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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

Peter Fritzell, MD,* Olle Hägg, MD,† Per Wessberg, MD,†
Anders Nordwall, MD, PhD,† and the Swedish Lumbar Spine Study Group‡

Study Design. A randomized controlled multicenter
study with a 2-year follow-up by an independent observer.

Objectives. To determine whether fusion of the lower
lumbar spine could reduce pain and diminish disability
more effectively when compared with nonsurgical treat-
ment in patients with severe chronic low back pain
(CLBP).

Summary of Background Data. The reported results
after fusion surgery on patients with CLBP vary consider-
ably, and the evidence of treatment efficacy is weak in the
absence of randomized controlled studies.

Patients and Methods. A total of 294 patients referred
to 19 spinal centers from 1992 through 1998 were ran-
domized blindly into four treatment groups. Patients aged
25–65 years with CLBP for at least 2 years and with ra-
diologic evidence of disc degeneration at L4–L5, L5-S1, or
both were eligible to participate in the study. The surgical
group (n�222) included three different fusion techniques,
not analyzed separately in this study. Patients in the non-
surgical group (n�72) were treated with different kinds of
physical therapy. The surgical group comprised 49.5%
men, and the mean age was 43 years. The corresponding
figures for the nonsurgical group were 48.6% and 44
years. The patients had suffered from low back pain for a
mean of 7.8 and 8.5 years and been on sick leave due to
back pain for a mean of 3.2 and 2.9 years, respectively.
The Visual Analogue Scale (VAS) was used to measure
pain. The Oswestry Low Back Pain Questionnaire, the
Million Score and the General Function Score (GFS) were
used to measure disability. The Zung Depression Scale
was used to measure depressive symptoms. The overall
result was assessed by the patient and by an independent
observer. Records from the Swedish Social Insurance
were used to evaluate work disability. Patients who
changed groups were included in the analyses of signifi-
cance according to the intention-to-treat principle.

Results. At the 2-year follow-up 289 of 294 (98%) pa-
tients, including 25 who had changed groups, were ex-
amined. Back pain was reduced in the surgical group by
33% (64 to 43), compared with 7% (63 to 58) in the non-
surgical group (P�0.0002). Pain improved most during
the first 6 months and then gradually deteriorated. Dis-
ability according to Oswestry was reduced by 25% (47 to
36) compared with 6% (48 to 46) among nonsurgical pa-
tients (P�0.015), according to Million by 28% (64 to 46)

compared with 8% (66 to 60) (P�0.004), and according-
toGFS by 31% (49 to 34) compared with 4% (48 to 46)
(P�0.005). The depressive symptoms, according to Zung,
were reduced by 20% (39 to 31) in the surgical group
compared with 7% (39 to 36) in the nonsurgical group
(P�0.123). In the surgical group 63% (122/195) rated
themselves as “much better” or “better” compared with
29% (18/62) in the nonsurgical group (P�0.0001). The “net
back to work rate” was significantly in favor of surgical
treatment, or 36% vs. 13% (P�0.002). The early complica-
tion rate in the surgical group was 17%.

Conclusion. Lumbar fusion in a well-informed and se-
lected group of patients with severe CLBP can diminish
pain and decrease disability more efficiently than com-
monly used nonsurgical treatment. [Key words: chronic
low back pain, degenerative disc disease, lumbar spinal
fusion, nonsurgical treatment, clinical outcome, multi-
center randomized controlled trial] Spine 2001;26:2521–

2534

Approximately 70-85% of all people experience back
pain at some time in life,2 and patients with chronic low
back pain (CLBP), i.e., pain duration more than 3
months, use the health services more often than most
other patient groups.21,50 The spontaneous recovery of
these patients is slow and uncertain, and the return-to-
work rate after 2 years of absence from work due to low
back pain has been shown to be close to zero.41 There is
a lack of consensus regarding treatment of patients with
CLBP,17,34,36,52 but physical therapy and different forms
of exercise are usually the first choices. Some of these
regimens have been demonstrated to give satisfactory
results, at least in the short term.30,49 When nonsurgical
treatments fail, spine surgeons may occasionally perform
fusion surgery (arthrodesis) on selected patients, with the
aim of reducing pain and decreasing disability.22,54

However, surgical treatment is controversial. Several au-
thors have claimed that CLBP is basically a multifacto-
rial entity and that surgical treatment so far has failed to
demonstrate any beneficial effects when compared with
nonsurgical treatment, placebo, or natural history.17 Re-
ported results from several surgical studies—mostly ret-
rospective and conducted on heterogeneous patient
groups without a control group— have also been
inconsistent.18,46

Consequently, indications for fusion surgery vary be-
tween different countries and areas within countries,
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even among surgeons at the same institution.1,7,8,10,13,15.
Taylor et al have reported that surgical treatment, espe-
cially lumbar fusion, is increasing in frequency, while at
the same time hospitalization for most low back pain
disorders is decreasing.45 However, Elam et al have
shown that it is possible to reverse the increasing trend of
fusion surgery by using strict guidelines.13

This means there is a need for randomized controlled
studies comparing fusion surgery to nonsurgical treat-
ment in well-defined patient groups6,11,17,33–36,40,46

where confounding factors,18 the natural history of the
condition,51 the regression to the mean,53 and, if possi-
ble, the placebo effects47 can be controlled.

To meet these needs, the Swedish Lumbar Spine Study
Group conducted a multicenter randomized controlled
trial (RCT) to evaluate whether lumbar fusion could re-
duce pain and decrease disability more effectively than
commonly recommended nonsurgical treatment on pa-
tients with severe CLBP.

Patients and Methods

Patients aged 25–65 years with CLBP, consecutively referred
from primary care physicians and other clinicians to a spine
surgeon at 19 orthopedic departments during the period 1992–
1998, were eligible to participate in the study. If the patient
fulfilled the inclusion criteria of the study, he or she was given
oral and written information by the treating surgeon about
treatment options and about the Swedish Lumbar Spine Study.
The patient was told that no treatment method, as far as was
known, was superior to any other. If the patient chose to par-
ticipate, self-administered questionnaires covering subjective,
clinical, paraclinical, and sociodemographic variables, as sug-
gested by the Quebec Task Force,41 were completed. All data
obtained were sent for a second opinion from a spine surgeon
who also participated in the study. Both surgeons had to agree
on the eligibility and the inclusion and exclusion criteria for the
patient to be included.

The ethics committees at the universities in all participating
areas approved the study. Before randomization, all patients
gave informed consent, and all pretreatment questionnaires
and protocols were completed.

Inclusion criteria were:

● Patients aged 25–65 years and of both sexes with severe
CLBP.
● Pain duration at least 2 years.
● Back pain more pronounced than leg pain and no signs of
nerve root compression.
● The treating surgeon should interpret the pain as emanat-
ing from L4–L5 and/or L5–S1 using the patients’ history,
physical examination, and radiographic signs.
● The patient must have been on sick leave (or have had
“equivalent” major disability) for at least 1 year, and non-
surgical treatment efforts should have been unsuccessful.
● A score of at least 7 of 10 points for 10 questions reflect-
ing ”Function and Working Disability,” where 10 was
equivalent to ”severe pain, no function” in combination
with “total handicap, no working ability” (Table 1).
● Degenerative changes at L4–L5 and/or L5–S1 (“spondy-
losis”) on plain radiographs and/or computed tomography

(CT), and/or magnetic resonance imaging (MRI). The pres-
ence of a herniated disc was allowed in the absence of clin-
ical signs of nerve root compression.
● Good understanding of the Swedish language.
Exclusion criteria were:

● Obvious ongoing psychiatric illness.
● Previous spine surgery except for successful removal of a
herniated disc more than 2 years before entering the study
and with no persistent nerve root symptoms.
● Specific radiologic findings, such as spondylolisthesis,
new or old fractures, infection, inflammatory process, or
neoplasm.
● Obvious painful and disabling arthritic hip joints and also
anamnestic and radiologic signs of spinal stenosis.

Other comorbidity, as described by the patient, was permit-
ted where deemed appropriate by the treating surgeon (Table
2). Both employed and unemployed patients could participate,
and neither compensation nor ongoing litigation claims were
used as criteria for exclusion. A detailed comparison of the
study patients with an age and sex-matched sample of the
Swedish population is reported separately.24

Discography, external fixation, facet blocks, and external
support (corset) were used as diagnostic procedures after the
randomization process in different subgroups of the study pop-
ulation. The feasibility and prognostic value of these diagnostic
methods, often discussed but not routinely used, will be de-
tailed in a separate report.

Power Calculation. The size of the study was based on the
following assumptions: 1) The primary aim was to compare
nonsurgical and surgical treatment, with a secondary aim of
comparing three different surgical techniques with one another
and with nonsurgical treatment. As a result, the two main
groups (surgery and no surgery) were asymmetrical in size; 2).
Outcome was estimated as either an essential improvement (1)
or as no essential improvement (0) after 2 years. This was
analogous to one of the primary outcome measures used in the
study, where the result was assessed by the patient as an im-
provement expressed as either “much better” or better”(1), or
as no improvement expressed as “unchanged” or “worse”(0);
3) “Essential improvement” was assumed to occur in 5% of the
patients in the nonsurgically treated group; 4) The probability
of detecting a statistically significant difference (power) be-
tween the main groups should be at least 80%; 5) Calculations
were performed with the Fisher’s exact test (two-sided) and a

Table 1. Function-Working Disability Score*

Points FUNCTION

1 No pain, can do anything, even sports
2 Occasional pain, little decrease in function
3 Moderate pain, can do many things, not sports
4 Severe pain, can manage ADL
5 Severe pain, no function

WORKING ABILITY
1 No restrictions in working ability
2 Some restrictions in working ability
3 Can work, but with some restrictions
4 On sick leave, can manage light work
5 Completely disabled, no working ability

* A sum of 7 or more served as an inclusion criterion into the study. No patient
had less than 3 in any scale.
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significance level of 0.05; and 6) We decided to include 75
patients in each treatment arm (225 in the surgical group with
three different procedures and 75 in the control group). This
size basically implied that we would achieve a significant dif-
ference (with 80% power) even if only 18% of the patients in a
surgical group compared with 5% in a nonsurgical group
should be essentially improved. Thus, we considered the sug-
gested sample size being sufficient to detect an assumed clini-
cally relevant difference or 13% (18-5) expressed as “essential
improvement” between the two main groups.

Randomization. After inclusion in the study the patients were
randomized blindly into one of four treatment groups using a
computer-generated random list in which the individual num-
bers were kept in sealed envelopes outside the participating
departments. The different treatments are presented below. In
this article the three surgical groups are referred to as the sur-
gical group.

● Group 1 (surgical group)
● ● Group 1a (n�73) posterolateral fusion (PLF). These pa-
tients wore a rigid plastic brace during the first 5 postoper-
ative months.26

● ● Group1b (n�74). PLF as in Group 1a, and in addition
an internal fixation device, the Variable Screw Placement
(VSP), with pedicle screws and plates manufactured by
DePuy Acromed (Raynham, MA).42 A reinforced canvas
corset was used for 5 postoperative months.
● ● Group1c (n�75). The “circumferential” group. As in
Group 1b, with additional interbody bone graft either as an
anterior lumbar interbody fusion (ALIF)37 or a posterior
lumbar interbody fusion (PLIF),5 according to the prefer-
ence of the surgeon. A reinforced canvas corset was used as
in Group 1b.
● Group 2 (n�72). Nonsurgical treatment, mainly com-
monly used physical therapies as suggested in the study pro-
tocol and with the possibility of local modifications and
variations. This group served as a control.

Because of the multicentricity of this study, we have no
means of being sure of exactly how many patients refused to

participate before randomization, but three were reported to
have done so.

Treatment Procedures.

Surgical Group. Twenty-six experienced spine surgeons
who participated in the study carried out the surgical proce-
dures. Autologous bone27 harvested from the iliac crest was
used in all cases. In the PLF procedure, bone was applied to
decorticated transverse processes and facet joints. When VSP
pedicle screws were used, they were inserted using fluoroscopy
as a guide. For the interbody procedure, bone blocks were cut
from the iliac crest and inserted between the intervertebral bod-
ies from the posterior (PLIF) or from the anterior (ALIF). All
patients were fused in situ with no intention of decompression,
and only the segments of L4–L5 and/or L5–S1 were addressed.
The rehabilitation focused on early activity but not according
to any study protocol. The three surgical subgroups will be
compared in a separate study.16

Nonsurgical Group (Control Group). A nonsurgical treat-
ment program was constructed on a consensus basis to serve as
a guideline within the study. The main component was physical
therapy, which could be supplemented with other forms of
treatment, such as information and education, treatment aimed
at pain relief (TENS, acupuncture, injections), cognitive and
functional training, and coping strategies. Thus, the treatment
could vary within broad but commonly used limits reflecting
the nonsurgical treatment policy in the society.

Collected Data and Outcome Measures. Pain, disability,
global self-rating by the patient, and back-to-work were used
as “primary outcome measures” in the study, and other mea-
surements were used as well:

1. Sociodemographic characteristics were collected by
means of standardized protocols (Table 2).

2. Clinical characteristics were also collected using stan-
dardized protocols.

3. Pain. Back and leg pain intensity was measured on a
vertical Visual Analogue Scale (VAS),23 ranging from

Table 2. Sociodemographic Characteristics at the Time of Randomization*†

Surgical group
(n � 222)

Nonsurgical group
(n � 72)

Age (range) 43 (25–64) 44 (26–63)
Mean pain duration, years (range) 7.8 (2–34) 8.5 (2–40)
Mean time of sick leave, years (range) 3.2 (0.1–18) 2.9 (0.1–8)

% Missing % Missing P value

Men 49.5 48.6 NS
Married/living together 77.3 2 76.4 NS
Comorbidity 39.1 7 23.5 4 0.020
Smoking 40.6 3 49.3 1 NS
Earlier (�2 years) successful removal of herniated disc 18.6 2 19.4 NS
Employed 73.8 1 66.7 NS
Changed work because of back problems 29.4 4 35.2 1 NS
On sick leave because of back problems 58.8 54.2 NS
Disability pension because of back problems 20.3 22.2 NS
Working part or full time 20.9 23.6 NS
Litigation or compensation because of back problems 60.4 64.5 NS
Patient consider problems as back work injury 54.3 12 64.2 5 NS

* Statistical significance was calculated with Fisher’s Exact test.
† Patients on disability pension were excluded when the number of patients working were calculated.
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0–100 mm, where 100 reflected the worst pain imagin-
able. The measurements were done in three dimensions:
“maximum pain,” “ minimum pain,” and “current
pain.” The mean of the three measurements provided the
pain index.

4. Disability. Pain-related disability was measured using
two different disease-specific health scores and one re-
flecting pure functional disability:

● The Oswestry Low Back Pain Questionnaire,14 which de-
scribes back-related disability as a combination of physical
and social restriction through 10 questions covering differ-
ent dimensions of daily living. A sum is calculated and pre-
sented as a percentage, where 0% represents no disability
and 100% the worst possible disability.
● The Million Visual Analogue Score,31 consisting of 15
questions reflecting back-related issues. The answer is ex-
pressed on a horizontal VAS, ranging from 0-100 mm,
where 100 represents maximum disability.
● The General Function Score (GFS),25 serving as an instru-
ment strictly focused on physical activities of daily living
and thus giving a picture of the purely physical disability
inflicted by a disorder. The patient answers nine questions
using one of three alternatives: “Can perform,” “Can per-
form with difficulty,” and “Cannot perform.” The score is
presented as a percentage where 100% represents maxi-
mum disability. This instrument was validated in a separate
study.24

5. Depressive symptoms. The Zung Depression Scale55 was
used to measure the depressive symptoms as reflected on
a score. It consists of 20 statements reflecting different
aspects of well-being, each with four choices ranking the
severity of each statement. The result is reported as a
number between 20 and 80 but was transformed in this
study to a scale ranging from 0 to100%, where 100%
means most profound depression. In addition the psy-
chological profile was investigated by two additional
methods. Personality traits were assessed by means of the
Karolinska Scales of Personality (KSP),38 and personal-
ity disorders were assessed with the Structured Clinical
Interview for DSM-III-R (SCID II) screen question-
naire.12 The results from these three measurements
showed no significant difference regarding depressive
symptoms, the psychological profile, or psychological
disturbances between the treatment groups at the time of
randomization. The association between treatment out-
come and personality traits and personality disorders
will be discussed in separate reports.

6. Patient overall assessment. The result, according to the
patient’s own opinion, was reflected in response to the
question, “Compared with before treatment my back
problems are: ‘much better, better, unchanged, or
worse’.”

7. Work status. This analysis was carried out after exclud-
ing all patients receiving full disability pension at the
time of randomization, as it is known that in these cases
almost no one returns to work.2,17,33 For data collection
we used records from the Swedish Social Insurance (SSI),
which provides information on sick leave and economic
compensation for Swedish residents. All hospital patient
records were controlled as well, and in cases of doubt, a
secretary interviewed the patient by telephone. The data
from the SSI were interpreted as follows: If a patient was

not on full-time sick leave or on full-time disability pen-
sion, he or she was considered to be working, i.e., the
patient could work part time or with modified duties. A
patient who was not working at the baseline but had
returned to work after 2 years was regarded as “back to
work,” and patients moving in the opposite direction as
“stopped working.” The difference between the two
study groups both regarding “back to work” and what
we called net back to work (“back to work” minus
“stopped working”) were calculated.

8. Compensation. The correlation between the “overall re-
sult” as assessed by the patient and the compensation
status was reported.

9. Independent observer overall assessment. The result ac-
cording to an independent observer, a spine surgeon not
engaged in the study, was assessed using a well-described
ordinal scale: excellent (no pain, no functional restric-
tions, no analgesics), good (sporadic pain, slight restric-
tion of function, occasional analgesics), fair (moderate
pain, moderate restriction, no sports, daily analgesics),
and poor (moderate daily or occasional severe pain,
function restricted to ADL, use of strong analgesics.)

10. Go through again. Two years after the start of treat-
ment, the patients answered the question “Knowing the
result, would you go through the treatment again?”

11. Radiographic fusion. One experienced radiologist,
blinded to the clinical outcome, assessed the fusion rate.
Both the posterolateral and the intercorporal fusion
were assessed on a scale of 1 to 4, which was converted
into three levels for the presentation (1, definitely fused; 2,
uncertain fusion; 3, definitely pseudarthrosis).

Anteroposterior and lateral radiographs of the lumbosacral
spine were obtained. Fusion was defined as trabeculae crossing
the graft–transverse process interface on both sides, with evi-
dence of increasing density of the graft with cortication. In case
of an interbody procedure, fusion was defined as trabeculae
crossing the graft–vertebral body interface on both sides of the
graft. Fusion was accepted only if both posterolateral areas
were fused in Group 1 and Group 2, but in Group 3 it was
considered sufficient if the interbody fusion was successful as
defined by Greenough et al.19

12. Complications were reported.

Follow-up. Pain and complications were measured after 6 and
12 months in addition to the 2-year follow-up. This was done
partly for ethical reasons to control for unexpected results in
any group, in which case the study could have been stopped.
Two years after the onset of treatment the routines of data
collection before randomization were repeated by means of the
same questionnaires and protocols in both groups.

“Group Changers”. All patients who for various reasons did
not complete treatment according to the randomization,
“group changers” (n�25), were examined at the 2-year follow-
up. These patients did not differ from the main study popula-
tion in terms of sociodemographic and clinical characteristics.
The results from patients who changed groups have been in-
cluded in the statistical analyses in accordance with the inten-
tion-to-treat principle, i.e., their outcome results were attrib-
uted to the group to which they were randomized and not to the
group in which they were actually treated.
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Dropouts. Dropouts (n�5) were randomized patients who for
various reasons could not be followed up after 2 years.

Statistical Methods. All data were entered into the SPSS sta-
tistic program (version 10 SPSS, Inc., Chicago, IL). Because our
variables were basically ordinal data and continuous variables
(Visual Analogue Scales) are not exactly normally distributed,
nonparametric methods were used for calculation of statistical
significance. The Mann-Whitney test, Fisher’s Exact test, and
the test for trends in contingency table were considered to be
appropriate to test for the differences between groups, and the
Wilcoxon Signed Rank test was used for differences within
groups. The Spearman’s Rank Correlation test was used to test
the correlation between variables. The “intention-to-treat prin-
ciple” was used in the analyses to assess the significance of the
difference between surgical and nonsurgical treatment. Two-
tailed tests were used.

Results

A total of 310 patients were randomized into the study
during 1992 through 1998. After the randomization
procedure, 16 patients were excluded because of errone-
ous diagnoses (spondylolisthesis and spinal stenosis),
leaving 294 patients allocated to either surgical treat-
ment (n�222) or nonsurgical treatment (n�72). The fol-
low-up rate after 2 years was 98% (Figure 1). Men com-
prised 49.5% of the surgical group and 48.6% of the
nonsurgical group. The mean age was 43 years in the
surgical and 44 years in the nonsurgical group. The mean
duration of CLBP was 7.8 years (range 2–34) in the sur-
gical group and 8.5 years (range 2–40) in the nonsurgical

group. Patients in the surgical group had been on sick
leave because of back pain for a mean duration of 3.2
years (range 0.1–18), and in the nonsurgical group for
2.9 years (range 0.1–8).

In all, fusion was performed on 211 of 222 patients
(18 patients from the surgical group changed to nonsur-
gical treatment, and 7 patients changed in the opposite
direction). Of these 211 patients, 122 were fused at a
single level and 89 at 2 levels. A total of 668 pedicle
screws were inserted in 140 patients. Patients in the sur-
gical group spent an average of 9.5 days in the hospital
after surgery. The number of patients who went on to
repeat unintended surgery was 16 of 211 (7.8%).

Sociodemographic characteristics. There were no sig-
nificant differences between the groups regarding the so-
ciodemographic characteristics, except for comorbidity,
which was significantly more frequent in the surgical
group (P�0.020) (Table 2).

Clinical characteristics. There were no differences be-
tween the groups regarding clinical characteristics, e.g.,

Figure 1. Flow diagram describing the patients during the study
period.

Figure 2. A, B, Back and leg pain expressed on a visual ana-
loguescale (VAS) at baseline, 6, 12, and 24 months. 100 represents
maximal experienced pain. Mean values with 95% confidence
interval. The P values refer to the differences between groups, and
were calculated with the Mann-Whitney U-test*. Back pain in-
creased significantly between 1 and 2 years (P � 0.0001), Wil-
coxon Sign Rank test.
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reflexes, sensibility, muscular strength, or straight leg
raising test. All patients recognized their maximum pain
location on provocation (springing test) over L4–L5
and/or L5–S1.

Pain. At the 2-year follow-up, the reduction in both
back and leg pain was significantly greater in patients
treated surgically compared with those treated nonsur-
gically (P�0.0002 and P�0.005, respectively) (Table 3).
In the analysis including the follow-up at 6 and 12
months, there was a highly significant reduction of both
back and leg pain in the surgical group on all measuring
points compared with the preoperative baseline values
and also compared with the nonsurgical group. The back
pain component in the nonsurgical group also improved
significantly, but to a much lesser extent. Back pain in-
creased significantly between 1 and 2 years in the surgical
group (P�0.0001) (Figure 2).

Disability. According to all instruments used, the de-
crease in disability was significantly greater in the surgi-
cal group after 2 years: Oswestry (P�0.015), Million
(P�0.004), and the GFS (P�0.005) (Table 3).

Depressive symptoms. The depression score was sig-
nificantly reduced in the surgical group (P�0.0001) and
also significantly in the nonsurgical group (P�0.041).
The difference of reduction between the groups was not
significant (P�0.123) (Table 3).

Patient overall assessment. The patients rated the
“overall result” as improvement (“much better” or “bet-
ter”) or no improvement (“unchanged” or “worse”) of
back problems. The result was significantly better in the
surgical group, with 63% reporting to be improved com-
pared with 29% in the nonsurgical group (P�0.0001)
(Table 4). The intention-to-treat principle was used in
analyzing the significance of the difference. In addition,
when a worst-case analysis was performed where those
patients who did not answer this question in the surgical
group (n�14) were regarded as “worse,” and those who
did not answer in the nonsurgical group (n�4) were re-
garded as improved, the result was 56% improved in the

surgical group compared with 38% in the nonsurgical
group (P�0.01).

Work status. At the time of randomization, 21% (63/
294) of the patients received full pension or supplemen-
tary disability pension (21% [47/222] in the surgical
group, and 22% [16/72] in the control group). These
patients were excluded from the analysis because only
three resumed part-time work after 2 years. Drop outs
(n�5) were also excluded in the analysis, whereas group
changers were included according to intention-to-treat.
Using the �2 test, there was a significant difference in
favor of surgery expressed as “net back to work”
(P�0.002) and also as “back to work” (P�0.049) (Ta-
ble 6).

Compensation. Of those patients not on litigation or
compensation in the surgical group at the time of ran-
domization, 70% (47/67) considered themselves as
“much better” or “better” after 2 years compared with
58% (57/98) of those on litigation or compensation
(P�0.085). The corresponding figures for being “much
better” or “better” in the nonsurgical group was 50%
(10/20) among those not on litigation/compensation and

Table 3. Back and Leg Pain, Disability, and Depressive Symptoms

Surgical group (n � 201)

P-value*

Nonsurgical group (n � 63)

Diff %

Diff baseline-2 years

Baseline
2 years

fu Diff % Missing Baseline
2 years

fu P-value* Missing Surgery
Non-
surg

Diff P-
value

VAS Back 64.2 (14.3) 43.2 (25.2) 32.7 �0.0001 6 62.6 (14.3) 58.3 (18.8) 6.8 0.017 1 21.0 4.3 0.0002
VAS Leg 35.3 (25.4) 29.0 (27.0) 17.8 0.002 9 35.6 (25.2) 42.6 (24.8) �20.5 0.219 4 6.3 �7.0 0.005
ODI 47.3 (11.4) 35.7 (18.0) 24.5 �0.0001 4 48.4 (11.9) 45.6 (16.1) 5.8 0.025 1 11.6 2.8 0.015
MVAS 63.7 (11.3) 45.6 (23.1) 28.4 �0.0001 4 65.5 (11.5) 60.4 (17.2) 7.8 0.021 2 18.1 5.1 0.004
GFS 49.1 (15.9) 34.1 (22.4) 30.5 �0.0001 7 47.6 (16.3) 45.5 (20.3) 4.4 0.073 2 15.0 2.1 0.005
Zung 39.1 (13.3) 31.4 (15.2) 19.7 �0.0001 10 39.4 (13.9) 36.7 (14.5) 6.9 0.041 2 7.7 2.7 0.123

Group changers � dropouts (18 � 3 in the surgical group and 7 � 2 in the nonsurgical group) were excluded from the illustrated results, but group changers were
included in the analyses of difference, consistent with the intention to treat principle.
The difference between the baseline value and the value after two years (diff %) was calculated on group level, and not on an individual level.
Pain was measured in mm on a vertical Visual Analogue Scale (VAS).
Disability was measured with the Oswestry Low Back Pain Questionnaire, the Million Score (MVAS), and General Function Scale (GFS).
Depression was measured with the Zung Depression Scale. All scales ranging from 0 to maximum severity 100.
All values are illustrated as means (Standard deviation within brackets), but nonparametric tests were used for statistical analyses.
The significance of the difference between baseline and 2 years follow-up within each group was calculated with the Wilcoxon Signed Rank test.*
The difference between the change in the two groups after 2 years was analysed with the Mann Whitney U Test.

Table 4. Patient Overall Rating of the Result After Two
Years

Surgical group
n � 195 (missing 6)

Nonsurgical group
n � 62 (missing 1)

% %
Much Better 28.8 14.5
Better 33.8 14.5
Unchanged 23.6 45.2
Worse 13.8 25.8
Total 100 100

P � 0.0001*.
(Group changers � dropouts [18 � 3 in the surgical group and 7 � 2 in the
nonsurgical group], were excluded from the illustrated results but group
changers were included in the analysis of difference.
Differences between the groups was tested by the test for trend in contin-
gency table*.
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18% (6/34) among those on litigation/compensation
(P�0.043).

Independent observer overall assessment. The inde-
pendent observer rated his overall impression of the re-
sults significantly in favor of surgery. When the assess-
ments “excellent” and “good” were combined, 45% in
the surgical group fell into this category compared with
18% in the nonsurgical group (P�0.005). When “fair”
was included, 78% in the surgical group and 58% in the
nonsurgical group were assessed to belong to this com-
bined category (P�0.003) (Table 5).

Go through again. In the surgical group, 75% (145/
193) of the patients were willing to go through the treat-
ment again knowing the result after 2 years. In the non-
surgical group, 53% (30/57) would do so (P�0.002).

Radiographic fusion. Of the surgically treated pa-
tients, 83% were assessed as having a radiologic fusion.
There was no significant correlation between radio-
graphic fusion and the patient’s overall rating of the re-
sult or the improvement in pain and disability.

Complications. There were no deaths in connection
with surgery. A total of 17% of the patients in the sur-
gical group suffered an early complication (Table 7).
Most complications were handled with no obvious se-
quelae for the patient, but 9 of 140 (6%) patients in the
2 groups where pedicle screws were used experienced a

new sensation of nerve root pain of various intensity and
duration. In three of these patients a screw was subse-
quently removed, with immediate improvement of symp-
toms in one case. Three deep (1.4%) and two superficial
infections were successfully handled with debridement.
In two cases the implant was involved but was left in
place with no consequence for a successful healing. One
patient suffered from persistent wing scapula and shoul-
der weakness after surgery due to an injury to the long
thoracic nerve, which was attributed to the intraopera-
tive positioning. One patient had severe and persistent
pain problems due to an injury to the nervus cutaneus
femoris lateralis at the donor site. Complications after
the postoperative period (2 weeks) were referred to as
late. After 6 and 12 months, two patients suffered a late
implant-related infection, with subsequent removal of
the implant. Surgery and re-fusion were performed on
two patients having a pseudarthrosis within 1 year,
though without any obvious benefit to the patient. One
patient was operated at the wrong level and was reoper-
ated at the intended level 6 months later. Radiologic
examination showed both levels were healed after 2
years. The result was included and reported 2 years after
the second operation. The patient received compensation
according to the regulations of the Swedish patient in-
surance company. There were no obvious complications
in the nonsurgical group, but three patients threatened to
commit suicide if they did not have an operation.

“Group Changers”
All group changers were examined after 2 years. The
results in patients who changed from surgical treatment
to the nonsurgical group (n�18) were on the whole not
better than the average results in this group. On the other
hand, six of the seven patients who changed from non-
surgical to the surgical group did far better than the av-
erage patient in that group. In this subgroup of seven
patients, including three patients who threatened to com-
mit suicide if not operated, back pain according to VAS
was reduced by 61% (67 to 26) and leg pain was reduced
by 75% (39 to 10). Disability according to Oswestry
decreased by 70% (55 to 16), according to Million by

Table 5. Independent Observer Overall Rating of the
Result After Two Years

Surgical group
n � 200 (missing 1)

Nonsurgical group
n � 62 (missing 1)

% %
Excellent 16.5 1.6
Good 29.0 16.1
Fair 32.5 40.3
Poor 22.0 41.9
Total 100 100

P � 0.0001*.
Group changers � dropouts (18 � 3 in the surgical group and 7 � 2 in the
nonsurgical group), were excluded from the illustrated results but group
changers were included in the analysis of difference.
Differences between the groups was tested by the test for trend in contin-
gency table*.

Table 6. Work Status

Individual work status baseline/
follow up

Surgical group Nonsurgical group

n patients % n patients % P-value*

1. Work/work 12 8 5 10 NS
2. Not work/not work 79 49 27 57 NS
3. Work/not work (stopped

working)
6 4 5 10 NS

4. Not work/work (back to work) 63 39 11 23 0.049
Total 160 100 48 100
“Net back to work”# 57 36 6 13 0.002

# The subgroup of patients who stopped working were subtracted from those who went back to work (63-6 in the surgical group and 11-5 in the nonsurgical
group).
Patients who were on full-time pension/disability pension at baseline were excluded (surgical group n � 47 and nonsurgical group n � 16) together with drop outs
(n � 5). Group changers (n � 25) were excluded from the illustration but included in the analysis according to interntion to treat. Fischers exact test* was used
to analyze differences between the groups.
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70% (68 to 20), and according to GFS by 71% (61 to
18). The Zung depression score was reduced by 44% (33
to 19). Of the group changers who changed from the
nonsurgical group to surgery, 4 of 7 assessed themselves
as “much better,” whereas 2 of 18 of the group changers
that changed from the surgical group to the nonsurgical
group did so (P�0.032), (Tables 8, 9, and 10).

Drop Outs
Five patients dropped out of the study. One patient in the
surgical group and two patients in the nonsurgical group
refused to answer the questionnaires at the 2-year fol-
low-up, and two patients in the surgical group died
within 2 years after treatment start. One patient had a
fatal cardiac infarction 1 year after surgery, and one pa-
tient committed suicide 2 years after surgery for reasons
that according to the treating surgeon were not back
related.

Discussion

Statistically, all primary outcome measures in the study
were significantly in favor of surgery. The RCT setting
made it possible to control for confounders such as age,

sex, duration of pain, selection bias, and compensation,
and also the natural history and regression to the mean,
which could have distorted the results. This, together
with the comparably homogeneous patient group, the
blinded randomization procedure, the standardized
treatment and data collection routines, the 98% fol-
low-up rate by an independent observer, and the use of
the intention-to-treat principle in the data analysis
should make the results in this study valid.

The use of the intention-to-treat principle in the anal-
ysis (i.e., the results of those who changed groups were
included in the group to which they were originally ran-
domized and not in the actual treatment group) meant
that the results from the 18 patients who changed from
the surgical to the nonsurgical group were approxi-
mately the same as the average results in that group.
However, the group of seven patients who changed from
nonsurgical to surgical treatment did far better than the
average patient in the nonsurgical group to which their
results were attributed. Consequently, the use of the in-
tention-to-treat principle improved the results in the
nonsurgical group as compared with the surgical group,

Table 7. Complications

Major Minor

Early 6 New sensation of nerve root pain, no reoperation 3 Gastro-intestinal bleeding
*3 Nerve root hit by pedicle screw, reoperation 2 Laterally placed screw
*3 Deep wound infections, two implant related *2 Hematomas at the donor site
2 Major bleedings during surgery (ALIF) 2 Sympathetic cord damage with symptoms
1 Thrombosis � pulmonary embolus *2 Superficial wound infection
1 Thrombosis 2 Skin problem after surgery
1 Aspiration-sepsis-ARDS 1 Dural tear
1 Pulmonary oedema 1 Wingscapula after surgery
1 Heart failure � GI bleeding 1 Pain in the arm after surgery
*1 Patient operated on wrong level *1 Injury of the nervus cut fem lat

Late *2 Deep wound infections that led to surgery 9 Donor site pain
*2 Pseudarthroses that led to new surgery

Complications were classified as early and late, and major and minor. In the surgical group 37/211 patients experienced an early (within two weeks) complication
(18%). 13 patients experienced a late (after more than 2 weeks) complication (6%). All patients with a new sensation of nerve root pain (9/140) were in the pedicle
screw groups. There were 16 unintended reoperations* (7.8%).

Table 8. Group Changers

From surgical to non-surgical group (NS)
n � 18

From non-surgical to surgical group (S)
n � 7 Diff baseline—2 years†

Baseline
2 years

fu
Diff
% P-value* Missing Baseline

2 years
fu Diff % P-value* Missing NS S

Diff P-
value

VAS Back 65.4 (15.8) 50.4 (23.3) 22.9 0.233 10 67.2 (17.3) 26.1 (28.5) 61.2 0.046 1 15 41.1 0.228
VAS Leg 36.2 (26.4) 37.5 (29.2) �3.6 0.833 10 39.4 (24.7) 10.0 (18.4) 74.6 0.041 1 �1.3 29.4 0.043
ODI 44.1 (11.8) 44.9 (21.1) �1.8 0.799 10 54.6 (11.6) 16.3 (22.9) 70.1 0.028 �0.8 38.3 0.009
MVAS 58.5 (12.1) 57.4 (17.8) 1.9 0.878 7 67.6 (18.2) 20.4 (29.2) 69.8 0.028 1.1 47.2 0.015
GFS 42.1 (14.7) 42.5 (19.6) �0.9 0.286 6 60.7 (11.7) 17.5 (22.3) 71.2 0.018 �0.4 43.2 0.001
Zung 36.1 (15.6) 38.5 (19.8) �6.6 0.755 7 33.3 (17.9) 18.8 (12.8) 43.5 0.042 �2.4 14.5 0.055

Dropouts were excluded from the analysis (1 in the surgical group and 1 in the nonsurgical group).
The difference between the baseline value and the value after two years, diff %, was calculated on group level, and not on an individual level.
Back and Leg Pain, Disability and Depression. Pain was measured on a vertical Visual Analogue Scale (VAS).
Disability was measured with the Oswestry Disability Index (ODI), the Million Scale (MVAS), and General Function Score (GFS).
Depression was measured with the Zung Depression Scale. All scales ranging from 0 to maximum severity (100).
All values are illustrated as means (Std within brackets), but nonparametric tests were used for statistical analyses.
The significance of the difference between baseline and 2-year follow up within each group was calculated with the Wilcoxon Signed Rank Test*.
The difference between the change in the two groups after 2 years was analysed with the Mann Whitney U Test†.
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and since despite this fact, the results in the surgical
group were significantly superior, we conclude that the
difference between the groups was statistically relevant.
In addition to the use of the intention-to-treat principle,
we also performed a worst-case analysis without any
change in the significance of the results. We would
achieve the desired 80% power (chance not to make a
Type 2 error, i.e., missing a significant difference) if 18%
in the surgical group would be “much better” or “better”
and the improvement in the nonsurgical group was at
most 5%, but the number of patients who were im-
proved was in fact 63% versus 29%, resulting in a power
according to self-rated improvement of 99.7%. Power
according to the other primary outcome measurements
was also calculated: VAS, 99.6%; Oswestry, 61%; Mil-
lion, 81.5%; GFS, 99.6%; and net back to work, 86%.

The increased comorbidity in the surgical group at the
time of treatment start (P�0.020) occurred despite the
randomization procedure, but we do not believe that this
changed the outcome in favor of surgery, as others have
reported that patients with increased comorbidity also
have an increased disability.24 The placebo effect after
surgery is known to be profound47 and more powerful
than that of nonsurgical treatment methods. This can
probably explain some of the difference between the
groups regarding pain after 6 and 12 months (Figure 2),
but we do not believe that this effect can explain the
differences between the groups after 2 years.

In the analysis of pain that also included information
at 6 and 12 months, the reduction of back pain in the
surgical group was superior on all occasions compared
with the nonsurgical group. An interesting observation
was that pain in both groups increased between 1 and 2
years. This was significant (P�0.0001) only in the surgi-
cal group, possibly because the improvement in the non-
surgical group in the first place was too small. This find-
ing indicates the importance of these measuring points
and supports the view that longer observation times are
necessary for this group of patients. The results after 5
years will be presented in a coming report. The leg pain
component improved by 18% in the surgical group,
whereas it worsened by 21% in the nonsurgical group.

We believe that this nonradiculopathy leg pain compo-
nent is referred from the back, and that both improve
through the stabilizing effect of the fusion procedure.

Before treatment, patients in the present study were
shown to have more depressive symptoms than a sex-
and age-matched control group,24 and patients with de-
pression have been shown to do worse after surgery43,48

than nondepressed patients. The improvement of the de-
pression score was however significant in both the surgi-
cal (P�0.0001) and the nonsurgical (P�0.041) groups.
Consequently, depressive symptoms did not seem to con-
stitute a contraindication to lumbar fusion in this se-
lected group of patients.

Satisfactory results after different surgical fusion tech-
niques used in patients with low back pain has been
shown in the literature to vary between 16–95% and the
reported “overall” improvement in the present surgical
group of 63% is comparable to the results reported in
other prospective studies; retrospective studies tend to
report better results.46 In the present study, patients in
the surgical group were rehabilitated according to local
preferences, with a focus on early mobilization and in-
formational support. As no specific or extensive exercise
program was used routinely, it is probable that the result
in this group is not particularly influenced by additional
nonsurgical treatment but rather is reflective of surgery
alone.

In the beginning of the study, the patients randomized
to the nonsurgical group were thought to be a threat to
the study compliance. The concern was that a patient
who had tried most conservative treatment modalities
would not agree to participate if randomized to this
group. However, this did not prove to be a problem.
Maybe surprisingly, patients allocated to surgery were as
prone to changing groups as patients allocated to non-
surgical treatment. In the surgical group, 18 of 222 (8%)
changed to nonsurgical treatment, and 7 of 72 (10%)
changed from nonsurgical treatment to the surgical
group.

The treatment in the nonsurgical group was physical
therapy according to the study protocol. This could be
carried out according to local preferences and according

Table 9. Patient Overall Rating of the Result After Two
Years Among Those Who Changed Groups From Surgical
to Nonsurgical Group (NS), From Nonsurgical to Surgical
Group (S)

NS n � 13
(missing 5)

S n � 6
(missing 1)

% %
Much Better 15.4 66.7
Better 7.7 16.7
Unchanged 53.8 16.7
Worse 23.1 0

* P � 0.024.
Test for trends in contigency table* was used to calculate the difference
between the groups.

Table 10. Independent Observer Overall Rating of the
Result After Two Years Among Patients Who Changed
Groups From Surgical to Nonsurgical Group (NS), From
Nonsurgical to Surgical Group (S)

NS
(n � 18)

S
(n � 7)

% %
Excellent 0 28.6
Good 33.3 42.9
Fair 38.9 14.3
Poor 27.8 14.3

* P � 0.09.
Test for trends in contigency table* was used to calculate the difference
between the groups.
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to the earlier experience of each patient. Consequently,
no homogeneous physical therapy or exercise program
was used. It can be argued that continuing nonsurgical
therapy of the same kind that patients received before
has little chance to improve the situation and that these
patients might resemble a waiting list control group
where no improvement is to be expected. There is a point
in this comparison, but we do not believe that our con-
trol group is quite analogous to waiting list controls be-
cause in 46% of the cases it was explicitly stated in the
patient records that special rehabilitation was initiated as
a consequence of the study and that results in the control
group in fact were significantly better after 2 years. We
obviously did not have full control over the treatment
given in this group, but we consider that it is appropriate
to say that these patients (on a group level) received non-
surgical treatment above normal compared with what
patients not participating in the study would have re-
ceived, and in that respect resembled an extensive “ex-
isting practice” in society during the study period.

In a Cochrane meta-analysis from 1997, van Tulder et
al49 found strong scientific evidence for different exercise
programs being better than placebo and natural history,
at least in the short run. Further research is therefore
needed to compare long-term outcome after surgical fu-
sion to those and other well-described nonsurgical
methods.29

In the surgical group, 63% (122/195) rated them-
selves as “much better” or “better,” but 75% (145/193)
were willing to go through treatment again knowing the
result. In the nonsurgical group, 29% (18/62) rated
themselves as “much better” or “better,” and 53% (30/
57) were willing to go through the treatment again.
Thus, even in the absence of improvement, 12% in the
surgical group and 24% in the nonsurgical group did not
regret the treatment. This might reflect a feeling of hav-
ing been taken care of, as is suggested by Möller and
Hedlund in their randomized study comparing fusion
with physiotherapy in patients with spondylolisthesis.32

In joining a scientific study some patients might also ex-
perience recognition in relation to their suffering, both by
the profession and by society. Several patients who re-
ported they were “unchanged or worse” in both groups
actually expressed a feeling of satisfaction because they
were now being “taken seriously.” In fact 22% (6/27)
patients in the surgical group who assessed themselves as
“worse” were willing to go through the treatment again;
the corresponding figure in the nonsurgical group was
31% (5/16). On the other hand, 5% (6/121) of the pa-
tients in the surgical group reporting they were “much
better” or “better,” and correspondingly 17% (3/18) in
the nonsurgical group did not want to go through the
treatment again. Consequently, the answers given to the
question “Would you, knowing the result, go through
the same treatment again?” was hard to interpret and did
not correlate well to the subjective overall rating of the
outcome.

The early complication rate of 17% in the surgical
group is comparable to other reports.9 Most complica-
tions were reversible, but 9 of 140 (6%) patients in
whom pedicle screws had been used had a new sensation
of nerve root pain of various intensity and duration. In
six cases there were no visible malpositioning of a screw
on plain films. The exact etiology of this postoperative
leg pain was not always clear, but it must be suspected
that a screw caused it, at least in those patients in whom
the spinal canal was not exposed (n�7). The importance
of the patients being properly positioned during what
were often lengthy surgical procedures was demon-
strated by the fact that one patient had persistent shoul-
der weakness due to a nerve injury caused by overstretch-
ing, and two patients had reversible skin pressure
injuries.

The results from the present study were achieved in a
subgroup of patients with severe CLBP and a mean du-
ration of pain of about 8 years and on sick leave or with
equivalent disability for at least the last preceding year
(the mean total, but sometimes interrupted, length of
sick leave due to low back pain was about 3 years in both
groups). This means that the patients were not ideal from
a therapeutic standpoint. It has been reported that pa-
tients who have been out of work because of back pain
for 2 years have a very slim chance (“close to zero”) of
returning to work.33,41 In this light we think that the “net
back to work” in the surgical group of 57 of 160 patients
is satisfactory. We believe, however, that it may be diffi-
cult to use the work status as a measure of success. Since
a variety of circumstances of both socioeconomic and
psychological nature may influence the work status39,44

it is possible that the return to work rate will differ, even
between randomized groups, depending on changes in
the socioeconomic situation. For example, if jobs are
readily available, patients with less successful outcome
after treatment will have the opportunity to work,
whereas if there is a job shortage, only patients with a
highly successful outcome will have that opportunity.

We used plain radiographic films to estimate the fu-
sion rate. This method has been shown to be inexact,4,28

partly because the stainless steel implant makes it hard to
visualize all transplanted areas but also because it is
sometimes impossible to visualize a small defect in trans-
plantation mass. The implant made the use of CT diffi-
cult, at least as far as the posterolateral fusion area was
concerned, and the use of MRI impossible. The reported
radiographic fusion rate after using plain radiographic
images varies in the literature,3,20 and we cannot claim
that the 83% fusion rate reported in this study is a “true
figure.”

There was still a considerable amount of both pain
and disability reported 2 years after treatment start even
in the surgical group, and it is important to realize that
lumbar fusion in this patient category very seldom cures
the patient. In this study: “only” 29% assessed them-
selves as “much better” in the surgical group compared
with 14% in the nonsurgical group (P�0.029). The goal
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instead must be to reduce pain and disability to such
extent that it makes an important difference to the pa-
tient. In the surgical group the results reflecting both
these variables indicated a substantial improvement av-
eraging 25–33%, and we consider that these results
could be interpreted clinically as better than in the non-
surgical group where the corresponding improvements
ranged 4–8%. In addition, the depression score was re-
duced by 20% in the surgical group versus 7% in the
nonsurgical group, although this difference was not sta-
tistically significant. The findings that 63% in the surgi-
cal group assessed themselves as “much better” or “bet-
ter” compared with 29% in the nonsurgical group and
that significantly more patients from the surgical group
returned to work strengthened the impression of a clini-
cally important improvement as a result of surgery.

When the first 100 patients were compared with the
last 100 reflecting treatment from 1992 through 1994
compared with 1995 through 1998, there were no sig-
nificant differences regarding pain, disability, depressive
symptoms or global rating by the patient or the indepen-
dent observer in any group. Thus, there was in this series
no detectable “learning curve effect” in the surgical
group. All participating physicians were, however,
trained spinal surgeons already when the study
commenced.

Summary

In this multicenter, randomized, controlled trial con-
ducted on a comparably well-defined patient group with
severe CLBP and with radiographic signs of disc degen-
eration and spondylosis, the improvement of pain and
disability after surgical fusion was significantly superior
to that of the nonsurgical treatments used. We conclude
that lumbar fusion can be used to reduce pain and de-
crease disability in carefully selected and well-informed
patients suffering from CLBP.
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G. Appelgren, MD, Halmstad; S. Berg, MD, Uppsala; B.
Branth, MD, Stockholm; C. G. Cederlund, MD, Göte-
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Key Point

● This multicenter, randomized, controlled trial
compares surgical fusion of the lower lumbar spine
(L4–L5 and/or L5–S1) with nonsurgical treatment
in 294 patients suffering from chronic low back
pain. Using scientifically valid methods it is shown
that lumbar fusion improves both pain and disabil-
ity and also compares favorably with not specified
but commonly used nonsurgical treatments.
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Point of View

Vert Mooney, MD

Of course, this is a very commendable study with a
2-year follow-up assessment for 98% of the patients
treated. It is a real achievement of the Swedish Lumbar
Spine Group to have such a high degree of organization
for treating patients in such a standardized manner that
valid comparisons could be made. These comparisons
were measured objectively in the pre- and posttreatment
testing by well-accepted standardized test instruments.

By appropriate statistical analysis, significant differences
can be demonstrated.

My dissatisfaction, however, is with the missed op-
portunity to learn something. The surgical patients were
compared with usual nonsurgical treatment in Sweden.
This is the treatment by which they had failed to become
surgical candidates. How could anyone expect a satisfac-
tory result from continuation of this treatment? It is a
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real accomplishment of the Swedish health care system
that the unlucky patients randomized to the nonsurgical
group were docile enough to persist with the treatment
that already had been demonstrated as ineffective. What
a surprise that it did not work!

The patients selected for this study were restricted to
those with significant degenerative changes at one or two
of the lowest lumbar levels. Theoretically, these motion
segments had become incompetent and at least micro-
scopically unstable for these patients to become surgery
candidates. Why would it not be reasonable to conduct a
trial for physiologic stabilization by comparing active
resistance exercises with surgically induced stabiliza-
tion? Although exercises were no doubt incorporated
into the nonoperative treatment program, the therapist
apparently was left to choose how they were to be pro-
vided. Therefore, the specific dose of treatment is un-
knowable. The treatment certainly was not as consistent
for the nonsurgical group as it was for the three surgical
groups.

The endpoint of the surgical treatment also was well
defined from a physiologic standpoint in that all the sur-
gical patients were evaluated for fusion status. How were
the nonsurgical patients physiologically evaluated?
What percentage strength gain did they demonstrate? Of
course, compliance was unavoidable with the surgical
patients, but what was the compliance with treatment in

the nonsurgical patients? The postoperative morbidity
was no doubt several months in the surgical group. Were
all the patients in the nonsurgical group tested for a sim-
ilar length of time?

I do not believe these questions concerning the non-
surgical group can be answered unless some consistent
specific piece of equipment is used to measure strength
change and provide a standardized exercise routine. The
cost of such equipment is minor compared with the costs
of surgery. Or is it the belief of investigators that strength
is irrelevant? If so, some other consistent passive piece of
equipment should have been used.

Thus, this well-organized randomized clinical trial
has shown that surgical care is more effective than the
usual nonsurgical care for the chronic degenerative low
back problem. It is such exciting new information, that
the study received the prestigious Volvo Award. Does
anyone know what usual nonsurgical care means? My
real concern with the results of this study is that it will be
taken as justification for even more fusions of the benign
degenerative back without even an attempt at a valid
physical training program. My current belief is that such
training can be effective. If only this group had taken the
time to define a consistent physical treatment program for
comparison with surgery, we might really have learned
something. I could change my belief with some evidence.

Response to Dr. Mooney’s Point of View

Peter Fritzell, MD,*
Olle Hägg MD,†
Per Wessberg MD,†, and
Anders Nordwall, MD, PhD†

We agree with Dr. Mooney that the choice of control
group strongly influences what can be learned from a
study. The control group used in this study enables us to
draw important conclusions about treating chronic low
back pain patients with surgical fusion.

The deliberate aim of the study was to compare fusion
surgery with commonly used nonsurgical methods as
practiced in society, in a close to “real life situation”
regarding average nonsurgically treated patients. The
aim was not to investigate the effects of a specific physical
therapy. The reason for this was that we, after thorough
discussions during the preparation of the study in 1991,
finally considered that there was no scientific evidence of
the superiority of any specific physical treatment (still
contradictory results).1–3

To guide the treatment in the nonsurgical group, a
study protocol was developed on a consensus basis, in-
cluding: behavioral training, coping strategies, back
school, physical training, and symptomatic treatment.
The nonsurgical treatment given to the patients in the
control group thus represented the spectrum of prevail-
ing conservative management in Sweden during the
study. The treatment could be carried out either on an
indoor or an outdoor basis, and the periods suggested
were: weeks 1 through 4, 30 hours; weeks 5 through 12,
16 hours; months 4 through 12, 18 hours; and months
13 through 24, 6 hours. Both alternatives included 70
supervised hours of training during two years following
randomization. Regular check-ups by the surgeon were
performed on the same intervals as those of the surgical
group.

To secure compliance in the control group, patients
were informed before randomization that those who
were allocated to the nonsurgical group could, if desir-

From the *Department of Orthopaedics, Falun Hospital, Falun, Swe-
den, and the †Department of Orthopaedics, Sahlgrenska University
Hospital, Göteborg, Sweden.
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able, be treated with methods that differed from what
they had encountered previously. This strategy resulted
in a group changing frequency of only 9% and a drop out
rate of less than 3%. Also, 29% of those Dr. Mooney
described as “unlucky patients” in the control group im-
proved, and close to 60% would wish to go through the
same treatment again.

In the literature today, there is little to favor a positive
association between both muscular strength and range of
motion, and the amount of success (measured as pain,
disability, and return to work) after treatment for
chronic low back pain, whether it is surgical4,5 or non-
surgical.6–10 Nor is muscular strength a valid diagnostic
tool in lumbar disorders.11 Because our primary interest
was to estimate the effects of treatment on pain and dis-
ability, these other measurements were not included in
the study. However, we hope that further studies will
report on the relation between isokinetic muscle strength
and disability/pain in the light of two seemingly contra-
dictory results: reduced pain and disability after fusion in
the Swedish study, and permanently (?) reduced muscle
function after lumbar surgery reported by others.12,13

Also, with the knowledge gained from other researchers
during the course of our study, it would be interesting to
compare fusion surgery with “intensive multidisci-
plinary rehabilitation,” as there are now indications in
the literature that this might be superior to “usual non-
surgical care.”14

We do not fully understand Dr. Mooney’s suggestion
of radiologic fusion in the surgical group and muscle
strength in the nonsurgical group as comparable physi-
ologic endpoints. Our primary outcome measures ap-
plied in both treatment groups, as described in the “Ma-
terial and Methods” section, were pain, disability, and
work status at follow-up. We believe this is the proper
way of comparing treatments aimed at reduction of
symptoms from a lumbar disorder.

Dr Mooney says his real concern is that this study will
lead to an increase of lumbar spine surgery for “benign
degenerative back.” This is also a concern to us, but we
believe that the strict inclusion and exclusion criteria
used is making it clear that this is a highly selected group
of patients who were operated on because of severe and
therapy-resistant pain (which was not considered as a
benign condition) and not because of degenerative

changes on X ray. In the “Summary,” it is also pointed
out that fusion should be offered only to “carefully se-
lected and well-informed patients.”

The present study is the result of an effort to replace
belief with knowledge. It does not give answers to all our
questions and is but one step in a continuous scientific
process. The Swedish healthcare system is working in a
definite direction toward scientifically validated treat-
ment modalities. Today, we can claim that we know that
fusion surgery can be a valid option to patients with
longstanding lumbar pain. Those who believe that phys-
iologic stabilization and physical training programs us-
ing different equipments are effective in the treatment of
severe CLBP should try to prove this through scientifi-
cally valid studies.
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