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Abstract

Objective: To investigate the Optimal Screening for Prediction of Referral and Outcome Yellow Flag (OSPRO-YF) tool for longitudinal

monitoring of pain associated distress with the goal of improving prediction of 50% reduction in pain intensity and disability outcomes.

Design: Cohort study with 12-month follow-up after initial care episode.

Setting: Ambulatory care, participants seeking care from outpatient physical therapy clinics.

Participants: Participants (NZ440) were seeking care for primary complaint of neck, low back, knee, or shoulder pain. This secondary analysis

included 440 subjects (62.5% female; mean age, 45.1�17y) at baseline with nZ279 (63.4%) providing follow-up data at 12 months.

Interventions: Not applicable.

Main Outcome Measures: A 50% reduction (baseline to 12-mo follow-up) in pain intensity and self-reported disability.

Results: Trends for prediction accuracy were similar for all versions of the OSPRO-YF. For predicting 50% reduction in pain intensity, model fit

met the statistical criterion for improvement (P<.05) with each additional time point added from baseline. Model discrimination improved

statistically when the 6-month to 12-month change was added to the model (area under the curveZ0.849, PZ.003). For predicting 50% reduction

in disability, there was no evidence of improvement in model fit or discrimination from baseline with the addition of 4-week, 6-month, or 12-

month changes (P>.05).

Conclusions: These results suggested that longitudinal monitoring improved prediction accuracy for reduction in pain intensity but not for

disability reduction. Differences in OSPRO-YF item sets (10 vs 17 items) or scoring methods (simple summary score vs yellow flag count) did not

affect predictive accuracy for pain intensity, providing flexibility for implementing this tool in practice settings.
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Musculoskeletal (MSK) pain is the largest subset of chronic pain
conditions.1 Chronic MSK pain states are often characterized by
persistent pain, prolonged disability, and/or work absenteeism;
risk of these outcomes can be established at the initial episode of
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care seeking.2 The Federal Pain Research Strategy has placed a
priority on assessment tools that estimate risk for the development
of persistent pain or prolonged disability.3 Examples of such tools
reported in the literature include the Orebro Musculoskeletal Pain
Questionnaire,4 STarT Back Screening Tool (SBST),5 and the
Optimal Screening for Prediction of Referral and Outcome Yellow
Flag (OSPRO-YF) tool.6

Each of these tools assesses pain-associated distress and has
demonstrated predictive validity. However, studies suggest that the
accuracy of prediction can be improved by considering changes in
habilitation Medicine
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pain associated distress. For example, changes from baseline to 4
weeks later in SBST risk status7 and OSPRO-YF scores8 improved
the prediction of 6- and12-month self-report of disability,
respectively. These studies indicate that prediction accuracy may
be improved with repeated assessment of pain-associated distress
beyond baseline assessment only.

Repeat longitudinal monitoring is referred to as treatment
monitoring when done in conjunction with individual response to
intervention.9 Treatment monitoring incorporates assessment of
time varying prognostic measures as a way to further refine
baseline risk determination. However, there are important con-
siderations of implementing longitudinal monitoring approaches
for improving risk assessment. One such issue is the extra
administrative burden to the patient and provider. Instead of a risk
assessment tool being administered only at baseline, it is admin-
istered multiple times throughout the episode of care. Another
consideration is determining the best timing for longitudinal
monitoring. Theoretically, improved accuracy can be obtained
from longitudinal risk assessment until the temporal outcome of
interest is collected (eg, meeting definition for chronic pain).
However, such an approach is not practically feasible in most
clinical settings; therefore, establishing the ideal longitudinal
monitoring time points that balance prediction accuracy with
reasonable burden can guide implementation efforts. Finally, if
shortened versions of risk assessment tools are available (eg,
Orebro Musculoskeletal Pain Questionnaire10 and OSPRO-YF6)
and demonstrate reasonable accuracy, this aids clinical imple-
mentation efforts and should be considered.

Therefore, the purpose of these analyses was to investigate the
OSPRO-YF, a validated risk assessment tool, for longitudinal
monitoring of pain-associated distress in a cohort on individuals
receiving physical therapy care for MSK pain.11 The OSPRO-YF
tool was the focus of this analysis because it has been validated for
many common MSK pain conditions.8 The aims of this analysis
were to determine how (1) the timing of OSPRO-YF collection
(baseline, 4wk, and 6mo), (2) the length of OSPRO-YF items sets
(10- vs 17-item), and (3) OSPRO-YF scoring method (simple
summary score vs yellow flag count) influenced prediction accu-
racy for 12-month reduction in pain intensity and disability.
Methods

Overview

This is a secondary analysis from the Optimal Screening for
Prediction of Referral and Outcome (OSPRO) validation cohort,
which has been previously described.11 A convenience sample was
gathered from December 2014 and December 2015 by partici-
pating Orthopaedic Physical Therapy Investigator Network clinics
(nZ9), representing the United States Mideast, Southeast, Great
List of abbreviations:

AIC Akaike information criterion

AUC area under the curve

MSK musculoskeletal

OSPRO Optimal Screening for Prediction of Referral

and Outcome

OSPRO-YF Optimal Screening for Prediction of Referral

and Outcome Yellow Flag

SBST STarT Back Screening Tool
Lakes, Rocky Mountain States, and Far West. This study was
approved by an institutional review board, and all participants
provided informed consent.

Participants and procedures

Participants were recruited from Orthopaedic Physical Therapy
Investigator Network clinics when seeking ambulatory physical
therapy treatment for a primary complaint of neck, low back,
knee, or shoulder pain. Eligibility criteria are summarized in
table 1. Eligible participants were directed to a secure University
of Floridaehosted website for the informed consent process and
baseline assessment. All assessments were self-report and
completed electronically by the participant in a deidentified
manner. Follow-up time points were at 4 weeks, 6 months, and 12
months, and participants were notified of a pending assessment via
e-mail.

Predictive measures

Participants completed a standard intake form previously used in
our clinical studies to capture specific predictive domains.19,20

These domains are summarized in table 1, and all variables
were used in the prediction models.

The primary predictor of interest was the OSPRO-YF tool,
which includes items from pain vulnerability (negative affect and
fear avoidance) and pain resilience domains (positive affect and
self-efficacy) and is available in a 10- and 17-item version.6 In
analyses, the OSPRO-YF was represented by a “simple summary
score” (sum of individual item responses) and a “yellow flag
count” (number of full-length parent questionnaire estimates in
75th percentile).6 Additional information on OSPRO-YF scoring
is located in supplemental appendix S1 (available online only at
http://www.archives-pmr.org/).

Outcome measures

Pain intensity and region-specific disability were the outcomes of
interest (see table 1). These measures were selected because they
are commonly used as primary endpoints in clinical studies, and
the region-specific measures were transformed to z scores because
of different scaling, consistent with our prior analyses.8,21

These outcomes were dichotomized into 12-month 50%
reduction in pain intensity and disability. A 50% reduction ex-
ceeds commonly recommended minimal change criterion (eg,
30% reduction22). Furthermore, a 50% reduction is more likely to
be indicative of a successful outcome23 and closer in magnitude to
patient centered definitions for pain and disability recovery.24-26

Data analysis

We developed logistic regression models to examine the rela-
tionship between a 50% reduction in pain intensity and disability
outcomes and the longitudinal change in OSPRO-YF. All models
included 16 variables for Demographic, Clinical History, and
Other Body Systems in addition to the baseline outcome measure
(see table 1). Then the OSPRO-YF was sequentially added for
each of the following time points to determine if predictive ac-
curacy was improved: baseline, baseline-4 weeks; 4 weeks-6
months; 6-12 months. The different OSPRO-YF versions (10- or
17-item) and scoring methods (simple summary or yellow flag
count) were analyzed separately, leaving 4 final regression models
www.archives-pmr.org

http://www.archives-pmr.org/
http://www.archives-pmr.org


Table 1 Methodological summary of the Optimal Screening for

Prediction of Referral and Outcome cohort

Eligibility

Inclusion Criteria Exclusion Criteria

1) Seeking outpatient physical

therapy treatment for

musculoskeletal pain

2) Primary complaints involving

the cervical spine, lumbar

spine, shoulder, or knee

3) Ability to read and compre-

hend English language (this

criterion was necessary

because of the large number

of self-report forms)

1) Widespread chronic pain

syndrome (eg, fibromyalgia or

irritable bowel syndrome)

2) Neuropathic pain syndrome

(eg, complex regional pain

syndrome or diabetic

neuropathy)

3) Psychiatric history (currently

in care of mental health care

provider or taking �2 pre-

scription psychiatric

medications)

4) Cancer (currently receiving

treatment for active cancer)

5) Neurologic disorder (eg,

stroke, spinal cord injury, or

traumatic brain injury)

Predictors

Demographic

(nZ8)

Clinical History

(nZ5)

Other Body

Systems (nZ3)

OSPRO-YF

(nZ4)

1) Age

2) Sex

3) Race

4) Income

5) Employment

6) Education

7) Medical

insurance

8) Geographic

region

1) Pain location

2) Pain duration

3) Pain onset

4) Previous

episode same

location

5) History

of surgery

1) Charlson

Comorbidity

Index

2) Functional

Comorbidity

Index

3) OSPRO Review

of Systems

Tool

1) Baseline

2) Baseline-

4 wk

3) 4 wk-6

mo

4) 6 mo-12

mo

Outcomes

Pain intensity (average [worst,

best, current], 12-mo 50%

reduction)

Disability (z score transformed,

12-mo 50% reduction)

1) Numeric pain rating scale12-14 1) Neck Disability Index15

2) Quick Disability of Arm,

Hand, and Shoulder16

3) Oswestry Disability

Questionnaire17

4) International Knee Docu-

mentation Committee Sub-

jective Knee Form18
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with 21 predictor variables each (20 predictor variables listed in
table 1 plus baseline outcome measure).

Residual deviance, Akaike information criterion (AIC), and
area under the curve (AUC) determined relative model fit and
predictive performance, respectively. Residual deviance is the
measure for model fitting when incorporating later time points, so
a smaller value indicates better goodness-of-fit with later follow-
ups. AIC was used for full model selection; the model with the
minimum AIC among others is the best model statistically. AUC
www.archives-pmr.org
was used for assessing prediction performance in logistic
regression and comparing model performance based on length
and scoring method. A larger AUC was indicative of better
discrimination ability. Finally, a sensitivity analysis was
completed with a 30% reduction in pain intensity and disability
outcomes.22

Sample size

There are no uniform standards for determining sample size
in cohort studies. In the OSPRO validation cohort sample
size estimates were initially based on precision of prediction
estimates.11 In this secondary analysis the number of subjects
per predictor variables was relevant for determining the
appropriateness of fit for regression models. We had 279
subjects with completed 12-month data for 21 predictor
variables, a ratio that exceeds the recommended 10 subjects
per variable.27
Results
A total of 440 participants completed baseline measures, and
279 participants (63.4%) completed the 12-month follow-up
(tables 2 and 3). There were no differences in follow-up rates by
anatomic region, but those that completed the 12-month follow-
up were more likely to be younger, have higher income, and
completed higher levels of education (P<.05). Those that
completed follow-up also had lower simple summary scores on
OSPRO-YF, neck disability, pain intensity, and composite z
score for region-specific disability (P<.05). All of these vari-
ables had already been planned for the prediction models, so no
action was taken based on differences in follow-up rates.
Models for 50% (planned analysis) and 30% (sensitivity anal-
ysis) were similar, so models for 50% reductions are presented.
Model results are fully reported in tables 4 and 5, with a brief
summary in the article text. Additional text reporting on the
influence of item numbers and scoring methods are reported in
supplemental appendix S1.

Longitudinal monitoring for pain intensity
reduction

The change in predictive accuracy for 50% Pain Intensity
Reduction for 4-week, 6-month, and 12-month OSPRO-YF
assessments is reported in table 4 (horizontal comparisons).
The 17-item summary score model had the smallest AIC. In
this model for AUC, there were incremental model improve-
ments from baseline noted for 4-week and 6-month changes
(AUC from 0.783 to 0.799 to 0.808, respectively), with none
meeting the statistical criterion for an improvement (P>.05).
The addition of the 12-month time point improved the AUC
statistically (AUC, 0.849; PZ.003) from that of the 6-month
time point.

A similar trend was noted in residual deviance for the models,
with this decreasing consistently with each additional time point
added from baseline (from 309.0 to 299.9 to 294.9 to 265.8 from
baseline to 4-wk to 6-mo to 12-mo change, respectively). The
decrease in residual deviance met statistical criterion for
improvement (P<.05) with each additional monitoring time point.
The largest statistical improvements were noted with the addition
of the 6- to 12-month change score to the 4-week change
score (P<.0001).

http://www.archives-pmr.org


Table 2 Descriptive summary of Optimal Screening for Predi-

cation of Referral and Outcome Validation cohort

Variable/Category Baseline Characteristics (NZ440)

Age (y), mean � SD 45.1�15.8

Age (y), median (IQR) 45 (27)

Age (y), range 18-75

Sex, n (%)

Male 164 (37.3)

Female 275 (62.5)

Prefer not to answer 1 (0.2)

Race, n (%)

American Indian/Alaska

Native

3 (0.7)

Asian 25 (5.7)

Black 62 (14.1)

White 343 (78.0)

Don’t know/prefer not to

answer

7 (1.6)

Ethnicity, n (%)

Hispanic or Latino 31 (7.0)

Not Hispanic or Latino 376 (85.5)

Don’t know/prefer not to

answer

33 (7.5)

Employment, n (%)

Full-time employed

(reference for

analyses)

237 (53.9)

Part-time employed 62 (14.1)

Unemployed 61 (13.9)

Retired 58 (13.2)

Prefer not to answer 22 (5.0)

Education, n (%)

Less than high school 11 (2.5)

Graduated from high

school

38 (8.6)

Some college 112 (25.5)

Graduated from college

(reference for

analyses)

120 (27.3)

Some postgraduate

course work

56 (12.7)

Completed postgraduate

degree

97 (22.0)

Prefer not to answer 6 (1.4)

Insurance, n (%)

Private (reference for

analyses)

273 (62.0)

Medicare 52 (11.8)

Medicaid 19 (4.3)

Worker’s compensation 14 (3.2)

Disability 4 (0.9)

Uninsured 7 (1.6)

Other 45 (10.2)

Unknown/prefer not to

answer

26 (5.9)

Anatomic region, n (%)

Neck 98 (22.3)

Low back 118 (26.8)

Shoulder 107 (24.3)

(continued on next column)

Table 2 (continued )

Variable/Category Baseline Characteristics (NZ440)

Knee (reference for

analyses)

117 (26.6)

Pain duration (d), mean �
SD

398.6�1715.8

Pain duration (d), median

(IQR)

90 (270)

Onset of symptoms, n (%)

Gradual 239 (54.3)

Sudden 138 (31.4)

Traumatic 63 (14.3)

Previous episodes over the

past year, n (%)

Yes (reference for

analyses)

224 (50.9)

No 185 (42.0)

Do not remember 31 (7.0)

Work-related symptoms, n

(%)

Yes 63 (14.3)

No 345 (78.4)

Do not know 32 (7.3)

Surgery for primary

complaint, n (%)

Yes 83 (18.9)

No 357 (81.1)

OSPRO-ROS score, mean �
SD

3.8�3.7

OSPRO-ROS score, median

(IQR)

3 (5)

Comorbidity counts, n (%)

0 296 (68.8)

1 76 (17.7)

2 19 (4.4)

3þ 39 (9.1)

Abbreviations: IQR, interquartile range; OSPRO-ROS, Optimal Screening

for Prediction of Referral and Outcome Review of Systems tool.
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Longitudinal monitoring for disability reduction

The change in predictive accuracy for 50% disability reduction for
4-week, 6-month, and 12-month OSPRO-YF assessments is re-
ported in table 5 (horizontal comparisons). The 17-item summary
score model is reported in the text to allow for direct comparisons
to the pain intensity reduction model. For AUC, there was no
evidence of model improvement from baseline with the addition
of 4-week, 6-month, and 12-month changes (AUC from 0.551 to
0.551 to 0.554 to 0.553, respectively). The same trend was noted
in residual deviance, with this staying relatively stable with each
additional time point added from baseline (AUC from 319.0 to
319.0 to 318.0 to 317.8 from baseline to 4-wk to 6-mo to 12-mo
change, respectively). None of the changes in residual deviance
met statistical criterion for improvement (P>.05).
Discussion

This analysis will add to the existing literature by being directly
responsive to Federal Pain Research Strategy priorities of
www.archives-pmr.org
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Table 3 Baseline and 12-month summary for OSPRO-YF tool,

pain intensity, and disability measures

Variable/Category Baseline Characteristics (NZ440)

OSPRO-YF17, mean � SD 32.4�11.2

OSPRO-YF17, median (IQR) 32 (16)

OSPRO-YF10, mean � SD 17.4�6.7

OSPRO-YF10, median (IQR) 17 (9)

Pain intensity, mean � SD 4.2�2.0

Pain intensity, median

(IQR)

4.0 (2.3)

Neck Disability Index,

mean � SD

28.6�16.1

Neck Disability Index,

median (IQR)

24 (20)

Oswestry, mean � SD 28.7�18.2

Oswestry, median (IQR) 26 (24)

QuickDASH, mean � SD 38.8�20.1

QuickDASH, median (IQR) 34.1 (27.3)

IKDC total score, mean �
SD

38.5�15.4

IKDC total score, median

(IQR)

37 (22)

Variable/Category 12-Month Follow-up (nZ279)

OSPRO-YF17, mean � SD 28.6�12.5

OSPRO-YF17, median (IQR) 28 (18)

OSPRO-YF10, mean � SD 16.2�7.5

OSPRO-YF10, median (IQR) 15 (11)

Pain intensity, mean � SD 1.5�1.9

Pain intensity, median

(IQR)

0.7 (2.3)

Neck Disability Index, mean

� SD

19.2�16.6

Neck Disability Index,

median (IQR)

14 (21)

Oswestry, mean � SD 16.4�15.6

Oswestry, median (IQR) 10.0 (22.5)

QuickDASH, mean � SD 18.6�19.3

QuickDASH, median (IQR) 13.6 (20.5)

IKDC total score, mean �
SD

58.1�17.5

IKDC total score, median

(IQR)

59.5 (25.8)

Abbreviations: DASH, Disability of Arm, Shoulder, and Hand ques-

tionnaire; IKDC, International Knee Documentation Committee ques-

tionnaire; IQR, interquartile range.
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identifying methods to improve prediction of chronic pain states.3

The American College of Physicians and the Centers for Disease
Control and Prevention guidelines emphasize nonpharmacologic
approaches for acute and chronic MSK pain.28,29 As such, we
expect increased interest in predicting long-term reductions in
pain intensity and disability following treatment from non-
pharmacologic providers. This interest will be driven by it being
an indication of successful treatment outcome23 and decreased
chance of developing or maintaining chronic pain. This analysis
highlighted the potential of longitudinal monitoring to improve
baseline risk assessment for predicting reductions in pain intensity
and disability. The primary findings of our analyses were (1)
prediction accuracy for pain intensity reduction could be
www.archives-pmr.org
incrementally improved with longitudinal monitoring, but im-
provements in risk estimation lack clinical relevance after 4 weeks
and (2) prediction accuracy for disability reduction was poor and
the risk prediction did not improve with longitudinal monitoring.

The number of items (10 vs 17 items) or the scoring approach
(simple summary score vs yellow flag count) used for the OSPRO-
YF tool did not strongly affect predictive accuracy in our models.
The implication of these findings is that selection of OSPRO tool
item version and scoring approach can be flexible based on what is
most feasible for a given setting and patient population. The
yellow flag count scoring method provides readily interpretable
information with high clinical relevance, but its calculation is
complicated and should be automated.6 In settings that can readily
implement these measures in the electronic health record, gener-
ating yellow flag counts is likely feasible. In settings that cannot
modify or do not have access to the electronic health record, the
simple summary score is a viable option because it does not
involve complicated scoring algorithms.6

Timing of longitudinal monitoring improved prediction accu-
racy for pain intensity reduction. However, there are 2 caveats
when interpreting these results. First, including the 6- to 12-month
OSPRO-YF change provided the best model fit statistically but has
limited clinical applicability because it is not current standard of
care to collect information after discharge. Second, these findings
suggest that any value imparted by longitudinal monitoring are
realized in the 4-week change, with limited additional value in
additional monitoring beyond that time. Therefore, a preliminary
recommendation for a pragmatic approach to increase accuracy of
predicting 12-month pain intensity reduction would be to collect
the 10-item OSPRO-YF at intake and then again 4 weeks later for
longitudinal monitoring.

There is not extensive literature on longitudinal monitoring of
psychosocial factors. Wideman et al9 investigated 4-month
changes in SBST risk status and found that changes in SBST
risk status predicted individuals with clinically meaningful
changes in 12-month disability outcomes. Similarly, Beneciuk
et al7 reported that 4-week change in SBST risk status added to the
prediction of 6-month disability outcomes, while Medeiros et al30

found high responsiveness for global perceived effect, disability,
and pain intensity at 6 weeks for medium- and high-risk SBST
designation and for all SBST risk designations at 6 months. These
results are similar to the current analysis in indicating improve-
ments with longitudinal monitoring but with one notable incon-
sistency. In the prior cited SBST studies and the primary analysis
for the OSPRO-YF tool, longitudinal monitoring added to pre-
diction of 12-month disability scores.8 However, that was not the
case in the current analysis, and this difference is likely because of
how the outcomes were defined. In prior studies the disability
scores were kept in continuous metric, while for this analysis they
were dichotomized to a 50% reduction at 12 months. The use of a
binary outcome could explain the reason why longitudinal
monitoring did not improve predictive accuracy for disability
outcomes in this analysis compared with previous studies.

There are some areas in which this current analysis advances
the field of risk assessment. The prior cited studies included in-
dividuals with low back pain, while we included individuals with
neck, shoulder, low back, and knee pain as a primary complaint.
Therefore, findings suggest that longitudinal monitoring with the
OSPRO-YF tool is appropriate for multiple MSK pain conditions.
The prior cited studies included 1 additional monitoring time point
prior to the outcome of interest (eg, 4-mo,9 4-wk,7 or 6-wk
change30), while the current analysis included multiple time

http://www.archives-pmr.org


Table 4 Model summary of treatment monitoring for predicting 12-month pain intensity reduction .

Model No.

Model 2Z
Model 1þD OSPRO-YF

Baseline-4 wk

Model 3Z
Model 2þ
D OSPRO-YF 4 wk-6 mo

Model 4Z
Model 3þ
D OSPRO-YF 6-12 mo

Full

Model

AIC

OSPRO-YF simple summary score (17 items)

AUC (P value) 0.783 0.799 (.123) 0.808 (.246) 0.849 (.003) 385.85

Residual deviance

(P value)

309.0 299.9 (.002) 294.9 (.025) 265.8 (<.001)

OSPRO-YF simple summary score (10 items)

AUC (P value) 0.781 0.797 (.107) 0.803 (.393) 0.833 (.024) 395.89

Residual deviance

(P value)

309.6 302.2 (.006) 297.5 (.029) 275.8 (<.001)

OSPRO-YF yellow flag count (17 items)

AUC (P value) 0.783 0.800 (.078) 0.806 (.435) 0.834 (.037) 396.62

Residual deviance

(P value)

309.2 300.0 (.002) 295.3 (.031) 276.6 (<.001)

OSPRO-YF yellow flag count (10 items)

AUC (P value) 0.781 0.790 (.239) 0.800 (.264) 0.832 (.023) 396.37

Residual deviance

(P value)

309.4 304.3 (.020) 297.8 (.010) 276.3 (<.001)

NOTE. Model 1ZDemographicþClinical HistoryþOther Body SystemsþBaseline OSPRO-YF.
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points before 12-month outcome. Therefore, these findings iden-
tified a “window of opportunity” for longitudinal monitoring when
improvement in prediction accuracy occurred and when
improvement in prediction accuracy plateaued.

Study limitations

The overriding limitations of the OSPRO validation cohort have
been described in the cohort profile article,11 and these include
convenience sampling and not capturing parameters to charac-
terize treatment episodes. Other limitations are lack of specific
medical diagnoses in the predictive models and a 12-month 63%
follow-up rate that was lower than anticipated. The current find-
ings should be interpreted as a “completers only” analysis, which
we believe is appropriate because loss to follow-up had a minimal
effect in other analyses from this cohort in which we imputed
missing data or used inverse probability weighting.8,31 A final
limitation is that all outcomes for this analysis were self-reported,
with no corresponding physical performance measures.

Future research

Future research could compare predictive accuracy of existing
tools in determining how longitudinal monitoring is used within a
psychologically informed approach that targets individuals with
high levels of pain-associated distress.32-34 Because determining
dosing of psychologically informed treatments can be difficult,
longitudinal monitoring could be used to assess response to
behavioral strategies and confirm that favorable changes are
indicative of better clinical outcomes. There is additional
implementation-focused research that is needed to determine how
best to get longitudinal monitoring into existing health care sys-
tems that focus almost entirely on intake data capture for risk
determination. Capturing longitudinal data in real-world settings
is challenging, and additional methods of data collection (eg,
wearables, text messaging, etc) will need to be tested for effec-
tiveness in increasing follow-up rates. The aforementioned lack of
prediction accuracy for disability reduction was an unexpected
finding, and future research is necessary to determine how lon-
gitudinal monitoring with the OSPRO-YF tool is affected when
there are changes in whether the outcome of interest is defined in
continuous metric or converted to a binary outcome. Determining
whether longitudinal monitoring improves prediction of treatment
episodes reaching patient-defined levels of successful outcomes is
an important area for future research because these levels often
exceed a 50% reduction.24-26
Conclusions

This analysis investigated the OSPRO-YF as a longitudinal
monitoring tool of pain-associated distress. These results sug-
gested that prediction accuracy for pain intensity reduction could
be improved with longitudinal monitoring but not for disability
reduction. Furthermore, differences in OSPRO-YF item sets (10
vs 17 items) or scoring methods (simple summary score vs yellow
flag count) did not affect predictive accuracy for pain intensity
reduction, providing flexibility for implementing the tool in
practice settings.
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The Orthopaedic Physical Therapy-Investigator Network
included University of Florida: Joel Bialosky; UF Health: Giorgio
Zeppieri Jr, Daniel Broome, Marty Huegel, Debi Jones, Steve
Emery, Mike Hodges, Derek Miles, Jodi Davis, Charlene Stub-
bington, Mike Darcy; ATI Physical Therapy: Ellen Shanley,
Thomas Denninger, Jenna Bartsokas, Elise Harris, Jordan Floyd,
Wade Harrell; University of Southern California: Lori Michener,
Amy Pomrantz, Brooks Rehabilitation: Jason Beneciuk, Raine
Osborne, Nata Salvatori, John Leschitz, Brian Hagist, Laura
Langer, Tim Shreve, Nando Malaman, Michael Bourassa, Justin
Zych, Tasha Mouton Shanklin; University of Illinois at Chicago:
Aaron Keil, Brad Myers, Deb Davey, Justin Payette, Adam Wie-
lechowski, Richard Severin, Erik Martinez; Indiana State Uni-
versity: Ryan Hanigan, Carolina Valencia, Danielle Jena, Nicole
Woodard; Arcadia University: Angela Tate; Life’s Work Physical
Therapy: Sandra Stryker, Aaron Leonard, Erin Courtney, Brandon
Little, Kathryn Jankord, Brad Simpson, Charleen Hall, Paige
Nixon, Julia Neufeld; University of Colorado, Denver: Paul
Mintken, Virginia Arnette, Andrea Barsch.
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