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Abstract

Psychological characteristics consistently predict clinical outcomes for musculoskeletal pain
conditions. The Optimal Screening for Prediction of Referral and Outcome Yellow Flag (OSPRO-
YF) tool assesses negative mood, fear-avoidance, and positive affect/coping. Psychometric testing
of the tool is needed to guide clinical use. The purpose of this secondary analysis was to determine
the OSPRO-YF factor structure (17- and 10-item versions) and test factor reliability and
concurrent validity. Data from two musculoskeletal pain cohorts (n1=428; n2=440) were used. An
exploratory factor analysis (EFA) identified the factor structure in the first cohort; a confirmatory
factor analysis (CFA) validated the factor structure in the second cohort. EFA yielded 4 factors for
the 17-item version (catastrophizing, positive coping, negative mood, fear-avoidance) and 3 factors
for the 10-item version (negative coping, negative mood positive affect/coping). CFA indicated
good fit for the10-item and 17-item models. Factors from both versions demonstrated moderate to
good test-retest reliability. Regression results revealed that factors from both versions contributed
significantly to variance in pain intensity, disability, and quality of life. Results indicate the
OSPRO-YF is a reliable and valid multidimensional psychological assessment tool for individuals
with musculoskeletal pain. Future studies are needed to establish the OSPRO-YF as a prognostic
and treatment monitoring tool.
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Introduction

Psychological characteristics consistently predict clinical outcomes for musculoskeletal pain
conditions [1,3,4,24,25,36,47,55]. National pain management initiatives [15,57] and clinical
practice guidelines [11,14,37,43] recommend clinicians routinely assess psychological
characteristics for pain conditions. Multiple tools exist to aid clinicians in evaluating pain-
related psychological characteristics. Unidimensional tools that measure discrete
psychological characteristics (e.g. pain catastrophizing or depressive symptoms) are
common. However, emerging evidence suggests that evaluation of multiple psychological
characteristics allows for better interpretation of patients’ risk for poor outcomes [9,61]. As
a result, there is interest in using multidimensional tools that concurrently estimate multiple
pain-related psychological characteristics. These tools provide an efficient option for
multifactorial risk assessment and can guide more informed treatment decision-making [46].

The Optimal Screening for Prediction of Referral and Outcome Yellow Flag (OSPRO-YF)
Tool is a recently developed, 17-item multidimensional screening tool used for assessment
of pain-related psychological characteristics among individuals with musculoskeletal pain
conditions (Appendix) [39]. The tool evaluates a variety of discrete pain-related
psychological characteristics across three theoretical constructs: 1) negative mood (i.e.
depression, anxiety, and anger); 2) fear-avoidance (i.e. fear-avoidance beliefs,
catastrophizing, kinesiophobia, and pain-anxiety); and 3) positive affect/coping (i.e. pain
self-efficacy, rehabilitation self-efficacy, and chronic pain acceptance). The OSPRO-YF tool
distinguishes itself from other multidimensional tools by estimating positive psychological
characteristics [26,41,42]. Another unique characteristic of the OSPRO-YF tool is that it
accurately estimates scores for 10 full-length, unidimensional psychological questionnaires
[39]. The tool also identifies the presence of “yellow flags”, defined as highest or lowest
quartile (negative and positive constructs respectively) score estimates across each of the 10
unidimensional questionnaires [39].

Recent validation studies for the OSPRO-YF tool used a composite (i.e. simple summary of
items) score calculated by a simple sum of the items. Using this method, OSPRO-YF scores
predicted 12-month pain severity, disability, and health care utilization outcomes following
physical therapy [5,23,40]. However, to date additional psychometric properties of the
OSPRO-YF have not been further investigated. A better understanding of the underlying
constructs measured by the tool is necessary even though the tool was developed with an
established theoretical structure. This additional psychometric information will aid in its
implementation and clinical interpretation [39].

The purpose of this secondary analysis was to evaluate the psychometric properties of thel7-
item OSPRO-YF tool, and a shortened 10-item version, by: 1) empirically deriving the
overall factor structure of the tool; 2) reporting test-retest reliability of the identified
OSPRO-YF factors; and 3) determining concurrent validity of the identified OSPRO-YF
factor structure by comparing associations with a) pain intensity, b) disability, and c¢) quality
of life. We hypothesized that the 17- and 10-item versions would consist of three latent
factors consistent with the selected theoretical constructs: negative mood, fear-avoidance,
and positive affect/coping. Further, we hypothesized that the factors would demonstrate
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adequate test-retest reliability and concurrent validity with measures commonly used for
clinical outcomes (i.e. pain, self-reported disability, and quality of life).

This paper reports on a secondary analysis of data from the OSPRO cohort study. The
OSPRO cohort study included patients seeking outpatient physical therapy for low back,
neck, shoulder, and knee pain. It was conducted to develop the OSPRO-YF and a separate
review of systems (OSPRO-ROS) screening tool for use in outpatient orthopedic physical
therapy settings. The OSPRO cohort study included a cross-sectional phase in which the
screening tools were developed (i.e. development cohort), and a separate longitudinal phase
used to validate the tools for one-year clinical outcomes (i.e. validation cohort).
Methodological details for the development [21,39] and validation cohorts [22] have been
previously reported; key details of the cohort design are included in the following sections.
Of note, this secondary analysis focuses on the OSPRO-YF only.

Participants in both OSPRO cohort studies were recruited from the Orthopaedic Physical
Therapy-Investigative Network (OPT-IN). OPT-IN is a research network supported by the
Academy of Orthopaedic Physical Therapy, with the purpose of performing multicenter
clinical projects that examine diagnosis/classification, prognosis, and/or patient-centered
treatment outcomes in patients with musculoskeletal conditions commonly managed by
orthopedic physical therapists. The University of Florida Institutional Review Board
approved this study and informed consent was obtained from all participants.

Development Cohort

A convenience sample of participants (n=427) was recruited from participating OPT-IN
clinical sites (n=11) during the development phase (March 2013 to May 2014). Clinical sites
included outpatient physical therapy clinics in Gainesville, Florida (n=3) and Jacksonville,
FL (n=8). The sample included individuals with musculoskeletal pain in four different
anatomical regions: low back (n=118; 28%), neck (n=92; 22%), shoulder (n=106; 25%), and
knee (n=111; 26%).

All data in this cross-sectional phase of the study were collected via self-report using
standard intake forms provided to participants during their initial physical therapy
evaluation. Participants were asked to answer questions regarding the musculoskeletal
condition for which they were seeking treatment. All data were entered into a web-based
electronic records database (REDCap; Vanderbilt University, Nashville, TN). A separate
sub-sample (n=38) of the development cohort was recruited to examine test-retest reliability
of the newly developed tools. Participants in the sub-sample completed the questionnaires at
their initial physical therapy evaluation, and then again 48 hours later.

Validation Cohort

A separate convenience sample of participants (n=440) was recruited from participating
OPT-IN clinical sites (n=9) during the validation phase (December 2014 to December 2015).
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The OPT-IN network was expanded for this phase, with clinics representing five of eight
geographic regions of the United States, including the Mideast, Southeast, Great Lakes,
Rocky Mountain States and Far West regions. The sample included individuals with
musculoskeletal pain in four different anatomical regions: low back (n=118; 27%), neck
(n=98; 22%), shoulder (n=107; 24%), and knee (n=117; 27%).

All data were collected via self-report and entered electronically by the participant in a
deidentified manner. Baseline and follow-up data collection occurred online using a secure
website. Follow-up time points were at 4 weeks, 6 months and 12 months; participants were
notified of pending assessment by an email that directed them back to the study website to
complete their follow-up assessment. Only baseline data from the validation cohort were
considered for this secondary analysis.

Participants

The following inclusion/exclusion criteria were utilized for both cohort studies.

Inclusion criteria—Participants were eligible to participate if they were: 1) between the
ages of 18 and 75; 2) seeking outpatient physical therapy treatment for musculoskeletal pain
in the low back, neck, knee, or shoulder; and 3) able to read and understanding English.

Exclusion criteria—Participants were excluded from participation if they: 1) were
diagnosed with a widespread chronic pain syndrome (e.g. fibromyalgia, irritable bowel
syndrome) or neuropathic pain syndrome (e.g. diabetic neuropathy, complex regional pain
syndrome); 3) had a history of a psychiatric disorder (currently under the care of a mental
health provider or taking multiple psychiatric medications); 4) were receiving treatment for
active cancer; 5) had a history of a neurological disorder (e.g. stroke, spinal cord injury).

Measures

Similar demographic/historical information and clinical measures were collected during both
cohort phases and have been previously reported [22,39]. We only detail the information and
measures utilized in this secondary analysis here.

Demographic and Historical Information—Age (years) and gender were collected
from each participant. Participants also reported their primary anatomical region of pain
(low back, neck, shoulder, or knee) and surgical history for the primary anatomical of pain
(yes or no). Pain chronicity was determined by asking participants if they had “experienced
any pain and activity limitations every day for the past 3 months?”. Participants answering
yes were coded as having chronic pain. Similar operational definitions of chronic pain have
been used previously [5,10,18] and are supported by national guidelines [16].

Optimal Screening for Prediction of Referral and Outcome Yellow Flag Tool
(OSPRO-YF)—The previously described OSPRO-YF is a multidimensional screening tool
that includes items from negative mood, fear-avoidance, and positive affect/coping factors
[39]. The purpose of this tool is to aid with identification of pain-related psychological
characteristics in outpatient orthopedic settings. Most questions inquire about general
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disposition or how people feel currently/at the time of filling out the questionnaire. The
OSPRO-YF has 17- and 10-item versions (Appendix). Information on the statistical process
for identifying the OSPRO-YF items is reported in the original development paper [39].
Briefly, the 17- and 10-item tools were created through an iterative process that considered
different item sets based on their ability to -accurately predict full length questionnaire
scores. Accuracy for the 17- and 10-item versions of the tool were at least 85% and 81% for
full length questionnaire scores, respectively. The 10-item version was derived
independently but used the same iterative process as the 17-item version. The current paper
used the original 17- and 10-item OSPRO-YF tools reported in the development paper
(Appendix) [39].

Clinical Measures

Average Daily Pain Intensity: Pain intensity was assessed with a numerical pain rating
scale ranging from 0 (“no pain”) to 10 (“worst pain imaginable™) [7,12,34]. Participants
rated their current, best, and worst pain intensity over the preceding 24 hours. Prior evidence
from other researchers indicates that single pain ratings lack validity, especially when
compared to serial ratings that occur over a given period of time (e.g. daily ratings for a 7-
day period) [32-35]. It was not feasible to obtain serial ratings during the routine care
episodes for this study, so we incorporated a composite pain rating by averaging three pain
intensity ratings—current, best, and worst—for the preceding 24-hour period. This value is
reported as the “average daily pain intensity” in the current analysis. This approach was
selected because a composite pain rating provides better reliability and validity than single
pain ratings [32-35] and offers a pragmatic way to improve validity when collecting data in
routine care settings. Indeed, we have used this approach previously in several clinical pain
research studies [5,6,20,23].

Disability: Disability was assessed with region-specific self-report measures and z-score
transformation. The Oswestry Disability Questionnaire (ODI) [19,30], Neck Disability
Index (NDI) [58,59], short-version of the Disabilities of the Arm, Shoulder and Hand
Questionnaire (QuickDASH) [2], and International Knee Documentation Committee
Subjective Knee Form (IKDC) [31] were used for low back, neck, shoulder, and knee pain,
respectively, depending on the participant’s self-reported primary pain location. Then,
region-specific disability scores—ODI, NDI, QuickDASH, and IKDC—were transformed to
z-scores so they could be used in the same regression models. Scores from the IKDC were
reversed before standardizing to represent a measure of disability that was consistent with
other measures (i.e. higher scores indicating greater disability). This method of
standardization when measuring disability across multiple anatomical regions has been used
previously [8,22,23].

Mental and Physical Quality of Life: The Medical Outcomes Study 8-item Short-Form
Health Survey (SF-8) was used to measure general health quality of life [60]. Specifically,
the SF-8 Mental Component Score (SF-8 MCS) and SF-8 Physical Component Score (SF-8
PCS) were used separately in the current secondary analysis [60].
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Sample Size Estimate

Sample size recommendations for studies involving factor analysis vary. Costello and
Osborne (2005) indicate that factor analysis studies commonly include a case to item ratio of
5:1-10:1 and that a case to item ratio within this range is often considered an acceptable
[13]. Pooled analyses from multiple studies indicated that a case to item ratio of >20:1
produced the most accurate factor analysis results [13]. Additionally, Tabachnick and Fidell
(6! edition, 2013) also recommend sample sizes of at least 300 in studies involving factor
analysis, especially when there are concerns regarding the strength of the data (e.g. low
communalities or a small number of factors) [56]. Furthermore, a minimum of 100
participants is recommended for psychometric studies, with larger sample sizes
acknowledged as being better [45,52,56]. Based on these recommendations, the goal for
both cohorts was to recruit a minimum of 400 total participants (equivalent to a 23:1 case to
item ratio for the 17-item OSPRO-YF version and 40:1 case to item ratio for the 10-item
OSPRO-YF version).

Data Analysis

Data analyses were conducted using IBM SPSS Statistics for Windows Version 24.0 and
IBM SPSS Amos Graphics Version 25.0 (IBM Corp, Armonk, New York).

Aim la: OSPRO-YF Factors

Identifying OSPRO-YF Factors—Data from the OPT-IN development cohort (n=427)
were used to identify factors for both the 17-item and 10-item OSPRO-YF versions. There
were 40 participants (less than 10%) with at least one piece of missing data from responses
to OSPRO-YF items; listwise deletion was used to exclude participants with missing data
from this part of the analysis. An exploratory factor analysis (EFA) was conducted on
OSPRO-YF items using a polychoric correlation matrix, principal axis factoring, and
oblique (i.e. PROMAX) rotation. Eigenvalues > 1 criterion determined the number of
factors; factor composition was defined by items with loadings > | 0.4 |. Items that were
cross-loaded (loading > | 0.4 | on more than one factor) or did not meet the loading threshold
were not assigned to a factor.

Confirming OSPRO-YF Factors—Data from the OPT-IN validation cohort (n=440)
were used to confirm factors identified in the development cohort for both the 17-item and
10-item versions. There were no participants with missing data for this part of the analysis.
A confirmatory factory analysis (CFA) was conducted via structural equation modeling and
maximum likelihood estimates to validate the adequacy of the EFA results. Items that were
cross-loaded (loading > | 0.4 | on more than one factor) or did not meet the loading threshold
(as determined in the EFA) were dropped for this part of the analysis. Overall model fit was
assessed through examination of the commonly used goodness-of-fit statistical tests and
their associated thresholds: Goodness of Fit (GFI>0.9, good); Comparative Fit Index
(CFI>0.95, good; >0.9 acceptable); Root Mean Square Error Approximation (RMSEA
<0.06, good; <0.08, acceptable); and p-close, a value that tests the RMSEA confidence
interval (p-close>0.05, reject null hypothesis of poor fit) [28,29,44].
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Factor Sub-Scoring—Based on EFA results, the items and method used for factor sub-
scoring was determined. We planned to calculate factor sub-scores by summing the
individual items that loaded on each factor. Scores for items #2, #13, #14, #15, and #17
(positively worded items) would be reversed before summing to maintain consistent
directionality across items; thus, higher scores would indicate higher psychological distress.
However, if positively worded items were the only items loaded on a factor, then scores
would not be reversed.

Aim 1b: Reliability of OSPRO-YF Factors

Data from the OPT-IN development cohort sub-sample (n=38) were used to determine test-
retest reliability of the 17-item and 10-item simple summary scores as well as the identified
factor sub-scores. The subsample of patients selected for test-retest reliability was an
independent sample collected specifically to test reliability of the tool outside of the
development and validation cohorts. These individuals were recruited from one of the OPT-
IN sites, and a limited dataset (e.g. OSPRO-YF scores only) was collected at intake and 48
hours later during a follow up visit. Test-retest reliability between baseline and 48-hour
follow-up factor sub-scores were assessed using intraclass correlation coefficients (ICC).
ICC estimates were calculated based on a single measurement, absolute agreement, two-way
mixed-effects model. Reliability was rated as excellent (ICC values >0.9), good (ICC
values=0.75 to 0.9), or moderate (ICC values=0.5 to 0.75 [38,48].

Aim 2: Concurrent Validity of OSPRO-YF Factors

Data from the OPT-IN validation cohort was used to determine concurrent validity of the
factor sub-scores for both the 17-item and 10-item versions with average daily pain intensity,
disability (z-score transformed), mental quality of life, and physical quality of life as
dependent variables. Separate hierarchical linear regression models were developed for each
OSPRO-YF version. The first block included factor sub-scores of the 17-item or 10-item
OSPRO-YF version, and second block included the interaction between factor sub-scores
and a key patient-level characteristic. Characteristics were gender, anatomical region,
surgical history, or chronicity. These patient level characteristics were selected to determine
whether relationships between factor sub-scores and dependent variables varied as a function
of the characteristics. Interactions were entered in separate models, meaning there were 4
different concurrent validity models for each combination of dependent variable and
OSPRO-YF version. (i.e., factor subscore x gender, anatomical region, surgical history, and
chronicity for both the 17-item and 10-item version). For models with a gender interaction,
males were the reference group. For models with an anatomical region interaction, knee pain
was the reference group. For models with a surgical history interaction, no surgical history
was the reference group. For models with a chronicity interaction, no chronic pain was the
control group. An alpha level of 0.01 was used in this portion of the analysis to account for
the multiple comparisons.

Regression model assumptions for multivariate models were checked by visual inspection
and statistical estimates when appropriate. Concerns for multicollinearity were determined
by examining variance inflation factor estimates and tolerance estimates for each model;
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multicollinearity was not a concern if variance inflation factor estimates were <10 and
tolerance estimates were >0.2 [54].

Aim la: Establishing OSPRO-YF Factors

Identifying OSPRO-YF Factors

17-item Version Factors: The EFA for the 17-item version yielded a four-factor solution
with eigenvalues of 5.78 (34% variance), 1.96 (12% variance), 1.36 (8% variance), and 1.01
(6% variance). Factor loadings ranged from 0.471 to 0.884 (Table 1). Item #16 did not load
above 0.4 on any factor. Item #1 was cross-loaded on two factors and thus not assigned to a
factor. Factors were labeled as “Catastrophizing” (Factor 1), “Negative Mood” (Factor 2),
“Fear-Avoidance” (Factor 3), and “Positive Affect/Coping” (Factor 4) based on inspection
and qualitative interpretation of item content.

10-item Version Factors: The EFA for the 10-item version yielded a three-factor solution
with eigenvalues of 3.65 (36% variance), 1.26 (13% variance), and 1.05 (11% variance).
There was no cross-loading and all item loadings ranged from 0.560 to 0.915 (Table 1).
Factors were labeled as “Positive Affect/Coping” (Factor 1), “Negative Coping” (Factor 2),
and “Negative Mood” (Factor 3) based on inspection and qualitative interpretation of item
content. We chose a “Negative Coping” label rather than the “Fear Avoidance” theoretical
factor label to better reflect the items in that factor (which originally came from
questionnaires on fear avoidance, catastrophizing and kinesiophobia).

Confirming OSPRO-YF Factors

Model Structure and Estimates: Based on the EFA, a four-factor model structure was
developed for the 17-item OSPRO-YF CFA. Item #1 (from the Patient Health Questionnaire
(PHQ-9)) and item #16 (from the Chronic Pain Acceptance Questionnaire (CPAQ)) were
dropped from this CFA due to cross-loading and not meeting the threshold criteria,
respectively. The four-factor model structure and results are depicted in Figure 1. Similarly,
a two-factor model structure was developed for the 10-item OSPRO-YF CFA. No items were
dropped from this CFA. The two-factor model structure and results are depicted in Figure 2.

Model Fit: The four-factor solution for the 17-item version was fully supported by the fit
statistic results (Figure 1). Good model fit was demonstrated by the GFI (0.941).
Additionally, acceptable model fit was demonstrated by the CFI (0.914) and RMSEA
(0.056), as well as a non-significant p-close value (0.174) indicating the null hypothesis of
poor fit should be rejected. The three-factor solution for the 10-item version was also fully
supported (Figure 2). Good model fit was demonstrated by the GFI (0.970) and the RMSEA
(0.051), as well as a non-significant p-close value (0.433) indicating the null hypothesis of
poor fit should be rejected. Further, acceptable model fit was demonstrated by the CFlI
(0.903).

Factor Sub-Scoring—Based on the EFA results, factor sub-scores were generated using
the calculation methods described in Table 2. Four factor sub-scores were generated for the
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17-item version and two factor sub-scores were generated for the 10-item version; these
factor sub-scores were then used in all subsequent analyses (i.e. to test reliability and
concurrent validity of the factors).

Aim 1b: Reliability of OSPRO-YF Factors

For the 17-item version, all four factors demonstrated good to moderate reliability. ICC
values indicated good reliability for the catastrophizing factor, negative mood factor and
fear-avoidance factor (ICCs=0.83, 0.89, and 0.83, respectively; all p<0.01) and moderate
reliability for the positive affect/coping factor (ICC=0.63; p<0.01). Additionally, the 17-item
simple summary score demonstrated good reliability (ICC=0.88; p<0.001). For the 10-item
version, ICC values indicated good reliability for both the negative coping and negative
mood factors (ICCs=0.80 and 0.86, respectively; both p<0.01) and moderate reliability for
the positive affect/coping factor (ICC=0.65; p<0.01). Additionally, the 10-item simple
summary score demonstrated good reliability (ICC=0.85; p<0.001).

Aim 2: Concurrent Validity of OSPRO-YF Factors

Visual inspection of relationships between each independent variable and dependent
measure scores indicated linear relationships for the multivariate models. Multicollinearity
was not a concern as variance inflation factor estimates were less than 2.3 and tolerance
estimates were greater than 0.4 for all independent variables across all models.

Four-factor, 17-item OSPRO-YF Tool—Base model and interaction model regression
results for the 17-item factors and clinical measures are shown in Table 3. The four factor
sub-scores combined accounted for 22%, 37%, 37%, and 24% of the variance in average
daily pain intensity, disability, mental quality of life, and physical quality of life,
respectively. The catastrophizing and positive affect/coping factors significantly contributed
to the average daily pain measure (p<0.01). Catastrophizing, fear avoidance, and positive
affect/coping factors significantly contributed to disability (p<0.01). Catastrophizing,
negative mood, and positive affect/coping factors significantly contributed to the mental
quality of life and physical quality of life measures (p<0.01). There were no significant
interactions by gender, by anatomical region, by chronicity, nor by surgical history.

Two-factor, 10-item OSPRO-YF Tool—Base model and interaction model regression
results for the 10-item factors and clinical measures are shown in Table 4. The three factor
sub-scores combined accounted for 15%, 33%, 34%, and 19% of the variance in average
daily pain intensity, disability, mental quality of life, and physical quality of life,
respectively. All three factors—positive affect/coping, negative coping, and negative mood—
significantly contributed to the mental quality of life measure (p<0.01), while only the
positive affect/coping and negative coping factors significantly contributed to average daily
pain, disability, and physical quality of life measures (p<0.01). There were no significant
interactions by gender, by anatomical region, by chronicity, nor by surgical history.
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Discussion

These psychometric analyses provide further evidence supporting the OSPRO-YF as a
reliable and valid multidimensional psychological assessment tool for individuals
experiencing common musculoskeletal pain conditions (i.e. low back, neck, shoulder, or
knee pain). Our results indicated that the empirical factor structure of the 17-item version of
the OSPRO-YF differed slightly from the underlying theoretical structure. Specifically, the
theoretical structure included fear-avoidance and pain catastrophizing together as negative
coping; however, in the current analyses this factor was differentiated into two separate
factors for fear-avoidance and pain catastrophizing. The 17-item version was
psychometrically-sound based on good test-retest reliability and concurrent validity with
common clinical outcome measures for pain severity, perceived disability, and mental and
physical quality of life. Factor analysis results indicated that the 10-item version of the
OSPRO-YF included positive affect/coping, negative coping, and negative mood; this factor
structure was similar to the original theoretical structure. The 10-item version was also
psychometrically-sound based on good to moderate test-retest reliability and concurrent
validity with common clinical outcome measures for pain severity, perceived disability, and
mental and physical quality of life.

Clinical Implementation of the OSPRO-YF

Consistency of psychometric testing across two separate cohorts strengthens the case that the
OSPRO-YF is suitable for clinical implementation as an assessment tool for pain-related
psychological factors. Our findings support the use of a simple summary score in previous
OSPRO-YF validation studies [5,22,38] and suggest that summing OSPRO-YF items to
create a simple summary score or factor sub-scores (i.e. simple summing of factor-specific
items) offers reliable and valid scoring options beyond those originally proposed during
development of the tool (i.e., estimation of parent questionnaire scores and identification of
yellow flags). We recommend clinicians utilize the methods summarized in Table 2 to
calculate factor sub-scores for each OSPRO-YF version.

Use of the 17-item Version—Better Discrimination of Sub-Scores—The 17-item
OSPRO-YF demonstrated a stable factor structure stability for identifying catastrophizing,
negative mood, fear avoidance, and positive affect/coping. Therefore, this version of the tool
is recommended to those interested in differentiating distinct underlying constructs of
negative coping (i.e., fear avoidance and catastrophizing), or evaluating positive affect/
coping. The latter is a notable strength of the OSPRO-YF because other available
multidimensional tools identify only negative factors. Emerging evidence demonstrates
positive psychological characteristics (i.e. optimism, self-efficacy) are strong contributors to
improved clinical outcomes [17,49-51,53]. Thus, use of the 17-item version may be
especially valuable for simultaneously evaluating positive coping and multiple underlying
constructs of negative coping, with the added benefits of reasonable accuracy in estimating
total parent questionnaire scores.

Use of the 10-item Version—Pragmatic and Predictive—The 10-item OSPRO-YF
demonstrated a three-factor structure closely aligned with the proposed theoretical factor

J Pain. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Butera et al.

Page 11

structure. This version is capable of separately evaluating positive and negative coping
characteristics. However, it does not differentiate between fear-avoidance and pain
catastrophizing like the 17-item version does. Nevertheless, it has many practical benefits.
First, it is a concise version of the OSPRO tool, and it is an efficient option for accurately
estimating full length questionnaire scores [39]. Use of the 10-item version minimizes
patient and provider burden by limiting the total number of items. Second, simple summary
scores for the 10-item version have demonstrated accuracy in predicting 12-month disability,
persistence of chronic pain, and risk for subsequent surgery following an episode of physical
therapy [5,23,40]. Therefore, the 10-item version may be the preferred option if the intent of
assessment is to quickly determine a patient’s risk for poor outcomes, or if differentiating
between fear avoidance and pain catastrophizing is not needed.

Strengths and Limitations

This study has several important strengths. First, the sample size for both the development
and validation cohorts exceeded recommendations for factor analyses [13]. Moreover, follow
up testing with CFA in a separate cohort following EFA is also a recommended best practice
for determining the consistency of factor structure [13]. Second, we conducted several
psychometric assessments of the tool, including factor analysis, reliability, and concurrent
validity, all of which are necessary for informed clinical implementation of the tool. Third,
the concurrent validation was conducted using multiple, common clinical patient-reported
measures that are often used as primary endpoints. Additionally, the inclusion criteria for
both study cohorts were intentionally broad [22,39], resulting in a pragmatic, generalizable
sample of individuals for which this questionnaire would be used in orthopedic clinical
practice.

This study also includes some limitations. First, the OSPRO development and validation
cohorts only included patients with the four most prevalent musculoskeletal conditions: low
back, neck, shoulder, or knee pain. Thus, we are unable to assess whether the factor structure
would differ in other orthopedic or pain-related populations (e.g. fibromyalgia), although we
expect it to be similar. Second, study cohorts were obtained via convenience sampling and
only included individuals seeking physical therapy treatment. Moreover, we excluded
individuals undergoing active treatment for a mental health disorder. The OSPRO-YF was
designed to be a quick assessment tool for capturing pain-related distress, and it was not
meant to be a tool used for those with known psychopathology. Nevertheless, chronic pain
may often be associated with other comorbid psychiatric conditions that would require care
by a mental health provider and use of this tool in those populations requires further study.
Overall, these limitations impact the generalizability of the tool, but also provide important
opportunities for future psychometric analyses.

Future Directions

While both versions of the OSPRO-YF tool demonstrate utility, additional longitudinal
studies are warranted. While the predictive validity of OSPRO-YF simple summary scores
are established [5,23,40], future studies are required to establish whether the OSPRO-YF
factors identified in this study predict clinical outcomes and which factors are the most
accurate predictors. This will provide clinicians with better direction on best uses of the
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OSPRO-YF as a prognostic and/or treatment monitoring tool. Additionally, the OSPRO-YF
complements existing risk-stratification approaches and allows for concise assessment of
multiple negative and positive psychological factors. Therefore, studies aimed at using the
OSPRO-YF alongside already validated risk-stratification measures (i.e. the STarT Back
Screening Tool or Orebro Musculoskeletal Pain Screening Questionnaire) [26,27,41,42]
would be of value. Risk screening and accurate identification of specific psychological
factors is likely necessary to optimize psychologically informed practice and develop
tailored treatment-matched pathways [39].

Finally, studies examining the psychometric properties of the OSPRO-YF in other pain
conditions (e.g. musculoskeletal pain in other regions, widespread pain conditions,
neuropathic pain syndromes, and known psychopathology) are critical for broadening this
tool’s clinical application.
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Highlights
Psychometric evaluation indicates the OSPRO-YF is reliable and valid.

The OSPRO-YF can be used as a multidimensional psychological assessment
tool.

Implementation of the OSPRO-YF may better guide clinical decision making.

Implementation of the OSPRO-YF may also improve musculoskeletal pain
management.

J Pain. Author manuscript; available in PMC 2021 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Butera et al.

Page 17

Perspective:

This article presents the psychometric properties of the OSPRO-YF tool. Findings
indicate the OSPRO-YF is a reliable and valid multidimensional psychological
assessment tool for individuals with musculoskeletal pain. Implementation of the
OSPRO-YF tool may better guide clinical decision making and may lead to improved
musculoskeletal pain management strategies.
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Figure 1. 17-item OSPRO-YF Confirmatory Factor Analysis Results
17-item OSPRO-YF four-factor model structure and resulting standardized parameter

estimates; a summary of the fit statistic results is also shown; GFI=Goodness of Fit (>0.9,
good); CFI=Comparative Fit Index (>0.95, good; >0.9 acceptable); RMSEA=Root Mean
Square Error Approximation (<0.06, good; <0.08, acceptable); p-close refers to a value that
tests the RMSEA confidence interval (p-close>0.05, reject null hypothesis of poor fit).

J Pain. Author manuscript; available in PMC 2021 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Butera et al.

Page 19
028@? 040? 018? 026 ?
Item 7 Item 8 Item 10 Item 11
Fit Statistic | _10-item Model Fit 0.53 0.51
Test (Result; Assessment)

CFI 0.903; Acceptable Copi
RMSEA 0.051; Good oping
p-close 0.433; Not a poor Fit

Positive \ 0.57

Negative

Coping / 0.29

-0.17

Figure 2. 10-item OSPRO-YF Confirmatory Factor Analysis Results
10-item OSPRO-YF three-factor model structure and resulting standardized parameter

estimates; a summary of the fit statistic results is also shown; GFI=Goodness of Fit (>0.9,
good); CFI=Comparative Fit Index (>0.95, good; >0.9 acceptable); RMSEA=Root Mean
Square Error Approximation (<0.06, good; <0.08, acceptable); p-close refers to a value that
tests the RMSEA confidence interval (p-close>0.05, reject null hypothesis of poor fit).
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Table 1.

OSPRO-YF Item Theoretical Factors Compared to Exploratory Factor Analysis Results

Page 20

OSPRO-YF Items” (Parent
Questionnaire)

17-item Theoretical
Factor

17-item Exploratory Factor
Analysis Factor (Loading)

10-item The
retical Factor

10-item Exploratory
Factor Analysis
Factor (Loading)

Item 1 (PHQ-9)

Negative Mood

(-0.457)**

(0.471)™*

Negative Mood

Negative Mood (0.568)

Item 2 (STAI)

Negative Mood

Positive Affect/Coping
(0.571)

Item 3 (STAI)

Negative Mood

Negative Mood (0.594)

Negative Mood

Negative Mood (0.730)

Item 4 (STAXI)

Negative Mood

Negative Mood (0.783)

Negative Mood

Negative Mood (0.881)

Item 5 (STAXI)

Negative Mood

Negative Mood (0.817)

Item 6 (STAXI)

Negative Mood

Negative Mood (0.655)

Item 7 (TSK-11)

Fear-Avoidance

Catastrophizing (0.858)

Fear-Avoidance

Negative Coping
(0.915)

Item 8 (PCS)

Fear-Avoidance

Catastrophizing (0.637)

Fear-Avoidance

Negative Coping
(0.595)

Item 9 (FABQ-PA)

Fear-Avoidance

Fear-Avoidance (0.884)

Item 10 (FABQ-PA)

Fear-Avoidance

Fear-Avoidance (0.802)

Fear-Avoidance

Negative Coping
(0.560)

Item 11 (FABQ-W)

Fear-Avoidance

Catastrophizing (0.634)

Fear-Avoidance

Negative Coping
(0.606)

Item 12 (PASS-20)

Fear-Avoidance

Catastrophizing (0.728)

Item 13 (PSEQ)

Positive Affect/Coping

Positive Affect/Coping

(0.782)

- ; Positive Affect/Coping Positive Affect/ Positive Affect/Coping
Item 14 (CPAQ) Positive Affect/Coping (0.696) Coping (0.824)

e - Positive Affect/Coping Positive Affect/ Positive Affect/Coping
Item 15 (CPAQ) Positive Affect/Coping (0.861) Coping (0.805)
Item 16 (CPAQ) Positive Affect/Coping

e - Positive Affect/Coping Positive Affect/ Positive Affect/Coping
Item 17 (SER) Positive Affect/Coping (0.756) Coping (0.800)

*
All item numbers correspond to OSPRO-YF 17-item version question numbers; grayed areas indicate items that are not part of the 10-item version

*:

*
Cross-loaded item; not assigned to a factor

mhighest loading did not meet 0.4 threshold; not assigned to a factor

PHQ-9=Patient Health Questionnaire; STAl==State-Trait Anxiety Inventory; STAXI=State-Trait Anger Expression Inventory; TSK-11=Tampa
Scale for Kinesiophobia; PCS=Pain Catastrophizing Scale; FABQ=Fear Avoidance Beliefs Questionnaire (PA=Physical Activity, W=Work);
PASS-20=Pain Anxiety Symptom Scale; PSEQ=Pain Self Efficacy Questionnaire; CPAQ=Chronic Pain Acceptance Questionnaire; SER= Self-

Efficacy for Rehabilitation.
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Table 2.

Methods for Calculating OSPRO-YF Factor Sub-scores

17-item OSPRO-YF

Calculation Included Items
Catastrophizing Factor Sub-Score Sum of items loaded on Catastrophizing factor 7,8,11,12
Negative Mood Factor Sub-Score Sum of items loaded on Negative Mood factor 3,4,5,6
Fear-Avoidance Factor Sub-Score Sum of items loaded on Fear-Avoidance factor 9,10
Positive Affect/Coping Factor Sub-Score | Sum of items loaded on Positive Affect/Coping factor 2,13,14,15, 17

10-item OSPRO-YF

Calculation Included Items
Positive Affect/Coping Factor Sub-Score | Sum of items loaded on the Positive Affect/Coping factor ™ | 14, 15, 17
Negative Coping Factor Sub-Score Sum of items loaded on the Negative Coping factor 7,8,10,11
Negative Mood Factor Sub-Score Sum of items loaded on the Negative Mood factor 1,3,4

*
Indicated items for the Positive Affect/Coping Factor have the same directionality and do notneed to be reversed for measurement and

interpretation of this sub-score.
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Contribution of 17-item OSPRO-YF Factor Sub-Scores to Pain, Disability, and Quality of Life Measure Scores

Coping Factor

Independent B (Unstandardized B (Standardized :
Model Variables df1, df2 Coefficient) Coefficient) p-value
Catastrophizing *
Factor 0.593 0.373 <0.001
Negative Mood _ B
Average Daily Factor 0.192 0.060 0.168
; Base Model
Pain R2=0.22 Block 1 ——— 4,435
: ear Avoidance B _
Factor 0.101 0.063 0.176
Positive Affect/ _ _ *
Coping Factor 0.253 0.220 <0.001
Interaction Model: No significant interactions
Independent
Model Variables dfl, df2 B B p-value
Catastrophizing *
Factor 0.108 0.403 <0.001
o Negative Mood -0.035 ~0.065 0.097
Disability RB;afg /31470de/ Block 1. - 4,435
- Fear Avoidance *
Factor 0.046 0.172 <0.001
Positive Affect/ _ _ *
Coping Factor 0.044 0.227 <0.001
Interaction Model: No significant interactions
Independent
Model Variables dfl, df2 B B p-value
Catastrophizing _ _ *
Factor 0.789 0.323 <0.001
Mental Eegatlve Mood _1547 ~0.318 <0.001%
enta Base Model actor
Quality of Life R2=0.37 Block 1 4,435
- Fear Avoidance
Factor 0.189 0.077 0.067
Positive Affect/ *
Coping Factor 0411 0.233 <0.001
Interaction Model: No significant interactions
Independent
Model Variables df1, df2 B B p-value
Catastrophizing _ _ *
Factor 0.724 0.319 <0.001
Negative Mood *
Physical Base Model Factor 0.626 0.138 0.001
Quiality of Life R2=0 24 Block 1 4,435
- Fear Avoidance _ B
Factor 0.169 0.073 0.109
Positive Affect/ 0410 0.249 <0.001%

Interaction Model: No significant interactions

*
significant (alpha=0.01)
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Contribution of 10-item OSPRO-YF Factor Sub-Scores to Pain, Disability, and Quality of Life Measure Scores

Factor

R
E%Sp'ltr']‘geég%cr” -0.296 -0.190 <0.001*
Averg%ei:nDaily gfjgll]%ode/ Block 1 gaeggtrive Coping 3,436 0.385 0.957 <0.001*
Negative Mood 0.350 0.084 0.068
Interaction Model: No significant interactions
Model Independent | dfa, df2 B B p-value
E%spll%eég%crﬂ -0.041 ~0.159 <0.001*
Disability g;aj(e)llgode/ Block 1 gaeggtrive Coping 3,436 0126 0501 <0.001%
Negative Mood 0.033 0.047 0.247
Interaction Model: No significant interactions
Model Independent | dfa, df2 B B p-value
E%Sp'ltr']‘;eég%cr” 0.466 0.196 <0.001*
Vel G gfjglgﬂ””el Block 1 | Negative Coping 3,436 -0.459 ~0.200 <0.001*
E‘:gztr“’e Mood -2.659 -0.419 <0.001%
Interaction Model: No significant interactions
Model Independent | dfa, df2 B B p-value
E%spll%eég%crﬂ 0.421 0.190 <0.001*
Qu;?ty; SLife gfjf)ﬁ”g””e/ Block 1 | Negative Coping 3,436 -0.756 ~0.354 <0.001*
Negative Mood 0.243 0.041 0.363

Interaction Model: No significant interactions

significant (alpha=0.01)
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