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Abstract

Key Points

IMPORTANCE Conflicting evidence and large practice variation are present in the surgical treatment
of degenerative spondylolisthesis. More than 90% of surgical procedures in the United States
include instrumented fusion compared with 50% or less in other countries.

Question How do outcomes compare
between microdecompression and
decompression with instrumented
fusion for patients undergoing surgery

OBJECTIVE To evaluate whether the effectiveness of microdecompression alone is noninferior to

for degenerative spondylolisthesis?
Findings In this comparative

decompression with instrumented fusion in a real-world setting.

effectiveness study including 285 pairs

DESIGN, SETTING, AND PARTICIPANTS This multicenter comparative effectiveness study with a

of propensity score–matched patients,

noninferiority design assessed prospective data from the Norwegian Registry for Spine Surgery. From

150 of 219 patients (68%) in the

September 19, 2007, to December 21, 2015, 1376 patients at 35 Norwegian orthopedic and

microdecompression group and 155 of

neurosurgical departments underwent surgery for lumbar spinal stenosis with degenerative

215 patients (72%) in the instrumented

spondylolisthesis without scoliosis. After excluding patients undergoing laminectomy alone, fusion

fusion group achieved an improvement

without instrumentation, or surgery in more than 2 levels and those with a former operation at the

in Oswestry Disability Index of at least

index level, 794 patients were included in the analyses, regardless of missing or incomplete follow-up

30%, a clinically meaningful noninferior

data, before propensity score matching. Data were analyzed from March 20 to October 30, 2018.

difference. Microdecompression was
associated with shorter operation time
and shorter length of hospital stay.

EXPOSURES Microdecompression alone or decompression with instrumented fusion.

Meaning The findings suggest that

MAIN OUTCOMES AND MEASURES A reduction from baseline of 30% or greater in the Oswestry
Disability Index at 12-month follow-up.

microdecompression alone should be
considered as an option for most
patients undergoing surgery for spinal

RESULTS After propensity score matching, 570 patients (413 female [72%]; mean [SD] age, 64.7
[9.5] years) were included for comparison, with 285 undergoing microdecompression (mean [SD]

stenosis with degenerative
spondylolisthesis.

age, 64.6 [9.8] years; 205 female [72%]) and 285 undergoing decompression with instrumented
fusion (mean [SD] age, 64.8 [9.2] years; 208 female [73%]). The proportion of each type of
procedure varied between departments. However, changes in outcome scores varied within patients
but not between departments. The proportion of patients with improvement in the Oswestry
Disability Index of at least 30% was 150 of 219 (68%) in the microdecompression group and 155 of
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215 (72%) in the instrumentation group. The 95% CI (–12% to 5%) for the difference of −4% was
above the predefined margin of noninferiority (–15%). Microdecompression alone was associated
with shorter operation time (mean [SD], 89 [44] vs 180 [65] minutes; P < .001) and shorter hospital
stay (mean [SD], 2.5 [2.4] vs 6.4 [3.0] days; P < .001).
CONCLUSIONS AND RELEVANCE Among patients with degenerative spondylolisthesis, the clinical
effectiveness of microdecompression alone was noninferior to that of decompression with
instrumented fusion. Microdecompression alone was also associated with shorter durations of
(continued)
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Abstract (continued)

surgery and hospital stay, supporting the suggestion that the less invasive procedure should be
considered for most patients.
JAMA Network Open. 2020;3(9):e2015015. doi:10.1001/jamanetworkopen.2020.15015

Introduction
Degenerative spondylolisthesis is a forward slip of one vertebra relative to the vertebra below,
occurring in a spondylotic and narrowed spinal segment (ie, lumbar spinal stenosis).1 Typical
symptoms are low back pain and radiating pain into the buttocks and the legs, especially when
standing and walking. The standard surgical procedure has been to decompress the stenosis.2 In the
early 1990s, 2 landmark studies3,4 recommended additional fusion surgery. In the following decades,
the rate and complexity of fusion procedures increased dramatically.5,6 The fusion rate in the United
States more than doubled from 2005 to 2014, and degenerative spondylolisthesis accounted for
most fusions.7 In 2015, the hospital costs for elective lumbar degenerative fusions exceeded $10
billion, the highest aggregate costs of any surgical procedure in the United States.8 Adding
instrumented fusion to decompression has been supported by 1 randomized clinical trial (RCT)9 and
clinical guidelines and reviews.10-13 Another RCT,14 registry studies,15,16 and systematic reviews17,18
have recommended decompression alone.
The role of fusion surgery is controversial,19-21 and a large surgical practice variation between
hospitals is reported. In 2011 to 2013, approximately 50% of patients with degenerative
spondylolisthesis in Norway and Sweden underwent fusion procedures22 compared with 90% to
95% in other countries.6,7,22,23 Industrial boosting with differences in industrial encouragement and
lucrative financial reimbursement might explain some of the differences in practice.24,25
Only a few small-sample studies26-29 have evaluated the performance of less invasive methods
of decompression alone, preserving potentially stabilizing structures of the spine. In this study from
the Norwegian Registry for Spine Surgery (NORSpine), we hypothesized that in real-world daily
clinical practice, microdecompression alone works as well as decompression with
instrumented fusion.

Methods
Study Setting, Data Collection, and Patient Selection
The reporting and interpretation of this comparative effectiveness study followed the Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)30 recommendations and the
International Society for Pharmacoeconomics and Outcomes Research (ISPOR) reporting guideline
for cohort studies.31 Relative effectiveness was studied using prospectively collected data from
NORSpine, a national comprehensive registry for quality control and research. According to NORSpine’s
annual report for 2015, the coverage rate for lumbar spine surgery was 93% at the hospital level and
63% at the individual level. The registry receives no funding from industry. At hospital admission
(baseline), the patients completed questionnaires, which included patient-reported outcome measures
and questions about demographics and lifestyle. The surgeons recorded surgical parameters such as
diagnosis, treatment, and occurrence of complications. At the 3- and 12-month follow-up, NORSpine’s
central unit sent questionnaires by mail to the patients without the involvement of the surgical units.
Written informed consent was obtained from the participants preoperatively, and the Norwegian
Committee for Medical and Health Research Ethics Central approved the study.
A total of 1376 patients undergoing surgical procedures for lumbar spinal stenosis with
degenerative spondylolisthesis from September 19, 2007, to December 21, 2015, at 35 orthopedic
and neurosurgical departments were screened for eligibility. Patients were excluded if they had
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undergone a previous procedure at the index level(s), a procedure in more than 2 levels, or a
procedure with an interspinous device or with an anterior approach. Patients were included
regardless of missing or incomplete follow-up data.
The primary and secondary outcomes, the criterion for noninferiority, and the statistical
methods were defined before statistical analysis.32 Data were analyzed from March 20 to October
30, 2018.

Treatment Groups
Patients who underwent microdecompression alone had preservation of the midline (ie, the spinous
process and the interspinous ligaments), and one of the following techniques was used: (1) unilateral
laminotomy, (2) bilateral laminotomy, or (3) unilateral laminotomy and crossover decompression.
Magnifying devices (microscopes or loupes) were used. Patients who underwent instrumented
fusion had a decompression with or without preservation of the midline structures and with or
without visual enhancement and additional posterior pedicle screw instrumentation with or without
an intervertebral cage.

Outcome Measures
The Oswestry Disability Index (ODI), version 2.033,34 is a pain-related disability score of 10 items
ranging from 0 (no impairment) to 100 (maximum impairment). The primary outcome was a
reduction from baseline of 30% or greater at the 12-month follow-up (ie, a clinically important
improvement).35,36 A patient achieving this amount of improvement was defined as a responder.
Secondary outcome measures included the following.
1. The mean change scores and the mean 12-month follow-up scores for the ODI and the Numeric
Rating Scale (NRS), which ranges from 0 (no pain) to 10 (worst pain imaginable) for leg pain and
for back pain experienced in the last week;
2. The Global Perceived Effect instrument37 with 7 response alternatives, including completely
recovered, much improved, slightly improved, unchanged, slightly worse, much worse, and worse
than ever, that were trichotomized into substantially improved (completely recovered and much
improved), little or no change (slightly improved, unchanged, and slightly worse), and
substantially deteriorated (much worse and worse than ever);
3. Duration of surgery and hospital stay;
4. The rate of perioperative complications and adverse events registered on the surgeon form; and
5. The rate of complications and adverse events reported by the patients at the 3-month follow-up.

Statistical Analysis
To make the distribution of observed baseline patient characteristics in the 2 treatment groups as
similar as possible, propensity score matching was performed.38 A propensity score, derived from a
logistic regression model, is defined as a patient’s baseline probability for receiving decompression
plus instrumented fusion, conditional on prespecified plausible confounders (age, sex, American
Society of Anesthesiologists grade, body mass index, smoking, ODI, NRS leg pain score, NRS back
pain score, the European Quality of Life–5 Dimensions questionnaire, the presence of foraminal
stenosis, degenerative disc disease, predominating back pain, number of levels undergoing surgery,
and neurological palsy). We used the technique of 1:1 matching without replacement, forming paired
cases of microdecompression alone and decompression plus fusion, which had a difference in
propensity scores of less than 0.2 in logit of the standard deviation.38
The null hypothesis was that the proportion of patients with a clinically important improvement
(the responder rate) was at least 15 percentage points lower in the microdecompression group than
in the fusion group. The null hypothesis was tested by forming a 2-sided 95% CI for the betweengroup difference in responder rate and would be rejected if the lower bound of the CI was greater
than −15%. A noninferiority margin of −15% was assumed to reflect the advantage of performing
microdecompression alone instead of the more extensive and expensive instrumentation.39,40 This
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margin is consistent with analysis in other relevant studies.39-41 The margin corresponds to a number
needed to treat of 7 patients (100/15 [6.67]),42 that is, if 7 patients or more need instrumented fusion
to achieve 1 additional responder, the cheaper, safer, and less comprehensive method of
microdecompression alone should be considered good enough (ie, noninferior).
Level and change in the ODI and NRS leg and back pain scores were estimated by multisample
latent growth curve (LGC) models, with full information maximum likelihood43 under the assumption
of missing at random. Owing to nonlinearity, the models were specified as a latent difference score
model, including changes from baseline to 3 months, from 3 to 12 months, and the 12-month
follow-up (intercept level). The proportion of each type of procedure varied between departments.
Patient data were nested within hospital departments and could show clustering effects within units.
However, multilevel analyses showed low interclass correlation values for the ODI of 0.023 (baseline)
to 0.042 (12 months), for NRS leg pain of 0.026 (baseline) to 0.067 (3 months), and for NRS back
pain of 0.013 (3 months) to 0.066 (12 months). The estimated design effect, taking cluster size and
interclass correlation into account, showed the highest value to be 2.00 (leg pain at 3 months), which
is in the borderline for nonignorable clustering.44 However, multilevel models including random
slope variance at the hospital department level showed no department differences in change scores
in the 2 intervals.
The intercept variance was found to be statistically significant for NRS leg pain (σ2 = 0.49;
P = .03) but not for the ODI (σ2 = 13.52; P = .13) or NRS back pain (σ2 = 0.12; P = .10). Due to this level
of clustering and the focus on observations within patients, single-level LGC models were estimated
with robust standard errors corrected for clustering with the maximum likelihood robust.44
For secondary outcomes, comparisons of treatment groups and corresponding estimates of P
values and 95% CI were based on 2-sided tests for superiority. SPSS, version 24 (IBM Corporation)
was used for descriptive statistics, analyses of continuous variables with 2-sided t tests or MannWhitney tests depending on the distribution of data, analyses of binary variables with Fisher mid-P
value and Newcombe hybrid score CIs,45 and propensity score matching. The LGC analysis was
performed with Mplus 8 (Muthén & Muthén).46 P < .05 indicated statistical significance.

Missing Data
A loss to follow-up of about 20% was anticipated.15,47 A previous study from NORSpine showed
similar clinical outcome measures for compliers and noncompliers,48 so longitudinal outcome
variables were analyzed under the assumption of missingness at random. An additional missing data
LGC analysis under the missing data at random assumption was performed for the matched cohort.
Multiple imputation49 was used with baseline patient characteristics; several clinical, surgical, and
radiological parameters; and outcome variables at baseline and follow-up to generate 70 data sets
with complete follow-up scores for the ODI and NRS leg pain and back pain. This procedure is
recommended if missing data at random may only be partly assumed.50 Including such covariates
may increase the probability for missing data at random and reduce the probability of missingness
not at random.50

Sample Size
For the primary outcome, choosing a 15% noninferiority margin, a type 1 error of 0.05, and power of
0.90 gave a total sample size of 394. An expected 75% follow-up15 rate at 12 months required 263
patients in each group.51

Results
Of 794 patients who met study eligible criteria, 476 (60%) underwent microdecompression alone
(mean [SD] age, 67.5 [9.9] years; 307 female [64%]), and 318 (40%) underwent decompression plus
instrumented fusion (mean [SD] age, 63.5 [10.0] years; 240 female [76%]). After propensity score
matching, 570 patients (413 female [72%] and 157 male [28%]; mean [SD] age, 64.7 [9.5] years)
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remained, of whom 285 patients underwent microdecompression alone (mean [SD] age, 64.6 [9.8]
years; 205 female [72%] and 80 male [28%]), and 285 underwent decompression and
instrumentation (mean [SD] age, 64.8 [9.2] years; 208 female [73%] and 77 male [27%]). Figure 1
shows the enrollment of participants. Baseline parameters are given in Table 1, and surgical
parameters are shown in eTable 1 in the Supplement.

Unmatched Cohort
Follow-up scores of the ODI and NRS leg pain and back pain are shown in eTable 2 in the Supplement.
The proportion of patients with a clinically important improvement of the ODI at 12 months was 243
of 343 (71%) in the microdecompression group and 163 of 232 (70%) in the instrumentation group
(difference, 1%; 95 CI, –7% to 8%) (Figure 2).

Propensity Score–Matched Cohort
Table 1 demonstrates that propensity score matching created similar groups with respect to the
distribution of observed baseline parameters. The follow-up rate was 423 of 570 (74%) at 3 months
and 438 of 570 (77%) at 12 months (Figure 1), and 479 of 570 participants (84%) had at least 1
follow-up registration.

Figure 1. Study Flowchart
9020 Patients registered with spinal stenosis

7648 Excluded patients without spondylolisthesis

1372 Patients with a concomitant degenerative spondylolisthesis

304 Excluded owing to eligibility criteria
166 Prior operation at index level
4 Surgery with ALIF or X-stop
80 Degenerative scoliosis
54 >2 Levels operated

1068 Patients with a primary operation for degenerative
spondylolisthesis

274 Excluded owing to eligibility criteria
157 Laminectomy alone
117 Fusion without instrumentation

794 Unmatched cohort

476 Surgery with microdecompression alone

191 Excluded owing to matching

318 Surgery with microdecompression and
instrumented fusion

33 Excluded owing to matching

285 Fulfilled the baseline form

285 Fulfilled the baseline form

214 Fulfilled the 3-mo form
71 Lost to follow-up

209 Fulfilled the 3-mo form
76 Lost to follow-up

220 Fulfilled the 12-mo form
65 Lost to follow-up

218 Fulfilled the 12-mo form
67 Lost to follow-up
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Primary Outcome
The proportion of patients with a clinically important improvement in the ODI at the 12-month
follow-up was 150 of 219 (68%) in the microdecompression group and 155 of 215 (72%) in the
instrumented fusion group. The lower bound of the 95% CI (–12% to 5%) for the between-group
difference of −4% did not cross the −15% limit of noninferiority (Figure 2). An absolute difference of
4% corresponds to a number needed to treat of 25 patients (95% CI, 8 to ⬁).

Secondary Outcomes
Table 2 shows the mean change from baseline to 3 months, the mean change from 3 to 12 months,
and the mean 12-month follow-up scores for the ODI and NRS leg and back pain. At 12 months, we
observed no statistically significant difference in mean ODI scores between microdecompression
alone and instrumented fusion (mean [SD], 22.2 [18.2] and 20.5 [17.7], respectively; mean difference
1.7 [95% CI, –2.4 to 5.8]; P = .42). At 12 months, the microdecompression group had statistically
significantly higher scores for NRS leg pain (mean [SD], 3.5 [3.0] vs 2.7 [2.9]; mean difference, 0.8
[95% CI, 0.1-1.4]; P = .02) and NRS back pain (mean [SD], 3.8 [2.9] vs 3.3 [2.6]; mean difference, 0.6
[95% CI, 0.01-1.1]; P = .04) compared with the instrumented fusion group.
According to the Global Perceived Effect at the 12-month follow-up (eTable 3 in the
Supplement), the rate of substantial improvement (145 of 218 [67%] for microdecompression and
154 of 217 [71%] for fusion; difference, –4% [95% CI, –13% to 4%]; P = .32) and the rate of substantial
deterioration (9 of 218 [4%] for microdecompression and 8 of 217 [4%] for fusion; difference, 0
[95% CI, –3% to 4%]; P = .81) did not differ between groups.
The duration of surgery (mean [SD], 89 [44] vs 180 [65] minutes; difference, –91 [95% CI, –100
to –81] minutes; P < .001) and the length of hospital stay (mean [SD], 2.5 [2.4] vs 6.4 [3.0] days;
difference, −3.9 [95% CI, –4.4 to –3.4] days; P < .001) was statistically significantly shorter for

Table 1. Baseline Data for the Unmatched and Matched Cohorts
Unmatched cohort

Propensity score–matched cohort

P value

Microdecompression
alone
(n = 285)

Decompression plus
instrumented fusion
(n = 285)

P value

63.5 (10.0)

<.001

64.6 (9.8)

64.8 (9.2)

.79

307/476 (65)

240/318 (75)

<.001

205/285 (72)

208/285 (73)

.78

149/464 (32)

104/314 (33)

.77

98/280 (35)

93/281 (33)

.64

ASA score, mean (SD)b,c

2.10 (0.58)

1.97 (0.52)

<.001

2.01 (0.58)

2.00 (0.51)

.94

BMI, mean (SD)a

26.9 (4.4)

27.1 (5.2)

.65

27.1 (4.4)

26.7 (4.6)

.41

Smoker, No./total No. (%)a

81/474 (17)

56/315 (18)

.80

57/283 (20)

51/282 (18)

.54

Anxiety or depression, No./total No. (%)a,d

165/463 (36)

131/303 (43)

.04

112/280 (40)

109/271 (40)

.96

Disc degeneration, No./total No. (%)c

103/476 (22)

52/318 (16)

.07

47/285 (16)

49/285 (17)

.82

Foraminal stenosis, No./total No. (%)c

40/476 (8)

35/318 (11)

.22

28/285 (10)

27/285 (9)

.89

Leg pain >1 y, No./total No. (%)a

303/438 (69)

211/295 (72)

.50

194/266 (73)

184/265 (69)

.37

Back pain >1 y, No./total No. (%)a

348/446 (78)

254/303 (84)

.50

224/268 (84)

222/270 (82)

.68

Use of analgesics, No./total No. (%)a

369/469 (79)

272/316 (86)

.009

238/282 (84)

239/283 (84)

.99

Neurological palsy, No./total No. (%)c

30/476 (6)

14/318 (4)

.25

14/285 (5)

13/285 (5)

.84

Predominant back pain, No./total No. (%)a

28/407 (7)

25/264 (9)

.23

23/241 (10)

22/237 (9)

.92

ODI, mean (SD)a,e

40.2 (15.4)

41.4 (14.4)

.30

41.3 (15.6)

40.8 (14.1)

.69

NRS leg pain, mean (SD)a,f

6.9 (2.1)

6.6 (2.1)

.12

6.7 (2.1)

6.7 (2.0)

.97

NRS back pain, mean (SD)a,f

6.7 (2.1)

6.8 (1.9)

.81

6.7 (2.0)

6.8 (1.9)

.70

Characteristic

Microdecompression
alone
(n = 476)

Decompression plus
instrumented fusion
(n = 318)

Age, mean (SD), ya

67.5 (9.9)

Female sex, No./total No. (%)a
≥3 y of Education, No./total No. (%)a

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index
(calculated as weight in kilograms divided by height in meters squared); NRS, Numeric
Rating Scale; ODI, Oswestry Disability Index.

d

Includes patients who replied “moderately anxious or depressed” or “extremely
anxious or depressed” according to the European Quality of Life–5 Dimensions
questionnaire.

a

Data collected from patient forms.

e

Scores range from 0 to 100, with higher scores indicating more disability.

b

Scores range from 1 (no presence of disease) to 4 (life-threatening disease).

f

Scores range from 0 to 10, with higher scores indicating more pain.

c

Data collected from surgeon forms.
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microdecompression alone than for instrumented fusion (Table 3). The microdecompression group
had fewer surgeon-reported perioperative complications than the fusion group (7 of 285 [2%] vs 24
of 285 [8%]; difference, –6% [95% CI, –10% to –2%]; P = .003). In both groups, the most common
complication was a dural tear (5 of 285 [2%] and 16 of 285 [6%]; difference, –4% [95% CI, –7% to
0%]; P = .02). Patients undergoing microdecompression alone reported a statistically significantly
higher incidence of superficial wound infection than the fusion group during the first 3 months
postoperatively (16 of 209 [8%] and 5 of 174 [3%]; difference, 5% [95% CI, 0 to 10%]; P = .04).
Other registered complications are listed in Table 3.
eTable 4 in the Supplement shows 12-month follow-up results for the LGC models subsequent
to multiple imputation of missing data. At 12 months, there were no differences in the ODI and NRS
back pain between the groups, whereas NRS leg pain was statistically significantly higher for the
microdecompression group than for the instrumented fusion group (mean [SD], 3.5 [3.0] and 2.8
[3.0]; mean difference, 0.7 [95% CI, 0.1-1.3]; P = .03).

Discussion
Microdecompression alone was noninferior to decompression plus instrumented fusion. The result
of the primary outcome was supported by the patients’ global perceived effects and by analyses of
the mean ODI scores both before and after imputation of missing data. Furthermore,
microdecompression alone was associated with considerably shorter duration of surgery and
hospital stay and somewhat fewer surgeon-reported perioperative complications. Patients treated

Figure 2. Differences Between Treatment Groups in Primary Outcome

Cohort

Instrumented
fusion better

Difference
(95% CI), %

Unmatched

1.0 (–7.0 to 8.0)

Matched

–4.0 (–12.0 to 5.0)
–15

–10

–5

Microdecompression
alone better

0

5

10

15

Difference (95% CI), %

Data show the proportion of patients with reduction from baseline of 30% or
greater in the Oswestry Disability Index at the 12-month follow-up. Dashed line
indicates the predefined margin of noninferiority.

Table 2. Patient-Reported Outcomes in the Propensity Score–Matched Cohort, Estimated
With Latent Growth Curve Models
Mean (SD) scorea

Differenceb

Microdecompression
alone
(n = 285)

Decompression plus
instrumented fusion
(n = 285)

Mean (95% CI)

P value

Change 0 to 3 mo

–20.0 (17.6)

–19.4 (18.4)

–0.6 (–4.5 to 3.3)

.77

Change >3 to 12 mo

0.9 (12.7)

–0.9 (14.4)

1.8 (–1.3 to 4.8)

.26

Abbreviations: NRS, Numeric Rating Scale; ODI,
Oswestry Disability Index.

12-mo Follow-up

22.2 (18.2)

20.5 (17.7)

1.7 (–2.4 to 5.8)

.42

a

Estimated with multisample latent growth
curve models.

Change 0 to 3 mo

–3.7 (3.2)

–4.4 (3.3)

0.7 (0.2 to 1.2)

.01

b

Change >3 to 12 mo

0.5 (2.6)

0.4 (2.6)

0.1 (–0.4 to 0.6)

.69

12-mo Follow-up

3.5 (3.0)

2.7 (2.9)

0.8 (0.1 to 1.4)

.02

Calculated as the score for microdecompression
alone minus the score for decompression and
instrumented fusion with 95% CIs and 2-sided tests
for superiority.

c

–3.3 (2.9)

–3.6 (2.9)

0.3 (–0.3 to 0.9)

.33

Scores range from 0 to 100, with higher scores
indicating more disability.

d

Scores range from 0 to 10, with higher scores
indicating more pain.

Variable
ODIc

NRS leg paind

NRS back paind
Change 0 to 3 mo
Change >3 to 12 mo

0.4 (2.5)

0.06 (2.6)

0.3 (–0.2 to 0.9)

.22

12-mo Follow-up

3.8 (2.9)

3.3 (2.6)

0.6 (0.01 to 1.1)

.04
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with instrumented fusion had slightly less leg and back pain and fewer patient-reported superficial
wound infections.
Other unmatched observational studies26-29 have found nondifferent outcomes between
microdecompression alone and decompression plus instrumented fusion. Unlike our study, these
studies did not reveal any between-group differences in outcome scores for leg or back pain.
Following 2 simultaneously published RCTs,9,14 the role of fusion has been debated.19-21,52,53 In
the RCT by Ghogawala et al,9 51 of 71 patients underwent procedures performed by 1 surgeon.
Decompression alone resulted in less improvement in the physical component of the generic 36-Item
Short Form Health Survey than instrumented fusion 2 years after surgery. The improvement in ODI
scores was not statistically significantly different between the groups. The more pragmatic
multicenter RCT by Försth et al14 (n = 135) used the ODI as the primary outcome measurement and
revealed baseline scores as well as follow-up scores in accordance with our results.
Randomized clinical trials are the criterion standard for studying treatment efficacy, but their
generalizability has been questioned owing to strictly recruited patients and clinicians and enforced
treatment allocation.54 This study was designed to reflect real-world relative effectiveness between
carefully matched groups. The aim was to study patients recruited in daily clinical practice at several
different hospitals and the treatments chosen according to surgeon and patient preferences.54,55
Our study provides knowledge about how treatments work in the more pragmatic delivery of
health care.54,56,57
Based on the present study as well as previous pragmatic studies14,16 and considering the large
clinical practice variation,6,22,23 the high rate of instrumented fusion seems unreasonable. In
accordance with a priori expectations and former studies,23,58 our findings of shorter operation times
and hospital stays indicate that a microdecompression alone is associated with acceptable clinical
results at lower costs. Although instrumented fusion was associated with somewhat more pain
reduction, the high number needed to achieve 1 additional responder and the somewhat higher
perioperative complication rate showed disadvantages of instrumentation. Altogether, we consider
the noninferior clinical effectiveness and the potential health-economic benefits of
microdecompression alone to surpass the procedure’s potential inferiority.

Table 3. Operation Time, Length of Hospital Stay, and Complications for the Propensity Score–Matched Cohort

Variable

Microdecompression
alone
(n = 285)

Operation time, mean (SD), minc 89 (44)

Decompression plus
instrumented fusion
(n = 285)

Difference (95% CI)a

P valueb

180 (65)

–91 (–100 to –81)

<.001

Duration of hospital stay,
mean (SD), dc

2.5 (2.4)

6.4 (3.0)

–3.9 (–4.4 to –3.4)

<.001

Perioperative complications,
No./total No. (%)d

7/285 (2)

24/285 (8)

–6 (–10 to –2)

.003

Dural tears

5/285 (2)

16/285 (6)

–4 (–7 to 0)

.02

Nerve root lesion

0

1/285 (0.4)

NC

NC

Operation on wrong
side/level

1/285 (0.4)

1/285 (0.4)

NC

NC

Blood transfusion

1/285 (0.4)

1/285 (0.4)

NC

NC

Misplaced implants

NA

2/285 (1)

NC

NC

Cardiac complication

1/285 (0.4)

1/285 (0.4)

NC

NC

Superficial wound infection

16/209 (8)

5/174 (3)

5 (0 to 10)

.04

Deep wound infection

3/207 (1)

0/174

NC

NC

Patient-reported complications
during the first 3 mo, No./total
No. (%)e

Abbreviations: NA, not applicable; NC, not computed.
a

Calculated as microdecompression alone minus
decompression and fusion with 95% CI.

Deep venous thrombosis

1/207 (0.5)

0/174

NC

NC

b

Calculated using 2-sided tests for superiority.

Lung thrombosis

1/207 (0.5)

2/174 (1)

NC

NC

c

Collected during hospital stay.

Pneumonia

5/207 (2)

2/174 (1)

NC

NC

d

Collected from surgeon forms.

Urinary tract infection

17/207 (8)

14/174 (8)

0 (–5 to 6)

.96

e

Collected from patient forms.
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However, this study does not provide evidence that microdecompression alone should be the
preferred method for all patients. Adding fusion to decompression may still be a good treatment
option for subgroups. Owing to a lack of evidence for defining such subgroups, future research
should endeavor to identify variables associated with the best treatment for each individual.39

Limitations
The diagnoses of spinal stenosis and degenerative spondylolisthesis are based on the surgeons’
evaluation of radiographs, the radiological descriptions, and clinical signs and symptoms. We have
not retrospectively checked whether all established diagnostic criteria59 were fulfilled. Incorrect
diagnoses may therefore have been undetected. Furthermore, data on reoperations and data
beyond the 12-month follow-up are lacking. Some studies have found lower reoperation rates when
a decompression has been supported by fusion,9,60 whereas other studies have demonstrated
similar14 and even higher27 reoperation rates after an additional fusion. For a mixed population
undergoing spinal surgical procedures, the clinical outcomes at the 12-month follow-up seem to be
the same as the 2-year outcomes61,62 and stable even at the 5-year follow-up.26,63,64
Finally, it is important to recognize that, unlike an RCT, this study was not able to detect
treatment-related differences in efficacy. Although the propensity score matching equalized the
baseline scores regarding the observed parameters, the distribution of unobserved parameters (eg,
radiological parameters and potential differences associated with patients’ expectations owing to
given information) might have been unbalanced. A risk of residual bias does therefore still exist.

Conclusions
This study found that microdecompression alone seems to be not appreciably worse than
decompression and instrumented fusion for treatment of degenerative spondylolisthesis. We would
carefully suggest the less extensive and less expensive treatment as the primary surgical choice for
most patients with lumbar degenerative spondylolisthesis.

ARTICLE INFORMATION
Accepted for Publication: June 6, 2020.
Published: September 10, 2020. doi:10.1001/jamanetworkopen.2020.15015
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 Austevoll
IM et al. JAMA Network Open.
Corresponding Author: Ivar Magne Austevoll, MD, Kysthospitalet in Hagevik, Orthopedic Clinic, Haukeland
University Hospital, Hagaviksbakken 25, 5217 Hagevik, Bergen, Norway (imau@helse-bergen.no).
Author Affiliations: Kysthospitalet in Hagevik, Orthopedic Clinic, Haukeland University Hospital, Bergen, Norway
(Austevoll, Hermansen, Rekeland, Indrekvam); Department of Clinical Medicine, University of Bergen, Bergen,
Norway (Austevoll, Hermansen, Indrekvam); The Norwegian Registry for Spine Surgery, University Hospital of
Northern Norway, Tromsø, Norway (Austevoll, Solberg, Brox, Hellum); Research Department, Division of
Psychiatry, Haukeland University Hospital, Bergen, Norway (Gjestad); Institute of Clinical Medicine, Arctic
University of Norway, Tromsø, Norway (Solberg); Research and Communication Unit for Musculoskeletal Health,
Oslo University Hospital, Oslo, Norway (Storheim); Department of Physical Medicine and Rehabilitation, Oslo,
University Hospital, Oslo, Norway (Brox); Department of Orthopedic Surgery, Ålesund Hospital, Møre and Romsdal
Hospital Trust, Ålesund, Norway (Hermansen); Division of Orthopaedic Surgery, Oslo University Hospital, Oslo,
Norway (Hellum).
Author Contributions: Drs Austevoll and Gjestad had full access to all the data in the study and take responsibility
for the integrity of the data and the accuracy of the data analysis.
Concept and design: Austevoll, Solberg, Storheim, Brox, Hermansen, Rekeland, Indrekvam, Hellum.
Acquisition, analysis, or interpretation of data: Austevoll, Gjestad, Storheim, Brox, Rekeland, Indrekvam, Hellum.
Drafting of the manuscript: Austevoll, Gjestad, Solberg, Brox, Hermansen, Rekeland, Indrekvam.

JAMA Network Open. 2020;3(9):e2015015. doi:10.1001/jamanetworkopen.2020.15015 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a Norwegian Institute of Public Health User on 11/19/2020

September 10, 2020

9/13

JAMA Network Open | Orthopedics

Microdecompression vs Decompression With Instrumented Fusion for Spondylolisthesis

Critical revision of the manuscript for important intellectual content: Austevoll, Gjestad, Storheim, Brox, Rekeland,
Indrekvam, Hellum.
Statistical analysis: Austevoll, Gjestad.
Obtained funding: Hermansen, Indrekvam.
Administrative, technical, or material support: Austevoll, Hermansen, Indrekvam, Hellum.
Supervision: Gjestad, Solberg, Brox, Hermansen, Rekeland, Indrekvam, Hellum.
Conflict of Interest Disclosures: None reported.
Funding/Support: This study was supported by grants from Helse Vest RHF (the Western Regional Health
Authority) (Dr Austevoll).
Role of the Funder/Sponsor: The funder had no role in designing or conducting the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.
Additional Contributions: Eira Kathleen Ebbs, MS, Section for Musculoskeletal Research, Oslo University Hospital,
provided linguistic assistance in writing the manuscript. Her work was not compensated by the funding source.
We thank the patients, study coordinators, and surgeons who contributed data to the Norwegian Registry for
Spine Surgery.
REFERENCES
1. Newman PH. Stenosis of the lumbar spine in spondylolisthesis. Clin Orthop Relat Res. 1976;(115):116-121. doi:10.
1097/00003086-197603000-00020
2. Rosenberg NJ. Degenerative spondylolisthesis: surgical treatment. Clin Orthop Relat Res. 1976;(117):112-120.
3. Bridwell KH, Sedgewick TA, O’Brien MF, Lenke LG, Baldus C. The role of fusion and instrumentation in the
treatment of degenerative spondylolisthesis with spinal stenosis. J Spinal Disord. 1993;6(6):461-472. doi:10.1097/
00002517-199306060-00001
4. Herkowitz HN, Kurz LT. Degenerative lumbar spondylolisthesis with spinal stenosis: a prospective study
comparing decompression with decompression and intertransverse process arthrodesis. J Bone Joint Surg Am.
1991;73(6):802-808. doi:10.2106/00004623-199173060-00002
5. Deyo RA, Mirza SK, Martin BI, Kreuter W, Goodman DC, Jarvik JG. Trends, major medical complications, and
charges associated with surgery for lumbar spinal stenosis in older adults. JAMA. 2010;303(13):1259-1265. doi:10.
1001/jama.2010.338
6. Kepler CK, Vaccaro AR, Hilibrand AS, et al. National trends in the use of fusion techniques to treat degenerative
spondylolisthesis. Spine (Phila Pa 1976). 2014;39(19):1584-1589. doi:10.1097/BRS.0000000000000486
7. Martin B, Mirza SK, Spina N, Spiker WR, Lawrence B, Brodke DS. Trends in lumbar fusion procedure rates and
associated hospital costs for degenerative spinal diseases in the United States, 2004-2015. Spine. 2019;44(5):
369-376. doi:10.1097/BRS.0000000000002822
8. Weiss AJ, Elixhauser A, Andrews RM. Characteristics of Operating Room Procedures in US Hospitals, 2011:
Statistical Brief #170. Healthcare Cost and Utilization Project (HCUP) Statistical Briefs. Agency for Healthcare
Research and Quality; 2014.
9. Ghogawala Z, Dziura J, Butler WE, et al. Laminectomy plus fusion versus laminectomy alone for lumbar
spondylolisthesis. N Engl J Med. 2016;374(15):1424-1434. doi:10.1056/NEJMoa1508788
10. Liang HF, Liu SH, Chen ZX, Fei QM. Decompression plus fusion versus decompression alone for degenerative
lumbar spondylolisthesis: a systematic review and meta-analysis. Eur Spine J. 2017;26(12):3084-3095. doi:10.
1007/s00586-017-5200-x
11. Resnick DK, Watters WC III, Sharan A, et al. Guideline update for the performance of fusion procedures for
degenerative disease of the lumbar spine, part 9: lumbar fusion for stenosis with spondylolisthesis. J Neurosurg
Spine. 2014;21(1):54-61. doi:10.3171/2014.4.SPINE14274
12. Steiger F, Becker HJ, Standaert CJ, et al. Surgery in lumbar degenerative spondylolisthesis: indications,
outcomes and complications: a systematic review. Eur Spine J. 2014;23(5):945-973. doi:10.1007/s00586-0133144-3
13. Watters WC III, Bono CM, Gilbert TJ, et al; North American Spine Society. An evidence-based clinical guideline
for the diagnosis and treatment of degenerative lumbar spondylolisthesis. Spine J. 2009;9(7):609-614. doi:10.
1016/j.spinee.2009.03.016
14. 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(15):1413-1423. doi:10.1056/NEJMoa1513721

JAMA Network Open. 2020;3(9):e2015015. doi:10.1001/jamanetworkopen.2020.15015 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a Norwegian Institute of Public Health User on 11/19/2020

September 10, 2020

10/13

JAMA Network Open | Orthopedics

Microdecompression vs Decompression With Instrumented Fusion for Spondylolisthesis

15. Austevoll IM, Gjestad R, Brox JI, et al. The effectiveness of decompression alone compared with additional
fusion for lumbar spinal stenosis with degenerative spondylolisthesis: a pragmatic comparative non-inferiority
observational study from the Norwegian Registry for Spine Surgery. Eur Spine J. 2017;26(2):404-413. doi:10.1007/
s00586-016-4683-1
16. Försth P, Michaëlsson K, Sandén B. Does fusion improve the outcome after decompressive surgery for lumbar
spinal stenosis? a two-year follow-up study involving 5390 patients. Bone Joint J. 2013;95-B(7):960-965. doi:10.
1302/0301-620X.95B7.30776
17. Joaquim AF, Milano JB, Ghizoni E, Patel AA. Is there a role for decompression alone for treating symptomatic
degenerative lumbar spondylolisthesis? a systematic review. Clin Spine Surg. 2016;29(5):191-202. doi:10.1097/
BSD.0000000000000357
18. Dijkerman ML, Overdevest GM, Moojen WA, Vleggeert-Lankamp CLA. Decompression with or without
concomitant fusion in lumbar stenosis due to degenerative spondylolisthesis: a systematic review. Eur Spine J.
2018;27(7):1629-1643. doi:10.1007/s00586-017-5436-5
19. Pearson AM. Fusion in degenerative spondylolisthesis: how to reconcile conflicting evidence. J Spine Surg.
2016;2(2):143-145. doi:10.21037/jss.2016.06.02
20. Peul WC, Moojen WA. Fusion for lumbar spinal stenosis—safeguard or superfluous surgical implant? N Engl J
Med. 2016;374(15):1478-1479. doi:10.1056/NEJMe1600955
21. Weinstein J, Pearson A. Fusion in degenerative spondylolisthesis becomes controversial…again. Evid Based
Med. 2016;21(4):148-149. doi:10.1136/ebmed-2016-110474
22. Lønne G, Fritzell P, Hägg O, et al. Lumbar spinal stenosis: comparison of surgical practice variation and clinical
outcome in three national spine registries. Spine J. 2019;19(1):41-49. doi:10.1016/j.spinee.2018.05.028
23. Kim CH, Chung CK, Choi Y, et al. Increased proportion of fusion surgery for degenerative lumbar
spondylolisthesis and changes in reoperation rate: a nationwide cohort study with a minimum 5-year follow-up.
Spine. 2019;44(5):346-354. doi:10.1097/BRS.0000000000002805
24. Carragee EJ. The increasing morbidity of elective spinal stenosis surgery: is it necessary? JAMA. 2010;303(13):
1309-1310. doi:10.1001/jama.2010.402
25. Deyo RA. Fusion surgery for lumbar degenerative disc disease: still more questions than answers. Spine J.
2015;15(2):272-274. doi:10.1016/j.spinee.2014.11.004
26. Chang HS, Fujisawa N, Tsuchiya T, Oya S, Matsui T. Degenerative spondylolisthesis does not affect the
outcome of unilateral laminotomy with bilateral decompression in patients with lumbar stenosis. Spine (Phila Pa
1976). 2014;39(5):400-408. doi:10.1097/BRS.0000000000000161
27. Inui T, Murakami M, Nagao N, et al. Lumbar degenerative spondylolisthesis: changes in surgical indications and
comparison of instrumented fusion with two surgical decompression procedures. Spine (Phila Pa 1976). 2017;42
(1):E15-E24. doi:10.1097/BRS.0000000000001688
28. Park JH, Hyun SJ, Roh SW, Rhim SC. A comparison of unilateral laminectomy with bilateral decompression and
fusion surgery in the treatment of grade I lumbar degenerative spondylolisthesis. Acta Neurochir (Wien). 2012;154
(7):1205-1212. doi:10.1007/s00701-012-1394-1
29. Rampersaud YR, Fisher C, Yee A, et al. Health-related quality of life following decompression compared to
decompression and fusion for degenerative lumbar spondylolisthesis: a Canadian multicentre study. Can J Surg.
2014;57(4):E126-E133. doi:10.1503/cjs.032213
30. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP; STROBE Initiative. The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for
reporting observational studies. Lancet. 2007;370(9596):1453-1457. doi:10.1016/S0140-6736(07)61602-X
31. Berger ML, Mamdani M, Atkins D, Johnson ML. Good research practices for comparative effectiveness
research: defining, reporting and interpreting nonrandomized studies of treatment effects using secondary data
sources: the ISPOR Good Research Practices for Retrospective Database Analysis Task Force Report—part I. Value
Health. 2009;12(8):1044-1052. doi:10.1111/j.1524-4733.2009.00600.x
32. Degenerative spondylolisthesis; micro-decompression alone vs decompression plus instrumented fusion
(DS-registry). ClinicalTrials.gov Identifier: NCT03469791. Updated March 4, 2019. Accessed March 19, 2018. https://
clinicaltrials.gov/ct2/show/NCT03469791
33. Fairbank JC, Couper J, Davies JB, O’Brien JP. The Oswestry low back pain disability questionnaire.
Physiotherapy. 1980;66(8):271-273.
34. Baker DJ, Pynsent PB, Fairbank JCT. The Oswestry Disability Index revisited: its reliability, repeatability and
validity, and a comparison with the St Thomas’s Disability Index. Roland MO, Jenner JR, eds. Back Pain: New
Approaches to Rehabilitation and Education. Manchester University Press; 1989:174-186.

JAMA Network Open. 2020;3(9):e2015015. doi:10.1001/jamanetworkopen.2020.15015 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a Norwegian Institute of Public Health User on 11/19/2020

September 10, 2020

11/13

JAMA Network Open | Orthopedics

Microdecompression vs Decompression With Instrumented Fusion for Spondylolisthesis

35. Austevoll IM, Gjestad R, Grotle M, et al. Follow-up score, change score or percentage change score for
determining clinical important outcome following surgery? an observational study from the Norwegian Registry
for Spine Surgery evaluating patient reported outcome measures in lumbar spinal stenosis and lumbar
degenerative spondylolisthesis. BMC Musculoskelet Disord. 2019;20(1):31. doi:10.1186/s12891-018-2386-y
36. Ostelo RW, Deyo RA, Stratford P, et al. Interpreting change scores for pain and functional status in low back
pain: towards international consensus regarding minimal important change. Spine (Phila Pa 1976). 2008;33
(1):90-94. doi:10.1097/BRS.0b013e31815e3a10
37. Kamper SJ, Ostelo RW, Knol DL, Maher CG, de Vet HC, Hancock MJ. Global Perceived Effect scales provided
reliable assessments of health transition in people with musculoskeletal disorders, but ratings are strongly
influenced by current status. J Clin Epidemiol. 2010;63(7):760-766.e1. doi:10.1016/j.jclinepi.2009.09.009
38. Austin PC. An introduction to propensity score methods for reducing the effects of confounding in
observational studies. Multivariate Behav Res. 2011;46(3):399-424. doi:10.1080/00273171.2011.568786
39. Austevoll IM, Hermansen E, Fagerland M, et al. Decompression alone versus decompression with instrumental
fusion the NORDSTEN degenerative spondylolisthesis trial (NORDSTEN-DS); study protocol for a randomized
controlled trial. BMC Musculoskelet Disord. 2019;20(1):7. doi:10.1186/s12891-018-2384-0
40. Blumenthal S, McAfee PC, Guyer RD, et al. A prospective, randomized, multicenter Food and Drug
Administration investigational device exemptions study of lumbar total disc replacement with the CHARITE
artificial disc versus lumbar fusion, part I: evaluation of clinical outcomes. Spine (Phila Pa 1976). 2005;30(14):
1565-1575. doi:10.1097/01.brs.0000170587.32676.0e
41. Delawi D, Jacobs W, van Susante JL, et al. OP-1 compared with iliac crest autograft in instrumented
posterolateral fusion: a randomized, multicenter non-inferiority trial. J Bone Joint Surg Am. 2016;98(6):441-448.
doi:10.2106/JBJS.O.00209
42. Katz N, Paillard FC, Van Inwegen R. A review of the use of the number needed to treat to evaluate the efficacy
of analgesics. J Pain. 2015;16(2):116-123. doi:10.1016/j.jpain.2014.08.005
43. Bollen KA, Curran PJ. Latent Curve Models: A Structural Equation Perspective. Wiley-Interscience; 2006.
44. Heck RH, Thomas SL. An Introduction to Multilevel Modeling Techniques: MLM and SEM Approaches Using
Mplus. 3rd ed. Taylor & Francis Group; 2015. doi:10.4324/9781315746494
45. Fagerland MW, Lydersen S, Laake P. Recommended confidence intervals for two independent binomial
proportions. Stat Methods Med Res. 2015;24(2):224-254. doi:10.1177/0962280211415469
46. Muthen LK, Muthen MO. Mplus 8 [software manual]. Muthén & Muthén; 2017.
47. Hermansen E, Romild UK, Austevoll IM, et al. Does surgical technique influence clinical outcome after lumbar
spinal stenosis decompression? a comparative effectiveness study from the Norwegian Registry for Spine Surgery.
Eur Spine J. 2017;26(2):420-427. doi:10.1007/s00586-016-4643-9
48. Solberg TK, Sørlie A, Sjaavik K, Nygaard OP, Ingebrigtsen T. Would loss to follow-up bias the outcome
evaluation of patients operated for degenerative disorders of the lumbar spine? Acta Orthop. 2011;82(1):56-63.
doi:10.3109/17453674.2010.548024
49. Schafer JL, Graham JW. Missing data: our view of the state of the art. Psychol Methods. 2002;7(2):147-177.
doi:10.1037/1082-989X.7.2.147
50. Enders CK. Applied Missing Data Analysis. Guilford Press; 2010.
51. Blackwelder WC, Chang MA. Sample size graphs for “proving the null hypothesis.” Control Clin Trials. 1984;5
(2):97-105. doi:10.1016/0197-2456(84)90116-8
52. Försth P, Michaëlsson K, Sandén B. Fusion surgery for lumbar spinal stenosis. N Engl J Med. 2016;375(6):
599-600. doi:10.1056/NEJMc1606502
53. Försth P, Michaëlsson K, Sandén B. More on fusion surgery for lumbar spinal stenosis. N Engl J Med. 2016;375
(18):1806-1807. doi:10.1056/NEJMc1610998
54. Corrigan-Curay J, Sacks L, Woodcock J. Real-world evidence and real-world data for evaluating drug safety and
effectiveness. JAMA. 2018;320(9):867-868. doi:10.1001/jama.2018.10136
55. Merali Z, Wilson JR. Explanatory versus pragmatic trials: an essential concept in study design and
interpretation. Clin Spine Surg. 2017;30(9):404-406. doi:10.1097/BSD.0000000000000588
56. Bui TBV, Burgers DM, Agterof MJ, van de Garde EM. Real-world effectiveness of palbociclib versus clinical trial
results in patients with advanced/metastatic breast cancer that progressed on previous endocrine therapy. Breast
Cancer (Auckl). 2019;13:1178223418823238. doi:10.1177/1178223418823238
57. Kaye ID, Butler JS, Morrissey PB, Sebastian AS, Wagner SC, Vaccaro AR. Spine registries: where do we stand?
Clin Spine Surg. 2018;31(9):389-394. doi:10.1097/BSD.0000000000000589

JAMA Network Open. 2020;3(9):e2015015. doi:10.1001/jamanetworkopen.2020.15015 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a Norwegian Institute of Public Health User on 11/19/2020

September 10, 2020

12/13

JAMA Network Open | Orthopedics

Microdecompression vs Decompression With Instrumented Fusion for Spondylolisthesis

58. 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 J. 2012;12(1):44-54. doi:10.
1016/j.spinee.2011.10.004
59. Matz PG, Meagher RJ, Lamer T, et al. Guideline summary review: an evidence-based clinical guideline for the
diagnosis and treatment of degenerative lumbar spondylolisthesis. Spine J. 2016;16(3):439-448. doi:10.1016/j.
spinee.2015.11.055
60. Sato S, Yagi M, Machida M, et al. Reoperation rate and risk factors of elective spinal surgery for degenerative
spondylolisthesis: minimum 5-year follow-up. Spine J. 2015;15(7):1536-1544. doi:10.1016/j.spinee.2015.02.009
61. Adogwa O, Elsamadicy AA, Han JL, Cheng J, Karikari I, Bagley CA. Do measures of surgical effectiveness at 1
year after lumbar spine surgery accurately predict 2-year outcomes? J Neurosurg Spine. 2016;25(6):689-696. doi:
10.3171/2015.8.SPINE15476
62. Staartjes VE, Siccoli A, de Wispelaere MP, Schroder ML. Patient-reported outcomes unbiased by length of
follow-up after lumbar degenerative spine surgery: do we need 2 years of follow-up? Spine J. 2019;19(4):637-644.
doi:10.1016/j.spinee.2018.10.004
63. Sigmundsson FG, Jönsson B, Strömqvist B. Outcome of decompression with and without fusion in spinal
stenosis with degenerative spondylolisthesis in relation to preoperative pain pattern: a register study of 1,624
patients. Spine J. 2015;15(4):638-646. doi:10.1016/j.spinee.2014.11.020
64. Weinstein JN, Lurie JD, Tosteson TD, et al. Surgical compared with nonoperative treatment for lumbar
degenerative spondylolisthesis: four-year results in the Spine Patient Outcomes Research Trial (SPORT)
randomized and observational cohorts. J Bone Joint Surg Am. 2009;91(6):1295-1304. doi:10.2106/JBJS.H.00913
SUPPLEMENT.
eTable 1. Surgical Parameters for the Unmatched Cohort and for the Propensity Score–Matched Cohort
eTable 2. Outcome Scores for the Unmatched Cohort
eTable 3. Responses on the Global Perceived Effect Scale for the Propensity Score–Matched Cohort
eTable 4. Outcomes for the Propensity Score–Matched Cohort Following Multiple Imputation of Missing Data

JAMA Network Open. 2020;3(9):e2015015. doi:10.1001/jamanetworkopen.2020.15015 (Reprinted)

Downloaded From: https://jamanetwork.com/ by a Norwegian Institute of Public Health User on 11/19/2020

September 10, 2020

13/13

