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Abstract
BACKGROUND—Surgery for spinal stenosis is widely performed, but its effectiveness as
compared with nonsurgical treatment has not been shown in controlled trials.

METHODS—Surgical candidates with a history of at least 12 weeks of symptoms and spinal stenosis
without spondylolisthesis (as confirmed on imaging) were enrolled in either a randomized cohort or
an observational cohort at 13 U.S. spine clinics. Treatment was decompressive surgery or usual
nonsurgical care. The primary outcomes were measures of bodily pain and physical function on the
Medical Outcomes Study 36-item Short-Form General Health Survey (SF-36) and the modified
Oswestry Disability Index at 6 weeks, 3 months, 6 months, and 1 and 2 years.

RESULTS—A total of 289 patients were enrolled in the randomized cohort, and 365 patients were
enrolled in the observational cohort. At 2 years, 67% of patients who were randomly assigned to
surgery had undergone surgery, whereas 43% of those who were randomly assigned to receive
nonsurgical care had also undergone surgery. Despite the high level of nonadherence, the intention-
to-treat analysis of the randomized cohort showed a significant treatment effect favoring surgery on
the SF-36 scale for bodily pain, with a mean difference in change from baseline of 7.8 (95%
confidence interval, 1.5 to 14.1); however, there was no significant difference in scores on physical
function or on the Oswestry Disability Index. The as-treated analysis, which combined both cohorts
and was adjusted for potential confounders, showed a significant advantage for surgery by 3 months
for all primary outcomes; these changes remained significant at 2 years.

CONCLUSIONS—In the combined as-treated analysis, patients who underwent surgery showed
significantly more improvement in all primary outcomes than did patients who were treated
nonsurgically. (ClinicalTrials.gov number, NCT00000411.)

SPINAL STENOSIS IS A NARROWING OF THE spinal canal with encroachment on the
neural structures by surrounding bone and soft tissue. Patients typically present with radicular
leg pain or with neurogenic claudication (pain in the buttocks or legs on walking or standing
that resolves with sitting down or lumbar flexion). Spinal stenosis is the most common reason
for lumbar spine surgery in adults over the age of 65 years.1,2 Indications for surgery appear
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to vary widely, and rates of procedures vary by at least a factor of 5 across geographic areas.
3,4 Radiographic evidence of stenosis is frequently asymptomatic; thus, careful clinical
correlation between symptoms and imaging is critical.5,6

A 2005 Cochrane review found that the paucity and heterogeneity of evidence limited
conclusions regarding surgical efficacy for spinal stenosis. The trials comparing surgical with
nonsurgical treatment were generally small and involved patients both with and without
degenerative spondylolisthesis.7-12 We know of no randomized trials of isolated spinal
stenosis without degenerative spondylolisthesis.

In the Spine Patient Outcomes Research Trial (SPORT), we report on the 2-year outcomes of
patients with spinal stenosis without degenerative spondylolisthesis to analyze the relative
efficacy of surgical versus nonsurgical treatment.

METHODS
STUDY DESIGN

SPORT was an investigator-initiated study conducted in 11 states at 13 U.S. medical centers
with multidisciplinary spine practices. The study included both a randomized cohort and a
concurrent observational cohort of patients who declined to undergo randomization.13-16 This
design allowed for improved generalizability of the findings.17 The ethics committee at each
participating institution approved a standardized protocol. An independent data and safety
monitoring board evaluated interim safety and efficacy outcomes at 6-month intervals.13-16,
18 Stopping rules were provided on the basis of the alpha spending function of DeMets and
Lan.19

PATIENT POPULATION
All patients had a history of neurogenic claudication or radicular leg symptoms for at least 12
weeks and confirmatory cross-sectional imaging showing lumbar spinal stenosis at one or more
levels; all patients were judged to be surgical candidates. Patients with degenerative
spondylolis-thesis were studied separately.16 Patients with lumbar instability (which was
defined as translation of more than 4 mm or 10 degrees of angular motion between flexion and
extension on upright lateral radiographs) were excluded. The type of nonsurgical care before
enrollment was not pre-specified but included physical therapy (68% of patients), epidural
injections (56%), chiropractic (28%), the use of antiinflammatory drugs (55%), and the use of
opioid analgesics (27%).

Research nurses at each site verified eligibility. Patients were offered enrollment in either
cohort. To aid in obtaining written informed consent, patients viewed evidence-based
videotapes with standardized information regarding alternative treatments.20,21 Patients in
the randomized cohort received treatment assignments with the use of randomly permuted
blocks with variable block sizes stratified according to center. Patients in the observational
cohort chose their treatment at enrollment with their physician. Enrollment began in March
2000 and ended in March 2005.

STUDY INTERVENTIONS
The protocol surgery was standard posterior decompressive laminectomy.13 The nonsurgical
protocol was “usual care,” which was recommended to include at least active physical therapy,
education or counseling with home exercise instruction, and the administration of nonsteroidal
antiinflammatory drugs, if tolerated.13,18

Weinstein et al. Page 2

N Engl J Med. Author manuscript; available in PMC 2008 October 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



STUDY MEASURES
Primary outcomes were measures of bodily pain and physical function on the Medical
Outcomes Study 36-item Short-Form General Health Survey (SF-36)22-25 and on the modified
Oswestry Disability Index (American Academy of Orthopaedic Surgeons–MODEMS
[Musculoskeletal Outcomes Data Evaluation and Management Systems] version),26 measured
at 6 weeks, 3 months, 6 months, and 1 and 2 years. (SF-36 scores range from 0 to 100, with
higher scores indicating less severe symptoms. The Oswestry Disability Index ranges from 0
to 100, with lower scores indicating less severe symptoms.)

If surgery was delayed beyond 6 weeks, additional follow-up data were obtained at 6 weeks
and at 3 months after surgery. Secondary outcomes included patient-reported improvement,
satisfaction with current symptoms and care,27 and the bothersomeness of both stenosis7,28
and low back pain.7 The effect of treatment was defined as the difference in the mean change
from baseline between the surgical group and the non-surgical group.

STATISTICAL ANALYSIS
For the randomized cohort, we determined that a sample size of 185 per group was needed to
detect a 10-point difference in bodily pain and physical function on the SF-36 or a similar effect
on the Oswestry Disability Index13 on the basis of a t-test, with a two-sided significance level
of 0.05 and a power of 85%. Standard deviations for changes from baseline were derived from
pilot data on repeated visits. The sample-size calculation allowed for 20% missing data but did
not account for any specific levels of nonadherence.

Initial analyses compared the baseline characteristics of patients in the randomized cohort with
those in the observational cohort and between study groups in the combined cohorts. The extent
of missing data and the percentage of patients undergoing surgery were calculated according
to study group for each scheduled follow-up. Baseline predictors of the time until surgical
treatment (including treatment crossovers) in both cohorts were determined through a stepwise
proportional-hazards regression model with an inclusion criterion of P<0.1 to enter and P>0.05
to exit. Predictors of missing follow-up visits at 1 year were determined through stepwise
logistic regression.

Primary analyses compared surgical and non-surgical treatments with the use of changes from
baseline at each follow-up visit, with a mixed-effects model of longitudinal regression that
included a random individual effect to account for correlation between repeated measurements.
The randomized cohort was initially analyzed on an intention-to-treat basis. Because of
crossover, subsequent analyses were based on treatments actually received. In the as-treated
analyses, the treatment indicator was a time-varying covariate, allowing for variable times of
surgery. For the intention-to-treat analyses, all times are from enrollment. For the as-treated
analysis, the times are from the beginning of treatment (i.e., the time of surgery for the surgical
group and the time of enrollment for the nonsurgical group). Therefore, all changes from
baseline before surgery were included in the estimates of the non-surgical treatment effect.
After surgery, changes were assigned to the surgical group, with follow-up measured from the
date of surgery. Repeated measures of outcomes were used as the dependent variables, and
treatment received was included as a time-varying covariate. Adjustments were made for the
time of surgery with respect to the original enrollment date so as to approximate the designated
follow-up times.

The randomized and observational cohorts were each analyzed to produce separate as-treated
estimates of treatment effect. These results were compared with the use of a Wald test to
simultaneously test all follow-up visit times for differences in estimated treatment effects
between the two cohorts.29 Subsequent analyses combined the two cohorts.
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To adjust for potential confounding, baseline variables that were associated with missing data
or treatment received were included as adjusting covariates in longitudinal regression models.
29 Computations were performed with the use of the PROC MIXED procedure for continuous
data and the PROC GENMOD procedure for binary and non-normal secondary outcomes in
SAS software, version 9.1 (SAS Institute). Statistical significance was defined as P<0.05 on
the basis of a two-sided hypothesis test with no adjustments made for multiple comparisons.
Data for these analyses were collected through March 2, 2007.

RESULTS
PATIENTS

A total of 654 patients were enrolled out of 1091 who were eligible for enrollment: 289 in the
randomized cohort and 365 in the observational cohort (Fig. 1). In the randomized cohort, 138
patients were assigned to the surgical group, and 151 were assigned to the nonsurgical group.
In the surgery group, 63% had undergone surgery at 1 year and 67% at 2 years. In the
nonsurgical group, 42% had undergone surgery at 1 year and 43% at 2 years. In the
observational cohort, 219 patients initially chose surgery and 146 patients initially chose
nonsurgical care. Of those who initially chose surgery, 95% had undergone surgery at 1 year
and 96% at 2 years. Of those who initially chose nonsurgical treatment, 17% had undergone
surgery at 1 year and 22% at 2 years. In the two cohorts combined, 400 patients received surgery
at some point during the first 2 years, and 254 received nonsurgical treatment.

The proportion of enrollees who supplied data at each follow-up interval ranged from 83 to
89%, with losses due to dropouts, missed visits, or deaths. A total of 634 patients, each with
at least one follow-up through 2 years, were included in the analysis, including 278 patients
(96%) in the randomized cohort and 356 patients (98%) in the observational cohort.

CHARACTERISTICS OF THE PATIENTS
Characteristics of the patients at baseline in the two cohorts are compared in Table 1. Overall,
the cohorts were similar. However, patients in the observational cohort had more signs of nerve-
root tension and less lateral recess stenosis and expressed stronger treatment preferences than
did patients in the randomized cohort.

Summary statistics for the combined cohorts are also shown in Table 1, according to treatment
received. The study population had a mean age of 65 years; a majority were white men who
had attended college. Of these patients, 80% had classic neurogenic claudication, and 79% had
associated dermatomal pain radiation; 91% had stenosis at L4 or L5, and 61% had more than
one level of stenosis. For most patients, the overall stenosis was graded as severe.

At baseline, the group undergoing surgery was younger and more likely to be working than
was the group that did not undergo surgery. Patients in the surgical group had more pain, a
lower level of function, more psychological distress, and more self-reported disability than did
patients in the nonsurgical group. In addition, patients in the surgical group had symptoms that
were more bothersome and radiographic evidence of more severe stenosis. The surgical group
was more often dissatisfied with their symptoms and more often rated the symptoms as
worsening than did patients in the nonsurgical group.

The final models, combining both cohorts, were adjusted for age, sex, coexisting disorders of
the stomach or joints, the presence or absence of pain on straight-leg raising or femoral-nerve
tension signs, smoking status, patient-assessed health trend, income, other compensation,
body-mass index, baseline score for the outcome variable, and center.
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NONSURGICAL TREATMENTS
At 2 years, nonsurgical treatments were similar in the two cohorts. However, more patients in
the randomized group than in the observational group reported visits to a surgeon (45% vs.
32%, P = 0.02) and receiving injections (52% vs. 39%, P = 0.02), whereas more patients in the
observational group reported the use of “other” medications, such as gabapentin (60% vs. 73%,
P = 0.01).

SURGICAL TREATMENTS AND COMPLICATIONS
Overall, surgical treatments and complications were similar in the two cohorts (Table 2).
Among patients in the surgical group, 89% underwent decompression only. Instrumented
fusion was performed in only 6% of patients. The median surgical time was 120 minutes, with
a mean blood loss of 314 ml; 10% of patients required transfusions intraoperatively and 5%
postoperatively. The most common surgical complication was dural tear, in 9% of patients. At
2 years, re-operation had occurred in 8% of patients; fewer than half of these operations were
for recurrent stenosis.

At 2 years, there were seven deaths in the nonsurgical group and six in the surgical group, one
of which occurred within 3 months after surgery. The deaths were reviewed and 12 were judged
not to be treatment-related. The one death of unknown cause occurred 501 days after surgery.

CROSSOVER
Nonadherence to treatment assignment affected both study cohorts: some patients in the
surgical group chose to delay or decline surgery, and some in the nonsurgical group crossed
over to undergo surgery (Fig. 1). The characteristics of crossover patients that differed
significantly from patients who did not cross over are shown in Table 3. Patients in the
nonsurgical group who crossed over to undergo surgery had more self-rated disability, more
psychological distress, worse symptoms, and a stronger treatment preference for surgery at
baseline than did patients who did not opt for surgery. Patients in the surgical group who crossed
over to receive nonsurgical care were more often not white, had less bothersome symptoms,
less often rated their symptoms as worsening at enrollment, and had a stronger treatment
preference for nonsurgical care at baseline.

MAIN TREATMENT EFFECTS
In the intention-to-treat analysis, a significant treatment effect favoring surgery was seen at 2
years, with a mean difference in change from baseline of 7.8 (95% confidence interval [CI],
1.5 to 14.1) on the SF-36 scale for bodily pain; at earlier times, there was a smaller
nonsignificant effect in favor of surgery. However, at 2 years, there were no significant
differences between the surgical group and the nonsurgical group on the SF-36 scale for
physical function (0.1; 95% CI, −6.4 to 6.5) or on the Oswestry Disability Index (−3.5; 95%
CI, −8.7 to 1.7) (Table 4).

In the as-treated analysis, the mean differences in change from baseline in the randomized and
observational cohorts were similar at 2 years: bodily pain, 11.7 (95% CI, 6.2 to 17.2) in the
randomized group versus 15.3 (95% CI, 10.4 to 20.2) in the observational group; physical
function, 8.1 (95% CI, 2.8 to 13.5) in the randomized group versus 13.6 (95% CI, 8.7 to 18.4)
in the observational group; and Oswestry Disability Index, −8.7 (95% CI, −13.3 to −4.0) in the
randomized group versus −13.1 (95% CI, −16.9 to −9.2) in the observational group (Fig. 2).

The global hypothesis test comparing the as-treated effects in the randomized group and the
observational group over all time periods showed no difference between the two cohorts (P =
0.93 for bodily pain, P = 0.67 for physical function, and P = 0.60 for the Oswestry Disability
Index).
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Results from the intention-to-treat analysis and the as-treated analysis of the two cohorts are
compared in Figure 2. The effects shown in the as-treated analysis significantly favored surgery
in both cohorts. In the combined analysis, treatment effects were significant in favor of surgery
for all primary and secondary outcome measures at each time point during the 2 years (Table
4).

DISCUSSION
In patients with imaging-confirmed spinal stenosis without spondylolisthesis and leg
symptoms persisting for at least 12 weeks, surgery was superior to nonsurgical treatment in
relieving symptoms and improving function. In the as-treated analysis, the treatment effect for
surgery was seen as early as 6 weeks, appeared to reach a maximum at 6 months, and persisted
for 2 years; it is notable that the condition of patients in the nonsurgical group improved only
moderately during the 2-year period. The intention-to-treat results must be viewed in the
context of the substantial rates of nonadherence to assigned treatment. The pattern of
nonadherence was striking because both the surgical and the nonsurgical groups were affected,
unlike the results of many studies involving surgical procedures.30 The mixing of treatments
owing to crossover can be expected to create a bias toward the null.31 The large effects seen
in the as-treated analysis and the characteristics of the crossover patients suggest that the
intention-to-treat analysis underestimated the true effect of surgery.

This study provides an opportunity to compare results involving patients who were willing to
participate in a randomized study (randomized cohort) and those who were unwilling to
participate in such a study (observational cohort).13-16 These two cohorts were remarkably
similar at baseline. Other than treatment preference, the only significant differences were small
ones in signs of nerve-root tension and the location of stenosis. The two cohorts also had similar
outcomes, without significant differences in the as-treated analyses. Given these similarities,
the combined analyses are well justified. Although these analyses are not based on randomized
treatment assignments, the results are strengthened by the use of specific inclusion and
exclusion criteria, the sample size, and adjustment for potentially confounding baseline
differences.32

The characteristics of the patients were similar to those in previous studies, even though the
latter involved mixed-cohort patients (i.e., those with or without spondylolisthesis). In our
study, the functional status of the patients at baseline was similar to that of patients in the Maine
Lumbar Spine Study7,8 (SF-36 score, 34.8 and 35.0, respectively) but worse than that in the
study by Malmivaara et al.10,11 (Oswestry Disability Index, 42.4 and 35.0, respectively).

In the as-treated analysis, the functional improvement in the surgical group at 1 year was very
similar to that in the Maine Lumbar Spine Study (26.5 and 27.0, respectively) but greater than
in the study by Malmivaara et al. (Oswestry Disability Index, −21.4 and −11.3, respectively).
Functional improvement in the nonsurgical group was greater in our study than in the previous
studies, with a change of 10.5 in the SF-36 physical function score at 1 year, as compared with
1.0 in the Maine Lumbar Spine Study, and a change of 9.3 in the Oswestry Disability Index at
2 years, as compared with 4.5 in the study by Malmivaara et al. The greater improvements in
our study, compared with those in the study by Malmivaara et al., may be related to differences
in the selection of patients. In the study by Malmivaara et al., patients with moderate spinal
stenosis were specifically selected, whereas in our study, we attempted to enroll patients with
spinal stenosis who were surgical candidates.

In the as-treated analysis, we can directly compare the estimates of treatment effect with those
of the previous studies. The estimated 1-year treatment effects for surgery were smaller in our
study than in the Maine Lumbar Spine Study (changes in bodily pain of 14.6 and 30.4,
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respectively, and in physical function of 15.9 and 25.5, respectively). However, in the Maine
Lumbar Spine Study, treatment effects for baseline differences between the study groups were
not adjusted, which probably explains these discrepancies. At 1 year, the estimated treatment
effects were similar in our study and the study by Malmivaara et al.: Oswestry Disability Index,
−12.5 and −11.3, respectively; leg pain, 17% (on a 7-point scale) and 15% (on an 11-point
scale); and back pain, 14% (on a 7-point scale) and 21% (on an 11-point scale).

It is interesting that among patients who underwent surgery, the magnitude of the mean changes
in patients with spinal stenosis was nearly identical to that in the patients with degenerative
spondylolisthesis at 2 years: bodily pain, 26.9 and 29.9, respectively; physical function, 23.0
and 26.6; Oswestry Disability Index, −20.5 and −24.2; and bothersomeness of symptoms, −7.8
and −8.9.16 The treatment effects in these studies of spinal stenosis were larger than those in
the observational study of patients with inter-vertebral disk herniation because of strong
improvements in the nonsurgical group of patients with intervertebral disk herniation that were
not seen in either stenosis group.14-16

There was little evidence of harm from either treatment. Often patients fear they will get worse
without surgery, but this was not the case for the majority of patients in the nonsurgical group,
who, on average, showed small improvements in all outcomes. The 1-year rate of reoperation
for recurrent stenosis was 1.3%, a rate similar to those reported by Malmivaara et al. (2%) and
by the Maine Lumbar Spine Study (1.2%). At 2 years, mortality was nearly the same in the
two study groups and was lower than actuarial projections. The postoperative death rate of
0.3% and the overall postoperative complication rate of 12% were slightly better than the
reported Medicare rates in patients with spinal stenosis who did not undergo spinal fusion
(death rate, 0.8%; rate of complications, 14%).1 However, higher rates of complications have
been reported with increasing age and coexisting medical conditions.33

The primary limitation of our study was the marked degree of nonadherence to randomized
treatment. This factor reduced the power of the intention-to-treat analysis to show treatment
effects, though there was still a significant treatment effect for the measure of bodily pain at 2
years. The as-treated analyses do not share the strong protection from confounding that exists
for the intention-to-treat analyses. However, these analyses were carefully adjusted for
important baseline covariates and yielded results similar to those of previous studies. The
characteristics of the crossover patients were as one might expect: those with severe symptoms
and a preference for surgery crossed over into the surgical group, and vice versa.

Another limitation was the heterogeneity of the nonsurgical treatments. Given the limited
evidence regarding efficacy of most nonsurgical treatments for spinal stenosis and individual
variability in response, the creation of a limited, fixed protocol for nonsurgical treatment was
neither clinically feasible nor generalizable. The flexible treatment protocols allowed for
individualization of nonsurgical treatment plans, reflect current practice among
multidisciplinary spine practices, and were consistent with published guidelines.34,35
However, we did not assess the effect of surgery versus any specific nonsurgical treatment.

In conclusion, in the as-treated analysis, if we combine the randomized and observational
cohorts, carefully adjusting for potentially confounding baseline factors, patients with spinal
stenosis without degenerative spondylolisthesis who underwent surgery showed significantly
greater improvement in pain, function, satisfaction, and self-rated progress than did patients
who were treated nonsurgically.
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Figure 1 (facing page). Enrollment, Randomization, and Follow-up
The numbers of patients who withdrew from the study, died, or underwent surgery are
cumulative during the 2-year follow-up period.
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Figure 2. Primary Outcomes in the Randomized and Observational Cohorts during 2 Years of
Follow-up
The graphs show both the intention-to-treat and the as-treated analyses for the randomized
cohort (column on left) and the as-treated analysis for the observational cohort (column on
right). Results for bodily pain and physical function are scores on the Medical Outcomes Study
36-item Short-Form General Health Survey (SF-36), ranging from 0 to 100, with higher score
indicating less severe symptoms. The Oswestry Disability Index (bottom row) ranges from 0
to 100, with lower scores indicating less severe symptoms. The horizontal dashed line in each
of the four SF-36 graphs represents normal values adjusted for age and sex. The I bars represent
95% confidence intervals. At 0 months, the floating data points represent the observed mean
scores for each study group, whereas the data points on plot lines represent the overall means
used in the adjusted analyses.

Weinstein et al. Page 12

N Engl J Med. Author manuscript; available in PMC 2008 October 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Weinstein et al. Page 13
Ta

bl
e 

1
D

em
og

ra
ph

ic
 C

ha
ra

ct
er

is
tic

s, 
C

oe
xi

st
in

g 
Ill

ne
ss

es
, a

nd
 M

ea
su

re
s o

f H
ea

lth
 S

ta
tu

s o
f t

he
 P

at
ie

nt
s.*

V
ar

ia
bl

e
SP

O
R

T
 S

tu
dy

 C
oh

or
t

C
om

bi
ne

d 
R

an
do

m
iz

ed
 a

nd
 O

bs
er

va
tio

na
l C

oh
or

ts
R

an
do

m
iz

ed
 G

ro
up

 (N
=2

78
)

O
bs

er
va

tio
na

l G
ro

up
 (N

=3
56

)
P 

V
al

ue
Su

rg
ic

al
 G

ro
up

 (N
=3

94
)

N
on

su
rg

ic
al

 G
ro

up
 (N

=2
40

)
P 

V
al

ue
A

ge
 —

 y
r

65
.5

±1
0.

5
63

.9
±1

2.
5

0.
10

63
.6

±1
2.

2
66

.3
±1

0.
5

0.
00

4
Fe

m
al

e 
se

x 
—

 n
o.

 (%
)

10
6 

(3
8)

14
3 

(4
0)

0.
66

15
2 

(3
9)

97
 (4

0)
0.

71
R

ac
e 

or
 e

th
ni

c 
ba

ck
gr

ou
nd

 —
 n

o.
(%

)†
   

 N
on

-H
is

pa
ni

c
25

9 
(9

3)
34

6 
(9

7)
0.

03
37

8 
(9

6)
22

7 
(9

5)
0.

55
   

 W
hi

te
23

8 
(8

6)
29

5 
(8

3)
0.

41
33

2 
(8

4)
20

1 
(8

4)
0.

95
A

tte
nd

ed
 c

ol
le

ge
 —

 n
o.

 (%
)

17
6 

(6
3)

22
5 

(6
3)

0.
96

24
5 

(6
2)

15
6 

(6
5)

0.
53

M
ar

rie
d 

—
 n

o.
 (%

)
19

7 
(7

1)
24

9 
(7

0)
0.

87
28

8 
(7

3)
15

8 
(6

6)
0.

06
Em

pl
oy

m
en

t s
ta

tu
s —

 n
o.

 (%
)

0.
12

0.
05

   
 F

ul
l-t

im
e 

or
 p

ar
t-t

im
e

88
 (3

2)
12

8 
(3

6)
14

4 
(3

7)
72

 (3
0)

   
 D

is
ab

le
d

24
 (9

)
36

 (1
0)

40
 (1

0)
20

 (8
)

   
 R

et
ire

d
14

4 
(5

2)
15

2 
(4

3)
16

7 
(4

2)
12

9 
(5

4)
   

 O
th

er
22

 (8
)

40
 (1

1)
43

 (1
1)

19
 (8

)
D

is
ab

ili
ty

 c
om

pe
ns

at
io

n 
—

 n
o.

 (%
)

‡
21

 (8
)

27
 (8

)
0.

89
30

 (8
)

18
 (8

)
0.

92

B
od

y-
m

as
s i

nd
ex

§
29

.8
±5

.6
29

.3
±5

.6
0.

31
29

.3
±5

.3
29

.9
±6

.1
0.

25
C

ur
re

nt
 sm

ok
er

 —
 n

o.
 (%

)
34

 (1
2)

28
 (8

)
0.

09
36

 (9
)

26
 (1

1)
0.

58
C

oe
xi

st
in

g 
co

nd
iti

on
 —

 n
o.

 (%
)

   
 H

yp
er

te
ns

io
n

13
4 

(4
8)

15
4 

(4
3)

0.
25

16
8 

(4
3)

12
0 

(5
0)

0.
09

   
 D

ia
be

te
s

50
 (1

8)
46

 (1
3)

0.
10

53
 (1

3)
43

 (1
8)

0.
16

   
 O

st
eo

po
ro

si
s

22
 (8

)
38

 (1
1)

0.
30

30
 (8

)
30

 (1
2)

0.
06

   
 H

ea
rt 

di
so

rd
er

80
 (2

9)
85

 (2
4)

0.
19

95
 (2

4)
70

 (2
9)

0.
19

   
 S

to
m

ac
h 

di
so

rd
er

60
 (2

2)
79

 (2
2)

0.
93

82
 (2

1)
57

 (2
4)

0.
44

   
 B

ow
el

 o
r i

nt
es

tin
al

 d
is

or
de

r
36

 (1
3)

50
 (1

4)
0.

78
49

 (1
2)

37
 (1

5)
0.

35
   

 D
ep

re
ss

io
n

36
 (1

3)
34

 (1
0)

0.
22

41
 (1

0)
29

 (1
2)

0.
60

   
 Jo

in
t d

is
or

de
r

15
8 

(5
7)

18
8 

(5
3)

0.
35

21
0 

(5
3)

13
6 

(5
7)

0.
46

   
 O

th
er

 d
is

or
de

r¶
95

 (3
4)

12
5 

(3
5)

0.
87

13
6 

(3
5)

84
 (3

5)
0.

97
Sy

m
pt

om
 d

ur
at

io
n 

>6
 m

o 
—

 n
o.

 (%
)

15
8 

(5
7)

21
0 

(5
9)

0.
64

23
6 

(6
0)

13
2 

(5
5)

0.
26

SF
-3

6 
sc

or
e∥

   
 B

od
ily

 p
ai

n
31

.9
±1

7.
5

31
.4

±1
7.

4
0.

73
28

.6
±1

6.
2

36
.6

±1
8.

4
<0

.0
01

   
 P

hy
si

ca
l f

un
ct

io
n

35
.4

±2
2.

6
34

.3
±2

3.
8

0.
55

31
.7

±2
1.

9
39

.9
±2

4.
5

<0
.0

01
   

 M
en

ta
l c

om
po

ne
nt

 su
m

m
ar

y
49

.8
±1

2.
4

49
.1

±1
1.

6
0.

47
48

.5
±1

2.
0

50
.9

±1
1.

7
0.

02
O

sw
es

try
 D

is
ab

ili
ty

 In
de

x**
42

.7
±1

7.
9

42
.1

±1
9.

0
0.

70
46

.0
±1

7.
9

36
.4

±1
7.

9
<0

.0
01

St
en

os
is

 F
re

qu
en

cy
 In

de
x††

13
.5

±5
.7

14
.2

±5
.8

0.
13

15
.2

±5
.6

11
.8

±5
.6

<0
.0

01
St

en
os

is
 B

ot
he

rs
om

en
es

s I
nd

ex
‡‡

13
.9

±5
.7

14
.7

±5
.8

0.
08

15
.6

±5
.4

12
.3

±5
.7

<0
.0

01
Lo

w
 B

ac
k 

Pa
in

 B
ot

he
rs

om
en

es
s

Sc
al

e§§
4.

0±
1.

9
4.

2±
1.

8
0.

19
4.

3±
1.

8
3.

8±
1.

8
0.

00
2

Le
g 

Pa
in

 B
ot

he
rs

om
en

es
s S

ca
le

¶¶
4.

3±
1.

7
4.

4±
1.

7
0.

44
4.

6±
1.

6
3.

9±
1.

8
<0

.0
01

Pa
tie

nt
 v

er
y 

di
ss

at
is

fie
d 

w
ith

sy
m

pt
om

s —
 n

o.
 (%

)
18

3 
(6

6)
25

0 
(7

0)
0.

27
30

9 
(7

8)
12

4 
(5

2)
<0

.0
01

Pa
tie

nt
's 

se
lf-

as
se

ss
ed

 h
ea

lth
 tr

en
d

—
 n

o.
 (%

)
0.

48
<0

.0
01

   
 P

ro
bl

em
 g

et
tin

g 
be

tte
r

18
 (6

)
28

 (8
)

14
 (4

)
32

 (1
3)

   
 P

ro
bl

em
 st

ay
in

g 
ab

ou
t t

he
 sa

m
e

95
 (3

4)
10

8 
(3

0)
10

8 
(2

7)
95

 (4
0)

   
 P

ro
bl

em
 g

et
tin

g 
w

or
se

16
0 

(5
8)

21
8 

(6
1)

26
5 

(6
7)

11
3 

(4
7)

Tr
ea

tm
en

t p
re

fe
re

nc
e 

—
 n

o.
 (%

)
<0

.0
01

<0
.0

01
   

 N
on

su
rg

ic
al

   
   

  D
ef

in
ite

ly
37

 (1
3)

86
 (2

4)
36

 (9
)

87
 (3

6)
   

   
  P

ro
ba

bl
y

61
 (2

2)
45

 (1
3)

36
 (9

)
70

 (2
9)

   
 N

ot
 su

re
95

 (3
4)

26
 (7

)
61

 (1
5)

60
 (2

5)
   

 S
ur

gi
ca

l
   

   
  D

ef
in

ite
ly

33
 (1

2)
16

3 
(4

6)
18

8 
(4

8)
8 

(3
)

   
   

  P
ro

ba
bl

y
51

 (1
8)

36
 (1

0)
73

 (1
9)

14
 (6

)
Si

gn
s a

nd
 sy

m
pt

om
s —

 n
o.

 (%
)

N Engl J Med. Author manuscript; available in PMC 2008 October 31.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Weinstein et al. Page 14
V

ar
ia

bl
e

SP
O

R
T

 S
tu

dy
 C

oh
or

t
C

om
bi

ne
d 

R
an

do
m

iz
ed

 a
nd

 O
bs

er
va

tio
na

l C
oh

or
ts

R
an

do
m

iz
ed

 G
ro

up
 (N

=2
78

)
O

bs
er

va
tio

na
l G

ro
up

 (N
=3

56
)

P 
V

al
ue

Su
rg

ic
al

 G
ro

up
 (N

=3
94

)
N

on
su

rg
ic

al
 G

ro
up

 (N
=2

40
)

P 
V

al
ue

   
 N

eu
ro

ge
ni

c 
cl

au
di

ca
tio

n
21

9 
(7

9)
28

9 
(8

1)
0.

51
31

7 
(8

0)
19

1 
(8

0)
0.

87
   

 P
ai

n 
on

 st
ra

ig
ht

-le
g 

ra
is

in
g 

or
fe

m
or

al
-n

er
ve

 te
ns

io
n 

si
gn

41
 (1

5)
91

 (2
6)

0.
00

1
85

 (2
2)

47
 (2

0)
0.

62

   
 D

er
m

at
om

al
 p

ai
n 

ra
di

at
io

n
21

5 
(7

7)
28

4 
(8

0)
0.

52
31

0 
(7

9)
18

9 
(7

9)
0.

94
   

 A
ny

 n
eu

ro
lo

gi
c 

de
fic

it
14

6 
(5

3)
20

3 
(5

7)
0.

29
21

0 
(5

3)
13

9 
(5

8)
0.

29
   

   
  A

sy
m

m
et

ric
 d

ep
re

ss
ed

 re
fle

xe
s

76
 (2

7)
92

 (2
6)

0.
74

10
2 

(2
6)

66
 (2

8)
0.

72
    

    
A

sy
m

m
et

ric
 d

ec
re

as
e i

n 
se

ns
or

y
re

fle
xe

s
68

 (2
4)

11
4 

(3
2)

0.
05

11
6 

(2
9)

66
 (2

8)
0.

66

   
   

  A
sy

m
m

et
ric

 m
ot

or
 w

ea
kn

es
s

71
 (2

6)
10

6 
(3

0)
0.

28
10

4 
(2

6)
73

 (3
0)

0.
32

St
en

os
is

 le
ve

l —
 n

o.
 (%

)
   

 L
2—

L3
77

 (2
8)

10
2 

(2
9)

0.
86

12
1 

(3
1)

58
 (2

4)
0.

09
   

 L
3—

L4
18

3 
(6

6)
23

7 
(6

7)
0.

91
26

6 
(6

8)
15

4 
(6

4)
0.

44
   

 L
4—

L5
25

5 
(9

2)
32

4 
(9

1)
0.

86
36

2 
(9

2)
21

7 
(9

0)
0.

63
   

 L
5—

S1
72

 (2
6)

10
1 

(2
8)

0.
55

10
0 

(2
5)

73
 (3

0)
0.

20
M

od
er

at
e o

r s
ev

er
e s

te
no

tic
 le

ve
ls

 —
no

. (
%

)
0.

45
0.

19

   
 0

4 
(1

)
11

 (3
)

6 
(2

)
9 

(4
)

   
 1

10
6 

(3
8)

12
8 

(3
6)

14
0 

(3
6)

94
 (3

9)
   

 2
10

9 
(3

9)
13

2 
(3

7)
15

3 
(3

9)
88

 (3
7)

   
 ≥

3
59

 (2
1)

85
 (2

4)
95

 (2
4)

49
 (2

0)
Lo

ca
tio

n 
of

 st
en

os
is

 —
 n

o.
 (%

)
   

 C
en

tra
l

24
1 

(8
7)

30
2 

(8
5)

0.
58

33
8 

(8
6)

20
5 

(8
5)

0.
99

   
 L

at
er

al
 re

ce
ss

23
6 

(8
5)

26
7 

(7
5)

0.
00

3
32

1 
(8

1)
18

2 
(7

6)
0.

11
   

 N
eu

ro
fo

ra
m

en
88

 (3
2)

11
9 

(3
3)

0.
70

11
9 

(3
0)

88
 (3

7)
0.

11
Se

ve
rit

y 
of

 st
en

os
is

 —
 n

o.
 (%

)
0.

24
0.

00
6

   
 M

ild
4 

(1
)

11
 (3

)
6 

(2
)

9 
(4

)
   

 M
od

er
at

e
13

1 
(4

7)
15

1 
(4

2)
16

1 
(4

1)
12

1 
(5

0)
   

 S
ev

er
e

14
3 

(5
1)

19
4 

(5
4)

22
7 

(5
8)

11
0 

(4
6)

Sp
in

al
 in

st
ab

ili
ty

0
0

0
0

* Pl
us

–m
in

us
 v

al
ue

s a
re

 m
ea

ns
 ±

SD
. P

at
ie

nt
s i

n 
th

e 
co

m
bi

ne
d 

tw
o 

co
ho

rts
 w

er
e 

cl
as

si
fie

d 
ac

co
rd

in
g 

to
 w

he
th

er
 th

ey
 re

ce
iv

ed
 su

rg
ic

al
 tr

ea
tm

en
t o

r n
on

su
rg

ic
al

 tr
ea

tm
en

t d
ur

in
g 

th
e 

fir
st

 2
 y

ea
rs

 o
f

en
ro

llm
en

t. 
N

um
be

rs
 o

f p
at

ie
nt

s i
nc

lu
de

 o
nl

y 
th

os
e 

w
ho

 c
om

pl
et

ed
 a

t l
ea

st
 o

ne
 fo

llo
w

-u
p 

su
rv

ey
 w

ith
in

 2
 y

ea
rs

 a
fte

r e
nr

ol
lm

en
t.

† R
ac

e 
or

 e
th

ni
c 

gr
ou

p 
w

as
 se

lf-
re

po
rte

d.
 W

hi
te

s a
nd

 b
la

ck
s c

ou
ld

 b
e 

ei
th

er
 H

is
pa

ni
c 

or
 n

on
-H

is
pa

ni
c.

‡ Th
is

 c
at

eg
or

y 
in

cl
ud

es
 p

at
ie

nt
s w

ho
 w

er
e 

re
ce

iv
in

g 
or

 h
ad

 a
pp

lic
at

io
ns

 p
en

di
ng

 fo
r w

or
ke

rs
' c

om
pe

ns
at

io
n,

 S
oc

ia
l S

ec
ur

ity
 b

en
ef

its
, o

r o
th

er
 c

om
pe

ns
at

io
n.

§ Th
e 

bo
dy

-m
as

s i
nd

ex
 is

 th
e 

w
ei

gh
t i

n 
ki

lo
gr

am
s d

iv
id

ed
 b

y 
th

e 
sq

ua
re

 o
f t

he
 h

ei
gh

t i
n 

m
et

er
s.

¶ O
th

er
 d

is
or

de
rs

 in
cl

ud
ed

 p
ro

bl
em

s r
el

at
ed

 to
 st

ro
ke

, c
an

ce
r, 

lu
ng

 d
is

or
de

rs
, f

ib
ro

m
ya

lg
ia

, c
hr

on
ic

 fa
tig

ue
 sy

nd
ro

m
e,

 p
os

t-t
ra

um
at

ic
 st

re
ss

 d
is

or
de

r, 
al

co
ho

l o
r d

ru
g 

de
pe

nd
en

cy
, m

ig
ra

in
e,

 a
nx

ie
ty

, o
r

di
so

rd
er

s o
f t

he
 li

ve
r, 

ki
dn

ey
, b

lo
od

 v
es

se
ls

, o
r n

er
vo

us
 sy

st
em

.

∥ Sc
or

es
 o

n 
th

e 
M

ed
ic

al
 O

ut
co

m
es

 S
tu

dy
 3

6-
ite

m
 S

ho
rt-

Fo
rm

 G
en

er
al

 H
ea

lth
 S

ur
ve

y 
(S

F-
36

) r
an

ge
 fr

om
 0

 to
 1

00
, w

ith
 h

ig
he

r s
co

re
s i

nd
ic

at
in

g 
le

ss
 se

ve
re

 sy
m

pt
om

s.

**
Th

e 
O

sw
es

try
 D

is
ab

ili
ty

 In
de

x 
ra

ng
es

 fr
om

 0
 to

 1
00

, w
ith

 lo
w

er
 sc

or
es

 in
di

ca
tin

g 
le

ss
 se

ve
re

 sy
m

pt
om

s.

††
Th

e 
St

en
os

is
 F

re
qu

en
cy

 In
de

x 
ra

ng
es

 fr
om

 0
 to

 2
4,

 w
ith

 lo
w

er
 sc

or
es

 in
di

ca
tin

g 
le

ss
 se

ve
re

 sy
m

pt
om

s.

‡‡
Th

e 
St

en
os

is
 B

ot
he

rs
om

en
es

s I
nd

ex
 ra

ng
es

 fr
om

 0
 to

 2
4,

 w
ith

 lo
w

er
 sc

or
es

 in
di

ca
tin

g 
le

ss
 se

ve
re

 sy
m

pt
om

s.

§§
Th

e 
Lo

w
 B

ac
k 

Pa
in

 B
ot

he
rs

om
en

es
s S

ca
le

 ra
ng

es
 fr

om
 0

 to
 6

, w
ith

 lo
w

er
 sc

or
es

 in
di

ca
tin

g 
le

ss
 se

ve
re

 sy
m

pt
om

s.

¶¶
Th

e 
Le

g 
Pa

in
 B

ot
he

rs
om

en
es

s S
ca

le
 ra

ng
es

 fr
om

 0
 to

 6
, w

ith
 lo

w
er

 sc
or

es
 in

di
ca

tin
g 

le
ss

 se
ve

re
 sy

m
pt

om
s.

N Engl J Med. Author manuscript; available in PMC 2008 October 31.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Weinstein et al. Page 15

Table 2
Surgical Treatments, Complications, and Events.*

Variable Randomized Cohort (N =
155)

Observational Cohort (N =
239)

P Value

Procedure — no./total no. (%) 0.49
    Decompression only 137/154 (89) 209/235 (89)
    Noninstrumented fusion 6/154 (4) 14/235 (6)
    Instrumented fusion 11/154 (7) 12/235 (5)
Multilevel fusion — no./total no. (%) 5/155 (3) 11/239 (5) 0.68
Decompression level — no./total no. (%)
    L2-L3 53/152 (35) 90/235 (38) 0.57
    L3-L4 115/152 (76) 157/235 (67) 0.081
    L4-L5 140/152 (92) 218/235 (93) 0.97
    L5-S1 60/152 (39) 89/235 (38) 0.83
Levels decompressed — no./total no. (%) 0.92
    None 3/155 (2) 4/239 (2)
    1 33/155 (21) 54/239 (23)
    2 47/155 (30) 78/239 (33)
    ≥3 72/155 (46) 103/239 (43)
Operation time — min 128.4±64.7 127.8±66.2 0.93
Blood loss — ml 338.5±527.1 295.6±312.6 0.31
Blood replacement — no./total no. (%)
    Intraoperative transfusion 14/152 (9) 23/238 (10) 0.98
    Postoperative transfusion 6/153 (4) 13/238 (5) 0.65
No. of days in hospital 3.5±2.6 3.0±2.2 0.13
Postoperative mortality — no./total no. (%)†
    Within 6 wk 0/155 1/239 (<1) 0.83
    Within 3 mo 0/155 1/239 (<1) 0.83
Intraoperative complications — no./total no. (%)‡
    Dural tear or spinal fluid leak 13/155 (8) 23/238 (10) 0.80
    Other 1/155 (1) 2/238 (1) 0.71
    None 141/155 (91) 213/238 (89) 0.76
Postoperative complications or events — no./total no. (%)§
    Wound hematoma 3/153 (2) 1/238 (<1) 0.34
    Wound infection 3/153 (2) 5/238 (2) 0.79
    Other 8/153 (5) 13/238 (5) 0.90
    None 135/153 (88) 208/238 (87) 0.93
Additional surgery — no./total no. (%)¶
    Any surgery
        At 1 yr 6/157 (4) 15/243 (6) 0.29
        At 2 yr 10/157 (6) 21/243 (9) 0.39
    Recurrent stenosis or progressive spondylolisthesis
        At 1 yr 3/155 (2) 2/241 (1)
        At 2 yr 6/155 (4) 5/241 (2)
    Pseudarthrosis or fusion exploration
        At 1 yr 0/155 0/239
        At 2 yr 0/155 0/239
    Complication or other problem
        At 1 yr 3/155 (2) 10/241 (4)
        At 2 yr 4/155 (3) 11/241 (5)
    New condition
        At 1 yr 0/155 2/241 (1)
        At 2 yr 1/155 (1) 5/241 (2)
*
Plus—minus values are means ±SD. A total of 157 patients in the randomized cohort and 243 patients in the observational cohort underwent surgery.

Data are missing for patients in some categories, as indicated by varying denominators.

†
One patient had a myocardial infarction.

‡
None of the following were reported: aspiration, nerve-root injury, operation at wrong level, and vascular injury.

§
This category includes all reported complications up to 8 weeks after surgery. None of the following were reported: bone-graft complication, cerebrospinal

fluid leak, paralysis, cauda equina injury, wound dehiscence, pseudarthrosis, and nerve-root injury.

¶
Rates of repeated surgery at 1 and 2 years are Kaplan—Meier estimates. P values were calculated with the use of the log-rank test.
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