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Abstract Purpose Our objective was to develop a clinical
prediction model to identify workers with sustainable
employment following an episode of work-related low
back pain (LBP). Methods We used data from a cohort
study of injured workers with incident LBP claims in the
USA to predict employment patterns 1 and 6 months fol-
lowing a workers’ compensation claim. We developed
three sequential models to determine the contribution of
three domains of variables: (1) basic demographic/clinical
variables; (2) health-related variables; and (3) work-related
factors. Multivariable logistic regression was used to
develop the predictive models. We constructed receiver
operator curves and used the c-index to measure predictive
accuracy. Results Seventy-nine percent and 77 % of
workers had sustainable employment at 1 and 6 months,
respectively. Sustainable employment at 1 month was
predicted by initial back pain intensity, mental health-re-
lated quality of life, claim litigation and employer type (c-
index = 0.77). At 6 months, sustainable employment was
predicted by physical and mental health-related quality of

< Heather M. Shearer
heather.shearer @uoit.ca

' UOIT-CMCC Center for the Study of Disability Prevention
and Rehabilitation, University of Ontario Institute of
Technology, 2000 Simcoe St. North, Oshawa, ON L1H 7K4,
Canada

Graduate Education and Research Programs, Canadian
Memorial Chiropractic College, 6100 Leslie St., Toronto,
ON M2H 3J1, Canada

Canada Research Chair in Disability Prevention and
Rehabilitation, University of Ontario Institute of Technology,
2000 Simcoe St. North, Oshawa, ON L1H 7K4, Canada

Division of Epidemiology, Dalla Lana School of Public
Health, University of Toronto, Toronto, ON, Canada

life, claim litigation and employer type (c-index = 0.77).
Adding health-related and work-related variables to models
improved predictive accuracy by 8.5 and 10 % at 1 and
6 months respectively. Conclusion We developed clini-
cally-relevant models to predict sustainable employment in
injured workers who made a workers’ compensation claim
for LBP. Inquiring about back pain intensity, physical and
mental health-related quality of life, claim litigation and
employer type may be beneficial in developing programs of
care. Our models need to be validated in other populations.

Keywords Back injuries - Return to work - Employment

Introduction

Low back pain (LBP) is the highest contributor of global
disability worldwide [1]. In the UK in 2009, the direct
health care costs of chronic back pain exceeded £1.5 billion
[2]. Occupational back pain is associated with significant
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direct and indirect costs to employers, insurers, and injured
workers [3]. In 2013 in the United States, the incidence of
back pain injuries among full-time workers was 20 per
10,000 [4]. Additionally, back problems were ranked sev-
enth for annual average cost of productivity loss (absen-
teeism and presenteeism) among employed workers with
health reimbursement accounts [5]. A median of seven
days away from work to recuperate from a back injury was
reported in the United States in 2013 [4].

Previous studies suggest that back pain is episodic and is
associated with recurrent work absenteeism [3, 6, 7].
Additionally, individuals with prevalent back pain are more
likely to report future back injuries, work absences, and
more comorbidities compared to workers with incident
LBP [8]. Although we have gained knowledge about the
outcomes experienced by injured workers with back pain,
we still lack the ability to accurately predict who is more
likely to regain sustainable employment. Therefore, it is
important to develop clinical prediction models to predict
outcome following a work-related back injury.

A challenging issue facing clinicians is to predict,
shortly after the injury, the probability of returning to
sustainable employment. Clinicians often rely on clinical
experience and clinically relevant scientific evidence to
determine the prognosis of a patient. Very few prediction
models clearly identify who is likely to return to work and
maintain sustainable employment following an occupa-
tional low back injury. Several studies have proposed
prediction rules to identify workers at risk of chronic work
disability; however, their predictive ability is low, ranging
from 12 to 30 % [9-11]. Additionally, many models do not
include important prognostic factors for work disability
[12]. A literature review of predictive models and rules
used to determine persisting functional restrictions in
individuals with sub-acute LBP, reported the predictive
ability of existing models was moderate at best (explained
variance ranged from 28 % to 51 %) [13]. The objective of
our study was to develop a clinical prediction model to
identify individuals with sustainable patterns of employ-
ment 1 and 6 months after a low back work injury.

Methods
Design

We used data from the Arizona State University Healthy
Back Study (ASU study) to develop clinical prediction
models. The ASU study was a prospective inception cohort
of workers who filed an incident claim for work-related
back pain between January 1, 1999 and June 30, 2002 [3].
The individuals worked for one of five different employers
across 37 American states.
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Study Population

To be included in the ASU study, workers had to meet to
following criteria: (1) back pain reported to the employer;
(2) back injury occurred at work; and (3) diagnosis of LBP
based on ICD-9 codes included in the following categories:
721 (spondylosis and allied disorders), 722 (intervertebral
disc disorders), 724 (other and unspecified disorders of
back), and 847 (sprains and strains of other and unspecified
parts of the back) reported by the primary healthcare pro-
vider to the insurer. Workers with fractures, denied work-
ers’ compensation claim, subsequent claim during the
study period, or litigation related to the back injury that
was initiated prior to study enrollment were excluded [3].
The intent of our clinical prediction models were to
predict sustainable employment using data collected
shortly after the onset of a workers’ compensation claim
for LBP. Therefore, we restricted our sample to partici-
pants who completed the baseline questionnaire of the
ASU study within 48 days post-claim initiation (early
completers). Late completers were defined as those who
completed the baseline questionnaire more than 48 days
following the initiation of the claim. Furthermore, only
participants who completed the second follow-up ques-
tionnaire between 130 and 230 days post-claim initiation
were included in the final cohort (Fig. 1). These criteria
were necessary to ensure the baseline data clearly preceded
the collection of the outcome of interest and also optimize
statistical power by capturing 90 % of the sample.

Outcome

The outcome was post-injury sustainable employment.
Workers with sustainable employment had no work
absence or an initial work absence followed by no future
absences post-injury. Workers without sustainable
employment were those who reported multiple episodes of
work absences and those who had not returned to work.
Sustainable employment at 1-month and 6-month post-
claim initiation was determined by asking study partici-
pants the following questions: [1] “Did you have to take
time off work because of your back injury?” [2] “Have you
returned to work?” [3] “Between the time you returned to
work and now (time of interview) did you have to take any
additional time off work because of your back injury?”

Predictors

Predictive factor selection was based on evidence provided

in the scientific literature and clinical judgment [9, 14—17].

These factors were then compared with those available in

the ASU dataset. The final selected predictors included:
Demographics Age and sex.
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Source Population of Workers from Five U.S. Corporations
N=200,000

n=4,689

Study Population

Ineligible cases

h 4

n=1,275

n=3,414

y
Eligible to Participate

4

n=1,747

Injured workers who completed a baseline survey

l

Post-hoc Inclusion/Exclusion Criteria Applied

4

ate Completers: those who did the
baseline survey after 48 days
n=428

n=1,319

Early Completers: those who completed the
baseline survey between 0 to 48 days

Participants who did not

n=736

Final Cohort

complete the 2™ follow-up
n=583

Fig. 1 Number of eligible participants and those who completed the baseline and follow-up questionnaires

Back and leg pain intensity Numeric Rating Scales for
back pain and leg pain intensity (NRS-101), were used to
rate pain from “0” (not bothersome at all) to “100” (pain is
extremely bothersome). This scale is valid and reliable
[18].

Type of occupation This was used as a basic clinical
predictor since certain work activities may have an impact
on recovery from back pain. Based on the ASU study
coding, workers were grouped into the classifications of (1)
professional/manager, (2) service, and (3) other.

Disability The Roland-Morris Disability Scale (24 item)
was used to assess the functional abilities of individuals
with LBP. It has high internal consistency, test-retest
reliability (within a six-week period), criterion-based,
construct and discriminant validity, and responsiveness
[19-28].

Health related quality of life The SF-12 (second revi-
sion) was used to measure physical and mental health-

related quality of life. The questionnaire was administered
both at baseline and subsequent follow-up periods. This
scale has good test-retest reliability over a two-week per-
iod and the SF-12 components are highly correlated with
the same components of the SF-36 [29]. The SF-12 also has
good internal consistency, validity and responsiveness [30].

Past history of LBP Workers were asked if they had
LBP before this injury (yes/no).

Expectation of recovery This was assessed by asking
“Do you think that your LBP will get better soon?”
Available responses were: (1) “already fully recovered”;
(2) “get better soon”; (3) “get better slowly”; (4) “never
get better”; or (5) “get worse”.

Receiving care Workers were asked “Have you received
care from a health care provider for your back pain (yes/
no)?

Claim litigation This was determined by asking “Have
you hired an attorney” (yes/no)? Litigation is directly
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related to the work injury and a result of the worker’s
compensation claim.

Job tenure This was calculated by subtracting the hire
date from the injury date and reported in years.

Job satisfaction Workers were asked “How satisfied are
you with your job as a whole taking everything in con-
sideration?” Responses ranged from very satisfied to very
dissatisfied.

Employer Participants were recruited from five separate
employers across the USA. To maintain anonymity of the
employers, they are referred to as Employer 1 through 5.

Elapsed time to interview This was calculated by sub-
tracting the interview date from the injury date and
reported in days. Elapsed time to interview was grouped
within the work-related domain due to the varying report-
ing procedures among employers.

Predictors were grouped into three different domains
using a hierarchical approach evolving from a basic clinical
assessment to a comprehensive review of factors collected
during an in-depth clinical encounter.

Statistical Analysis
Description of Our Study Population

We examined the baseline characteristics of “early com-
pleters” (n = 1319) and “late completers” (n = 428) to
ensure that they were from the same underlying population
of workers with LBP. Differences between early and late
responders were measured with Chi square and t-tests.
Baseline characteristics of the final cohort and those lost to
follow-up were also examined to determine if they differed
systematically.

Development of the Clinical Prediction Models

The models were built in three different stages. First, we
computed the correlations (Spearman) between predictors
to determine whether they were highly correlated. A cor-
relation > 0.7 was deemed too high for regression analysis,
in which case the most clinically relevant and easily
obtained (to minimize burden) predictor would be added to
the model. Next, we used bivariate logistic regression to
determine which predictors were associated with the out-
come. Predictors associated with the outcome (p < 0.2 on
the Wald Chi square test) were considered in the third stage
of analysis. In the third stage, we built three sequential
logistic regression models to derive our final clinical pre-
diction model. This approach also allowed us to determine
the contribution of each domain of variables to the final
model. Separate prediction models were built for the
1-month and 6-month follow-up periods using a multi-
stage approach.
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Model I: Basic clinical predictors (age, sex, previous
episodes of back pain, intensity of back pain, intensity of
leg pain, and type of occupation).

Model 2: Health-related clinical predictors - Model 1
plus a more elaborate set of clinical predictors (func-
tional disability [RMDQ)], health related quality of life
[SF-12], previous care for the injury, and recovery
expectations).

Model 3: Work-related predictors - Model 2 plus
worker-related and job-related predictors (job tenure,
job satisfaction, claim litigation, who one’s employer is,
and elapsed time since baseline interview).

In Model 1, predictors associated with sustainable
employment (Wald Chi square p < 0.1) were included.
Model 2 included all predictors from Model 1 plus more
elaborate health-related predictors associated with sus-
tainable employment (Wald Chi square p < 0.1 using
backward selection). Model 3 included the predictors from
Model 2 plus work-related predictors associated with sus-
tainable employment (Wald Chi square p < 0.1 using
backward selection). We assessed the presence of multi-
collinearity by computing the variance inflation factor
(VIF); values exceeding 10 on the VIF indicated multi-
collinearity [31].

Model accuracy The predictive accuracy of the models
was measured using a receiver-operating characteristic
curve (ROC) and the C-statistic. We interpreted our results
following the proposed guideline for interpreting ROC
curves: an AUC of >0.7 has acceptable discrimination,
>0.8 is excellent, and >0.9 is outstanding [32]. This was
performed for all models derived using multivariable
logistic regression. All analyses were performed using SAS
software (SAS Institute, version 9.1, Carry, NC, USA).

Internal validity of the prediction models We tested the
internal validity of the final prediction models using bias
corrected and accelerated confidence interval bootstrapping
(2000 repetitions). All bootstrapping analyses were per-
formed using Stata 9.2 (StataCorp, College Station, TX,
USA).

Results
Cohort Characteristics

Of the 1747 who made a workers’ compensation claim for
back pain and completed the baseline survey, 1319 com-
pleted it within 48 days of the onset of their claim (early
completers) (Fig. 1). Compared to late responders, early
responders were less likely to report recovery, but they
were more likely to report favorable recovery expectations
(Table 1). Early responders, also reported worse back and
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Table 1 Baseline characteristics of early responding participants compared to later responding participants, post-claim initiation

Variable Number of Time since injury
missing
records 0-48 days >48 days
n = 1319 n =428

Age 4 38.1 (37.5-38.7) 39.2 (38.1-40.3)
Male 0 46.6 % 52.1 %
Marital status 741

Single 37.0 % 453 %

Other 63.0 % 54.7 %
Job tenure in years, mean (CI) 206 8.4 (7.7-9.2) 7.2 (6.1-8.4)
Job satisfaction 50

Very satisfied 313 % 294 %

Satisfied 52.6 % 524 %

Dissatisfied 12.1 % 12.6 %

Very dissatisfied 4.1 % 5.7 %
Job classification 154

Professional 5.6 % 4.7 %

Services 35.1 % 33.7 %

All other 59.4 % 61.6 %
Employer 50

Employer 1 42.5 % 42.5 %

Employer 2 12.7 % 5.8 %

Employer 3 28.5 % 222 %

Employer 4 129 % 255 %

Employer 5 33 % 4.0 %
Previous LBP 31 413 % 39.6 %
Health care received 40 92.9 % 91.7 %
Recovery expectations 126

Already recovered 11.7 % 24.8 %

Good recovery expectations 78.1 % 57.6 %

Poor recovery expectations 9.2 % 19.6 %
Back pain, mean (CI) 9 54.6 (52.9-56.3) 42.6 (39.3-45.9)
Leg pain, mean (CI) 15 29.9 (28.0-31.8) 24.0 (20.9-27.2)
Roland-Morris (%)™, mean (CI) 60 47.0 (45.3-48.6) 38.9 (35.9-41.8)
Physical SF-12 (%)™, mean (CI) 148 37.6 (37.0-38.1) 41.9 (40.8-43.0)
Mental SF-12 (%)™*°, mean (CI) 148 47.7 (47.1-48.4) 49.8 (48.7-50.9)
Lag time to 1st interview, mean in days (CI) 0 20.0 (19.3-20.6) 84.8 (81.5-88.0)
Claim under litigation 194 6.1 % 6.8 %

CI 95 % confidence intervals

* These raw scores were converted to percentages
" Higher scores indicated higher functional limitations
¢ Higher scores indicate better health-related quality of life

leg pain, functional limitations and health-related quality of
life. A comparison of baseline characteristics between the
final cohort (n = 736) and those who were lost to follow-
up (n = 583) suggests that those in the final cohort had
longer job tenure and were more likely to report previous

back pain (Table 2). A further comparison to assess the
effects of missing outcome data on baseline characteristics
among respondents who completed both follow-up surveys
did not identify any relevant differences between the
groups.
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Table 2 Baseline
characteristics of the final
cohort and individuals lost to

Baseline variable

Final cohort
n = 736

Lost to follow-up
n = 583

follow-up Age, mean (CI)

Male
Marital status
Single
Other
Job tenure in years, mean (CI)
Job satisfaction
Very satisfied
Satisfied
Dissatisfied
Very dissatisfied
Job classification
Professional/manager
Services
All other occupations
Employer
Employer 1
Employer 2
Employer 3
Employer 4
Employer 5
Previous LBP
Health care received
Recovery expectations
Already recovered
Good recovery expectations
Poor recovery expectations
Back pain, mean (CI)
Leg pain, mean (CI)
Roland-Morris (%)™®, mean (CI)
Physical SF-12 (%)™, mean (CI)
Mental SF-12 (%)™, mean (CI)

Lag time to interview, mean in days (CI)

Claim under litigation

39.3 (38.5-40.1) 36.5 (35.7-37.4)

454 % 46.0 %
37.5 % 36.3 %
62.5 % 63.7 %
9.6 (8.5-10.7) 7.0 (5.9-8.0)
31.7 % 30.8 %
534 % 515 %
11.1 % 13.4 %
3.9 % 4.4 %
6.5 % 4.4 %
35.0 % 35.1 %
585 % 60.5 %
415 % 43.7 %
14.0 % 11.2 %
27.6 % 29.7 %
13.5 % 12.2 %
3.4 % 33 %
46.3 % 351 %
932 % 92.6 %
114 % 12.1 %
79.1 % 79.2 %
9.5 % 8.7 %

55.4 (52.2-56.8)

30.7 (28.2-33.2)

47.6 (45.5-49.7)

37.6 (36.8-38.4)

48.0 (47.1-48.9)

20.3 (19.5-21.2)
6.6 %

54.7 (52.1-57.4)

28.8 (25.9-31.7)

46.1 (43.6-48.6)

37.5 (36.6-38.4)

47.4 (46.3-48.4)
19.6 (18.6-20.5)
55 %

CI 95 % confidence intervals

* These raw scores were converted to percentages

® Higher scores indicated higher functional limitations

¢ Higher scores indicate better health-related quality of life

Patterns of Employment

Data was used only for individuals who answered all
return-to-work (RTW) questions at both follow-up periods
(n = 461). Seventy-nine percent (365/461) of the study
sample interviewed at the first follow-up had a sustainable
employment pattern. This decreased to 77 % (354/461) at
the second follow-up.
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Prediction Models for the Final Cohort
Models from the 1-Month Follow-Up Period

The final clinical prediction model (Model 3) predicting
sustainable employment included back pain intensity, men-
tal health-related quality of life (SF-12 mental subscale),
claim litigation and type of employer (Table 3). The



J Occup Rehabil (2017) 27:445-455

451

Table 3 Final predictors for the final cohort in Models 1, 2, and 3 at the 1-month follow-up

Analysis of maximum likelihood estimates of the final cohort at 1 month follow-up

Predictor variable

Model 1 (n = 503)

Model 2 (n = 432)

Model 3 (n = 338)

B (SE) 95 % CT* B (SE) 95 % CI* B (SE) 95 % CT*
Intercept 2.075 (0.458) 1.177, 2.972 1.338 (1.193) —1.336, 3.883 0.745 (0.950) —1.116, 2.606
Back pain —0.018 (0.005) —0.027, —0.009 —0.010 (0.006) —0.023, —0.002 —0.014 (0.006) —0.026, —0.002
Leg pain —0.011 (0.004) —0.018, —0.004 —0.008 (0.004) —0.017, —0.001 —0.009 (0.005) —0.018, 0.000
Previous back pain 0.521 (0.232) 0.062, 1.027 0.614 (0.264) 0.074, 1.132 0.553 (0.295) —0.025, 1.132
SF-12 physical - - 0.033 (0.018) —0.001, 0.070 - -
SF-12 mental - - 0.034 (0.012) 0.009, 0.059 0.032 (0.014) 0.004, 0.059
Claim litigation - - - - —1.121 (0.479) —2.061, —0.181
Tenure - - - - —0.039 (0.022) —0.082, 0.042
Employer 1 (ref)
Employer 2 - - - - —0.963 (0.383) —1.714, —0.213
Employer 3 - - - - 0.892 (0.572) —0.230, 2.013
Employer 4 - - - - 0.862 (0.945) —0.991, 2.715
c-index
0.71 0.74 0.77
H-L goodness of fit
Chi square
5.05 1.71 9.71
DF
8 8 8
p value
0.75 0.99 0.29

Employer predictor: Four employers are included in the model as two employers in the same job sector were collapsed due to small sample size

for the fifth employer

B beta, SE standard error, DQ disability questionnaire, H—L Hosmer—Lemeshow, DF degrees of freedom, Ref reference category

 Bias corrected and accelerated confidence interval; bootstrap replications = 2000

predictive accuracy increased progressively across the
models from a c-index = 0.71 for Model 1 to a c-in-
dex = 0.77 for Model 3. All three models had acceptable fit.

Models from the 6-Month Follow-Up Period

The final clinical prediction model (Model 3) for sustain-
able employment at the 6-month follow-up included
physical and mental health-related quality of life (SF-12
physical and mental subscales), claim litigation and type of
employer (Table 4). The predictive accuracy increased
progressively across the models, from a c-index = 0.70 in
Model 1 to a c-index = 0.77 in Model 3 (Table 4). The
three models had acceptable fit.

The variance inflation factors tests indicated that no
collinearity was present in our models.

Internal Validation
Our models are internally valid. Following bootstrapping,

the 95 % confidence intervals for the regression coeffi-
cients in the models did not change.

Discussion

To our knowledge, this is the first model available to
clinicians to assist with the prediction of sustainable
employment for occupational LBP based on a clinically-
based conceptual framework. Furthermore, the ability to
accurately predict sustainable employment improved with
the addition of a few specific health- and work-related
factors. Our work supports the concept that LBP prognosis
is multifaceted and should include a variety of prognostic
factors from several domains [33]. Considering factors
such as health-related quality of life, claim litigation and
type of employer may help predict an individual’s work
status at both acute and sub-acute periods post-injury.
According to Hosmer and Lemeshow, our final models had
acceptable predictive accuracy (c-index = 0.77) at both
follow-ups [32]. Although the predictive accuracy of our
models is deemed acceptable, it could be improved.
Specifically, future models need to consider psychosocial
variables. Previous studies have illustrated the importance
of factors such as poor work relations, personality disor-
ders, and irritability/temper [10, 15, 34].
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Table 4 Final predictors for the final cohort in Models 1, 2, and 3 at the 6 month follow-up

Analysis of maximum likelihood estimates of final cohort at the 6 month follow-up

Predictor variable

Model 1 (n = 588)

Model 2 (n = 493)

Model 3 (n = 452)

B (SE) 95 % CI* B (SE) 95 % CI* B (SE) 95 % CI*
Intercept 2.374 (0.267) 1.850, 2.898 —1.022 (1.149)  —3.274, 1.231 —0.667 (1.254)  —3.124, 1.791
Back pain —0.013 (0.004)  —0.021, —0.006 - - - -
Leg pain —0.011 (0.003) —0.017, —0.005 - - - -
Other occupations (Ref) - - - - - -
Professional occupation —0.904 (0.374) —1.636, —0.171 - - - -
Service Occupation 0.203 (0.224) —0.234, 0.641 - - - -
Roland Morris DQ - - —0.012 (0.007)  —0.025, —0.001  —0.013 (0.007)  —0.026, 0.001
SF-12 physical - - 0.029 (0.016) 0.003, 0.061 0.038 (0.018) 0.003, 0.073
SF-12 mental - - 0.040 (0.012) 0.018, 0.063 0.027 (0.013) 0.003, 0.052
Claim litigation - - - - —1.133 (0.409)  —1.934, —0.332
Employer 1 (Ref)
Employer 2 - - - - 0.148 (0.323) —0.485, 0.782
Employer 3 - - - - 0.882 (0.400) 0.098, 1.666
Employer 4 - - - - —0.509 (0.331) —1.157, 0.139
c-index
0.70 0.73 0.77
H-L goodness of fit
Chi square
1.98 4.58 5.98
DF
8 8 8
p value
0.98 0.80 0.65

Employer predictor: Four employers are included in the model as two employers in the same job sector were collapsed due to small sample size

for the fifth employer

B beta, SE standard error, DQ disability questionnaire, H—L Hosmer—-Lemeshow, DF degrees of freedom, Ref reference category

* Bias corrected and accelerated confidence interval; Bootstrap replications = 2000

Our clinical prediction model was conceptually devel-
oped from the perspective of a clinician who treats patients
with back pain. We asked two fundamental questions: “What
does a clinician ask when seeing a patient with a recent back
injury?” and “What information does the average clinician
typically collect to determine the prognosis of a patient with
a recent work-related back injury?”. Our focus was to
identify subsets of key predictors that would be useful for
clinicians to identify whether a patient is likely to have a
sustainable employment pattern after his/her injury. We
divided the factors considered in our models into three
domains: 1) demographic and basic clinical factors; 2)
health-related factors; and 3) work-related factors. From a
clinical perspective, this approach was important to obtain a
comprehensive information base from injured workers.

Our study suggests that measuring specific clinical,
health-related and work-related variables (early after the
injury) may assist clinicians to predict sustainable
employment 1 month following the initiation of a claim for
back pain. Back pain intensity is easy to collect and already
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part of a typical initial clinical encounter. Additional
health-related and job-related factors, some of which can
be asked using standardized questionnaires and done dur-
ing history taking, include: mental health-related quality of
life (SF-12), claim litigation and type of employer. To
predict sustainable employment approximately 6-month
post-claim initiation, clinicians should examine physical
and mental health-related quality of life, claim litigation
and employer type. Of note is the similarity in predictors at
both follow-up periods; mental health-related quality of
life, litigation and employer type may impact sustainable
employment in both the short and long term post-injury.
Our findings also provide a valid method to inform injured
workers with back pain about their prognosis. This infor-
mation may be used to help educate, reassure and manage a
patient with an occupational back pain injury.

It is difficult to directly compare prediction models
because of methodological differences in the predictive
analytic methods, varying populations, and few consis-
tently measured prognostic factors. One clinical prediction
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rule developed in a Quebec population used a similar
outcome; however, they used different predictors compared
to our study [15]. Variables included in the study by
Dionne et al. included: radiating pain, previous back sur-
gery, irritability/temper, sleep problems, and frequent
positional changes due to discomfort [15]. Their model,
which examined RTW two years after an occupational
injury, explained approximately 30 % of the variance.
However, the model had high negative predictive values
ranging from 74 to 91 %. Another study, conducted in
Ontario, identified a different set of predictors than our
models [17]. The study by Mclntosh et al. used a data-
splitting technique to develop and test multivariable mod-
els. Multivariable Cox proportional hazards were used to
predict duration on compensation benefits. The models
included the following variables: (1) work in the con-
struction industry; (2) older age; (3) elapsed time from
injury to first treatment; (4) pain referral into the leg; (5)
three or more Waddell signs; (6) low back questionnaire
score; (7) previous episode of pain; and (8) and intermittent
pain. The predictive accuracy in their confirmatory sample
was 67.3 %.

The predictive accuracy of our clinical prediction
models is similar to previously developed clinical predic-
tion rules. A rule based on a biopsychosocial predictive
model for sub-acute and chronic LBP sufferers had a
similar predictive accuracy as our models for RTW [34].
The biopsychosocial model correctly classified 80.5 % of
those returning to work and consisted of a number of
variables from the biopsychosocial spectrum including SF-
36 sub-scales, right leg sciatica, the perception of problem
severity and guarding on physical exam. A more recently
developed rule that examined risk prediction of prolonged
sick leave 6 months post-LBP injury contained job satis-
faction, fear avoidance beliefs, pain intensity, complaint
duration and sex [35]. Despite including factors from a
range of domains (clinical, work, psychosocial), the pre-
dictive accuracy was moderate (c-index = 0.63) and the
explained variance was low. In another prediction rule, for
shoulder pain related to sick leave, satisfactory discrimi-
nation was achieved (70 %) [36]. Variables associated with
a higher risk of work absence 6 months post-initial consult
included: prolonged work absence prior to the initial con-
sult, higher shoulder pain intensity, overuse, and co-exist-
ing psychological complaints.

Strengths and Limitations

Our study has several strengths. First, the models were
based on a large prospective incident cohort of workers
who made an insurance claim for work-related back pain.
The employees worked for five large national employers, in

both the private and public sectors, which encompassed a
fairly representative overview of the U.S. employed pop-
ulation. One of the more innovative aspects of this dataset
was that it enabled us to measure the sustainability of
employment. Another distinct aspect of our work is that it
is clinically grounded. The three models used to create the
final prediction model were created from a clinician’s
perspective. Therefore, the predictors considered in our
models are clinically relevant.

Our study has some limitations. First, we could not
consider the full range of possible predictors because they
were not measured in the ASU study. These included co-
morbidities, measures of social support, and the domain of
physical job demands. These have all been previously
reported as important predictors [9—12, 34]. Other variables
including race or ethnicity may also be relevant in a
biopsychosocial approach to managing back pain [37].
Second, it is possible that selection bias due to non-par-
ticipation and attrition may have biased our results. Also,
depending on either clinical or theoretical perspective,
variables may be grouped under different domains than
what was done by the current authors. This may alter the
makeup of the final models presented. Given this is pre-
liminary work, others may feel it necessary to test these
models in other working populations while also regrouping
the variables. Furthermore, clinician judgement required in
choosing appropriate ICD-9 codes may lead to exclusion of
some cases. Finally, advances in occupational injury
management since the data sampling for this study are
likely. This may ultimately impact the outcome of the final
models if tested in other populations.

Although our study had limitations, our final models can
adequately predict who is likely to return to sustainable
employment following a back injury. Elapsed time between
the injury and the initial interview may have impacted the
predictive ability of the models. It is possible that some
variables may have become less predictive as more time
elapsed between the injury and the interview.

Our work suggests that employers could have important
implications for recovery. The results from this study may
have limited generalizability given the job sectors repre-
sented and that only one employer was significant in the
final model at both follow-ups. Although the source pop-
ulation included workers from 37 American states and
various industries, only five employers were used to derive
our sample. Even so, the results alert us to the potential that
there may be an employer effect on recovery patterns. This
may be related to specific employer support and policies
for managing injured workers. Other work with this cohort
has identified superior employment outcomes among
employers with more proactive RTW policies [38].

Furthermore, it is important that researchers develop
predictions rules based on the principle of pragmatic
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application - these rules are ultimately useless if the clin-
ician will not employ them in practice. To be adopted by
clinicians, clinical prediction rules must be simple to use
and of demonstrated additional benefit to patient outcomes.

Future Research

The first level of evidence has been met, with the devel-
opment and initial validity testing of the models. Next steps
include testing these models in another distinct population
of workers and performing an impact analysis. Until then,
these models should not be used to direct patient man-
agement. Also, we feel the predictive ability or our models
could be improved if additional factors are considered.
Future models could build on our conceptual framework
but further expand the multidimensional domains by
including variables examining co-morbidities, measures of
social support, and physical job demands.

Conclusion

Our analysis suggests that using information gathered
during the initial clinical encounter may assist health care
practitioners to better predict an injured worker’s post-back
injury employment pattern. We created a promising clini-
cal prediction model to predict sustainable employment
following a work-related back injury. Our models suggest
that clinicians might gain insight about sustainable
employment approximately 1 month after claim-initiation
by measuring back pain intensity, mental health-related
quality of life (SF-12), claim litigation and type of
employer. Similarly, examining physical and mental
health-related quality of life (SF-12), claim litigation, and
type of employer are adequate for predicting those with a
sustainable employment pattern approximately 6 months
post-injury.
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