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Background and purpose   A considerable number of patients 
who undergo surgery for spinal stenosis have residual symptoms 
and inferior function and health-related quality of life after sur-
gery. There have been few studies on factors that may predict out-
come. We tried to find predictors of outcome in surgery for spinal 
stenosis using patient- and imaging-related factors.

Patients and methods   109 patients in the Swedish Spine Reg-
ister with central spinal stenosis that were operated on by decom-
pression without fusion were prospectively followed up 1 year 
after surgery. Clinical outcome scores included the EQ-5D, the 
Oswestry disability index, self-estimated walking distance, and 
leg and back pain levels (VAS). Central dural sac area, number 
of levels with stenosis, and spondylolisthesis were included in the 
MRI analysis. Multivariable analyses were performed to search 
for correlation between patient-related and imaging factors and 
clinical outcome at 1-year follow-up.

Results   Several factors predicted outcome statistically signifi-
cantly. Duration of leg pain exceeding 2 years predicted inferior 
outcome in terms of leg and back pain, function, and HRLQoL. 
Regular and intermittent preoperative users of analgesics had 
higher levels of back pain at follow-up than those not using anal-
gesics. Low preoperative function predicted low function and 
dissatisfaction at follow-up. Low preoperative EQ-5D scores pre-
dicted a high degree of leg and back pain. Narrow dural sac area 
predicted more gains in terms of back pain at follow-up and lower 
absolute leg pain.

Interpretation   Multiple factors predict outcome in spinal 
stenosis surgery, most importantly duration of symptoms and 
preoperative function. Some of these are modifiable and can be 
targeted. Our findings can be used in the preoperative patient 
information and aid the surgeon and the patient in a shared deci-
sion making process.



Decompressive surgery for lumbar spinal stenosis is the most 
frequently performed spine operation in many countries 
(Weinstein et al. 2006, Strömqvist et al. 2009). However, one 
third of patients are not satisfied with the outcome because of 
residual leg and back pain, inferior function, and poor health-
related quality of life (Katz et al. 1995, Airaksinen et al. 1997, 
Jönsson et al. 1997, Jansson et al. 2009, Strömqvist et al. 
2009, Hara et al. 2010).

2 recent randomized studies have shown surgery to be 
superior to nonoperative treatment in lumbar spinal stenosis 
(Malmivaara et al. 2007, Weinstein et al. 2008), but many 
patients improve without surgical treatment (Malmivaara et al. 
2007). The question remains as to who benefits most from sur-
gery. Identification of prognostic factors that can aid in selec-
tion of patients for surgery is therefore important. Prognostic 
factors in lumbar spinal stenosis surgery have been studied, 
but they are not well defined (Turner et al. 1992, Aalto et al. 
2006). Aalto et al. (2006) reviewed studies of lumbar spinal 
stenosis surgery and found that only 21 studies of 885 were 
of sufficient quality to merit identification of prognostic fac-
tors. The main reason for exclusion was a retrospective study 
design and a limited number of predictors. Cardiovascular 
and overall comorbidity, disorders influencing walking abil-
ity, self-rated health, income, severity of central stenosis, and 
severity of scoliosis were found to be predictors of outcome, 
but no single study could identify more than one of these pre-
dictors. More recently, smoking, depression, psychiatric ill-
ness, and high body mass index have been found to be predic-
tive of negative outcome, as have long duration of symptoms 
and preoperative resting numbness (Ng et al. 2007, Hara et al. 
2010, Athiviraham et al. 2011, Radcliff et al. 2011, Sandén et 
al. 2011, Sinikallio et al. 2011). 

Cross-sectional imaging (most often MRI) has an impor-
tant role in confirming the diagnosis of spinal stenosis, and 
is essential for surgical planning. Even so, the prognostic 
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value of the narrowness of the dural sac area is not well estab-
lished (Jönsson et al 1997, Amundsen et al. 2000, Yukawa et 
al. 2002). Studies incorporating both imaging and patient-
related factors in a systematic way have been exceedingly rare 
(Amundsen et al. 2000, Yukawa et al. 2002).

We used patient data from the Swedish Spine Register pro-
tocol (Strömqvist et al. 2009) and MRI measurements of cen-
tral dural sac area, multilevel stenosis, and spondylolisthesis 
to find predictors of outcome in terms of function, HRLQoL, 
and leg and back pain after decompression for lumbar spinal 
stenosis.

Patients and methods

109 consecutive patients from our primary catchment area 
who had been diagnosed and operated for central spinal ste-
nosis with decompressive surgery using facet joint-sparing 
technique were included in the study (Table 1). All of these 
patients were part of the Swedish Spine Register database 
which is based at our institution. 

Selection of patients for surgery was based on symptoms 
typical of central spinal stenosis including neurogenic clau-
dicatio, leg and back pain, or any combination of these. The 
spinal surgeon and a neuroradiologist reviewed the MRI 
findings, and if the clinical findings and MRI findings corre-
sponded, surgery was offered. Only patients for whom decom-
pressive surgery without fusion was judged by the surgeon to 
be appropriate were included in the study. This included 35 
patients with low-grade degenerative spondylolisthesis, all 
with typical symptoms of central spinal stenosis. Patients with 
high-grade spondylolisthesis, low-grade spondylolisthesis and 
spondylolysis, instability catch, and high-level of back pain 
compared to leg pain had concomitant fusion and were there-
fore excluded.

The operations were performed by 5 surgeons specialized in 
spine surgery; all had over 20 years experience in degenera-
tive spine surgery. All patients were diagnosed and operated at 
Lund University Hospital, Sweden between 2000 and 2007. 
Preoperatively and at the 1-year follow-up, all patients com-

pleted the self-administred Swedish Spine Register protocol 
(Strömqvist et al. 2009) including: the EQ-5D, the Oswestry 
disability index, estimated walking distance (1 = < 100 m, 2 = 
100–499 m, 3 = 500–1,000 m, and 4 = > 1,000 m), and leg and 
back pain (VAS). A 100-mm VAS scale was used. The Oswes-
try disability index was added to the Swedish Spine Register 
protocol in 2003. In addition, global assessment of outcome 
was assessed at follow-up, as was estimated reduction in leg 
and back pain. The response rate for the different pre- and 
postoperative outcomes varied (Table 1).

 
Evaluation of the magnetic resonance imaging
Preoperative MRI was performed on all patients in the supine 
position, and was evaluated by the surgeon and a neuroradi-
ologist. All patients had central canal stenosis with or without 
recess encroachment. The dural sac area and grade of spon-
dylolisthesis were separately measured by one of the authors 
(XPK, who was not involved in treatment of the patients). A 
subset of 20 randomly selected patients was also analyzed by 
2 of the other authors (BJ and BS), and interobserver analyses 
were performed; for detailed information, see Sigmundsson et 
al. (2011). The dural sac area at the disc levels in the lumbar 
spine was measured on axial T1 images with the region-of-
interest function on a dedicated workstation using SECTRA 
software (Sectra Imtec AB, Linköping, Sweden). Spondylo-
listhesis was defined as more than 3 mm of anterior transla-
tion on the supine MRI and the grade of spondylolisthesis was 
defined according to Meyerding (1932). 

Ethics
The patients were included in the Swedish Spine Register, 
and as such they had given informed consent for participa-
tion in this study. The Swedish Spine Registry is the property 
of the Swedish Society for Spinal Surgeons and is funded by 
the National Board of Health and Welfare (Strömqvist et al. 
2009).

Statistics
We used STATA 10 statistical software. Normality of data was 
tested with the Shapiro-Wilk test for normal data. Paired t-test 

Table 1a. Patient demographics

Men / women 56 / 53
Mean age  71 (10) 
Age groups (years)   
 30–50    2  
 50–60  14  
 60–70  21  
 70–80  53  
 > 80 19  
Mean dural sac area (mm2) (SD) 43 (17) 
Multilevel stenosis 54  
Spondylolisthesis, all grade I 35  
Smokers   9 

Table 1b. Patient demographics

     Pre- and postoperative
Outcome assessment  Preoperatively At 1-year p-value data available for
parameters, mean (SD)  follow-up  number of patients

Leg pain (VAS) 68 (24) 37 (32) < 0.001 76
Back pain (VAS) 54 (28) 36 (30) < 0.001 77
EuroQol-5D  0.41 (0.29) 0.60 (0.26) < 0.001 74
Oswestry disability index 46 (15) 31 (20) < 0.001 57
Self-estimated walking distance    103
  < 100 m 51 30 < 0.001 
 ≥ 100 m 54 76 0.001 

Paired t-test was used.
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was used for analysis of preoperative and postoperative values 
of all outcome parameters except EQ-5D. When no assump-
tion of a normal distribution could be made, non-parametric 
tests were used (Mann-Whitney U test, Kruskal-Wallis analy-
sis of variance, test for trend across ordered group). The 95% 
confidence interval (CI) for difference in medians was calcu-
lated with a stratified bootstrap test using the R server at www.
rcsyd.se. Spearman’s rank correlation was used to assess the 
correlation between preoperative EQ-5D and leg and back pain 
at 1-year follow-up. Multivariable regression analyses were 
performed to calculate the relationship between a dependent 
variable and one or more independent variables. We did mul-
tivariable analysis for variation in outcome for leg and back 
pain, EQ-5D, and short postoperative walking distance. In our 
model, we controlled for age, preoperative leg and back pain, 
preoperative walking distance, duration of leg and back pain, 
multilevel stenosis, and spondylolisthesis. Values of p < 0.05 
were regarded as being statistically significant.

Results
Imaging-related outcome
Patients with spondylolisthesis were older and more often had 
multilevel stenosis and narrower dural sac area. Despite this, 
there was no statistically significant difference in outcome 
between the groups of patients with and without spondylo-
listhesis (Table 2). Some clinical difference was, however, 
observed as patients with spondylolisthesis had lower levels 
of leg and back pain despite more pronounced morphological 
disease in terms of MRI findings. Patients operated for mul-
tilevel stenosis had lower leg pain scores on the VAS scale at 
follow-up than patients with single-level disease (p = 0.06). 
Pain relief in terms of back pain was associated with more 
constricted dural sac areas; this was, however, not the case 
for leg pain (Figure 1, see Supplementary data). A small sta-
tistically significant correlation between leg pain at follow-up 
and the most constricted dural sac area was found, as narrow 

dural sac area was associated with lower leg pain (Figure 2, 
see Supplementary data). No other statistically significant 
relationships between imaging and outcome were found.

Patient-related outcome
Global assessment and outcome parameters (Table 3). Patients 
who were satisfied at the 1-year follow-up had an improved 
score in all outcome parameters. Undecided patients improved 
their walking distance but the improvement in leg or back pain 
was not statistically significant. Dissatisfied patients had simi-
lar pre- and postoperative values for outcome parameters. 

Sex, age, smoking, and outcome. No statistically significant 
differences in outcome parameters were found between the 
sexes. When grouped into 5 age groups, 30–49, 50–59, 60–69, 
70–79, and > 80 years old, an inferior outcome in terms of 
postoperative walking distance was found (p = 0.009) with 
increasing age. No other statistically significant relationship 
between patient age and outcome was found. 9 patients were 
smokers. No statistically significant differences were found in 
outcome parameters between smokers (n = 9) and non-smok-
ers (n = 100). 

Preoperative consumption of analgesics. 17 never used 
some type of analgesic, 54 sometimes did, and 37 did regu-
larly. Patients taking analgesics preoperatively—either inter-
mittently or regularly—respectively reported 20-point (CI: 
3–37, p = 0.02) and 21-point (CI: 3–38, p = 0.02) higher 
scores on the VAS scale at 1-year follow-up than those not 
taking analgesics preoperatively.

Preoperative duration of leg and back pain (Tables 4–6 and 
Figure 3; for Table 6, see Supplementary data). Duration of leg 
and back pain of 2 years and longer was associated with infe-
rior outcome and low patient satisfaction. Patients with dura-
tion of leg pain exceeding 2 years had statistically significantly 
higher leg and back pain levels and inferior function in terms 
of ODI and lower HRLQoL (EQ-5D). Patients with the same 
duration of back pain reported inferior HRLQoL (EQ-5D). 

Self-estimated walking distance (Table 7, see Supplemen-
tary data). Patients with shorter preoperative walking dis-

Table 2. MRI characteristics, HRLQoL, and functional status in patients with and without spondylolisthesis at 1-year follow-up

 Age  Dural sac  Multilevel  EuroQol-5D  Oswestry  Estimated Leg pain, Back pain,
  area stenosis  disability walking VAS b VAS b 
  (mm2)   index distance a   

With olisthesis 75 (7) 38 (16) 1.8 (0.8) 0.62 (0.23) 29 (15) 2.3 (1.1) 29 (26) 33 (30)
   n = 35 35 35 30 21 35 31 32
Without olisthesis 69 (10) 45 (17) 1.5 (0.8) 0.59 (0.27) 31 (22) 2.5 (1.2) 41.1 (35) 37 (30) 
   n = 74 74 74 58 43 71 67 68
p-value  0.004 0.04 0.6 0.6 1.0 0.5 0.1 0.6 
95% CI for difference 
   in medians c  –9 to –1 1 to 19 –1 to 1 –0.11 to 0.04 –12 to 10.1 –1 to 1 –17 to 44 –22 to 29 
 
Mann-Whitney test. Standard deviations in parentheses. 
a Estimated walking distance: 1 = < 100 m, 2 = 101–499 m, 3 = 500–1,000 m, and 4 = > 1,000 m.
b VAS: visual analog scale.
c Stratified bootstrap test for difference in medians. 
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tances tended to have higher levels of leg pain at follow-up 
(p = 0.04). Patients with a short preoperative self-estimated 
walking distance (< 100 m) were less satisfied with their out-

reduction in leg pain at the 1-year follow-up; 15 points for 
multilevel stenosis (CI: –30 to –0.2, p = 0.05) and 16 points 
for concomitant spondylolisthesis (CI: –31 to –1, p = 0.04).

Table 3. Patient satisfaction (global assessment) at 1-year follow-up in relation to pre-and postoperative HRLQoL, functional status, and 
pain

 EuroQol-5D  Oswestry disability Leg pain Back pain Estimated walking  
 (SD) index  (SD) VAS (SD) VAS (SD) distance (SD) 
 PO FU p-value PO FU p-value PO FU p-value PO FU p-value PO FU p-value

Satisfied  0.44   0.66 < 0.001  45  22 < 0.001  68  26 < 0.001  54  24 < 0.001  1.8  2.8 < 0.001
n 67 (65%) (0.30)  (0.24)  (15) (14)  (24) (28)  (28) (24)  (0.8) (1.1)
   n =  49   58   36  40   51  61   50  62   65  67 
Undecided
n 25 (24%)  0.33  0.49  0.007  50  43 0.2  70  58 0.08  57  53 0.6  1.5  2.0 0.005
 (0.28) (0.25)   (17) (21)  (21) (30)  (28) (30)  (0.8) (1.1)
   n =  20  21   14  17   21  23   22  24   24  25 
Dissatisfied
n 11 (11%)  0.52   0.43 0.3  40  50  0.1  52  55 0.9  53  64 0.1  1.5  1.5 1.0
    (0.25)  (0.27)  (11) (21)  (26) (32)  (25) (25)  (0.5) (0.9)
   n =  7  7   7  6   8  11   8  11   10  11 
p a 0.2 < 0.001  0.5 < 0.001 0.2 < 0.001  0.9 < 0.001  0.2 < 0.001 
p b 0.75 < 0.001  0.45 < 0.001 0.15 < 0.001  0.93 < 0.001  0.10 < 0.001
 
PO: preoperative; FU: 1-year follow-up; ODI: ; VAS: visual analog scale; SD: standard deviation.
p a: Kruskall Wallis equality of populations rank test; p b: test for trend across ordered groups.
Paired t-test was used to compare outcome measures within global assessment for change in Oswestry disability index, leg and back pain, 
and estimated walking distance. Wilcoxon matched-pairs signed rank test was used for change in EQ-5D, as this variable did not have a 
normal distribution according to the Shapiro-Wilk test.

Table 4. Duration of leg pain and outcome measures at 1-year follow-up

Duration of pain  Oswestry   Walking
pre-operatively EuroQol-5D disability index Leg pain Back pain distance

Up to 2 years  0.65 (0.24) 25 (17) 31 (29) 31 (30) 2.8 (1.2)
   n = 52 36 57 58 62
Over 2 years 0.52 (0.51) 38 (22) 47 (35) 43 (29) 1.1 (1.1)
   n = 36 28 41 42 44
p-value 0.01 0.02 0.03 0.05 0.002
95% CI for difference
   in medians a –0.04 to 0.34 –24 to 2 –52 to –3 –41 to –0.5 –1 to 1
 
Two-sample Wilcoxon rank-sum test.
Standard deviation in parentheses.
a Stratified bootstrap test for difference in medians.

Table 5. Duration of back pain and outcome measures at 1-year follow-up

Duration of pain  Oswestry   Walking
pre-operatively EuroQol-5D disability index Leg pain Back pain distance

Up to 2 years  0.64 (0.27) 28 (20) 33 (31) 32 (31) 2.6 (1.1)
   n = 43 27 48 49 52
Over 2 years  0.54 (0.25) 35 (19) 44 (33)  40 (30) 2.2 (1.2)
   n = 42 34 46 47 50
p-value 0.04 0.09 0.1 0.1 0.06
95% CI for difference
   in medians a –0.03 to 0.1 –22 to 6 –41 to 14 –37 to 9 0 to 1.5

Two-sample Wilcoxon rank-sum test.
Standard deviation in parentheses.
a Stratified bootstrap test for difference in medians.

come at follow-up, although not sta-
tistically significantly so.

Preoperative quality of life param-
eters and outcome. Low preoperative 
EQ-5D scores predicted high postop-
erative pain levels for both leg pain 
(rs = –0.32, p = 0.006) and back pain 
(rs = –0.36, p = 0.004).

Complications and reoperations. 
2 patients suffered dural tears that 
were repaired during surgery. No 
reoperations were performed within 
the 1-year follow-up period.

Patient- and imaging-related 
factors
Multivariable regression analysis was 
performed for variation in outcome 
for leg pain (VAS). We controlled 
for age, preoperative leg and back 
pain, preoperative walking distance, 
and duration of leg and back pain. 
Preoperative self-estimated walking 
distance of > 1,000 m was associ-
ated with decrease in leg pain, cor-
responding to 72 points on the VAS 
scale (CI: –107 to –37, p < 0.001). 
Multilevel stenosis and spondylo-
listhesis were also associated with 
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In the multivariable regression analysis, controlling for the 
factors mentioned above, back pain at follow-up increased 0.5 
points (CI: 0.06–1.0, p = 0.03) on the VAS scale per 1 mm2 in 
the central dural sac area.

Quality of life in terms of EQ-5D at follow-up correlated 
with the preoperative walking distance in the multivariable 
analysis, as patients with a preoperative walking distance of 
between 100–500 m and > 1,000 m had higher EQ-5D scores 
than those with a preoperative walking distance of < 100 m. 
This can be explained further, as patients with a self-estimated 
walking distance of between 100 m and 500 m had a 0.1-point 
(CI: 0.009–0.3, p = 0.04) higher EQ-5D score than patients 
with a walking distance of < 100 m. Patients who rated their 
preoperative walking distance as over 1,000 m had a 0.3-point 
(CI: 0.06–0.6, p = 0.05) higher EQ-5D score at follow-up. 

Long self-estimated postoperative walking distance (> 100 
m) at follow-up was influenced by the long self-estimated pre-
operative walking distance (OR = 9, CI: 2–54, p = 0.01).

Discussion

This study identified patients with good preoperative func-
tion and HRLQoL, short duration of symptoms, narrow dural 
sac area, spondylolisthesis, and absence of consumption of 
analgesics to be most likely to achieve a good outcome after 
decompression for spinal stenosis. An example of this is that 
patients having leg pain less than 2 years and self estimated 
walking distance of > 100 m are almost 3 times more likely to 
be satisfied with operative outcome at 1-year follow-up com-
pared with patients having leg pain exceeding 2 years and very 
poor preoperative walking distance (< 100 m).

An important finding was the negative effect of long dura-
tion of symptoms. Longstanding pain and loss of function in 
these elderly patients may be difficult to treat. Duration of 
symptoms is a potentially modifiable factor by giving better 

information to patients, doctors and healthcare policy makers 
for earlier diagnosis and intervention. Two meta-analyses 
exploring prognostic factors in spinal stenosis surgery did not 
find that duration of symptoms was a significant factor (Turner 
et al. 1992, Aalto et al. 2006), and a previous study from our 
institution found a trend of inferior outcome in patients with 
duration of symptoms exceeding 4 years (Jönsson et al. 1997). 
Recent studies have shown duration of symptoms to be an 
important prognostic factor. Ng et al. (2007) showed that 
patients with a duration of symptoms of less than 3 years to 
have a better prognosis than those with a longer duration of 
symptoms. In an analysis from the SPOR trail, Radcliff et al. 
(2011) found that patients treated both operatively and non-
operatively with a symptom duration of ≥ 1 year improved 
less than those with a shorter duration of symptoms. There 
have been few long-term studies on the outcome of surgery 
for spinal stenosis, but in a prospective study, Amundsen et 
al. (2000) did not find that duration of symptoms had any 
influence on outcome after a 10-year follow-up. Thus, there is 
contradicting information in the literature about the predictive 
value of the duration of symptoms preoperatively.

In addition to the negative psychological effect of longstand-
ing pain and inferior function on the patient, chronic spinal 
nerve compression has been shown in experimental studies to 
initiate demyelinization and change of the phenotype of the 
nerve, perhaps limiting the ability to improve neuronal func-
tion (Gupta et al. 2004, Chao et al. 2008). Compression of 
the cauda equina can also reduce blood flow to spinal nerves 
(Olmarker et al. 1989).

It is important, however, to keep in mind the natural history 
of spinal stenosis; pain and function vary over time (Johnsson 
et al. 1992). Thus, if surgery is performed very early, some 
patients will probably be operated who would also improve 
without surgery. In a randomized study by Malmivaara et al. 
(2007), about half of the patients who were assigned to non-
operative treatment experienced improvement during the fol-
low-up period. It is important for the spinal surgeon to discuss 
these facts with the patient and the results of our study can 
provide some help in that discussion.

Another important finding is the negative prognostic value 
of poor preoperative function, as patients with very low func-
tional ability are less satisfied at 1-year follow-up and gain less 
in terms of pain and HRLQoL (EQ-5D). This implies a true 
risk of over-treatment as some—especially older—patients 
can accept a low level of function and, as mentioned earlier, the 
natural history of spinal stenosis is quite variable. The impact 
of comorbidities on function should also be weighed in, as a 
patient with severe heart insufficiency or chronic obstructive 
pulmonary disease would probably experience limited gain in 
function by having a decompression for spinal stenosis. 

We found no difference in outcome in patients with and 
without spondylolisthesis when compared group wise; how-
ever, having spondylolisthesis predicted significant reduc-
tions in leg pain in the multivariable analysis, as patients with 

Figure 3. Individual change in leg pain at follow-up. 
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spondylolisthesis had reduced leg pain (by 16 mm) on the 
VAS scale. Admittedly, this study was not designed to answer 
the question of how to treat spondylolisthesis, but patients 
in the spondylolisthesis group were older and had smaller 
dural sac area—and despite this, significant pain reduction 
was observed in the multivariable analysis. No patients were 
fused in the spondylolisthesis group, as all the patients had 
low-grade spondylolisthesis with essentially the same clinical 
presentation as the patients with spinal stenosis without spon-
dylolisthesis. Previous studies have often included patients 
with and without concomitant spondylolisthesis subsequently 
treated with decompression with or without fusion (Yukawa et 
al. 2002, Athiviraham et al. 2011), perhaps making the cohorts 
from these studies more heterogenous and evaluation of prog-
nostic factors more difficult. We believe that it was justified to 
include patients with low-grade slip, in our study as the clini-
cal syndrome is essentially the same.

Change in intensity of back pain correlated with the narrow-
ness of the dural sac area (patients with smaller dural sac area 
tended to improve more). The narrowness of the dural sac area 
only explains a small proportion (5%) of the improvement in 
back pain, however. Also, patients with large dural sac areas 
had higher levels of leg pain at follow-up. Some earlier stud-
ies have also shown that patients with more severe compres-
sion of the cauda equina improve more (Herno et al. 1994, 
Aliashkevich et al. 1999). However, the correlation between 
symptoms and the dural sac area has been considered to be 
poor. Boden et al. (1990) showed that 20% of asymptomatic 
subjects over 60 years old had spinal stenosis on MRI. More 
recently, Haig et al. (2007) showed that imaging could not dif-
ferentiate symptomatic individuals from asymptomatic indi-
viduals. Yukawa et al. (2002) showed that the severity of cen-
tral canal narrowing at a single level did not appear to limit the 
postoperative improvement in functional and patient-reported 
outcome. Recently, Kanno et al. (2012) also showed a cor-
relation between severity of symptoms preoperatively and 
dural sac area on an axially loaded MRI in patients planned 
for surgery. Also, in a surgical cohort, Ogikubo et al. (2008) 
showed that dural sac area is a powerful predictor of preop-
erative walking ability, pain, and HRLQoL. In their 10-year 
follow-up study, Amundsen et al. (2000) could not establish 
a relationship between the severity of the stenosis and out-
come. Also, 3 other recent studies have failed to show any 
relationship between preoperative symptoms and MRI find-
ings (Sirvanci et al. 2008, Zeifang et al. 2008, Sigmundsson 
et al. 2011). Barz et al. (2010) have shown that packed nerve 
roots (positive sedimentation sign) occur consistently in spinal 
stenosis.

In many countries, decompressive surgery for lumbar spinal 
stenosis is the most commonly performed spinal operation. 
The surgical technique is well established, but indications 
for surgery, diagnosis, and imaging are not well defined—
with considerable geographical variation (Bederman et al. 
2011). After surgery, most patients improve in function, pain, 

and quality of life, and surgical treatment has recently been 
shown to be superior to nonoperative treatment (Malmivaara 
et al. 2007, Weinstein et al. 2008). Despite this, many patients 
have residual symptoms and HRQoL inferior to that of the 
background population (Strömqvist et al. 2009, Jansson et al. 
2009). The results of our study can be used to improve patient 
information and selection of patients for surgery.

Some of the factors known to have prognostic value could 
not be included in our study: most importantly, depression 
(Sinikallio et al. 2011), smoking (Sandén et al. 2011), and BMI 
(Athivariham et al. 2011). In our opinion, the most important 
factors for prediction of outcome are the clinical findings that 
most often lead to surgery, i.e. leg pain, back pain, and preop-
erative walking distance. Our cohort of patients was elderly 
with high pain levels, inferior function, low HRLQoL, and 
very narrow central dural sac area. All these factors can be 
used to reduce the surgeon selection bias.

Our analysis has identified multiple predictors of outcome 
in a well-described patient database using both patient- and 
imaging-related factors with a prospective follow-up. In addi-
tion, the study has identified modifiable predictors of outcome, 
thus possibly enabling improvement in patient care. 

We believe that the results of our study can be included in 
the preoperative patient information as an aid for the patient 
and the surgeon in shared decision-making. Some caution 
must, however, be advocated in generalizing the results from 
a single center cohort to broader surgical practice, as surgeons 
elsewhere would perhaps treat these patients differently and 
this relates mainly to our patients with concomitant spondy-
lolisthesis. Another concern is the lack of a control group, as 
we do not know whether the predictors identified in our cohort 
would predict the same outcome in patients not undergoing 
surgery or undergoing different types of surgery. 

Supplementary data
Tables 6 and 7, and Figures 1 and 2 are available at our web-
site (www.actaorthop.org), identification number 5277.
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