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Abstract.
BACKGROUND: Accurate clinical decision support tools may help clinicians select appropriate interventions for patients with
spinal conditions. The Örebro Musculoskeletal Pain Questionnaire (ÖMPQ) is a screening questionnaire extensively studied as a
predictive tool. The Work Assessment Triage Tool (WATT) is a clinical decision support tool developed to help select interventions
for injured workers.
OBJECTIVE: To compare the classification accuracy of the ÖMPQ and WATT to clinician recommendations for selecting
interventions leading to a successful return to work in patients with spinal conditions.
METHODS: A secondary analysis was undertaken of data from injured workers with spinal conditions assessed between 2013
and 2016. We considered it a success if the workers did not receive wage replacement benefits 30 days after assessment. Analysis
included positive likelihood ratio (LR+) as an indicator of predictive accuracy.
RESULTS: Within the database, 2,872 patients had complete data on the ÖMPQ, WATT, and clinician recommendations. At
30 days, the ÖMPQ was most accurate for identifying treatments that lead to successful outcomes with a LR+ = 1.51 (95%
Confidence Interval 1.26–1.82) compared to 1.05 (95% Confidence Interval 1.02–1.09) for clinicians, and 0.85 (95% Confidence
Interval 0.79–0.91) for the WATT.
CONCLUSIONS: All tool recommendations had poor accuracy, however the ÖMPQ demonstrated significantly better results.
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1. Introduction

Spinal conditions, and especially low back pain, have
a major public health impact on the working population
as they are leading causes of disability and productivity
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loss [1,2]. Improved management strategies are needed,
especially clinical tools that can help clinicians select
effective treatments based on individual worker char-
acteristics (i.e., clinical decision support tools) [3–5].
Accurate and validated clinical screening and decision
support tools would allow clinicians to select the most
appropriate interventions to facilitate timely recovery
and return to work in individuals off work due to spinal
conditions [6–8].

The Örebro Musculoskeletal Pain Questionnaire
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(ÖMPQ) is a screening questionnaire that has been ex-
tensively studied as a screening and predictive tool in
the work rehabilitation field [9,10]. The ÖMPQ has
been shown to have a 89% sensitivity in the prediction
of longer-term (more than 30 days) sick leave in patients
with back pain as well as high reliability (Intraclass
Correlation Coefficient = 0.98) [9,10]. However, its use
as a clinical decision support tool has not been studied.
Based on the ÖMPQ total score, patients are placed into
one of three categories illustrating the risk of chronicity:
low, moderate or high. High risk indicates the individ-
ual is more likely to experience delayed recovery and
return to work, which has been demonstrated in workers
with low back pain [11–13]. Theoretically, higher risk
patients should warrant more intensive interventions,
however, the accuracy and validity of the ÖMPQ as a
clinical decision support tool for selecting treatments
has not been previously studied.

The Work Assessment Triage Tool (WATT) is an-
other clinical decision-support tool designed using
state-of-the-art machine learning techniques to help
select rehabilitation interventions for injured work-
ers [14]. In the original WATT development study con-
ducted on a sample that included a variety of work-
related musculoskeletal disorders, classification ac-
curacy of the WATT for selecting successful treat-
ments was found to be higher than recommendations
of clinicians [14]. However, in external validation stud-
ies [15,16], accuracy of the WATT was more modest
and further development and testing of the WATT was
recommended

Additional accuracy and validity testing of the
ÖMPQ and WATT are needed in workers with spinal
conditions to determine if either can classify patients
into appropriate intervention groups better than rec-
ommendations of clinicians. Therefore, the objective
of this study was to compare the classification accu-
racy of the ÖMPQ and WATT to clinician recommen-
dations for selecting appropriate interventions leading
to a successful return to work in patients with spinal
conditions.

2. Materials and methods

2.1. Study design

We conducted a historical comparative cohort study
on patients with spinal conditions using data from the
administrative and clinical databases of the Workers’
Compensation Board – Alberta (WCB-Alberta). This is

a secondary analysis of a previously collected dataset
used for evaluating the WATT among workers with a
variety of musculoskeletal conditions. Details of the
data collection procedures and variables in the dataset
are available elsewhere [15]. In brief, all clinical mea-
sures in the dataset, including the ÖMPQ and WATT,
were collected during routine clinical care as part of a
return-to-work assessment conducted to determine pa-
tients’ ability to return to work or need for further treat-
ment. We followed the Standards for QUality Improve-
ment Reporting Excellence (SQUIRE 2.0) guidelines
to report our results [17].

2.2. Population

Data were extracted from the WCB-Alberta database
on patients considered for rehabilitation between Jan-
uary 2013 and December 2016. We used ICD9 diag-
nostic codes to identify patients with specific or non-
specific spinal conditions. Relevant diagnostic codes
that were considered as spinal conditions and the actual
number of cases in our study are provided in Supple-
mentary Table 1. We excluded patients who did not
have a spinal condition or who did not have a complete
ÖMPQ score.

2.3. Procedures

This study was approved by the University of
Alberta Health Research Ethics Board. No patients
were recruited/consented since this study relied on
archived program evaluation data from the WCB-
Alberta database. More details on the data extraction
process are provided elsewhere [15]. From the existing
data, we created the intermediate variables needed to
perform the analysis.

2.4. Measures

2.4.1. ÖMPQ
The ÖMPQ is a 25-item questionnaire that evaluates

psychosocial and work-related barriers to recovery [9,
12]. ÖMPQ scores range between 0 and 210, but the
overall score is categorized using cut-offs to represent
a patient’s level of risk of delayed recovery (i.e., low,
medium, or high risk). Originally, the ÖMPQ cutoffs
were defined as 90 and 105 to discriminate low, medium
and high risk of long-term disability [9]. Cut-offs used
by the WCB-Alberta are slightly higher because the
jurisdiction has found their population typically scores
higher on the tool. The values of the WCB-Alberta



E. Gergelé et al. / Accuracy of the ÖMPQ and WATT for selecting interventions in workers with spinal conditions 357

Table 1
Clinical decision support tool classification strategies showing risk level for delayed return to work and corresponding treatment recommendation

Low risk Moderate risk High risk
Original ÖMPQ score cut-off: < 90 90 to 105 > 105
Alternate Alberta ÖMPQ score cut-off: < 105 105 to 130 > 130
Treatment recommended:
No further rehabilitation, community single service Functional restoration, workplace-based Complex interdisciplinary
provider (physical therapy, chiropractic, other) intervention, hybrid of these two programs biopsychosocial rehabilitation

cutoffs are 105 and 130 to discriminate low, medium
and high risks. We conducted our analysis with both the
original and the WCB-Alberta cutoffs.

For use as a clinical decision support tool, the dif-
ferent ÖMPQ risk categories lead to different treat-
ment recommendations. Within the WCB-Alberta sys-
tem [18], various rehabilitation interventions were
available including: 1) single service rehabilitation
provider (i.e., physiotherapy, chiropractic, other
provider); 2) functional restoration; 3) workplace-
based intervention; 4) hybrid functional restoration/
workplace-based intervention; 5) complex interdisci-
plinary biopsychosocial rehabilitation; or 6) no fur-
ther rehabilitation. These programs have been described
in greater detail elsewhere [14,18]. According to the
WCB-Alberta, the complex interdisciplinary biopsy-
chosocial program is designed for patients with “signifi-
cant barriers to return to work” [19]. We considered this
complex interdisciplinary program as the only inter-
vention adequate for patients in the ÖMPQ ‘high risk’
category. Functional restoration, workplace-based inter-
vention, hybrid functional restoration/workplace-based
intervention have been described as interventions used
“to address the medical, functional, musculoskeletal,
psychosocial, and vocational needs of the worker” [20].
We considered these interventions adequate for patients
in the ÖMPQ moderate risk category. We considered
the “single service interventions” and “no treatment”
options as adequate for patients in the ÖMPQ low risk
category. The two ÖMPQ risk level cut-offs used and
corresponding treatment recommendations are shown
in Table 1.

2.4.2. WATT
WATT is an 18-item computerized clinical decision-

support tool that provides rehabilitation recommen-
dations based on an algorithm developed using ma-
chine learning [14]. The tool provides recommenda-
tions using individual worker-level characteristics for
different rehabilitation program possibilities available
within the WCB-Alberta jurisdiction (listed above).
Validity of the WATT has been studied in injured
workers with a variety of musculoskeletal conditions.

In the original development study, the WATT out-
performed recommendations made by clinicians (Re-
ceiver Operating Characteristic accuracy of 0.94 for
the WATT versus 0.86 for clinicians) [14]. However,
external validity demonstrated more modest accuracy,
and further development and testing of the WATT is
needed especially within specific patient groups such
as those with spinal conditions where it has not been
evaluated [15,16].

2.4.3. Clinician recommendations
The dataset also contained information on the treat-

ment recommendations made by clinicians conduct-
ing the assessments of workers with spinal conditions.
These clinicians were trained physical therapists, occu-
pational therapists or exercise therapists using a stan-
dardized battery of clinical tools that was consistent
across workers as it was conducted in the context of a
formal functional capacity evaluation. Therapists could
recommend any rehabilitation program available within
the jurisdiction (see Table 1) based on their clinical as-
sessment findings. The clinicians did not have access to
recommendations of the WATT, but they completed and
scored the ÖMPQ as part of their standardized battery
of assessments. However, they were not trained on us-
ing the ÖMPQ to inform treatment decisions but used
it for prediction purposes only. Additionally, they made
decisions using information from the entire clinical en-
counter and battery of assessments performed, of which
the ÖMPQ was only one tool.

2.4.4. ‘Matching’ strategy
For each of the decision making strategies (WATT,

ÖMPQ, clinician recommendations) we considered that
the recommendation and the intervention ‘matched’
if a low risk intervention (single service interventions
and no treatment) was recommended and actually un-
dertaken, if a moderate risk intervention (functional
restoration program, workplace-based intervention, hy-
brid functional restoration/workplace-based interven-
tion) was recommended and actually undertaken, or if
a high risk intervention (complex, psychological) was
recommended and actually undertaken. We considered
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that the recommendation and intervention undertaken
were ‘unmatched’ if the recommendation and interven-
tion undertaken were not in the same risk level (i.e.,
high risk intervention was recommended but low risk
intervention undertaken).

2.5. Outcome

Our reference criterion was based on whether the in-
tervention actually undertaken led to a successful com-
plete or partial return to work. Return to work was mea-
sured using a surrogate indicator, reception of wage
replacement benefits, and was available on 100% of
our sample. Workers who were not receiving a full day
of wage replacement benefits 30 days following as-
sessment were considered to have returned to work.
This was our main indicator of treatment success since
wage replacement benefits are a commonly used mea-
sure within workers’ compensation jurisdictions and
was used to evaluate the WATT tool previously [14,21].
We also considered other potential wage replacement
outcomes including whether the workers received wage
replacement benefits (full or partial benefits) for up to
180 days after assessment in the follow-up year.

2.6. Analysis

The sample was described using appropriate de-
scriptive statistics for nominal, ordinal, and continuous
variables. We used available demographic data to de-
scribe the patients with spinal conditions and a complete
ÖMPQ score.

To assess the matching of risk-based recommended
treatments to those actually undertaken versus whether
that treatment was successful, we used the contingency
table shown in Table 2. Columns reported whether
the patients had successfully returned to work or not
within 30 days and the rows reported the frequencies of
whether the actual treatment received matched the rec-
ommended treatment or not. Sensitivity was calculated
as the number of cases where the recommendation and
the actual intervention matched and led to a successful
return to work divided by the total number of cases with
successful return to work. Specificity was calculated as
the number of cases where the recommendation and the
intervention mismatched and did not lead to a success-
ful return to work divided by the total number of cases
without successful return to work. Sensitivity and speci-
ficity were compared between decision tools and clini-
cian recommendations using 95% confidence intervals
(95%CI). The overall accuracy for each recommenda-

Table 2
Contingency table used to calculate accuracy parameters of the clini-
cal decision support tool recommendations

Successful
intervention

Unsuccessful
intervention

Matched True positive (TP) False positive (FP)
Not matched False negative (FN) True negative (TN)

Sensitivity = TP/(TP + FN), Specificity = TN/(FP + TN), Overall
accuracy = (TP + TN)/(TP + TN + FP + FN), Positive likelihood
ratio = sensitivity/(1-specificity), Negative likelihood ratio = (1-
sensitivity)/specificity.

tion was calculated as the number of patients correctly
classified divided by the total number of patients. Re-
ceiver Operating Characteristic (ROC) values were also
calculated. These parameters were calculated overall
for the ÖMPQ, WATT, and clinician recommendations,
as well as separately within each risk level.

Our main comparison between recommendation
sources was based on the positive likelihood ratio
(LR+). LR+ was considered useful for identifying how
the decision-making tools improved the initial probabil-
ity of return to work (i.e., prevalence). It is interpreted
as how importantly does following a recommendation
change the initial probability (prevalence) of return to
work. The size of the LR+ is interpreted as follows:
1 no difference, 2 small, 5 moderate, 10 large [22]. In
addition, this parameter takes into account both sen-
sitivity and specificity. It is calculated by the formula
LR+ = Sensitivity/(1-Specificity). We are interested
in the LR+ because we want to know how much we
increase the probability of return to work by using the
appropriate intervention (i.e., by following a tool’s rec-
ommendation). The LR− is a secondary outcome be-
cause we are less interested in knowing the probability
of return to work when we don’t follow a tool’s rec-
ommendation. The 95% CI was used to determine if
the different tools had significantly different results (no
superposition/overlapping).

In addition to completing analyses on the entire sam-
ple, we conducted sub-group analyses within relevant
occupational and diagnostic groups. We examined re-
sults within the occupational group of ‘Trades, Trans-
port and Equipment Operators and Related Occupa-
tions’ since this group had adequate sample size and
has traditionally been at high risk of experiencing spinal
conditions. We also examined results separately for
workers with neck, back, non-specific, and specific di-
agnoses (see Supplementary Table 1 for relevant ICD9
codes representing these groups). Analyses were per-
formed using IBM c© SPSS c© Statistics version 26 (Ar-
monk, NY, USA).
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Table 3
Characteristics of patients with spinal conditions and complete data on the Örebro Musculoskeletal
Pain Questionnaire (n = 2872)

n (%)
Worker has a job to return to (yes) 2592 (90.3%)
Occupational category

Management occupations 89 (3.1%)
Business, finance and administration occupations 159 (5.5%)
Natural and applied sciences and related occupations 69 (2.4%)
Health occupations 366 (12.7%)
Occupations in education, law and social, community and government 143 (5.0%)
Occupations in art, culture, recreation and sport 22 (0.8%)
Sales and service occupations 627 (21.8%)
Trades, transport and equipment operators and related occupations 1179 (41.1%)
Natural resources, agriculture and related production occupations 67 (2.3%)
Occupations in manufacturing and utilities 150 (5.2%)
Occupation unknown 1 (0.00%)

Currently working in some capacity 1424 (49.6%)
Educational level

Grade 8 or less 32 (1.1%)
Partial high school 191 (6.7%)
High school diploma 354 (12.3%)
Partial technical school 92 (3.2%)
Technical school 267 (9.3%)
Partial university 69 (2.4%)
University degree 132 (4.6%)
Education not specified 1735 (60.4%)

Comorbid injury 466 (16.2%)
Rural (residence) 789 (27.5%)
Self-employed 23 (0.8%)
Concurrent employment 17 (0.6%)
Sex (male) 1749 (60.9%)
Did the worker receive any benefits 30 days after assessment (% yes) 455 (15.8%)
Did the worker receive any benefits more than 180 days in the follow-up year 97 (3.4%)
Spinal area affected

Back 1463 (50.9%)
Neck 1407 (49.0%)
Spine (region unspecified) 2 (0.1%)

Specific spinal pathology (fracture, dislocation, spondylolisthesis, stenosis, etc.) 498 (17.3%)
Nonspecific pathology (back pain, neck pain, sacroiliac pain) 2374 (82.7%)

Mean (SD)
Duration of injury – number of calendar days from injury to assessment 144.9 (696.7)
Age (years) 41.5 (12.5)
Number of prior compensation claims 3.6 (4.7)
Pain Disability Index out of 100 (203 had missing data) 52.3 (21.6)
Visual Analogue Pain Scale out of 10 (377 had missing data) 5.4 (2.5)

3. Results

3.1. Patient characteristics

In the full database, 8,747 injured workers had a
spinal condition. All of these had data on the clini-
cian and WATT recommendations. However, only 2,872
(33%) had complete ÖMPQ data. In 32.8% of the cases,
patients had low back pain (i.e. ICD9 diagnosis of lum-
bago, backache, or lumbar sprain). In 82.7% of cases,
patients had a non-specific diagnosis. For those with
spinal conditions and complete ÖMPQ data, descriptive
characteristics are presented in Table 3.

3.2. Treatment recommendations

The tools’ and clinicians’ recommendations cross-
tabulated against the level of risk assigned to the inter-
ventions actually undertaken by each worker are shown
in Table 4. Clinicians rarely recommended interventions
considered suitable for ‘high risk’ workers (1.4% of
recommendations made), whereas the WATT rarely rec-
ommended interventions considered suitable for ‘low
risk’ workers (0.2% of recommendations made). The
ÖMPQ was more balanced across the three risk levels,
with some differences seen between the original and
WCB-Alberta classifications.
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Table 4
Cross-tabulation of the risk levels identified by each source compared to levels of risk for programs actually undertaken

Source of the
recommendation

Recommendation
categories

Level of risk corresponding to the
rehabilitation program actually undertaken Total

Low risk Moderate risk High risk
WATT Low risk 6 0 1 7

Moderate risk 1147 1133 11 2291
High risk 273 284 17 574

Clinician recommendation Low risk 861 152 6 1019
Moderate risk 546 1263 5 1814
High risk 19 2 18 39

ÖMPQ (original cut-offs) Low risk 487 420 1 908
Moderate risk 328 373 2 703
High risk 611 624 26 1261

ÖMPQ (WCB-Alberta cut-offs) Low risk 793 771 3 1567
Moderate risk 474 511 13 998
High risk 159 135 13 307

Table 5
Diagnostic accuracy statistics for whether matched recommendations/programs led to successful return to work 30 days after rehabilitation

Tool Sensitivity Specificity
Positive likelihood

ratio
Negative likelihood

ratio
Overall

accuracy
Area under
the ROC

Clinician recommendation 0.75 (0.73–0.76) 0.26 (0.22–0.30) 1.01 (0.95–1.07) 0.97 (0.82–1.14) 0.67 0.50
WATT recommendation 0.40 (0.38–0.42) 0.57 (0.53–0.62) 0.93 (0.83–1.05) 1.05 (0.96–1.14) 0.43 0.49
ÖMPQ original cut-offs 0.33 (0.31–0.34) 0.78 (0.75–0.82) 1.51 (1.26–1.82) 0.86 (0.81–0.91) 0.40 0.56
ÖMPQ WCB-Alberta cut-offs 0.47 (0.45–0.49) 0.59 (0.54–0.63) 1.13 (1.01–1.27) 0.91 (0.83–0.99) 0.49 0.53

WATT = Work Assessment Triage Tool, ÖMPQ = Örebro Musculoskeletal Pain Questionnaire, ROC = Receiver Operating Characteristic. For
each parameter the numbers represent: Value (95% confidence interval).

3.3. Tools’ accuracy

At 30 days after the assessment, all sensitivities and
specificities were modest for ability to recommend in-
terventions that lead to a successful outcome (see Ta-
ble 5). The clinicians’ recommendations were the most
sensitive (0.75, 95% CI 0.73–0.76) while the ÖMPQ
with original cut-offs was the most specific (0.78, 95%
CI 0.75–0.82). The LR+ (primary outcome) were small
for each tool, but the LR+ of the ÖMPQ with the origi-
nal cut-offs (1.51, 95% CI 1.26–1.82) was significantly
higher than the WATT (0.93, 95% CI 0.83–1.05), the
recommendations of clinicians (1.01, 95% CI 0.95–
1.07) or the ÖMPQ with the alternate WCB-Alberta
cut-offs (1.13, 95% CI 1.01–1.27) (Table 5). Matching
interventions with low risk categories recommendations
were much more accurate in predicting successful out-
comes than the matching in the moderate and highrisk
categories. For example, for the ÖMPQ with the origi-
nal cut-offs the LR+ were 3.80 (95% CI 2.53–5.7), 0.96
(95% CI 0.75–1.24), 0.16 (95% CI 0.08–0.35), respec-
tively, for matching interventions to the low, moderate
and high risk recommendation categories.

Results did not change substantially on any of the
subgroup analyses with the exception of slightly im-
proved sensitivity of clinician recommendations within

the back pain group (sensitivity increased from 0.75
to 0.83). However, all Likelihood Ratios as well as the
ÖMPQ and WATT results did not change meaningfully
(less than 10% change).

When we defined return to work success as receiving
less than 180 days of compensation in the follow up
year, results were not substantially different (results not
shown) however there were no longer statistically sig-
nificant differences between the tools. Overall, in most
of the analyses the clinicians were the most sensitive
(when return to work is a success clinical recommen-
dations often matched actual treatments undertaken)
and the ÖMPQ with the original cut-offs was the most
specific (when recommended treatments don’t match
those undertaken, the ÖMPQ had the highest number
of failures).

4. Discussion

4.1. Main findings

Previous research indicates that screening question-
naires such as the ÖMPQ may help for predicting de-
layed return to work [9,12,23]. In this paper, we evalu-
ated clinical decisions made based on the ÖMPQ risk
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recommendations against a computer-based decision
support tool (WATT) and clinician treatment recom-
mendations made following a thorough assessment.
Matching risk recommendations to the actual treat-
ments undertaken resulted in overall poor accuracy,
however the ÖMPQ had significantly better results than
the WATT and clinician recommendations. Therefore,
ÖMPQ may also be helpful for selecting appropriate
interventions. In fact, based on our observed likelihood
ratios, following the ÖMPQ’s recommendations could
increase the return to work probability and not follow-
ing it could decrease the return to work probability. The
original cut-off showed the best accuracy.

To our knowledge this is one of the first times that
the ÖMPQ has been tested as a clinical decision support
tool. Clinicians knew the ÖMPQ results and may have
used it in their decisions, however the ÖMPQ alone still
resulted in higher accuracy than clinician recommenda-
tions. Further research is needed to explore optimal cut-
offs and what additional information or measures could
improve the accuracy of treatment recommendations.

Overall, the difference between the different recom-
mendation sources is small and the LR+ were often low.
However matching treatments provided by the ÖMPQ
recommendations with the original cutoffs offered sig-
nificantly better prediction of treatment success than
the clinician recommendations alone (current standard
practice). Even if the differences between tools are low,
the consequences of using the tool are important. For
example, if we consider a return to work prevalence of
68.2% [24] at 30 days, following the clinicians’ rec-
ommendation would increase the rate of return to work
by only 1% (95% CI = 0.5–1.8%), whereas following
the ÖMPQ with the original cutoffs would improve the
likelihood of return to work by 8% (95% CI = 4.7–
11.4%). When applied to an entire population of work-
ers, this may result in sizeable cost savings through
earlier return to work.

4.2. Strengths and limitations

Relying on historical archived data from WCB-
Alberta allowed us to achieve a large sample size, how-
ever it also had some limitations and resulted in a large
amount of missing data. We had no control over what
variables could be measured and were limited to the
variables in the existing dataset. In addition, the WATT
and the clinicians normally have 6 treatment categories
but in order to make it comparable with the ÖMPQ
risk levels, we merged treatment options into only 3
categories. This increases the accuracy parameters of

matching the recommendations but decreases precision
(it recommends a group of interventions, not a single
one). Additionally, the ÖMPQ treatment classifications
used have not been previously studied and different
classification strategies may perform better. The gener-
alization of results is limited due to the restricted loca-
tion of the population. The analysis has been restricted
only to the 33% of the patients with spinal pain who
had a complete ÖMPQ, which could lead to a selection
bias. On the other hand, the study has a relatively high
number of participants that could improve external va-
lidity of results. Another limitation is the use of wage
replacement benefits as our main outcome measure.
Reception of benefits is a surrogate indicator of actual
return to work and is influenced by several individual
and contextual factors. However, this outcome is com-
monly used in studies of injured workers and is an im-
portant outcome within workers’ compensation juris-
dictions. Instead of wage replacement outcomes, future
prospective studies in this area could include patient-
reported outcome measures that were not available in
our dataset.

5. Conclusion

To conclude, it is too early to recommend the use
of the ÖMPQ by clinicians as a decision support tool.
However, the ÖMPQ had significantly better accuracy
than the clinician recommendations or the WATT. The
ÖMPQ should be tested in a randomized controlled
trial comparing outcomes between current practice and
when making decisions informed by the ÖMPQ.
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