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Summary

AIMS OF THE STUDY: Mobility disability due to spinal
stenosis is common in the senior population and often
surgery is warranted for patients with severe symptoms
and neurological dysfunction. However, although current
clinical guidelines recommend stabilisation surgery in ad-
dition to decompression in patients with spinal stenosis
and instability due to degenerative spondylolisthesis, the
relationship between outcomes and the specific type of
surgery have not been well studied. We therefore as-
sessed the postoperative recovery timeline for 12 months
and compared patient-reported outcomes dependent on
the extent of decompression and additional stabilisation
among seniors undergoing spinal stenosis surgery.

METHODS: We investigated 457 patients (mean age 76.0
± 10.7 years, 58% women) from a consecutive cohort prior
to spinal stenosis surgery. Follow-up was at 3 or 6months
and at 12 months postoperatively. At each visit, pain, neu-
rological dysfunction and disability were assessed using
the North American Spine Society questionnaire. Repeat-
ed-measures analysis compared outcomes by type of
surgery adjusting for baseline symptoms, gender, age,
number of comorbidities, centre and year of surgery.

RESULTS: Most improvement occurred within the first 3
to 6 months with little or no further improvement at 12
months. Over 12 months and in adjusted models, patients
receiving one-segment versus multi-segment decompres-
sion experienced significantly greater reduction of pain
(−49.2% vs −41.9%, p = 0.013) and neurological dysfunc-
tion (−37.1% vs −25.9%, p <0.0001), but only borderline
greater reduction of disability (−32.7% vs −28.2%, p =
0.051). Moreover, reduction in pain and neurological func-
tion did not differ with or without additional stabilisation
and extend of decompression. However, patients who re-
ceived one-segment (−28.9%) or multi-segment (−28.3%)

stabilisation experienced significantly less reduction in dis-
ability after surgery compared with those who were not
stabilised (−34.1%, p <0.043).

CONCLUSIONS: Among senior patients undergoing
spinal stenosis surgery, recovery was largely complete by
3 to 6 months after surgery and differed little by type of
surgery independently of symptoms prior to surgery and
other covariates. However we could document a trend to-
ward more improvement in particularly neurological dys-
function and disability with less invasive surgery.

Keywords: lumbar spinal stenosis surgery, outcome,
NASS, recovery, pain, neurological dysfunction, disability

Introduction

Mobility disability due to spinal stenosis is common in the
senior population, and is accompanied by a wide range of
symptoms such as pain in the lower back and buttocks,
thighs, and sometime calves provoked by walking or
longer standing. Prevalence of symptomatic spinal stenosis
among seniors aged 60 to 69 was found to be 19.4% in the
Framingham Study, increasing further with age [1]. Simi-
lar data were presented from a population-based study in
Japan [2–4]. Lumbar spinal stenosis is caused by progres-
sive degeneration of intervertebral discs, facet joints and
ligaments resulting in decreased vertebral height, which
causes a narrowing the neural foramina and the spinal
canal. This is further enhanced by age-related secondary
osteoarthritis of the intervertebral joints. Degenerative in-
stability with the development of spondylolisthesis and
chronic degenerative slippage is a frequent sign of progres-
sive disease [4, 5].

Symptoms of spinal stenosis include lower back pain, as
well as pain and weakness in the legs, reduced ability to
walk longer distances and increased frequency of falls [1,
5]. Whereas for mild symptoms, conservative treatment is
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recommended (pain medication, physiotherapy and steroid
injection) [6–8], for patients with severe symptoms and
neurological dysfunction surgery is warranted [9]. Notably,
in patients aged 65 and older lumbar spinal stenosis is the
most common indication for spinal surgery; it is similar to
the findings of patient-reported outcome research into to-
tal joint replacement due to osteoarthritis of the hip [10].
It has been suggested that the prevalence of comorbid dis-
eases affects outcomes more adversely than age [11].

Another source of outcome variability in seniors under-
going spinal stenosis surgery may be the extent of de-
compression and the need for additional stabilisation. Cur-
rent guidelines recommend stabilisation surgery in patients
with spinal stenosis and additional instability due to de-
generative spondylolisthesis [12], but outcomes depending
on type of surgery have not been well studied. Notably,
as senior patients often present with a progressed stage
of spinal stenosis, degenerative spondylolisthesis is highly
prevalent [12]. Furthermore, as stabilisation in addition to
decompression increases surgery time and therefore may
carry extra risks in senior patients (i.e., infections, bleed-
ing, delirium) [13], the outcome variation due to surgery
technique might be of great clinical importance [14].

The aim of this observational study was to investigate the
timeline of patient-reported recovery in the first year after
spinal stenosis surgery and outcome variation by the ex-
tent of decompression and the need for additional stabilisa-
tion among senior patients age 60 years and older. To com-
pare outcomes in the best possible way, our study adjusted
for multiple factors, including symptoms prior to surgery,
number of comorbid conditions, age, and gender.

Materials and methods

Study design and participants
We enrolled 524 consecutive patients age 60 years and old-
er (mean age 75.6 ± 11.2 years, 58% women) who were
scheduled for surgery to treat spinal stenosis in two large
hospital centres in Switzerland (Basel University Hospital
and Triemli City Hospital, Zurich) in a two-centre prospec-
tive “ real life” cohort study between January 2002 and De-
cember 2009. Exclusion criteria were fractures, spinal in-
fections and tumours associated with oncological diseases.
All of the 524 patients enrolled underwent baseline assess-
ments prior to surgery. Post-surgical assessments of pain,
neurological dysfunction and disability were performed at
two time points: the first was either at 3 months (n = 277)
or 6 months (n = 189) after surgery, depending on the cen-
tre, and the second at 12 months after the surgery (n = 457).
Sixty-seven patients had incomplete follow-up data; these
patients were therefore excluded from the statistical analy-
sis (see table 1 below).

The study was approved by the local Ethics Committee
of the Triemli City Hospital in Zurich, Switzerland (ap-
proval number: EK 33/02). As in 2002 written consent was
not obligatory for observational studies in Switzerland, all
participants were informed about the purpose of the study
and gave oral consent to participate in the study prior to
any study procedure. They gave written consent each time
they filled out the electronic questionnaires with the study
nurse.

Type of spinal stenosis surgery
The type of surgery performed on each patient with spinal
stenosis was recorded and, as pre-defined for the purposes
of this study, categorised according to two parameters: seg-
mental decompression (one vs multiple) and segmental sta-
bilisation (none, one, and multiple). Type of surgery was
chosen by experienced spinal surgeons based on radiolo-
gy findings and the clinical examination of each patient.
The surgeons of the Triemli City Hospital exclusively use
open microsurgical techniques with unilateral interlami-
nar fenestration (if necessary with arthrectomy, if appropri-
ate with contralateral decompression “over the top”), but
they never use full laminectomy for decompression of the
lumbar spinal canal for spinal stenosis and grade 1 or 2
spondylolisthesis. The surgeons of the Spinal Surgery Unit
Basel use open interlaminar bilateral decompression. They
also never use laminectomy.

Assessment of pain, neurological dysfunction and dis-
ability
At baseline (before surgery), at 3 or 6 months (depending
on the centre) and at 12 months, all participants were inter-
viewed by a study nurse, in a standardised way, about their
levels of back pain, neurological dysfunction and disability
based on three subscales of the North American Spine So-
ciety (NASS) Lumbar Spine Outcome Assessment ques-
tionnaire [15, 16]. The NASS questionnaire assesses these
characteristics as a score (0–100) on a scale from 0 (total
absence of pain, no neurological dysfunction or disability)
to 100 (maximum level of pain, neurological dysfunction
or disability). The data were collected by a trained study
nurse using the QUALITOUCH EDC software version 3.2
[16, 17].

Assessment of covariates
At the baseline assessments, age, gender, year of the
surgery, and the clinical centre where the surgery was per-
formed were recorded. Baseline levels of pain, neurolog-
ical dysfunction and disability were assessed using the
NASS questionnaire, and the presence of comorbid con-
ditions (score: 0–3, 4–7 and 8+) before surgery was as-
sessed using the Sangha comorbidity index (score range
0–12) [18].

Statistical analysis
Baseline characteristics were compared by using a χ2 test
for categorical variables and a Student’s t-test for continu-
ous variables.

In the primary analysis, overall differences in the impact of
different types of decompression or stabilisation strategies
on the repeatedly assessed NASS outcomes (changes from
baseline in values of level of pain, neurological dysfunc-
tion and disability) over the total period of 12 months after
spinal stenosis surgery were analysed using multivariable
repeated-measures linear mixed effects ANCOVA models.
Models included time, the main surgery strategies (decom-
pression and stabilisation) and their interaction. Covariates
adjusted in the ANCOVA models were gender, age, comor-
bidities (Sangha score 0–3, 4–7 and 8+), centre, year of the
surgery and the baseline value of the respective outcome
variable (pain, neurological dysfunction or disability).
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To investigate the timeline of recovery as well as for a
sensitivity analysis to compare the impact of segment de-
compression and stabilisation on NASS outcomes at each
time point separately, differences in the NASS outcomes
(change values of level of pain, neurological dysfunction
or disability compared to baseline) between different types
of decompression or stabilisation strategies were analysed
at each time point (3 or 6 months, and 12 months) after
spinal stenosis surgery using multivariable linear ANCO-
VA models. Models included the main surgery strategies
(decompression and stabilisation) and their interaction.
The same covariates as listed above for the primary analy-
ses were adjusted in these ANCOVA models,

Statistical significance was set at p <0.05. All analyses
were performed with SAS version 9.4.

Results

Characteristics of the study population
The mean baseline age of the 524 patients included in the
prospective analysis was 75.6 years (standard deviation
11.2), 56% were women and the Sangha comorbidity index
was 5.9 (2.6) (table 1). The pre-surgery NASS scores were
80.2 (16.4) for pain, 56.2 (28.0) for neurological dysfunc-
tion and 57.3 (18.9) for disability. Of the included patients,
68% (n = 354) required decompression of multiple seg-
ments and 51% (n = 266) underwent stabilisation of at least
one segment; 27% (n = 143) needed one segment stabilised
and 23% (n = 123) underwent stabilisation of multiple seg-
ments. Except for the centre where the surgery was per-

formed and year of the surgery, there were no significant
differences in baseline characteristics between participants
with complete follow-up data (n = 457, 87%) and the 67
excluded participants.

Timeline of recovery after spinal stenosis surgery by
type of surgery
Investigation of the timeline of recovery after spinal steno-
sis surgery by type of surgery (fig. 1, table 2) showed that
for all outcomes and independent of symptoms prior to
surgery, type of surgery, age, gender, comorbidity, year of
surgery and centre, most improvement was achieved at 3
or 6 months with minimal or no further improvement at 12
months (table 2). Notably, the timeline of recovery for all
three outcomes looked very similar regardless of surgery
type (fig. 1).

Overall change in repeated NASS outcomes over 12
months after spinal stenosis surgery by type of surgery
With respect to the overall impact of type of surgery in the
first year after spinal stenosis surgery (table 3), in adjusted
analysis, patients who received one-segment decompres-
sion experienced a significantly greater reduction of pain
(−49.2% vs −41.9%, p = 0.013) and neurological dysfunc-
tion (−37.1% vs −25.9%, p <0.0001), but only a border-
line greater reduction of disability (−32.7% vs −28.2%, p
= 0.051) during the first year compared with those who re-
quired decompression of multiple segments, independent

Table 1: Baseline characteristics of the study population.

Characteristic One-segment de-
compression

One-segment de-
compression and

stabilisation

One-segment de-
compression, mul-
ti-segment stabili-

sation

Multi-segment de-
compression

Multi-segment de-
compression, one-
segment stabilisa-

tion

Multi-segment de-
compression and

stabilisation

p-value Entire Popu-
lation

(n = 524)

n (%) 66 (13%) 84 (16%) 20 (4%) 192 (37%) 59 (11%) 103 (20%) 524 (100%)

Gender, n (%) <0.0001

‒ Male 40 (61%) 27 (32%) 4 (20%) 108 (56%) 18 (31%) 32 (30%) 228 (44%)

‒ Female 26 (39%) 57 (68%) 16 (80%) 84 (44%) 41 (69%) 71 (70%) 296 (56%)

Age* 70.6 (15.3) 70.9 (11.9) 77.6 (8.6) 77.2 (10.3) 77.7 (8.7) 78.2 (8.4) 75.6 (11.2)

Centre, n (%) <0.0001

‒ Basel 41 (62%) 34 (40%) 5 (25%) 117 (61%) 47 (80%) 23 (22%) 267 (51%)

‒ Zurich 25 (38%) 50 (60%) 15 (75%) 75 (39%) 12 (20%) 80 (78%) 257 (49%)

Year of the
surgery, n (%)

<0.0001

‒ 2002/3 5 (8%) 14 (17%) 3 (15%) 22 (12%) 4 (7%) 8 (8%) 56 (11%)

‒ 2004 14 (21%) 13 (15%) 9 (45%) 39 (20%) 9 (16%) 27 (26%) 111 (21%)

‒ 2005 14 (21%) 15 (18%) 2 (10%) 54 (28%) 20 (34%) 30 (29%) 135 (26%)

‒ 2006 12 (18%) 17 (20%) 0 (0%) 24 (13%) 6 (10%) 18 (18%) 77 (15%)

‒ 2007–9 21 (32%) 25 (30%) 6 (30%) 52 (27%) 19 (33%) 19 (19%) 142 (27%)

Sangha comorbid-
ity index (score
0–12)†

5.4 (2.3) 5.9 (2.7) 6.4 (2.3) 6.1 (2.7) 5.9 (2.9) 6.1 (2.6) 0.570 5.9 (2.6)

Pre-surgery pain
(score 0-100)‡§

80.4 (15.4) 80.7 (17.6) 81.1 (16.1) 79.4 (17.2) 80.3 (16.1) 80.83 (15.2) 0.982 80.2 (16.4)

Pre-surgery neuro-
logical dysfunction
(score 0–100)‡§

58.7 (26.8) 55.6 (29.1) 44.7 (28.2) 57.5 (27.3) 54.9 (29.4) 55.5 (28.2) 0.516 56.2 (28.0)

Pre-surgery dis-
ability (score
0–100)‡§

59.9 (18.6) 57.6 (19.5) 56.7 (15.8) 56.1 (20.3) 54.7 (17.5) 59.3 (17.3) 0.548 57.3 (18.9)

NASS = North American Spine Society. Data are mean (standard deviation) for continuous measures and frequency (%) for categorical variables. Differences among the 6 surgery
groups were assessed using the analysis of variance (ANOVA) for continuous variables and the χ2 test for categorical variables; p values are two-sided; Statistical significance
was set at p <0.05. Due to missing data the following are the n for the continuous variables: * n = 523, † n = 447, ‡ n = 477 § NASS scoring: 0–100; 0 = total absence and 100 =
maximum of pain, neurological dysfunction or disability.
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of symptoms prior to surgery, extend of stabilisation and
other covariates.

In adjusted analysis, reduction in pain and neurological
dysfunction did not differ with or without additional seg-
ment stabilisation, independent of symptoms prior to
surgery, extend of decompression and other covariates
(table 3). However, patients who received one-segment
(−28.9% reduction) or multi-segment (−28.3% reduction)
stabilisation experienced significantly less reduction in
disability than those who were not stabilised (−34.1% re-
duction, p = 0.043, table 3).

Pre-surgery levels of pain, neurological dysfunction and
disability were important predictors of improvement after
surgery, independent of type of surgery and other covari-
ates (table 3). Notably, per 10% more severe symptoms
prior to surgery, patients had on average a 7% additional
reduction in pain, 8% greater reduction in neurological

dysfunction, and 6% greater reduction in disability after
spinal stenosis surgery (p <0.0001, table 3).

Sensitivity analysis
The results of the sensitivity analysis comparing the impact
of type of surgery on pain, neurological dysfunction and
disability at each time point separately were similar to
those of the primary repeated-measures analysis (table 2).
In adjusted analysis, patients who had decompression of
only one segment experienced consistently greater im-
provement in all three outcomes compared with those who
had multi-segment decompression, independent of symp-
toms prior to surgery, extent of stabilisation and other co-
variates. For pain reduction (p = 0.013), these differences
were significant only at 12 months after surgery, and for
disability (p = 0.047) only at 3 months after surgery. The
differences in neurological dysfunction were significant at
3 months (p = 0.020) and 12 months (p <0.0001). More-

Figure 1: Timeline of recovery after spinal stenosis by decompression and stabilisation surgery types for the three outcomes North American
Spine Society (NASS) pain scores, neurological dysfunction scores and disability scores over time. Data (n = 457) are means of absolute val-
ues of NASS outcomes prior to the surgery (month “0”) and at 3- 6-, and 12-month follow-up after spinal stenosis surgery based on repeated-
measures linear mixed effects ANCOVA models.
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over, the estimated effect sizes were very similar to those
obtained in the primary analysis. Additional segment sta-
bilisation did not improve the results of decompression
with respect to pain, independent of symptoms prior to
surgery, extend of decompression and other covariates. For
neurological dysfunction, differences were significant on-
ly at 6 months after surgery (p = 0.027). Patients who had

segment stabilisation tended to have significantly worse re-
sults with respect to reduction in disability compared with
those who did not (p = 0.043, table 2).

Table 2: Change in NASS outcomes in the first year after spinal stenosis surgery by time point.

Table 2: Change in NASS out-
comes in the first year after
spinal stenosis surgery by
time point.

Difference in NASS outcome
scores (0-100) compared to
baseline*

Number of decompressed segments p-value Number of stabilised segments p-value

One Multiple None One Multiple

Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Pain†

Δ (3 months − BL) −47.1 (3.9) −40.7 (3.2) 0.130 −49.5 (3.8) −43.2 (4.0) −39.1 (4.6) 0.132

Δ (6 months − BL) −43.0 (5.8) −39.3 (3.9) 0.459 −38.4 (4.6) −39.0 (4.8) −46.0 (7.0) 0.561

Δ (12 months − BL) −49.2 (2.5) −41.9 (1.8) 0.013 −46.1 (2.0) −44.8 (2.4) −45.6 (3.4) 0.914

Neurological dysfunction†

Δ (3 months − BL) −34.8 (3.9) −25.1 (3.2) 0.020 −34.5 (3.8) −26.3 (4.0) −29.0 (4.6) 0.246

Δ (6 months − BL) −40.6 (6.2) −30.9 (4.2) 0.075 −28.3 (5.0) −30.3 (5.1) −48.8 (7.4) 0.027

Δ (12 months − BL) −37.1 (2.4) −25.9 (1.7) <0.0001 −32.2 (1.9) −28.1 (2.3) −34.1 (3.2) 0.194

Disability†

Δ (3 months − BL) −30.5 (2.8) −24.5 (2.3) 0.047 −33.3 (2.7) −22.4 (2.9) −26.7 (3.3) 0.010

Δ (6 months − B) −28.9 (4.6) −26.4 (3.1) 0.522 −28.8 (3.7) −26.2 (3.9) −27.9 (5.5) 0.740

Δ (12 months − BL) −32.7 (2.0) −28.2 (1.4) 0.051 −34.1 (1.6) −28.9 (1.9) −28.3 (2.6) 0.043

BL = baseline; NASS = North American Spine Society; SE = standard error Data are mean differences (SE) compared to baseline (pre-surgery) in NASS outcomes at 3 months
(n = 223) or 6 months (n = 172) and at 12 months (n = 457) after spinal stenosis surgery based on ANCOVA models. Models included time, the main surgery strategies (decom-
pression and stabilisation) and the interaction terms of these variables as indicator variables, and were further adjusted for gender, age, comorbidities (Sangha score), centre,
year of the surgery, and baseline levels of pain, neurological dysfunction, or disability; p-values are two-sided; statistical significance was set at p <0.05. * NASS scoring: 0–100;
0 = total absence and 100 = maximum of pain, neurological dysfunction or disability. † Post-surgical assessments of NASS outcomes were performed at two time-points: the first
at 3 months or 6 months depending on the centre, and the second at 12 months.

Table 3: Overall change in repeated NASS outcomes over 12 months after spinal stenosis surgery by type of surgery and other covariates.

Parameter Mean differences in
NASS scores (0–100)
compared with base-

line*

Pain p-value Neurological dysfunction p-value Disability p-value

Decompression

‒ One segment −49.2 (2.5) 0.013 −37.1 (2.4) <0.0001 −32.7 (2.0) 0.051

‒ Multi-segment −41.9 (1.9) −25.9 (1.7) −28.2 (1.4)

Stabilisation

‒ None −46.1 (2.0) 0.914 −32.2 (1.9) 0.194 −34.1 (1.6) 0.043

‒ One segment −44.8 (2.4) −28.1 (2.3) −28.9 (1.9)

‒ Multi-segment −45.6 (3.4) −34.1 (3.2) −28.3 (2.6)

Gender

‒ Men −46.6 (2.3) 0.377 −31.4 (2.1) 0.948 −31.0 (1.8) 0.599

‒ Women −44.4 (1.8) −31.6 (1.7) −29.9 (1.4)

Age (5 years increase)† −0.8 (0.6) 0.195 −0.1 (0.6) 0.857 −0.07 (0.5) 0.884

Sangha score (0–12)

‒ 0–3 −46.4 (2.6) 0.824 −31.9 (2.5) 0.973 −29.6 (2.1) 0.679

‒ 4–7 −45.8 (1.9) −31.4 (1.8) −31.5 (1.5)

‒ 8+ −44.4 (2.6) −31.2 (2.4) −30.3 (2.0)

Baseline pain (10-unit increase)† −7.2 (0.7) <0.0001 – –

Baseline neurological dysfunction
(10-unit increase)†

– −7.7 (0.4) <0.0001 –

Baseline disability (10-unit in-
crease)†

– – −5.6 (0.5) <0.0001

NASS = North American Spine Society; SE = standard error Data (n = 457) are least-square mean differences (SE) for categorical variables or slopes for continuous variables
compared to baseline (pre-surgery) in NASS outcomes after spinal stenosis surgery over 12 months by type of surgery (decompensation and stabilisation), gender, 5-year age
increase, and comorbidities (Sangha score) based on repeated-measures mixed-linear ANCOVA models. Models included time, the main surgery strategies (decompression and
stabilisation), and the interaction terms of these variables as indicator variables and were further adjusted (except in the respective strata) for gender, age, comorbidities (Sangha
score), centre, year of the surgery, and baseline levels of pain, neurological dysfunction, or disability; p-values are two-sided; statistical significance was set at p <0.05. * Negative
numbers reflect a decrease in NASS scores (scoring 0–100; 0 = total absence and 100 = maximum of pain, neurological dysfunction or disability). † Negative slopes indicate a
greater decrease in pain, neurological dysfunction, or disability compared to pre-surgery levels.
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Discussion

In this prospective registry-based cohort study, we as-
sessed 524 consecutive patients age 60 years and older pri-
or to surgery for degenerative spinal stenosis, and were
able to investigate 457 (87%) of them at 3- or 6- plus
12-month follow-up. Our results suggest that for pain, neu-
rological dysfunction and disability, most improvements
after spinal stenosis surgery were achieved within the first
3 or 6 months after surgery. Independent of symptoms pri-
or to surgery and other covariates such as age, gender and
comorbid conditions, we found little variation in outcome
by type of surgery. However, our results support the con-
clusion that neurological dysfunction and disability may
improve more with less invasive surgery. Also, we found
no significant difference between the patients who un-
derwent only decompression compared with patients who
had both decompression and stabilisation surgery. In ad-
dition, benefits from surgery appeared to be most pro-
nounced among patients with more severe symptoms prior
to surgery, which is relevant to clinical care and outcome
prediction after spinal stenosis surgery in senior patients.

Long-term outcomes at 5 to 12 years after spinal stenosis
surgery have been addressed in several studies [19–22]
showing favourable results, but only limited data are avail-
able on the timeline of early recovery in the first year
after surgery. The timeline of recovery for improvement
in pain, neurological dysfunction and disability observed
in our study suggests that most benefits to be expected in
the first 12 months after surgery are achieved at the 3- to
6-month follow-up. We found little or no further improve-
ment for all three symptoms thereafter. Thus, the timeline
of recovery after spinal stenosis surgery is similar to that
described for senior patients undergoing total hip replace-
ment [23].

In a systematic review by Martin et al. [24] including 578
patients (253 enrolled in 4 randomised controlled trials and
325 included in 9 observational studies), a greater bene-
fit for clinical outcome was reported for spinal stenosis
surgery with additional stabilisation in comparison with
decompression alone (relative risk 1.40, 95% confidence
interval 1.04–1.89). Notably, however, the authors stated
that the individual study quality was low, with sample sizes
ranging from 19 to 102 patients. Alternatively, as suggest-
ed by our study among 451 senior patients followed up
for 1 year with standardised assessments before and af-
ter surgery, additional stabilisation may not contribute to
greater pain reduction and improvements in neurological
function, independent of symptoms prior to surgery, extend
of decompression and the other covariates.

In fact, our findings suggest that, in the first year after
surgery, patients who received one-segment or multi-seg-
ment stabilisation experienced less improvement in dis-
ability after surgery compared with those who were treated
with decompression alone. This finding is supported by da-
ta from the National Swedish Register for Spine Surgery
(Swespine) among a total of 5390 patients [25]. At the
2-year follow-up, the authors found no significant differ-
ence in patient satisfaction between the decompression
surgery for spinal stenosis with or without stabilisation for
any of the outcomes and regardless of the presence of a
pre-operative spondylolisthesis [25].

We found that, independent of symptoms prior to surgery,
age, gender and additional stabilisation, the average im-
provement in neurological dysfunction was significantly
better for one-segment decompression, with 37% improve-
ment compared with 26% improvement for multi-segment
decompression (p <0.0001). A similar pattern became ap-
parent for reduction of pain and improvement in disability.
A possible explanation may be that patients undergoing
multi-segment decompression had more extensive degen-
erative changes over multiple segments than patients un-
dergoing one-segment decompression, and therefore their
outcome is expected to be worse. However, our analyses
adjusted for symptoms prior to surgery (as well as age,
gender and numbers of comorbidities), which could be
considered a good measure of disease severity and risk
profile prior to surgery. Moreover, our analyses suggest
that worse symptoms prior to surgery are associated with
significantly greater improvements after surgery for all
three outcomes assessed in our study.

Notably, surgeons may choose more extensive surgical
techniques in order to reduce the possibility of repeat
surgery. This question could not be addressed in our study,
but a study by Martin et al. [26] among 24,882 adults un-
dergoing any spine surgery, provided mixed findings over
a 11-year follow-up. Whereas patients with spondylolis-
thesis of any age had a lower incidence of reoperation af-
ter stabilisation than after decompression alone (17.1% vs
28.0%, p = 0.002), for all other diagnoses, the incidence
of reoperation was higher with stabilisation than with de-
compression alone (21.5% vs 18.8%, p = 0.008). Support-
ing our findings that less invasive surgery may be more
advantageous for clinical outcomes in senior patients with
spinal stenosis, Deyo et al. documented that among 32,152
Medicare recipients undergoing spinal stenosis surgery,
life-threatening complications occurred in 2.3% of patients
with decompression alone compared with 5.6% among
those with additional stabilisation [27]. This may in part
be explained by the longer operating time associated with
more extensive surgery.

Our study has several strengths. We followed up a large
number of consecutive patients undergoing spinal stenosis
surgery from two large hospital centres. Also the same out-
come assessment (NASS) was applied in a standardised
way prior to surgery, at 3 or 6 months, and 12 months after
surgery.

However our study has also several limitations. The ob-
servational design, rather than a random allocation of type
of surgery, limits our study. In addition, there was no pre-
defined protocol between the surgeons upon the type of
surgery. No data were collected on the prevalence of ra-
diological spondylolisthesis or sagittal balance prior to
surgery. However, we recognise that stabilisation is mainly
used to avoid further slippage and that the comparison with
or without stabilisation might be a too simple comparison.

The evaluation of clinical balance is not a standardised
method in clinical practice. However, our assumption was
that patients who received stabilisation in addition to de-
compression were most likely selected on the basis of
prevalent instability in addition to spinal stenosis. Another
limitation of our study may be the change of surgery tech-
niques during the long observation period and the lack of
long-term follow-up beyond one year, and thereby missing
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information on patients who required repeat surgery de-
pending on type of surgery. In addition concomitant med-
ication and postoperative physiotherapy were not recorded
systematically. As this study was performed in a purely
clinical setting it can support clinical signals which have
been further analysed by a more sophisticated spinal steno-
sis study group (LSOS). These publications give additional
information in this highly relevant research topic [28–31].

In summary, based on patient-reported outcomes prior to
and after surgery, our findings suggest that the timeline for
recovery after spinal stenosis surgery is largely complete
by 3 to 6 months after surgery, and differs little by type
of surgery, independent of baseline symptoms, gender, age
and number of comorbidities. However, our data do pro-
vide a signal that for improvement in neurological dys-
function and disability less invasive surgery may be more
advantageous in patients age 60 years and older, indepen-
dent of symptoms prior to surgery.

Conclusion

Among senior patients undergoing spinal stenosis surgery,
recovery may be largely complete by 3 to 6 months after
surgery and differs little by the type of surgery. However,
particularly neurological dysfunction and disability may
improve more with less invasive surgery. Therefore, when
surgery is considered, less invasive procedures may be
warranted independent of pre-surgery symptoms.
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