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Abstract BACKGROUND: Today there is some evidence-based medicine support for a positive short-term
treatment effect of fusion in chronic low back pain in spondylolisthesis and in nonspecific degenera-
tive lumbar spine disorders. The long-term effect is, however, unknown.

PURPOSE: To determine the long-term outcome of lumbar fusion in adult isthmic spondy-
lolisthesis.

STUDY DESIGN: Prospective, randomized controlled study comparing a 1-year exercise program
with instrumented and non-instrumented posterolateral fusion with average long-term follow-up of
9 years (range, 5-13).

PATIENT SAMPLE: 111 patients aged 18 to 55 years with adult lumbar isthmic spondylolisthesis
at LS or L4 level of all degrees, and at least 1-year’s duration of severe lumbar pain with or
without sciatica.

OUTCOME MEASURES: Pain and functional disability was quantified by pain (VAS), the Disabil-
ity Rating Index (DRI), the Oswestry Disability Index (ODI) work status, and global assessment
of outcome by the patient into much better, better, unchanged or worse. Quality of life was assessed
by the SF-36.

METHODS: The patients were randomly allocated to treatment with 1) a 1-year exercise program
(n=34), 2) posterolateral fusion without pedicle screw instrumentation (n=37), or 3) posterolateral
fusion with pedicle screw instrumentation (n=40). Long-term follow-up was obtained in 101 (91%)
patients. Nine patients in the exercise group were eventually operated on.

RESULTS: Longitudinal analysis: At long-term follow-up pain and functional disability were
significantly better than before treatment in both surgical groups. No significant differences
were observed between instrumented and non-instrumented patients in any variable studied. In the
exercise group the pain was significantly reduced but not the functional disability. Compared with
the 2-year follow-up a significant increase in functional disability was observed, as measured
by the DRI, but not the ODI, in the surgical group at long term. In the exercise group no significant
changes were observed between the 2-year and the long-term follow-up. Cross-sectional analysis:
Between the surgical and conservative group no significant differences were observed in any outcome
measurement at long-term follow-up except for global assessment, which was significantly better
for surgical patients. Of surgical patients 76% classified the overall outcome as much better or
better compared with 50% of conservatively treated patients (p=0.015). Quality of life as estimated by
the SF-36 at long term was not different between treatment groups in any of the eight domains
studied but was considerably lower than for the normal population.

CONCLUSIONS: Posterolateral fusion in adult lumbar isthmic spondylolisthesis results ina mod-
estly improved long-term outcome compared with a 1-year exercise program. Although the results
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show that some of the previously reported short-term improvement is lost at long term, patients with
fusion still classify their global outcome as clearly better than conservatively treated patients.
Furthermore, because the long-term outcome of the patients conservatively treated most likely
reflects the natural course, one can also conclude that no considerable spontaneous improvement
should be expected over time in adult patients with symptomatic isthmic spondylolisthesis. Substan-
tial pain, functional disability and a reduced quality of life will in most patients most likely
remain unaltered over many years. © 2005 Elsevier Inc. All rights reserved.
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Introduction

Two randomized studies previously showed an improved
short-term outcome of lumbar spine fusion compared with
conservative treatment. In the first study that reported on
the effect of fusion of the degenerative lumbar spine and
used a randomized controlled design, we showed that pos-
terolateral fusion in adult isthmic spondylolisthesis resulted
in a significantly improved outcome at 2-year follow-up
compared with an exercise program [1]. In surgical patients
the pain index (visual analogue scale [VAS], 0—100) on
average improved from 63 to 37, compared with 65 to 56
in patients conservatively treated. A functional index (Dis-
ability Rating Index, DRI) showed the same results. Simi-
larly, the global assessment of outcome was clearly better
in surgical patients, 74% classified their outcome as excellent
or good, compared with 26% for patients after an intensive
exercise program.

Adult isthmic spondylolisthesis can be viewed as a radio-
logically verifiable model of accelerated spinal degeneration;
the symptoms and clinical findings are undistinguishable
from nonspecific degenerative lumbar spine disorders [2].
The positive effect of fusion on low back pain was confirmed
by the Swedish lumbar spine study (SLSS), which showed very
similar short-term results in nonspecific degenerative low
back pain with an improved outcome in patients with fusion
compared with physiotherapy [3].

We found no change between the outcome at 1 and 2
years, suggesting a stable early situation. In the SLSS, how-
ever, a significant increase was observed in low back pain
and also a tendency toward increased leg pain between the
1- and 2-year follow-up. This raises the question of the long-
term effect of fusion. The possibility of secondary acceler-
ated degeneration in adjacent motion segments is much
discussed. Whether this phenomenon occurs and whether it
is of clinical importance is, however, controversial [4-7].

Except for a Danish prospective study without non-
operated control subjects, with an initial 2-year [8] and a
subsequent 5-year follow-up [9], only retrospective data of
limited scientific validity are published on long-term effects
[10-12]. The Danish study [9] reported a further improve-
ment of a subgroup of posterolaterally fused patients between
the 2nd and the 5th year follow-up. This was, however, only
demonstrated for the subgroup of non-instrumented fusions,
and not for the total material of fused patients.

Thus, although there is some evidence for a positive
treatment effect of fusion in chronic low back pain, the effect

is not dramatic, and whether the improvement remains over
time has not been demonstrated. The purpose of the present
study was to determine the long-term effects on pain, func-
tional disability, global outcome and quality of life (QOL)
after posterolateral lumbar spine fusion.

Patients and methods

The original study with a 2-year follow-up of the present
patient material was previously published by Moller and
Hedlund in 2000 [1]. The present study reports the long-
term outcome of the same patient material. From 1990
through 1995 a total of 116 patients fulfilled the inclusion
criteria of lumbar isthmic spondylolisthesis of all grades
with at least 1 year of low back pain with or without sciatica
and a severely restricted functional ability in individuals
aged 18 to 55 years.

Exclusion criteria were previous spine surgery, alcohol
or drug abuse or only mild symptoms. The main complaint
of all patients was low back pain with or without sciatica.
The patients were randomly assigned into three groups:
1) exercise, 2) posterolateral fusion with transpedicular fixa-
tion, and 3) posterolateral fusion without transpedicular fix-
ation. The patients were all referred to the spine units of
Huddinge University Hospital (n=81) and Linkoping Uni-
versity Hospital (n=30).

Randomization without stratification was used. For each
patient three different notes were each marked with one of
the three different treatment modalities, and one note was
blindly chosen by the attending nurse at the outpatient ward.
The procedure gives each patient the same chance to each
treatment group. The type of treatment was unknown to the
patient and the doctor until after the patient had given con-
sent. The randomization resulted in similar distribution of
age, symptoms, level and grade of slip and lifestyle factors
between the groups (Table 1).

Two patients refused randomization. One patient ran-
domly assigned to fusion had surgery arranged at another
hospital because of long waiting time for surgery. Two
further patients, randomly assigned to fusion improved spon-
taneously, and at admission surgery was no longer consid-
ered necessary. These five patients were excluded, leaving
111 patients who entered the study, 34 patients in the exercise
group, 37 in the fusion with instrumentation group and 40
patients in the fusion without instrumentation group.
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Table 1

Demographics, symptoms, level and grade of slip and life style factors, in percent (except age and sick-leave period), before treatment

according to type of randomized treatment (observed numbers within brackets).

All n=111 Non-instrumented n=40 Instrumented n=37 Exercise n=34

Mean age (years) 39 39 39 37
Mean age at onset of symptoms (years) 26 25 29 25
Women 49 (54) 45 (18) 57 (21) 44 (15)
Men 51 (57) 55 (22) 43 (16) 56 (19)
Low back pain only 31 (33) 25 (10) 30 (11) 39 (12)
Low back pain+sciatica 62 (67) 68 (27) 62 (23) 55 (17)
Sciatica only 7 (8) 8 (3) 8 (3) 6(2)
Level L5 85 (94) 83 (33) 84 (31) 88 (30)
Level L4 13 (14) 15 (6) 14 (5) 9 (3)
Levels L4 and L5 3(3) 3 (D) 3(1) 3 (1)
Grade 1 slip 60 (67) 68 (27) 54 (20) 59 (20)
Grade 2 slip 38 (42) 30 (12) 43 (16) 41 (14)
Grade 3 slip 2 (2) 3(1) 3(1) 0
Sick-leave or disability pension 71 (79) 68 (27) 84 (31) 62 (21)
Mean sick-leave before treatment (months) 16 15 14 18
Blue collar 80 (87) 90 (36) 75 (27) 73 (24)
Immigrants 32 (35) 30 (12) 27 (10) 38 (13)
Married 74 (82) 75 (30) 76 (28) 71 (24)
Smokers 54 (60) 63 (25) 57 (21) 41 (14)
Medication for other than back pain 21 (23) 30 (12) 16 (6) 15 (5)

Of the 111 patients randomly assigned 2-year outcome
data were earlier obtained from 106 patients and reported
by Méller and Hedlund [1]. The 1- and 2-year outcome data
were collected at outpatient visits by an unbiased observer:
an independent surgeon, the main surgeon’s assistant or by
the physiotherapist leading the exercise program. To avoid
bias, at follow-up some of the surgical patients were seen by
a physiotherapist and some of the patients receiving the
exercise program were seen by a surgeon.

All patients were followed at regular intervals, 2, 6, 12
and 24 months after start of exercise or surgery. All patients
completed questionnaires about functional disability and
pain before treatment and at 1- and 2-years follow-up at
outpatient visits to the unbiased observer. After the 2-year
follow-up the patients were not followed at regular intervals,
and the study protocol did not include any type of treatment
after the 2-year follow-up. Therefore, the patients in the
surgical as well as exercise group could have received non-
documented conservative treatment outside the context of
the study. Possible further surgical treatment was docu-
mented at long-term follow-up.

The 106 patients with a completed 2-year follow-up were
invited by mail to take part in the long-term study. Question-
naires were mailed to the patients, and answers by mail were
obtained from 101 patients, resulting in a long-term total
follow-up rate of the original 111 patients of 91% (101
of 111).

In the exercise group 9 patients were operated on with
fusion because of worsening or continuation of severe symp-
toms. They were kept in their original conservative group ac-
cording to the “intention to treat” principle and analyzed as
part of the exercise group. Furthermore, statistical analysis of

the long-term results was performed with, as well as without,
these 9 patients, and also selectively for the 9 patients.

The mean long-term follow-up time was 9 years (range,
5-13). The three treatment-groups had less than a year’s
difference in follow-up time. The mean age of the patients at
inclusion in the study was 39 years (range, 18-55) and
at long-term follow-up 47 years (range, 28—68). There were
54 women and 57 men. The level of the slip was L5 in 94
patients, L4 in 14 patients and both L4 and LS in three patients.
The majority of patients were grade 1 (67) or 2 (42)
slips, and only two patients had a grade 3 slip (Table 1).
All 77 surgical patients had a posterolateral fusion in situ
with autologous bone transplantation harvested from the
right iliac crest. The senior author performed 85% of the op-
erations. No instrumentation was used in 40 patients, and
pedicle screw fixation (Cotrel-Debousset, Sofamor, Paris,
France) was used in 37 patients. The non-instrumented pa-
tients wore a daytime lumbar brace for 6 months after sur-
gery. The surgical patients did not receive a postoperative
exercise or physiotherapy program.

The 34 patients randomly assigned to the exercise pro-
gram were referred to a physiotherapist with a special interest
in spondylolisthesis. The exercise program was based on
strength and postural training with emphasis on back and
abdominal muscle exercises. Twelve different exercises were
performed. To allow exercises at home, eight of the exercises
did not demand any specific training equipment. Four exer-
cises included a pulley machine and a leg press machine.

These patients exercised three times a week the first 6
months, and twice a week between 6 and 12 months. The
duration of the exercise program was approximately 45 mi-
nutes and was supervised by a physiotherapist. After 1 year
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the patients were instructed to continue with a home pro-
gram, which consisted of the eight exercises that did not
need special equipment. Two thirds of the patients complied
with the full program during the first year. After the first
year it is not known to what extent the patients continued
with the recommended exercises. Most likely most patients
largely discontinued regular back-strengthening exercises.

Outcome measurements

Pain and functional disability was quantified by pain-
index (VAS), the DRI and work status before treatment, at 1
year, 2 years and at long-term follow-up. A global assessment
by the patient was performed at 2-years and at long-term
follow-up, with classification of results into much better,
better, unchanged or worse The Oswestry Disability Index
(ODI) was obtained at 2-year and long-term follow-up.
The SF-36 was obtained only at long-term follow-up. The
same questionnaires as used at 1 and 2-years, with the addition
of the ODI and SF-36 questionnaires, were mailed to the
patients.

Pain was quantified by one VAS for “pain right now” and
one VAS for “worst pain last week,” with anchor points;
0=no pain and 100=intolerable pain. The mean of the two
pain scores provided the pain index.

DRI is a validated disease-specific functional outcome
instrument composed of 12 VAS items, ie, dressing, outdoor
walking, climbing stairs, sitting for longer time, standing
bent over a sink, carrying a bag, making a bed, running, light
work, heavy work, lifting heavy objects and participation
in exercise or sports [13]. The mean of the 12 functional
VAS items provides the DRI. The form is self-administered
according to oral instructions. In the VAS the patient marks
on a 100-mm scale the ability to perform the respective
activity, with anchor points; O=without difficulty and
100=impossible.

ODI, a validated disease-specific instrument for assess-
ment of spinal disorders, is a 10-item ordinal scale instrument
with six response alternatives for each item [14]. The total
score ranges from 0 to 100, whereby 100 is worst disability.
The items are pain intensity, personal care, ability to lift,
walk, sit, stand, sleep, sex life, social and travelling. Normal
function is 0 and worst disability for each item is 5. The
sum of the 10 items multiplied by 2 constitutes the ODI
(0-100).

Global outcome was assessed by the patients who classi-
fied the overall results into “much better,” “better,” “un-
changed” or “worse”. Work status was documented. The
QOL was estimated with the SF-36 [15], which includes 36
questions arranged into eight domains: physical function,
role physical, bodily pain, general health, social function, role
emotional, mental health and vitality. Results are presented
as a profile.

All patients completed a pain drawing [16]. Sciatica was
defined as pain symbols below the knee in the pain drawing.
According to the pain drawing 33 patients had only low

back pain, 67 patients had low back pain and sciatica and
8 patients had only sciatica. In 3 patients no pain drawing
was performed. In the surgical group patients with sciatica
were investigated with MRI or CT-myelography for docu-
mentation of nerve root compression. No patients showed
any radiological sign of disc prolapse or central spinal
stenosis.

Statistical method

The appropriate sample size sufficient to detect a clinical
relevant difference in outcome, if it exists, was calculated
according to Altman [17]. The risk of a type I error was set
to 5% (significance level, 0.05). Type II error was set to
10% (90% power). The standard deviation of the DRI was
18, and the clinical difference of relevance was set to 15,
resulting in a necessary sample size of 30 in each group.

To test for differences between pain index, DRI, ODI and
SF-36 the nonparametric Mann Whitney U test was used for
unpaired data, ie, comparisons between the two groups, and
the Wilcoxon signed rank test was used for paired data, ie,
longitudinal comparison within each group. In addition to
the nonparametric tests, 95% confidence intervals, based on
standard error of the mean, are also given. The chi-square
test was used to determine differences in the work ability
and global outcome between groups. The global outcome
was assessed after collapse of the much better and better
categories into one cell, and the unchanged and worse into
another. In addition the chi-square test for trend was used
for comparison between treatments, keeping the four cells
of global outcome intact. The Yates continuity correction
was used in the chi-square analysis. P<<0.05 was considered
as statistically significant.

The study was approved by the Medical Ethical Commit-
tee of Huddinge University Hospital.

Results
Cross-sectional analysis

At long-term follow-up the pain index, DRI, ODI, global
assessment, SF 36 and work ability were similar with no
significant differences between surgical patients with
posterolateral fusion with and without instrumentation
(Tables 2, 3). Therefore, surgical patients were analyzed
together, to increase the power of the study.

In the surgical group 11 patients (14%) had more than
one lumbar spine operation for the following reasons: two
nerve root injuries in instrumented fusions, one pseud-
arthrosis, one discectomy and removal of implants because
of possible local irritation in 7 patients. There were no early
or late deep infections.

The pain index, DRI, ODI and work ability were not
significantly different between surgically (combined surgical
group) and conservatively treated patients at long-term
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Table 2
Mean pain index, DRI, ODI and proportion of patients at work at
long-term follow-up in non-instrumented and instrumented patients

Long-term Non-instrumented Instrumented p

Pain index 45 36 0.27
DRI 36 30 0.31
ODI 30 27 0.79
At-work 50% 52% 0.90

follow up (Table 4; Fig. 1, 2). Similarly, no significant differ-
ences were observed between the eight domains in the SF-
36 between the surgical and conservative group (Fig. 3).
The global assessment, however, was significantly better for
the surgical group. This was true for the different categories
analyzed as separate cells (0.02<p<<0.05) as well as after
collapse of much better and better into one cell, and un-
changed and worse into another (p=0.015) (Table 5). The
mean pain index, DRI and ODI among the much better
patients in the surgical group were clearly lower than the
scores for the much better patients in the exercise group.
The mean scores for the pain and DRI and ODI were 18,
13, and 8 compared with 28, 22, and 20 in the much better
surgical and conservative group, respectively. The dif-
ferences were not significant for pain and DRI, but almost
significant for ODI (p=0.078).

There were no significant differences in long-term out-
come between the nine patients in the conservative group
who had been eventually operated on compared with the
original conservative group. Furthermore, exclusion of
these 9 patients from the conservative group did not change
the overall results. There were still no significant differences
compared with the surgical group at long-term follow-up,
except for global outcome. There was no correlation between
outcome and the variation in follow-up time (5-13 years).

Longitudinal analysis

From start of study to long-term follow-up

In the surgical group the mean DRI improved from 48
to 33 (p< 0.001) and the pain index from 63 to 40
(p<0,0001) from before treatment to long-term follow-up.
In the surgical group 25% worked before the study compared
with 51% at long term (p<<0.0001) (Table 4; Fig. 1, 2).
There were no differences between instrumented and non-
instrumented patients in the longitudinal analysis; all scores
improved similarly for both groups.

Table 3
Global outcome in the instrumented and the non-instrumented
group at long-term follow-up, as classified by the patients

Instrumented (%) Non-instrumented (%)

Much better 33 44
Better 49 22
Unchanged 9 22
Worse 9 12

In the conservative group the mean DRI improved non-
significantly from 44 to 38 (p=0.13), and the pain index
from 65 to 49 (p=0.013). The proportion of patients that
worked in the conservative group increased from 38% to
46% at long term (NS).

Between the 2-year and long-term follow-up

Between the 2-year and long-term follow-up the mean
DRI of the surgical group worsened significantly from 29
to 33 (p=0.049). Similar marginal deteriorations were ob-
served for the pain index and ODI, however non-significantly
(Table 4). The global assessment was unchanged between the
2-year and long-term follow-up. There were no differences
between instrumented and non-instrumented patients.

In the conservative group all scores except the ODI im-
proved non-significantly between the short-term and long-
term follow-up. The ODI worsened from 28 to 31 (NS)
(Table 4).

Discussion

This is the first long-term randomized study on lumbar
fusion that compared surgery with conservative treatment.
At an average follow-up of 9 years surgical patients with
fusion scored better than the conservative group for all vari-
ables documented. However, the global outcome was the
only variable that was significantly better in the surgical
group than in the conservative group. In the surgical group
76% of patients classified their result as much better or better
compared with 50% in the conservative group (p=0.015).
For all other variables studied the differences were small
and not statistically significant. Thus, in contrast to the short-
term study of the same patient material, in which fusion
was significantly better than conservative treatment for all
variables studied, a significant long-term difference re-
mained only for the global outcome variable [1].

The reduced differences between the groups were the
combined effect of two trends between the short-term and
the long-term follow-up: the conservative group showed a
slight nonsignificant improvement, whereas the surgical
group showed a slight deterioration, significant only for the
DRI. Because the exercise program only lasted 1 year, and
few patients most likely changed their normal exercise habits
after discontinuation of the program, the results for the exer-
cise group reflect the natural course of degenerative disorders
of the lumbar spine, Although the results of the conservative
group showed a slight spontaneous improvement over time,
it cannot be excluded that the results simply reflect the
phenomenon of “regression toward the mean.” All patients
were recruited into the study at a time when their symp-
toms were severe, and because chronic low back pain is a
fluctuating disorder, over time the group will tend to score
on average better at later follow-ups, not scheduled after
severity of symptoms.

Although 1 year of exercise followed by no regular
treatment for on average 8 years resulted in a significant
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Table 4

Mean value of pain index, DRI, and percentage of patients at work before treatment and at 1- and 2-year follow-up and at long-term follow-up,
for the surgical group and the exercise group (95% confidence intervals within brackets).

Pretreatment n=106 1-year n=98 2-year n=106 Long-term n=101 p
Surgery Pain index 63 (58.5-67.7) 35 (28.742.2) 37 (29.6-43.8) 40 (34.0-47.1) <0,0001
DRI 48 (43.9-52.3) 29 (23.0-34.6) 29 (23.5-34.9) 33 (27.8-38.8) <0,0001
ODI 26 (18.1-31.6) 28 (23.0-33.0) 0,223
At-work 25% 46% 54% 51% <0.001*
Exercise Pain index 65 (57.3-71.9) 54 (44.7-63.7) 56 (48.7-63.8) 49 (38.4-58.8) 0,013
DRI 44 (38.2-50.3) 45 (36.4-53.7) 44 (36.5-50.9) 38 (29.1-47.7) 0,131
ODI 28 (20.5-35.0) 31 (24.0-37.4) 0,887*
At-work 38% 48% 55% 46% n.s.

F p-value refers to comparison between the 2 years and the long-term follow-up
* The ODI was only measured at 2-year follow-up and at long-term follow-up. The worst possible status is 100 and the best possible status is 0.

improvement of pain (from VAS 64 to 49), considerable
pain and disability remained at long term as reflected by
only half of the patients working and a subnormal level of
QOL. From the results of the study it seems clear that the
natural course of symptomatic adult isthmic spondylolisth-
esis generally does not include any major changes over time.
Thus, one should not expect that disabling low back pain
spontaneously improves over time in patients with symptoms
severe enough to qualify for fusion.

The cause of the slight deterioration of outcome of the
surgical group with time can only be speculated on, particu-
larly because radiologic follow-up is not yet completed.
Adjacent segment degeneration after lumbar fusion has been
reported by several investigators [4,7,10,18].
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Fig. 1. The mean value of pain index before treatment and at 1- and 2-
year follow-up and at long-term follow-up for the surgical group and the
exercise group. 95% confidence intervals are indicated.

Although the present results lend no support to the notion
of a negative effect of fusion on the outcome in the long
term because of adjacent segment degeneration, such an
effect cannot be excluded. It could be that adjacent segment
degeneration gradually reduces the positive effects of fusion
and that even longer follow-up will show a worse outcome
in fused patients than in conservatively treated patients.

Seitsalo et al. [5] compared surgically and conservatively
treated patients and reported no increase in adjacent segment
degeneration on average 15 years after lumbar fusion in
isthmic spondylolisthesis in patients younger than 20 years.
However, in a comparison between fused and nonfused pa-
tients treated surgically for degenerative disc disease Kumar
et al. [10] found a twice as high incidence of degenerative
changes at levels above the previous operation. However,
no difference was observed in outcome between the groups.
Similarly, Lehmann et al. [4] reported a high incidence of
adjacent segment instability (45%) on average 33 years after
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Fig. 2. The mean value of DRI before treatment and at 1- and 2-year
follow-up and at long-term follow-up for the surgical group and the exercise
group. 95% confidence intervals are indicated.
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Fig. 3. The mean value for the eight subscales of the SF-36 at long-term follow-up for the surgical group and the exercise group, as well as for the average
Swedish population. No significant differences were observed between the two treatment groups in any of the subscales. PF=physical function; RP=role
physical; BP=bodily pain; GH=general health; VT=vitality; SF=social functioning; RE=role emotional; MH=mental health.

lumbar fusion, but no correlation between the radiographic
condition and symptoms. The same finding was also reported
by Ishihara et al. [6] who observed adjacent segment degen-
erative changes in more than 50% of patients over 10 years
after anterior lumbar interbody fusion for isthmic spondyloli-
sthesis, but no correlation to clinical outcome. Because no
randomized controlled study has addressed the question of
the occurrence and possible clinical relevance of adjacent
segment degeneration after fusion, the issue remains contro-
versial. Except for accelerated degenerative changes, it
cannot be excluded that the worsening of symptoms in the
surgical group can be an effect of a diminishing placebo
effect.

Because the global outcome shows rather clear differ-
ences between the groups, in contrast to the scores for pain,
disability and QOL scales are of interest. It could be that
important factors related to the disorder are not included in
the disease-specific (ODI, DRI, VAS-pain) as well as in the
QOL questionnaires, or that these variables are not sensi-
tive to change. We found the same tendency in our previous
short-term report of the same patient material, the difference
between the groups was most obvious in the global outcome as-
sessment. Higg et al. [19] showed that global outcome well
reflects several validated outcome measurements and suggested
it as an important outcome measurement in the degenerative
Iumbar spine. We agree that global outcome could be the most

Table 5
Global outcome in the surgical group and the exercise group at
long-term follow-up, as classified by the patients

Surgery (%) Exercise (%)

Much better 39 27
Better 37 23
Unchanged 13 27
Worse 10 23

important outcome measurement, presupposing that the
study design is randomized. It does not seem possible to
assess treatment effects from nonrandomized studies with
global outcome as the only end point.

One could expect that the more general questionnaires
addressing several areas of everyday life, ie, the SF-36 and
the ODI, would reflect global outcome better than DRI (a
pure functional score) and VAS-pain. This was, however,
not the case in the present study.

The ODI was very similar in both groups with only a
marginally better score for surgical patients, and the SF-36
was for some (2 of 8) domains even better for the conserva-
tively treated patients. The results suggest that ODI is less
responsive to change than VAS-pain and the DRI, and also
that differences between different treatment outcomes in the
degenerative lumbar spine may not necessarily be reflected
in QOL-instruments.

The SF-36 scores of conservatively as well as surgically
treated patients were clearly below the average score in all
eight areas for the normal Swedish population (Fig. 3). Thus,
neither surgical treatment nor the long-time natural course
seems to normalize QOL in the adult degenerative spine.
The lack of expression of the global outcome in the SF-36
can only be speculated on, but an obvious explanation is
of course that QOL could be a too crude measurement to
reflect rather subtle differences between different treatment
effects in patients with low back pain.

Work status is influenced by the general economical situa-
tion, which in Sweden in the early years of 2000 was less
positive with higher unemployment rates than in the mid-
1990s. This makes the development over time difficult to
interpret. In the short-term analysis (2 years) no difference
was observed in work status, 45% and 46% were working
in the surgical and conservative group, respectively. Interest-
ingly, this proportion was largely unchanged at long term,
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51% and 46% were working in the two groups, respectively.
Although the increase compared with pretreatment in work
ability was significant only for the surgical group, the study
does not demonstrate any serious effect on work ability
by lumbar fusion. In the Swedish lumbar spine study, how-
ever, more patients went back to work among surgical pa-
tients [3].

However, because several outcome measures showed
only nonsignificant differences compared with the natural
course, we strongly emphasize the need of careful patient
selection. Note that the patients in the much better category
among fused patients scored much better for pain, DRI and
ODI than the much better patients in the conservative group.

Although this was not a statistically significant finding,
possibly a reflection of the limited number of much better
patients in the conservative group (n=7), it is in accordance
with our clinical experience. Totally asymptomatic patients
are much more often found among fused patients. As stated
by many investigators, the challenge for the surgeon is how
to select patients for fusion who will show such a much
better long-term result. Unfortunately, we have few means
for such predictions today.

The drawback of the study is the limited number of con-
servatively treated patients, a problem that is aggravated by
the fact that 9 of the 29 patients in the conservative group
were eventually operated on with fusion. This, of course,
could influence the results of the conservative group. How-
ever, irrespective of whether these patients were included
in their original treatment group, according to the intention
to treat analysis principle, or excluded, the results were not
influenced. Furthermore, the outcome of these 9 patients
was not significantly worse than for the clean conservative
group. Thus, the conservative group analysed according to
the intention to treat principle was not “falsely improved” by
keeping these 9 fused patients in their original conservative
group, and one must conclude that this source of error does
not invalidate the results.

Another source of error is the limited patient material.
When the study was designed in the late 1980s, a treatment
difference of 15 DRI points was chosen as the minimal
clinically relevant difference. Thus, the study was designed
to identify clinically unequivocal differences in treatment
effects rather than to demonstrate possible marginal differ-
ences in outcome. A study of at least 90% power on the 5%
significance level resulted in a calculated sample size of
30 subjects in each of the three groups. Because all analyses
show no differences between the two surgical groups, they
are analyzed together, which results in an improved power.
The comparisons between conservative and surgical treat-
ment with a final follow-up of 71 surgically and 29 conserva-
tively treated patients results in a power of 95%. If the 9
patients in the conservative group are excluded, we are left
with only 20 patients in the conservative group, which re-
duces the power to 89%.

It can, of course, correctly be argued that smaller differ-
ences than 15 points on these scores could be of some

importance to the patient, and that the power of the present
study may not be sufficient to detect such smaller differences.
The power of the present study to detect 10 points of differ-
ence on the 5% level is only 70%; ie, the study is associated
to the risk of not being able to demonstrate minor differences
between treatments. When the study was designed, it was be-
lieved that the potential treatment effects as measured on
pain and functional scales would be more obvious than what
has turned out to be the case. Several prospective studies have
now shown that the effect of fusion on commonly used
outcome measurements are rather marginal [1,3,8], and, con-
sequently, larger patient materials are needed if minor differ-
ences in treatment effects are of interest.

Most randomized controlled trial (RCT) studies failed to
document any difference in clinical outcome between instru-
mented and non-instrumented fusions of the lumbar spine
[8,20-23]. All studies are short term, with the exception of
the present study and Bjarke Christensen et al. [9], who
reported a better outcome at 5-year follow-up in a subgroup
of patients with non-instrumented spondylolisthesis com-
pared with instrumented spondylolisthesis. In accordance
with previous short-term studies, however, we found a simi-
lar long-term outcome for instrumented and non-instru-
mented patients. The reason for the discrepancy between
the two Scandinavian studies is unknown, but from a meth-
odological point of view conclusions from subgroup analysis
must be made with caution, particularly if the number of
patients is very limited, as in the Danish study. Furthermore,
no difference between instrumented and non-instrumented
patients was found in the main Danish patient material,
composed of mixed diagnoses. Thus, the previous evidence
of no short-term benefit of instrumentation on the outcome
of one or two level lumbar fusion can now be expanded also
to the long-term situation. However, we found no evidence of
a negative long-term effect of instrumentation. A negative
effect on adjacent level facet joints by pedicle screws has
been discussed, as well as a negative effect on adjacent
segments because of a stiffening effect on the fused area by
the instrumentation [18].

In view of the limited improvement of the exercise in
particular, but also of fusion, there is a definite need for
alternative treatment models. Although evidence for its ef-
fectiveness are lacking, disc prosthesis procedures have been
increasingly popular the past few years. Only one RCT is
available on disc replacement surgery, and it showed no
superiority compared with fusion at 6 months [24]. Several
short-term and long-term RCTs are, however, mandatory
before the place of disc replacement in the treatment of
degenerative lumbar disorders can be properly assessed.

In conclusion, the significantly better global outcome of
fused patients compared with conservatively treated patients
supports a limited but positive long-term effect on fusion
in adult isthmic spondylolisthesis. The study also shows,
however, a slight deterioration of the effect of fusion with
time. In addition, the results clearly show that instrumenta-
tion neither positively nor negatively affects the long-term
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results. Finally, the study also shows that the natural course
of symptomatic adult spondylolisthesis is not one of sponta-
neous improvement, but rather of continuing disability af-
fecting many areas of life for many years.
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