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  Study Design.   Prospective population-based cohort study.  
  Objective.   To identify early predictors of lumbar spine surgery 
within 3 years after occupational back injury.  
  Summary of Background Data.   Back injuries are the most 
prevalent occupational injury in the United States. Few prospective 
studies have examined early predictors of spine surgery after work-
related back injury.  
  Methods.   Using Disability Risk Identifi cation Study Cohort  
(D-RISC) data, we examined the early predictors of lumbar spine 
surgery within 3 years among Washington State workers, with new 
workers compensation temporary total disability claims for back 
injuries. Baseline measures included worker-reported measures 
obtained approximately 3 weeks after claim submission. We used 
medical bill data to determine whether participants underwent 
surgery, covered by the claim, within 3 years. Baseline predictors 
( P   <  0.10) of surgery in bivariate analyses were included in a 
multivariate logistic regression model predicting lumbar spine 
surgery. The area under the receiver operating characteristic curve 
of the model was used to determine the model’s ability to identify 
correctly workers who underwent surgery.  

  Back pain is the most costly and prevalent occupational 
health condition among the US working population.  1   ,   2   
Costs relating to occupational back pain increased 

more than 65% from 1996 to 2002 after adjustment for 
medical and general infl ation.  3   Spine surgical procedures after 
occupational back injury represent approximately 21% of 
these costs  4   and face increasing scrutiny regarding effective-
ness and effi cacy.  5   ,   6   There is little evidence that spine surgery 
is associated with improved population outcomes,  5   yet sur-
gery rates have increased dramatically since the 1990s.  7   –   10   
Reducing unnecessary spine surgery is important for improv-
ing patient safety and outcomes and reducing surgery compli-
cations and health care costs.  11   ,   12   Although previous studies 
have investigated predictors of outcomes after lumbar spine 
surgery,  13   –   17   little research has focused on identifying early 
(after injury) factors associated with receipt of surgery.  18   ,   19   
Knowledge of early predictors of lumbar spine surgery after 
occupational back injury may help identify workers likely 
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  Results.   In the D-RISC sample of 1885 workers, 174 (9.2%) 
had a lumbar spine surgery within 3 years. Baseline variables 
associated with surgery ( P   <  0.05) in the multivariate model 
included higher Roland-Morris Disability Questionnaire scores, 
greater injury severity, and surgeon as fi rst provider seen for the 
injury. Reduced odds of surgery were observed for those younger 
than 35 years, females, Hispanics, and those whose fi rst provider 
was a chiropractor. Approximately 42.7% of workers who fi rst saw 
a surgeon had surgery, in contrast to only 1.5% of those who saw 
a chiropractor. The area under the receiver operating characteristic 
curve of the multivariate model was 0.93 (95% confi dence interval, 
0.92–0.95), indicating excellent ability to discriminate between 
workers who would  versus  would not have surgery.  
  Conclusion.   Baseline variables in multiple domains predicted 
lumbar spine surgery. There was a very strong association between 
surgery and fi rst provider seen for the injury even after adjustment 
for other important variables.  
  Key words:   lumbar spine surgery  ,   back injury  ,   workers’ 
compensation  ,   predictors  ,   prospective study.    
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to undergo surgery, which, in turn, has potential to improve 
patient outcomes by targeting evidence-based care to such 
workers. Furthermore, such information is essential for com-
parative effectiveness studies so that factors associated with 
receipt of surgery can be assessed and included in adjustment 
techniques to increase comparability of treatment groups. 

 We used data from the Washington State Workers’ 
Compensation Disability Risk Identifi cation Study Cohort 
(D-RISC), a sample of workers with temporary total disabil-
ity for a back injury, to assess rates of lumbar spine surgery 
in the fi rst 3 years of the claim. We aimed to identify early 
predictors of such surgery, develop a multivariate predictive 
model of surgery, and evaluate the model’s ability to predict 
surgery. 

 We used previous occupational injury, back injury, chronic 
back pain–related disability, and lumbar spine surgery lit-
erature to identify potential early predictors available in the 
D-RISC baseline data, which include measures in 7 domains 
(sociodemographic, employment-related, pain and function, 
clinical status, health care, health behavior, and psychologi-
cal).  20   –   23   We hypothesized that the following baseline variables 
would be associated with subsequent lumbar spine surgery: 
older age,  9   ,   10   higher pain ratings,  17   ,   20   ,   24   ,   25   prescription of opi-
oid medication within 6 weeks from the fi rst medical visit for 
the injury,  18   ,   26   worker perception that the job is “hectic,”  20   no 
employer offer of job accommodation after the injury,  20   worse 
psychological factors,  16   ,   17   ,   22   ,   23   worse injury severity,  5   ,   6   ,   18   ,   20   rural 
residence,  9   ,   27   and a history of back injuries.  28   We also hypoth-
esized that Hispanic,  10   ,   17   ,   29   ,   30   non-white,  9   ,   10   ,   17   ,   30   and female 
workers,  9   ,   10   ,   30   and workers with shorter current job duration  31   
would have reduced odds of surgery, and that rates of surgery 
would vary by fi rst provider seen for the injury.  32    

  MATERIALS AND METHODS 

  Setting and Participants 
 The D-RISC has been described previously.  20   –   23   ,   26   ,   33   In brief, 
workers with back injuries were identifi ed prospectively 
through weekly claims review from the Washington State 
Department of Labor and Industries (DLI) State Fund, which 
covers approximately two-thirds of the state’s nonfederal 
workforce. Workers who received wage-replacement com-
pensation for temporary total disability (4 d off work) due to 
the injury were potentially eligible for the study. 

 In the D-RISC, 4354 potential participants were identifi ed 
from the DLI claims database between June 2002 and April 
2004. As previously reported,  20   1178 (27.1%) workers could 
not be contacted soon after the injury, 909 (20.9%) declined 
enrollment into the study, and 120 (2.8%) were ineligible. 
The remaining 2147 (49.3%) workers enrolled in D-RISC 
and completed a telephone interview, which was conducted 
a median of 18 days after claim receipt. Study participants 
were excluded from the D-RISC analysis if they were not 
eligible for compensation in the claim’s fi rst year (n  =  240), 
were hospitalized for the initial injury (n  =  16), were missing 
data on age (n  =  3), or did not have a back injury accord-

ing to medical record review (n  =  3). Thus, 1885 (43.3%) 
workers were included in the D-RISC analysis sample. As 
previously reported,  20   this sample, compared with workers 
who received wage-replacement compensation for a back 
injury but were not in D-RISC, was slightly older, mean age 
(SD)  =  39.4 (11.2)  vs . 38.2 (11.1) yr,  P   =  0.001, contained 
more females (32%  vs . 26%,  P   <  0.001), and had more 
workers receiving wage-replacement compensation 1 year 
after claim submission (13.8%  vs . 11.3%,  P   =  0.02).  

  Baseline Variables 
 The D-RISC baseline data came from 3 sources: adminis-
trative claims and medical bill data, medical record review, 
and worker self-report in telephone interviews.  20   –   23   ,   26   ,   33   A 
measure of injury severity was developed for D-RISC, and 
trained occupational health nurses reviewed medical records 
of visits for the injury and rated injury severity.  23   See  Table 1  
and Supplemental Digital Content Appendix 1 (available at 
 http://links.lww.com/BRS/A724 ) for additional information 
about the baseline variables.   

  Outcome Measure 
 The outcome measure was a lumbar spine surgery covered 
by DLI within 3 years of submission of a new back injury 
claim regardless of the worker’s surgical history. We used the 
DLI computerized medical bill database, which includes dates 
of service and  Current Procedural Terminology  ( CPT ) codes 
for all medical bills paid by DLI in the claim. We identifi ed 
all lumbar spine surgery bills, using the  CPT  codes shown in 
Supplemental Digital Content Appendix 2 (available at  http://
links.lww.com/BRS/A724 ). Our  CPT  codes vary slightly from 
a previous code list  34   for lumbar spine surgery, primarily by 
not including codes that imply spine defects or repeat surgi-
cal procedures; there were no differences in counts or types 
of surgical procedures when we used that list. The date of 
surgery was defi ned as the fi rst date of service for an included 
 CPT  code. We identifi ed operations within 3 years (1095 d) 
from the date DLI received the claim for the back injury. This 
period was the longest time surgical data were available for 
all 1885 D-RISC participants. We categorized the surgical 
procedures into fusion, decompression, or both operations 
for descriptive purposes but combined them for analytical 
purposes.  

  Statistical Analyses 
 Initially, we conducted bivariate logistic regression analyses 
to examine associations between baseline variables of interest 
and lumbar spine surgery, adjusted for worker age and sex. 
We then constructed a multivariate model for predicting sur-
gery that included baseline variables bivariately associated ( P  
 <  0.10) with lumbar spine surgery. This criterion of  P   <  0.10 
was used because a standard 0.05 level in a bivariate analysis 
may exclude variables that may be signifi cant in a multivari-
ate model.  35   Analyses were conducted using Stata MP12.  36   To 
evaluate the ability of the multivariate model to distinguish 
between workers who did  versus  did not undergo surgery by 
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3 years, we determined the area under the receiver operating 
characteristic (AUC) curve and used 10-fold cross validation 
to estimate the AUC in subsamples of the D-RISC data.  37   An 
AUC from 0.70 to 0.80 is considered acceptable and 0.80 to 
0.90 excellent.  20   ,   35     

  RESULTS 

  Sample Characteristics 
 Study participants (N  =  1885) were mostly non-Hispanic 
white (71%; Hispanic 15%; and Other 14%) and male 
(68%). By 3 years after claim receipt, 174 (9.2%) workers 
underwent a lumbar spine operation under the same claim as 
the index injury. Among the 174 workers with an operation, 
137 (78.7%) had decompression only as the fi rst operation in 
the claim, 6 (3.4%) had fusion only, and 31 (17.8%) had both 
on the same day. For those who underwent surgery in the fi rst 
3 years, the median number of days between claim receipt 
and the fi rst surgery was 180 (interquartile range, 91–350 d). 
Six (3.4%) participants underwent the fi rst surgery within 
30 days, 37 (21.3%) between 31 and 90 days, 45 (25.9%) 
between 91 and 180 days, 44 (25.3%) between 181 and 365 
days, 27 (15.5%) in the second year after claim receipt, and 
15 (8.6%) in the third year after claim receipt.  

  Bivariate Analyses 
  Table 1  shows the baseline variables that had bivariate asso-
ciations with surgery ( P   <  0.10). Variables that were not sig-
nifi cant in bivariate analyses are listed in Supplemental Digital 
Content Appendix 1 (available at  http://links.lww.com/BRS/
A724 ). All 7 domains contained variables associated with 
lumbar spine surgery, including all variables from the pain 
and function, health care, and psychological domains. In the 
sociodemographic domain, suburban residence was associ-
ated with higher odds of surgery; younger age, female sex, 
Hispanic ethnicity, and non-white race were associated with 
reduced odds. Perception of job as fast-paced, working at cur-
rent job for less than 6 months, not having returned to origi-
nal work duties, and not receiving a job accommodation offer 
from the employer were associated with undergoing surgery. 
In the clinical status domain, injury severity, pain radiating 
below the knee, missing at least 1 month of work due to pre-
vious occupational injury (any type), and receipt of an opioid 
prescription for the injury were associated with surgery. Using 
tobacco daily (health behavior domain) was also associated 
with surgery.  

  Multivariate Model 
 The multivariate model ( Table 2 ) included variables that were 
associated with surgery in bivariate analyses. All of the vari-
ables in the pain and function and psychological domains 
were bivariately signifi cant. We examined correlations 
between variables in these domains. There were no signifi cant 
( P   <  0.05) correlations between any of the psychological vari-
ables, and we included all of them in the multivariate model. 
In the pain and function domain, several variables were sig-
nifi cantly correlated. We did not include pain interference 

with daily activities,  38   pain interference with work,  38   36-item 
Short-Form version 2 (SF-36v2) Physical Function,  39   and SF-
36v2 Role Physical  39   in the multivariate model. We did include 
number of pain sites, pain intensity, and the Roland-Morris 
Disability Questionnaire (RMDQ).  40   We elected to keep the 
RMDQ in the fi nal model because it is widely used and has 
been extensively validated as a measure of back pain–related 
disability. Similarly, 0 to 10 ratings of pain intensity are also 
widely used and validated, and the single rating is brief, not 
copyrighted, and can easily be obtained in clinical settings. In 
a model containing age, sex, the RMDQ, pain intensity, pain 
interference with daily activities, and pain interference with 
work, neither interference score was associated with surgery. 
The number of pain sites provides information about a dif-
ferent construct (pain diffuseness in the body) and has been 
found to predict worse back pain outcomes.  20   ,   24   We did not 
include self-report of pain radiating below the knee because 
we preferred to use the injury severity measure rated by occu-
pational nurses, which includes a category of radiculopathy.  20   
Although there was evidence of some minor collinearities, 
none altered the model substantially, changed the direction 
of the variables, substantially impacted our key variables of 
interest, or led us to alter our conclusions.  

 Because of missing data on some variables, the multivari-
ate model included 1857 (98.5%) workers. These workers, 
compared with the 28 who were in the D-RISC sample but 
not in the multivariate model, were less likely to have some 
college education (52%  vs . 61%,  P   =  0.01). No other differ-
ences, including undergoing surgery, were identifi ed. 

 As can be seen in  Table 2 , a total of 6 variables from 4 
domains contributed independently ( P   <  0.05) to the predic-
tion of lumbar spine surgery in the multivariate model. Work-
ers with high baseline RMDQ scores had 6 times the odds 
of surgery compared with those with low scores. Those with 
greater injury severity and those whose fi rst provider seen for 
the injury was a surgeon also had signifi cantly higher odds of 
surgery. The surgery provider category included orthopedic 
surgeons (n  =  104 workers seen), neurosurgeons (n  =  34), 
and general surgeons (n  =  33). Factors associated with sig-
nifi cantly reduced odds of surgery included age less than 
35 years, female sex, Hispanic ethnicity, and chiropractor as 
fi rst provider seen for the injury. No measures in the employ-
ment-related, health behavior, or psychological domains were 
signifi cant. 

 The AUC value was 0.93 (95% confi dence interval [CI], 
0.92–0.95), indicating a very high ability for the model to dis-
tinguish between participants who did and did not undergo 
lumbar spine surgery.  35   The cross-validation AUC was also 
0.93 (95% CI, 0.91–0.95). In additional analyses, inclusion 
of only the RMDQ score, injury severity, and fi rst provider 
seen for the injury resulted in an AUC value of 0.89 (95% 
CI, 0.87–0.91) and a cross-validation AUC of 0.89 (95% CI, 
0.86–0.91).   

  DISCUSSION 
 In this sample, 9.2% of workers receiving temporary total dis-
ability compensation soon after an occupational back injury 
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 TABLE 1.    Baseline Variables Associated ( P   <  0.10) With Lumbar Spine Surgery by 3 Years After Claim 
Receipt for Occupational Back Injury*  

Domain and Variables
No Surgery 

(n  =  1711), n (%)
Surgery 

(n  =  174), n (%) OR† 95% CI  P 

 Sociodemographics 

Age, yr (ref  =  35–44 yr) 507 (29.6) 72 (41.4)  < 0.001

  ≤ 24 194 (11.3) 4 (2.3) 0.15 0.05–0.41

 25–34 450 (26.3) 27 (15.5) 0.42 0.26–0.66

 45–54 394 (23.0) 48 (27.6) 0.86 0.59–1.27

  ≥ 55 166 (9.7) 23 (13.2) 1.00 0.61–1.66

Sex (ref  =  male) 1154 (67.4) 128 (73.6) 0.08

 Female 557 (32.6) 46 (26.4) 0.73 0.51–1.04

Region of worker residence‡§ (ref  =  urban) 1016 (59.3) 90 (51.7) 0.06

 Suburban 257 (15.0) 41 (23.6) 1.77 1.16–2.69

 Large town 207 (12.1) 18 (10.3) 1.02 0.60–1.75

 Rural 179 (10.5) 18 (10.3) 1.15 0.65–2.03

Race/ethnicity (ref  =  non-Hispanic white) 1173 (68.6) 145 (83.3)  < 0.001

 Hispanic 295 (17.2) 12 (6.9) 0.36 0.20–0.67

 Other 243 (14.2) 17 (9.8) 0.56 0.33–0.95

 Employment-related 

Fast pace¶ (ref  =  strongly disagree/disagree) 416 (24.3) 35 (20.1) 0.02

 Agree 687 (40.2) 63 (36.2) 1.21 0.78–1.88

 Strongly agree 602 (35.2) 76 (43.7) 1.78 1.16–2.74

Job duration�  ≥ 6 mo 1319 (77.1) 129 (74.1) 0.09

  < 6 mo 388 (22.7) 45 (25.9) 1.38 0.95–1.98

Employer offered job accommodation (ref  =  Yes) 800 (46.8) 55 (31.6) 0.001

 No/don’t know 911 (53.2) 119 (68.4) 1.78 1.27–2.49

Returned to paid work by baseline interview 
(ref  =  Yes, same job)

593 (34.7) 14 (8.0)  < 0.001

 Yes, light duty or different job 444 (25.9) 25 (14.4) 2.44 1.25–4.76

 No 673 (39.3) 135 (77.6) 8.28 4.72–14.56

 Pain and function 

Number pain sites** (ref  =  0–2 sites) 840 (49.1) 28 (16.1)  < 0.001

 3–4 sites 607 (35.5) 110 (63.2) 5.15 3.34–7.94

 5–8 sites 264 (15.4) 36 (20.7) 4.22 2.50–7.11

Pain intensity, past week (0  =  no pain, ref  =  0–3)  38  451 (26.4) 7 (4.0)  < 0.001

 4–5 457 (26.7) 38 (21.8) 5.50 2.42–12.48

 6–7 456 (26.7) 53 (30.5) 8.23 3.68–18.37

 8–10 344 (20.1) 76 (43.7) 15.26 6.90–33.72

Pain interference with daily activities, past week (0 
 =  no interference, ref  =  0–3)  38  

587 (34.3) 7 (4.0)  < 0.001

( Continued )
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 TABLE 1.    ( Continued )  

Domain and Variables
No Surgery 

(n  =  1711), n (%)
Surgery 

(n  =  174), n (%) OR† 95% CI  P 

 4–5 384 (22.4) 26 (14.9) 5.80 2.48–13.52

 6–7 333 (19.5) 49 (28.2) 13.04 5.82–29.26

 8–10 398 (23.3) 98 (56.3) 19.82 9.05–43.38

Pain interference with work, past week†† (0  =  no 
interference, ref  =  0–3)  38  

625 (36.5) 7 (4.0)  < 0.001

 4–5 314 (18.4) 22 (12.6) 6.44 2.72–15.29

 6–7 312 (18.2) 39 (22.4) 11.41 5.03–25.88

 8–10 449 (26.2) 105 (60.3) 21.34 9.80–46.48

Roland-Morris Disability Questionnaire  40  ‡‡ (0  =  
no disability) (ref  =  0–8)

524 (30.6) 4 (2.3)  < 0.001

 9–16 601 (35.1) 37 (21.3) 8.55 3.02–24.19

 17–24 586 (34.2) 133 (76.4) 31.69 11.59–86.63

SF-36v2 Physical Function  39  §§ (ref  =   > 50) 445 (26.0) 8 (4.6)  < 0.001

 41–50 325 (19.0) 5 (2.9) 0.85 0.28–2.64

 30–40 469 (27.4) 29 (16.7) 3.53 1.59–7.83

  < 30 471 (27.5) 132 (75.9) 16.16 7.77–33.62

SF-36v2 Role Physical  39  §§ (ref  =   > 50) 402 (23.5) 3 (1.7)  < 0.001

 41–50 332 (19.4) 7 (4.0) 2.85 0.73–11.13

 30–40 446 (26.1) 29 (16.7) 8.88 2.68–29.43

  < 30 528 (30.9) 135 (77.6) 33.71 10.63–106.93

Pain change since injury (ref  =  better) 1213 (70.9) 65 (37.4)  < 0.001

 Same 325 (19.0) 54 (31.0) 3.31 2.24–4.87

 Worse 157 (9.2) 54 (31.0) 6.72 4.46–10.12

 Clinical status 

Injury severity  23  ¶¶ (ref  =  mild strain/sprain) 991 (57.9) 38 (21.8)  < 0.001

 Major strain/sprain with substantial immobility 
but no evidence of radiculopathy

361 (21.1) 20 (11.5) 1.36 0.78–2.38

 Evidence of radiculopathy 306 (17.9) 95 (54.6) 7.80 5.21–11.68

 Refl ex, sensory or motor abnormalities 43 (2.5) 21 (12.1) 11.57 6.19–21.65

Pain radiates below knee (ref  =  no) 1303 (76.2) 57 (32.8)  < 0.001

 Yes 408 (23.8) 117 (67.2) 6.43 4.58–9.05

Previous injury (any type) with  ≥ 1 mo off work (ref 
 =  no)

1275 (74.5) 100 (57.5)  < 0.001

 Yes 429 (25.1) 74 (42.5) 1.83 1.32–2.54

Opioid Rx within 6 wk of injury‡ (ref  =  no) 1131 (66.1) 77 (44.3)  < 0.001

 Yes 541 (31.6) 94 (54.0) 2.46 1.78–3.39

 Health care 

Specialty, fi rst provider seen for injury‡ (ref  =  
primary care)

635 (37.1) 45 (25.9)  < 0.001

( Continued )
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 TABLE 1.    ( Continued )  

Domain and Variables
No Surgery 

(n  =  1711), n (%)
Surgery 

(n  =  174), n (%) OR† 95% CI  P 

 Surgeon 98 (5.7) 73 (42.0) 10.41 6.72–16.11

 Occupational medicine 107 (6.3) 16 (9.2) 2.09 1.13–3.87

 Chiropractor 534 (31.2) 8 (4.6) 0.21 0.10–0.45

 Other 337 (19.7) 32 (18.4) 1.36 0.84–2.19

Time from injury to fi rst medical visit for injury‡ 
(ref  =  0–6 d)

1336 (78.1) 119 (68.4)  < 0.001

 7–13 d 193 (11.3) 20 (11.5) 1.08 0.65–1.79

  ≥ 14 d 138 (8.1) 32 (18.4) 2.58 1.67–3.98

 Health behavior 

Tobacco use (ref  =  no) 986 (57.6) 84 (48.3) 0.07

 Occasionally/frequently 267 (15.6) 24 (13.8) 1.04 0.64–1.67

 Daily 505 (29.5) 66 (37.9) 1.49 1.06–2.11

 Psychological 

Catastrophizing  41  �� (ref  =  0–1) 551 (32.2) 15 (8.6)  < 0.001

 Low ( > 1 to  < 2) 282 (16.5) 23 (13.2) 3.02 1.55–5.90

 Moderate (2 to  < 3) 490 (28.6) 70 (40.2) 5.30 2.99–9.42

 High (3–4) 388 (22.7) 66 (37.9) 6.39 3.57–11.43

Recovery expectations  42  *** (0–10 scale, 
10  =  extremely certain will be working in 6 mo, 
ref  =  10)

993 (58.0) 65 (37.4)  < 0.001

 High (7–9) 331 (19.3) 65 (37.4) 3.04 2.10–4.40

 Low (0–6) 328 (19.2) 39 (22.4) 1.86 1.22–2.84

Blame for injury  42  ††† (ref  =  work) 823 (48.1) 92 (52.9) 0.02

 Self 339 (19.8) 20 (11.5) 0.52 0.31–0.85

 Someone/something else 237 (13.9) 33 (19.0) 1.25 0.81–1.92

 Nothing/no one 265 (15.5) 28 (16.1) 0.91 0.58–1.42

Work fear avoidance  43  ‡‡‡ (ref  =   < 3, very low) 361 (21.1) 15 (8.6)  < 0.001

 Low-moderate ( > 3 to  < 5) 567 (33.1) 39 (22.4) 1.71 0.93–3.16

 High (5–6) 783 (45.8) 120 (69.0) 3.85 2.21–6.70

SF-36v2 Mental Health  39  §§ (ref  =   > 50) 688 (40.2) 30 (17.2)  < 0.001

 41–50 417 (24.4) 56 (32.2) 3.27 2.05–5.20

  ≤ 40 604 (35.3) 88 (50.6) 3.53 2.29–5.45

 Percentages may not sum to 100 due to rounding and missing values. 

 *Missing, “don’t know,” and refusal responses for each variable were combined into 1 response (unless stated otherwise) for each variable if 15 or more of 
responses qualifi ed (results not shown). The following variables had missing responses: region of worker residence (n  =  59), fast pace (n  =  6), job duration 
(n  =  4), returned to paid work by baseline interview (n  =  1), pain intensity (n  =  3), pain interference with daily activities (n  =  9), pain interference with work 
(n  =  12), SF-36v2 Physical Function (n  =  1), SF-36v2 Role Physical (n  =  3), pain change since injury (n  =  17), injury severity (n  =  10), previous injury (any 
type) with 1 month or more off work (n  =  7), opioid Rx within 6 weeks of injury (n  =  42), time from injury to fi rst medical visit for injury (n  =  48), tobacco use 
(n  =  3), recovery expectations (n  =  64), blame for injury (n  =  48), and SF-36v2 Mental Health (n  =  2). 

 †Age and sex were included in bivariate analyses along with the variable of interest.

  ‡From the DLI database. 

 §By residential zip code, using the Washington State guidelines classifi cations at  http://www.doh.wa.gov/Data/Guidelines/RuralUrban . 

( Continued )

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

BRS205411.indd   958BRS205411.indd   958 4/23/13   9:31 AM4/23/13   9:31 AM



OCCUPATIONAL HEALTH/ERGONOMICS Predictors of Spine Surgery After Occupational Back Injury • Keeney et al

Spine www.spinejournal.com 959

 TABLE 1.    ( Continued )  
 ¶My job requires working very fast. Would you say  disagree strongly ,  disagree ,  agree , or  agree strongly ? 

  �Continuous data for job duration were categorized for analyses. 

 **The 8 pain sites were head, neck, shoulders, back, arms/hands, buttocks/hips, abdomen, and legs/feet. We summed the number of “Yes” answers to create 
the variable for the number of pain sites. 

 ††In the past week, how much has pain interfered with your ability to work, including housework, rated on a scale from 0 to 10, where 0 is “no interference” 
and 10 is “unable to carry on any activities”? 

 ‡‡Measures self-reported back disability; higher scores indicate more disability. 

 §§36-item Short-Form version 2 (SF-36v2) Physical Function, Role Physical, and Mental Health scales; higher scores indicate better functioning. 

 ¶¶Rated by trained nurses, based on medical records early in the claim. 

 ��Mean of responses to 3 questions from the Pain Catastrophizing scale. 

 ***How certain are you that you will be working in 6 months, using a scale of 0 to 10, where 0 is “not at all certain” and 10 is “extremely certain”? The ratings 
(0–10) were categorized for analyses. 

 †††Who or what do you think is to blame for your injury? Would you say work ( e.g. , work conditions, employer, coworker), yourself, no one or nothing, or 
someone or something else? 

 ‡‡‡Mean of responses to 2 questions from the Fear Avoidance Beliefs Questionnaire work scale. 

 OR indicates odds ratio; CI, confi dence interval; ref, reference group; Rx, prescription.  

underwent lumbar spine surgery in the next 3 years. This rate 
is similar to rates of lumbar spine surgery after occupational 
back injury reported in other studies (Webster  et al   18  : 9.8%; 
and Bonauto  et al   29  : 10.8%). Measures in 4 domains pre-
dicted surgery: sociodemographic, pain and function, clinical 
status, and health care. 

 The most striking predictor of surgery was the baseline 
RMDQ score. In the multivariate model, workers with base-
line RMDQ scores of 17 or higher on the 0- to 24-point scale 
had 6 times the odds (adjusted odds ratio, 6.12; 95% CI, 
1.84–20.42) of surgery compared with those with scores of 
0 to 8. The RMDQ has also been shown to predict chronic 
work disability (in a previous study using the D-RISC sam-
ple),  20   longer duration of sick leave,  44   chronic pain,  25   and 
other measures of function.  45   

 Several psychological variables predicted surgery in bivari-
ate analyses, but none were signifi cant in the multivariate 
model. In other studies, patients with lumbar spinal stenosis 
and discogenic back pain who did  versus  did not have surgery 
did not differ prior to surgery on bivariate measures of men-
tal health and pain catastrophizing.  19   ,   46   In the previous study 
using the D-RISC sample, baseline psychological measures 
were highly signifi cant predictors of chronic work disability in 
bivariate analyses but were signifi cant in a multivariate model 
only when the RMDQ was excluded from the model.  20   Past 
research has demonstrated signifi cant associations between the 
RMDQ and a variety of psychological measures.  20   ,   47   We con-
ducted additional analyses to assess the possibility that shared 
variance between the RMDQ and the psychological variables 
in predicting surgery resulted in the failure of the psychologi-
cal variables to predict surgery. In regression models with age, 
sex, and the RMDQ, work fear avoidance  43   was the only psy-
chological variable that, when added, contributed signifi cantly 
( P   <  0.05) to the prediction of surgery. Such fi ndings are con-
sistent with the possibility that patients who communicate 

considerable distress and dysfunction do so across self-report 
measures and are more likely to undergo surgery. 

 The D-RISC injury severity rating was a signifi cant pre-
dictor of surgery. This is consistent with previous fi ndings 
that radiculopathy infl uences back pain outcomes, including 
surgical procedures.  17   ,   18   ,   25   ,   45   Surgery may be appropriate treat-
ment of radiculopathy.  48   The odds of surgery were highest for 
workers with refl ex, sensory, or motor abnormalities (19/58, 
or 32.8%, received surgery). Odds were also high for work-
ers with symptomatic radiculopathy without such abnormali-
ties (85/344, or 24.7%, received surgery). In future studies 
investigating lumbar spine surgery, it may be informative to 
separate these categories. 

 In Washington State workers’ compensation, injured work-
ers may choose their medical provider. Even after controlling 
for injury severity and other measures, workers with an initial 
visit for the injury to a surgeon had almost 9 times the odds 
of receiving lumbar spine surgery compared with those see-
ing primary care providers, whereas workers whose fi rst visit 
was to a chiropractor had signifi cantly lower odds of surgery 
(adjusted odds ratio, 0.22; 95% CI, 0.10–0.50). Approxi-
mately 43% of workers who fi rst saw a surgeon had surgery 
within 3 years, in contrast to only 1.5% of those who fi rst 
saw a chiropractor. It is possible that these fi ndings indicate 
that “who you see is what you get.”  32   Previous studies have 
noted similar fi ndings, using provider surveys of hypothetical 
patients.  32   ,   49   Persons with occupational back injuries who fi rst 
saw a chiropractor had lower odds of chronic work disability 
and early receipt of magnetic resonance imaging in previous 
reports of data from the D-RISC sample  20   ,   33   and higher rates 
of satisfaction with back care.  50   However, patients who see 
chiropractors may differ from patients who choose other pro-
vider types.  20   ,   51   It may be of interest to workers’ compensation 
programs to evaluate a gatekeeper approach to help ensure 
the need for lumbar spine surgery. 
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 TABLE 2.    Multivariate Model Predicting Lumbar Spine Surgery by 3 Years From Baseline Variables  

Domain and Variables
Bivariate 

OR*
Bivariate 
95% CI

Multivariate 
OR†

Multivariate 
95% CI Multivariate  P 

 Sociodemographics 

Age, yr (ref  =  35–44 yr) 0.003

  ≤ 24 0.15 0.05–0.41 0.23 0.07–0.73

 25–34 0.42 0.26–0.66 0.49 0.27–0.89

 45–54 0.86 0.59–1.27 0.70 0.41–1.18

  ≥ 55 1.00 0.61–1.66 1.43 0.73–2.82

Sex (ref  =  male) 0.0001

 Female 0.73 0.51–1.04 0.40 0.25–0.65

Region of worker residence (ref  =  urban) 0.17

 Suburban 1.77 1.16–2.69 2.00 1.17–3.41

 Large town 1.02 0.60–1.75 1.31 0.65–2.64

 Rural 1.15 0.65–2.03 1.08 0.55–2.13

Race/ethnicity (ref  =  non-Hispanic white) 0.002

 Hispanic 0.36 0.20–0.67 0.30 0.14–0.66

 Other 0.56 0.33–0.95 0.51 0.26–0.9991

 Employment-related 

Fast pace (ref  =  strongly disagree/disagree) 0.25

 Agree 1.21 0.78–1.88 1.45 0.81–2.61

 Strongly agree 1.78 1.16–2.74 1.63 0.90–2.95

Job duration  ≥ 6 mo 0.71

  < 6 mo 1.38 0.95–1.98 1.10 0.68–1.77

Employer offered job accommodation 
(ref  =  Yes)

0.43

 No/don’t know 1.77 1.26–2.48 1.22 0.74–2.01

Returned to paid work by baseline interview (ref  =  
Yes, same job)

0.74

 Yes, light duty or different job 2.44 1.25–4.76 1.23 0.55–2.88

 No 8.28 4.72–14.56 1.34 0.64–2.79

 Pain and function 

Number pain sites (ref  =  0–2 sites) 0.60

 3–4 sites 5.15 3.34–7.94 1.34 0.76–2.35

 5–8 sites 4.22 2.50–7.11 1.28 0.65–2.52

Pain intensity, past week (0  =  no pain, 
ref  =  0–3)  38  

0.18

 4–5 5.50 2.42–12.48 2.39 0.90–6.36

 6–7 8.23 3.68–18.37 1.67 0.62–4.49

 8–10 15.26 6.90–33.72 2.36 0.86–6.50

Roland-Morris Disability Questionnaire  40  ‡ (0  =  no 
disability) (ref  =  0–8)

0.0003

( Continued )
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 TABLE 2.    ( Continued )  

Domain and Variables
Bivariate 

OR*
Bivariate 
95% CI

Multivariate 
OR†

Multivariate 
95% CI Multivariate  P 

 9–16 8.55 3.02–24.19 2.52 0.78–8.10

 17–24 31.69 11.59–86.63 6.12 1.84–20.42

Pain change since injury (ref  =  better) 0.50

 Same 3.31 2.24–4.87 1.06 0.62–1.80

 Worse 6.72 4.46–10.12 1.56 0.84–2.90

 Clinical status 

Injury severity (ref  =  mild strain/sprain)  < 0.0001

 Major strain/sprain with substantial immobility 
but no evidence of radiculopathy

1.36 0.78–2.38 0.84 0.43–1.62

 Evidence of radiculopathy 7.80 5.21–11.68 4.34 2.62–7.17

 Refl ex, sensory or motor abnormalities 11.57 6.19–21.65 5.73 2.62–12.52

Previous injury (any type) with  ≥ 1 mo off work (ref 
 =  no)

0.32

 Yes 1.83 1.32–2.54 1.19 0.86–1.66

Opioid Rx within 6 wk of injury (ref  =  no) 0.38

 Yes 2.46 1.78–3.39 0.87 0.65–1.18

 Health care 

Specialty, fi rst provider seen for injury (ref  =  
primary care)

 < 0.0001

 Surgeon 10.41 6.72–16.11 8.69 5.03–15.01

 Occupational medicine 2.09 1.13–3.87 1.39 0.67–2.87

 Chiropractor 0.21 0.10–0.45 0.22 0.10–0.50

 Other 1.36 0.84–2.19 1.38 0.78–2.45

Time from injury to fi rst medical visit for injury (ref 
 =  0–6 d)

0.32

 7–13 d 1.08 0.65–1.79 0.74 0.39–1.40

  ≥ 14 d 2.58 1.67–3.98 1.49 0.82–2.72

 Health behavior 

Tobacco use (ref  =  no) 0.38

 Occasionally/frequently 1.04 0.64–1.67 0.66 0.36–1.21

 Daily 1.49 1.06–2.11 0.95 0.60–1.50

 Psychological 

Catastrophizing  41  § (ref  =  0–1) 0.18

 Low ( > 1 to  < 2) 3.02 1.55–5.90 1.75 0.73–4.18

 Moderate (2 to  < 3) 5.30 2.99–9.42 2.28 1.05–4.93

 High (3–4) 6.39 3.57–11.43 2.15 0.94–4.90

Recovery expectations  42   (0–10 scale, 
10  =  extremely certain will be working in 6 mo, 
ref  =  10)

0.38

 High (7–9) 3.04 2.10–4.40 0.87 0.51–1.48

( Continued )
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 TABLE 2.    ( Continued )  

Domain and Variables
Bivariate 

OR*
Bivariate 
95% CI

Multivariate 
OR†

Multivariate 
95% CI Multivariate  P 

 Low (0–6) 1.86 1.22–2.84 0.97 0.56–1.67

Blame for injury  42   (ref  =  work) 0.09

 Self 0.52 0.31–0.85 0.72 0.38–1.35

 Someone/something else 1.25 0.81–1.92 1.17 0.67–2.06

 Nothing/no one 0.91 0.58–1.42 0.96 0.52–1.76

Work fear avoidance  43  ¶ (ref  =   < 3, very low) 0.27

 Low-moderate ( > 3 to  < 5) 1.71 0.93–3.16 1.00 0.47–2.16

 High (5–6) 3.85 2.21–6.70 1.47 0.71–3.04

SF-36v2 Mental Health  39   (ref  =   > 50) 0.26

 41–50 3.27 2.05–5.20 1.31 0.72–2.40

  ≤ 40 3.53 2.29–5.45 0.87 0.48–1.58

  Each baseline variable included in this table was associated ( P   <  0.10) in bivariate analyses with lumbar spine surgery by 3 years after occupational lumbar 
spine surgery. 

 *Adjusted for age and sex, except for age and sex. 

 †Adjusted for all other variables in the multivariate model. 

 ‡Measures self-reported back disability; higher scores indicate more disability. 

 §Mean of responses to 3 questions from the Pain Catastrophizing scale. 

 ¶Mean of responses to 2 questions from the Fear Avoidance Beliefs Questionnaire work scale. 

 OR indicates odds ratio; CI, confi dence interval; ref, reference group; Rx, prescription.  

 As hypothesized, Hispanic participants had lower odds of 
surgery. Prior research has also observed lower rates of spine 
surgery among Hispanics.   9,10,29,30,52    In an earlier study, Spanish-
speaking workers had signifi cantly fewer lumbar spine surgi-
cal procedures within 2 years of work injury than non-His-
panic white workers (7.4%  vs . 11.0%).  29   These lower odds 
may refl ect cultural barriers and less willingness to undergo 
surgical procedures  10   ,   53  ; lack of familiarity or understanding 
of surgery  10   ,   54  ; fewer physician referrals to surgery  30  ; and dis-
couragement, lack of information, or bias from employers.  5   

 Receipt of a prescription for an opioid medication within 6 
weeks of claim receipt was not signifi cant in the multivariate 
model. A previous study linked early opioid use to receiving 
lumbar spine surgery for a work-related injury, although the 
study inclusion criteria and methods differed from D-RISC.  18   
When we matched our inclusion criteria and methods to that 
study, an opioid prescription was still not signifi cant. We specu-
late that the difference may be that a measure of worker-related 
function was not included; in our study, the RMDQ was a 
highly signifi cant predictor of surgery and opioid prescription 
was no longer signifi cant after adjusting for RMDQ socres.  18   

 The multivariate model had excellent ability to distinguish 
between workers who did or did not have surgery. A model 
that included only the RMDQ, injury severity, and fi rst pro-
vider seen for the injury also had a very high ability to iden-
tify workers who did or did not undergo surgery. These 3 

variables may be of use in future research to predict lumbar 
spine surgery after occupational back injury; they are rela-
tively simple to obtain, use, and interpret. 

 Our study has some limitations. We could not capture infor-
mation on surgery covered outside DLI, although it is reason-
able to assume that surgical procedures for the accepted index 
back injury claim would be covered. Although the D-RISC 
sample consisted of workers with back injuries, some  CPT  
codes are not restricted to lumbar-specifi c spine surgical pro-
cedures. The extent to which our fi ndings may generalize to 
other settings is unknown. Given the large number of potential 
predictors examined, some may have been statistically signifi -
cant because of chance. Nonetheless, the study has notable 
strengths, including complete data for the entire population-
based sample on surgery covered by workers’ compensation 
and a large prospective sample of workers who provided 
detailed information shortly after injury on several factors, as 
well as data from medical record and medical payment sources. 

 Variables from several domains predicted lumbar spine 
surgery after occupational back injury. Surgical procedures 
were predicted by factors beyond aspects of the injury, such 
as age, sex, ethnicity, and fi rst provider seen for the injury. 
Knowledge of surgery predictors may inform interventions 
or studies on care management of workers with occupational 
back injuries, including comparative effectiveness studies of 
surgery for back pain.   

Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

BRS205411.indd   962BRS205411.indd   962 4/23/13   9:31 AM4/23/13   9:31 AM



OCCUPATIONAL HEALTH/ERGONOMICS Predictors of Spine Surgery After Occupational Back Injury • Keeney et al

Spine www.spinejournal.com 963

  Supplemental digital content is available for this article. Direct 
URL citations appear in the printed text and are provided in 
the HTML and PDF versions of this article on the journal’s 
Web site ( www.spinejournal.com ).  

 References 
     1.        Courtney   TK   ,    Webster   JS   .  Disabling occupational morbidity in the 

United States .  J Occup Environ Med   1999 ; 41 : 60 – 9 .  
     2.        Guo   HR   ,    Tanaka   S   ,    Halperin   WE   , et al.    Back pain prevalence in 

US industry and estimates of lost workdays .  Am J Public Health  
 1999 ; 89 : 1029 – 35 .  

     3.        Shuford   H   ,    Restrepo   T   ,    Beaven   N   , et al.    Trends in components of 
medical spending within workers compensation: results from 37 
states combined .  J Occup Environ Med   2009 ; 51 : 232 – 8 .  

     4.        Williams   DA   ,    Feuerstein   M   ,    Durbin   D   , et al.    Health care 
and indemnity costs across the natural history of disability in 
occupational low back pain .  Spine   1998 ; 23 : 2329 – 36 .  

     5.        Deyo   RA   ,    Mirza   SK   ,    Turner   JA   , et al.    Overtreating chronic back 
pain: time to back off ?  J Am Board Fam Med   2009 ; 22 : 62 – 8 .  

     6.        Chou   R   ,    Baisden   J   ,    Carragee   EJ   , et al.    Surgery for low back pain: a 
review of the evidence for an American Pain Society Clinical Prac-
tice Guideline .  Spine   2009 ; 34 : 1094 – 9 .  

     7.        Cherkin   DC   ,    Deyo   RA   ,    Loeser   JD   , et al.    An international 
comparison of back surgery rates .  Spine   1994 ; 19 : 1201 – 6 .  

     8.        Deyo   RA   ,    Mirza   SK   .  Trends and variations in the use of spine 
surgery .  Clin Orthop Relat Res   2006 ; 443 : 139 – 46 .  

     9.        Wang   MC   ,    Kreuter   W   ,    Wolfl a   CE   , et al.    Trends and variations in 
cervical spine surgery in the United States: Medicare benefi ciaries, 
1992–2005 .  Spine   2009 ; 34 : 955 – 61 .  

     10.        Alosh   H   ,    Riley   LH   III   ,    Skolasky   RL   .  Insurance status, geography, 
race, and ethnicity as predictors of anterior cervical spine surgery 
rates and in-hospital mortality: an examination of United States 
trends from 1992 to 2005 .  Spine   2009 ; 34 : 1956 – 62 .  

     11.        Deyo   RA   ,    Mirza   SK   .  The case for restraint in spinal surgery: does 
quality management have a role to play ?  Eur Spine J   2009 ; 18 ( suppl 
3 ): S331 – 7 .  

     12.        Weinstein   JN   ,    Lurie   JD   ,    Olson   PR   , et al.    United States’ trends and 
regional variations in lumbar spine surgery .  Spine   2006 ; 31 : 2707 – 14 .  

     13.        Anderson   PA   ,    Schwaegler   PE   ,    Cizek   D   , et al.    Work status as a 
predictor of surgical outcome of discogenic back pain .  Spine  
 2006 ; 31 : 2510 – 5 .  

     14.        DeBerard   MS   ,    LaCaille   RA   ,    Spielmans   G   , et al.    Outcomes and 
presurgery correlates of lumbar discectomy in Utah workers’ 
compensation patients .  Spine J   2009 ; 9 : 193 – 203 .  

     15.        LaCaille   RA   ,    DeBerard   MS   ,    LaCaille   LJ   , et al.    Obesity and litigation 
predict workers’ compensation costs associated with interbody cage 
lumbar fusion .  Spine J   2007 ; 7 : 266 – 72 .  

     16.        DeBerard   MS   ,    Masters   KS   ,    Colledge   AL   , et al.    Presurgical bio-
psychosocial variables predict medical and compensation costs of 
lumbar fusion in Utah workers’ compensation patients .  Spine J  
 2003 ; 3 : 420 – 9 .  

     17.        Weinstein   JN   ,    Tosteson   TD   ,    Lurie   JD   , et al.    Surgical  versus  
nonsurgical therapy for lumbar spinal stenosis .  N Engl J Med  
 2008 ; 358 : 794 – 810 .  

     18.        Webster   BS   ,    Verma   SK   ,    Gatchel   RJ   .  Relationship between early 
opioid prescribing for acute occupational low back pain and 
disability duration, medical costs, subsequent surgery and late 
opioid use .  Spine   2007 ; 32 : 2127 – 32 .  

     19.        Kurd   MF   ,    Lurie   JD   ,    Zhao   W   , et al.    Predictors of treatment choice 
in lumbar spinal stenosis: a spine patient outcomes research trial 
study .  Spine   2008 ; 33 : 2809 – 18 .  

     20.        Turner   JA   ,    Franklin   G   ,    Fulton-Kehoe   D   , et al.    ISSLS prize winner: 
early predictors of chronic work disability .  Spine (Phila Pa 1976)  
 2012 ; 37 : 1702 – 1707 .  

     21.        Turner   JA   ,    Franklin   G   ,    Fulton-Kehoe   D   , et al.    Prediction of chronic 
disability in work-related musculoskeletal disorders: a prospec-
tive, population-based study .  BMC Musculoskeletal Disord   2004 ;
 5 : 14 .  

     22.        Turner   JA   ,    Franklin   G   ,    Fulton-Kehoe   D   , et al.    Work recovery 
expectations and fear-avoidance predict work disability: a longi-
tudinal, population-based study of workers’ compensation back 
injury claimants .  Spine   2006 ; 31 : 682 – 9 .  

     23.        Stover   BD   ,    Turner   JA   ,    Franklin   G   , et al.    Factors associated with 
early opioid prescription among workers with low back injuries . 
 J Pain   2006 ; 7 : 718 – 25 .  

     24.        Gureje   O   ,    Simon   GE   ,    Von Korff   M   .  A cross-national study of the 
course of persistent pain in primary care .  Pain   2001 ; 92 : 195 – 200 .  

     25.        Fransen   M   ,    Woodward   M   ,    Norton   R   , et al.    Risk factors associated 
with the transition from acute to chronic occupational back pain . 
 Spine   2002 ; 27 : 92 – 8 .  

     26.        Franklin   GM   ,    Stover   BD   ,    Turner   JA   , et al.    Early opioid prescription 
and subsequent disability among workers with back injuries .  Spine  
 2008 ; 33 : 199 – 204 .  

     27.        Francis   ML   ,    Scaife   SL   ,    Zahnd   WE   .  Rural-urban differences 
in surgical procedures for Medicare benefi ciaries .  Arch Surg  
 2011 ; 146 : 579 – 83 .  

     28.        Rubin   DI   .  Epidemiology and risk factors for spine pain .  Neurol 
Clin   2007 ; 25 : 353 – 71 .  

     29.        Bonauto   DK   ,    Smith   CK   ,    Adams   DA   , et al.    Language preference 
and non-traumatic low back disorders in Washington State work-
ers’ compensation .  Am J Ind Med   2010 ; 53 : 204 – 15 .  

     30.        Taylor   BA   ,    Casas-Ganem   J   ,    Vaccaro   AR   , et al.    Differences in the 
work-up and treatment of conditions associated with low back 
pain by patient gender and ethnic background .  Spine   2005 ; 30 :
 359 – 64 .  

     31.        Evans   TH   ,    Mayer   TG   ,    Gatchel   RJ   .  Recurrent disabling work-
related spinal disorders after prior injury claims in a chronic low 
back pain population .  Spine J   2001 ; 1 : 183 – 9 .  

     32.        Cherkin   DC   ,    Deyo   RA   ,    Wheeler   K   , et al.    Physician variation in 
diagnostic testing: who you see is what you get .  Arthritis Rheum  
 1994 ; 37 : 15 – 22 .  

     33.        Graves   JM   ,    Fulton-Kehoe   D   ,    Martin   DP   , et al.    Factors associated 
with early MRI utilization for acute occupational low back pain: a 
population-based study from Washington State workers compensa-
tion   2011 ].  Spine   (Phila Pa 1976) 2012;37:1708–1718.  

     34.        Gray   DT   ,    Deyo   RA   ,    Kreuter   W   , et al.    Population-based trends 
in volumes and rates of ambulatory lumbar spine surgery .  Spine  
 2006 ; 31 : 1957 – 63 .  

     35.        Hosmer   DW   ,    Lemeshow   S   .  Applied Logistic Regression .  2nd ed . 
 New York, NY :  John Wiley ;  2000 .  

     36.       Stata Statistical Software. Version 10  .  College Station, TX : 
 StataCorp LP ;  2007 .  

     37.        Steyerberg   EW   ,    Harrell   FE   Jr.   ,    Borsboom   GJJM   , et al.    Inter-
nal validation of predictive models: effi ciency of some proce-
dures for logistic regression analysis .  J Clin Epidemiol   2001 ; 54 :
 774 – 81 .  

  ➢  Key Points 

            Of 1885 workers, 174 (9.2%) workers had 1 or more 
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