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Highlights

- Clear definition of the domain we want to measure is a necessary prerequisite to the selection of a
good instrument.

- Measurement instruments, whatever the domain they strive to measure, are always the result of the
interaction between the instrument (technique+ application + scoring system) and a domain of interest,
and it is always the score that is used to represent the domain.

- Imaging outcome measurement instruments for research are not the imaging techniques themselves
(i.e. ultrasound or X-ray), but the result of a formalized interpretation (through a scale or score)

- Clear identification of the sources of variability that can directly influence the instrument and therefore
the measurement of the domain of interest should be clearly identified before endorsing any outcome
measurement instrument



Abstract
Objectives

Imaging is one of the most rapidly evolving fields in medicine. Unfortunately, many imaging technologies
have been applied as measurement instrument without rigorous evaluation of the evidence supporting
their truth, discriminatory capability and feasibility for that context of use.

The Outcome Measures in Rheumatology (OMERACT) Filter 2.1 Instrument Selection Algorithm (OFISA)
is used to evaluate such evidence for use of an instrument in a research setting. The objectives of this
work are to: (1) define and describe the key conceptual aspects that are essential for the evaluation of
imaging as an outcome measurement instrument and (2) describe how these aspects can be assessed
through OFISA.

Methods

Experts in imaging and/or methodology met to formalize concepts and define key steps. These concepts
were discussed with a team of patient research partners with interest in imaging to refine technical and
methodological aspects into comprehensible information. A workshop was held at OMERACT2020 and
feedback was incorporated into existing OMERACT process for domain and instrument selection.

Results

Three key lessons were identified: (1) a clear definition of the domain we want to measure is a
necessary prerequisite to the selection of a good instrument, (2) the sources of variability that can
directly influence the instrument should be clearly identified, (3) incorporating these first two lessons
into OFISA improves the quality of every instrument selection process.

Conclusions

The incorporation of these lessons in the updated OMERACT Filter (now 2.2) will improve the quality of
the selection process for all types of outcome measurement instruments.

Keywords:

Imaging, Outcome measurement instruments, OMERACT, patient reporting outcomes, ultrasound, MRI,
rheumatic and musculoskeletal diseases, methodology.



Introduction

Imaging tests are among the most rapidly evolving fields within medicine. In the last 40 years,
management of diseases has been transformed by the rapid expansion of sophisticated new
technologies offering a large range of options for identifying, monitoring and predicting pathological
processes. Unfortunately, many of these technologies, including imaging, have been used as
measurement instruments and disseminated into daily practice or employed as endpoints in clinical
trials without rigorous evaluation of the evidence supporting their truth, discriminatory capability and
feasibility for that context of use.

In 1992, Outcome Measures in Rheumatology (OMERACT) was established to improve the quality and
consistency of measurement in clinical research by developing “core outcome sets (COS)” that
recommend a minimum set of measures that should always be used in clinical trials (and observational
studies) in different rheumatological disorders. This ensures valid and comparable results between
trials, reduces research bias, and benefits clinical decision makers.

Since 2014, OMERACT has updated and clarified the two stages needed to form a COS. The first is to
develop “core domain” sets to define “what” should be measured in a COS. A core domain may be a
body function (e.g. inflammation), a consequence of a disease (e.g. structural damage), or the impact of
a disease (e.g. on quality of life). This means that in a “core domain” set, the domain of interest needs
to be clearly identified, and its definition is to be provided. Once this stage is completed, measurement
instruments can be selected and included in a “Core Outcome Measurement” set (i.e. “how” to measure
the core domain). Together the core domain set and the core outcome measurement set form a
complete COS. (1-5).

Importantly, regardless of the nature of the chosen instrument (patient-reported, clinician-reported,
performance-based, laboratory findings or observations through imaging), the selection of any outcome
measurement instrument should follow the same evidence-based decision-making process. This means
gathering enough evidence to demonstrate that the instrument can truthfully assess that domain,
discriminate between situations of interest and be feasible to use in the context of clinical studies in a
defined population (6). The score obtained by such measurement represents the outcome of interest
(for example, a synovitis score). OMERACT requires identifying at least one instrument for each domain
of interest.

Imaging as a measurement instrument

Firstly, it is important to understand the mechanisms by which different available imaging techniques
lead to the production of an image. Images are the result of the detection of an interaction between a
form of energy and organs, tissues or cells. The same device usually produces the energy, detects the
interaction and translates it into an image (i.e. makes it visible). Domains measured by imaging fall
under the broad category of biomarkers in the core area of pathophysiological manifestations of the
disease in the OMERACT framework, such as body function and structure, organ function (1,2). These



domains are usually physiological or pathological manifestations of a health condition (i.e. disease-
centered domains), and importantly this can include both reversible (e.g. inflammation) and irreversible
(e.g. structural damage) manifestations which can occur independently or concurrently.

The ability of an imaging technique to detect and measure a structure or process is firstly dependent on
its technical characteristics (i.e. can this form of energy visualize the organ or process under study?) and
on its technical performance (i.e. is the signal-to-noise ratio appropriate?). Table 1 shows some
examples of imaging techniques used in medical imaging, the physical principles generating the energy
and the tissue interaction.

Table 1. The mechanism by which different techniques lead to an image.

Imaging technique Physical principles  Tissue interaction Example result
Radiography X-ray radiation Absorption by Ca++ Images of bone
in tissue
Ultrasound greyscale  Sound waves Reflection and refraction Images of soft tissue
by tissues
Ultrasound Doppler Sound waves Reflection and refraction Images of blood flow
by moving blood cells movement/presence
MRI Magnetic gradient  Energy released by Images of tissue
relaxation of protons based on water content

in the cells of tissues

For example, X-ray radiation is applied in conventional radiography (CR) and reflects the degree to which
the X-Ray radiation is blocked or attenuated by different tissues within the body. X-ray radiation can be
harmful; therefore, the applied energy should be minimized. Since the generation of the image (i.e.
different attenuation between tissues) and the correct discrimination between structures (i.e. spatial
and contrast resolution) are dependent on the energy of the X rays, only dense tissues are perfectly
visualized. CR is best for visualization of bone. Furthermore, as the X-rays pass through the tissue, a bi-
dimensional image of a tridimensional structure is obtained. Thus, the image also depends on the angle
of incidence of the X-ray beam and the position of the tissue. The use of computed tomography (CT)
overcomes the problems related to the incidence of the X-Ray beam, but not those related to the
radiation.

A second important aspect is the correct interpretation of the image by humans or computers. One of
the key challenges in using imaging as measurement instrument, especially in research, is the complex
interaction between the technical characteristics of the imaging technique, the setting in which it is
applied (e.g. clinical practice or research), and the interpretation of the acquired data. In clinical
practice, images are usually interpreted in a qualitative, or semi-quantitative way. The imaging
examiner/reader records the presence or absence of certain pre-established features that suggest a
diagnosis. In sequential examinations, the examiner/reader can detect presence of absence of change
(improvement or deterioration of a given feature), and true quantification can be limited to recording



the physical dimensions of a feature (e.g. the diameter of a pulmonary node with X-Ray or CT) but also
to the use of more sophisticated measurements obtained by post-processing of the images such as with
magnetic resonance imaging (MRI) (e.g. apparent diffusion coefficients in diffusion-weighted MRI, T2
relaxation times in T2 mapping MRI).

To use imaging techniques as measurement instruments in research, a formal scale or score is needed.
Manifestations or abnormalities visualized by imaging can be quantified either by a nominal
(present/absent) or an ordinal (semi-quantitative) scale of subjective observer-based judgments; or by
an interval scale of units that assess a physical dimension (length, area, volume, velocity, uptake, etc.).

Thus, an imaging outcome measurement instrument for research is not about the imaging technique
itself (i.e. ultrasound, MRI or X-ray), but about the result of a formalized interpretation (through a
quantitatively or continuous scale, or binary or semi-quantitative scoring systems) of an image acquired
through a standardized application of the technique to tissues, organs, structures and processes.

The instrument (imaging technique + application + scoring system) yields results that represent the
imaging domain (or domain of interest) for a research study (in OMERACT, this is primarily a clinical
trial).

In many ways this definition of an instrument also applies to other types of instruments, including
patient-reported outcomes (PROs) measures where the items and response options along with any
instructions are the equivalent to the technique used (i.e. ultrasound, MRI, etc.). The specific
questions/items and their interpretation are the scoring system (or instrument).

Measurement instruments, whatever the domain they strive to measure, are always the result of the
interaction between the instrument (technique + application + scoring system) and a domain of interest
(for example joint inflammation, fatigue or work productivity), and it is always the resulting score that is
used to represent that domain. In the application of imaging as measurement instrument, the
interaction between the imaging technique, the way in which the image is acquired, the domain of
interest and the reader interpretation may influence the result of measurement.

In 2008, a methodological work performed by D’Agostino focused on evaluating the possible sources of
variability influencing an imaging technique, ultrasound, when used as a diagnostic test, and underlined
the need to evaluate and standardize the complex relationship between the instrument and the domain
under study, especially in the absence of a gold standard (7). The methodology proposed in such setting
was then applied within the OMERACT Ultrasound Working Group to develop imaging outcome
measurement instruments based on ultrasound (8) and within several European Alliances for
Rheumatology (EULAR) initiatives culminating into developing recommendations on how to report
ultrasound studies in rheumatic diseases (9), and contributing to the efforts made by the COnsensus-
based Standards for the selection of health Measurement INstruments (COSMIN) initiative to evaluate
risk of bias in reliability studies (10).

Following these concurrent initiatives, it was pointed out that the complex relationship between the
technique, its application, and the scoring system produced, has rarely been evaluated in existing



outcomes measurement instruments especially in more technically driven instruments such as imaging
instruments.

The objective of this work, therefore, is to critically define and describe two key conceptual aspects
identified as essential for the development and evaluation of imaging outcome measurement
instruments that can be used as lessons learned for other types of instruments as well:

- Clear definition of the domain we want to measure as a necessary prerequisite to the selection
of a good instrument.

- Clear identification of the sources of variability that can directly influence the measurement of
the domain of interest and therefore the correct development and application of the scoring
system.

An additional objective, constituting the third lesson, is that the application of the first two lessons to
other instruments, improve the quality of instrument selection for all clinical and biological outcome
assessments and that such selection can be performed through the application of the OMERACT Filter
2.1 Instrument Selection Algorithm (OFISA).

Methods

A group of five experts in imaging and/or methodology met over the last three years to address the key
points needed for evaluating the quality of imaging outcome measurement instruments and to identify a
possible stepwise approach to the aforementioned objectives.

Several face-to-face and online meetings were performed to formalize concepts and define the key
steps needed for evaluating imaging instruments aligning with the algorithm process proposed by
OMERACT for selecting measurement instruments (4). The group obtained a stepwise approach that was
subsequently discussed with a team of patient research partners with interest in imaging (OMERACT
Patient Research Partner Task Force on Imaging Outcomes) to refine technical and methodological
aspects into useable information for imaging experts, patients, members of the OMERACT community
with little knowledge of imaging, and also methodologists outside OMERACT.

Training tools were then developed by the task force to support the uptake and discussion of these
lessons at an OMERACT Workshop held in October, 2020 (videos on each lesson available at:
https://omeract.org/instrument-selection/), where 62 persons (50 clinician/researchers and 12 patients)
participated in iterative clarification and refinement of the lessons and their application to the outcome
measurement instrument selection. Feedback from these groups was then integrated, and the resulting
key points were incorporated into OMERACT processes for Core Domain Sets and Core Outcome
Measurement Instrument Selection processes in the updated OMERACT Filter 2.2. (11)

Results

Lesson 1. Detailed definition of the domain of interest is the foundation for instrument selection




The first step in the identification of the most appropriate instrument returns to the last step of the
domain selection process (3): there needs to be a clear definition of the domain we are interested in,
and this must come before the OMERACT instrument selection process begins. Without a definition that
offers enough clarity of the domain, and of the range of variety expected in a population, it will be
difficult to evaluate if a candidate outcome measurement instrument will be able to measure the
domain of interest (e.g. inflammation). Sometimes definitions are deliberately broad in nature. For
example, “pain” is a broad and complex domain that may require more detail — for example, pain
intensity, duration or frequency, or whether it is intermittent or constant pain (12). In the same way,
“inflammation” can be described using more specific attributes: tissue inflammation, soluble mediators
of inflammation, organ or structure (i.e. joint) inflammation, etc.

Therefore, researchers should first specify which precise characteristic or aspect of a “broad” domain
they are interested in measuring — we propose to call this the “target” domain — then he/she should
verify that a candidate instrument is able to measure such “target domain”.

No imaging technique is able to assess all anatomical structures and all pathophysiological
manifestations. Once the appropriate imaging technique is chosen, it is necessary to verify whether the
result (i.e. the image) obtained has an appropriate relationship with the target domain under study.

Therefore, a stepwise process is recommended to yield a detailed definition of the target domain.

a) In what Core Area are we working? As stated above most imaging outcomes fall within the core area
of (pathophysiological) manifestations of the disease.

b) What do we want to measure? This requires good understanding and clarification of the domain of
interest or Broad Domain: i.e. the manifestation of interest within the Core Area of
Manifestations/Abnormalities;

c) What are we focusing on? This requires specification and conceptual (“theoretical”) definition of the
Target Domain: i.e. a structure or process within the broad domain that we want to assess;

d) What can we actually measure? This requires identification and “operational” definition of the
measurable Domain Components (“elementary components”): i.e. the (parts of the) process or
structure that can actually be measured by the imaging technique.

The choice of the best imaging technique requires verification that the technique is able to visualize the
process/structure within the manifestation of interest (target domain) and to detect ‘enough’ domain
components. This point implies a comprehensive description of the domain and the elements of that
domain that the instrument is able to detect and measure. Finally, the instrument needs to have
accurate and consistent definitions of the target domain and its elementary components before it can
be selected for a core set. Figure 1 shows this stepwise process.



Framework perspective Domain perspective Technique perspective

Core Area What we... Manifestations
Broad Domain want to measure Inflammation
A\ F\
. N . .
Target Domain ‘ focus on p Synovial ‘ Theoretical definition - Synovial
inflammation LV inflammation
: detectable by US
Synovial . .
Domain inflammation * hypoechoic synovial
| hypertrophy (SH)
CePEETE elementary ; S « increased Doppler
can actually measure Operational definition(s) " ar
— components S signal within SH

Figure 1. A Process for the identification of the layers of the domain identification and definition. On
the left is shown the recommended framework for describing the domain of interest (i.e., broad
domain), what we want to focus on measuring (i.e., target domain) and the components of that target
domain that need to be measured (i.e., domain components). In the middle is shown what this
framework might look like from the perspective of the domain, in this case the broad domain of
inflammation leads to the more specific target domain of synovial inflammation. Finally, on the right is
the technique perspective showing that ultrasound is the technique of interest for assessing the synovial
inflammation (i.e., ultrasound-detected synovitis) and the elementary component definitions needed to
operationalize the assessment of the target domain are described (i.e., hypoechoic synovial
hypertrophy).

This ‘boxes’ approach provides an easy template to start the assessment of face (theoretical definition)
and content validity (operational definitions) of an imaging instrument.

The domain definition template in Appendix 1 shows examples of broad and target domains as well as of
domain components and clarifies the concept of theoretical and operational definitions.

In the instrument development process, face and content validity - both theoretical and operational
definitions - (i.e. clarity, accuracy and comprehensiveness) should first be tested and found to be
acceptable under ideal conditions. This implies searching the literature for definitions, formulating initial
definitions and, based on these, developing possible scoring systems, optimizing and agreeing through a
consensus process (such as Delphi) among experts, and testing for validity and reliability on static
images or video clips and on patients. Through this, candidate scoring systems can be developed. Often,
this process is iterative before the final instrument (definitions + scoring system) is complete and ready
for a full evaluation using OFISA. Therefore, from the perspective of a researcher searching for an
imaging outcome measurement instrument for a core set (for example an ultrasound scoring system for
synovitis), the selection should be based on the assessment of the literature on the development of the
instrument, and the documentation that the above steps were performed (8).

Lesson 2. Understanding the sources of variability that influence outcome measurement instruments
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Variability and errors are inherent to every measurement instrument. Measurement errors to be
considered are random measurement errors (noise), which affect reliability of the instrument, and
systematic measurement errors (bias) which affect validity (15-17).

The knowledge of possible sources of variability affecting the measurement instrument and of the errors
they may generate is an essential step in the choice and validation of an imaging outcome measurement
instrument. As stated above, one of the main challenges in the development and proper use of imaging
outcome measurement instruments is the complex interaction between the technical characteristics of
the imaging technique, the setting in which it is applied, and the influence of several factors on the
interpretation of the acquired data. All of these create sources of variability.

In imaging, variability is firstly related to the technical performance of the imaging instrument, as well as
the quality and implementation of the imaging acquisition protocol (i.e. proper choices for radiation
dose, MRI sequences, ultrasound setting, patient and probe positioning (18-19). Next, variability is
related to the quality of the agreed definition(s) of what should be measured and assessment of severity
of the studied lesion(s), the precise details of the scoring methodology that are available as well as
knowledge transfer tools (20-22). For example, the measurement of synovitis on ultrasound in
peripheral joints is different from the assessment of bone marrow edema, by MRI, in complex joints like
the sacroiliac joints. Each assessment is based on different methods. Various methods have been used.
A significant problem is a lack of description of some of the methods used which leads to variation in
interpretation and application of such methods. Therefore, lack of knowledge on how to correctly score
is also an important source of variability. The quality of training of the operator or reader is also of
utmost importance, and standards or targets set for what constitutes acceptable scoring proficiency
should be clearly defined in advance and consensually agreed upon by experts.

Finally, other sources of variability may appear during the examination, due to the system set up (e.g.
artifacts due to the superposition of imaged structures in X-Rays), the patient (e.g. movement during an
MRI examination, physical characteristics such as body mass index or deformity), or both (e.g. the
positioning of the ultrasound probe influencing the trajectory of the ultrasound beams; position and
movement of a patient during an ultrasound examination) (23-24). These interactions and their
associated variability need to be accounted for before a score based on a given technique can be
developed, accepted and evaluated as an imaging outcome measurement instrument in research.

The same is true for instruments based on PROs. Looking at the literature on questionnaire-based
instruments that assess at the impact of paper and pencil versus computer interfaces, similar concerns
over undesired sources of variability in scores can be noticed. Therefore, the much more explicit
attention to sources of variability in imaging outcome measurement instruments is beneficial for other
types of instruments as well, such as clinically assessed outcomes (i.e. joint counts, enthesitis
assessments) or PROs. (13). In all cases, what we want is to measure the true state
(presence/absence/extent) of the manifestation, in the absence of errors.

Table 2 shows in details the mains sources of variability affecting imaging outcome measurement
instruments and the errors they generate, as well as possible solutions to be applied to reduce such
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variability. Table 3 shows how the same variability aspects, and the same errors, may affect instruments
based on PROs, as well as possible solutions to apply.
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Source

Target Domain

Imaging Method

Reader/Technician

Patient/Disease

Specifics

Theoretical
and operational
definitions

Technical
characteristics

Machine
parameters

Scoring manual
Definition of
target domain

Acquisition

Interpretation
Physical
Characteristics

Disease
characteristics

Error type

Systematic

Systematic

Systematic

Systematic

Systematic

Random

Random

Systematic

Random

Example

Biased definitions

Biased equipment
(incorrect calibration)
Bias in probes, settings,
doses, etc.

Unclear understanding
of scoring method

Biased understanding
of target domain

Unclear protocol,
unreliable application,
lack of training

Unreliable interpretation
Improper positioning
due to joint deformities

Variability in spectrum
of disease/detection threshold

Solution

improve definitions
through repeated exercises

Use quality equipment,
proper calibration

Use quality equipment,
proper procedure
Clear description

of scoring framework

Evidence-based agreement
on definitions

Improve protocol,
institute training

Establish reference standards,
e.g. atlas, training

Adapt procedure

Use mean
of multiple measurements,
appropriate patient selection

Table 2. Sources of variability affecting Imaging Outcome Measurement Instruments

Source

Target Domain

PRO Approach

Gathering Information

Patient/Disease

Specifics

Theoretical
and operational
definitions

Technical
characteristics

PRO approach
parameters

Acquisition

Environment

Guessing

Physical
Characteristics

Disease
characteristics

Error type

Systematic

Systematic
Systematic

Random

Random/
Systematic

Systematic

Systematic

Random

Example

Biased definitions,
domain captured by instrument
differs from the target domain

Biased wording:

positive versus negative wording
Biased scoring:

computer- versus paper-based
Unclear instructions

for completion of questions, e.g.,
how to answer if you are using
an adaptive device

Noisy environment may cause
poor attention to details

When questions are unclear
people will guess

Joint damage may preclude
change in function

People with longer term disease
more likely to adapt techniques,
e.g., cane use

Solution

Improve definitions
through repeated discussions,
repeated exercises

Look at wording of questionnaires

Test to estimate bias,

use only one consistent approach

Improve protocol,
pilot test instructions
to assess understanding

Provide consistent, quieter area
for completion of questionnaires

Pilot test questionnaire
to ensure good understanding

Be sensitive to patient population

and adaptive techniques

If this is an issue, consider it
at selection

Table 3. Sources of variability affecting Patient Reported Outcome Measurement Instruments
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Sources of variability have the effect of either decreasing precision or leading to a mis-estimation of the
outcome. For example, if one examiner consistently over-estimates the amount of synovitis during an
ultrasound examination, his/her results will probably differ from those of another examiner. Reducing
the impact of the source of variability is important and becomes part of operational guidelines for the
application of an imaging instrument. Possibilities include having two independent assessments and
using the average of measurements (which cannot avoid ascertainment bias), using only one highly
skilled examiner for the whole trial, or training all examiners until their inter-rater agreement is
sufficient. Variability of imaging data acquisition should be minimized through standardization of the
protocol and operator training, and variability of imaging data interpretation through the use of
consensual definitions, pre-reading or pre-interpretation, calibration sessions, utilization of imaging
atlas, and through several steps of reliability sessions.

Imaging outcome measurement instruments make these sources of variability quite transparent. This
step is still based on the evaluation of the influence of each potential source of variability in test-retest
and reliability studies allowing assessing the impact of these sources on the instrument performance.
Articulating efforts to identify and mitigate unwanted variability will be part of the very early stages in
developing and selecting an instrument because they form the basis for using imaging as outcome
measurement instrument. The same exercise of identifying and reducing sources of variability is
important for any type of outcome.

Lesson 3. How OFISA should be applied in the selection of imaging measurement instruments for core

outcome measurement sets

OFISA is a staged decision-making tool to guide core set developers through evidence-based decisions
on the selection of outcome measurement instruments. OFISA encompasses the traditional elements of
the original OMERACT Filter (6): Truth, Discrimination and Feasibility. In OFISA these are applied in a
new order where Truth is divided into two criteria: i. Truth-1 evaluating what the instrument is be able
to capture in the target population (traditionally the properties of Face and Content Validity), and ii.
Truth-2 which corresponds to the more traditional evaluation of whether the instruments score relates
to other instruments (Construct (and rarely, Criterion) validity). In between the two is the Feasibility
assessment, a very practical review of the usability of the instrument (burden, equipment needs, access,
scoring framework and complexity, availability of validated knowledge transfer tools).

In OFISA, a decision is made after the assessment of domain match (Face and Content Validity) and
feasibility as to whether to continue to assess the measurement properties of an instrument in depth.
Failure to meet the Truth-1 and Feasibility criteria in OFISA means that the instrument assessment
should not progress for further consideration as nothing can repair poor content in a questionnaire or
an insurmountable hurdle in access to a particular pathophysiological process with an imaging
technique.

In practice for imaging instruments, the issue of problematic feasibility only truly becomes apparent
when the instrument is tested for reliability between readers and repeated testing demonstrates
repeated failure to attain adequate reliability. For these reasons these two steps go together, even if the

14



feasibility aspects may be evaluated also later in the evaluation process. The next step in assessment is
Truth-2 where Construct (and wherever possible, Criterion) validity is assessed. OFISA then continues to
look at the elements of discrimination, typically test-retest reliability studies in large samples,
responsiveness (Longitudinal Construct validity), and discrimination between groups such as we would
find in a clinical trial and establishing thresholds of meaning.

The current OFISA, developed for clinical and patient-centered outcome instruments, with minor
adjustments can be therefore applied to complex instruments such as imaging measurement
instruments and in so doing improve the process for all types of instruments. Figure 2 shows where the
first 2 lessons should be included in OFISA.

OMERACT Filter 2.1: Instrument Selection Algorithm

No

Mk i Red Amber Green
Levels formation c1ae  flag  Flag

Available
of definition
! D \ Is it a match with target domain? (Truth)
—
Is it practical to use? (Feasibility) 0 o e

Identify potential
sources of variability %@
in instruments > Do numeric scores make sense? (Truth)

(scoring systems)

Can it discriminate between groups of
interest? (Discrimination)

Assessment

A

Notendorsed Provisional endorsement e
O Seta research agenda
MERACT

Figure 2. Where lessons 1 and 2 should be evaluated in OFISA

Discussion

In the process of reviewing outcome measurement instruments that are used in the broad field of
imaging and how they move through the OMERACT instrument selection process, 2 core lessons
emerged that are applicable to all OMERACT instruments and all OMERACT selection domains.

First, a good instrument selection process must be preceded by a clear definition of what we want to
measure and of what we are able to measure. The new template (Figure 1) for detailed domain
definitions should help to improve this process and considered the end product of the creation of a core
domain set.

Second, sources of variability (noise and bias) can, and should, be identified at the domain definition
level or when a candidate instrument is identified. Noise (artifact) can affect reliability and should be
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minimized by proper procedures, training, and use of reliability exercises or repeated measurements.
Bias can affect validity, and can be minimized through use of high-quality equipment, proper calibration,
high quality definitions of the target lesions, and proper training in the application of the instrument,
and defined study design. ldentifying sources of variability is now part of the instrument selection
process, adding it onto the domain definition template.

Finally, the OMERACT OFISA has been updated in Filter 2.2 to include the work presented here. The
changes to OFISA associated with identifying sources of variability will also help in identifying factors
that could be influencing the score obtained on an outcome instrument.

The adjustments to the instrument selection process described above, complement and clarify the work
made by Easson et al (14), in reviewing key aspects of measurement properties for imaging outcomes. It
addresses a gap identified when we tried to apply a PRO-oriented instrument selection framework to an
imaging outcome. The lessons work both ways: we learned that elements prominent in imaging
outcomes also apply to other types of measurement, and updated our methodology accordingly; and
the imaging field, with its strong focus on application in patient care, can benefit from our methodology
to properly define outcome domains, and to appraise and select instruments for research. Although this
has not yet been tested, we feel that this update to the OMERACT instrument selection process
prompted by imaging makes it robust for other biomarkers such as soluble and tissue biomarkers, but it
is also of relevance to clinician observed outcomes such as pulmonary function testing or joint counts.
Our work reinforces the idea that the underlying principles are the same regardless of the way in which
information is obtained: it is necessary to gather enough validity evidence to build a case for using that
instrument to represent the target domain in a core domain set.

Conclusion

This work has reinforced the need for a detailed definition of the target domain within the broad
domain of interest before the instrument selection can begin. It also broadens the number of
measurement properties examined in the OMERACT Filter 2.2 to include examination of sources of
variability and the solutions applied to reduce that, and to include comparison to gold standard(s)
(Criterion validity evidence). OMERACT instrument selection processes have been made clearer by
reviewing it in the context of imaging outcome measurement instruments. The involvement of several
stakeholders in this conceptual methodological process, including patient research partners, has
improved understandability through the use of tools and educational videos to support new changes.
The new OMERACT Filter 2.2 Instrument Selection Algorithm described in the OMERACT Handbook
incorporates these improvements for all outcome measurement instruments under consideration for
OMERACT endorsement.
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Appendix 1: OMERACT template for detailed domain definitions from the technique perspective

Term, description Example Example Example
Core Area Pathophysiological Pathophysiological Life Impact
One of the Core Areas as defined in Boers, manifestation manifestation

2019, Each core area in the framework has a

specific function, and together they contain the

whole “universe” of domains (concepts) that

one could conceivably measure to assess the

effects of an intervention.

Broad Domain Inflammation Pain Pain
General term, description of a concept.

Target Domain Synovitis Intensity of pain Pain impact on daily activities

Focused description of the domain
that can be placed in the OMERACT Onion.

(= Synovial inflammation)

Working definition of target domain

A more precise definition that can be used
to develop or assess instruments.

This might fit in as the definition used

in the Delphi survey.

Ultrasound-detected
synovitis (= hypoechoic
synovial hypertrophy which
may exhibit Doppler signal
with synovium)

The daily average of the
intensity of the sensation
of pain expressed on a
range from no pain to
worst pain imaginable

A sense of the degree to which
people are impacted by pain in
terms of the accomplishment of
daily activities and roles other
than paid work

Domain components

What components are essential to capture the
content of the target domain?

Theoretical definition:

The conceptual definition of the domain

components according to the technique used to
measure it.

Theoretical definition:
Ultrasound-detected
synovitis is characterized
by hypoechoic synovial
hypertrophy and Doppler
signal

Theoretical definition:
Consider a 24-hour window
of pain intensity during an
average day; exclude
special activities or during
special events

Theoretical definition:

Consider the impact of the pain
on selfcare, leisure, social roles at
home (e.g. parenting), but not
work roles. General impact over
whole day rather than specific
time of day (e.g. morning or
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Term, description

Example

Example

Example

Operational definition:

The definition of the domain components
described in terms specific to the technique
used to measure them.

Operational definition:
Ultrasound synovial
hypertrophy is defined as a
hypoechoic thickening of
the synovium

Operational definition:
24-hour average pain
intensity defined over a
range that incorporates no
pain to worst pain
sensation imaginable

night)

Operational definition:

Impact of pain defined over a
range that incorporates no
impact on ability to unable to
perform a task over a range of
items as described above

1. Boers M, Beaton DE, Shea BJ, Maxwell LJ, Bartlett SJ, Bingham CO, et al. OMERACT Filter 2.1: Elaboration of the Conceptual Framework for Outcome
Measurement in Health Intervention Studies. J Rheumatol. 2019 Aug 1;46(8):1021.

24






