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What are patient-reported outcomes measures and for which purposes are they used in
patients with musculoskeletal diseases?
Musculoskeletal diseases (MSK) are major contributors to the global burden of disease [1]. The
present review summarizes the literature on patient-reported outcomes in MSK with a particular focus
on (polyarticular) osteoarthritis, ﬁbromyalgia, and various inﬂammatory arthritides (IA) (i.e., rheumatoid arthritis (RA), ankylosing spondylitis (AS), and psoriatic arthritis (PsA)) which are among the
most studied MSK in recent times. Outcomes of interest in these diseases, including pain, fatigue or
experienced difﬁculties performing daily activities, cannot be directly observed as they are only known
to the patient. Standardized assessments of subjective outcomes based on responses provided directly
by patients themselves, usually in the form of questionnaires, without subsequent interpretation or
alteration of the responses by anyone else are known as patient-reported outcomes measures (PROMs)
[2]. For an increasing number of outcome domains in MSK, PROMs are the accepted standard and a
large literature exists that supports the validity and reliability of PROMs applied in these populations
[3]. Even for outcomes domains for which ‘objective’ or physician-reported measures exist as well,
PROMs offer a number of advantages [4]. For example, PROMs usually come with lower costs, less
professional time, and no training is typically required for them to be implemented. Other advantages
of PROMs over physician-reported outcomes are that PROMs are not affected by observer bias, which is
of particular interest in for example quality assurance initiatives where health professionals might
assess patients from their own practice [1]. Moreover, patients only need to complete their own PROM,
whereas health professionals would have to complete physician-reported measures for all their
patients.
Large-scale assessments using PROMs were ﬁrst introduced in the ﬁeld of health services research
as a means to meet increasing societal demand for insight into the effects of healthcare on the lives of
patients. This demand resulted from increased healthcare spending in the second half of the 20th
century [5]. A variety of generic and disease-speciﬁc PROMs were developed during that time to inform
resource allocation decisions and to help healthcare providers and executives demonstrate value
created for their patients in terms of outcomes of interest to a wider audience than physicians alone [6].
Because of their widespread use, PROMs also became popular in clinical trials, and are now increasingly
used by pharmaceutical companies to support labeling claims for newly developed medical products
[7]. In recent times, the International Consortium for Health Outcomes Measurement (ICHOM) has
been working to implement PROMs in daily clinical practice to facilitate sharing of outcomes data
between healthcare providers for shared learning and global benchmarking [8].
Which domains of patient-reported outcomes can be distinguished and which of them are
important in patients with MSK?
PROMs can be used to measure the impact of health status on quality of life, i.e. to assess Health
Related Quality of life (HRQOL) [9]. While no comprehensive deﬁnition of HRQOL presently exists, a
useful structured representation of the HRQOL spectrum, as well as the ways in which different HRQOL
domains might interact is provided by the International Classiﬁcation of Functioning, Disability and
Health (ICF) [10]. The ICF framework considers health from a biopsychosocial perspective, in accordance with the WHO deﬁnition of health as a “state of complete physical, mental and social well-being
and not merely the absence of disease and inﬁrmity”. The ICF is a taxonomy with Body functions,
Activities, and Participation as three main components, which are hierarchically related concepts that
refer to different levels of consequence of disease, ranging from the biological to the individual and the
societal perspectives. Each component contains a number of subcomponents, referred to as chapters,
which can be further differentiated into codes. Each code refers to a speciﬁc health concept.
The body functions component pertains to the biological perspective and encompasses all physiological or psychological functions of body systems. Loss or abnormalities of body functions are
referred to as impairments (i.e. signs and symptoms of disease). Subjectively experienced impairments
(i.e. symptoms) such a pain and fatigue are common PROM domains since the patients themselves only
know information on these outcomes. The second ICF component “Activities” pertains to the individual
level and refers to the execution of speciﬁc everyday tasks by an individual. This component is
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concerned with activities a person may engage in during their daily lives, including self-care, mobility
and domestic life (household, work and chores). Activity limitations are commonly assessed by
measures of physical functioning in MSK. The ﬁnal component ‘participation’ refers to engagement of
individuals in social roles. Participation restrictions occur when disease-related impairments or activity limitations prevent an individual from participating in a social role. In the ICF framework
participation restrictions may involve major life areas (education or work), community, social or civic
life (e.g. engaging in leisure activities) and interpersonal interactions and relationships (e.g. maintaining family relationships). Several PROMs exist to assess participation restrictions in social roles [11]
or work disability [12].
As made clear by the foregoing, many different patient-reported outcome domains can be distinguished that could be assessed in studies of patients with MSK. To avoid difﬁculties in aggregating
results from different studies due to inconsistent outcome reporting, the most relevant outcome domains for a given research purpose may be summarized in international, consensus based core set
recommendations [13]. For various MSK conditions, core sets of outcome domains to be assessed in
clinical trials have been developed [14,15]. Van Tuyl et al. summarized PRO domains that are included
in these core sets [16]. She found that pain, physical function, and patient global assessment were
outcomes that were included in the clinical trial core sets for RA, ankylosing spondylitis, psoriatic
arthritis osteoarthritis and ﬁbromyalgia. Fatigue is included in the RA and FM core sets. According to a
2009 Systematic review, the majority of RA clinical trials do indeed report on physical function (89%),
patient global assessment (61%) and pain (56%), while fatigue was not yet frequently reported [17]. In a
more recent literature review of 250 articles by Kilic et al., in which also papers reporting on studies
other than clinical trials (n ¼ 137) were included, similar results were found, with physical function
again the most common PROM, followed by patient global assessment and pain, while other domains
including fatigue were less frequently assessed [18]. In 2017, EULAR published a core data set
recommendation for observational studies which included the PRO domains pain, PGA, physical
function and quality of life [19].
Recommendations for use of PROMs in daily clinical practice of patients of patients with IA were
recently provided by the ICHOM Inﬂammatory arthritis working group [20]. When compared with
clinical trial core sets, the ICHOM Standard Set for IA contains more PROMs. This is likely in part due to
the inclusion of patients in the working group as well as ICHOM overall focus on outcomes that matter
to patients. The ICHOM working group recommended assessment of pain, fatigue, physical function,
overall physical and mental health impact, and work/school/housework ability and productivity [20].
Across the various core sets, pain, fatigue, and physical function are the most common PROM domains, besides the overall assessment. These outcomes are also most frequently regarded as important
by patients according to various qualitative studies in which patients are asked to list or rank the most
important aspects of their disease [20e22]. Because of their importance across different MSK, the
remainder of this review will focus on the PROM domains pain, physical function and fatigue.

Which quality criteria are important for PROM measures to possess?
Validity
An assessment of the validity of PROM scores should provide information on the degree to which
the PROM scores are useful to answer the question of interest. While different methods have been
proposed to assess validity, these should not be considered as different forms of validity, but rather as
different ways to scientiﬁcally support particular interpretations of PROM scores [23]. Content validity
is one broad group of validation techniques that refers to an examination by experts of the degree to
which the PROM items are relevant to and representative of the domain the PROM intends to measure
[10]. According to the International society for quality of life research (ISOQOL), content validity of a
PROM should be supported by evidence that patients and/or experts consider the content of the PRO
measure relevant and comprehensive for the concept, population, and aim of the measurement
application [24]. The second important type of validity evidence is construct validity. Construct validity
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has different aspects, each directed at particular conditions that need to be met in order for PROM
scores to yield useful information. When a new PROM is developed or when a PROM is ﬁrst introduced
in a new patient population, support should be provided for the underlying measurement model of the
PROM. Most PROMs are multiitem questionnaires that have one or several (sub)scales that (all) intend(s) to measure a single (sub)domain of interest. Exploratory, bifactor and conﬁrmatory factor
analysis, as well item response theory IRT based techniques such as the Rasch measurement approach
and the non-parametric IRT models introduced by Mokken can be used to test or check whether
response data collected from the target population correspond with the intended measurement model.
These techniques also provide information on the degree to which the total score provides a useful
summary of the (sub)domain measured by the (sub)scale and can be used to weed out weak items.
Although these procedures are complex, there are various resources available to help researchers
perform and interpret Mokken scaling analysis [25,26], Rasch analysis [25] exploratory factor analysis
[27,28], and bifactor analysis [29,30].
Once the structure of a PROM is well supported, a next step in validation research is to provide
evidence that supports intended interpretations of the PROM scores. The intended purpose of many
PROMs is to document changes in status over time. The validity of change scores (responsiveness) is
therefore frequently particularly important when evaluating PROM score validity evidence. Responsiveness can be supported by showing that the magnitude of PROM change scores that occur over the
course of an intervention correspond with a priori expectations of the magnitude of change in the
construct being measured [4]. According to ISOQOL, the responsiveness of a PROM should at minimum
be supported by evidence that changes in scores are consistent with predeﬁned hypotheses regarding
changes in the measured PROM in the target population for the research application [24]. Similarly,
evidence should be gathered about the degree to which the correlations of PROM scores with other
measures are consistent with those expected. Construct validation is an iterative process in which
conﬁdence in the degree to which a PROM actually reﬂects the construct it intends to measure increases as applications of the measure consistently yield results that would be expected, given theories
about how the construct of the PROM being considered relates to other constructs [40]. Especially for
newly introduced PROMs, proper evaluation of construct validity requires investigators to be speciﬁc
about expected relations among instruments included in the validity assessment; taking into account
that the relations between the domains being measured, measurement error and method of measurement all contribute to the observed correlations. Ideally, explicit hypotheses regarding the
magnitude of the expected relations (e.g. correlations) between the instrument to be validated and the
instruments used for validation should be deﬁned before data is collected [31].
Measurement precision
Besides systematic biases, observed PROM scores will be affected by random measurement errors as
well and therefore the PROM score an individual patient achieves should be considered a more or less
accurate estimate of their true score. Classical test theory (CTT) is a psychometric framework that can
help understand the degree to which total PROM scores are affected by measurement errors (see box
1). If repeated measurements are available of the same group of patients, the test-retest correlation
coefﬁcient can be used to estimate reliability of the scores. The time interval between assessments,
together with the magnitude of the resulting test-retest (intraclass) correlation coefﬁcient provide an
indication of the degree to which scores can be generalized over time [11]. If only one measurement is
available and the PROM has multiple items, a lower bound estimate of the reliability coefﬁcient can be
calculated from the inter-item covariance matrix. Such reliability coefﬁcients assume that the individual items making up the PROM are essentially true score equivalent, which means that true scores
on the items are perfectly correlated but allowed to differ by a constant [32]. The most popular coefﬁcient, Cronbach's alpha, is known to underestimate this lower bound to a larger degree than less
commonly used alternatives, including the greatest lower bound reliability coefﬁcient and coefﬁcient
omega [33,34]. It has been recommended that for research purposes, reliability coefﬁcients should
generally exceed 0.80 [35].
It should be noted that reliability coefﬁcients pertain to a group of patients and should therefore not
be used when the precision of individual patient scores is of interest. Instead, for individual patient
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Box 1
CTT states that a patient’s (denoted i) observed PROM score (Oi ) can be decomposed into the
patient’s “true” score (Ti ) on the instrument and a random measurement error component
(Mi ), i.e. Oi ¼ Ti þ Mi . Because Mi is defined to be random, the expected value (mean) of a
distribution of measurement error scores over (hypothetical) repeated administrations of the
same PROM to patient i ¼ EðMi Þ ¼ 0 , hence EðOi Þ ¼ Ti , i.e. the observed score is an unbiased
estimate of the true score. Furthermore, it is assumed that error scores and true scores are
uncorrelated. This assumption allows the observed score variance in a group of patients to be
decomposed into a true score component and a measurement error component: s2O ¼ s2T þ s2M .
The overall precision of the scores in a population of patients can be quantified using reliability
coefficients that represent the proportion of the observed score variance that is accounted for
s2

s2

by variation among patients in the attribute of interest, i.e.: r ¼ s2T , ¼ s2 þTs2 . However, because
T
M
O
neither s2T nors2M can be directly observed, these quantities have to be estimated themselves
before the reliability coefficient can be calculated.

scores, 95% conﬁdence intervals can be calculatedpby
multiplying
the standard error of measurement
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ﬃ
with 1.96 [36]. The SEM is deﬁned as: SEM ¼ sO ð1  rÞ.
Although most psychometric studies in MSK research to date have relied on CTT for the assessment
of measurement precision, the CTT framework has well-known limitations. CTT based reliability coefﬁcients are not only inﬂuenced by characteristics of the PROM but to a large extent by the heterogeneity of the group of patients used to estimate them as well. Consequently, the generalizability of CTT
based estimations of precision is limited. Moreover, the standard error of measurement of individual
scores are based on the unrealistic assumption of equal error scores for individual patients.
These limitations are addressed in the modern test theory framework [37]. Within this item
response theory (IRT) framework, responses probabilities for each of an item's response options are
predicted using nonlinear functions of the latent variable. Scores can be estimated using maximum
likelihood or Bayesian procedures. The uncertainty about an individual’ score is reﬂected in the
standard error of the maximum likelihood estimate or the standard deviation of the posterior distribution when Bayesian scoring procedures are used. Because of the non-linear nature of IRT models,
these precision estimates vary as a function of the latent variable. Consequently, conﬁdence intervals
for individual score interpretations (which are calculated from the standard error of estimation) are no
longer of the same length for all patients. Instead, the length of the conﬁdence intervals depends on the
latent trait value of the patient and the characteristics (item parameters) of the items used to estimate
the score. The precision of an IRT scored PROM can therefore best be described over the different score
levels that be distinguished in a graph or a table with the standard errors or posterior standard deviations for different score levels [38]. However, more commonly, the information functions are shown.
Information functions are deﬁned as the expected value of the inverse of the error variance of the
maximum likelihood estimate. Each item has its own item information function which is calculated
from the item parameters. An item information function describes how much information an item
contributes to the IRT score, across the latent variable scale. The main advantage of information over
the standard error is that different item information functions can be added together to form the score
information function. For most two parameter IRT model-based scales, an information value of 10
corresponds to a standard error of 0.32, which in turn corresponds to 90% true score variance or a
reliability coefﬁcient of 0.90 [38].
Feasibility
Researchers intending to use a PROM for a particular purpose should ﬁrst assess whether the
required resources are available for the PROM to be implemented in that setting. Most PROMs can be
administered electronically or by hand. In individual studies, self-administered and computerized
versions of the same PROM are sometimes used interchangeably. In addition, patients are sometimes
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assisted by health professionals when ﬁlling out PROMs. Various studies that have examined the between method of administration variability of scores were meta-analyzed recently by Rutherfeld et al.
They found that mode of administration does not cause bias in patient-reported outcome results [39].
Rutherfeld et al. considered the mean differences in PROM total scores. Several studies were also
performed in which more detailed, item level IRT based analysis of differential item functioning was
performed [40]. Together, these studies suggest that mixed modes of administration do not lead to
biased results and different modes of administration might be combined within one study. This might
sometimes increase the number of patients that can be recruited, especially in resource scarce settings.
Electronic PROMs are almost by deﬁnition automatically scored, while self-administered PROMs
sometimes require complex scoring procedures, including those based on IRT that required specialized
software or access to (copyrighted) item calibrations and CAT algorithms. In addition, there is an
increasing number of PROMs that require a license fee for particular applications [20]. Comparability of
outcomes with previous studies is also a factor to consider when selecting PROMs for a new study.
There are also several aspects of patient burden that need to be considered. According to the ISOQOL
recommendations, patients should not be subjected to overly long questionnaires or to overly frequent
data collections [24]. The emotional impact ﬁlling out PROMs may have on patients should also be
considered. It has been shown that distressful survey content can negatively affect mood and increase
stress in patients, particularly those with pre-existing emotional vulnerabilities [41]. It is also important to consider the literacy levels of the target population. In general, it is believed that PROM items
should be written at 6th grade education level (i.e. suitable for children 11e12 years) [24]. The grade
level of a PROM text could be estimated using the Flesch-Kincaid grade level estimate [42] that is
embedded in the Microsoft Word, word processing software. It is also recommend to pretest PROMs
when they are newly developed or ﬁrst introduced in a new population. Two major types of cognitive
interviewing methods are available that can be used to verify that all items are understood as intended
by patients; think-aloud interviewing and verbal probing techniques [43,44]. In the verbal probing
approach, structured interviewing techniques are used to focus the attention on areas considered of
interest by an interviewer, allowing the interviewer to focus on particular areas that appear to be
relevant as potential sources of response error. In the think aloud approach, patients are encouraged to
work through the PROM while verbalizing their thoughts. The main advantage of think-aloud methods
is that there is minimal interviewer-imposed bias, and, consequently, unanticipated problems in the
response behavior of participants are more likely to be detected. These two methods therefore might
complement each other: Verbal probing techniques provide a good way to verify that questions are
comprehended as intended on a semantic and conceptual level in a structured setting where the
interviewer controls the course of the exchange. On the other hand, think aloud methods are useful to
learn about unanticipated problems [45].

What are suitable measures for important outcomes in RA?
Pain
Although it is widely recognized that pain is a multidimensional phenomenon, pain is almost
exclusively measured using unidimensional tools (i.e. pain intensity) in clinical trials in the various IA,
as well as OA, while for FM more elaborate, multidimensional pain PROMs have additionally been
applied [20,46]. In OA trials, the WOMAC pain scale has sometimes been used to measure pain intensity. However, single item pain scales such as the numerical rating scale (NRS) or visual analogue
scale (VAS) pain intensity are almost exclusively used in the other MSK reviewed here. Single item
PROMs have the advantage that they are fast to administer and easy to score. Moreover they are usually
highly sensitive to change [47] and yield reliable scores (i.e. test-retest reliabilities usually r > 0.7) [20].
The NRS is usually the preferred single item pain scale because it is easy to administer verbally or by
phone in contrast to the VAS [20,48]. A concern with single items NRS and VAS measures is that various
different formulations for the item and item response options are used, which makes it difﬁcult to
compare results between studies. The ICHOM IA group has proposed a uniﬁed formulation for the NRS
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pain, to be used in patients with IA [20]. Ten Klooster et al. showed that patients whose VAS pain scores
improve by at least 55% tend to view this improvement as satisfactory [49,50].
More comprehensive pain assessment measures such as the Multidimensional Pain inventory (MPI)
and brief pain inventory (BPI) are also are also available [48]. More recently, the PROMIS pain interference, pain behavior item banks have become available. Although individual PROMIS item banks are
unidimensional, these pain related item banks assess constructs other than pain intensity, which could
be useful to provide more in depth characterization of patients’ pain experience. However with some
exceptions, their measurement properties have not been studied in much detail in the various MSK
populations considered in this review [48,51e53]. The brief pain inventory has been shown to yield
valid and reliable scores in osteoarthritis [54,55] and was found to be more responsive to change
compared with the PROMIS pain interference scales [56]. Preliminary evidence about the PROMIS pain
interference item bank is also available for RA [54].
In addition to intensity and impact of pain on daily lives of patients, it is sometimes of interest to
assess the type of pain experienced by patients. While objective measures, including quantitative
sensory testing are usually considered the gold standard, several PROMs are also available that can be
used to given characterize the presence of particular types of pain or to monitor outcomes in terms of
these types of pain. PAINdetect is a PROM that can be used to identify neuropathic pain components
[57]. More recently, the Generalized Pain Hypersensitivity questionnaire has been developed to
identify patients with possible central augmentation of pain [10].
Physical function
Many different physical function PROMs are available with documented evidence regarding their
measurement properties in the MSK reviewed here [3,51,52,58,59]. In RA clinical trials, various versions of the Health Assessment Questionnaire (HAQ) disability Index are commonly used that are all
free to use and can be administered in less than 5 min [60]. The validity and reliability of HAQ-DI,
MDHAQ and HAQ-II scores in patients with RA are supported by a large body of evidence, and the
items are easy to understand for patients with different literacy levels [20,61]. The original HAQ-DI has
>60 translated versions. However, most of the items of the original HAQ refer to basic activities of daily
living. Hence, ceiling effects are a problem, particularly so in patients with controlled disease [3,62]. It is
therefore recommended to use the multidimensional HAQ (i.e. MDHAQ) or HAQ-II).
For patients with ankylosing spondylitis the BASFI is probably the most commonly used physical
function instrument. However, the Dougados Functional Index is an alternative option with items that
are likely to be easier to read. Measurement properties of both instruments were found to be well
supported by a systematic review [52]. BASFI and various HAQ versions are also commonly used in
psoriatic arthritis trials [20]. Various physical function PROMs, including the pain interference scales of
the BPI, the Sheehan disability scale and the FIQ physical function scale have been recommended for
ﬁbromyalgia [58]. However, none of these scales were reviewed in the only available systematic review
from 1990. The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) has been
among the most commonly used physical function PROMs in OA clinical trials. Various studies are
available that have shown WOMAC to yield reliable scores and that is has favorable psychometric
properties in OA populations [63]. Disadvantages of WOMAC are that licensing fees apply and that
different versions, including with different response options exist. Limited information is also available
in the public record regarding these different versions, which makes it challenging to compare outcomes between studies. The lower extremities functional scale has been recommended as an alternative physical function PROM in OA [60,64].
In principle, generic physical function measures such as the SF-36 and PROMIS physical function are
also available but are rarely used as endpoints in clinical studies in these populations, possibly because
their item content does not match sufﬁciently well with areas of particular clinical signiﬁcance for any
of the patient populations. For instance HAQ-DI is widely considered to have high content validity for
patients with RA because it has various items relating to dexterity, whereas BASFI focuses on activities
relating to the functioning of the central region of the body, which is more relevant for patients with
AS. The English version of all the physical function PROMs reviewed in this section can be downloaded
from the EULAR outcome measures library, free of charge.
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Fatigue
Like pain, fatigue is frequently assessed with single item, fatigue severity measures such as a VAS or
NRS. Although several studies support the validity and reliability of single item fatigue instruments
[65], it has also been shown that such measures yield less precise scores for patients with fatigue levels
on the lower and higher ends of the fatigue spectrum in patients with inﬂammatory arthritis [66].
Based on IRT analysis, it was recommended that the SF-36 vitality scale could be used for patients with
mild to moderate fatigue, while the multi-item BRAF-MD and FACIT were found to be well suited for
patients with moderate to high fatigue. Some authors have argued that fatigue is a multidimensional
construct. However, several studies show that item response data of multiple multi item fatigue instruments combined can still be described using a one-dimensional measurement model [67].
Future directions (IRT)
Most PROMs that are now in widespread use contain a ﬁxed set of items that is intended to be
administered to each patient. A key disadvantage of such measures is that they can only be used to
compare patients who have responded to all the items. It is generally not possible to compare scores of
groups of patients who have responded to different PROMs. Individual patient scores can only be
compared over time or between patients if there are no missing individual responses, unless exactly
the same responses are missing for all comparisons.
Many recent developments in PROM research rely on item response theory based approaches,
where such problems do not exist. With IRT, large numbers of items that measure the same
construct can be calibrated to a common scale. In this way, IRT can be used to develop universal
metrics on which (potentially all known) items of a particular PROM domain can be mapped. This
has several useful applications that are increasingly being explored in the ﬁeld outcomes research.
Firstly, this allows outcomes to be compared between studies in a way that is otherwise only
possible if the same PROM was used in all studies. In several early studies, the items of two PROMs were
linked to a common scale, in order to produce a crosswalk table for converting scores [68,69]. More
recently several larger projects have been completed in which the items of multiple PROMs were linked
to a common scale. For instance, the items of 10 commonly used physical function PROMS, including
multiple versions of HAQ, BASFI, Funktionsfragenbogen Hannover, SF-36 physical function scale, Rasch
assessment of everyday activity limitations, PROMIS physical function and a NRS were calibrated to a
common scale [70]. This project supported the ICHOM IA initiative in which a standard data set was
developed to support widespread collection and reporting of outcomes data in clinical practice. The
standardized physical function reporting metric allows healthcare providers and researchers to report
outcomes obtained using any of the physical function measures endorsed by the ICHOM IA working
group and still compare outcomes with other professional who have used a different instrument.
In the PROSETTA project several commonly used “legacy” (i.e. previously existing ﬁxed length)
measures of various PROM domains were linked to the corresponding PROMIS item banks. For
instance the HAQ-DI and SF-36 physical functioning scale were linked to PROMIS physical function
[71]. The goal of the PROSETTA project was to help researchers interested in using the PROMIS instruments to transition from legacy measures to PROMIS. Similar initiatives were performed for fatigue and pain [72].
There is also an ongoing project in which ICF-based common metrics are being developed to allow
standardized documentation of functioning information in national health information systems. In
that project, the content of various PROMs is linked to the ICF using a standardized approach [73]. Items
that pertain to similar ICF chapters are then jointly calibrated to facilitate standardized chapter
reporting for professionals that have used different instruments [74,75].
IRT is not only useful for standardization but also for developing targeted optimally precise
measures. This is achieved by making use of the fact measurement precision is locally deﬁned in
IRT. Two different methods have been described in the literature that help researchers to develop
psychometrically optimal measures by automating the item selection process. Computerized
adaptive testing (CAT) is the best-known procedure in which scores of individual respondents are
optimized in real-time by having a computer select items from an item bank that provide the
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most information about a respondent's trait level, given their the estimated level of the respondent based on item responses up until that point [76,77]. If there are sufﬁcient numbers of highquality, well-matched items in the item bank, CAT allows shorter, yet more precise assessments of
patient reported outcomes, compared with ﬁxed length instruments. The Amsterdam Linear
Disability score is an early example of a physical function item bank for which a CAT algorithm has
been developed [78]. The PROMIS project is the ﬁrst initiative aimed at bringing the advantages of
IRT and CAT to health outcomes measurement. In that project, a domain framework was ﬁrst
developed that intends to comprehensively capture the various PROM outcome domains that are
in widespread use. Subsequently, item banks and CAT were developed to assess individual domains. In principle, the PROMIS item banks are fee to use, although assessment using CAT may
require access to an online platform for which a fee is still payable. Accumulating evidence
suggests that assessment based on the PROMIS item banks can yield better results compared with
routine measures in the MSK populations [79e91]. However, relatively few studies have yet
examined the responsiveness of CAT versus short-forms. Besides PROMIS there is a multidimensional CAT for fatigue [92].
Optimal Test Assembly (OTA) is an alternative approach for deriving ﬁxed-length questionnaires. It
differs from CAT in that the most suitable items are selected for a range of trait levels that are
considered relevant a priori [93]. The result of the process is a ﬁxed-length instrument that is optimal
with respect to the precision of scores for the deﬁned population as well as a number of other
constraints. OTA methods retain many of the beneﬁts of CAT and can be applied in settings in which
there is no access to the required infrastructure for CAT. Thus far, OTA methods have been in a single
study in the reviewed conditions. In that study, it was shown that an OTA based measure of physical
function outperformed the HAQ-DI in terms of ceiling and ﬂoor effects and measurement precision,
with only 6 items. However, in that study, it was also shown that CAT performed better than both
HAQ-DI and OTA [94].

Summary and conclusions
While traditionally PROMs featured predominantly in clinical trials, the increasing interest of
various stakeholders in outcomes of MSK patients has resulted in their widespread use in longitudinal
observational registries, comparative effectiveness research and daily clinical practice as well. Various
Core/Standard Set recommendations described in the present review offer guidance on the most
relevant patient reported outcome domains in various MSK populations. Typically, researchers must
choose between several PROMs that are available for the outcome domain they wish to assess. To help
researchers and clinicians select the best PROM for use in their research projects we described which
measurement properties are important to consider when reading PROM validation studies and,
whenever possible have, provided quality criteria for these measurement properties. We ﬁnally
described that researchers are increasingly making use of IRT based methods to develop standardized
item banks for different patient reported outcome domains. CAT, OTA and linking different PROMs to a
common scale are several applications of IRT based item banking that will no doubt shape how PROMs
are used in the future.

Practice points
 Patient-reported outcome measures are increasingly common in clinical trials, clinical
practice and assessment of quality of care of patients with musculoskeletal diseases.
 Pain, fatigue, physical function, and patient global assessments important PROM domains
that are relevant across the various musculoskeletal disorders.
 Selection of suitable Patient reported outcome measures should be based on documented
evidence regarding their measurement precision and the validity of the scores.
 Patient reported outcomes research increasingly makes use of modern test theory and
computerized adaptive testing.

Please cite this article as: Oude Voshaar MAH, van de Laar MAFJ, Taking the patient and the patient's
perspective into account to improve outcomes of care of patients with musculoskeletal diseases, Best
Practice & Research Clinical Rheumatology, https://doi.org/10.1016/j.berh.2019.101436

10

M.A.H. Oude Voshaar, M.A.F.J. van de Laar / Best Practice & Research Clinical Rheumatology xxx (xxxx) xxx

Research agenda
 More head-to-head comparisons of responsiveness of CATs versus fixed length PROMs
should be performed.
 Domain specific item banks that include items of commonly used PROMs for specific domains should be developed to facilitate score comparisons between studies and development of targeted instruments for different research populations.
 Existing PROMs can be further refined using Optimal Test Assembly based methodology.
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