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ACKGROUND CONTEXT: Low back pain has an immense impact on the US economy. A

significant number of patients undergo surgical management in order to regain meaningful

functionality in daily life and in the workplace. Return to work (RTW) is a key metric in sur-

gical outcomes, as it has profound implications for both individual patients and the economy

at large.

PURPOSE: In this study, we investigated the factors associated with RTW in patients who

achieved otherwise favorable outcomes after lumbar spine surgery.

STUDY DESIGN/SETTING: This study retrospectively analyzes prospectively collected

data from the lumbar module of national spine registry, the Quality Outcomes Database (QOD).

PATIENT SAMPLE: The lumbar module of QOD includes patients undergoing lumbar surgery

for primary stenosis, disc herniation, spondylolisthesis (Grade I) and symptomatic mechanical disc

collapse or revision surgery for recurrent same-level disc herniation, pseudarthrosis, and adjacent

segment disease. Exclusion criteria included age under 18 years and diagnoses of infection, tumor,

or trauma as the cause of lumbar-related pain.

OUTCOME MEASURES: The outcome of interest for this study was the return to work 12-month

after surgery.
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METHODS: The lumbar module of QOD was queried for patients who were employed at the

time of surgery. Good outcomes were defined as patients who had no adverse events (read-

missions/complications), had achieved 30% improvement in Oswestry disability index (ODI)

and were satisfied (NASS satisfaction) at 3-month post-surgery. Distinct multivariable logistic

regression models were fitted with 12-month RTW as outcome for a. overall population and

b. the patients with good outcomes. The variables included in the models were age, gender,

race, insurance type, education level, occupation type, currently working/on-leave status,

workers’ compensation, ambulatory status, smoking status, anxiety, depression, symptom

duration, number of spinal levels, diabetes, motor deficit, and preoperative back-pain, leg-

pain and ODI score.

RESULTS: Of the total 12,435 patients, 10,604 (85.3%) had successful RTW at 1-year postsur-

gery. Among patients who achieved good surgical outcomes, 605 (7%) failed to RTW. For both the

overall and subgroup analysis, older patients had lower odds of RTW. Females had lower odds of

RTW compared with males and patients with higher back pain and baseline ODI had lower odds of

RTW. Patients with longer duration of symptoms, more physically demanding occupations, work-

er’s compensation claim and those who had short-term disability leave at the time of surgery had

lower odds of RTW independent of their good surgical outcomes.

CONCLUSIONS: This study identifies certain risk factors for failure to RTW independent of sur-

gical outcomes. Most of these risk factors are occupational; hence, involving the patient’s employer

in treatment process and setting realistic expectations may help improve the patients’ work-related

functionality. © 2019 Elsevier Inc. All rights reserved.
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Introduction

Low back pain is a leading cause of global disability

[1]. Estimated costs of low back pain in the United States

(US) are more than $100 billion annually, with two-thirds

of the cost directly related to decreased productivity and

lost wages [2]. Around 10% of all the acute pain episodes

progress to chronic refractory nature and require surgical

management in order to reduce their disability and regain

meaningful functionality in daily life and in the work-

place [3−7]. In recent decades, there has been an expo-

nential rise in the rates of low back surgeries. Deyo et al.

reported a 15-fold increase in spinal fusion from 2002 to

2007 [8−12]. Given the increasing prevalence of these

procedures and the significant costs they impose on indi-

vidual patients, payers and the healthcare system as a

whole, it is imperative to develop metrics to determine

which patients will benefit the most from surgery and

identify the modifiable risks.

Return to work (RTW) is a key metric in surgical out-

comes, as it has profound implications for both individual

patients and the economy at large [13]. The literature identi-

fies around 82% of patients successfully returning to work

after elective lumbar spine surgery [14]. A myriad of factors

have been reported to impact a patient’s likelihood of RTW

after surgical management of back related disability. Chief

among these are various work-related factors such as occupa-

tional intensity and worker’s compensation status. However,

these predictors for failure to RTW are similar to predictors

identified for poor improvement in ODI (Oswestry Disability

Index), satisfaction or having an adverse event after surgery

and one may argue that the limited improvement in pain
related disability or postoperative adverse events put the

patients at risk for failure to RTW [12]. There is a paucity of

literature on those that do well as measured by legacy metrics

yet do not RTW.

In this study, we investigated the factors associated with

RTW in patients who achieved otherwise favorable out-

comes after lumbar spine surgery. We hypothesized that

occupational characteristics will play a major role in deter-

mining whether patients return to work after an otherwise

successful lumbar surgery.
Methods

Quality outcomes database registry

The Quality and Outcomes Database is a nationwide

web-based registry prospectively enrolling patients under-

going surgery for degenerative spine diseases. A standard-

ized enrollment process is used across over 86 participating

sites (academic and private, high and low volume) [15]. For

this study, we queried the lumbar module and extracted

data for patients with complete 12-month follow-up. The

average 1-year follow-up for the contributing sites was

78.5%, ranging from 66.7% to 95.3%. Full enrollment

information has been previously described [16].
Inclusion and exclusion criteria

The lumbar module includes patients undergoing lumbar

surgery for primary stenosis, disc herniation, spondylolis-

thesis (Grade I) and symptomatic mechanical disc collapse

or revision surgery for recurrent same-level disc herniation,
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pseudarthrosis, and adjacent segment disease. Exclusion

criteria included age under 18 years and diagnoses of infec-

tion, tumor, or trauma as the cause of lumbar-related pain.

Cohort characteristics

Data coordinators identify eligible patients by reviewing

the operative case log a week before enrollment. The data

for patients’ race, smoking status, level of education, base-

line measures of pain (Numeric Rating Scale), occupational

variables (including occupational intensity, employment

status, and worker’s compensation), education, ambulatory

status, and disability (ODI) are collected by phone or

in-clinic interview. The occupational intensity is graded

according to the description of the employment, as seden-

tary, light labor, medium labor, or heavy labor. Electronic

medical record (EMR) charts are reviewed to extract infor-

mation for variables including: age, gender, insurance, his-

tory of diabetes, anxiety, depression, symptom duration,

motor deficits, and number of involved spinal levels. The

EMR review is supplemented by patient interview for con-

firmation or any missing data.

RTW and good outcomes

We focused only on patients that were either “employed

and working” or “employed but short-term disability/leave”

at the time of surgery. We excluded patients who were

either unemployed or were a student at the time of surgery.

The Quality and Outcomes Database follow-ups with

patients at 3-month and 12-month postsurgery to record

various safety and outcomes measures; and the patients

who are employed at time of surgery are followed-up for

their RTW at 3-month postsurgery. Patients who fail to

RTW at 3-month are asked the same question at 12-month

postsurgery to note their RTW. We looked into the overall

RTW including both 3- and 12-month postoperative data.

Three-month readmissions and complications were pro-

spectively captured through EMR review and self-reported

outcome questionnaires. History and physicals, daily prog-

ress notes, laboratory and culture results, and discharge

summaries were all included in the EMR review. Readmis-

sions to the primary surgical facility were identified via

EMR review and readmissions or complications to outside

facilities were recorded via patient-reported questionnaires.

The “Good outcomes cohort” was defined as patients

who had no adverse events (readmissions/complications),

had achieved 30% improvement in ODI and were satisfied

at 3-month postsurgery.

Statistical analysis

This is an evidence level-II study. Mean and standard

deviation for continuous variables and frequencies for cate-

gorical variables were calculated for prospectively collected

data. Distinct multivariable logistic regression models were

fitted with RTW at 12 months postsurgery as the outcome of
interest in (1) the overall population and (2) specifically those

patients with otherwise good outcomes.

The variables included in the models were age, gender,

race, insurance type, education level, occupation type, cur-

rently working/on-leave status, workers’ compensation, ambu-

latory status, smoking status, anxiety, depression, symptom

duration, number of spinal levels, diabetes, motor deficit, and

preoperative back-pain, leg-pain, and ODI score. We assumed

smooth relationships for continuous variables and used

restricted cubic regression splines with five knots for age, and

five knots for preoperative ODI score. The remaining variables

were included as binary or categorical. The effects of predic-

tors on the likelihood of patients’ RTW were reported as odd

ratios (OR) and the corresponding confidence intervals (CI)

were calculated using Wald statistic. The ORs were based on

interquartile ranges for continuous variables. The importance

of individual predictors on RTW status was determined using

Wald chi-square values, from which the predictors’ respective

degrees of freedom were subtracted. The higher the value the

more important the covariate is for predicting the outcome

of interest.

The model discrimination was measured by a concor-

dance index (c-index). A c-index of value 1 suggests

perfect discrimination by the model whereas 0.5 suggests

random prediction. All statistical analyses were performed

using the R statistical program (version 3.1.2), Vienna,

Austria [17].
Results

Of the total 12,435 patients that were employed at

the time of surgery, 9,768 (78.6%) returned to work at

3-month and an additional 836 (6.7%) returned to work at

12-month follow-up. A total of 10,604 (85.3%) returning

to work at 1-year postsurgery; 69.7% of the patients had

good surgical outcomes and had no adverse events (read-

missions/complications), had achieved 30% improvement

in ODI and were satisfied at 3-month postsurgery,

whereas 30.3% had poor surgical outcomes. Among

patients who had poor surgical outcomes at the 3-month

post-surgery mark, 32.5% failed to RTW and in those

with good outcomes, 7% failed to RTW at the 12-month

postsurgery mark (Fig. 1). Table summarizes the charac-

teristics of our patient cohort. The average age of the

cohort was 51§12.31 years, and the patients who success-

fully returned to work were younger compared with those

who failed to RTW (50.99 vs. 52.03 years). Of the total,

7,027 (57.7%) patients had college or postcollege educa-

tion. Majority of the patients had symptoms duration of

longer than 3-months and on average the preoperative

ODI-score was 46.60§16.52.

Fig. 2 present the two logistic regression models for

RTW—one for overall RTW and the other for RTW in

patients who otherwise good outcomes postsurgery. The blue

bars represent the OR (and its 95% CI). The two vertical

dashed lines represent OR of one. The odds are considered
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statistically significant if the 95% CI (blue horizontal bar)

lies on either side of the vertical dashed line; on the contrary,

if the blue horizontal bar lies on the dashed vertical line the

odds are statistically insignificant. The c-indices of the mod-

els were 0.790 and 0.771 for the overall RTW and RTW in

those with good outcomes, respectively, indicating good dis-

criminative power of the two models. Fig. 3 identify the pre-

dictors’ adjusted importance and significance for the overall

(a) patient population and in those with good outcomes (b).

The predictors importance are calculated using adjusted chi-

square minus degree of freedom (x2� df) and the variable

importance are then plotted in descending order for each dis-

tinct model in the Fig. 3.

Comparing the two models, we identified unique patient

characteristics that were associated with failure to RTW,

even if the patient achieved good surgical outcomes. These

included older age, females compared with males, those with

higher back pain, higher disability (ODI-score) and longer

duration of preoperative symptoms. Additionally, the occupa-

tional predictors of failure to RTW included more physically

demanding occupation types, those that filed a worker’s com-

pensation claim and those who were on leave or had short

term disability leave at the time of surgery.

In addition, comparison of the models identified other

variables whose influence was dependent on whether the

patient achieved a favorable outcome postsurgery. Namely,

African Americans had a lower likelihood of RTW overall.

However, if the African Americans achieved good out-

comes postsurgery their odds of RTW became equal to that

of Caucasians. Similarly, insurance status, education level,

ambulatory status, smoking status, positive history of

depression, and variation in the number of involved spinal
levels did not impact the RTW in patients who achieved

good outcomes after their spine surgery.
Discussion

Surgical management of lumbar pathology has been

proven to effectively improve functionality and allow

patients to RTW. However, around 25% of the surgically

managed patients report minimal improvement in quality of

life and up to 10% experiences a major complication or hos-

pital readmission postsurgery [18−21]. In the present age of

patient-centered care and detailed emphasis on patient-

reported outcomes, postsurgical RTW has been identified as

an important metric. Previous studies have noted the risk fac-

tors for failure to RTW in surgical spine patients [22,23].

Return to work is certainly influenced by the other metrics of

surgical success, that is, the postsurgery satisfaction, back-

related disability, quality of life, readmissions, and complica-

tions [22−24]. However, there exist a nontrivial number of

patients who would be considered to have a good outcome

by these metrics yet fail to RTW. In the present study, we uti-

lized robustly-collected national-scale data from across the

US to identify the risk factors for failure to RTW preadjust-

ing for the legacy metrics of surgical success.

The present analysis examined the risk factors for failure

to RTW in the general population undergoing lumbar sur-

gery and also in those that were considered to have a good

outcome yet did not RTW. Among the risk factors depen-

dent on surgical outcomes, we identified that patients who

are African American, those with insurance other than pri-

vate, education less than college, nonambulatory, current

smokers, those with depression, and surgeries with a higher



Table

Patient characteristics (general cohort)

Return to work

Total (N=12435) Yes (N=10,604) No (N=1,831)

Age 51.141§12.31 50.992§12.41 52.028§11.65

Gender

Female 5,086 (40.9%) 4,276 (40.3%) 810 (44.2%)

Male 7,347 (59.1%) 6,326 (59.7%) 1,021 (55.8%)

Race

Caucasian 11,016 (89.9%) 9,503 (90.9%) 1,513 (84.0%)

African American 886 (7.2%) 649 (6.2%) 237 (13.2%)

Other 353 (2.9%) 302 (2.9%) 51 (2.8%)

Insurance

Private 10,403 (83.9%) 8,948 (84.6%) 1,455 (79.9%)

Medicare/Medicaid/VA/Govt 1,872 (15.1%) 1,548 (14.6%) 324 (17.8%)

Uninsured 128 (1.0%) 87 (0.8%) 41 (2.3%)

Education

GED or up to high school 5,144 (42.3%) 4,076 (39.3%) 1,068 (59.3%)

College or postcollege 7,027 (57.7%) 6,295 (60.7%) 732 (40.7%)

Occupation type

Sedentary 3,903 (31.5%) 3,608 (34.2%) 295 (16.2%)

Light 2,879 (23.3%) 2,559 (24.2%) 320 (17.6%)

Medium 3,025 (24.5%) 2,500 (23.7%) 525 (28.9%)

Heavy 2,565 (20.7%) 1,887 (17.9%) 678 (37.3%)

Workers compensation 775 (6.3%) 455 (4.3%) 320 (17.8%)

Current smoker 2,282 (18.5%) 1,802 (17.2%) 480 (26.4%)

Ambulation

Independent 11,251 (92.8%) 9,676 (93.6%) 1,575 (88.0%)

With assistive device 872 (7.2%) 658 (6.4%) 214 (12.0%)

Diabetes 1,564 (12.6%) 1,272 (12.0%) 292 (16.0%)

Anxiety 1,793 (14.5%) 1,449 (13.7%) 344 (18.8%)

Depression 2,006 (16.2%) 1,607 (15.2%) 399 (21.9%)

Symptom duration

Less than 3month 1,902 (15.6%) 1,695 (16.3%) 207 (11.5%)

≥ 3month 10,318 (84.4%) 8,723 (83.7%) 1,595 (88.5%)

Motor deficit 3,250 (26.2%) 2,738 (25.8%) 512 (28.1%)

Employment status

Currently working 9,888 (79.5%) 8,941 (84.3%) 947 (51.7%)

On leave/ short-term disability 2,547 (20.5%) 1,663 (15.7%) 884 (48.3%)

Number of involved Levels 1.826§0.808 1.813§0.789 1.903§0.906

Baseline ODI 46.596§16.52 45.360§16.45 53.756§15.02

Baseline back pain 6.318§2.754 6.135§2.791 7.377§2.250

Baseline leg pain 6.796§2.631 6.725§2.657 7.207§2.437

Outcomes*

Good 8,663 (69.7%) 8,058 (76.0%) 605 (33.0%)

Poor 3,772 (30.3%) 2,546 (24.0%) 1,226 (67.0%)

Categorical variables: n (%).

Continuous variables: Mean§Standard Deviation.
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number of vertebral levels were at a higher risk of not

returning to work. Similar risk factors have been previously

reported [20−22,25−27]. However, the impact of these var-

iables was nullified in the subset analysis for patients who

achieved good surgical outcomes. We identified a set of

risk factors for failure to RTW that were independent of the

surgical outcomes. Females are at a higher risk of failure to

RTW even in cases when they are otherwise satisfied and

have good outcomes from the surgery. In a very similar

manner, patients with higher baseline disability, higher pre-

operative back pain and higher duration of symptoms are at

higher risk of failing to RTW. Such patients may require a

certain level of safety assurance, physical therapy, and
behavioral intervention in order to help them build on their

improved functionality. Patients with severe preoperative

symptoms may improve significantly; however, the

improved state of postoperative disability may not allow

them to return to their previous occupation. Therefore, set-

ting realistic expectations in the preoperative setting may

improve their willingness to RTW.

The results of this study identified certain occupational

risk factors for failure to RTW, and to no surprise most of

the occupational risk factors remained independent of how

the patient performed on metrics of surgical success.

Patients with physically more demanding jobs were at

higher risk of failing to RTW. Such patients may require



Fig. 2. Logistic regression models predicting odds of RTW in overall (general) population and patients with good outcomes post-surgery. The figure shows

adjusted effect of predictors of RTW estimated using a multivariable logistic regression models in overall population and patients with good outcomes. For

continuous predictors such as age, number of levels, pain score, and baseline ODI the odds ratio was computed when the variable was set to its 75th percentile

vs. its 25th percentile. The variable was not binned in the model; rather predictions were made at two points on the continuous relationship.
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cognitive and physical therapy, as well as employer

involvement to formulate a job duties plan. Another

occupational risk factor that our result identified, which

remained independent of the surgical outcomes, was

worker’s compensation. Patients with work related

injury may fear hurting their backs again if they return

to work, which most certainly necessitates an active dis-

cussion with the employer to change the job type or

reduce the physical labor for such patients.

Patients who were not working actively and were on

leave or short-term disability have a lower likelihood of

RTW. The fact that such patients are at the highest risk of

failing to RTW necessitates identifying them preoperatively

and keeping them involved even if it means altering their

job duties and or work hours. Lee et al. in a very recent

study reported a higher likelihood of RTW in nonworker’s

compensation patients who remained actively employed at

least 3-month before surgery [23,28].

Any predictive model is limited by the variables included

in fitting the model. The models presented in this study

emphasize the occupational variables predicting RTW in

the preoperatively employed patients. There are certain
characteristics which impact a patient’s successful RTW,

however, any real-world prospective registry is limited by the

feasibility of recording such granular information. Likely

drivers of RTW that were not collected for the present study

include the employer-employee relationship, working envi-

ronment, and availability of a modified duty for these surgical

candidates. Another possible driver for RTW among older

patients might be how early they planned retirement and what

their retirement goals are. In spite of the aforementioned limi-

tations, the present study provides information for employer-

employee discussion and helps as a starting point for their

involvement in decision making when it comes to surgical

management of back-related disability in employed patients.

The patient population included in this analysis was associ-

ated with a wide variety of spine practices across the country,

which suggests that the results presented here can be general-

ized to a reasonable degree.
Conclusions

This study identifies two sets of risk factors for failure to

RTW—those that are dependent on the outcomes and safety



Fig. 3. Predictors importance for logistic regression models predicting RTW. The importance of each independent variable for RTW is measured by Wald

chi-square value minus the degree of freedom of the predictor, based on multivariable models.
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profile of the surgery and those that are independent of

those factors. Most of the occupational risk factors identi-

fied are independent of patient reported outcomes of surgi-

cal success. Patients who were not working actively and

were on leave or short-term disability, those within more

physically demanding jobs, and those who had filed for

worker’s compensation before their spine surgery had lower

odds of RTW even if their surgical outcomes were other-

wise favorable. Therefore, involving the patient’s employer

in the treatment process and setting realistic expectations

may help improve patients’ work-related functionality and

hence return to work.
Acknowledgments

This study did not receive funding from any institution or

grant. Financial support and industry affiliations: Dr. Khan

reports receiving a grant from the CSRS $25,000 outside the

submitted work. Dr. Archer reports personal fees from

Pacira, Palladian Health, NeuroPoint Alliance, Inc., Ameri-

can Physical Therapy Board outside the submitted work. Dr.

Shaffrey reports royalties from Medtronic, Nuvasive,

Zimmer, Biomet, In Vivo, Stryker, and K2M outside the sub-

mitted work. Dr. Devin reports a Stryker grant, Stryker con-

sulting, Wright medical, Defense expert witness, and

Medtronic legal consulting outside the submitted work. The

other authors report no conflict of interest concerning the

materials or methods used in this study or the findings
specified in this paper. The authors have no personal or insti-

tutional financial interest in drugs, materials, or devices

described in their submissions.

Supplementary materials

Supplementary material associated with this article can

be found in the online version at https://doi.org/10.1016/j.

spinee.2019.08.007.

References

[1] Hoy D, March L, Brooks P, Blyth F, Woolf A, Bain C, et al. The

global burden of low back pain: estimates from the Global Burden of

Disease 2010 study. Ann Rheum Dis 2014;73(6):968–74.

[2] Katz JN. Lumbar disc disorders and low-back pain: socioeconomic fac-

tors and consequences. J Bone Joint Surg Am 2006;88(Suppl 2):21–4.

[3] Aalto TJ, Malmivaara A, Kovacs F, Herno A, Alen M, Salmi L, et al.

Preoperative predictors for postoperative clinical outcome in lumbar

spinal stenosis: systematic review. Spine (Phila Pa 1976) 2006;31

(18):E648–63.

[4] Copeland B. Surgical versus nonsurgical treatment for back pain.

N Engl J Med 2007;357(12):1255. author reply -6.

[5] Spengler DM. Lumbar discectomy. Results with limited disc excision

and selective foraminotomy. Spine (Phila Pa 1976) 1982;7(6):604–7.

[6] Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Hanscom B,

Skinner JS, et al. Surgical vs nonoperative treatment for lumbar disk

herniation: the Spine Patient Outcomes Research Trial (SPORT):

a randomized trial. JAMA 2006;296(20):2441–50.

[7] Jabbari B, Ney J, Sichani A, Monacci W, Foster L, Difazio M. Treat-

ment of refractory, chronic low back pain with botulinum neurotoxin

A: an open-label, pilot study. Pain Med 2006;7(3):260–4.

https://doi.org/10.1016/j.spinee.2019.08.007
https://doi.org/10.1016/j.spinee.2019.08.007
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0001
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0001
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0001
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0002
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0002
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0003
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0003
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0003
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0003
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0004
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0004
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0005
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0005
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0006
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0006
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0006
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0006
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0007
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0007
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0007


1976 I. Khan et al. / The Spine Journal 19 (2019) 1969−1976
[8] Deyo RA, Mirza SK, Martin BI, Kreuter W, Goodman DC, Jarvik JG.

Trends, major medical complications, and charges associated with surgery

for lumbar spinal stenosis in older adults. JAMA 2010;303(13):1259–65.

[9] North RB, Kidd D, Shipley J, Taylor RS. Spinal cord stimulation ver-

sus reoperation for failed back surgery syndrome: a cost effectiveness

and cost utility analysis based on a randomized, controlled trial. Neu-

rosurgery 2007;61(2):361–8. discussion 8-9.

[10] Ragab A, Deshazo RD. Management of back pain in patients with

previous back surgery. Am J Med 2008;121(4):272–8.

[11] Weiner DK, Kim YS, Bonino P, Wang T. Low back pain in older

adults: are we utilizing healthcare resources wisely? Pain Med.

2006;7(2):143–50.

[12] McGirt MJ, Bydon M, Archer KR, Devin CJ, Chotai S, Parker SL,

et al. An analysis from the Quality Outcomes Database, Part 1. Dis-

ability, quality of life, and pain outcomes following lumbar spine sur-

gery: predicting likely individual patient outcomes for shared

decision-making. J Neurosurg Spine 2017;27(4):357–69.

[13] Graver V, Ljunggren AE, Loeb M, Haaland AK, Lie H, Magnaes B.

Background variables (medical history, anthropometric and biologi-

cal factors) in relation to the outcome of lumbar disc surgery. Scand J

Rehabil Med 1998;30(4):221–5.

[14] Asher AL, Devin CJ, Archer KR, Chotai S, Parker SL, Bydon M,

et al. An analysis from the Quality Outcomes Database, Part 2. Pre-

dictive model for return to work after elective surgery for lumbar

degenerative disease. J Neurosurg Spine 2017;27(4):370–81.

[15] McGirt MJ, Speroff T, Dittus RS, Harrell Jr. FE, Asher AL. The

National Neurosurgery Quality and Outcomes Database (N2QOD):

general overview and pilot-year project description. Neurosurg Focus

2013;34(1):E6.

[16] Asher AL, McGirt MJ, Glassman SD, Groman R, Resnick DK, Mehr-

lich M, et al. Regulatory considerations for prospective patient care

registries: lessons learned from the National Neurosurgery Quality

and Outcomes Database. Neurosurg Focus 2013;34(1):E5.

[17] Team RC. R: A language and environment for statistical computing

[Internet]. Vienna, Austria: R Foundation for Statistical Computing;

2014 2017. https://www.R-project.org/.
[18] Martin BI, Mirza SK, Comstock BA, Gray DT, Kreuter W, Deyo RA.

Reoperation rates following lumbar spine surgery and the influence

of spinal fusion procedures. Spine 2007;32(3):382–7.

[19] Ragab A. Management of back pain in patients with previous back

surgery. Am J Med 2008;121(4):272–8.

[20] Bekelis K, Desai A, Bakhoum SF, Missios S. A predictive model of com-

plications after spine surgery: the National Surgical Quality Improvement

Program (NSQIP) 2005−2010. Spine J 2014;14(7):1247–55.
[21] Chotai S, Parker SL, Sivaganesan A, Sielatycki JA, Asher AL,

McGirt MJ, et al. Effect of complications within 90 days on

patient-reported outcomes 3 months and 12 months following elec-

tive surgery for lumbar degenerative disease. Neurosurg Focus

2015;39(6):E8.

[22] Asher AL, Devin CJ, Archer KR, Chotai S, Parker SL, Bydon M,

et al. An analysis from the Quality Outcomes Database, Part 2. Pre-

dictive model for return to work after elective surgery for lumbar

degenerative disease. J Neurosurg Spine 2017;27(4):370–81.

[23] Lee Y-P, Farhan S-D, Kiester D, Rosen C, Pendi A, Bhatia N. Varia-

bles affecting return to work after spinal surgery in a non-workers’

compensation population: a retrospective cohort study. J Am Acad

Orthop Surg 2017;25(12):e282–e8.

[24] Truszczynska A, Rapala K, Truszczynski O, Tarnowski A, Lukawski

S. Return to work after spinal stenosis surgery and the patient’s qual-

ity of life. Int J Occup Med Environ Health 2013;26(3):394–400.

[25] Carey TS, Garrett JM. The relation of race to outcomes and the use of

health care services for acute low back pain. Spine 2003;28(4):390–4.

[26] Chotai S, Sivaganesan A, Parker SL, McGirt MJ, Devin CJ. Patient-

specific factors associated with dissatisfaction after elective surgery

for degenerative spine diseases. Neurosurgery 2015;77(2):157–63.

[27] McGirt MJ, Sivaganesan A, Asher AL, Devin CJ. Prediction model for

outcome after low-back surgery: individualized likelihood of compli-

cation, hospital readmission, return to work, and 12-month improve-

ment in functional disability. Neurosurg Focus 2015;39(6):E13.

[28] Anderson PA, Schwaegler PE, Cizek D, Leverson G. Work status as a

predictor of surgical outcome of discogenic low back pain. Spine

2006;31(21):2510–5.

http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0008
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0008
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0008
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0009
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0009
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0009
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0009
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0010
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0010
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0011
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0011
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0011
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0012
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0012
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0012
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0012
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0012
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0013
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0013
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0013
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0013
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0014
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0014
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0014
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0014
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0015
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0015
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0015
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0015
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0016
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0016
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0016
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0016
https://www.R-project.org/
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0018
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0018
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0018
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0019
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0019
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0020
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0020
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0020
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0021
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0021
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0021
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0021
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0021
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0022
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0022
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0022
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0022
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0023
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0023
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0023
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0023
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0024
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0024
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0024
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0025
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0025
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0026
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0026
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0026
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0027
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0027
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0027
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0027
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0028
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0028
http://refhub.elsevier.com/S1529-9430(19)30936-2/sbref0028

	Impact of occupational characteristics on return to work for employed patients after elective lumbar spine surgery
	Introduction
	Methods
	Quality outcomes database registry
	Inclusion and exclusion criteria
	Cohort characteristics
	RTW and good outcomes
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgments
	Supplementary materials
	References



