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Abstract

Purpose In this prospective study, we aim to determine surgical outcomes in patients with lumbar spinal stenosis (LSS)
10 years after surgery.

Methods The study population consisted of 96 LSS patients who underwent decompressive surgery, 72 of whom partici-
pated in the 10-year follow-up. The patients completed a questionnaire preoperatively and 3 months, 5 years, and 10 years
postoperatively. Outcome measures were satisfaction with the surgical outcomes, the Oswestry Disability Index (ODI),
the visual analog scale (VAS), the numeric rating scale (NRS-11), and walking ability quantified in meters. Postoperative
improvements at 5 and 10 years were analyzed using linear mixed models. Furthermore, comparisons between postoperative
time points were made for clinical courses of pain, disability, and walking ability.

Results At the 10-year follow-up, 68% of the patients were satisfied with the surgical outcomes. All the measured outcomes
showed statistically significant improvement from baseline to the 5- and 10-year follow-up. The mean VAS score was 9.8 mm
higher at the 5-year follow-up and 7.8 mm at the 10-year follow-up compared to the 3-month follow-up point. Similarly, the
mean ODI was 4.8% higher at the 10-year follow-up compared to the 3-month follow-up point.

Conclusion This study reports the clinical course of pain, disability, and walking distance after LSS surgery with the 10-year
follow-up. Based on our study results, patients with LSS could expect to have positive effects of their back surgery up to
10 years. However, minor worsening in pain and disability may occur and one-fourth of the patients may need a reoperation
during the 10-year follow-up period.
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Introduction caused by degenerative changes and commonly diagnosed
in patients with symptoms related to a narrowing of the
Lumbear spinal stenosis (LSS) is a leading cause of low back ~ lumbar spinal canal seen in imaging studies [3]. However,
surgery in patients older than 65 years [1], for whom the  significant associations between radiological findings and
overall surgical hospitalization rate has grown in the last  the degree of severity of clinical symptoms have rarely been

decade [2]. LSS is a complex clinical syndrome mainly found [4].
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The most indicative clinical finding for symptomatic LSS
is the presence of neurogenic claudication with improvement
of symptoms while patients are bending forward, or sitting.
Other related findings, such as low back, buttock, and/or
lumbopelvic pain, are easily confused with other related
conditions [5]. The first line of treatment in LSS is usually
conservative [3]. If the conservative treatment fails to lead
to an improvement in symptoms in 3 to 6 months, surgi-
cal treatment can be considered as an option for symptom
relief [6]. Invasive therapies are considered when neurogenic
claudication is present with positive findings from diagnos-
tic imaging [3]. Surgery has been shown to provide better
outcomes for at least 4 years in terms of disability and pain
with a narrowing of the benefits over time compared with
conservative treatment [6—8].

In their meta-analysis, Fritsch et al. [9] concluded that
patients who underwent surgery for LSS experienced the
most substantial symptom relief in the first 3 months, and
that some improvements could still occur at up to 5 years.
Furthermore, Fekete et al. [10] showed that surgical outcome
achieved after 1 year persisted stable up to 5-year follow-up
also in patients with spinal stenosis. Despite this, the long-
term benefits of surgical treatment compared to conservative
treatment are uncertain [11], and only limited data are avail-
able from prospective long-term studies investigating surgi-
cal outcomes in patients with LSS. Consequently, the aim
of this prospective study was to describe long-term benefits
of surgical treatment of LSS and fill the gap of insufficient
outcome results beyond 5 years.

Materials and methods
Study population

The original study population was selected from LSS
patients being treated at Kuopio University Hospital, Kuo-
pio, Finland, between 2001 and 2004. Selection for surgery
was carried out either at the department of orthopedics or at
the department of neurosurgery, with 102 LSS patients meet-
ing the inclusion criteria for the current study at the baseline.
The inclusion criteria were as follows: (1) presence of severe
pain in the back, buttocks, or lower extremities, with radio-
graphic proof (computed tomography (CT), magnetic reso-
nance imaging (MRI), or rhizography) of compression of the
cauda equina or exiting nerve roots linked to degenerative
changes (ligamentum flavum, facet joints, osteophytes, and/
or disk material) and (2) the surgeon’s judgment that the
patient had clinically significant, degenerative LSS as the
main diagnosis, indicative of a need for operative treatment.
Additionally, all the patients showed a history of insuffi-
cient responses to conservative treatment for several months
before undergoing clinical evaluation for degenerative LSS
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requiring operative treatment. A previous spine surgery and
coexisting disk herniation were not considered exclusion
criteria if LSS was confirmed as the main reason for the
surgery. However, patients with only low back pain were
not included.

An urgent or emergency spinal surgery preventing recruit-
ment, cognitive impairment prohibiting completion of the
questionnaires or other failures in cooperation, and the
presence of metallic instrumentation particles in the body
preventing the radiological investigation were the exclusion
criteria [12]. Follow-up data at all three follow-up points
(3 months, 5 years, and 10 years) were missing for two
patients, and 4 patients had missing measure for mean dural
sac area at most stenotic level, bringing the final sample
size to 96. A flowchart illustrating the patients’ flow during
follow-up periods is shown in Fig. 1, with patients’ demo-
graphics being presented in Table 1. Ethical approval was
granted by the Kuopio University Research Ethics Board.

Study intervention and reoperations

The operating surgeons filled in a surgical intervention form
after every surgery. Missing data were filled in from surgery
reports in the medical charts. All the patients had either open
or microscopic decompression of the affected level(s) (i.e.,
laminotomy, hemilaminectomy, or laminectomy, with under-
cutting facetectomy). Nineteen patients had an additional
fusion, two of them with instrumentation. The indication for
additional lumbar fusion was concomitant spondylolisthe-
sis [13]. Reoperations and other major operations after the
study intervention were evaluated retrospectively from medi-
cal charts in patients who responded after 5-year follow-up.
Postoperative medical charts during the follow-up time were
not available in 7 cases.

Study population was divided in two groups according to
type of operation (fusion or decompression alone) and type
of stenosis (central and lateral stenosis or lateral stenosis
only). Moreover, study group was divided in two groups
according to levels of decompression (1 and 2 or 3) and
mean dural sac area at most stenotic level. Mean dural sac
area was evaluated through the borders of the dural sac,
which were manually traced on the axial image showing
the smallest cross-sectional area upon visual examination.
Patients were divided into two groups: (1) patients with
dural sac area less than 75 mm? and (2) patients with dural
sac area equal to or greater than 75 mm? [14, 15]. The sur-
gical interventions are described in more detail in Table 2.

Outcome measures
Surgical outcomes were collected using self-reported assess-

ment methods with the primary outcome measure being
overall satisfaction with surgical outcomes. The secondary
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Fig. 1 Flowchart illustrating the
study population’s progress dur-
ing the follow-up periods
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Table 1 Patients’ demographics at baseline (n=96) and 3-month, 5-year, and 10-year follow-ups

Follow-up point

Baseline (n=96)

3 months (n=96)

5 years (n=70) 10 years (n=69)

Age: mean (SD)

Gender: female (%)

ODI: mean (SD)

VAS overall: mean (SD)

LBP NRS-11: mean (SD)

LP NRS-11: mean (SD)

Walking ability: median (min; max)

Comorbidities: mean (SD)

61.6 (11.2) 62.1 (11.1)
59% 59%

43.6 (15.3) 27.1 (18.7)
55.2(27.0) 26.0 (22.3)
42(2.6) 1.9 2.4)
6.4 (2.6) 3.1(2.7)
900 2000

(10; 10,000) (20; 20,000)
55(3.2) 6.4 (3.5)

67.4 (11.3) 68.5 (9.8)

67% 64%

28.7 (18.0) 29.8 (20.8)

354 (27.8) 33.4(28.1)

1.9 (2.3) 2.2(2.5)
33(2.8) 3.2(2.6)

1500 2000 (0; 10,000)
(10; 15,000)

56(3.7) 4.4 (2.4)

ODI Oswestry Disability Index, VAS visual analog scale, NRS-11 numeric rating scale, LBP Low back pain at rest, LP leg pain while walking,

SD standard deviation

outcome measures were functional disability, pain (such
as overall pain, low back pain at rest, and leg pain while
walking), and walking ability. The patients completed the
detailed questionnaires before surgery and at follow-ups at
3 months, 5 years, and 10 years after the intervention.

gical outc

Satisfaction with the surgical outcome was evaluated by
the specific question: “How satisfied are you with the sur-

omes?”. Patients were considered satisfied with

the surgical outcome if their reply was either 3, “condition
has been totally cured,” or 2, “condition has considerably
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Table 2 Baseline demographics
of the study population and
character of the surgical

Patients who
respondent after10

All study patients (n=96)

years
treatment (n=69)
Type of stenosis
Central stenosis and Lateral stenosis 79 (82%) 56 (81%)
Only lateral stenosis 17 (18%) 13 (19%)
Mean dural sac area at most stenotic level 68.6 mm> 68.0 mm?
Less than 75 mm? 64 46
75 mm? or more 32 23
Level of decompression
One level 58 46 (67%)
Two levels 34 19 (28%)
Three levels 8 4 (6%)
Spondylolisthesis 23 (24%) 18 (26%)
L1-L2 0 0
L2-L3 0 0
L3-L4 6 4
L4-L5 16 13
L5-S1 1 1
Fusions performed 18 (19%) 16 23%)
Single level 16 14
Two levels 2 2
Extirpation of concomitant disk herniation 7 4 (6%)
L2-L3 1 0
L3-L4 1 0
L4-L5 4 3
L5-S1 1 1

improved” on a seven-point scale from — 3 to 3. Other reply
options are presented in Fig. 3.

Subjectively assessed disability was measured by the vali-
dated Finnish version of the Oswestry Disability Index (ODI,
0-100%) [16]. A visual analog scale (VAS, 0-100 mm) was
used to describe the patients’ current overall pain intensity
[17]. Low back pain at rest (LBP) and leg pain while walk-
ing (LP), both during the preceding week, were separately
assessed with a numeric rating scale ranging from O to 10
[numeric rating scale (NRS-11)] [18]. In addition, self-
reported walking distance in meters (continuous scale) was
also evaluated and included in the analysis. Furthermore,
comorbidities were evaluated using the Work Ability Index
(WAI) [19], in which the number of current diseases or inju-
ries diagnosed by a physician was recorded.

Statistical analysis

Comparisons between two independent groups were made
using Student’s ¢ test and the Mann—Whitney test if neces-
sitated by data normality values. The distribution of the
data was determined using histograms and QQ-plots. Cate-
gorical variables were evaluated using the Chi-square test.
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McNemar’s test was used to evaluate satisfaction with the
surgical outcome between two follow-up time points.

Due to the availability of longitudinal data, linear mixed
models were used to evaluate the changes in outcomes
(ODI, VAS, LBP, LP, and walking ability) over time. To
evaluate the surgical outcomes of disability, pain scores,
and walking ability, the analysis included outcome pair-
wise comparisons between the baseline and the 5- and
10-year follow-up points. Moreover, to evaluate the post-
operative clinical course of disability, pain scores, and
walking ability, the analysis included outcome pairwise
comparisons between the 3-month and 5-year and 10-year
points, as well as between the 5-year and 10-year points.
Analyses were adjusted for type of operation, type of ste-
nosis, level of stenosis operated, and the mean dural sac
area at the most stenotic level. Time and adjusted variables
were set as a fixed factor, and unstructured covariance was
used for repeated measures. The assumption of a normal
distribution was visually checked from the residuals. Miss-
ing values were assumed to be completely random. Sta-
tistical analysis was performed using SPSS (version 25.0,
SPSS/Chicago, IL, USA).
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Results

Of initial population, 15 patients (16%) died and there
were 12 (13%) dropout patients at the 10-year follow-up.
Thus, there was an overall participation rate of 72% at
the 10-year follow-up, with dropout patients being signifi-
cantly older and showing more comorbidities at baseline
than other patients. However, other pre- or postoperative
variables showed no statistically significant differences
between the dropout and the follow-up patient groups
(Table 3).

During the 10-year follow-up period, one or more
reoperations were performed on 21 patients (reoperation
rate =25%). Of these, three patients underwent two reop-
erations and one patient underwent three reoperations,
resulting in 28 reoperations during the follow-up period.
The reoperations are described in more detail in Fig. 2. An
emergency operation was performed in six cases (21% of
all reoperations), with the indication for emergency sur-
gery being disk herniation in four cases (intolerable pain
n=73, cauda equina syndrome n=1), synovial cyst and
stenosis in one case (intractable pain), and posterior ele-
ment hypertrophy and myelopathy (Th12-L1) in one case.
Reoperated patients were found to be younger at baseline,
but other baseline characteristics showed no statistically
significant differences between groups (Table 4).

During the 10-year follow-up period, 25% of patients
(n=24) underwent hip or knee replacement surgery, and
2% (n=2) underwent surgery due to peripheral athero-
sclerosis. However, outcome measures did not show any
significant differences between reoperation and no-reoper-
ation groups in a cross-sectional analysis at 5- and 10-year
follow-up times (Table 5).

In this study, 68% of the patients were satisfied with the
surgical outcomes after 5 and 10 years. The distribution of

the responses can be seen in Fig. 3. Between postoperative
time points, no statistical differences were found, as seen
in Table 6.

In subgroup analyses, patients who had decompression in
2 or 3 levels had higher leg pain at 10-year follow-up when
compared to patients with 1-level decompression. How-
ever, no further significant differences were found between
the subgroups (Table 7). In the linear mixed model, all the
outcome measures showed statistically significant improve-
ments at the 5- and 10-year follow-up times when compared
with preoperative variables (for all, p <0.05). Figure 4 shows
the histograms of outcome measures at the different time
points. On further analysis, the mean ODI values showed a
statistically significant deterioration at the 10-year follow-
up when compared with data from the 3-month follow-up
(»=0.040). Mean VAS values increased during the 5-year
(»=0.003) and 10-year follow-up periods (p =0.030) when
compared with the 3-month follow-up. However, the ODI
and VAS scores did not show significant differences between
the 5-year and 10-year follow-ups. In addition, other out-
come variables (LPB, LP, and walking ability) remained
stable during all the follow-up time, and no statistically sig-
nificant difference was found between the follow-up points.
Minor worsening in low back and leg pain scores was seen
after 3 months, but the differences between postoperative
time points were not statistically significant.

Discussion

In this study, we described the surgical outcome of decom-
pressive surgery in patients with LSS, along with clinical
course of disability, painful symptoms, and walking dis-
tance during the 10-year follow-up period. We found that
68% of the study patients were satisfied with the achieved
results 5 years and 10 years after surgery. Decompressive

Table 3 Comparison of the
study group characteristics

at baseline between 10-year
follow-up and dropout patient
groups

Follow-up patients Dropout patients* pvalue

(N=69) (N=27)
Age: mean (SD) 58.0 (9.8) 70.9 (9.5) 0.000
Gender: women (%) 63.8% 48.1% 0.161
ODI (%): mean (SD) 42.5(15.6) 46.4 (14.4) 0.270
VAS overall (mm): mean (SD) 56.6 (25.7) 51.3 (30.5) 0.468
LBP NRS-11 (0-10): mean (SD) 4.2 2.7) 4.3 (2.5) 0.957
LP NRS-11 (0-10): mean (SD) 6.3 (2.7) 6.9(2.3) 0.386
Walking distance (m): median (min; max) 1000 (20; 10,000) 500 (10; 3400) 0.258
Comorbidities: mean (SD) 5.0 (2.8) 6.8 (3.7) 0.037
Satisfaction at 3 months (scale —3 to 3): 2(-23) 2(-13) 0.732

median (min, max)

ODI Oswestry Disability Index, VAS visual analog scale, NRS-11 numeric rating scale, LBP low back pain
at rest, LP leg pain while walking, SD standard deviation

*16 patients died during the 10-year follow-up period
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Fig.2 Characteristics of Time of first reoperation
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Table 4 Pat.ients’ bas?line Reoperation (n=21) No reoperation (n=62) p value
demographics according to
status of reoperation Age: mean (SD) 56.1 (12.4) 62.4 (10.4) 0.026
Gender: women (%) 47.6% 66.1% 0.194
ODI (%): mean (SD) 47.6 (13.3) 42.2 (15.2) 0.154
VAS (mm): mean (SD) 57.0 (23.4) 56.3 (27.1) 0.925
LBP NRS-11 (0-10): mean (SD) 4122 3.9(2.8) 0.630
LP NRS-11 (0-10): mean (SD) 5.9(2.6) 6.6 (2.6) 0.190
Walking distance in meters: median 1000 (20; 5000) 500 (20; 10,000) 0.788
(min; max)
Comorbidities: mean (SD) 5.5@2.9) 5.1 (3.0) 0.508

ODI Oswestry Disability Index, VAS visual analog scale, NRS-11 numeric rating scale, LBP low back pain
at rest, LP leg pain while walking, SD standard deviation

surgery seems to provide significant improvement in pain,  before the 10-year follow-up. Furthermore, overall pain
disability, and walking distance even at 10 years after sur-  and disability showed a minor worsening after 3 months
gery. On the other hand, our study showed approximately  during extended follow-up period.

one-fourth of the studied patients underwent reoperation

@ Springer



European Spine Journal (2020) 29:2231-2242

2237

Table5 Outcome measures at the 5-year and 10-year follow-ups
according to status of reoperation

Reoperation No reoperation p value

ODI (%): mean (SD)

5-year 32.6 (14.3) 27.6 (18.9) 0.332

10-year 36.7 (16.7) 274 (21.7) 0.051
VAS (mm): mean (SD)

5-year 34.4 (23.5) 35.8 (29.3) 0.936

10-year 344 (24.4) 33.0 (29.6) 0.583
LBP NRS-11 (0-10): mean (SD)

5-year 2.1 (2.0) 1.9(24) 0.443

10-year 24 (2.3) 2.1(2.6) 0416
LP NRS-11 (0-10): mean (SD)

5-year 3.02.2) 34(29) 0.864

10-year 3.5(2.6) 3.02.7) 0.469
Walking distance (m): median (min; max)

5-year 1750 (500; 9000) 1350 (10; 15,000) 0.301

10-year 1750 (0; 8000) 2000 (0; 10,000) 0.499
Satisfaction with the outcome (scale —3 to 3): median (min; max)

5-year 2(-2;2) 2(-3;3) 0.161

10-year 2(—=2;3) 2(-3:3) 0.065

ODI Oswestry Disability Index, VAS visual analog scale, NRS-11
numeric rating scale, LBP low back pain at rest, LP leg pain while
walking, SD standard deviation

Satisfaction with the surgical outcome

n=1 n=2
(1.0%) (21%) n=2
(2.1%)

5-year follow-u p

[ condition has been totally cured (3 )
[l condition has considerably improved (2)
[ condition has slightly improved (1)

The satisfaction rate at 10 years corresponds to the rate
reported in our earlier studies, showing a 66% satisfaction
rate with the results of surgery at the 3-month follow-up
[20]. Hence, even though the benefits of surgery were seen
to decline after 3 months, patients were still satisfied with
the results of surgery. Moreover, previous long-term follow-
up studies have also reported satisfaction rates of 55-78%
[8, 21]. The main goal of surgical treatment in LSS is to
decompress the neural structures in the spinal canal or in
the neural foramina [5] and thereby improve a patient’s dis-
ability and walking ability and reduce painful symptoms.
However, patient satisfaction with the surgical outcome is
also an important outcome measure in order to evaluate sur-
gical outcomes extensively in the long term, which describes
most accurately the link between patients’ experiences and
expectations of the treatment [22]. Furthermore, a study by
Parai et. al. [23] suggested that patients’ global assessment
of pain improvement after surgery can be an efficient tool
to measure a successful outcome of degenerative lumbar
spinal surgery.

The tendency of increased satisfaction with the sur-
gical outcome over time despite the relative increase in
overall pain and disability values is of particular interest.
This is in line with the results of our previous study with a
5-year follow-up, which demonstrated that satisfaction was
higher at the 5-year than at the 3-month follow-up points
among patients with a higher sense of coherence [24]. The

n=1 n=2 )

%) (2.1%) n=
(1.0%) ( o)(2_1%) -
(1.0%)

1 0-year follow-up
[l no change (0 )
[ condition is now slightly worse (-1)
condition is now considerably worse (-2 )
[l surgery was a total failure (-3)

Fig. 3 Distribution of responses to the question “How satisfied are you with the surgical outcomes?”
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Table 6 Satisfaction with the surgical outcome according to postop-
erative follow-up time points

5-year satisfied 5-year dissatisfied

3-month satisfied 38 9
3-month dissatisfied 8 11

10-year satisfied 10-year dissatisfied
3-month satisfied 30 13
3-month dissatisfied 15 7

10-year satisfied 10-year dissatisfied
5-year satisfied 30 4
5-year dissatisfied 8 10

McNemar’s test for all three time points, p > 0.05

improvement in satisfaction could be explained by better
adjustment to the chronic disease and its symptoms with
increasing age. This might be due to the higher sense of
coherence [25] or to other psychological factors related to
better coping in later life [26].

In this study, all outcome measures (ODI, VAS, LBP, LP,
and walking distance) showed significant improvements at
up to 10 years; however, patients experienced more overall
pain and disability at 10 years when compared to 3 months
after the surgery. Even though ODI and VAS scores deterio-
rated after 3 months in our study population, study subjects
reported only minimal changes in LBP and LP symptoms
and walking distance at up to 10 years. However, the greatest
improvement in disability and pain scores occurred within
3 months after surgery. This is in line with the findings of
the previous studies, which also described a considerable
reduction in pain and disability in the first 3 months, and
that an improving trend in outcomes remains almost stable
up to 5 years after surgery [9, 10]. However, previous stud-
ies have not included the clinical course of walking ability
nor the satisfaction rate with the surgical outcome, and the
follow-up time has only been up to 5 years.

Our findings concerning LP and LBP are in line with
those of Mannion et al. [21] in which LP and LBP inten-
sity seemed to remain stable during a 5-year follow-up after
LSS surgery. In addition, in their meta-analysis by Fritch
et al. [9], they describe only a slight increase in LBP after
3 months. However, a study by Anjarwalla et al. [27] showed
a deteriorating trend in leg and back pain in a 5-year follow-
up; however, they did not perform analyses between post-
operative time points.

One reason why overall pain (VAS) and disability (ODI)
increased while walking ability, LBP at rest, and LP while
walking mostly remained constant in our study population may
be the long 10-year follow-up period. This inevitably leads to
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other comorbidities and musculoskeletal disorders related to
aging. In this study group, 24% of the patients underwent hip
or knee replacement surgery, but only 2% had surgery due to
peripheral atherosclerosis. Moreover, previous studies have
also shown a deterioration of the benefits of surgery after
4 years when compared to conservative treatment [6-8]. A
meta-analysis by Zaina et al. [11] concluded that no recom-
mendations can be made about the best treatment choices in
patients with LSS. However, in extended follow-up studies
of LSS surgery, patients have experienced improvements in
pain and disability compared to the baseline [9, 21, 27]. Based
on our results, after surgical treatment patients with LSS can
experience improvements in disability and pain scores, as well
as walking ability, even up to 10 years after the surgery, even
though some worsening in symptoms may occur. Fekete et al.
[10] concluded that surgical outcomes remained constant after
greatest improvement up to 5 years. Based on our study results,
after 5 years symptoms and satisfaction with the surgical out-
come remain fairly stable up to 10 years. However, further
studies are needed to investigate postoperative outcome results
of LSS surgery over the 10-year follow-up.

There are some limitations to this study. First, the aging
of the study subjects and the occurrence of musculoskeletal
comorbidities may play a role in the natural course of func-
tional ability and painful symptoms, so we cannot conclude
that our study results are a direct consequence of the initial
surgery. Moreover, 25% of the study subjects underwent
reoperation procedures during the follow-up period, which
is in accordance with findings in other long-term investiga-
tions [8, 21]. Second, the loss of study subjects due to deaths
and other reasons, and differences in baseline variables (age
and comorbidities) might bias the results. Third, the pos-
sible effects of the subjectivity of the outcome measures
employed need to be considered as a limitation. Fourth, lack
of non-surgical arm precludes to evaluate the effect of surgi-
cal treatment exclusively. Furthermore, heterogeneity of the
data has an impact on the generalization of data; neverthe-
less, the results were adjusted with these variables.

One strength of this study is the high participation rate
despite the long follow-up period. Another strength is its
reporting of the clinical course of pain, walking distance,
and disability, even up to 10 years. Moreover, the outcome
measures used (ODI and VAS) are validated patient-reported
tools in spinal research and regarded as useful in measuring
patients’ disability and pain [28]. In addition, our study set-
ting was pragmatic, so our findings are directly applicable
to clinical settings. This study provides important informa-
tion for clinicians as well as patients with LSS undergoing
surgical treatment.
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Table 7 Surgical outcome
measures at different time
points according to type of
operation, type of stenosis,
levels of decompression and
mean dural sac area at most
stenotic level

2239
Preoperative 3-month 5-year 10-year
ODI (%): mean (SD)
Type of operation
Fusion 43.5 (13.4) 229 (16.1) 29.4 (21.4) 27.7 (21.7)
Decompression alone 43.6 (15.8) 28.1(19.2) 28.5(17.1) 30.5 (20.7)
p value 0.975 0.345 0.898 0.536
Type of stenosis
Central and lateral 44.4 (16.3) 27.9 (19.2) 30.5(17.9) 31.9(21.3)
Lateral only 39.9(9.4) 23.5 (15.8) 20.2 (16.3) 21.1 (16.8)
p value 0.278 0.477 0.066 0.105
Levels of decompression
1 level 41.9 (15.8) 24.8 (17.6) 26.1 (17.5) 27.7 (21.2)
2 or 3 levels 46.2 (14.4) 30.5 (19.9) 33.1(18.3) 34.0 (19.7)
p value 0.179 0.175 0.082 0.190
Mean dural sac area at the most stenotic level
Less than 75 mm? 43.8 (16.2) 26.6 (17.8) 30.7 (18.5) 31.8 (20.1)
75 mm? or more 43.2 (13.6) 28.0 (20.6) 243 (16.3) 25.9 (22.2)
p value 0.575 0.876 0.201 0.219
VAS (mm): mean (SD)
Type of operation
Fusion 58.2 (28.4) 21.2 (20.4) 38.6 (30.0) 35.7(29.2)
Decompression alone 54.5 (26.8) 27.1 (22.7) 34.5 (27.3) 32.6 (28.0)
p value 0.511 0.372 0.661 0.575
Type of stenosis
Central and lateral 54.3 (28.8) 26.5 (22.9) 36.9 (27.3) 34.7 (28.7)
Lateral only 59.2 (16.9) 23.4 (19.7) 29.1 (29.9) 27.2 (25.7)
p value 0.705 0.655 0.336 0.567
Levels of decompression
1 level 56.8 (24.5) 23.6 (19.7) 36.8 (29.3) 30.1 (28.5)
2 or 3 levels 52.7 (30.7) 29.5 (25.6) 33.1(254) 40.1 (26.8)
p value 0.677 0.502 0.748 0.197
Mean dural sac area at the most stenotic level
Less than 75 mm? 53.9 (28.5) 26.3 (22.9) 37.3(27.6) 34.5(27.9)
75 mm? or more 57.7 (24.1) 25.4(21.3) 31.1 (28.4) 31.1 (29.1)
p value 0.652 0.892 0.409 0.524
LBP NRS-11 (0-10): mean (SD)
Type of operation
Fusion 3.4 (2.6) 1.2(1.4) 1.7 (2.2) 1.9 2.7)
Decompression alone 4.4 (2.6) 2.0 (2.5) 2.0 (2.3) 2.2 (2.5)
p-value 0.192 0.638 0.655 0.420
Type of stenosis
Central and lateral 4.1(2.6) 1.8 (2.4) 2.02.2) 2.3 (2.5)
Lateral only 4.6 (2.8) 1.9 (2.3) 1.6 (2.7) 1.8 (2.5)
p value 0.494 0.775 0.325 0.474
Levels of decompression
1 level 4.3 (2.6) 1.8 (2.2) 2.1(2.5) 1.8 (2.3)
2 or 3 levels 4.1(2.8) 2.0 (2.6) 1.7 (1.9) 29 2.7)
p-value 0.572 0.860 0.876 0.076
Mean dural sac area at the most stenotic level
Less than 75 cm 4.1(2.7) 1.8 (2.2) 1.8 (2.1) 2.2 (2.5)
75-100 mm 4.4(2.6) 1.9 (2.7) 2.2(2.7) 2.1 (2.4)
p-value 0.587 0.800 0.987 0.866
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Table 7 (continued)

Conclusion

Preoperative 3-month 5-year 10-year

LP NRS-11 (0-10): mean (SD)
Type of operation

Fusion 6.9 (2.7) 24 (2.5) 35(2.8) 3.8(3.0)

Decompression alone 6.3 (2.6) 3.2(2.8) 3.3(2.8) 2.9 (2.5)

p value 0.266 0.256 0.782 0.324
Type of stenosis

Central and lateral 6.4 (2.7) 3.12.7) 3.52.7) 3.3(2.6)

Lateral only 6.4 (2.1) 2.8(2.9) 2.7@3.1) 2.62.7)
p value 0.652 0.573 0.310 0.383
Level of decompression

1 level 6.3 (2.6) 3.02.7) 32(2.8) 2.6 (2.6)

2 or 3 levels 6.6 (2.7) 32(2.8) 3527 4.1 (2.5)

p-value 0.473 0.879 0.604 0.015
Mean dural sac area at the most stenotic level

Less than 75 mm? 6.4 (2.8) 2.9 (2.6) 322.7) 342.7)

75 mm? or more 6.6 (2.2) 3.4 (3.0) 3.6(2.9) 2.6(2.4)

p value 0.908 0.465 0.673 0.291

Walking distance (m): median (min; max)

Type of operation

Fusion 1500 [100; 10,000]
Decompression alone 650 [10; 9999]

p-value 0.233
Type of stenosis

Central and lateral

Lateral only

p value 0.412

Levels of decompression

1 level 1000 [10; 10,000]
500 [20; 9999]

2 or 3 levels
p value 0.472

500 [10; 10,000]
1000 [100; 5000]

0.444

0.094

0.183

Mean dural sac area at the most stenotic level

Less than 75 mm?

75 mm? or more 500
[10; 5000]
p value 0.737

1000 [20; 10,000]

2000

[20; 9999]

0.988

2000 [200; 20,000]
1500 [20; 9999]

1500 [20; 20,000]
3000 [300; 9000]

2000 [20; 20,000]
1250 [200; 9999]

1750 [100; 20,000]

2000 [10; 10,000]
1350 [30; 15,000]
0.858

1200 [10; 10,000]
2000 [50; 15,000]
0.253

2000 [10; 15,000]
1050 [30; 9999]
0.461

1500 [10; 10,000]

1750
[50; 15,000]

0.958

1500 [15; 9999]
2000 [0; 10,000]
0.946

1500 [0; 9999]
2000 [200; 10,000]
0.300

2000 [0; 10,000]
1000 [0; 9999]
0.330

1500
[0; 9999]
2000 [0; 10,000]

0.568

ODI Oswestry Disability Index, VAS visual analog scale, NRS-11 numeric rating scale, LBP Low back pain

at rest, LP leg pain while walking, SD standard deviation

In conclusion, this study shows the clinical course of pain,
disability, and walking distance along with a high satis-
faction rate with surgical outcomes of LSS in a 10-year

@ Springer

follow-up. Based on our study results, patients with LSS
could expect to have positive effects of their back surgery
up to 10 years. However, minor worsening in pain and
disability may occur and one-fourth of the patients may
need a reoperation during the 10-year follow-up period.
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