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OBJECTIVE Current costs associated with spine care are unsustainable. Productivity loss and time away from work 
for patients who were once gainfully employed contributes greatly to the financial burden experienced by individuals 
and, more broadly, society. Therefore, it is vital to identify the factors associated with return to work (RTW) after lumbar 
spine surgery. In this analysis, the authors used data from a national prospective outcomes registry to create a predictive 
model of patients’ ability to RTW after undergoing lumbar spine surgery for degenerative spine disease.
METHODS Data from 4694 patients who underwent elective spine surgery for degenerative lumbar disease, who had 
been employed preoperatively, and who had completed a 3-month follow-up evaluation, were entered into a prospective, 
multicenter registry. Patient-reported outcomes—Oswestry Disability Index (ODI), numeric rating scale (NRS) for back 
pain (BP) and leg pain (LP), and EQ-5D scores—were recorded at baseline and at 3 months postoperatively. The time 
to RTW was defined as the period between operation and date of returning to work. A multivariable Cox proportional 
hazards regression model, including an array of preoperative factors, was fitted for RTW. The model performance was 
measured using the concordance index (c-index).
RESULTS Eighty-two percent of patients (n = 3855) returned to work within 3 months postoperatively. The risk-adjusted 
predictors of a lower likelihood of RTW were being preoperatively employed but not working at the time of presentation, 
manual labor as an occupation, worker’s compensation, liability insurance for disability, higher preoperative ODI score, 
higher preoperative NRS-BP score, and demographic factors such as female sex, African American race, history of dia-
betes, and higher American Society of Anesthesiologists score. The likelihood of a RTW within 3 months was higher in 
patients with higher education level than in those with less than high school–level education. The c-index of the model’s 
performance was 0.71.

©AANS, 2017J Neurosurg Spine Volume 27 • October 2017370

Unauthenticated | Downloaded 05/23/23 11:09 PM UTC

http://thejns.org/doi/abs/10.3171/2016.11.SPINE16526


Return to work after lumbar spine surgery

J Neurosurg Spine Volume 27 • October 2017 371

Low-back pain associated with degenerative spine 
disease is the leading and most costly cause of 
work-related disability in the US.42,45,60,66,67 Among 

those gainfully employed, approximately 26 million indi-
viduals report frequent low-back pain, and of that number 
8% become disabled in any given year; this annual dis-
ability is responsible for 40% of all lost workdays.20,26,30 
This disability results in an estimated $30 billion in direct 
medical costs due to back-related health care resource uti-
lization42,63 and up to $20 billion annually in indirect costs 
due to lost productivity.2

A considerable number of patients require surgery for 
lumbar degenerative conditions to restore functional and 
work-related capacity.1,17,62,67 Several prospective and ran-
domized controlled trials have shown the efficacy of sur-
gical treatment,1,17,65,67 but other studies have demonstrated 
that up to 25% of patients experience minimal improve-
ment in quality of life (QOL),46,58,52 and up to 10% experi-
ence a major complication or require hospital readmission 
after surgery.10,14,25,38 Return to work (RTW) is an impor-
tant functional outcome measure.28 The time away from 
work and the individual’s diminished work capacity after 
spine surgery create a significant individual and societal 
financial burden.11,15,55,60,63 Studies have demonstrated wide 
variability in disability and RTW rates following lumbar 
spine surgery, with permanent or temporary disability 
ranging from 18% to 68% and a RTW rate ranging from 
41% to 81%.24,29,43,51,54 Therefore, identifying the preopera-
tive factors associated with RTW will help employers, 
payers, and providers understand the variability in RTW 
outcomes.

In the current era of patient-centered care, engaging pa-
tients in shared decision-making in their treatment plan-
ning is of utmost importance. Shared decision-making is 
defined as a process “involving the patient and provider, 
both parties participating in the treatment decision-mak-
ing process, requiring information sharing, and both par-
ties agreeing to the treatment decision made.”13,19 The 
concept of informed, shared decision-making was first 
popularized in a report issued by the President’s Commis-
sion for the Study of Ethical Problems in Medicine and 
Biomedical and Behavioral Research in 1982.19 True in-
formed decision-making is only achievable if patients are 
provided with the factual probability of outcomes based 
on their individual risk factors. The ability to predict 
RTW, based on preoperative patient-specific and surgery-
specific factors, will allow surgeons to have substantive 
personalized discussion with patients. This will promote 
realistic expectations among patients, family members, 
payers, and employers regarding RTW after surgery.35 

However, to date, a validated prediction model capable 
of providing individualized estimations of RTW follow-
ing elective lumbar spine surgery has yet to be introduced. 
Utilizing the Quality Outcomes Database (QOD), we 
aimed to create a clinically relevant predictive model for 
RTW following elective lumbar spine surgery for degen-
erative spine pathologies.

Methods
The QOD Registry

Data from patients undergoing elective spine surgery 
for degenerative lumbar disease were entered into the pro-
spective multicenter QOD registry over a 2-year period. 
QOD is designed to establish risk-adjusted expected mor-
bidity rates for the most common lumbar surgical proce-
dures performed by spine surgeons.5,7 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 patient-reported 
outcomes (PROs). A detailed account of QOD enrollment 
methodologies has been outlined in previous publica-
tions.6,7

Inclusion and Exclusion Criteria
Patients undergoing lumbar surgery performed for pri-

mary stenosis, spondylolisthesis, disc herniation, symp-
tomatic mechanical disc collapse, and revision surgery, 
including recurrent same-level disc herniation and adja-
cent-segment disease, were eligible for inclusion. Reasons 
for exclusion included spinal infection, tumor, fracture, 
traumatic dislocation, deformity, pseudarthrosis, recurrent 
multilevel stenosis, and neurological paralysis due to pre-
existing 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 from 
the QOD registry: age, gender, body mass index (BMI), 
American Society of Anesthesiologists (ASA) grade, his-
tory of surgery, history of diabetes, coronary artery dis-
ease (CAD), osteoporosis, dominant presenting symptom, 
presence of motor deficit on examination, symptom du-
ration, diagnosis, preoperative ambulatory status, and 
surgery-specific variables including approach (anterior or 
posterior), number of levels involved, need for fusion, and 
presence/absence of an interbody graft. Patient-reported 
variables, recorded via patient interview and confirmed 

CONCLUSIONS This study presents a novel predictive model for the probability of returning to work after lumbar spine 
surgery. Spine care providers can use this model to educate patients and encourage them in shared decision-making 
regarding the RTW outcome. This evidence-based decision support will result in better communication between patients 
and clinicians and improve postoperative recovery expectations, which will ultimately increase the likelihood of a positive 
RTW trajectory.
https://thejns.org/doi/abs/10.3171/2016.8.SPINE16527
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through the electronic medical records, were as follows: 
race, smoking status, anxiety, depression, education, em-
ployment status, preoperative employment but not work-
ing at the time of surgery (employed patients were further 
dichotomized as either employed and working at the time 
of surgery, or employed but not working at the time of 
surgery), type of occupation (sedentary job, light manual 
labor job, medium labor, and heavy labor job), workers’ 
compensation, liability insurance, and health insurance 
status (uninsured, private insurance, uninsured, Medicare, 
Medicaid, or Veterans Affairs/government).

Interviews and PRO Questionnaires
Baseline (preoperative) and 3-month assessments were 

conducted either through phone interviews conducted by a 
data coordinator not involved with clinical care or through 
self-administration, either during clinic visit or by mail.7,48 
Interviewers gathered data on employment status and on 
disability, pain, and QOL. Patients who were employed 
preoperatively were asked at 3 months whether “they were 
able to RTW after surgery?” If they responded “yes,” they 
were asked to specify “the date of returning to work” at 
the 3-month follow-up interview, and the time to RTW 
was defined as the period spanning the date of the opera-
tion and the date on which patients returned to work. Pa-
tients responding “no” were considered right-censored on 
the day of interview. Validated PRO questionnaires were 
used to collect data on additional outcome measures: 1) 
disease-specific physical disability (established using the 
Oswestry Disability Index [ODI]);22,23 2) preference-based 
QOL status, established using the EQ-5D instrument;21 
and 3) pain, established using the numeric rating scale 
(NRS) for back pain (BP) and leg pain (LP).41 The out-
come scores were then entered into a national aggregate 
database through a secure password-protected web-based 
portal (Research Electronic Data Capture).33 At the time 
of analysis, 48 of 74 total sites had crossed the 3-month pa-
tient follow-up timeline and were included in the analysis.

Statistical Analysis
Analysis of prospectively collected data was conduct-

ed. Medians and interquartile ranges (IQRs) for continu-
ous variables and frequencies for categorical variables 
were computed for patient-specific and surgery-specific 
variables. A multivariable Cox proportional hazards re-
gression model was fitted on an array of patient-specific 
factors for time to RTW. The variables included in the 
model were age; gender; race; smoking status; employ-
ment; occupation type; number of spinal levels; ASA 
grade; BMI; diabetes; osteoporosis; CAD; education level; 
anxiety; depression; dominant symptom; motor deficit; 
symptom duration; principal spinal diagnosis; workers’ 
compensation; liability insurance for disability; insurance 
type; ambulatory status; lumbar fusion, anterior, posterior 
or combined approach; and preoperative ODI, EQ-5D, and 
NRS-BP/LP scores. We assumed a linear relationship for 
the surgical level operated on (Level 1–4), and a smooth 
relationship for other continuous variables using restricted 
cubic regression splines with 4 knots for age and BMI and 
3 knots for preoperative disability, QOL, and pain scores 

(the location of knots was chosen based on the upper and 
lower quartiles for that variable). All the other predictors 
were included as binary or categorical variables. The ef-
fects of predictors on the likelihood of patients returning 
to work were reported as the hazard ratio (HR) and the 
corresponding confidence interval (CI) was calculated us-
ing Wald statistics. The HRs for the continuous variables 
in the model were computed using the upper and lower 
quartile values; p values represent the overall effect over 
the whole range of the continuous variable. The impor-
tance of the individual predictor to the RTW outcome was 
computed using the following formula: Wald chi-square 
value minus predictor degree of freedom.

The higher the difference, the higher is the importance 
of that predictor in the model. The calibration and dis-
crimination of the model was internally validated using the 
bootstrap resampling to estimate the likely performance 
of the model on a new sample of patients. The model per-
formance was measured by concordance index (c-index). 
A c-index of 0.5 is considered a random predication and 
value of 1 suggests that the model is perfectly discriminat-
ing.31,32 A 2-sided p value less < 0.05 was considered statis-
tically significant. The analysis was performed using the R 
statistical program (version 3.1.2, www.r-project.org).

Results
Of a total of 14,985 patients undergoing elective spine 

surgery for degenerative lumbar disease, 6895 patients 
(46%) were preoperatively employed and had plans to 
RTW after surgery. Of those, 5147 patients (75%) com-
pleted a 3-month interview, and the 4694 patients (68%) 
who provided information on RTW form the basis of the 
current analyses. Eighty-two percent of patients (n = 3855) 
returned to work within 3 months of surgery.

Patient Demographics and Surgical Characteristics
The median age of the 4694 patients in the study co-

hort was 52 years (IQR 41–60 years), and 2768 (59%) 
were male. Nineteen percent (n = 877) of patients were 
current smokers, and 12% (n = 545) had diabetes at the 
time of surgery. Median BMI of the cohort was 29.4 (IQR 
25.8–34). Thirty-six percent of patients (n = 1696) had 
leg-dominant symptoms, 18% (n = 839) had back-domi-
nant symptoms, and 46% of patients (n = 2159) had both 
leg- and back-dominant symptoms. Ninety-three percent 
of patients (n = 4123) were ambulatory at the time of sur-
gery, and 6% (n = 283) were ambulatory with an assistive 
device. With regards to diagnosis, 52% (n = 2437) had a 
disc herniation, 23% (n = 1062) lumbar stenosis, 15% (n 
= 720) lumbar spondylolisthesis, 7% (n = 339) recurrent 
disc herniation, 2% (n = 96) adjacent-segment disease, and 
0.6% (n = 30) had symptomatic mechanical disc collapse. 
A history of lumbar surgery was noted in 8% (n = 389) of 
patients. Twenty-six percent of patients (n = 1232) under-
went lumbar fusion surgery. Tables 1 and 2 summarize the 
patient-specific and surgery-specific variables included in 
the model for RTW.

Predictive Model for RTW
In a multivariable Cox proportional hazards regression 
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model, after adjusting for patient- and surgery-specific 
variables (Fig. 1), the likelihood of returning to work at 3 
months after surgery was significantly higher in patients 
with a higher education level (p < 0.001, for patients with 
postcollege degree vs less than high school education).

The likelihood of returning to work was significantly 
lower in female versus male patients (p < 0.001), Afri-
can American versus white patients (p < 0.001), patients 
with diabetes versus those without a history of diabetes 
(p = 0.0069), and those with preoperative symptom du-
ration greater than 3 months versus less than 3 months 
(p = 0.0007). With regard to diagnosis, the probability of 
returning to work within 3 months of surgery did not dif-
fer for the diagnosis of stenosis, recurrent disc herniation, 

TABLE 1. Characteristics of patients in the study cohort

Variable Value

No. of patients 4694
Median age in yrs 52 (41–60)†
% male sex 59 (2768)
Median BMI 29.4 (25.8–34)†
Hispanic 3% (121)
Race 
 White 91% (4246)
 African American 6% (302)
 Other 3% (146)
Education
 < High school 2% (99)
 High school diploma 39% (1791)
 2-yr college degree 19% (887)
 4-yr college degree 24% (1127)
 Post-college 16% (748)
Past surgery 8% (389)
Smoker 19% (877)
Diabetes 12% (545)
CAD 6% (269)
Osteoporosis 2% (87)
Anxiety 18% (726)
Depression 18% (726)
Dominant symptom
 Back dominant 18% (839)
 Leg dominant 36% (1696)
 Back = leg* 46% (2159)
Motor deficit 27% (1244)
Symptom duration
 <3 mos 16% (757)
 >3 mos 84% (3884)
Diagnosis
 Disc herniation 52% (2437)
 Recurrent disc herniation 7% (339)
 Spondylolisthesis 15% (720)
 Stenosis 23% (1062)
 Adjacent-segment disease 2% (96)
 Symptomatic mechanical disc collapse 0.6% (30)
Ambulation
 Independent 93% (4123)
 With an assist device 6% (283)
 Wheelchair bound (nonambulatory) 0.5% (23)
Occupation
 Sedentary 33% (1554)
 Light 24% (1130)
 Medium 23% (1083)
 Heavy 20% (927)
Workers’ compensation 4% (204)
Liability 4% (204)

CONTINUED IN NEXT COLUMN »

TABLE 1. Characteristics of patients in the study cohort

Variable Value

Insurance status
 Uninsured 0.9% (40)
 Medicare 8% (371)
 Medicaid 2% (99)
 Veterans Affairs/government 3% (120)
 Private 87% (4058)
PROs
 ODI score 46 (36–56)†
 EQ-5D score 0.60 (0.38–0.77)†
 NRS-BP score 7 (4–8)†
 NRS-LP score 7 (5–9)†

* Indicates pain is both leg and back dominant.
† Values presented as the median (IQR).

» CONTINUED FROM PREVIOUS COLUMN

TABLE 2. Surgical variables included in the model

Variable % (value)

No. of patients 4694
ASA score
 1 13 (588)
 2 65 (3018)
 3/4 23 (1059)
No. of fused levels
 1 42 (1837)
 2 46 (2022)
 3 10 (440)
 4 3 (113)
Approach
 Posterior 98 (4540)
 Anterior 2 (80)
Fusion
 No 74 (3456)
 Yes, interbody graft not used 4 (204)
 Yes, interbody graft used 22 (1028)
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spondylolisthesis, adjacent-segment disease, or symptom-
atic mechanical disc collapse compared with disc hernia-
tion. The patients who were preoperatively employed but 
not actively working at the time of presentation (p < 0.001), 
those employed in manual labor compared with those with 
a sedentary occupation (p < 0.0001), those receiving work-
ers’ compensation (p < 0.001), and those on liability in-
surance for disability (p < 0.001) had a lower likelihood 

of returning to work. The patients with higher preopera-
tive NRS-BP scores had a lower likelihood of returning to 
work within 3 months of surgery (p = 0.0265). Similarly, 
patients with higher preoperative ODI scores had lower 
likelihood of returning to work within 3 months of sur-
gery (p = 0.0031). The likelihood of RTW was also lower 
for the patients with a higher ASA score (p = 0.0022; ASA 
score of 2 vs 1 and a score of 3/4 vs 1) and those undergo-

FIG. 1. Adjusted effect of predictors of RTW computed using a multivariable Cox proportional hazards regression model. All the 
variables in Tables 1 and 2 were included in the model. The HRs for the continuous variables (age, BMI, ODI, EQ-5D, NRS-LP 
and NRS-BP) in the model were computed based on the upper and lower quartile values. Figure is available in color online only.
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ing fusion compared with those undergoing decompres-
sion alone (p < 0.001).

Fig. 2 displays the adjusted importance of each pre-
dictive factor included in the model. The most important 
predictors of RTW 3 months postoperatively were preop-
erative employment status, manual labor job, fusion, edu-
cation level, workers’ compensation, liability insurance, 
race, symptom duration, gender, ASA scores, baseline ODI 
scores, history of diabetes, and baseline NRS-BP scores. 
The work-related variables (preoperatively employed but 
not working, occupation type, workers’ compensation, and 
liability insurance), disease-related variables (diagnosis, 
symptom duration, dominant symptom, motor deficit, am-
bulation, prior surgery, baseline ODI score, EQ-5D score, 
and baseline NRS-BP and NRS-LP scores), surgery-relat-
ed variables (surgical approach, fusion, number of levels 
fused), and comorbidity variables (ASA scores, diabetes, 
anxiety, depression, osteoporosis, and CAD) were grouped 

to determine the pooled effect of these variables on RTW. 
Figure 3 demonstrates the calibration accuracy for RTW 
estimates based on the model. The bootstrap-validated 
c-index was 0.71, which suggests that our model is useful 
in predicting RTW after lumbar spine surgery.

Based on the model, we generated 2 hypothetical pa-
tients and predicted their probability of returning to work 
at 6 weeks and 3 months based on the prediction model. 
The characteristics and predicted probability are listed in 
Table 3.

Discussion
Model

Predictive models provide individualized risk-adjusted 
postoperative outcomes, which have the potential to assist 
providers in setting realistic expectations for patients and 
families, adjusting modifiable characteristics preopera-

FIG. 2. Importance of predictors, measured by Wald chi-square minus the predictor degree of freedom (df). The relative impor-
tance of predictors in the model (% χ2 − df) is listed on the right.
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tively, engaging patients in shared decision-making, and 
having a probabilistic discussion regarding postoperative 
outcomes during preoperative assessment. To use predic-
tive models in the real-world setting, a robust model with 
high accuracy in predicting the outcomes is needed. Using 
a prospective, multicenter, longitudinal registry, we intro-
duce a novel model to predict the likelihood of RTW with-
in 3 months of lumbar spine surgery, which demonstrated 
good discrimination, with a c-index of 0.71. The most im-
portant predictors of RTW at 3 months were preoperative 
employment status, manual labor job, need for fusion, edu-
cation level, workers’ compensation, liability insurance, 
race, symptom duration, gender, ASA score, baseline ODI 
score, history of diabetes, and baseline NRS-BP score.

Work-Related Factors
Work-related factors contributed the most (33.3%) to 

predicting a patient’s chance of returning to work. In par-
ticular, preoperative work status was the most important 
predictor of RTW. Those employed preoperatively but not 
actively working at the time of surgery had a lower likeli-
hood of returning to work than those who were working 
at the time of surgery. Previous studies have demonstrated 
similar associations between preoperative employment 
status and postoperative RTW.2,4,34 Time away from work 
has a direct negative correlation with RTW.28 Anderson 
et al. have reported that patients who were working at the 
time of surgery were 10.5 times more likely to be working 
at follow-up after fusion surgery.4 Type of occupation is 
another important predictor of postoperative RTW. Com-
pared with those employed in sedentary jobs, the patients 
working in manual labor (heavy labor jobs < medium la-
bor < light labor jobs) had a lower likelihood of returning 
to work. One might assume that patients employed and 
not working at the time of surgery had more severe and/or 
complicated lumbar spine pathologies (e.g., lumbar spon-
dylolisthesis vs herniated lumbar disc), but the presence 

of such conditions does not fully account for the strong 
independent influence of work-related factors based on our 
present predictive model. In any event, the association be-
tween occupation, employment status, and RTW is likely 
multifactorial. Previous sociological models have revealed 
that multiple factors such as psychological state, job sat-
isfaction, availability of modified duty, physical demand 
at work, employer–employee relations, litigation issues, 
income, and social support influence the ability to recover 
and RTW postoperatively.4,16,30,47,49

Active workers’ compensation and disability insurance 
had a negative impact on RTW. Numerous studies have 
demonstrated that the financial incentives and the adver-
sarial nature of the workers’ compensation and liability 
insurance system may account for worse outcomes and 
delayed or no RTW.9,12,24,30 In our analysis, workers’ com-
pensation was a more important predictor for lower likeli-
hood of RTW than liability insurance. Workers’ compen-
sation is meant to create a bridge for the injured worker 
to get back to a level of gainful employment, and liability 
insurance is a permanent form of compensation. Although 
both systems are well-intended (i.e., they provide impor-
tant protections for injured workers), they actually create 
positive financial incentives for avoiding or delaying RTW, 
thus influencing this outcome beyond the impact of true 
functional recovery.

Surgery-Related Factors
Compared with decompression alone, decompression 

with fusion has been found to be associated with higher 
complication rates, longer periods of recovery, and delayed 
RTW.51,55,56,65 In our analysis, the likelihood of RTW at 3 
months postoperatively was lower for patients undergoing 
fusion than those undergoing decompression alone. This 
finding is not surprising, as patients undergoing fusion of-
ten have more severe disability, require longer rehabilita-
tion and recovery periods, and have greater postoperative 
activity restrictions compared with those undergoing de-
compression alone. Theoretically, the effect of fusion on 
outcomes may be diagnosis specific. In our analysis, there 
was no difference in the RTW outcomes for patients with 
diagnoses of stenosis, spondylolisthesis, adjacent-segment 
disease, mechanical disc collapse, and recurrent disc her-
niation, compared those with a diagnosis of disc hernia-
tion. Unfortunately, we do not have adequate numbers of 
patients within each diagnosis category to determine the 
true effect of fusion based on diagnosis. As patients con-
tinue to be enrolled in the QOD lumbar spine registry, we 
will ultimately accumulate sufficient data to allow for the 
development of unique RTW models for each diagnosis. 
Other surgery-related factors, including number of levels 
and surgical approach, did not contribute significantly to 
probability of RTW.

Education Level
Patients with a higher level of education had greater 

likelihood of postoperative RTW. Patients with 4-year col-
lege and postcollege levels of education were more likely 
to have desk or nonlaborious jobs, which increased their 
likelihood to RTW. Patients with a higher educational 
status are more likely to be engaged in professional ca-

FIG. 3. Bootstrap estimate of calibration accuracy for RTW estimates 
from the Cox proportional hazards regression model.
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reers, which theoretically makes RTW easier due to less 
demanding physical work.68 Furthermore, a higher edu-
cation level may also allow for a better understanding of 
disease processes, which may result in these patients form-
ing more realistic postoperative expectations, being more 
treatment compliant, and achieving better recoveries.40,53

Diagnosis-Related Factors
Patients with longer preoperative symptom duration 

(> 3 months) had a lower likelihood of returning to work. 
Grøvle et al. have reported that duration of sciatica more 
than 3 months in patients with disc herniation is associated 
with longer time to RTW.29 Radcliff et al.57 have reported 
that the patients with stenosis and symptom duration less 
than 12 months have significantly better outcomes; how-

ever, in patients with spondylolisthesis, the preoperative 
symptom duration was not associated with outcomes.57 
Patients with greater baseline disability (i.e., high ODI 
scores) and back pain were less likely to RTW at 3 months. 
Previous studies have demonstrated that the patients who 
start out with worse disability and pain scores are less 
likely to RTW postoperatively. The Maine Lumbar Spine 
Study data indicated that less-severe low-back pain at pre-
sentation was associated with higher RTW rates at 4 years 
after lumbar discectomy.8 Patients with poor functional 
status preoperatively have higher needs for postoperative 
rehabilitation, which prolongs the recovery period. This 
finding highlights the importance of adjusting for varying 
degrees of symptom duration, baseline disability, and pain 
when assessing RTW outcomes.

TABLE 3. The probability of a hypothetical Patient A and Patient B returning to work at 6 weeks and 3 months 
postoperatively

Variable Patient A Patient B

Age (yrs) 35 55
BMI 27 35
Gender Female Male
Hispanic No No
Race White White
Education Less than high school High school diploma
Prior surgery No No
Smoker Yes Yes
Diabetes No Yes
CAD No Yes
Osteoporosis No No
Anxiety Yes No
Depression Yes No
Dominant symptom LP dominant BP dominant
Motor deficit No No
ASA score 2 3
Symptom duration >3 mos <3 mos
Diagnosis Stenosis Spondylolisthesis
No. of surgical levels 1 2
Interbody graft No Yes
Arthrodesis No Yes
Approach Posterior Posterior
Insurance Private Medicare
Ambulation Independent With assistance
Occupation Medium labor job Heavy labor job
Employed and working Employed but not working Employed but not working
Compensation Yes Yes
Liability No Yes
Baseline ODI score 60 80
Baseline EQ-5D score 0.7 0.3
Baseline NRS-BP score 7 9
Baseline NRS-LP score 9 8
Probability of RTW at 6 wks (95% CI) 69.1% (56.4%–81.0%) 32.4% (17.6%–33.5%)
Probability of RTW at 3 mos (95% CI) 99.8% (98.7%–99.9%) 90.9% (63.7%–88.1%)
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Patient Demographic Factors and Comorbidities
The demographic factors female gender and African 

American race were associated with lower likelihood of 
returning to work. A number of studies have reported the 
effect of gender and racial differences on outcomes and 
RTW after lumbar spine surgery.18,37,59,61 The racial dispar-
ity in returning to work can be partly explained by the 
barriers in education, attitudes toward health care, and 
economic status.3,36,61 The issue of racial disparity and as-
sociation with outcomes and RTW, however, is multidi-
mensional and complex; further studies focused on this 
parameter are clearly needed.

Consistent with our findings, several previous studies 
have reported that preoperative comorbidities are signifi-
cantly associated with delayed postoperative recovery and 
hence are associated with a lower likelihood of returning 
to work.10,39,44,64 Our model suggests that preoperative his-
tory of diabetes and ASA scores in particular should be 
accounted for when evaluating the probability of 3-month 
postoperative RTW outcome.

Study Limitations and Strengths
The c-index of model performance was 0.71, which 

can be considered a “good” discrimination index. One 
intrinsic limitation of predictive models is the discrete 
number of variables that are inputted into their creation. 
In the present analysis, we included 28 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 an RTW outcome. Previ-
ously reported variables that contribute to RTW missing 
from our registry include the following: marital status and 
family support, preoperative willingness of returning to 
work, and working conditions, including employer–em-
ployee relationship and work-related stress. Such missing 
data could affect the performance of statistical models in 
discriminating accurately between observed and predicted 
outcomes.

“Returning to work” was defined as any RTW within 
3 months after surgery. It is possible that patients did not 
RTW at full preoperative capacity, which is not captured 
in the present analysis. Future analyses will include a 
more granular evaluation of actual work capacity, as well 
as extending the follow-up duration of this outcome to 1 
year, particularly in patients undergoing more invasive 
procedures such as fusion surgery. With exponentially in-
creasing numbers of patients enrolled in the QOD regis-
try, and with further refinement of variables collected, we 
will be able to continuously update our predictive model 
to increase its performance and accuracy. Furthermore, 
discovery of potential interactions between already col-
lected variables will further improve performance and ac-
curacy.

In spite of these potential limitations, our current novel, 
risk-adjusted predictive model for RTW provides signifi-
cant value as a starting point for patient-level predictive 
analytics to guide shared decision-making with the goal of 
optimizing outcomes at the individual patient and popula-
tion levels. This value is derived from 2 major sources: 
first, this national project has, by design, included a diverse 

range of practice and patient types, which allows for a true 
representative sampling of patients undergoing elective 
lumbar spinal surgery. Specifically, the patients included 
in the QOD registry are enrolled from 74 centers across 
the US representing a roughly equal number of academic 
and private practices, and including small, medium, and 
large centers in both rural and metropolitan settings.5,27,50 
These structural features enhance the generalizability of 
registry results, which is to say, the relevance of the results 
to a broad range of patients undergoing spine surgery. Sec-
ond, as has been mentioned above, even this preliminary 
model exhibits good discrimination, and it can therefore 
be used in its present form to generate the probabilities 
of returning to work within 3 months after surgery in a 
fashion that can be meaningful to individual patients, care 
providers, and other health care stakeholders.

As calculations such as those involved in deriving in-
dividual RTW probabilities from this present model can 
be difficult to perform in a real-world clinic setting, we 
have created an online application that can be more easily 
used in the spine clinic to predict 3-month RTW (http://
statcomp2.vanderbilt.edu:37212/app_0/). We are currently 
testing a variety of health information technology models 
to further simplify the use of this predictive model in the 
clinic, with the objective of embedding this methodology 
in daily practice workflows. By enabling patient-specific 
probabilistic counseling at the point of care, we seek to 
facilitate the involvement of all stakeholders in true shared 
decision-making which, among other potential benefits, 
can help set appropriate expectations prior to surgery 
(with the potential to improve patient satisfaction), modify 
correctable factors that could help improve the potential 
for RTW, and possibly reduce health care expenditures 
in situations in which surgical care is deemed unlikely to 
achieve satisfactory outcomes. Furthermore, outcome pre-
diction modeling can be used by self-insured companies 
and workers’ compensation groups to identify the patients 
who will RTW and those who will not within 3 months of 
surgery.

Conclusions
We present a novel predictive model for the probabil-

ity of returning to work after lumbar spine surgery. Spine 
care providers can use this model to educate patients and 
encourage them in shared decision-making regarding the 
RTW outcome. This evidence-based decision support will 
result in better communication between patients and cli-
nicians and improve postoperative recovery expectations, 
which will ultimately increase the likelihood of a positive 
RTW trajectory.
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