and Linton, 2000).

Psychologists or psychiatrists were not involved in
the present study. The information provided by
physicians and physiotherapists and reinforced by
participation in physical activities was simple and
acceptable to most patients, and fear-avoidance beliefs
for physical activity were significantly reduced. A recent
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study suggests that high fear-avoiders benefit from a
short-term exercise program (Klaber Moffett et al.,
2004). Our exercise program was not strictly based on
a behavioral approach. The role of exercise physiology
principles and specific exercises in patients with chronic
low back pain has been debated. The evidence for rec-
ommendation of exercises and/or behavioral therapy
in patients with chronic low back pain is strong, but
the evidence for specific exercise programs or techniques
is weak (www.backpaineurope.org).

Few studies have compared surgical and non-surgical
treatment, probably because such studies are demanding
to conduct. In a previous study comparing shoulder sur-
gery with a physiotherapy regimen for rotator cuff dis-
ease, we reported that patients were more reluctant to
enter the study due to not wanting to be randomly
assigned to surgery (Brox et al., 1993). Eligible patients
in the present study were told about the study and asked
if they were willing to participate at the referring hospi-
tals. Patients reluctant to participate at this screening
were not registered. Nine patients considered for inclu-
sion were excluded because of reluctance towards under-
going a new operation. Six patients changed their mind
and refused surgery. Most of the patients who withdrew
from treatment attended the 1-year follow-up visit.
Excluding dropouts did not change results, suggesting
that dropouts did not bias our results. Men had inferior
results after surgery. It is difficult to explain why surgical
results were related to gender. Other factors not regis-
tered may have been associated with gender for the
patients included in the present study and could have
contributed to the outcome. Our findings need further
exploration in future studies.

Critics may argue that posterior fusion with pedicle
fixation is just one of several surgical methods and that
other techniques may be preferable. Supporters of spinal
fusion may even argue that the choice of posterolateral
fusion is unfortunate and is not considered state of the
art. However, a recent randomized study failed to show
any clinical advantage of any of anterior-, posterior- or
non-instrumentation fusion techniques (Fritzell et al.,
2002). In another study of 140 patients, 59 of whom
had previous back surgery (Sasso et al., 2004), cylindri-
cal threaded titanium cages had a higher fusion rate, but
similar improvements in pain and disability compared
with femoral ring allograft.

In studies comparing fusion with and without pedicle
screws, patients in whom screws were used had a higher
likelihood of re-operation, a higher rate of nerve injury,
greater blood loss, a longer operative time, and a higher
rate of complications (Christensen et al., 2002a,b; Fritz-
ell et al., 2003). Another previous study concluded that
back surgery that included fusion was associated with
a doubling of the risk of complications (Deyo et al.,
1993). Common complications in instrumented spine
surgery are instrument failure (7%), neural injuries
(3%), infections (3%), and pulmonary embolus (2%).
Therefore, we consider the adverse effects in the present
study (two infections and no other complications) to be
lower than expected.

Spinal-fusion surgery is undoubtedly effective for
some conditions in some patients, but the rapidly rising
rates of surgery and high rates of complications and re-
operations raise concern that the procedure may be
overused. More evidence from clinical trials using con-
temporary surgical methods is needed to justify recom-
mending lumbar fusion to patients with degenerative
disc disease and chronic low back pain after previous
surgery for disc herniation.

Surgery carries strong implications of success (Turner
et al., 1994). For example, relief of sciatica and back
pain has been reported in at least one-third of back sur-
gery patients who proved to have no disc herniation
(Spongford, 1972). In the present study, the patients’
pre-treatment expectancies favored surgery, but were
minimally correlated with improvement in ODI.

Spinal surgeons who strongly believe in the efficacy of
lumbar fusion may argue that inappropriate patient selec-
tion explains our results. To our knowledge experienced
clinicians carefully evaluated the patients included in the
present study. However, patients’ back problems are
often labeled discogenic pain although the validity of clin-
ical signs, reduced disc height, Modic changes or high
intensity zone lesions are highly questionable (Hurri
et al., 2004). Recent studies indicate that invasive proce-
dures like discography are not helpful as a diagnostic pro-
cedure in most cases (Carragee, 2000; Carragee and
Hannibal, 2004). Despite the lack of validated diagnostic
criteria, patients are increasingly being offered fusion sur-
gery or disc prosthesis at spine centers in most western
countries.
5. Conclusions

This randomized study did not show a significant dif-
ference in treatment effect between posterior lumbar
transpedicular fusion and cognitive intervention and
exercises in patients with chronic low back pain after
surgery for disc herniation. Based on the results from
previous studies (Fritzell et al., 2001; Fairbank et al.,
2005) and the present study, our interpretation of the
present evidence is that lumbar fusion should not be rec-
ommended in patients with chronic low back after sur-
gery for disc herniation. Future studies should assess
whether a recommendation is indicated in subgroups
of patients with specific characteristics.
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