
Abstract Limited data are available
about the long-term outcome of sur-
gical treatment for lumbar spinal
stenosis, and there is a wide varia-
tion in reported success rates. There
is also a controversy regarding dif-
ferences in long-term outcome be-
tween patients undergoing decom-
pressive surgery alone and those un-
dergoing both decompression and fu-
sion. The aim of this study was to
evaluate the long-term clinical out-
come and possible complications of
decompressive surgery, with special
reference to possible differences be-
tween patients undergoing fusion,
with or without instrumentation, and
those undergoing decompression
alone. All 124 patients undergoing
first-time surgery for lumbar spinal
stenosis between 1982 and 1991 at
our department were included, and
their medical records were reviewed
retrospectively. Ninety-six of the pa-
tients were available for follow-up
and were re-examined by an inde-
pendent investigator and assessed
with a questionnaire after a mean
follow-up period of 7.1 (range
4.0–12.2) years. Sixty-five percent of
all the patients at the follow-up were
subjectively satisfied. Eighty-eight
percent of the patients reported con-
stant or daily leg pain preoperatively
compared to 43% at follow-up. Con-
stant or daily low back pain was re-
ported by 83% of the patients preop-
eratively compared to 45% at follow-
up. Improvement in walking capacity

was found in most patients, and only
4% of the patients who had a preop-
eratively documented maximum
walking distance reported a de-
creased walking capacity. Twenty-
four (25%) of all patients used anal-
gesics daily at the time of follow-up,
34 patients (35%) occasionally and
38 patients (40%) never. The patients
with fusions, instrumented or non-in-
strumented, did not differ signifi-
cantly from the unfused patients re-
garding any of the above-mentioned
parameters. The results of the study
showed that most patients demon-
strated a considerable improvement
in walking capacity at follow-up. This
improvement was significant (P <
0.001) and of clinical importance. A
significant improvement regarding
both low back pain and leg pain was
found postoperatively compared to
preoperatively (P < 0.001). There
were no statistical differences,
judged by all the evaluated param-
eters, regarding the clinical outcome
between patients who were fused and
those who were not. Neither were
any significant differences found be-
tween instrumented fusions com-
pared to uninstrumented fusions. In
accordance with most other long-
term follow-up studies, about two-
thirds (65%) of the patients claimed
a satisfactory result at follow-up.
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Introduction

Lumbar spinal stenosis is a common cause of low back
pain, radiating pain in the lower extremities, decreased
walking capacity and disability [16, 28, 35, 36]. Conserv-
ative therapies may be helpful, but do not in most cases
result in a long-term improvement [16, 37]. The most
widely used surgical techniques are all based on the prin-
ciples of decompression alone or decompression and fu-
sion, with or without instrumentation [24]. These opera-
tions are performed with an increasing frequency, leading
to increasing societal costs [4, 23], but the documentation
regarding their long-term efficacy is sparse and debatable
[34]. During the last decades, a number of studies de-
scribing the short-term outcome of surgical treatment of
lumbar spinal stenosis have been published. Success rates
of 26–100% have been reported for different surgical in-
terventions [34]. However, few data have, until recently,
been available about the long-term results of surgery for
lumbar spinal stenosis. Although long-term outcome has
been evaluated in recent studies [1, 3, 6, 8, 9, 10, 11, 13,
14, 17, 19, 22, 27, 28, 30, 33], there is still a wide varia-
tion in reported success rates and a continuing contro-
versy regarding differences in long-term clinical outcome
between patients undergoing decompression alone and
those undergoing both decompression and fusion [2, 7,
20, 31, 34]. There is also an ongoing debate about
whether fusions should be instrumented or not [5, 20].
The aim of this study was to evaluate retrospectively the
long-term clinical outcome and possible complications of
decompressive surgery of spinal stenosis, with special ref-
erence to possible differences between patients undergo-
ing fusion, with or without instrumentation, or decom-
pression alone.

Material and methods

All patients who underwent first-time decompressive surgery for
central and/or lateral spinal stenosis at our department between
January 1 1982 and December 31 1991 were included in the study.
These entry criteria were met by 124 patients. At the time of fol-
low-up, 6 patients were deceased and 22 patients were lost to fol-
low-up for other reasons. Ninety-six, i.e. 81% of the patients who
were alive, were re-examined by an independent investigator and
assessed with a questionnaire. The mean follow-up period was 7.1
(range 4.0–12.2) years and the mean age at follow-up was 64.4
(range 29–87) years.

Chart review

The records of all included patients were reviewed. Data were col-
lected regarding preoperative low back pain (LBP), radiating leg
pain, sensor or motor disturbances, walking capacity, duration of
symptoms, work status and previous history of lumbar spine sur-
gery. The radiographic diagnosis and the type or types of radi-
ographic examinations undergone were recorded, as well as the
type of surgical procedure performed and possible postoperative
complications and reoperations.

Baseline variables

Fifteen of the 124 included patients had undergone previous lum-
bar spine surgery, 13 of them for a disc herniation and 2 for
spondylolisthesis.

The records of the 96 patients who attended the follow-up
showed that 89 patients (93%) had suffered preoperative LBP, 50
patients (52%) unilateral radiating leg pain and 41 patients (43%)
bilateral radiating leg pain. Seventeen patients (18%) were re-
ported to have had preoperative sensor or motor deficits in both
legs, 47 (49%) sensor or motor deficits in one leg and 32 (33%)
had presented no preoperative sensor or motor deficits. The 17 pa-
tients with preoperative sensor or motor deficits in one or both legs
included 5 patients (5%) without any radiating leg pain. Informa-
tion about preoperative walking capacity was found in the records
of 55 of the 96 patients. Thirty-four (62%) of these patients were
reported to have had a preoperative walking capacity of less than
200 m, 14 patients (25%) between 200 and 500 m and 3 patients
(5%) between 500 m and 1 km. One patient (2%) had been able to
walk between 1 and 5 km and 3 patients (5%) more than 5 km
(Fig. 1).

Information about preoperative duration of symptoms was
found in the records of 94 patients. Fifty-nine (63%) of these pa-
tients were reported to have had symptoms for more than 3 years,
9 patients (10%) between 2 and 3 years and 15 patients (16%) be-
tween 1 and 2 years. In 11 patients (12%) the duration of their
symptoms had been less than 1 year.

Preoperative radiographic evaluation with plain radiographs,
myelography and computed tomography (CT) had demonstrated
that one level was compressed in 50 patients (52%), two levels in
34 patients (35%), three levels in 11 patients (11%) and four levels
in 1 patient (1%). Ninety-four (98%) of the 96 patients had been
preoperatively evaluated with a CT scan, 36 patients (38%) with
myelography and 19 patients (20%) with MRI. In 27 patients the
radiographic evaluation had demonstrated an accompanying spondy-
lolisthesis.

In 54 patients (56%), a single-level decompression had been
performed. Thirty-two patients (33%) had undergone a two-level
decompression and ten patients (10%) a three-level decompres-
sion. In 62 patients (65%) decompression had been performed at
the L4-L5 level, in 48 patients (50%) at the L5-S1 level, in 32 pa-
tients (33%) at the L3-L4 level and in 6 patients (6%) at the L2-L3
level. Regarding the type of decompression performed; 41 patients
(43%) had undergone a central decompression and a bilateral de-
compression of the root canals, 20 patients (21%) had been de-
compressed centrally, including a unilateral root canal decompres-
sion, and 17 patients (18%) had received an isolated central de-
compression. In 14 patients (15%) a unilateral root canal and in 
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Fig.1 Walking capacity for the subgroup of 55 patients whose
medical records contained information about preoperative walking
capacity (F-u follow-up)



4 patients (4%) a bilateral root canal decompression had been per-
formed, without any central decompression.

The policy of the department, at the time these patients were
operated, was to add a concomitant posterior fusion in patients
with a preoperatively known significant spondylolistheses or in pa-
tients where the spinal surgeon believed the decompression in-
duced a possible iatrogenic instability. Whether the fusions were
instrumented or not was a decision that was up to the spinal sur-
geon in charge of the operation. Eight different spinal surgeons
were involved in the surgical procedures. Fifty-nine patients (61%)
had received a posterior fusion in the same surgical session as the
decompression. Forty-two out of these 59 fusions were instru-
mented, mostly with the Steffee variable screw placement system
(VSP) [4].

No statistically significant differences regarding the baseline
variables were found between the groups with different surgical
treatment.

Follow-up

The clinical examination, by an independent observer, included
motor and sensory testing of the lower extremities, quadriceps and
achilles tendon reflexes and a straight leg raising test. The ques-
tionnaire included items on preoperative and current work status,
low back pain and radiating leg pain, but also present pain level,
disturbed sensibility, disturbed motor function, use of analgesics,
walking capacity, ability to perform daily activities and overall pa-
tient satisfaction. For evaluation of present pain levels regarding
low back pain and leg pain, a standing 100-mm visual analog scale
(VAS) was used. Forty-nine of the 96 patients attending the fol-
low-up were women and 22 patients were smokers.

Statistical analysis

Fisher’s non-parametric permutation test was used to compare the
different treatment groups. The Sign test was used to compare the
preoperative with the postoperative values. P-values of less than
0.05 were considered significant.

Results

At follow-up, 62 patients of 96 (65%) were subjectively
satisfied, 24 patients (25%) dissatisfied and 10 patients
(10%) uncertain about whether they were satisfied or not.
Of the 59 patients with a fusion, 39 patients (66%) were
satisfied, 12 patients (20%) dissatisfied and 8 patients
(14%) uncertain. Twenty-three (62%) of the 37 patients
with an instrumented fusion were satisfied, 12 patients
(32%) dissatisfied and 2 patients (5%) uncertain. The pa-
tients with fusions, instrumented or non-instrumented, did
not differ significantly from the decompressed and un-
fused patients regarding patient satisfaction. Neither were
there any statistically significant differences between pa-
tients with a single-level decompression and those with a
two- or three-level decompression.

Seventeen of all 96 patients (18%) were working full
time and 10 patients (10%) part time. Forty-seven patients
(49%) were retired because of their age, 10 patients (10%)
had taken early retirement and 12 patients (12%) were on
a disability pension (Fig.2). Sixty of the 96 patients (62%)

claimed that their work/leisure-related physical load at
time of follow-up was similar to that experienced before
the first appearance of spinal stenosis symptoms. Thirty-
four patients (35%) claimed a lower work/leisure load and
2 patients (2%) reported an increased work/leisure load.
Comparing the different surgical procedures, the results
reported by the patients with fusions, instrumented or
uninstrumented, and patients without fusions, regarding
both their work status and work/leisure load were not sig-
nificantly different.

One of the 124 included patients, who had a two-level
decompression and a concomitant instrumented posterior
fusion, developed a postoperative haematoma and a cauda
equina syndrome. She was re-operated the day after the
first operation with an evacuation of the haematoma and
an extended laminectomy. However, she had a remaining
paresis of the bladder and the lower extremities at dis-
missal to her community hospital. She did not attend for
the follow-up. One patient, who had a two-level decom-
pression without a fusion, developed symptoms regarded
as signs of instability during the first postoperative years,
and he had an instrumented two-level fusion after 4 years.
At the follow-up, he was satisfied with the outcome of
surgery and reported a walking capacity of more than 
5 km.

One patient, with a three-level decompression (L3-L4,
L4-L5 and L5-S1) without a fusion, and with remaining
symptoms of spinal stenosis postoperatively, was re-oper-
ated after 18 months with an extended laminectomy of the
two lower levels without a concomitant fusion. At the fol-
low-up, he was dissatisfied with the outcome and reported
a walking capacity between 0.5 and 1 km. Another pa-
tient, with a two-level decompression without a fusion
(L4-L5 and L5-S1) was re-operated after 7 months, with a
new two-level decompression (L1-L2 and L2-L3). How-
ever, her symptoms were not improved and she was re-
ferred for a “second-opinion” at the Department of Neuro-
surgery at our hospital. She did not attend for the follow-
up.
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Fig.2 Working status at follow-up



Dural tears were noted in the surgery records of two of
the included patients. One of these two patients did not at-
tend for the follow-up, the other patient claimed satisfac-
tory outcome and a walking capacity exceeding 5 km.

Four patients had wound infections (two instrumented
fusions, one uninstrumented fusion and one decompres-
sion without fusion). Both patients with wound infection
and instrumented fusions had their instruments removed
due to the infection. One of the patients with wound in-
fection and an instrumented fusion also had an excision of
a fistula in her gluteal region excised at the time of instru-
ment removal. In a total of ten patients, 24% of the pa-
tients with instrumented fusions, the instrument had been
removed before the follow-up.

Subjective LBP and leg pain, evaluated with a standing
VAS, graded 0–100, was 35.8 (SD ± 32.0) and 33.9 (SD ±
34.4) respectively for all operated patients at follow-up. The
patients with a fusion reported 39.4 (SD ± 34.0) for LBP and
32.6 (SD ± 35.5) for leg pain. Comparing instrumented an
uninstrumented fusions, patients with uninstrumented fu-
sions reported 33.6 (SD ± 35.5) for LBP and 35.9 (SD ±
38.4) for leg pain, and those with instrumented fusions
41.8 (SD ± 33.5) for LBP and 31.2 (SD ± 34.6) for leg pain.

Eighty-five of 96 patients (88%) described constant or
daily leg pain preoperatively compared to 41 patients (43%)
at follow-up. The improvement regarding leg pain was
statistically significant (P < 0.0001) (Fig.3). Constant or
daily LBP was reported by 80 patients (83%) preopera-
tively compared to 43 patients (45%) at follow-up. This im-
provement was also statistically significant (P < 0.0001)
(Fig.4). The patients with a fusion, instrumented or non-
instrumented, did not differ significantly from the unfused
patients regarding these pain parameters.

At follow-up, 24 (25%) of all patients used analgesics
daily, 34 patients (35%) occasionally and 38 patients
(40%) never. Eighteen (30%) of the patients with a fusion
used daily analgesics, compared to six patients (16%)
who were decompressed without a fusion. Fifteen (36%)
of the patients with instrumented fusions used analgesics
daily compared to 3 (18%) of those with uninstrumented
fusions. However, there were no statistically significant
differences between the different groups.

At follow-up, 42 patients of 96 (44%) reported a walk-
ing capacity of more than 5 km, and an additional 19 pa-
tients (20%) stated that they were able to walk between 
1 and 5 km. Seventeen patients (18%) reported a walking
capacity of less than 200 m at follow-up. The walking ca-
pacity of the group with uninstrumented or instrumented
fusions did not significantly differ from that of the group
who underwent decompression without a fusion (Table 1,
Table 2).

As was mentioned earlier, information about preopera-
tive walking capacity was found in the medical records of
55 patients. The follow-up data for this subgroup (Fig. 1)
showed a significant improvement in walking capacity 
(P < 0.001). Thirty-eight of the 55 patients reported an in-
creased walking capacity at the follow-up compared to
their preoperative capacity from the chart review. Twenty-
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Fig.3 Percentage of patients with leg pain

Fig.4 Percentage of patients with low back pain

Table 1 Walking capacity at follow-up: comparison of fused and
non-fused patient groups

All Fusion Non-fusion

≤ 200 m 17/96 (18%) 10/59 (17%) 7/37 (19%)
200–500 m 5/96 (5%) 4/59 (7%) 1/37 (3%)
500 m–1 km 13/96 (14%) 6/59 (10%) 7/37 (19%)
1–5 km 19/96 (20%) 12/59 (20%) 7/37 (19%)
≥ 5 km 42/96 (44%) 27/59 (46%) 15/37 (40%)

Table 2 Walking capacity at follow-up: comparison of fused pa-
tients with and without instrumentation

Fusion with Fusion without 
instrumentation instrumentation

≤ 200 m 8/42 (19%) 2/17 (12%)
200–500 m 4/42 (10%) 0/17 (0%)
500 m–1 km 4/42 (10%) 2/17 (12%)
1–5 km 9/42 (21%) 3/17 (18%)
≥ 5 km 17/42 (40%) 10/17 (59%)



four of 34 patients with a preoperative walking capacity
of less than 200 m improved their walking capacity; 12 of
them could walk for 5 km or more at the follow-up, two of
them between 1 and 5 km, seven of them between 500 m
and 1 km and three of them between 200 and 500 m. All
14 patients with a preoperative walking capacity of be-
tween 200 and 500 m could walk longer at the follow-up,
and 7 of those 14 patients could walk 5 km or more. Only
2 of the 55 patients claimed a decreased walking capacity
at the follow-up compared to their preoperative medical
records. One of these patients had a preoperative walking
capacity of between 0.5 and 1 km, but reported postoper-
atively a maximum walking distance of less than 200 m.
The other one had a preoperative walking capacity of be-
tween 1 and 5 km and a postoperative walking capacity of
between 200 and 500 m. Interestingly, both these patients
stated that they were satisfied with the operation.

At follow-up, remaining sensory deficit in one or both
legs was reported by 51 patients (53%) in the question-
naire and was found at the clinical examination in 53 pa-
tients (55%) (Table 3, Table 4). Remaining motor deficit
in one or both legs was reported by 32 patients (33%) in
the questionnaire at the follow-up. Remaining motor
deficit or reflex abnormality was found at the follow-up
clinical examination in 50 patients (52%), and in 32 of
those patients the motor deficit or reflex abnormality orig-
inated only from the operated level (Table 5, Table 6).

Seventy-two patients (75%) had a negative straight leg
raising (SLR) test in both legs at follow-up. Table 7 pre-
sents a comparison between the different surgical proce-
dures regarding the SLR tests. Regarding both motor and
sensory deficits and SLR tests, there were no significant
differences between decompression with a fusion com-
pared to decompression without a fusion or between in-
strumented and uninstrumented fusions.

At the follow-up, 3 of the 96 patients (3%) were noted
to have an impairment of their sphincter function at the
clinical examination. These three patients included one
patient with a decompression of L4-L5 without a fusion,
one patient with a decompression of L5-S1 without a fu-
sion and one patient with a two-level decompression of
L4-S1 and an uninstrumented fusion.

Discussion

The percentage of patients with satisfactory results in the
present study, 65% of all patients, is in accordance with
the results of the few previous long-term follow-up stud-
ies of surgery for lumbar spinal stenosis [1, 6, 8, 9, 19, 21,
27, 33], including one meta-analysis of the literature [34].
Regarding the natural course of lumbar spinal stenosis,
Johnsson and co-authors compared the clinical course of
19 untreated patients with spinal stenosis with that of 
44 patients treated surgically. At the follow-up, after 31
and 53 months respectively, one-third of the treated and
one-half of the untreated patients still had neurogenic
claudication. Sixty percent of the patients treated surgi-
cally, compared to 33% of the untreated patients, reported
that they “felt better” at the follow-up [15]. In a later study,
the same authors followed 32 untreated patients with lum-
bar spinal stenosis for a mean period of 49 months. They
stated that symptoms were unchanged in 70% of the
cases, improved in 15% and had worsened in 15% [16].
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Table 3 Sensory deficit at follow-up (clinical examination): com-
parison of fused and non-fused patient groups

All Fusion Non-fusion

No. 43/96 (45%) 28/59 (48%) 15/37 (41%)
Op. level 42/96 (44%) 25/59 (42%) 17/37 (46%)
Other level 5/96 (5%) 1/59 (2%) 4/37 (11%)
Op. + other level 6/96 (6%) 5/59 (8%) 1/37 (3%)

Table 4 Sensory deficit at follow-up (clinical examination): com-
parison of fused patients with and without instrumentation

Fusion with Fusion without 
instrumentation instrumentation

No. 21/42 (50%) 7/17 (42%)
Op. level 17/42 (40%) 8/17 (47%)
Other level 0/42 (0%) 1/17 (6%)
Op + other level 4/42 (10%) 1/17 (6%)

Table 5 Motor deficit or reflex abnormality at follow-up (clinical
examination): comparison of fused and non-fused patient groups

All Fusion Non-fusion

No. 46/96 (48%) 32/59 (54%) 14/37 (38%)
Op. level: 32/96 (33%) 17/59 (29%) 15/37 (41%)
Other level: 11/96 (12%) 7/59 (12%) 4/37 (11%)
Op + other level 7/96 (7%) 3/59 (5%) 4/37 (11%)

Table 6 Motor deficit or reflex abnormality at follow-up (clinical
examination): comparsion of fused patients with and without in-
strumentation

Fusion with Fusion without 
instrumentation instrumentation

No. 21/42 (50%) 11/17 (65%)
Op. level 12/42 (29%) 5/17 (29%)
Other level 5/42 (12%) 1/17 (6%)
Op + other level 4/42 (10%) 0/17 (0%)

Table 7 Negative straight leg raising test at follow-up

All 72/96 (75%)
Fusions 45/59 (76%)
Non-fusions 27/37 (73%)
Fusions with instrumentation 31/42 (74%)
Fusions without instrumentation 14/17 (82%)



Airaksinen and co-workers followed 438 surgically
treated patients with a mean follow-up period of 4.3 years,
and noted, using the Oswestry Low Back Pain Question-
naire and the Oswestry Disability Score, excellent to good
results in 62% of the patients [1]. No fusions were in-
cluded in this group of patients, which is the largest pub-
lished patient population, even though the whole facet
was removed in some patients – a procedure that is gener-
ally regarded as a criterion for a concomitant fusion by
most spinal surgeons [12, 26]. Herno and co-authors, from
the same spinal centre in Finland, evaluated 102 patients [9].
These patients, with a mean follow-up time of 12.4 years,
were all also treated with decompressions without fusions
and assessed with The Oswestry Low Back Pain Ques-
tionnaire and Disability Score. They reported 68% excel-
lent to good results.

Fox and co-workers evaluated 124 patients, 92 decom-
pressions without fusions, 17 instrumented fusions and 
15 uninstrumented fusions, with a questionnaire, retro-
spectively, after a mean follow-up period of 5.8 years [6].
Patients reporting “good or fair outcome” were regarded
as satisfied. Twenty-one percent in their study reported a
“poor outcome” and were dissatisfied – a figure that can
be compared to our figure of 25% dissatisfied patients.
However, they reported that 91% percent of those who
underwent concomitant fusions had good or fair outcomes
compared to 75% of those who had decompression alone.
A similar increase in the percentage of satisfied patients
after fusions could not be found in our study. The follow-
up procedure, the percentage of patients who were fused
and the outcome criteria were, however, not fully compa-
rable, and therefore a comparison between these two stud-
ies is hardly possible.

Recently, Javid and Hadar [14] published results of a
study of 86 patients evaluated with a questionnaire after
an average of 5.1 years following decompression for lum-
bar spinal stenosis, including four instrumented and two
uninstrumented fusions. They reported a 71% positive re-
sponse to the question of whether, in retrospect, they
would still have chosen surgery. The group of patients
with a fusion was too small to be separately evaluated.

Jönsson and co-workers recently published a prospec-
tive study of 105 consecutive patients undergoing decom-
pression, with a facet joint preserving technique, for cen-
tral lumbar spinal stenosis [17]. They examined, in partic-
ular, the clinical features related to radiographic findings
and, in a 5-year follow-up, the value of preoperative pa-
rameters in predicting surgical outcome. Five years after
the surgical procedure, they reported that 48% of their to-
tal study population claimed an excellent result and about
65% a fair to excellent result. Also from the 5-year fol-
low-up, they reported an improved walking capacity in
53% of the patients, unchanged in 33% and deteriorated
in 14%. These figures are less favourable than our results.
However, they did not include any patients with fusions,
and thus their patients clearly differed from ours.

Katz and co-authors [19] performed a retrospective re-
view and prospective follow-up, a similar study design as
in our study, of 88 patients who had a decompressive
laminectomy with or without fusion. They were followed
for an average of 8.1 years. Seventy-five percent of the
patients were reported as “somewhat or very satisfied”
with the results of surgery. The group of patients with a
concomitant arthrodesis (n = 8) was small. All fusions
were uninstrumented. At the follow-up, they reported that
53% of the patients were unable to walk two blocks. Re-
garding this parameter, the patients in our study seemed to
perform better, with 64% of all patients claiming a better
walking capacity than 1 km, and as many as 78% of the
patients more than 500 m. The smaller percentage of pa-
tients with a fusion in the study by Katz et al. can hardly
explain this difference, since our subgroup of patients
without a fusion claimed a walking capacity very similar
to the patients with a fusion. However, the mean age at the
time of surgery for the patients in the study by Katz and
co-workers was 69.3 years, compared to 64.4 years at the
time of follow-up in our study. Thus, the fact that our pa-
tients were, on average, about 10 years younger at the
time of surgery could, at least partially, explain the better
results regarding walking capacity in our study.

Considerable improvement in walking distance at fol-
low-up was found in most of our patients. Only two pa-
tients claimed a decreased walking capacity compared to
preoperatively. The improvement in walking capacity was
significant (P < 0.001).

Over 80% of the patients reported constant or daily
LBP and/or leg pain preoperatively compared to under
50% at follow-up. There were no significant differences
for any of the studied parameters between patients who
were fused and those who were not. Neither were there
any significant differences between patients with instru-
mented fusions compared to those with uninstrumented
fusions, but this lack of statistical difference could be in-
fluenced by the comparatively small number of patients
with uninstrumented fusions. However, one disadvantage
to be recognised with the instrumented fusions is the num-
ber of patients needing a second surgical procedure to re-
move the instrument. The instrument had been removed at
follow-up in 24% of patients with instrumented fusions in
this study. The strength of our study, compared to most
other long-term follow-up studies, is that we evaluated the
patients clinically at the follow-up, and did not just rely
on answers to a mailed questionnaire. Another strength is
that the subgroups of uninstrumented and instrumented
fusions were proportionately large in comparison with the
other follow-up studies. However, the limitation of the
study is the retrospective design and the relatively small
number of patients with an uninstrumented fusion who
were included. Thus, there is a need for prospective stud-
ies on the long-term effects of lumbar spinal stenosis sur-
gery.
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Conclusions

From this 4- to 12-year follow-up study of surgical treat-
ment of lumbar spinal stenosis, we conclude that:

1. About two-thirds of the patients with a preoperatively
reported walking capacity showed a considerable im-
provement in walking distance at the follow-up. The im-
provement in walking capacity was still significant, com-
pared to preoperative distances, at our follow-up after an
average of 7.1 years.

2. A significant improvement in both LBP and leg pain
was found at the follow-up compared to the reported pre-
operative LBP and leg pain.

3. In accordance with other long-term follow-up studies,
about two-thirds of the patients claimed that they were
satisfied with the operation.

4. This study did not demonstrate any statistically signif-
icant differences in the clinical outcome between patients
who were fused and those who were not. Neither were
any significant differences between instrumented com-
pared to uninstrumented fusions found. However, one-
fourth of the patients with instrumented fusions had had
the instrument removed in a second surgical procedure by
the time of the follow-up.

Acknowledgements The authors thank Henrik Ahlbom for statis-
tical advice. The study was supported by grants from the Swedish
Medical Society, the Gothenburg Medical Society, the Greta and
Einar Asker Research Foundation, the Carin Trygger Memorial
Foundation, the Inga Britt and Arne Lundberg Research Founda-
tion, the Félix Neubergh Foundation, the Handlanden Hjalmar
Svenssons Foundation, the SALUS Medical Research Foundation,
the Consul Thure Carlsson Memorial Foundation and the Tore
Nilsson Research Foundation.

569

1.Airaksinen O, Herno A, Turunen V,
Saari T, Suomlainen O (1997) Surgical
outcome of 438 patients treated surgi-
cally for lumbar spinal stenosis. Spine
1:2278–2282

2.Brunon J, Chazal J, Chirossel JP,
Houteville JP, Lagarrigue J, Legars D,
Moreau JJ, Perrin G, Tremoulet M
(1996) When is spinal fusion warranted
in degenerative lumbar spinal stenosis?
Rev Rhum Engl Ed 63:44–50

3.Caputy AJ, Luessenhop AJ (1992)
Long-term evaluation of decompres-
sive surgery for degenerative lumbar
spinal stenosis. J Neurosurg 77:669–
676

4.Ciol MA, Deyo RA, Howell E, et al
(1996) An assessment of surgery for
spinal stenosis: time trends, geographic
variations, complications and reopera-
tions. J Am Geriatr Soc 44:285–290

5.Fischgrund JS, Mackay M, Herkowitz
HN, Brower R, Montgomer DM, Kurz
LT (1997) 1997 Volvo Award winner
in clinical studies. Degenerative lum-
bar spondylolisthesis with spinal steno-
sis: a prospective, randomized study
comparing decompressive laminec-
tomy and arthrodesis with and without
spinal instrumentation. Spine
15:2807–2812

6.Fox MW, Onofrio BM, Hanssen AD
(1996) Clinical outcomes and radiolog-
ical instability following decompres-
sive lumbar laminectomy for degenera-
tive spinal stenosis: a comparison of
patients undergoing concomitant
arthrodesis versus decompression
alone. J Neurosurg 85:793–802

7.Grob D, Humke T, Dvorak J (1995)
Degenerative lumbar spinal stenosis.
Decompression with and without ar-
throdesis. J Bone Joint Surg Am 77:
1036–1041

8.Herno A, Airaksinen O, Saari T (1993)
Long-term results of surgical treatment
of lumbar spinal stenosis. Spine 1:1471–
1474

9.Herno A, Airaksinen O, Saari T (1993)
The long-term prognosis after opera-
tion for lumbar spinal stenosis. Scand J
Rehabil Med 25:167–171

10.Herno A (1995) Surgical results of
lumbar spinal stenosis. Ann Chir 
Gynaecol Suppl 210:1–9

11.Herno A, Airaksinen O, Saari T,
Suomlainen O (1996) Pre- and postop-
erative factors associated with return to
work following surgery for lumbar
spinal stenosis. Am J Ind Med 30:473–
478

12.Hopp E, Tsou PM (1988) Postdecom-
pression lumbar instability. Clin Or-
thop 227:143–150

13.Hurri H, Slätis P, Soini J, Tallroth K,
Alaranta H, Laine T, Heliovaara M
(1998) Lumbar spinal stenosis: assess-
ment of long-term outcome 12 years
after operative and conservative treat-
ment. J Spinal Disord 11:110–115

14. Javid MJ, Hadar EJ (1998) Long-term
follow-up review of patients who un-
derwent laminectomy for lumbar
stenosis: a prospective study. J Neuro-
surg 89:1–7

15. Johnsson KE, Uden A, Rosen I (1991)
The effect of decompression on the
natural course of spinal stenosis. A
comparison of surgically treated and
untreated patients. Spine 16:615–619

16. Johnsson KE, Udén A, Rosén I (1992)
The natural course of lumbar spinal
stenosis. Clin Orthop 279:82–86

17. Jönsson B, Annertz M, Sjöberg C,
Strömquist B (1997) A prospective and
consecutive study of surgically treated
lumbar spinal stenosis. II. Five-year
follow-up by an independent observer.
Spine 15:2938–2944

18.Katz JN, Lipson SJ, Larson MG,
McInnes JM, Fossel AH, Liang MH
(1991) The outcome of decompressive
laminectomy for degenerative lumbar
stenosis. J Bone Joint Surg Am 73:
809–816

19.Katz JN, Lipson SJ, Chang LC, Levine
SA, Fossel AH, Liang MH (1996)
Seven- to 10-year outcome of decom-
pressive surgery for degenerative lum-
bar spinal stenosis. Spine 1:92–98

20.Katz JN, Lipson SJ, Lew RA, Grobler
LJ, Weinstein JN, Brick GW, Fossel
AH, Liang MH (1997) Lumbar
laminectomy alone or with instru-
mented or noninstrumented arthrodesis
in degenerative lumbar spinal stenosis.
Patient, selection, costs, and surgical
outcomes. Spine 15:1123–1131

21.Lehto MU, Honkanen P (1995) Factors
influencing the outcome of operative
treatment for lumbar spinal stenosis.
Acta Neurochir (Wien) 137:25–28

22.McCullen GM, Bernini PM, Bernstein
SH, Tosteson TD (1994) Clinical and
roentgenographic results of decompres-
sion for lumbar spinal stenosis. J Spinal
Disord 7:380–387

23.Nachemson AL (1992) Newest knowl-
edge of low back pain. A critical look.
Clin Orthop 279:8–20

References



570

24.Niggemeyer O, Strauss JM, Schulitz
KP (1997) Comparison of surgical pro-
cedures for degenerative lumbar spinal
stenosis: a meta-analysis of the litera-
ture from 1975 to 1995. Eur Spine J
6:423–429

25.Porter RW (1996) Spinal stenosis and
neurogenic claudication. Spine 1:2046–
2052

26.Postacchini F, Cinotti G (1992) Bone
regrowth after surgical decompression
for lumbar spinal stenosis. J Bone Joint
Surg Br 74:862–869

27.Postacchini F, Cinotti G, Gumina S,
Perugia D (1993) Long-term results of
surgery in lumbar spinal stenosis: 8-year
review of 64 patients. Acta Orthop
Scand Suppl 251:78–80

28.Sanderson PL, Getty CJ (1996) Long-
term results of partial undercutting
facetectomy for lumbar lateral recess
stenosis. Spine 1:1352–1356

29.Schatzker J, Pennal GF (1968) Spinal
stenosis, a cause of cauda equina com-
pression. J Bone Joint Surg Br 50:606–
618

30.Scholz M, Firsching R, Lanksch WR
(1998) Long-term follow up in lumbar
spinal stenosis. Spinal Cord 36:200–
204

31.Silvers HR, Lewis PJ, Asch HL (1993)
Decompressive lumbar laminectomy
for spinal stenosis. J Neurosurg 78:
695–701

32.Steffee AD, Brantigan JW (1993) The
variable screw placement spinal fixa-
tion system. Report of a prospective
study of 250 patients enrolled in Food
and Drug Administration clinical trials.
Spine 18:1160–1172

33.Tuite GF, Stern JD, Doran SE, Pa-
padoupoulos SM, McGillicuddy JE,
Oyedijo DI, Grube SV, Lundquist C,
Gilmer HS, Schork MA, et al (1994)
Outcome after laminectomy for lumbar
spinal stenosis. I. Clinical correlations.
J Neurosurg 81:699–706

34.Turner JA, Ersek M, Herron L, Deyo R
(1992) Surgery for lumbar spinal
stenosis. Attempted meta-analysis of
the literature. Spine 17:1–8

35.Verbiest H (1954) A radicular syn-
drome from developmental narrowing
of the lumbar vertebral canal. J Bone
Joint Surg Br 36:230–237

36.Verbiest H (1977) Results of surgical
treatment of idiopathic developmental
stenosis of the lumbar vertebral canal.
A review of twenty-seven years’ expe-
rience. J Bone Joint Surg Br 59:181–
188

37.Wedge JH (1983) The natural history
of spinal degeneration. In: Kirkaldy-
Willis WH (ed) Managing low back
pain. Churchill Livingstone, New
York, pp3–8


