
T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 374;15  nejm.org  April 14, 20161424

From the Alan L. and Jacqueline B. Stuart 
Spine Research Center, the Department 
of Neurosurgery, Lahey Hospital and Med-
ical Center, Burlington (Z.G., S.N.M.), 
and the Department of Neurosurgery, 
Massachusetts General Hospital (W.E.B., 
J.-V.C.E.C., F.G.B.), and Tufts Clinical and 
Translational Science Institute, Tufts Uni-
versity School of Medicine (N.T.), Boston 
— all in Massachusetts; Wallace Trials 
Center, Greenwich Hospital, Greenwich 
(Z.G.), and Yale Center for Analytical Sci-
ences, Yale School of Public Health, New 
Haven (J.D., F.D.) — both in Connecti-
cut; the Department of Neurosurgery, 
University of New Mexico, Albuquerque 
(J.F.H.); the Department of Neurosur-
gery, University of Illinois at Chicago, 
Chicago (S.A.-H.); Perelman School of 
Medicine (J.S.S.), Wharton School of Busi-
ness (J.S.S), and the Leonard Davis Insti-
tute ( J.S.S.), University of Pennsylvania, 
Philadelphia; Barrow Neurosurgical As-
sociates, Barrow Neurological Institute, 
Phoenix, AZ (V.K.H.S.); and the Center 
for Spine Health and the Department of 
Neurosurgery, Cleveland Clinic Founda-
tion, Cleveland (E.C.B.). Address reprint 
requests to Dr. Ghogawala at the Depart-
ment of Neurosurgery, Lahey Hospital 
and Medical Center, 41 Mall Rd., Burling-
ton, MA 01805, or at zoher​.ghogawala@​
lahey​.org.

Drs. Barker and Benzel contributed equal-
ly to this article.

N Engl J Med 2016;374:1424-34.
DOI: 10.1056/NEJMoa1508788
Copyright © 2016 Massachusetts Medical Society.

BACKGROUND
The comparative effectiveness of performing instrumented (rigid pedicle screws affixed 
to titanium alloy rods) lumbar spinal fusion in addition to decompressive laminectomy 
in patients with symptomatic lumbar grade I degenerative spondylolisthesis with spinal 
stenosis is unknown.
METHODS
In this randomized, controlled trial, we assigned patients, 50 to 80 years of age, who had 
stable degenerative spondylolisthesis (degree of spondylolisthesis, 3 to 14 mm) and symp-
tomatic lumbar spinal stenosis to undergo either decompressive laminectomy alone (de-
compression-alone group) or laminectomy with posterolateral instrumented fusion (fusion 
group). The primary outcome measure was the change in the physical-component sum-
mary score of the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36; 
range, 0 to 100, with higher scores indicating better quality of life) 2 years after surgery. 
The secondary outcome measure was the score on the Oswestry Disability Index (range, 
0 to 100, with higher scores indicating more disability related to back pain). Patients were 
followed for 4 years.
RESULTS
A total of 66 patients (mean age, 67 years; 80% women) underwent randomization. The 
rate of follow-up was 89% at 1 year, 86% at 2 years, and 68% at 4 years. The fusion group 
had a greater increase in SF-36 physical-component summary scores at 2 years after 
surgery than did the decompression-alone group (15.2 vs. 9.5, for a difference of 5.7; 95% 
confidence interval, 0.1 to 11.3; P = 0.046). The increases in the SF-36 physical-component 
summary scores in the fusion group remained greater than those in the decompression-
alone group at 3 years and at 4 years (P = 0.02 for both years). With respect to reductions 
in disability related to back pain, the changes in the Oswestry Disability Index scores at 
2 years after surgery did not differ significantly between the study groups (−17.9 in the 
decompression-alone group and −26.3 in the fusion group, P = 0.06). More blood loss and 
longer hospital stays occurred in the fusion group than in the decompression-alone group 
(P<0.001 for both comparisons). The cumulative rate of reoperation was 14% in the fusion 
group and 34% in the decompression-alone group (P = 0.05).
CONCLUSIONS
Among patients with degenerative grade I spondylolisthesis, the addition of lumbar spinal 
fusion to laminectomy was associated with slightly greater but clinically meaningful im-
provement in overall physical health–related quality of life than laminectomy alone. 
(Funded by the Jean and David Wallace Foundation and others; SLIP ClinicalTrials.gov 
number, NCT00109213.)
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The increased use of the lumbar spi-
nal fusion procedure in the United States, 
along with the wide variation in practice, 

is attracting interest from multiple stakeholders, 
including patients, physicians, payers, and policy-
makers. In a report published in 2014, spinal 
fusion (465,000 hospital-based procedures in 2011) 
accounted for the highest aggregate hospital 
costs ($12.8 billion in 2011) of any surgical pro-
cedure performed in U.S. hospitals.1 The random-
ized, controlled Spine Patient Outcomes Research 
Trial (SPORT) showed that surgery was superior 
to nonoperative care for the management of lum-
bar degenerative spondylolisthesis.2 In SPORT, 
most patients in the surgical group were treated 
by means of laminectomy with fusion. Herkowitz 
et al., in a nonrandomized, prospective, com-
parative study, found that laminectomy with fu-
sion was superior to laminectomy alone; however, 
to date, there is no class I evidence that laminec-
tomy plus fusion is superior to laminectomy 
alone for the treatment of degenerative spondy-
lolisthesis.3,4 This lack of evidence complicates 
efforts to guide and standardize practice, such 
as through dissemination of clinical practice 
guidelines. A number of prospective studies with 
at least 5 years of follow-up after surgery have 
suggested that lumbar decompression without 
fusion is associated with excellent outcomes.5-7

The hypothesis tested by the Spinal Laminec-
tomy versus Instrumented Pedicle Screw (SLIP) 
trial was that lumbar laminectomy with instru-
mented (rigid pedicle screws affixed to titanium 
alloy rods) fusion would result in greater improve-
ment than that with laminectomy alone in the 
primary outcome measure — the change in the 
physical-component summary score of the Med-
ical Outcomes Study 36-Item Short-Form Health 
Survey (SF-36; range, 0 to 100, with higher 
scores indicating better physical health–related 
quality of life) — at 2 years. Here, we report the 
results of the primary 2-year outcome of the 
SLIP trial, as well as the longer-term 3-year and 
4-year outcomes.

Me thods

Study Design and Oversight

In this randomized, controlled trial, patients 
from five centers were assessed for eligibility 
during the period from March 2002 through 
August 2009; the majority (51 patients) were 
enrolled at one site (for details on the enrollment 

statistics, see the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org). 
The primary outcome measure, as specified in 
the final protocol (available at NEJM.org), was the 
change in the SF-36 physical-component sum-
mary score at 2 years, although the change at 
both 1 year and 2 years was registered as the 
primary outcome measure in the initial protocol. 
The initial trial registration included the score 
on the Oswestry Disability Index (ODI) as an ad-
ditional primary outcome measure; however, the 
final trial protocol, which was prepared in July 
2006 (before the completion of the trial or any 
analyses of trial data), specified the ODI score as 
a secondary outcome measure. The initial proto-
col also specified that follow-up would continue 
through 5 years; however, the analysis was re-
stricted to 4-year follow-up data because of 
funding limitations and high dropout rates after 
4 years of follow-up. The study plan called for 
the enrollment of 100 patients and the random 
assignment of at least 64 patients, with funding 
to enroll approximately 40 patients in a parallel 
registry — an observation cohort for patients 
who declined to undergo randomization.

Data were managed at the Wallace Clinical 
Trials Center in Greenwich, Connecticut. There 
was no industry funding or any other industry 
involvement in the SLIP trial. The authors vouch 
for the accuracy and completeness of the data 
and analyses and for the fidelity of this report to 
the trial protocol. Institutional review board ap-
proval was obtained at all five participating 
sites. Written informed consent was obtained 
from all enrolled patients.

Patients

All patients with grade I lumbar spondylolisthesis 
(degree of spondylolisthesis, 3 to 14 mm) with 
lumbar stenosis and neurogenic claudication with 
or without lumbar radiculopathy were eligible 
for inclusion. Patients were excluded if radiogra-
phy revealed lumbar instability (motion of >3 mm 
at the level of listhesis, as measured on flexion–
extension radiographs of the lumbar spine), if 
they were judged by the enrolling surgeon to 
have lumbar instability because of a history of 
mechanical low back pain with axial loading 
of  the spine, if they had had previous lumbar 
spinal surgery, or if they had American Society of 
Anesthesiologists (ASA) class IV or higher disease 
(with classes ranging from I to VI and higher 
classes indicating more severe systemic disease).
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Patients were screened and enrolled by trial 
coordinators at each site. A panel of 10 expert 
spine surgeons was formed to review a brief 
clinical vignette plus four standardized radio-
graphic and magnetic resonance images for each 
patient to assess suitability for randomization. 
This novel approach appeared to increase patient 
consent to undergo randomization (see the Sup-
plementary Appendix).8,9 Radiographic and mag-
netic resonance images from each patient were 
reviewed centrally by two neuroradiologists and 
one neurosurgeon to verify degenerative lumbar 
canal stenosis with spondylolisthesis without disk 
herniation. In addition, independent radiologic 
review of postoperative computed tomographic 
scans confirmed adherence to the study protocol.

Interventions

All patients underwent either decompression alone 
(decompression-alone group) or decompression 
with posterolateral instrumented fusion (fusion 
group) at the single level of spondylolisthesis. 
Decompression was performed by means of a 
complete laminectomy with partial removal of 
the medial facet joint.10,11 Patients in the fusion 
group underwent a lumbar laminectomy as well 
as implantation of pedicle screws and titanium 
alloy rods across the level of listhesis, with a 
bone graft harvested from the iliac crest.12,13 The 
SLIP trial did not include the use of bone mor-
phogenetic protein, interbody devices, or mini-
mally invasive techniques for the placement of 
percutaneous pedicle screws. All the surgeons 
routinely performed both operations tested in 
the trial; each of the surgeons had performed at 
least 100 laminectomies and 100 posterolateral 
fusions for lumbar spondylolisthesis before join-
ing the SLIP trial.

Outcome Measures

The primary outcome measure was the change 
in the SF-36 physical-component summary score 
at 2 years after surgery. The minimal clinically 
important difference, which was determined on 
the basis of previous studies, was prespecified to 
be 5 points.14,15 The secondary outcome measure 
was the change in the disease-specific ODI score 
(range, 0 to 100, with higher scores indicating 
more disability related to back pain).16 The mini-
mal clinically important difference for the ODI 
was 10 points.15,17,18 Initial clinical assessments 
were performed during routine outpatient visits 

at 1.5 months and 3 months by an independent 
study coordinator who was not aware of the 
study hypothesis. After 3 months, validated out-
come assessment tools (SF-36 and ODI) were 
mailed to each patient, who then completed and 
returned them. A study coordinator attempted to 
contact patients at least three times to improve 
patient retention. Additional outcome measures 
that were prespecified in the protocol included 
operative complications and reoperations. Reoper-
ation was performed at the discretion of the 
surgeon; patients were contacted annually by 
independent study coordinators for assessment 
of the outcomes of reoperation. A prespecified 
hospital cost analysis was also described in the 
protocol, although it has not yet been conducted. 
Although not explicitly described in the proto-
col, we collected and reported data on estimated 
blood loss, operative time, and length of stay in 
the hospital.

Statistical Analysis

The sample size was estimated on the basis of a 
previous prospective pilot study that was per-
formed by the principal investigator in 2004.10 
No data from the pilot study were included in 
this report. We assumed a standard deviation of 
10 for the change in SF-36 physical-component 
summary score and a 10% rate of loss to follow-
up at 2 years. We estimated that with a sample 
size of 64 patients (32 patients in each random-
ized group), the study would have 80% power to 
detect a between-group difference of 7.5 points 
in the degree of improvement in SF-36 physical-
component summary scores, at a two-sided sig-
nificance level of 0.05.

The strategy for analysis was developed after 
the trial was completed but before the examina-
tion of the data (see the statistical analysis plan, 
which is available with the protocol). The base-
line characteristics of the patients were com-
pared between the groups with the use of inde-
pendent-sample t-tests for continuous variables, 
which are presented as means and standard de-
viations, and the chi-square test or Fisher’s exact 
test for categorical variables, which are present-
ed as numbers and percentages. Analyses of the 
primary outcome were performed among all pa-
tients who had follow-up assessments, according 
to their original randomized treatment assign-
ments.

The between-group comparisons of changes 
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in SF-36 and ODI scores from baseline were 
made with the use of mixed-effects models for 
repeated measures. An unstructured covariance 
matrix was specified to account for the within-
patient correlations of repeatedly measured out-
comes. Fixed effects for site, treatment (decom-
pression with fusion vs. decompression alone), 
time (1.5 months, 3 months, 6 months, 1 year, 
2 years, 3 years, and 4 years after randomiza-
tion), and time-by-treatment interaction were in-
cluded and were reported as least-squares means 
and 95% confidence intervals. We computed the 
robust standard errors and test statistics involving 
the fixed effects by specifying the EMPIRICAL 
option within the PROC MIXED procedure (SAS 
Institute). Comparisons of least-squares means 
between the treatment groups at each time point 
and between time points within each treatment 
group were performed with the use of appropri-
ate contrasts within the mixed-effect models for 
repeated measures.19

We compared the percentage of patients in 
the two groups who had a prespecified mini-
mal clinically important difference of 5 points in 
the SF-36 physical-component summary score14,15 
at 2 years by fitting a random-intercept logistic-
regression model using PROC GLIMMIX (SAS 
Institute), with adjustment made for the same 
list of fixed effects. All analyses were per-
formed with SAS software, version 9.4 (SAS In-
stitute).20

R esult s

Patients

Figure 1 shows the enrollment, randomization, 
and follow-up for the SLIP trial. Overall, 130 pa-
tients were screened and identified as eligible; 
24 eligible patients declined to participate in 
either treatment group. Among the remaining 
106 patients, 66 consented to undergo random-
ization and 40 declined to undergo randomiza-
tion because they had a clear preference for a 
particular surgical strategy, although they agreed 
to remain in an observation group. One patient 
who was randomly assigned to the decompres-
sion-alone group never had surgery. There were 
no crossovers from either randomized strategy. 
A total of 14 patients in the two groups under-
went a subsequent reoperation; data from these 
patients were not censored and were included in 
the analysis of the primary outcome measure 

according to the treatment group to which the 
patient had been randomly assigned.

The mean age of the study population was 67 
years, and 80% were women; the age and the 
preponderance of women are both consistent 
with findings in previous reports on patients with 
degenerative spondylolisthesis.2 Baseline charac-
teristics of patients randomly assigned to the 
decompression-alone group and of those assigned 
to the fusion group are shown in Table 1. The 
patients in the fusion group had a mean baseline 
SF-36 physical-component summary score that 
was 3.2 points lower than that in the decom-
pression-alone group (P = 0.08). Three of the 28 
patients in the fusion group for whom data on 
ASA classification were available (11%), as com-
pared with none of the 33 in the decompression-
alone group with available data, had ASA class III 
disease (P = 0.09). The degree of spondylolisthe-
sis was 5.6 mm in the fusion group and 6.5 mm 
in the decompression-alone group (P = 0.10).

Primary Outcome Measure

At 2 years after surgery, patients in the fusion 
group had a significantly greater increase in the 
SF-36 physical-component summary score than 
did those in the decompression-alone group 
(15.2 points; 95% confidence interval [CI], 10.9 to 
19.5; vs. 9.5 points; 95% CI, 5.2 to 13.8) (Table 2). 
There was a significant between-group difference 
in the mean treatment effect (i.e., change in SF-36 
physical-component summary score from base-
line) of 5.7 points (95% CI, 0.1 to 11.3; P = 0.046). 
The magnitude of the difference in treatment ef-
fect was sustained longitudinally over the 4 years 
after surgery (difference at 4 years, 6.7 points; 
95% CI, 1.2 to 12.3; P = 0.02) (Table 2 and Fig. 2).

Among the patients who were available for 
the 2-year follow-up, 24 of 28 in the fusion 
group and 20 of 29 in the decompression-alone 
group had a prespecified minimal clinically 
important difference of 5 points in the SF-36 
physical-component summary score. According 
to a random-intercept logistic-regression model, 
the predicted rate of a minimal clinically impor-
tant difference of 5 points at the 2-year follow-
up was 91.9% (95% CI, 73.1 to 97.9) among pa-
tients in the fusion group and 76.1% (95% CI, 
49.7 to 91.1) among patients in the decompres-
sion-alone group (difference, 15.8 percentage 
points; 95% CI, −16.0 to 47.6; P = 0.18).

No prespecified plan was outlined for the 
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Figure 1. Eligibility, Randomization, and Follow-up.

66 Underwent randomization

130 Patients were assessed for eligibility

106 Were enrolled in the study

24 Were excluded

40 Declined randomization but were
included in an observation cohort

35 Were assigned to undergo laminectomy
31 Were assigned to undergo laminectomy

plus fusion  

4 Missed the follow-up visit

4 Missed the follow-up visit

4 Missed the follow-up visit

31 Were included in the 6-wk follow-up 27 Were included in the 6-wk follow-up

31 Were included in the 3-mo follow-up

2 Missed the follow-up visit

33 Were included in the 6-mo follow-up

2 Missed the follow-up visit
1 Was lost to follow-up

32 Were included in the 1-yr follow-up

1 Missed the follow-up visit
3 Were lost to follow-up
2 Died

29 Were included in the 2-yr follow-up

3 Missed the follow-up visit
6 Were lost to follow-up
3 Died

23 Were included in the 3-yr follow-up

6 Were lost to follow-up
3 Died 

26 Were included in the 4-yr follow-up

6 Missed the follow up-visit

25 Were included in the 3-mo follow-up

3 Missed the follow-up visit

28 Were included in the 6-mo follow-up

3 Missed the follow-up visit
1 Was lost to follow-up

27 Were included in the 1-yr follow-up

2 Missed the follow-up visit
1 Was lost to follow-up

28 Were included in the 2-yr follow-up

3 Missed the follow-up visit
5 Were lost to follow-up

23 Were included in the 3-yr follow-up

6 Missed the follow-up visit
6 Were lost to follow up

19 Were included in the 4-yr follow-up
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adjustment of baseline differences between the 
groups. For three of the baseline values (SF-36 
physical-component summary, ASA class, and 

degree of spondylolisthesis), there were mar-
ginal, nonsignificant differences between the 
treatment groups, with P values between 0.05 

Characteristic

Decompression- 
Alone Group 

(N = 35)

Fusion 
Group 

(N = 31)

Age — yr 66.5±8.0 66.7±7.2

Female sex — no. (%) 27 (77) 26 (84)

Walking capacity — min† 16.0±14.7 15.1±8.7

Motor deficit — no./total no. (%)‡ 8/34 (24) 8/31 (26)

SF-36 physical-component summary score§ 34.7±7.0 31.5±7.3

Physical function   44.7±22.8   38.7±23.7

Bodily pain   33.9±16.3   28.1±13.3

Vitality   45.0±19.8   47.7±23.3

ODI score¶   36.3±15.2   38.8±16.0

Body-mass index‖ 27.1±6.1 29.5±6.5

Degree of spondylolisthesis — mm**   6.5±2.3   5.6±2.2

Spinal canal area at the level of listhesis — mm2**   39.2±45.1   38.1±27.7

Flexion–extension movement at listhesis — mm**   1.3±1.0   1.6±1.4

ASA class III — no./total no. (%)†† 0/33 3/28 (11)

Rotatory scoliosis >15 degrees — no./total no. (%)** 3/31 (10) 4/27 (15)

Lateral scoliosis >15 degrees — no./total no. (%)** 7/31 (23) 3/27 (11)

Disk-space height — mm** 7.3±2.6 8.2±2.9

* 	�Plus–minus values are means ±SD. No between-group differences were significant at P<0.05. Three baseline variables
differed between the groups with P values between 0.05 and 0.10: the physical-component summary score of the
Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) (P = 0.08), American Society of Anesthesiologists
(ASA) class (P = 0.09), and degree of spondylolisthesis (P = 0.10).

†	� Walking capacity measured the number of minutes a patient could walk without stopping. Data were available for 26 
patients in the decompression-alone group and 28 in the fusion group.

‡	� Motor deficit refers to measurable weakness in motor function detected on physical examination of a patient.
§ 	�The physical-component summary of the SF-36 includes general health and vitality, physical functioning, role–physical,

and bodily pain; scores range from 0 to 100, with higher scores indicating better quality of life.
¶	� Scores from the Oswestry Disability Index (ODI) range from 0 to 100, with higher scores indicating more disability 

related to back pain.
‖	� The body-mass index is the weight in kilograms divided by the square of the height in meters. Data were available for 

33 patients in the decompression-alone group and 28 in the fusion group.
**	� Values were determined by central independent image review. The degree of spondylolisthesis and disk-space height 

were measured from a lateral-view lumbar radiograph, obtained with the patient in a standing position. Data on the 
degree of spondylolisthesis and on disk-space height were available for 35 patients in the decompression-alone group 
and 29 in the fusion group. Spinal canal area at the level of listhesis was calculated from axial T2-weighted magnetic 
resonance images by measurement of the anterior–posterior and lateral dimensions of the thecal sac, as described 
previously21; data were available for 35 patients in the decompression-alone group and 28 in the fusion group. Flexion– 
extension movement was measured from flexion–extension radiographs at the level of listhesis, obtained with the pa-
tient in a standing position; data were available for 32 patients in the decompression-alone group and 28 in the fusion 
group. Rotatory and lateral scoliosis greater than 15 degrees were assessed from reconstructed lumbar computed 
tomographic scans.

††	� The physical status classification system of the ASA ranges from I to VI, with higher classes indicating greater risk 
(class I, healthy patients; class II, mild systemic disease; and class III, severe systemic disease limiting normal activi-
ty; no patients with ASA class IV [severe systemic disease that is a constant threat to life], class V [moribund patient 
not expected to survive 24 hours with or without operation], or class VI [brain-dead patient whose organs are being 
removed for donor purposes] were included in the study).

Table 1. Baseline Characteristics of the Patients.*
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and 0.10 (Table 1). When a separate analysis was 
performed to adjust for these baseline differ-
ences, the fusion group had greater (although 
not significantly greater) increases in SF-36 
physical-component summary scores than did 
the decompression-alone group at 2 years (3.9 
points; 95% CI, −1.9 to 9.7; P = 0.19), 3 years 
(5.8 points; 95% CI, −0.4 to 12.1; P = 0.07), and 
4 years (4.6 points; 95% CI, −0.9 to 10.2; P = 0.10).

Secondary Outcome Measures and Surgical 
Complications

The differences between the treatment groups in 
the amelioration of disability related to low back 
pain, as measured by the change in ODI score at 
2, 3, and 4 years, were not significant (Table 2). 
As shown in Figure 2C, the fusion group had 
a  lower rate of reoperation over the course of 
4 years than did the decompression-alone group 
(14% vs. 34%, P = 0.05). All the reoperations per-

formed in the decompression-alone group were 
at the index level to address subsequent clinical 
instability. In contrast, all the reoperations per-
formed in the fusion group were at an adjacent 
lumbar level (either disk herniation or clinical 
instability). Obesity (body-mass index [the weight 
in kilograms divided by the square of the height 
in meters] >30) was not a risk factor for reopera-
tion (rates of reoperation were 21% among obese 
patients and 28% among nonobese patients, 
P = 0.58). With respect to surgical complications, 
blood loss, length of stay, and length of proce-
dure were significantly greater in the fusion 
group than in the decompression-alone group 
(Table 3).

Discussion

The comparative effectiveness of instrumented 
fusion with laminectomy versus laminectomy 

Outcome Change from Baseline
Difference in Change, Fusion vs. 
Decompression-Alone (95% CI) P Value

Decompression-
Alone Group

Fusion 
Group

SF-36 physical-component 
summary score

Baseline† 34.7 31.5 NA NA

1.5 mo 6.3 5.1 −1.1 (−5.9 to 3.7) 0.64

3 mo 7.7 12.2 4.5 (−0.7 to 9.7) 0.09

6 mo 9.2 15.6 6.4 (1.1 to 11.7) 0.02

1 yr 11.3 15.3 3.9 (−1.5 to 9.4) 0.16

2 yr 9.5 15.2 5.7 (0.1 to 11.3) 0.046

3 yr 7.9 15.3 7.4 (1.1 to 13.7) 0.02

4 yr 7.4 14.1 6.7 (1.2 to 12.3) 0.02

ODI score

Baseline† 36.3 38.8 NA NA

1.5 mo −15.3 −12.4 2.9 (−7.4 to 13.2) 0.58

3 mo −17.0 −22.2 −5.2 (−13.9 to 3.5) 0.24

6 mo −20.3 −25.9 −5.6 (−14.4 to 3.2) 0.21

1 yr −22.2 −26.1 −3.9 (−12.9 to 5.0) 0.38

2 yr −17.9 −26.3 −8.5 (−17.5 to 0.5) 0.06

3 yr −17.2 −21.8 −4.6 (−14.7 to 5.6) 0.37

4 yr −14.7 −23.7 −9.0 (−18.0 to 0.1) 0.05

*	�Data are presented as least-squares mean values of changes in SF-36 physical-component summary scores and ODI 
scores from baseline at each follow-up point. Adjustment for multiplicity was not applied. NA denotes not applicable.

†	�The baseline scores shown are the mean values in the group.

Table 2. Changes in SF-36 Physical-Component Summary and ODI Scores from Baseline.*
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alone was the clinical issue examined in the 
SLIP trial, which screened 130 patients for eligi-
bility, enrolled 106 patients, and randomly as-
signed 66 patients. The primary outcome mea-
sure was the change in physical health–related 
quality of life at 2 years, as measured by the 
SF-36 physical-component summary score. Al-
though the outcomes did not differ significantly 
between the treatment groups at 1 year after 
surgery, the addition of lumbar fusion to lami-
nectomy was associated with significantly great-
er increases in the SF-36 physical-component 
summary score at 2, 3, and 4 years after surgery, 
which suggests a sustained difference between 
treatments over time. The between-group differ-
ences in the increases in SF-36 physical-compo-
nent summary score were small but clinically 
meaningful. We did not observe significant 
between-group differences with respect to re-
ductions in the ODI score, which was the sec-
ondary outcome measure of disability related to 
back pain.

It is generally agreed that mobile degenerative 
spondylolisthesis with mechanical low back pain 
causes instability in the lumbar spine and should 
be treated with decompression plus fusion.22 One 
question addressed by the SLIP trial was whether 
a lumbar laminectomy destabilizes the lumbar 
spine in the context of a nonmobile degenerative 
spondylolisthesis. In the SLIP trial, degenerative 
spondylolisthesis after lumbar laminectomy was 

sufficiently unstable to require reoperation in at 
least one third of the patients. This rate of reop-
eration after laminectomy was higher than that 
reported in other studies but was consistent with 
the rate of 28% reported in administrative data 

Figure 2. Quality-of-Life and Disability Scores and Risk 
of Reoperation.

Shown are unadjusted physical-component summary 
scores on the Medical Outcomes Study 36-Item Short-
Form Health Survey (SF-36; scores range from 0 to 
100, with higher scores indicating better quality of life) 
(Panel A) and scores on the Oswestry Disability Index 
(scores range from 0 to 100, with higher scores indicat-
ing more disability related to back pain) (Panel B), be-
fore and after surgery, among patients who were ran-
domly assigned to undergo laminectomy with fusion 
(fusion group) or decompressive laminectomy alone 
(decompression-alone group). I bars represent stan-
dard errors. The cumulative risk of reoperation over 
time (Panel C) is shown for all patients in the decom-
pression-alone group and the fusion group who were 
available for analysis at 3, 6, 12, 24, 36, and 48 months. 
Data for patients who were lost to follow-up or who 
died were censored and are represented with a plus 
sign. The cumulative risk of reoperation was 34% in 
the decompression-alone group and 14% in the fusion 
group (P = 0.05).
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from the state of Washington.23 Larger prospec-
tive registry studies might assess the generaliz-
ability of the rate of reoperation in this trial. A 
newer — but relatively untested — less-invasive 
strategy of unilateral laminotomy with bilateral 
decompression may offer an advantage over tradi-
tional laminectomy because the midline ligamen-
tous structures are preserved, possibly reducing 
the risk of reoperations for instability.24 We have 
previously reported risk factors for instability 
after laminectomy for degenerative spondylolis-
thesis that include disk height, facet angle, and 
motion on flexion–extension radiographs.11 Iden-
tifying patients whose spines would be likely to 
remain stable after surgical decompression may 
reduce the use of the lumbar spinal fusion pro-
cedure and may reduce the rate of complica-
tions. We observed a reoperation rate of 14% 
after laminectomy plus fusion, a rate that was 
similar to that in SPORT (11%)2 and in a recent 
study by Brodke et al. (13.3%).25

Although SF-36 physical-component summary 
scores in the fusion group were statistically 
higher than the scores in the decompression-
alone group at 2, 3, and 4 years, the magnitude 
of the between-group difference was small. Al-
though patients in the decompression-alone group 
had a significantly higher risk of early reopera-
tion for instability, revision fusion surgery was 

associated with subsequent better outcome scores 
than those before the reoperation. Lumbar fusion 
was significantly associated with more blood 
loss and longer operative times and therefore 
might not be appropriate for elderly patients or 
for patients with certain coexisting conditions, 
including osteoporosis.

In the SLIP trial, the strategy for performing 
a fusion included implantation of rigid pedicle 
screws affixed to titanium alloy rods, with bone 
graft harvested from the iliac crest. Currently, 
some surgeons use minimally invasive tech-
niques and use bone-graft extenders or bone 
morphogenetic protein instead of bone grafts 
harvested from the iliac crest. In addition, the 
use of interbody fusion techniques has increased 
since the SLIP trial was completed.26 The SPORT 
spondylolisthesis trial did not identify any one 
fusion technique as superior to the others27; auto-
grafts from the iliac crest were used in nearly 
one third of the cases, and there were no sig-
nificant differences in the rate of bony fusion or 
in the rate of reoperation.28 The most effective 
method for creating lumbar fusion is not known.

There were marginal, nonsignificant differ-
ences in the baseline variables between the pa-
tients in the decompression-alone group and 
those in the fusion group. Some of the differ-
ences in the observed outcomes might be attrib-
uted to baseline differences rather than to the 
randomized treatment. Additional studies are 
important to validate the observations made in 
the SLIP trial, which might not be generalizable.

The SF-36 physical-component summary has 
been shown to be a valid, responsive, and reli-
able tool for the assessment of degenerative 
lumbar spinal conditions.17 The assumption we 
made when calculating the initial sample size 
estimate, that 10% of the randomly assigned 
patients would be lost to follow-up, was reason-
ably accurate at 1 year (11%) and at 2 years 
(14%); however, by 4 years, 30% of the patients 
in the initial randomized treatment groups were 
lost to follow-up. The interpretation of the dif-
ferences observed at the 3-year and 4-year time 
points are weakened by the lower rates of follow-
up. Future studies will benefit from larger sam-
ple sizes that also include valid disease-specific 
assessments as primary outcomes.

The well-established higher hospital costs of 
lumbar fusion may suggest that an overall value 
assessment might favor decompression alone, as 

Variable

Decompression- 
Alone Group 

(N = 35)

Fusion 
Group 

(N = 31) P Value

Estimated blood loss

No. of patients with data 34 31

Mean — ml 83.4±63.5 513.7±334.4 <0.001

Length of stay in the hospital

No. of patients with data 33 30

Mean — days 2.6±0.9 4.2±0.9 <0.001

Duration of operation

No. of patients with data 34 30

Mean — min 124.4±34.2 289.6±66.3 <0.001

Major complications —  
no./total (%)

2/35 (6)† 1/31 (3)† 1.0

*	�Plus–minus values are means ±SD.
†	�The complications in the decompression-alone group included wound infection 

and new neurologic deficit. The complication in the fusion group was pneu-
monia. All complications were identified within 30 days. Minor complications 
were not recorded.

Table 3. Surgical Complications.*
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highlighted in a previous study, as well as in 
another study in this issue of the Journal on the 
comparative effectiveness of adding fusion to 
decompression for lumbar spinal stenosis.29,30 
Future economic analyses would probably include 
loss of productivity, reoperations, and the use of 
outpatient health resources to compare these 
surgical approaches over a longer period.31

In conclusion, we found that lumbar laminec-
tomy plus fusion was associated with a slightly 
greater but clinically meaningful improvement 
in physical health–related qualify of life than 
was laminectomy alone at 2, 3, and 4 years after 
surgery.

Supported by research grants from the Jean and David Wal-
lace Foundation (GH 382) and the Greenwich Lumbar Stenosis 
SLIP Study Fund (GH 384), which was established by Lucinda B. 
Watson with support from the Stephanie and Lawrence Flinn, Jr. 
Charitable Trust and James and Elizabeth Li, and by Alan and 
Jacqueline Stuart, who provided funds to create a Spine Out-
comes Research Center at Lahey Hospital and Medical Center to 
complete the analysis of the SLIP trial results.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

We thank Ellyn Wasserberger for serving as national study 
coordinator for the duration of the study period; Jill Curran, 
M.S., for serving as national data manager; Susan Christopher, 
R.N., for serving as study manager; Scott J. Sullivan, M.D., and 
the late Richard H. Velaj, M.D., for serving as independent radi-
ology reviewers; and Peter K. Dempsey, M.D., Juan C. Bartolomei, 
M.D., Lawrence F. Borges, M.D., and Richard P. Schlenk, M.D., for 
serving as independent members of the spinal experts network.

References
1.	 Weiss AJ, Elixhausera A, Andrews RM. 
Characteristics of operating room proce-
dures in U.S. hospitals, 2011. HCUP sta-
tistical brief #170. February 2014 (http://
www​.hcup-us​.ahrq​.gov/​reports/​statbriefs/​
sb170-Operating-Room-Procedures-United 
-States-2011​.pdf).
2.	 Weinstein JN, Lurie JD, Tosteson TD, 
et al. Surgical versus nonsurgical treat-
ment for lumbar degenerative spondylo-
listhesis. N Engl J Med 2007;​356:​2257-70.
3.	 Resnick DK, Watters WC III, Sharan 
A, et al. Guideline update for the perfor-
mance of fusion procedures for degenera-
tive disease of the lumbar spine — part 9: 
lumbar fusion for stenosis with spondylo-
listhesis. J Neurosurg Spine 2014;​21:​54-
61.
4.	 Herkowitz HN, Kurz LT. Degenerative 
lumbar spondylolisthesis with spinal ste-
nosis: a prospective study comparing de-
compression with decompression and in-
tertransverse process arthrodesis. J Bone 
Joint Surg Am 1991;​73:​802-8.
5.	 Chang HS, Fujisawa N, Tsuchiya T, 
Oya S, Matsui T. Degenerative spondylo-
listhesis does not affect the outcome of 
unilateral laminotomy with bilateral de-
compression in patients with lumbar ste-
nosis. Spine (Phila Pa 1976) 2014;​39:​400-8.
6.	 Rampersaud YR, Fisher C, Yee A, et al. 
Health-related quality of life following 
decompression compared to decompres-
sion and fusion for degenerative lumbar 
spondylolisthesis: a Canadian multicentre 
study. Can J Surg 2014;​57(4):​E126-33.
7.	 Kelleher MO, Timlin M, Persaud O, 
Rampersaud YR. Success and failure of 
minimally invasive decompression for fo-
cal lumbar spinal stenosis in patients 
with and without deformity. Spine (Phila 
Pa 1976) 2010;​35(19):​E981-7.
8.	 Ghogawala Z, Benzel EC, Heary RF, et 
al. Cervical spondylotic myelopathy surgi-
cal trial: randomized, controlled trial de-
sign and rationale. Neurosurgery 2014;​75:​
334-46.
9.	 Ghogawala Z, Schwartz JS, Benzel EC, 

et al. Increased patient enrollment to a 
randomized surgical trial through equi-
poise polling of an expert surgeon panel. 
Ann Surg 2015 October 22 (Epub ahead of 
print).
10.	 Ghogawala Z, Benzel EC, Amin-
Hanjani S, et al. Prospective outcomes 
evaluation after decompression with or 
without instrumented fusion for lumbar 
stenosis and degenerative Grade I spondy-
lolisthesis. J Neurosurg Spine 2004;​1:​267-
72.
11.	 Blumenthal C, Curran J, Benzel EC, et 
al. Radiographic predictors of delayed in-
stability following decompression with-
out fusion for degenerative grade I lumbar 
spondylolisthesis. J Neurosurg Spine 2013;​
18:​340-6.
12.	Kurz LT, Garfin SR, Booth RE Jr. 
Harvesting autogenous iliac bone grafts: 
a review of complications and techniques. 
Spine (Phila Pa 1976) 1989;​14:​1324-31.
13.	 Dimar JR, Glassman SD, Burkus KJ, 
Carreon LY. Clinical outcomes and fusion 
success at 2 years of single-level instru-
mented posterolateral fusions with recom-
binant human bone morphogenetic pro-
tein-2/compression resistant matrix versus 
iliac crest bone graft. Spine (Phila Pa 
1976) 2006;​31:​2534-9.
14.	 Ware J, Kosinski M, Keller D. SF-36 
Physical and Mental Health Summary 
Scales: a manual for users of version 1. 
2nd ed. Lincoln, RI:​ QualityMetric, 2001.
15.	 Copay AG, Glassman SD, Subach BR, 
Berven S, Schuler TC, Carreon LY. Mini-
mum clinically important difference in 
lumbar spine surgery patients: a choice of 
methods using the Oswestry Disability 
Index, Medical Outcomes Study question-
naire Short Form 36, and pain scales. 
Spine J 2008;​8:​968-74.
16.	 Fairbank JC, Couper J, Davies JB, 
O’Brien JP. The Oswestry low back pain 
disability questionnaire. Physiotherapy 
1980;​66:​271-3.
17.	 Ghogawala Z, Resnick DK, Watters 
WC III, et al. Guideline update for the per-

formance of fusion procedures for de-
generative disease of the lumbar spine 
— part 2: assessment of functional out-
come following lumbar fusion. J Neuro-
surg Spine 2014;​21:​7-13.
18.	Hagg O, Fritzell P, Nordwall A. The 
clinical importance of changes in out-
come scores after treatment for chronic 
low back pain. Eur Spine J 2003;​12:​12-20.
19.	 Hedeker D, Gibbons R. Longitudinal 
data analysis. New York:​ Wiley, 2006.
20.	 SAS, version 9.4. Cary, NC:​ SAS Insti-
tute, 2013.
21.	Hamanishi C, Matukura N, Fujita M, 
Tomihara M, Tanaka S. Cross-sectional 
area of the stenotic lumbar dural tube 
measured from the transverse views of 
magnetic resonance imaging. J Spinal 
Disord 1994;​7:​388-93.
22.	Schroeder GD, Kepler CK, Kurd MF, 
et al. Rationale for the surgical treat-
ment of lumbar degenerative spondylo-
listhesis. Spine (Phila Pa 1976) 2015;​40(21):​
E1161-6.
23.	Martin BI, Mirza SK, Comstock BA, 
Gray DT, Kreuter W, Deyo RA. Reopera-
tion rates following lumbar spine surgery 
and the influence of spinal fusion proce-
dures. Spine (Phila Pa 1976) 2007;​32:​382-7.
24.	Alimi M, Hofstetter CP, Pyo SY, Paulo 
D, Härtl R. Minimally invasive laminec-
tomy for lumbar spinal stenosis in patients 
with and without preoperative spondylolis-
thesis: clinical outcome and reoperation 
rates. J Neurosurg Spine 2015;​22:​339-52.
25.	 Brodke DS, Annis P, Lawrence BD, 
Woodbury AM, Daubs MD. Reoperation 
and revision rates of 3 surgical treatment 
methods for lumbar stenosis associated 
with degenerative scoliosis and spondylo-
listhesis. Spine (Phila Pa 1976) 2013;​38:​
2287-94.
26.	Kepler CK, Vaccaro AR, Hilibrand AS, 
et al. National trends in the use of fusion 
techniques to treat degenerative spondy-
lolisthesis. Spine (Phila Pa 1976) 2014;​39:​
1584-9.
27.	 Abdu WA, Lurie JD, Spratt KF, et al. 

The New England Journal of Medicine 
Downloaded from nejm.org on April 13, 2016. For personal use only. No other uses without permission. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved. 



n engl j med 374;15  nejm.org  April 14, 20161434

Laminectomy plus Fusion versus Laminectomy Alone

Degenerative spondylolisthesis: does fu-
sion method influence outcome? Four-
year results of the Spine Patient Outcomes 
Research Trial. Spine (Phila Pa 1976) 2009;​
34:​2351-60.
28. Radcliff K, Hwang R, Hilibrand A,
et al. The effect of iliac crest autograft 
on the outcome of fusion in the setting 
of degenerative spondylolisthesis: a sub-
group analysis of the Spine Patient Out-

comes Research Trial (SPORT). J Bone 
Joint Surg Am 2012;​94:​1685-92.
29. Kim S, Mortaz Hedjri S, Coyte PC,
Rampersaud YR. Cost-utility of lumbar 
decompression with or without fusion for 
patients with symptomatic degenerative 
lumbar spondylolisthesis. Spine J2012;​12:​
44-54.
30.	 Försth P, Ólafsson G, Carlsson T, et al. 
A randomized, controlled trial of fusion 

surgery for lumbar spinal stenosis. N Engl 
J Med 2016;​374:1413-23.
31. Soegaard R, Bünger CE, Christiansen
T, Høy K, Eiskjaer SP, Christensen FB. Cir-
cumferential fusion is dominant over pos-
terolateral fusion in a long-term perspec-
tive: cost-utility evaluation of a randomized 
controlled trial in severe, chronic low back 
pain. Spine (Phila Pa 1976) 2007;​32:​2405-14.
Copyright © 2016 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org on April 13, 2016. For personal use only. No other uses without permission. 

 Copyright © 2016 Massachusetts Medical Society. All rights reserved. 


