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OBJECTIVE As compensation transitions from a fee-for-service to pay-for-performance healthcare model, providers
must prioritize patient-centered experiences. Here, the authors’ primary aim was to identify predictors of patient dissatisfaction at 1 and 2 years after lumbar surgery.
METHODS The Michigan Spine Surgery Improvement Collaborative (MSSIC) was queried for all lumbar operations at
the 1- and 2-year follow-ups. Predictors of patients’ postoperative contentment were identified per the North American
Spine Surgery (NASS) Patient Satisfaction Index, wherein satisfied patients were assigned a score of 1 (“the treatment
met my expectations”) or 2 (“I did not improve as much as I had hoped, but I would undergo the same treatment for the
same outcome”) and unsatisfied patients were assigned a score of 3 (“I did not improve as much as I had hoped, and I
would not undergo the same treatment for the same outcome”) or 4 (“I am the same or worse than before treatment”).
Multivariable Poisson generalized estimating equation models were used to report adjusted risk ratios (RRadj).
RESULTS Among 5390 patients with a 1-year follow-up, 22% reported dissatisfaction postoperatively. Dissatisfaction
was predicted by higher body mass index (RRadj =1.07, p < 0.001), African American race compared to white (RRadj =
1.51, p < 0.001), education level less than high school graduation compared to a high school diploma or equivalent (RRadj
= 1.25, p = 0.008), smoking (RRadj = 1.34, p < 0.001), daily preoperative opioid use > 6 months (RRadj = 1.22, p < 0.001),
depression (RRadj = 1.31, p < 0.001), symptom duration > 1 year (RRadj = 1.32, p < 0.001), previous spine surgery (RRadj =
1.32, p < 0.001), and higher baseline numeric rating scale (NRS)–back pain score (RRadj = 1.04, p = 0.002). Conversely,
an education level higher than high school graduation, independent ambulation (RRadj = 0.90, p = 0.039), higher baseline
NRS–leg pain score (RRadj = 0.97, p = 0.013), and fusion surgery (RRadj = 0.88, p = 0.014) decreased dissatisfaction.
Among 2776 patients with a 2-year follow-up, 22% reported dissatisfaction postoperatively. Dissatisfaction was predicted
by a non-white race, current smoking (RRadj = 1.26, p = 0.004), depression (RRadj = 1.34, p < 0.001), symptom duration
> 1 year (RRadj = 1.47, p < 0.001), previous spine surgery (RRadj = 1.28, p < 0.001), and higher baseline NRS–back pain
score (RRadj = 1.06, p = 0.003). Conversely, at least some college education (RRadj = 0.87, p = 0.035) decreased the risk
of dissatisfaction.
CONCLUSIONS Both comorbid conditions and socioeconomic circumstances must be considered in counseling patients on postoperative expectations. After race, symptom duration was the strongest predictor of dissatisfaction; thus,
patient-centered measures must be prioritized. These findings should serve as a tool for surgeons to identify at-risk
populations that may need more attention regarding effective communication and additional preoperative counseling to
address potential barriers unique to their situation.
https://thejns.org/doi/abs/10.3171/2019.8.SPINE19260
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T

he Patient Protection and Affordable Care Act of
2010 required the Secretary of the Department of
Health and Human Services (HHS) to establish the
National Strategy for Quality Improvement in Health Care
(National Quality Strategy). This directive was intended
to provide high-quality yet affordable healthcare for all
Americans. As one of ten aims for this newly developed
National Quality Strategy in the 2011 Report to Congress,
the HHS defined the Public Reporting aim “to compare
costs, review treatment outcomes, and assess patient satisfaction.”42 This initiative has subsequently facilitated the
transition from a fee-for-service to a pay-for-performance
healthcare model, which requires hospitals and providers
alike to prioritize patient-centered outcomes. Surgical facilities must therefore emphasize postoperative satisfaction as one of the key metrics of quality assessment.10,27,40
Several studies have focused on patient-reported outcomes (PROs) as metrics of patient satisfaction.9,43,44 Surveys like the Hospital Consumer Assessment of Healthcare Providers and Systems (HCAHPS) were developed
to objectify patient satisfaction, but that instrument’s 29
questions target broader patient experiences that lack applicability to surgical specialties.14 In their article on the
evolution of HCAHPS in spine surgery, Malpani et al.
concluded that the metric links hospital remuneration to
patient satisfaction.35 However, the questionnaire neglects
an emphasis on PROs, as other spine surgeons have noted
with HCAHPS.31,34 More specific metrics are necessary
to predict patient satisfaction with surgery, but well-validated PROs, like the numeric rating scales (NRSs), EQ5D, Oswestry Disability Index (ODI), and SF-12, may not
adequately capture patient-centered experiences.24 These
published questionnaires can be costly, difficult, and burdensome to administer. As a result, the North American
Spine Surgery (NASS) Patient Satisfaction Index (PSI)
was developed to capture a yes/no binary response to “I
would undergo the same treatment again.”11 Patient satisfaction has emerged as a proxy for healthcare quality
because of its ease of collection as a response to a single
question. Satisfaction metrics have increasingly governed
medical finances when health maintenance organizations
or health insurance companies negotiate prices for the
purchase of healthcare. Thus, in this study, we aimed to
elicit predictors of the NASS PSI at 1 and 2 years following lumbar surgeries registered in a statewide database.

Methods

Approval for this study was received from the Henry
Ford Hospital Institutional Review Board. The source
population was provided by the Michigan Spine Surgery Improvement Collaborative (MSSIC).7 The registry
was established by Blue Cross Blue Shield of Michigan
(BCBSM) and Blue Care Network (BCN) health insurance
companies as part of the Value Partnerships program—a
collection of clinical enterprises to improve statewide patient care. The MSSIC represents a BCBSM/BCN-funded
Collaborative Quality Initiative in both the hospital and
private practice settings. All participating centers must 1)
perform a minimum of 200 spinal procedures annually
and 2) assign at least one neurosurgeon and one orthope374

dic surgeon to act as surgeon champions. A surgeon from
each specialty must have privileges at any given MSSIC
site in order to maintain equal representation in collaborative activities (e.g., conference calls, quarterly meetings,
and committees); this will ensure that spine practice and
thus outcomes reflect practice patterns from both training
perspectives. A few exceptions can exist if one specialty
is more dominant in a certain institution as long as the
case volume is sufficient. Healthcare providers are not restricted to BCBSM/BCN subscribers. Housed at the Henry Ford Hospital, the MSSIC Coordinating Center trains
abstractors at participating centers and monitors data validity, which involves routine data audits as well as three
meetings with the entire collaborative throughout the year.
Only the surgeon has access to his or her own data, which
otherwise consist of de-identified individual-level information for the purposes of quality-improvement comparisons. Consistent with the “lift all boats” mission statement, the MSSIC prohibits the advertisement of outcome
comparisons among the different healthcare participants.
For this study, the MSSIC was queried for all lumbar
operations undertaken for a primary diagnosis of lumbar
stenosis, spondylolisthesis, or lumbar disc herniation. The
MSSIC focuses on spinal operations performed for elective, degenerative indications; urgent or emergent classifications of operations are not collected. Surgeries for
neoplasms, trauma, or deformity are similarly excluded,
as are pure thoracic cases. Preoperative demographic data,
intraoperative parameters, and 90-day postoperative complications from February 24, 2014, to October 5, 2018,
were abstracted from the MSSIC database. The primary
outcome measure reflected the patients’ postoperative
contentment as defined by the NASS PSI, wherein satisfied patients were defined by a score of 1 (“the treatment
met my expectations”) or 2 (“I did not improve as much as
I had hoped, but I would undergo the same treatment for
the same outcome”) and unsatisfied patients were defined
by a score of 3 (“I did not improve as much as I had hoped,
and I would not undergo the same treatment for the same
outcome”) or 4 (“I am the same or worse than before treatment”).11 Thus, the PSI was converted into a dichotomous
outcome with analysis following a Boolean data type: satisfaction (score 1 or 2) versus dissatisfaction (score 3 or 4).
Patient satisfaction was determined by surveys completed
at the 1- and 2-year follow-ups using phone calls, mail,
and/or web portal. Preoperative baseline disability/pain
scales included the ODI, NRS–leg pain, and NRS–back
pain. Other PROs included the minimum clinically important difference (MCID) in the ODI for low-back pain,
which refers to a single cut-point that would represent a
change in ODI (treated as a binary outcome). Other measures included depression as defined by the Patient Health
Questionnaire–2 (PHQ-2), a measure of the frequency of
depressed mood and anhedonia over the past 2 weeks.33
The survey is given to all patients at both preoperative and
postoperative clinic visits.
All adverse events are defined within 90 postoperative days—a timeframe established by the 90-day bundled
payments by third-party payers. Complications within 90
postoperative days provided in the MSSIC registry include
readmission after hospital discharge, return to the operat-
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ing room, and urinary retention ([re]placement of a Foley
catheter after surgery). Revision surgeries within 90 postoperative days are, therefore, not counted as index operations in the cohort but rather as a return to the operating
room. If the revision surgery occurs beyond 90 days, then
the first procedure is documented as a previous spine surgery. Surgical site infection (SSI) must involve only skin
and subcutaneous tissue of the incision, and patients must
have at least one of the following: 1) purulent drainage
from the superficial incision; 2) organisms isolated from
an aseptically obtained culture from the superficial incision or subcutaneous tissue; 3) superficial incision that is
deliberately opened by a surgeon, attending physician, or
other designee and is culture positive or not cultured, and
the patient has at least one sign or symptom of SSI (pain
or tenderness, localized swelling, erythema, or heat); or
4) a superficial incisional SSI diagnosis by the surgeon or
attending physician or other designee. “At least one complication” refers to any one of the following: deep venous
thrombosis, urinary tract infection, urinary retention, ileus, pulmonary embolism, myocardial infarction, death,
new neurological deficit, prolonged intubation > 96 hours,
SSI, unplanned return to the operating room (on initial admission), readmission in 90 days, return to the operating
room after discharge within 90 days, surgical site hematoma, wound dehiscence, durotomy, dysphagia, or cerebrospinal fluid leakage. PROs are collected 1 year and 2 years
after surgery, with abstractors collecting information from
the electronic medical record systems as well as standardized patient questionnaires.
Statistical Analysis
Satisfied patients were compared to unsatisfied patients, and we report variables as frequencies (percentages), means ± standard deviations, or medians (interquartile
ranges). The chi-square test was used to compare binary
outcomes. Median or ordinal variables were compared
with a Wilcoxon rank-sum test (Mann-Whitney U-test),
whereas means of continuous outcomes were compared
with a t-test. Poisson generalized estimating equation
(GEE) models were fitted to the data to estimate the effect of unsatisfied patients at the 1- and 2-year follow-ups.
These models account for the possibility of correlation
among patients undergoing surgery within the same hospital. The Poisson distribution was used rather than the binomial distribution because the outcome of dissatisfaction
was not rare enough for odds ratios to approximate the
risk ratios. Thus, associations between prognostic factors
and primary outcomes were computed as adjusted risk ratios (RRadj) in the multivariable analysis. Risk ratios are
reported with 95% confidence intervals when applicable.
Statistical significance was set at p < 0.05. The multivariable analysis was performed on complete cases, i.e., those
with data available for every variable in the models.

Results

Of the 16,725 patients who had undergone elective lumbar surgery, 8428 did not have PROs available and 2907
patients had missing covariables studied in this analysis
at 1 year. A net of 5390 patients had satisfaction data for

1 year after lumbar surgery: 22% of patients (n = 1164)
reported dissatisfaction postoperatively (PSI score 3 or 4),
whereas 78% of patients (n = 4226) reported satisfaction
postoperatively (PSI score 1 or 2; Table 1). Unsatisfied patients as compared to satisfied patients comprised a statistically significantly higher percentage of African Americans, current smokers, and persons with a high school
diploma/General Educational Development (GED) or less
education, daily preoperative opioid use > 6 months, diabetes mellitus, coronary artery disease, depression, symptom duration > 1 year, previous spine surgery, nonprivate
insurance, American Society of Anesthesiologists (ASA)
class III and IV, and multilevel versus single-level surgery.
In terms of postoperative outcomes, unsatisfied versus
satisfied patients had a higher percentage of 90-day readmissions, returns to the operating room within 90 days,
urinary retention, SSIs, and at least 1 complication. On
the other hand, unsatisfied patients made up lower percentages of those with independent ambulation preoperatively, lumbar disc herniations preoperatively, discharge to
home, and an MCID in ODI at 1 year postoperatively. Of
note, statistically significant yet not clinically meaningful
differences such as higher body mass index (BMI), baseline ODI, baseline NRS–back pain scores, and hospital
lengths of stay were detected among continuous and ordinal values.
After a multivariable GEE regression (Table 2), dissatisfaction at the 1-year follow-up was predicted by an African American race compared to white, an education level
below high school graduation compared to high school diploma or equivalent, current smoking, daily preoperative
opioid use > 6 months, depression, symptom duration > 1
year, and previous spine surgery. Conversely, an education
level above high school graduation, independent ambulation, and fusion surgery versus decompression alone decreased the risk of dissatisfaction with surgery. Lastly, the
continuous variables of increasing BMI, baseline NRS–
back pain score, and baseline NRS–leg pain score conferred nominal yet statistically significant risk ratios.
Of the 10,335 patients who had undergone elective lumbar surgery, 5985 did not have PROs available and 1574
patients had missing covariables studied in this analysis
at 2 years. A net of 2776 patients had satisfaction data for
2 years after lumbar surgery: 22% of patients (n = 614)
reported dissatisfaction postoperatively (PSI score 3 or 4),
whereas 78% of patients (n = 2162) reported satisfaction
postoperatively (PSI score 1 or 2; Table 3). Unsatisfied patients as compared to satisfied patients included a statistically significantly higher percentage of non-white races,
current smokers, and persons with a high school diploma/
GED or less education, daily preoperative opioid use >
6 months, coronary artery disease, depression, symptom
duration > 1 year, previous spine surgery, ASA physical
status class 3, fusion versus decompression alone, and
multilevel versus single-level surgery. In terms of postoperative outcomes, unsatisfied patients included a higher
percentage of those with 90-day readmissions, returns to
the operating room within 90 days, SSIs, and at least 1
complication. On the other hand, unsatisfied patients had
lower percentages of those with an education level above
a high school diploma or equivalent, independent ambulaJ Neurosurg Spine Volume 32 • March 2020
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TABLE 1. Factors associated with patient satisfaction at 1 year after lumbar surgery
Variable
Preop
No. of patients
Age in yrs
Male sex
BMI in kg/m2
Race
  White
  African American
  Other
Education
   Less than high school diploma/GED
   High school diploma/GED
   At least some college
   At least some postcollege
Current smoker
Diabetes
Coronary artery disease
Deep venous thrombosis
Osteoporosis
Independently ambulatory
Depression per PHQ-2
Symptom duration >1 yr
Previous spine surgery
Private insurance
ASA class
  I
  II
  III
  IV
  Data missing
Lumbar pathology
  Disc herniation
  Spondylolisthesis
  Stenosis
Baseline ODI
Baseline NRS–back pain score
Baseline NRS–leg pain score
Fusion (vs decompression)
Multiple levels (vs single level)
Postop
Hospital length of stay
Discharge home
Readmitted w/in 90 days
Returned to OR w/in 90 days
Urinary retention
SSI
At least 1 complication
MCID in ODI at 1 yr

Satisfaction

Dissatisfaction

p Value

4226
62.8 ± 12.7
2115 (50%)
30.8 ± 6.1

1164
63.1 ± 13.0
574 (49%)
31.9 ± 6.8

0.450
0.657
<0.001

3878 (92%)
183 (4%)
165 (4%)

1013 (87%)
103 (9%)
48 (4%)

<0.001

167 (4%)
1929 (46%)
1487 (35%)
643 (15%)
511 (12%)
901 (21%)
580 (14%)
264 (6%)
466 (11%)
3467 (82%)
1230 (29%)
2667 (63%)
1713 (41%)
1887 (45%)

85 (7%)
606 (52%)
370 (32%)
103 (9%)
219 (19%)
280 (24%)
193 (17%)
77 (7%)
137 (12%)
883 (76%)
484 (42%)
855 (73%)
606 (52%)
448 (38%)

<0.001

95 (2%)
2028 (48%)
2047 (48%)
55 (1%)
1 (<1%)

16 (1%)
469 (40%)
657 (56%)
22 (2%)
0

2609 (62%)
1764 (42%)
3482 (82%)
46.0 ± 15.9
7 (5, 9)
7 (5, 9)
2163 (51%)
2144 (51%)

669 (57%)
453 (39%)
958 (82%)
49.7 ± 16.3
8 (6, 9)
8 (5, 9)
612 (53%)
652 (56%)

0.008
0.083
0.942
<0.001
<0.001
0.082
0.399
0.001

2 (1, 3)
3766 (89%)
197 (5%)
85 (2%)
314 (7%)
47 (1%)
851 (20%)
2420/3259 (74%)

2 (1, 4)
972 (84%)
105 (9%)
45 (4%)
113 (10%)
32 (3%)
310 (27%)
212/907 (23%)

<0.001
<0.001
<0.001
<0.001
0.011
<0.001
0.001
<0.001

<0.001
0.046
0.014
0.648
0.476
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

OR = operating room.
Values expressed as mean ± standard deviation, number (%), or median (IQR). Boldface type indicates statistical significance.
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TABLE 2. Multivariable Poisson regression for unsatisfied patients at 1 and 2 years postoperatively
1 Yr Postoperatively (n = 5390)

2 Yrs Postoperatively (n = 3776)

Variable

Adjusted RR (95% CI)

p Value

Adjusted RR (95% CI)

p Value

Age in 5-yr increments
Male sex
BMI in kg/m2 in 5-unit increments
Race
White
African American
Other
Education
Less than high school diploma/GED
High school diploma/GED
At least some college
At least some postcollege
Current smoking
Preop daily opioid use >6 mos
Diabetes
Coronary artery disease
Deep venous thrombosis
Osteoporosis
Independently ambulatory
Depression per PHQ-2
Symptom duration >1 yr
Previous spine surgery
Private insurance
Higher baseline ODI
Higher baseline NRS–back pain score
Higher baseline NRS–leg pain score
Fusion (vs decompression)
Multiple levels (vs single level)

1.02 (0.99, 1.05)
1.00 (0.87, 1.14)
1.07 (1.03, 1.11)

0.137
0.954
<0.001

1.02 (0.99, 1.06)
1.02 (0.91, 1.16)
1.01 (0.96, 1.06)

0.149
0.704
0.673

Reference
1.51 (1.29, 1.78)
1.01 (0.82, 1.26)

<0.001
0.909

Reference
1.48 (1.12, 1.94)
1.37 (1.08, 1.73)

0.006
0.009

1.25 (1.06, 1.47)
Reference
0.90 (0.83, 0.96)
0.70 (0.60, 0.82)
1.34 (1.18, 1.52)
1.22 (1.10, 1.34)
0.96 (0.87, 1.07)
1.10 (0.97, 1.25)
0.87 (0.71, 1.07)
1.00 (0.84, 1.20)
0.90 (0.82, 1.00)
1.31 (1.21, 1.42)
1.32 (1.18, 1.48)
1.32 (1.16, 1.50)
0.93 (0.85, 1.02)
1.01 (0.96, 1.07)
1.04 (1.01, 1.07)
0.97 (0.95, 0.99)
0.88 (0.79, 0.97)
1.07 (0.96, 1.20)

0.008
0.003
<0.001
<0.001
<0.001
0.451
0.136
0.162
0.990
0.039
<0.001
<0.001
<0.001
0.135
0.633
0.002
0.013
0.014
0.202

0.97 (0.75, 1.26)
Reference
0.87 (0.76, 0.99)
0.86 (0.70, 1.06)
1.26 (1.08, 1.48)
1.16 (0.99, 1.35)
1.02 (0.90, 1.15)
1.15 (0.95, 1.38)
0.81 (0.62, 1.05)
0.91 (0.77, 1.08)
0.88 (0.73, 1.07)
1.34 (1.15, 1.56)
1.47 (1.22, 1.76)
1.28 (1.11, 1.48)
0.88 (0.74, 1.04)
1.03 (0.97, 1.10)
1.06 (1.02, 1.10)
0.97 (0.94, 1.00)
0.98 (0.87, 1.11)
1.05 (0.95, 1.16)

0.813
0.035
0.162
0.004
0.063
0.800
0.154
0.115
0.294
0.193
<0.001
<0.001
<0.001
0.138
0.326
0.003
0.081
0.776
0.334

n = number of patients.
Boldface type indicates statistical significance.

tion, discharge to home, and an MCID in the ODI at 2
years postoperatively. Of note, the following statistically
significant yet not clinically meaningful differences were
detected among continuous and ordinal values: mean
BMI, mean baseline ODI, median baseline NRS–back
pain, and mean length of inpatient hospital stay.
Following a multivariable GEE regression (Table 2),
dissatisfaction at the 2-year follow-up was predicted by
a non-white race, current smoking, depression, symptom
duration > 1 year, and previous spine surgery. Conversely,
at least some college education decreased the risk of being
unsatisfied with surgery. Again, the continuous variable a
higher baseline NRS–back pain conferred a nominal, yet
statistically significant, risk ratio.
From the multivariable GEE regression, an education
level of at least some college, current smoking, depression, symptom duration > 1 year, previous spine surgery,
higher baseline NRS–back pain score maintained statistical significance with dissatisfaction at both 1 and 2 years
postoperatively. Above all else, an African American race
in comparison to a white race followed by symptom du-

ration > 1 year remained the strongest predictors of dissatisfaction at both time points. However, the following
associations with dissatisfaction at 1 year were no longer
statistically significant at 2 years: higher BMI, education
less than a high school diploma/GED, some postcollege
education compared to a high school diploma/GED, preoperative daily opioid use > 6 months, independent ambulation, higher baseline NRS–leg pain score, and fusion
versus decompression alone. On the contrary, among variables not related to dissatisfaction at 1 year, “other” races
in comparison to white represented the sole prognostic
factor that statistically significantly increased the risk of
dissatisfaction by 37% at 2 years.

Discussion

Key Results
In the current study, a statewide spine registry was queried for all lumbar operations to identify factors associated
with patient dissatisfaction at the 1- and 2-year follow-ups.
Multivariable analysis showed that lower satisfaction at 1
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TABLE 3. Factors associated with patient satisfaction at 2 years after lumbar surgery
Variable
Preop
No. of patients
Age
Male sex
BMI in kg/m2
Race
  White
  African American
  Other
Education
   Less than high school diploma/GED
   High school diploma/GED
   At least some college
   At least some postcollege
Current smoker
Diabetes
Coronary artery disease
Deep venous thrombosis
Osteoporosis
Independently ambulatory
Depression per PHQ-2
Symptom duration >1 yr
Previous spine surgery
Private insurance
ASA class
  I
  II
  III
  IV
  Missing data
Lumbar pathology
  Disc herniation
  Spondylolisthesis
  Stenosis
Baseline ODI
Baseline NRS–back pain score
Baseline NRS–leg pain score
Fusion (vs decompression)
Multiple levels (vs single level)
Postop
Hospital length of stay
Discharge home
Readmitted w/in 90 days
Returned to OR w/in 90 days
Urinary retention
SSI
At least 1 complication
MCID in ODI at 2 yrs

Satisfaction

Dissatisfaction

p Value

2162
62.2 ± 12.9
1052 (49%)
31.0 ± 6.1

614
63.2 ± 13.3
298 (49%)
31.6 ± 6.6

2007 (93%)
89 (4%)
66 (3%)

532 (87%)
53 (9%)
29 (5%)

84 (4%)
972 (45%)
780 (36%)
326 (15%)
244 (11%)
425 (20%)
267 (12%)
135 (6%)
218 (10%)
1802 (83%)
593 (27%)
1373 (64%)
860 (40%)
1033 (48%)

31 (5%)
320 (52%)
193 (31%)
70 (11%)
102 (17%)
139 (23%)
96 (16%)
37 (6%)
62 (10%)
472 (77%)
251 (41%)
468 (76%)
316 (51%)
243 (40%)

54 (2%)
1104 (51%)
974 (45%)
29 (1%)
1 (<1%)

6 (1%)
251 (41%)
349 (57%)
8 (1%)

1183 (55%)
825 (38%)
1674 (77%)
45.7 ± 15.5
7 (5, 9)
7 (5, 9)
1040 (48%)
1069 (49%)

319 (52%)
230 (37%)
460 (75%)
49.7 ± 16.0
8 (7, 9)
7 (5, 9)
326 (53%)
332 (54%)

0.225
0.752
0.193
<0.001
<0.001
0.346
0.029
0.043

2 (1, 3)
1946 (90%)
102 (5%)
38 (2%)
189 (9%)
31 (1%)
462 (21%)
1053/1445 (73%)

2 (1, 4)
517 (84%)
52 (8%)
29 (5%)
66 (11%)
18 (3%)
168 (27%)
88/422 (21%)

<0.001
<0.001
<0.001
<0.001
0.126
0.013
0.002
<0.001

0.093
0.957
0.044
<0.001

0.002

<0.001
0.105
0.033
0.843
0.992
<0.001
<0.001
<0.001
<0.001
0.001
<0.001

Values expressed as mean ± standard deviation, number (%), or median (IQR). Boldface type indicates statistical significance.
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year was associated with higher BMI, African American
race, lower level of education, current smoking, daily preoperative opioid use > 6 months, dependent ambulation,
depression, symptom duration > 1 year, previous spine
surgery, greater baseline back pain, less baseline leg pain,
and decompressions alone versus fusions. Dissatisfaction
at 2 years was associated with non-white race, education
level less than a high school diploma or equivalent, current
smoking, depression, symptom duration > 1 year, previous
spine surgery, and greater baseline back pain. Identifying
these variables will help to set realistic postoperative expectations and thus increase patient satisfaction after lumbar surgery.
Interpretation
African American race was the strongest predictor of
lower satisfaction in both the 1-year and 2-year multivariable analyses. Preoperative differences that may confound
the association between race and postoperative dissatisfaction have been described elsewhere.17,21,25,36,37 A few examples include the perception of pain, coping with depression,
and the prevalence of the metabolic syndrome—a cluster
of conditions that increases the risk of heart disease, stroke,
and type 2 diabetes—among African Americans. The multivariable Poisson regression controlled for these potential
confounders in the current analysis. Note that the correlation between African Americans and dissatisfaction is not
unique to our study. Elsamadicy et al., in their study of
345 patients who had undergone elective lumbar surgery,
demonstrated that African American patients were more
likely to report lower satisfaction with their surgery at 3
months and at 1 year.15 In their meta-analysis of 128,635
patients who had undergone spine surgery, Schoenfeld et
al. showed that non-white patients had a higher risk of an
unfavorable outcome than their white counterparts.39 In a
corollary study of the Spine Patient Outcomes Research
Trial (SPORT), Schoenfeld et al. documented better PROs
in white patients than in African American patients regardless of the treatment arm (surgical intervention and
nonoperative management).38 Moreover, white patients
were more likely to undergo surgery than the non-white
patients. This finding points to a possible disconnect between African Americans and the healthcare field. In the
article “Differences in expectations of outcome mediate
African American/white patient differences in ‘willingness’ to consider joint replacement,” a survey by our orthopedic surgery colleagues, African American patients as
compared to their white counterparts were less “willing”
to consider joint replacement because of a statistically significantly decreased familiarity with the operation as well
as perceptions of a longer expected hospital stay, functional disability, and pain after joint replacement.26 Similarly,
our results with neurosurgical patients may reflect a potential disparity in operative outcomes, complications, and
postoperative care (especially rehabilitation)—all of which
can influence long-term satisfaction. Objective measures
of communication between surgeons and African American patients warrant further investigation.
In the current study, an education less than high school
graduation was also associated with increased risk of patient dissatisfaction at 1 year. Insights from the cardio-

vascular literature have revealed that health behaviors,
namely smoking, low vegetable intake, and little physical
activity, explained up to 54% of the relative difference
between primary and higher educational levels in deaths
related to heart disease.29 Extrapolating these data to spine
surgery, lower-education patients may be constitutionally
ill-equipped to overcome the morbidity associated with a
lumbar procedure and rigorous postoperative rehabilitation.4,29,41 This highlights a potential healthcare disparity
in patients with lower levels of education. Whether this
result reflects consequences unique to certain socioeconomic factors linked to education (or the lack thereof in
this instance) or an increased comorbidity burden in this
population warrants further investigation as well.
This study also demonstrated that a history of depression was associated with dissatisfaction at 1 and 2 years.
Some studies have hypothesized that decreased motivation for wellness via appropriate health maintenance, notwithstanding recovery from postoperative morbidity, as a
possible cause of dissatisfaction with surgery.2,5,6,8,13,18,30,32
Relatedly, the implications of chronic pain, or symptom
duration > 1 year, understandably increased the risk of
dissatisfaction by 32% at the 1-year follow-up and 47%
at the 2-year follow-up in the current study. Following a
population study using the Canadian Community Health
Survey in a sample of 118,533 household residents, Currie
and Wang found that back pain was the strongest predictor of major depression in a multivariable logistic regression, which led to the conclusion that “the combination of
chronic back pain and major depression was associated
with greater disability than either condition alone.”12 From
an anatomical perspective, longer symptom duration may
equate to longer compression to the delicate neural elements that are less likely to recover to baseline after decompression. Dissecting the location of symptoms also
plays an important role in determining predictors of dissatisfaction. After the 1- and 2-year follow-ups in our study,
patients with predominant back pain had an increased
risk of dissatisfaction, whereas predominant leg pain decreased the risk of dissatisfaction. Unfortunately, these
patient-reported measures do not correlate with subjective
improvement postoperatively according to a multimodal
assessment after spine surgery by King et al.28 Among the
28 patients choosing operative management in that study,
decisional regret in less than 20% of the population did not
align with outcome instrument results. Thus, the interplay
of decisional regret and dissatisfaction requires further research to isolate potential confounders.
We also observed that certain operative factors can influence both patient-reported and clinical outcomes in the
long term. Our study demonstrated that fusion was associated with a higher possibility of patient satisfaction at 1
year. Current literature on the role of instrumented fusion,
particularly in cases of low-grade degenerative spondylolisthesis and/or lumbar spinal stenosis, has been a point of
controversy.19,20,23 A recent meta-analysis of 5 randomized
clinical trials showed no benefit from fusion in terms of
ODI score and patient satisfaction at 2 years. While instrumented fusion may prevent a recurrence of symptoms by
addressing the instability in the spinal segment, prior randomized clinical trials comparing spinal decompression
J Neurosurg Spine Volume 32 • March 2020
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plus fusion versus spinal decompression alone revealed
only moderately improved PROs that may be attributable
to preoperative symptoms.20,23 However, several independent observational studies have demonstrated that the addition of fusion conferred superior clinical outcomes and
PROs.1,3,16 All these findings speak to the importance of
tailoring the appropriate operation to the primary spinal
pathology, which should not be muddled with historical
concerns of “invasive surgery” (e.g., fusions) compromising patient satisfaction.
Lastly, the association of dissatisfaction with increasing
BMI and lower baseline NRS–leg pain scores lost statistical significance at 2 years compared to the 1-year results
likely because of the marginally significant values in the
regression model, which mirror the phenomena with these
same continuous and ordinal variables in the univariable
analysis (Tables 1 and 3). Another possible mathematical
explanation for the change in statistical significance from
1 to 2 years could be a reduction in power attributable to
the smaller sample size. However, the literature has provided a biological alternative to the differing effect of an
increasing BMI between 1 and 2 years postoperatively. In
a study on obesity and lumbar decompression, Gepstein
et al. found that the number of “very dissatisfied patients”
was higher among obese patients.22 This difference was
attributed to body habitus limitations in activities of daily
living as well as perceptions of pain during the outpatient
visits. However, with appropriate follow-up, obese patients
eventually reported satisfactory results after requiring a
longer duration of therapy and therefore recovery.
Study Limitations
Our cohort consisted of patients enrolled in a single
statewide registry relying on patient-reported data as well
as chart abstraction. Large multicenter registries are not
without their shortcomings. First, a selection bias should
be considered when patients choose to continue to participate in data collection after surgery versus those lost to
follow-up. According to an MSSIC study on predictors of
lumbar spine patients completing the 1-year PROs, spondylolisthesis or stenosis (vs herniated disc), leg (vs back)
pain, multilevel surgery, and discharge to rehabilitation
increased response rates at 1 year.45 Second, incomplete
data were assumed to be missing at random; therefore, patients with missing covariates in the multivariable regression were dropped from the statistical analysis, which may
have introduced additional bias into the results.
Another shortcoming of large multicenter registries
includes a limited number of variables collected. One example is the surgical approach: open versus minimally
invasive. Because of the inconsistent definitions and lack
of consensus regarding what is considered minimally invasive, this information is not currently collected in the
MSSIC. Similarly, surgeon preference to pursue surgery is
not captured in the index multiinstitutional registry. Given
the diverse set of clinical diagnoses in our present analysis, the decision to perform surgery equals the sum of the
clinical presentation and radiographic picture of a given
patient. This introduces an element of subjectivity based
on surgeon interpretation for operative need, which has
implications for the findings seen here.
380

Also, multiinstitutional databases have limited data
points. Thus, while surrogate markers of the comorbidity
burden, such as the modified Frailty Index and Charlson
Comorbidity Index, would strengthen the statistical analysis, these well-validated composite scoring systems were
not available in the MSSIC. Instead, the ASA classification
was included in the Results section.
Finally, while the GEE model includes both statistically
significant and clinically relevant predictors of postoperative dissatisfaction, one important limitation was the inability to control for lumbar disease. Because the diagnoses are not mutually exclusive, we were unable to separate
the patients by pathology for a meaningful subanalysis. As
the MSSIC registry matures, this type of analysis could be
considered.
Generalizability
The nature of the MSSIC registry allows for a variety
of practice environments with representation of both orthopedic spine surgeons and neurosurgeons. For the most
part, the results of our study are widely generalizable to
all patients undergoing surgery for degenerative lumbar
disorders; however, the results may not be generalizable
to spinal pathology that is outside the scope of the MSSIC
(trauma, deformity, tumor, and infection). In addition, eligibility for MSSIC requires that a hospital perform at least
200 spine surgeries a year and ideally has representation
from both orthopedic surgeons and neurosurgeons. Therefore, these results may not be generalizable to facilities
that do not meet this requirement. Lastly, while the MSSIC
sampled lumbar operations from 26 sites across the state,
only a few centers represent tertiary care referral centers
with training programs (3 hospitals). The majority of participating providers reflect community-based practices.

Conclusions

In this MSSIC study of patients who had undergone
lumbar spine surgery, the strongest predictors of dissatisfaction were race followed by education. The interplay of
depression and chronic pain (symptoms > 1 year) likely
affect postoperative patient recovery and satisfaction. Certain comorbidities such as current smoking and depression
affect PROs negatively, although the exact mechanism remains speculative. These findings should serve as a tool
for surgeons to identify at-risk populations that may need
more attention in terms of effective communication and
additional preoperative counseling to address potential
barriers unique to their situation.
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