
NEUROSURGICAL  

 FOCUS Neurosurg Focus 43 (2):E11, 2017

ABBREVIATIONS  ASA = American Society of Anesthesiologists; BMI = body mass index; LOS = length of stay; MIS = minimally invasive surgery; NASS = North American 
Spine Society; NRS = numeric rating scale; NRS-BP = NRS–back pain; NRS-LP = NRS–leg pain; ODI = Oswestry Disability Index; PRO = patient-reported outcome; QOD 
= Quality Outcomes Database; TLIF = transforaminal interbody fusion.
SUBMITTED  April 1, 2017.  ACCEPTED  May 22, 2017.
INCLUDE WHEN CITING  DOI: 10.3171/2017.5.FOCUS17188.

Minimally invasive versus open fusion for Grade I 
degenerative lumbar spondylolisthesis: analysis of the 
Quality Outcomes Database
Praveen V. Mummaneni, MD,1 Erica F. Bisson, MD, MPH,2 Panagiotis Kerezoudis, MD,3  
Steven Glassman, MD,4 Kevin Foley, MD,5 Jonathan R. Slotkin, MD,6 Eric Potts, MD,7  
Mark Shaffrey, MD,8 Christopher I. Shaffrey, MD,8 Domagoj Coric, MD,9 John Knightly, MD,10  
Paul Park, MD,11 Kai-Ming Fu, MD, PhD,12 Clinton J. Devin, MD,13 Silky Chotai, MD,13  
Andrew K. Chan, MD,1 Michael Virk, MD, PhD,1 Anthony L. Asher, MD,9 and Mohamad Bydon, MD3

1Department of Neurological Surgery, University of California, San Francisco, California; 2Department of Neurological Surgery, 
University of Utah, Salt Lake City, Utah; 3Department of Neurologic Surgery, Mayo Clinic, Rochester, Minnesota; 4Norton 
Leatherman Spine Center, Louisville, Kentucky; 5Department of Neurosurgery, University of Tennessee, Memphis, Tennessee; 
6Geisinger Health System, Danville, Pennsylvania; 7Department of Neurological Surgery, Indiana University, Goodman Campbell 
Brain and Spine, Indianapolis, Indiana; 8Department of Neurological Surgery, University of Virginia, Charlottesville, Virginia; 
9Neuroscience Institute, Carolinas Healthcare System and Carolina Neurosurgery & Spine Associates, Charlotte, North Carolina; 
10Atlantic Neurosurgical Specialists, Morristown, New Jersey; 11Department of Neurologic Surgery, University of Michigan, Ann 
Arbor, Michigan; 12Department of Neurological Surgery, Weill Cornell Medical College, New York, New York; and 13Department of 
Orthopedic Surgery, Vanderbilt University, Nashville, Tennessee

OBJECTIVE  Lumbar spondylolisthesis is a degenerative condition that can be surgically treated with either open or 
minimally invasive decompression and instrumented fusion. Minimally invasive surgery (MIS) approaches may shorten 
recovery, reduce blood loss, and minimize soft-tissue damage with resultant reduced postoperative pain and disability.
METHODS  The authors queried the national, multicenter Quality Outcomes Database (QOD) registry for patients un-
dergoing posterior lumbar fusion between July 2014 and December 2015 for Grade I degenerative spondylolisthesis. 
The authors recorded baseline and 12-month patient-reported outcomes (PROs), including Oswestry Disability Index 
(ODI), EQ-5D, numeric rating scale (NRS)–back pain (NRS-BP), NRS–leg pain (NRS-LP), and satisfaction (North Amer-
ican Spine Society satisfaction questionnaire). Multivariable regression models were fitted for hospital length of stay 
(LOS), 12-month PROs, and 90-day return to work, after adjusting for an array of preoperative and surgical variables.
RESULTS  A total of 345 patients (open surgery, n = 254; MIS, n = 91) from 11 participating sites were identified in the 
QOD. The follow-up rate at 12 months was 84% (83.5% [open surgery]; 85% [MIS]). Overall, baseline patient demo-
graphics, comorbidities, and clinical characteristics were similarly distributed between the cohorts. Two hundred fifty 
seven patients underwent 1-level fusion (open surgery, n = 181; MIS, n = 76), and 88 patients underwent 2-level fusion 
(open surgery, n = 73; MIS, n = 15). Patients in both groups reported significant improvement in all primary outcomes (all 
p < 0.001). MIS was associated with a significantly lower mean intraoperative estimated blood loss and slightly longer 
operative times in both 1- and 2-level fusion subgroups. Although the LOS was shorter for MIS 1-level cases, this was 
not significantly different. No difference was detected with regard to the 12-month PROs between the 1-level MIS versus 
the 1-level open surgical groups. However, change in functional outcome scores for patients undergoing 2-level fusion 
was notably larger in the MIS cohort for ODI (-27 vs -16, p = 0.1), EQ-5D (0.27 vs 0.15, p = 0.08), and NRS-BP (-3.5 vs 
-2.7, p = 0.41); statistical significance was shown only for changes in NRS-LP scores (-4.9 vs -2.8, p = 0.02). On risk-
adjusted analysis for 1-level fusion, open versus minimally invasive approach was not significant for 12-month PROs, 
LOS, and 90-day return to work.
CONCLUSIONS  Significant improvement was found in terms of all functional outcomes in patients undergoing open or 
MIS fusion for lumbar spondylolisthesis. No difference was detected between the 2 techniques for 1-level fusion in terms 
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Degenerative lumbar spondylolisthesis is a chronic 
condition characterized by the slippage of a ver-
tebra relative to the segment below. It is consid-

ered an important cause of chronic low-back and radicular 
pain, with an estimated prevalence of 12% in the adult 
United States population.1,11 Although generally a benign 
condition, spondylolisthesis may progress with time in 
terms of both clinical symptoms and increase in antero-
listhesis.21 Surgery, offered to patients in whom optimal 
medical management has failed, typically entails either 
decompression alone or decompression with fusion.

Open approaches are considered the gold standard 
when instrumented fusion is used, with reliable improve-
ment in improving patients’ function and quality of life.15 
However, an open approach might further destabilize sup-
porting structures such as the facet joints and ligamentous 
structures.15 Minimally invasive surgery (MIS), including 
anterior, lateral, or posterior lumbar interbody fusion, has 
attracted increasing attention within the last decade (Fig. 
1). Modern MIS techniques allow for visualization of the 
screw entry points while inspecting the instrumentation 
and neural structures.5,18 Proponents of MIS fusion sug-
gest that it leads to reduced blood loss, shorter recovery, 
and less postoperative pain, while minimizing soft-tissue 
dissection and maintaining the structural integrity of the 
paraspinal muscles.

Previous studies have shown mixed results with regard 
to the efficacy of open versus minimally invasive fusion 
for spondylolisthesis.2,9,10,13,19,20,22–24 Moreover, these stud-
ies are limited by their single-institution nature, thereby 
reflecting the experience of relatively few (1–4) surgeons. 
In light of the limitations in the current literature, we con-
ducted a retrospective analysis of prospectively collected 
data in a multiinstitutional spine registry that represents a 
real-world spinal practice comprising academic and pri-
vate institutions.

Methods
Data Source

We queried the Quality Outcomes Database (QOD) reg-
istry for patients who underwent spinal fusion for degen-
erative spondylolisthesis between July 2014 and Decem-
ber 2015. The QOD is a prospective registry into which 
patients have been enrolled since 2012. It is designed to 
evaluate risk-adjusted expected morbidity and 12-month 
outcomes with the aim of improving efficiency and qual-
ity of care for the most commonly performed spinal sur-
gical procedures.16 As of March 2016, more than 23,000 
patients across 80 participating sites nationwide have been 
enrolled in the Spine Surgery QOD.16 Of these, 11 sites 
proposed a focused project to determine the impact of fu-
sion on patient-reported outcomes (PROs). Preoperative 

radiographs, standing or dynamic, were evaluated by sur-
geons at the participating site to confirm the diagnosis of 
Grade I spondylolisthesis. All surgical variables, including 
laminectomy performed, fusion performed, and number 
of levels of fusion or laminectomy, MIS versus open sur-
gery, were audited for all eligible patients. Patients who 
underwent elective lumbar spine surgery for Grade I spon-
dylolisthesis (according to the Meyerding classification17 
(via a posterior-only approach were included in the analy-
sis. In addition to QOD exclusion criteria,16 patients with 
Grade II or higher spondylolisthesis other than a posterior-
only approach, more than 2 levels of fusion, and cortical 
screw fixation were excluded. Minimally invasive spinal 
fusion was defined as the utilization of percutaneous or 
tubular screw fixation, with or without intervertebral body 
graft placement.

Outcomes of Interest
The primary outcome measures were assessed at 12 

months using validated questionnaires and included the 
Oswestry Disability Index (ODI),8 numeric rating scale 
(NRS) for back pain (NRS-BP) and leg pain (NRS-LP),14 
preference-based health status (EQ-5D),7 and North 
American Spine Society (NASS) patient satisfaction 
score.4 Patients responding “yes” to Question 1 or 2 of 
the NASS patient satisfaction questionnaire (Question 1: 
“The treatment met my expectations.” Question 2: “I did 
not improve as much as I had hoped, but I would undergo 
the same treatment for the same outcome.”) were consid-
ered satisfied. Secondary outcome measures included in-
traoperative blood loss, operative time, hospital length of 
stay (LOS) as well as 90-day readmission, 90-day return 
to work, and return to the operating room within 1 year.

Covariates
We recorded the following information: 1) demograph-

ics: age, sex, body mass index (BMI), ethnicity, insurance, 
education level, employment, and workers’ compensation; 
2) comorbidities: smoking, diabetes, anxiety, osteoporosis, 
depression, and American Society of Anesthesiologists 
(ASA) Physical Classification Status; 3) clinical charac-
teristics: symptom duration, dominant symptom, ambu-
lation, and presence of motor deficit; 4) baseline PRO 
scores: ODI, EQ-5D, NRS-LP, NRS-BP; and 4) surgical 
variables: number of levels of fusion.

Statistical Analysis
Separate analyses were conducted for patients undergo-

ing 1- or 2-level fusion. Descriptive statistics (means and 
standard deviations for continuous variables; frequencies 
and proportions for categorical variables) were used for 
available patient demographic and comorbidity information 

of patient-reported outcomes, LOS, and 90-day return to work. However, patients undergoing 2-level MIS fusion reported 
significantly better improvement in NRS-LP at 12 months than patients undergoing 2-level open surgery. Longer follow-
up is needed to provide further insight into the comparative effectiveness of the 2 procedures.
https://thejns.org/doi/abs/10.3171/2017.5.FOCUS17188
KEY WORDS  lumbar; spondylolisthesis; open surgery; minimally invasive surgery; Quality Outcomes Database
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as well as baseline symptoms, diagnosis, and PRO scores. 
Between the 2 cohorts, continuous variables were com-
pared using an unpaired Student t-test, whereas categorical 
variables were compared using Pearson’s chi-square and 
Fisher’s exact tests. We also calculated quality-adjusted life 
days for the 1st year after surgery using the EQ-5D scores 
at baseline and at 3 and 12 months. Multivariable propor-
tional odds ordinal regression models were fitted for ODI, 
EQ-5D, NRS-BP, NRS-LP, NASS satisfaction, and LOS 
after controlling for the covariates of interest. Due to the 
limited sample size, multivariable analysis was performed 
only for patients undergoing 1-level fusion. Missing values 
in the data were imputed using the missForest R package, 
a nonparametric imputation method based on the random 
forest algorithm (http://adsabs.harvard.edu/abs/2015ascl.
soft05011S). The missForest algorithm can handle high-
dimensional data sets with mixed-type variables, including 
continuous, categorical, and count data; nonlinear relation-
ships; and complex interactions. The analysis was per-
formed using R 3.1.2 (R: A language and environment for 
statistical computing. R Foundation for Statistical Comput-
ing, Vienna, Austria. URL https://www.R-project.org) and 
“rms” package. Probability values were 2-tailed and were 
considered significant if < 0.05.

Results
Patient Demographics and Comorbidities

We identified a total of 402 patients from 11 centers in 
the QOD registry who underwent spinal fusion for spon-
dylolisthesis. After excluding patients with Grade II spon-
dylolisthesis (n = 7), patients who underwent an approach 
other than a posterior-only approach (n = 42), more than 2 
levels of fusion (n = 4), and cortical screw fixation (n = 4), 
our final cohort consisted of 345 patients (open surgery, 
n = 254; MIS, n = 91). Two hundred fifty-seven patients 
underwent 1-level fusion (open surgery, n = 181; MIS, n = 

76), and 88 patients underwent 2-level fusion (open sur-
gery, n = 73; MIS, n = 15). The follow-up rate at 12 months 
was 84% (open surgery, n = 83.5%; MIS, n = 85%).

Overall, baseline demographics and comorbidities 
were similarly distributed between the 2 groups (Table 1). 
The mean age was 61 years (1-level: 61 years [open sur-
gery] vs 60 years [MIS], p = 0.43; 2-level: 63 years [open 
surgery] vs 61 years [MIS], p = 0.58), and the majority 
were females (1-level: 64% [open surgery] vs 55% [MIS], 
p = 0.27; 2-level: 53% [open surgery] vs 73% [MIS], p = 
0.26). Patients in the open group were more likely to be of 
Hispanic ethnicity (1-level: 24% vs 3%, p < 0.001; 2-level: 
18% vs 0%, p = 0.22). No differences were observed in 
either subgroup with regard to BMI, smoking status, coro-
nary artery disease, diabetes, and ASA class. Variables 
related to socioeconomic status (education level, employ-
ment activity and insurance status) were also similar be-
tween the 2 cohorts.

Baseline Clinical Characteristics
Baseline symptoms, diagnoses, and PROs are present-

ed in Table 2. The majority of patients in both groups had 
a symptom duration between 3 and 12 months (p = 0.33 
for 1 level; p > 0.99 for 2 levels and rated back- and leg-
related symptoms to be equally problematic (p = 0.07 for 
1 level; p = 0.54 for 2 levels). Moreover, no difference was 
found with regard to the presence of motor deficit (p = 
0.84 for 1 level; p = 0.75 for 2 levels) or ambulation (p = 
0.26 for 1 level; p = 0.74 for 2 levels). In terms of baseline 
PRO scores, patients in the 1-level subgroup undergoing 
open surgery presented with a baseline severity of disease 
burden that was comparable to patients undergoing MIS, 
including mean ODI (45.1 vs 48.1, p = 0.18), EQ-5D score 
(0.54 vs 0.53, p = 0.83), NRS-BP (7 vs 6.9, p = 0.74), and 
NRS-LP (6.7 vs 6.6, p = 0.9). On the contrary, MIS pa-
tients in the 2-level subgroup presented with significantly 
more severe disability (ODI score 55.3 vs 42.1, p = 0.006) 

FIG. 1. Illustrations of axial (A) and lateral (B) views depicting placement of the interbody cage through the expandable tube during 
the MIS TLIF. Reprinted with permission from Dhall et al: J Neurosurg Spine 9:560–565, 2008.
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and worse quality of life (EQ-5D score 0.44 vs 0.56, p 
= 0.049). Pain scores were also higher but did not reach 
statistical significance (NRS-BP [7.2 vs 6.7, p = 0.5] and 
NRS-LP [7.1 vs 6.3, p = 0.26]).

Operative Characteristics
Intraoperative variables are outlined in Table 3. The 

MIS approach was associated with lower mean blood loss 
(1 level, 143 vs 290 ml; 2 levels, 220 vs 512 ml; both p < 
0.001) and a slightly longer operative time (1 level, 212 
vs 190 minutes [p = 0.07]; 2 levels, 282 vs 226 minutes 
[p = 0.1]). (Hemi)laminectomy was performed in most 
cases of 1-level fusion (96% [open surgery] vs 97% [MIS], 
p > 0.99) and 2-level fusion (96% [open surgery] vs 93% 

[MIS], p = 0.53). Lastly, MIS patients were more likely 
to undergo an interbody graft placement (98.7% [1 level] 
and 100% [2 levels]) compared with open surgery (84% [1 
level] and 85% [2 levels]).

Postoperative Outcomes
A summary of postoperative outcomes is presented in 

Table 4. The average hospital LOS was similar between 
the open surgery and MIS cohorts in the 1-level fusion 
group (3.4 vs 3.2 days, p = 0.53) and the 2-level fusion 
subgroup (3.9 vs 4 days, p = 0.83). Patients in both co-
horts reported significant improvement in all primary out-
comes (all p < 0.001) (Figs. 2 and 3). Discharge to home 
was the most common disposition for the open surgery 

TABLE 1. Patient demographics and comorbidities by approach

Variable All (n = 345)
1-Level Fusion 2-Level Fusion

Open (n = 181) MIS (n = 76) p Value Open (n = 73) MIS (N = 15) p Value

Age in yrs, mean (SD) 61.0 (10.7)   60.9 (11.0) 59.8 (10.5) 0.43 62.5 (10.5) 61.1 (7.87) 0.58
Female sex, n (%) 207 (60.0) 115 (63.5) 42 (55.3) 0.27 39 (53.4) 11 (73.3) 0.26
BMI, mean (SD) 31.2 (6.93) 31.1 (7.27) 31.0 (6.91) 0.93 31.4 (6.33) 31.8 (6.14) 0.82
Hispanic ethnicity, n (%) <0.001 0.22
  Yes 58 (16.8) 43 (23.8) 2 (2.63) 13 (17.8) 0 (0.00)
  Prefer not to answer 9 (2.61) 5 (2.76) 1 (1.32) 3 (4.11) 0 (0.00)
Education, n (%) 0.76 0.538
  < high school 13 (3.77) 8 (4.42) 1 (1.32) 4 (5.48) 0 (0.00)
  High school diploma 126 (36.5) 64 (35.4) 31 (40.8) 28 (38.4) 3 (20.0)
  2-yr college degree 74 (21.4) 38 (21.0) 15 (19.7) 17 (23.3) 4 (26.7)
  4-yr college degree 74 (21.4) 39 (21.5) 14 (18.4) 15 (20.5) 6 (40.0)
  Postcollege 51 (14.8) 27 (14.9) 14 (18.4) 8 (11.0) 2 (13.3)
  Prefer not to answer 7 (2.03) 5 (2.76) 1 (1.32) 1 (1.37) 0 (0.00)
Smoking, n (%) 34 (9.86) 20 (11.0) 8 (10.5) >0.99 6 (8.22) 0 (0.00) 0.58
CAD, n (%) 40 (11.6) 24 (13.3) 5 (6.58) 0.18 9 (12.3) 2 (13.3) >0.99
Diabetes, n (%) 59 (17.1) 31 (17.1) 10 (13.2) 0.54 15 (20.5) 3 (20.0) >0.99
Anxiety, n (%) 60 (17.4) 33 (18.2) 10 (13.2) 0.42 15 (20.5) 2 (13.3) 0.73
Depression, n (%) 79 (22.9) 43 (23.8) 15 (19.7) 0.59 16 (21.9) 5 (33.3) 0.34
Osteoporosis, n (%) 22 (6.38) 11 (6.08) 6 (7.89) 0.80 3 (4.11) 2 (13.3) 0.2
ASA class, n (%) 0.28 >0.99
  I/II 180 (52.3) 94 (52.2) 46 (60.5) 33 (45.2) 7 (46.7)
  III/IV 164 (47.7) 86 (47.8) 30 (39.5) 40 (54.8) 8 (53.3)
Employment, n (%) 0.19 0.273
  Employed & currently working 147 (42.6) 75 (41.4) 40 (52.6) 28 (38.4) 4 (26.7)
  Employed but not working (on short- 

  term disability or on leave)
19 (5.51) 12 (6.63) 2 (2.63) 3 (4.11) 2 (13.3)

  Unemployed 179 (51.9) 94 (51.9) 34 (44.7) 42 (57.5) 9 (60.0)
Workers’ Compensation, n (%) 6 (1.72) 3 (1.69) 1 (1.32) >0.99
Insurance, n (%) 0.05 0.89
  Uninsured 1 (0.29) 0 (0.00) 1 (1.32) 0 (0.00) 0 (0.00)
  Medicare 123 (35.7) 70 (38.7) 20 (26.3) 26 (35.6) 7 (46.7)
  Medicaid 18 (5.22) 11 (6.08) 3 (3.95) 4 (5.48) 0 (0.00)
  VA/government 12 (3.48) 8 (4.42) 1 (1.32) 3 (4.11) 0 (0.00)
  Private 191 (55.4) 92 (50.8) 51 (67.1) 40 (54.8 8 (53.3)

CAD = coronary artery disease; VA = Veterans Affairs.
Boldface type indicates statistical significance.
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and MIS cohorts (p = 0.76 for 1 level; p = 0.91 for 2 levels). 
No differences were detected in 90-day readmission and 
12-month PROs between the cohorts.

PRO scores between 12 months and baseline were 
found to be comparable within the 1-level subgroup. On 
the contrary, in the 2-level subgroup there were notable 
differences between the MIS and open surgery cohorts in 
terms of ODI (-27 vs -16, p = 0.1), EQ-5D (0.27 vs 0.15, 
p = 0.08) and NRS-BP (-3.5 vs -2.7, p = 0.41); however, 
statistical significance was shown only for NRS-LP (-4.9 
vs -2.8, p = 0.02)

The mean quality-adjusted life days within the 1-level 
subgroup was 268 for open surgery and 270 for MIS (p = 
0.84), whereas within the 2-level subgroup they were 253 
for open surgery and 262 for MIS (p = 0.45). Although not 
statistically significant, more patients in the MIS cohort 
returned to work within 90 days (1 level: 77% [MIS] vs 
61% [open surgery], p = 0.18; 2 levels: 100% [MIS] vs 63% 
[open surgery], p = 0.27). Return to the operating within 
1 year for conditions related to the index procedure was 

very uncommon in our overall cohort (20 patients), with 
the most common reason being surgical site infection (n = 
6), followed by adjacent-segment disease (n = 3) and hard-
ware failure (n = 2).

Multivariable Regression Analysis for the 1-Level Fusion 
Subgroup

Multivariable proportional odds logistic regression 
analysis did not reveal any significant differences with re-
gard to the outcomes of interest: 12-month ODI (OR 1.01, 
95% CI 0.59–1.72; p = 0.96), EQ-5D (OR 0.87, 95% CI 
0.52–1.48; p = 0.61), NRS-LP (OR 0.69, 95% CI 0.39–1.21; 
p = 0.2), NRS-BP (OR 1.05, 95% CI 0.62–1.78 p = 0.85), 
satisfaction (OR 1.52, 95% CI 0.75–3.10, p = 0.25), LOS 
(OR 0.80, 95% CI 0.46–1.39; p = 0.43), and 90-day return 
to work (OR 1.46, 95% CI 0.21–10.3; p = 0.70) (Table 5).

Discussion
The utilization of MIS approaches to treat degenera-

TABLE 2. Baseline symptoms, diagnoses, and PRO scores by approach

Variable All (n = 345)
1-Level Fusion 2-Level Fusion

Open (n = 181) MIS (n = 76) p Value Open (n = 73) MIS (n = 15) p Value

Symptom duration, n (%) 0.33 >0.99
  <3 mos 5 (1.45) 5 (2.76) 0 (0.00) 0 (0.00) 0 (0.00)
  3–12 mos 327 (94.8) 167 (92.3) 74 (97.4) 71 (97.3) 15 (100)
  >12 mos 13 (3.77) 9 (4.97) 2 (2.63) 2 (2.74) 0 (0.00)
Motor deficit present, n (%) 73 (21.2) 37 (20.4) 14 (18.4) 0.84 19 (26.0) 3 (20.0) 0.75
Ambulation, n (%) 0.26 0.74
  Independent 306 (88.7) 166 (91.7) 66 (86.8) 62 (84.9) 12 (80.0)
  w/ an assisting device 36 (10.4) 13 (7.18) 10 (13.2) 10 (13.7) 3 (20.0)
  Wheelchair bound (nonambulatory) 3 (0.87) 2 (1.10) 0 (0.00) 1 (1.37) 0 (0.00)
Dominant symptom, n (%) 0.07 0.54
  Back 127 (36.8) 70 (38.7) 20 (26.3) 30 (41.1) 7 (46.7)
  Leg 45 (13.0) 27 (14.9) 9 (11.8) 9 (12.3) 0 (0.00)
  Back = leg 173 (50.1) 84 (46.4) 47 (61.8) 34 (46.6) 8 (53.3)
Baseline PROs, mean (SD)
  ODI 45.6 (16.0) 45.1 (15.3) 48.1 (16.2) 0.18 42.1 (16.9) 55.3 (14.8) 0.006
  EQ-5D 0.54 (0.22) 0.54 (0.21) 0.53 (0.24) 0.83 0.56 (0.22) 0.44 (0.20) 0.049
  NRS-BP 6.92 (2.48) 7.00 (2.25) 6.88 (2.76) 0.74 6.68 (2.68) 7.20 (2.78) 0.52
  NRS-LP 6.61 (2.73) 6.68 (2.61) 6.63 (2.85) 0.9 6.33 (2.97) 7.13 (2.36) 0.26

Boldface type indicates statistical significance.

TABLE 3. Summary of intraoperative variables

Variable All (n = 345)
1-Level Fusion 2-Level Fusion

Open (n = 181) MIS (n = 76) p Value Open (n = 73) MIS (n = 15) p Value

EBL in ml, mean (SD) 303 (296) 290 (219) 143 (116) <0.001 512 (452) 220 (152) <0.001
Op time in mins, mean (SD) 206 (81.2) 190 (64.0) 212 (93.7) 0.07 226 (84.3) 282 (119) 0.1
Laminectomy, n (%) 332 (96.2) 174 (96.1) 74 (97.4) >0.99 70 (95.9) 14 (93.3) 0.53
Interbody graft placement, n (%) 304 (88.1) 152 (84.0) 75 (98.7) 0.001 62 (84.9) 15 (100) 0.2

EBL = estimated blood loss.
Boldface type indicates statistical significance.
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TABLE 4. Summary of postoperative outcomes

Variable All (n = 345)
1-Level Fusion 2-Level Fusion

Open (n = 181) MIS (n = 76) p Value Open (n = 73) MIS (n = 15) p Value

LOS in days, mean (SD) 3.46 (1.66) 3.36 (1.55) 3.21 (1.74) 0.53 3.88 (1.67) 4.00 (2.00) 0.83
Discharge destination, n (%) 0.76 0.91
  Home routine 283 (82.3) 151 (83.9) 67 (88.2) 54 (74.0) 11 (73.3)
  Home w/ home health care services 18 (5.23) 11 (6.11) 3 (3.95) 3 (4.11) 1 (6.67)
  Postacute or nonacute care setting 41 (11.9) 18 (10.0) 6 (7.89) 14 (19.2) 3 (20.0)
  Transferred to another acute care facility 2 (0.58) 2 (2.74) 0 (0.00)
90-day readmission, n (%) 5 (1.47) 1 (0.56) 2 (2.67) 0.21 1 (1.39) 1 (6.67) 0.32
90-day return to work, n (%) 87 (66.4) 42 (60.9) 26 (76.5) 0.18 15 (62.5) 4 (100) 0.27
Return to the op room w/in 1 yr, n (%)* 20 (5.81) 9 (5.00) 4 (5.26) >0.99 5 (6.85) 2 (13.3) 0.34
12-mo functional outcomes
  NASS satisfaction, n (%) 0.16 0.50
    1 199 (68.2) 111 (74.0) 44 (68.8) 29 (50.0) 10 (71.4)
    2 47 (16.1) 17 (11.3) 14 (21.9) 14 (24.1) 1 (7.14)
    3 26 (8.90) 13 (8.67) 5 (7.81) 7 (12.1) 1 (7.14)
    4 20 (6.85) 9 (6.00) 1 (1.56) 8 (13.8) 2 (14.3)
  Change in ODI, mean (SD) −24.17 (17.4) −25.54 (16.9) −27.61 (16.4) 0.40 −15.89 (16.0) −27.43 (23.2) 0.1
  Change in EQ-5D, mean (SD) 0.24 (0.22) 0.25 (0.22) 0.26 (0.21) 0.84 0.15 (0.24) 0.27 (0.20) 0.08
  Change in NRS-BP, mean (SD) −3.79 (3.11) −4.22 (2.96) −3.80 (3.12) 0.35 −2.68 (3.23) −3.50 (3.28) 0.41
  Change in NRS-LP, mean (SD) −4.00 (3.48) −4.15 (3.57) −4.47 (3.11) 0.51 −2.84 (3.60) −4.93 (2.70) 0.02
  Quality-adjusted life days w/in the 1st yr 266 (46.3) 268 (46.3) 270 (46.3) 0.84 253 (49.0) 262 (25.8) 0.45

*  Related to the index procedure.

FIG. 2. PROs for patients undergoing 1-level fusion were collected at baseline, 3-month, and 12-month time periods. At baseline, 
all PRO scores were similar between the groups. Each group improved significantly from baseline at 3- and 12-month time periods 
in terms of NRS-BP (A), NRS-BP (B), ODI (C), and EQ-5D (D) scores (p < 0.001 [for each]). There were no significant differences 
between 3 months and 12 months between the 2 groups in terms of NRS-BP, NRS-LP, ODI, and EQ-5D scores.
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tive spine disease, including spondylolisthesis, is steadily 
increasing among spinal surgeons.6 While there are many 
potential benefits to the MIS approach, there is still a pau-
city of strong Class I evidence proving its efficacy and 
safety over conventional open approaches for the man-
agement of spondylolisthesis. In the present study, we 
analyzed data from 345 patients enrolled in a prospective, 
national spine registry who were treated by both orthope-
dic and neurological surgeons at 11 institutions across the 
United States. After using robust statistical methodology, 
we found that both approaches are very effective in treat-
ing the underlying pathology and restoring back and leg 
pain and function. Overall, postoperative functional and 
surgical outcomes were comparable between the MIS and 
open surgery cohorts.

A recently published systematic review and meta-anal-
ysis of 10 studies including 602 patients revealed that there 
was no significant difference in terms of functional or pain 
outcomes (ODI and visual analog scale, respectively), be-
tween open surgery and MIS.15 In the present study, pa-
tients in both groups presented with similar baseline co-
morbidity burdens and disease severity, thus minimizing 
the risk for selection bias in favor of the MIS approach. 
The impact of the MIS approach was not found to be sig-
nificant for 12-month PROs, a finding that might be attrib-
uted to the limited sample size. However, a greater change 
in NRS-LP (2 points) was noted in the 2-level fusion sub-
group. Interestingly, although not statistically significant, 

a higher proportion of patients in the MIS group reported 
that they were satisfied with the procedure (1-level: 91% vs 
85%; 2 levels: 79% vs 74%), reflecting its promising value 
for treating this patient population.

Authors have previously shown that MIS is associated 
with less intraoperative blood loss and shorter hospital 
LOS.15 Similarly, in our study, blood loss in the MIS group 
was more than half of that recorded in the open group at 
the expense of slightly longer operative times (an average 
of 32 minutes for 1-level and 56 minutes for 2-level fu-
sions), which is anticipated given that MIS requires deep 
knowledge of the relevant anatomy and comfort with the 
novel instrumentation and restricted view.13,15 We did not 

FIG. 3. PROs for patients undergoing 2-level fusion were collected at baseline, 3-month, and 12-month time periods. Each group im-
proved significantly from baseline at the 3- and 12-month time periods in terms of NRS-BP (A), NRS-LP (B), ODI (C), and EQ-5D (D) 
scores (p < 0.001 [for each]). However, at baseline, ODI and EQ-5D scores were significantly worse in the MIS group (p = 0.006 and 
p = 0.049, respectively). There were no significant differences between 3 months and 12 months between the groups in terms of NRS-
BP, NRS-LP, ODI, and EQ-5D scores. The asterisks represent significantly different scores. The lines represent means with SDs.

TABLE 5. Adjusted odds ratios of approach on outcomes for 
patients undergoing 1-level fusion

Outcome OR 95% CI p Value

12-mo ODI 1.01 0.59–1.72 0.96
12-mo EQ5D 0.87 0.52–1.48 0.61
12-mo NRS-BP 1.05 0.62–1.78 0.85
12-mo NRS-LP 0.69 0.39–1.21 0.20
12-mo patient satisfaction 1.52 0.75–3.10 0.25
LOS 0.80 0.46–1.39 0.43
90-day return to work 1.46 0.21–10.3 0.70

Reference group is the open surgery group.
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observe a difference with regard to postoperative recovery; 
patients in both cohorts spent approximately 3–4 days in 
the hospital, which may attributed to the lower LOS in the 
open group than that reported in previous studies.2,3,5,9,​19,20

Finally, the rates for observed readmission and return 
to the operating room were very low in both groups; the 
second largest study to date by Parker and colleagues in-
vestigated 100 patients (50 in each arm) who underwent 
transforaminal interbody fusion (TLIF) for spondylolis-
thesis.19 The authors found similar surgical morbidity and 
hospital readmission rates for MIS and open TLIF. Also, 
although we did not detect a statistically significant differ-
ence, patients in the MIS group were over 15% more likely 
to return to work within 90 days. Similarly, in the study by 
Parker et al., patients undergoing minimally invasive TLIF 
returned to work faster by a median of 4 weeks (7 vs 11 
weeks). Overall, the findings of the present study confirm 
that the MIS approach represents a viable and safe alter-
native in the management of spondylolisthesis, involving 
less surgical trauma while achieving similar functional 
outcomes to open surgery.

Limitations
This study has several limitations. To start, this is a 

nonrandomized study; therefore, there is a risk for selec-
tion bias during preoperative planning, and the type of 
surgical procedure to be performed is at the surgeon’s 
discretion. We are also limited by the 12-month follow-up 
duration and cannot provide insight into associated PROs, 
complications, and reoperations beyond that time frame. 
Furthermore, our study lacks radiographic data, including 
follow-up radiographs. Lastly, there was moderate hetero-
geneity of the MIS practices, including the utilization of 
tubular and percutaneous screw fixation.

Conclusions
The present study evaluated real-world spinal practice 

for patients undergoing open or minimally invasive lumbar 
fusion for Grade I degenerative spondylolisthesis. Both ap-
proaches were found to be effective in addressing patients’ 
symptoms and disability. Overall, no difference was detect-
ed with regard to 12-month PROs, LOS, and 90-day return 
to work; however, larger changes in functional outcome 
scores were observed in the 2-level fusion subgroup. Future 
studies are needed to provide insight into the long-term ef-
ficacy and cost-effectiveness of the 2 treatment modalities.
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