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OBJECTIVE  Quality and outcomes registry platforms lie at the center of many emerging evidence-driven reform mod-
els. Specifically, clinical registry data are progressively informing health care decision-making. In this analysis, the au-
thors used data from a national prospective outcomes registry (the Quality Outcomes Database) to develop a predictive 
model for 12-month postoperative pain, disability, and quality of life (QOL) in patients undergoing elective lumbar spine 
surgery.
METHODS  Included in this analysis were 7618 patients who had completed 12 months of follow-up. The authors pro-
spectively assessed baseline and 12-month patient-reported outcomes (PROs) via telephone interviews. The PROs 
assessed were those ascertained using the Oswestry Disability Index (ODI), EQ-5D, and numeric rating scale (NRS) for 
back pain (BP) and leg pain (LP). Variables analyzed for the predictive model included age, gender, body mass index, 
race, education level, history of prior surgery, smoking status, comorbid conditions, American Society of Anesthesiolo-
gists (ASA) score, symptom duration, indication for surgery, number of levels surgically treated, history of fusion surgery, 
surgical approach, receipt of workers’ compensation, liability insurance, insurance status, and ambulatory ability. To cre-
ate a predictive model, each 12-month PRO was treated as an ordinal dependent variable and a separate proportional-
odds ordinal logistic regression model was fitted for each PRO.
RESULTS  There was a significant improvement in all PROs (p < 0.0001) at 12 months following lumbar spine surgery. 
The most important predictors of overall disability, QOL, and pain outcomes following lumbar spine surgery were em-
ployment status, baseline NRS-BP scores, psychological distress, baseline ODI scores, level of education, workers’ 
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Degenerative lumbar spine pathology is a common 
indication for spine surgery, particularly with the 
aging US population. Over the past 2 decades, 

there has been a 300% increase in the number of low-back 
surgeries and a corresponding increase in the incidence 
and prevalence of lumbar fusion operations.24,54,59,64 A re-
cent analysis from the Agency for Healthcare Research 
and Quality found that the greatest proportion of overall 
health care expenditure in US hospitals is spent on spinal 
fusion, costing $12.8 billion in 2011.66 The safety and ef-
fectiveness of spine surgery vary significantly at the indi-
vidual patient level. Recent evidence suggests that as many 
as 25% of diagnostic and therapeutic spine interventions 
are unnecessary or ineffective.25,62 For this reason, provid-
ers, payers, and hospital systems all aim to identify which 
patient-specific or surgery-specific factors play significant 
roles in postoperative outcomes.

In the current era of patient-centered care, engaging pa-
tients in shared decision-making in their treatment plan-
ning is imperative. Shared decision-making is defined as 
a process “involving the patient and provider, both parties 
participating in the treatment decision-making process, re-
quiring information sharing, and both parties agreeing to 
the treatment decision made.”17,23 True informed decision-
making can be achieved if patients are provided with the 
factual probability of outcomes based on their individual 
risk factors. When applied in the preoperative setting, 
predictive models developed using patient-specific and 
surgery-specific factors have the potential to help patients 
achieve realistic expectations regarding postsurgical goals, 
identify modifiable patient- and system-related characteris-
tics that can influence outcomes, and allow for the most ef-
ficient and efficacious application of health care resources.

Predictive models have been used as a decision-mak-
ing tool across various disease processes in medicine.9,10,​

21,50,51,67,68 For example, Lee et al. introduced predictive 
models for complications42 and surgical site infection43 
following spine surgery. These models were designed to 
estimate the likelihood of complications or surgical site in-
fection occurring after spine surgery based on the patient’s 
comorbidity profile and the invasiveness of the given sur-
gery.42,43 Although this effort represents an important ad-

vance in modeling spine outcomes and promoting shared 
decision-making, a validated prediction model capable of 
providing individualized predictions of patient-reported 
outcomes (PROs) following elective lumbar spine surgery 
has not been developed. The absence of predictive mod-
els focusing on PROs is of significant clinical and soci-
etal importance, precisely because PROs are rapidly be-
coming the key element in assessing the effectiveness of 
patient-centered care. This is largely due to documented 
discrepancies between patient and clinician assessments of 
symptoms and functional impairment.30 PROs, therefore, 
may be more reflective of underlying health status than 
physician-reported outcomes. PROs take on even greater 
relative importance in conditions where treatments are as-
sociated with lower rates of “observed” adverse outcomes 
(e.g., major morbidity or mortality), as has been reported 
for elective spine surgery.8 In this regard, the most con-
spicuous and potentially impactful care improvement op-
portunities in spine surgery involve optimizing outcomes 
of greatest importance to patients, specifically relief of 
pain and improvement of quality of life (QOL) as well as 
decrease of disability.

Using data from the Quality Outcomes Database 
(QOD), formerly known as the N2QOD, we set out with 
the primary goal of creating a clinically relevant predictive 
model for postoperative disability, QOL, and pain severity.

Methods
The QOD Registry

Data from patients undergoing elective spine surgery 
for degenerative lumbar disease were entered into the mul-
ticenter prospective QOD registry over a 2-year period. 
The QOD is designed to establish risk-adjusted expected 
morbidity rates for the most common lumbar surgical pro-
cedures performed by spine surgeons.7,8 The QOD registry 
enrolls spine surgery patients from 74 participating cen-
ters across 26 US states via representative sampling and 
collects measures of surgical safety and PROs.49

Inclusion and Exclusion Criteria
Patients undergoing lumbar surgery performed for 

compensation status, symptom duration, race, baseline NRS-LP scores, ASA score, age, predominant symptom, smok-
ing status, and insurance status. The prediction discrimination of the 4 separate novel predictive models was good, with 
a c-index of 0.69 for ODI, 0.69 for EQ-5D, 0.67 for NRS-BP, and 0.64 for NRS-LP (i.e., good concordance between 
predicted outcomes and observed outcomes).
CONCLUSIONS  This study found that preoperative patient-specific factors derived from a prospective national out-
comes registry significantly influence PRO measures of treatment effectiveness at 12 months after lumbar surgery. 
Novel predictive models constructed with these data hold the potential to improve surgical effectiveness and the overall 
value of spine surgery by optimizing patient selection and identifying important modifiable factors before a surgery even 
takes place. Furthermore, these models can advance patient-focused care when used as shared decision-making tools 
during preoperative patient counseling.
https://thejns.org/doi/abs/10.3171/2016.11.SPINE16526
KEY WORDS  QOD; Quality Outcomes Database; patient-reported outcomes; predictive model; disability; pain; quality 
of life; lumbar
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primary stenosis, spondylolisthesis, disc herniation, and 
symptomatic mechanical disc collapse, as well as patients 
undergoing revision surgery for recurrent same-level disc 
herniation and adjacent-segment disease, were eligible for 
inclusion. Exclusion criteria included the following: spinal 
infection, tumor, fracture, traumatic dislocation, deformity, 
pseudarthrosis, recurrent multilevel stenosis, neurological 
paralysis due to preexisting spinal disease or injury, age 
less than 18 years, and incarceration.

Demographic Variables
We recorded the following patient demographic vari-

ables when reviewing electronic medical records: age, 
gender, body mass index (BMI), American Society of 
Anesthesiologists (ASA) grade, history of surgery, history 
of diabetes, coronary artery disease (CAD), osteoporosis, 
dominant presenting symptom, presence of motor deficit 
on examination, symptom duration, diagnosis, preopera-
tive ambulatory status, and surgery-specific variables, in-
cluding approach (anterior, posterior), number of levels 
involved, need for arthrodesis, and presence/absence of 
an interbody graft. The following variables were obtained 
from the patient interview and then confirmed by review-
ing the electronic medical records: race, smoking status, 
education, employment status, preoperatively employed 
but not working at the time of surgery, type of occupa-
tion, workers’ compensation, liability insurance, and type 
of health insurance (private, uninsured, Medicaid, Medi-
care).

Interviews and PRO Questionnaires
Baseline (preoperative), 3-month, and 12-month post-

operative disability, QOL, and pain levels were assessed 
either through telephone interviews conducted by a data 
coordinator not involved with clinical care, or through 
self-administration either during a clinic visit or by mail. 
The outcome scores were then entered into a national ag-
gregate database through a secure, password-protected 
web-based portal (Research Electronic Data Capture).34 
In these interviews, validated questionnaires were used 
to collect data on the following outcome measures: 1) 
disease-specific physical disability (established using 
the Oswestry Disability Index [ODI]);27 2) preference-
based QOL status (established using the EQ-5D instru-
ment);26 and 3) pain (established using the numeric rat-
ing scale [NRS] for back pain [BP] and leg pain [LP]).41 
The anxiety/depression domain of the EQ-5D was used 
to define psychological distress. As a part of the EQ-5D 
questionnaire, the patients are asked if they are anxious 
or depressed; the responses are captured as 1) not anx-
ious or depressed, 2) moderately anxious or depressed, or 
3) extremely anxious or depressed. Patients from sites for 
whom 12-month PROs were completed as of July 2015 
were included in analyses.

Statistical Analysis
Medians and interquartile ranges (IQRs) for continu-

ous variables and frequencies for categorical variables 
were calculated for demographic and clinical character-
istics. Multivariable proportional-odds ordinal regression 

models were developed for each PRO measure: disability 
(ODI), pain (NRS-BP and NRS-LP), and QOL (EQ-5D). 
Patient-specific variables were included in the models: 
age, gender, BMI, race, education level, history of surgery, 
smoking status, comorbid conditions, ASA grade, symp-
tom duration, predominant presenting symptom, workers’ 
compensation, liability insurance, insurance status, am-
bulatory ability, and baseline PROs, as well as surgery-
specific variables such as number of levels, need for ar-
throdesis, and surgical approach.

We assumed a linear relationship for the number of sur-
gical levels operated upon (range 1–4 levels), baseline ODI 
score, baseline EQ-5D score, and baseline NRS-BP, and 
a smooth relationship for age, BMI, and baseline NRS-
LP score using restricted cubic regression splines with 4, 
4, and 3 knots, respectively. The locations of knots were 
chosen based on marginal quantiles for that variable. All 
other predictors were included as binary or categorical 
variables. Wald testing measured the importance of in-
dividual predictors by using the following formula: Wald 
chi-square value minus degree of freedom (to level the 
playing field) for each predictor. The higher the difference, 
the higher is the importance of that predictor in the model.

The effect of predictors on the probability of patients 
having better 12-month PRO scores was reported as an 
odds ratio (OR); the corresponding 95% confidence in-
terval (CI) was calculated using the Wald method. Cali-
bration and discrimination of the model were internally 
validated using bootstrap resampling to estimate likely 
performance of the model on a new sample of patients. 
The model performance was measured by the c-index. 
A c-index value of 0.5 is considered a random predica-
tion and a value of 1 suggests that a model is perfectly 
discriminating.32,33 The c-index is generally smaller for 
ordinal endpoints than for binary outcomes, due to the 
difficulty of modelling outcomes such as ODI, EQ-5D, 
NRS-BP, and NRS-LP.

Risk-adjusted outcomes and probability of improve-
ment in PROs for 2 hypothetical patients were calculated 
to provide an example of the models. In addition, the prob-
ability of achieving clinically meaningful outcome (mini-
mal clinically important difference [MCID]) for ODI was 
derived for the hypothetical patients. The previously pub-
lished value of MCID for ODI (14.9 points) was used.57 In 
an effort to evaluate whether the sites with low follow-up 
rates would affect the results of our model, we performed 
a sensitivity analysis by building supplemental predictive 
models for PROs only including patients from sites with 
12-month follow-up rates greater than 80%. The analysis 
was performed using the R (version 3.1.2; https://www.​
r-project.org) and regression modeling (rms; https://cran.​
r-project.org/package=rms) statistical packages.

Results
A total of 10,705 patients undergoing elective spine sur-

gery for degenerative lumbar disease were enrolled and 
eligible for 12-month follow-up at the time of analysis. 
Of those patients, 7618 (71.2%) from 39 sites completed 
a 12-month interview, and data on these patients form the 
basis of the present analyses.
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Patient Demographics and Surgical Characteristics
Patient and surgical variables included in the model are 

summarized in Tables 1 and 2. The median age of the 7618 
patients was 60 years (IQR 49–69 years). In regards to diag-
noses, 36% of patients (n = 2737) had disc herniation, 33% 
(n = 2493) stenosis, 20% (n = 1505) spondylolisthesis, 6% 
(n = 430) recurrent disc herniation, 5% (n = 378) adjacent-
segment disease, and 1% (n = 72) symptomatic mechanical 
disc collapse. Decompression with fusion was performed in 
36% (n = 2653) of patients, whereas decompression alone 
was performed in the remaining 64% (n = 4873).

Patient-Reported Outcomes
Because patients elect surgery when suffering from dis-

ability or pain, and due to the effect of surgery, significant 
improvement in all outcomes was documented between 
baseline (preoperative) and 12-month scores: median ODI 
(48 [IQR 38–60] vs 18 [IQR 6–38], p < 0.001), EQ-5D 
(0.60 [IQR 0.36–0.77] vs 0.82 [IQR 0.7–1.0], p < 0.001), 
NRS-BP (7.0 [IQR 5–8] vs 2 [IQR 0–5], p < 0.001), and 
NRS-LP (8 [IQR 5–9] vs 1 [IQR 0–5], p < 0.001).

TABLE 1. Patient demographic and clinical characteristics 
included in the model

Variable No. of Patients

Age (Q1, Q2, Q3) 7603 (49, 60, 69)
Gender (%) 7615
  Male 3941 (52)
  Female 3674 (48)
BMI (Q1, Q2, Q3) 7599 (25.8, 29.3, 33.9)
Hispanic (%) 7598
  Yes 169 (2)
  No 7429 (98)
Race (%) 7618
  Caucasian 6900 (90)
  African American 504 (7)
  Other 214 (3)
Education (%) 7561
  Less than high school 423 (6)
  High school diploma 3174 (42)
  2-year college degree 1415 (19)
  4-year college degree 1500 (20)
  Post-college 1049 (14)
Smoker (%) 7547
  No 6182 (82)
  Yes 1365 (18)
Diabetes (%) 7617
  Yes 1283 (17)
  No 6334 (83)
CAD (%) 7604
  Yes 872 (12)
  No 6732 (88)
Osteoporosis (%) 7613
  Yes 370 (5)
  No 7243 (95)
Psychological distress (%) 7590
  None 3775 (50)
  Moderate 3255 (43)
  Severe 560 (7)
Dominant symptom (%) 7618
  Back dominant 1538 (20)
  Leg dominant 2662 (35)
  Back = leg* 3418 (45)
Motor deficit (%) 7607
  Yes 2115 (28)
  No 5492 (72)
Symptom duration (%) 7555
  <3 mos 916 (12)
  >3 mos 6639 (88)
Compensation (%) 7513
  Yes 291 (4)
  No 7222 (96)

CONTINUED IN NEXT COLUMN »

TABLE 1. Patient demographic and clinical characteristics 
included in the model

Variable No. of Patients

Liability (%) 7461
  Yes 349 (5)
  No 7112 (95)
Insurance (%) 7601
  Uninsured 84 (1)
  Medicare 2777 (37)
  Medicaid 316 (4)
  Veterans Affairs/government 182 (2)
  Private 4242 (55)
Ambulation (%) 6994
  Independent 5990 (85)
  With an assist device 960 (14)
  Nonambulatory 44 (1)
Occupation (%) 7589
  Sedentary 1213 (16)
  Light 851 (11)
  Medium 841 (11)
  Heavy 659 (9)
  Disability 679 (9)
  Retired 2601 (34)
  Others 745 (10)
Baseline PROs (Q1, Q2, Q3)
  ODI 38, 48, 60
  EQ-5D 0.36, 0.60, 0.77
  NRS-BP 5.0, 7.0, 8.0
  NRS-LP 5.0, 8.0, 9.0

Q1 = lower quartile; Q2 = median; Q3 = upper quartile.
* Indicates pain is both leg and back dominant.

» CONTINUED FROM PREVIOUS COLUMN
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Predictive Models
The importance of each predictor included in each 

model is depicted in Fig. 1. The “overall” importance is an 
average of the normalized percentage importance of each 
predictor for each of the 4 models. Figure 2 summarizes 
the adjusted effects of predictors for the ODI, EQ-5D, 
NRS-BP, and NRS-LP models.

Predictive Model for 12-Month Disability (ODI)
The performance measure (c-index) of the ODI predic-

tive model was 0.69. Higher education (p < 0.0001), higher 
preoperative NRS-LP scores (p < 0.0001), and better base-
line QOL (p < 0.0001) were associated with higher odds of 
having lower (better) disability outcomes. Regarding the 
type of surgery, compared with those undergoing fusion, 
the patients undergoing decompression only and those un-
dergoing interbody fusion had higher odds of having bet-
ter outcomes (lower ODI scores; p = 0.0019).

Older age (p < 0.0001), female sex (p = 0.0001), obe-
sity (p = 0.002), African American race (p < 0.0001), 
smoking (p < 0.0001), preoperative psychological distress 
(p < 0.0001), dominant BP at presentation (p < 0.0001), 
baseline motor deficit (p = 0.0089), duration of symptoms 
greater than 3 months (p < 0.0001), assist device for ambu-
lation (p = 0.0002), unemployment (p < 0.0001), workers’ 
compensation (p < 0.0001), non–private health insurance 
(p < 0.0001), worse baseline disability scores (p < 0.0001), 
higher NRS-BP scores (p < 0.0001), and higher ASA 
scores (p < 0.0001) were associated with lower odds of 
having better disability outcomes (lower ODI scores). Re-
garding the surgical variables, patients undergoing an an-
terior approach had higher odds of having worse 12-month 
disability scores (p = 0.0108).

Predictive Model for 12-Month QOL (EQ-5D)
The performance measure (c-index) of the EQ-5D pre-

dictive model was 0.69. Older age (p < 0.0001), higher edu-

cation (p < 0.0001), better preoperative QOL (p = 0.0001), 
and higher preoperative LP scores (p = 0.0012) had greater 
odds of having higher (better) 12-month QOL outcomes.

Obesity (p = 0.0023), African American race (p = 
0.0001), smoking (p < 0.0001), psychological distress (p 
< 0.0001), dominant BP at presentation (p < 0.0001), du-
ration of symptoms greater than 3 months (p < 0.0001), 
assist device for ambulation (p = 0.0218), unemployment 
due to disability or employment with medium labor job (p 
< 0.0001), workers’ compensation (p < 0.0001), Medicaid, 
uninsured, or Veterans Affairs/government payer status (p 
= 0.0011), worse baseline disability scores (p < 0.0001), 
higher baseline BP scores (p < 0.0001), and higher ASA 
grades (p < 0.0001) were associated with lower odds of 
having higher (better) QOL outcomes.

Predictive Model for 12-Month Back Pain (NRS-BP)
The performance measure (c-index) of the NRS-BP 

predictive model was 0.67. Older age (p < 0.0001), higher 
education level (p < 0.0001), and higher baseline QOL (p 
= 0.0263) had greater odds of resulting in lower (better) 
BP outcomes.

Worse baseline disability scores (p = 0.0001), higher 
baseline BP scores (p < 0.0001), obesity (p = 0.0045), Af-
rican American race (p < 0.0001), being a smoker (p = 
0.0001), psychological distress (p < 0.0001), dominant BP 
as presenting symptom (p < 0.0001), duration of symptom 
greater than 3 months (p < 0.0001), not employed due to 
disability or employed in heavy- or medium-labor job (p 
< 0.0001), workers’ compensation (p < 0.0001), Medic-
aid payer status (p = 0.0027), and higher ASA score (p = 
0.0002) were associated with lower odds of having lower 
(better) BP outcomes.

Predictive Model for 12-Month Leg Pain (NRS-LP)
The performance measure (c-index) of the NRS-LP 

predictive model was 0.64. Older age (p = 0.0005), higher 
education level (p < 0.0001), and arthrodesis (p = 0.0014), 
had higher odds of having lower (better) 12-month LP out-
comes.

African American race (p < 0.0001), psychological 
distress (p < 0.0001), baseline motor deficit (p = 0.0194), 
duration of symptoms greater than 3 months (p < 0.0001), 
unemployment (p < 0.0001), workers’ compensation (p < 
0.0001), liability insurance (p = 0.0010), Medicaid payer 
status (p = 0.0092), higher baseline disability scores (p < 
0.0001), higher baseline BP scores (p < 0.0001), and great-
er ASA scores (p = 0.0049) were associated with lower 
odds of having lower (better) LP outcomes.

Hypothetical Patients A and B
The predictive models can be used in the clinical set-

ting to predict the PROs 12 months following spine sur-
gery. Based on the model, we generated 2 hypothetical pa-
tients and predicted their 12-month PROs and probability 
of achieving MCID in PROs. Previously published MCID 
thresholds for ODI, EQ-5D, and NRS-LP and NRS-BP 
were used.57 As detailed in Table 3, our hypothetical Pa-
tient A is a 35-year-old white woman with a post-college 
level of education who had a sedentary job and private 

TABLE 2. Surgery-related variables included in the models

Variable No. of Patients (%)

ASA score 7543
  1 503 (7)
  2 4214 (56)
  3 2826 (37)
No. of treated levels 7199
  1 2818 (39)
  2 3098 (43)
  3 1011 (14)
  4 272 (4)
Approach 7403
  Posterior 7266 (98)
  Anterior 137 (2)
Arthrodesis 7526
  None 4873 (65)
  Fusion w/ no interbody graft 412 (5)
  Fusion w/ interbody graft 2241 (30)
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health insurance. She had no other comorbidities, such as 
diabetes, anxiety, or depression, and presented with domi-
nant LP that had been symptomatic for less than 3 months. 
Baseline PRO scores were as follows: ODI, 44; EQ-5D, 
0.7; and NRS-BP and NRS-LP, 6 and 8, respectively. The 
patient underwent a 1-level laminectomy for disc hernia-
tion. The 12-month ODI score predicted by the model for 
this patient was 7.0 points (37-point improvement in ODI) 
and the probability of achieving a clinically meaningful 
improvement in ODI was 94.2%. These results stand in 
contrast to those in Patient B (Table 3), who had a lower 
probability of achieving MCIDs for ODI (25.8%) and the 

model-predicted mean ODI score improvement of 8.3 
points (59.7 absolute 12-month ODI score). This compari-
son offers a dramatic example of the utility of this model 
with respect to informed decision-making. Specifically, 
Patient A could be reassured that she has a high probabil-
ity of achieving success (at least success as measured by 
PROs) with the proposed intervention. Patient B, however, 
would need to be counseled that his chance for success 
with the same operation is relatively low, and that he might 
want to defer the intervention until certain modifiable fac-
tors could be addressed (e.g., anxiety, obesity, smoking, 
proposed postsurgical work activities, etc.). Alternatively, 

FIG. 1. Importance of predictors, measured by Wald chi-square value minus the degree of freedom of the predictor, based on 
multivariable models. The overall rank is based on the average of the normalized values of the 4 multivariable models.
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he could be advised that alternate therapies might offer a 
greater or equivalent benefit while posing less risk. At the 
very least, such decision tools would help establish appro-
priate expectations with respect to the outcomes of various 
interventions, thus increasing the likelihood that the pa-
tient will be satisfied with his or her care. Additionally, this 
tool could be used by a variety of health care stakeholders 
to identify and prevent ineffective care before it occurs, 
thus improving the overall value of medical services. Of 
course, from a registry such as this with no nonsurgical 
patient cohort, one cannot estimate the likelihood of im-

provement had surgery not been performed or estimate the 
effect of regression of the mean.

Sensitivity Analysis
Sensitivity analysis was performed for 2968 patients 

from 8 sites with 12-month follow-up rates greater than 
80% (Supplemental Fig. 1). The model performance and 
the effect size of the predictors in the supplemental models 
were similar to the full model including all the patients 
with complete 12-month follow-up.

FIG. 2. Summary of ORs and 95% CIs for ODI, EQ-5D, NRS-BP, and NRS-LP models. The values to the immediate right of some 
variables are quartiles. Figure is available in color online only.

https://thejns.org/doi/suppl/10.3171/2016.11.SPINE16526
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Discussion
Model Performance

Predictive models provide individualized risk-adjusted 
postoperative outcome estimations, which in the absence 
of nonsurgical outcome data have tremendous potential 
to assist providers during the preoperative assessment of 
patients and to improve patient engagement in shared deci-
sion-making concerning treatment planning. Using a pro-
spective, multicenter, longitudinal registry, we developed 

4 predictive models for 12-month PROs after elective sur-
gery for degenerative lumbar spine pathology. In descend-
ing order of importance, the most important predictors of 
overall disability, QOL, and pain outcomes following lum-
bar spine surgery were patient employment status, base-
line NRS-BP scores, psychological distress, baseline ODI 
scores, level of education, workers’ compensation status, 
symptom duration, race, baseline NRS-LP scores, ASA 
score, age, predominant symptom, smoking status, and in-
surance status.

TABLE 3. Predicted probabilities of improvement 12 months after lumbar surgery derived from predictive model for 2 
hypothetical patients (A and B)

Characteristic Patient A Patient B

Age 35 66
BMI 30 35
Gender Female Male
Race White White
Education Post-college Less than high school
Prior Surgery No Yes
Smoker No Yes
Insurance Private Medicare
Diabetes No Yes
CAD No Yes
Depression No Yes
Anxiety No Yes
Predominant symptom LP BP
Motor deficit No No
Duration of symptoms <3 mos >3 mos
ASA grade 1 2
Diagnosis Disc herniation Disc herniation
No. of levels 1 1
Surgical approach Posterior Posterior
Fusion No No
Occupation Sedentary Heavy manual labor
Workers’ compensation No Yes
Liability insurance No Yes
Baseline ODI 44 68
Baseline EQ-5D 0.7 0.3
Baseline NRS-BP 6 9
Baseline NRS-LP 8 8
Predicted probabilities (95% CI)
  Mean ODI 7.0 60.6
  Achieving MCID for ODI* 94.2% (92.6%–95.5%) 25.8% (18.0%–35.5%)
  Improvement in ODI† 97.8% (97.2%–98.3%) 59.9% (48.4%–70.5%)
  Mean EQ-5D 0.94 0.34
  Improvement in EQ-5D† 97.6% (96.9%–98.2%) 53.0% (41.4%–64.4%)
  Mean NRS-BP 1.3 7.8
  Improvement in BP† 93.9% (92.2%–95.2%) 56.8% (45.1%–67.8%)
  Mean NRS-LP 1.2 6.7
  Improvement in LP† 96.7% (95.7%–97.5%) 48.1% (36.5%–60.0%)

*  Probability of achieving MCID for ODI.
†  Probability for improvement in ODI, EQ-5D, NRS-LP, and BP.
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Predictors of Outcome
Occupation-related factors, including employment sta-

tus at the time of surgery and type of occupation, were 
the most important predictors of the overall outcomes. 
Patients not actively working (disability claim or retired) 
had significantly lower odds of having better outcomes at 
12 months postoperatively than those who were actively 
employed. Furthermore, patients employed in medium- 
and heavy-labor jobs had lower odds of achieving better 
outcomes than those with a sedentary-type job. While 
these findings potentially can be explained in part by 
the presence of more severe back pathologies in patients 
with more laborious jobs and in those receiving disability 
funds, these factors cannot fully account for such findings. 
As such, the association between occupation and out-
comes is likely multifactorial. Previous sociological mod-
els have revealed that patients’ capacity for recovery and 
return to function also depends on psychological state, job 
satisfaction, physical demands at work, income, and social 
support.5,20,31,47,52

A patient’s baseline functional status was also found to 
be an important predictor of overall outcomes. The impact 
of baseline functional status on postoperative outcomes 
following lumbar spine surgery is a consistent finding in 
the literature.11,12,19,28,36–38,44,46,48,65 Analogous to our results, 
numerous previous studies have demonstrated that the pa-
tients whose baseline disability, pain, and QOL scores are, 
on average, worse than those of others are more likely to 
have poorer outcomes at 12 months.3,14,48 Conversely, we 
found that patients with higher baseline NRS-LP scores 
had greater odds of having better outcomes. Pearson et al. 
reported that surgery in patients with higher preoperative 
LP scores yielded significantly better pain relief than in 
those with higher preoperative BP scores.58 This may be 
because the patients with higher LP scores often have asso-
ciated radiculopathy or neurogenic claudication, which is 
typically more responsive to surgical decompression than 
BP. In a cross-sectional study assessing associations be-
tween patients’ expectations for lumbar spine surgery and 
baseline characteristics, Mancuso and colleagues demon-
strated that patients with greater preoperative disability—
for whom the literature consistently demonstrates a lower 
odds of achieving better outcomes—have the greatest ex-
pectations for postoperative functional recovery.45 This 
finding highlights the importance of adjusting for varying 
degrees of baseline disability, pain, and QOL status when 
assessing 12-month outcomes. This also underscores the 
importance of shared preoperative decision-making, facili-
tated with evidence-based decision support tools, such as 
the predictive models presented here.

Patients’ preoperative psychological distress was an im-
portant predictor of overall outcomes and it was the one of 
the most important predictors of postoperative 12-month 
QOL (EQ-5D). A number of previous studies have re-
ported that preoperative psychological distress is associ-
ated with worse outcomes following lumbar spine sur-
gery.2,4,22,35,39,56,63 Sinikallio et al., in a prospective analysis 
of 96 patients, demonstrated that the patients with preoper-
ative depression and those who had continuous depression 
postoperatively experienced poor outcomes. At the 2-year 
follow-up evaluation, the patients who recovered from de-

pression demonstrated postoperative improvement similar 
to the patients who had normal mood preoperatively and 
postoperatively.60 In a recent randomized control trial, Ar-
cher et al. demonstrated that incorporating targeted cog-
nitive behavioral therapy in postoperative care results in 
improved outcome 3 months after lumbar spine surgery.6 
This suggests that medical and behavioral interventions for 
concomitant psychological disease during the preoperative 
and postoperative periods may help to improve outcomes 
in patients with psychological distress. We observed that 
a higher level of education was an important predictor for 
better overall PROs. Authors of previous studies have also 
indicated that higher education has a positive effect on pa-
tient outcomes.40,55,61 Further support of the importance of 
education on clinical outcomes is the observation of some 
authors that a correlation exists between lower levels of 
education and treatment noncompliance, and other health-
compromising behaviors.55

With respect to surgical procedures, the surgery-spe-
cific factors analyzed in the present study, including fu-
sion, surgical approach, and number of vertebral levels 
involved, was observed to have a lower overall predictive 
importance compared with other variables (and, therefore, 
a lower impact on predicting PROs). These findings rein-
force numerous and consistent previous observations that 
patient-specific factors are primary drivers of outcomes 
following spine surgery.1,16,19,38,48,52

Based on our data, we found that other baseline patient-
specific factors—workers’ compensation, symptom du-
ration, race, smoking status, preoperative comorbidities, 
and insurance status—also strongly influence outcomes 
following lumbar surgery, a finding consistent with those 
reported in a number of studies.3,11,13,15,18,19,48

Application to Real-World Practice
The 4 predictive models described provide individu-

alized risk-adjusted postoperative outcome projections. 
The cases presented represent hypothetical case scenarios 
comparing patient characteristics that predict better or 
worse outcomes after surgical therapy for lumbar degen-
erative diseases. Although this information may poten-
tially be used to tailor the application of invasive therapies 
(particularly to help avoid care that is highly likely to be 
ineffective) the authors caution that restriction of surgi-
cal therapy based solely on patient characteristics such as 
race, socioeconomic status, and/or age is inappropriate, 
potentially discriminatory, and is not the intended use of 
these models. In that regard, we would like to emphasize 
that no single variable is likely to influence ultimate out-
comes, that all variables have differential effects in indi-
vidual patients, and that all of the predictors used in this 
model have an additive effect on predicting surgical out-
comes. The predictive models presented here are primar-
ily intended to engage patients in shared decision-making 
and facilitate true patient-centered care. Furthermore, the 
decision to offer surgery to any given patient requires con-
sideration of numerous factors including, but certainly not 
restricted to, likely longer-term (e.g., 12-month) outcomes. 
As long-term expected clinical outcomes are only one ele-
ment of the surgical decision process, results of this model 
would not necessarily deter clinicians from operating on 
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patients with negative predictors of outcome, such as low 
baseline function.

Probabilistic discussions regarding postoperative out-
comes during preoperative assessment can assist provid-
ers in setting realistic presurgical expectations for patients 
and families and help improve patient satisfaction with 
care. Clinicians can use these tools to adjust modifiable 
patient characteristics preoperatively to help modify post-
operative outcomes. They can also use predictive models 
to help identify patient populations to recognize potential-
ly ineffective care before it is given, thus facilitating great-
er surgical effectiveness and increasing the overall value 
(cost-benefit ratio) of spine surgery. The tools can also be 
used to provide meaningful comparisons of performance 
between service providers, by allowing for the generation 
of risk-stratified benchmarks for care. By comparing ac-
tual and expected (i.e., risk-adjusted) outcomes, providers 
who typically take care of the sickest and highest-risk pa-
tients (e.g., those in tertiary care centers) can do so with 
diminished concern of financial penalty in an increasingly 
value-based reimbursement environment.

As predictive models can be challenging to apply in 
“real-world” clinic settings, we have created a user-friend-
ly, online application that can be more easily used in the 
spine clinic to predict PROs (http://statcomp2.vanderbilt.
edu:37212/app_0/). By enabling patient-specific probabi-
listic counseling at the point of care, we seek to facilitate 
involvement of all stakeholders in true, shared decision-
making. This activity holds promise with respect to im-
proving patient outcomes and increasing health care sav-
ings.

Study Limitations and Strengths
The limitations and weaknesses inherent in the current 

study have implications for the interpretation of its find-
ings. Without controls, outcomes of patients can be com-
pared but not outcomes of competing therapies. An intrin-
sic limitation of predictive models is the discrete number 
of variables that are inputted into its creation. In the pres-
ent analysis, we included 30 patient-specific and surgery-
specific variables collected as a part of the multicenter 
QOD registry. It is possible that variables not collected 
and therefore not accounted for in this analysis will play 
a significant role in a patient’s disability, QOL, and pain 
status after surgery. Such missing data would affect the 
performance of the models in discriminating accurately 
between observed and predicted outcomes. With exponen-
tially increasing numbers of patients enrolled in the QOD 
registry, and with further refinement of variables collected, 
we will be able to update the predictive model and thereby 
increase its performance and accuracy.

Nonetheless, our risk-adjusted predictive models pro-
vide value as a starting point for patient-level assessment 
to guide shared decision-making and optimize outcomes 
at the individual patient and population levels. The c-index 
for our models was in the range of 0.64–0.69, which re-
flects a “good” discrimination index.32,33 Finally, the pa-
tients included in the QOD registry are enrolled from 74 
centers across the US representing all practice types, i.e., 
academic, community, small, large, rural, and urban.7,29,53 
The diverse mix of practices included and patients en-

rolled generate a representative sample of patients under-
going elective lumbar spine surgery, allowing these results 
to be generalizable (i.e., applicable) to most spinal surgery 
practices.

Conclusions
In this study we introduce 4 novel predictive models 

for PROs utilizing patient-specific and surgery-specific 
variables. PRO measures of treatment effectiveness at 12 
months are significantly impacted by several preoperative 
patient-specific factors. Using these tools to optimize pa-
tient selection and improve modifiable factors may facili-
tate greater surgical effectiveness and increase the overall 
value (cost-benefit ratio) of spine surgery. Furthermore, 
these robust predictive models can be used as a shared 
decision-making tool during preoperative patient counsel-
ing. While additional studies and controlled therapeutic 
comparisons focused on better understanding the associa-
tions described in this analysis are clearly warranted, the 
current study demonstrates that patient-specific factors be-
yond medical comorbidities, surgical indications, and sur-
gical approaches can play a significant role in influencing 
overall patient outcomes.
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