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Abstract
OMERACT began work over a decade ago on a consensus effort to identify optimal outcome
measures for knee and hip osteoarthritis randomized controlled trials (RCTs). Recent evidence has
indicated that extensive variation exists in the outcome measures used in RCTs of knee and hip
arthroplasty published since 2000. This heterogeneity leads to confusion, not only for researchers
attempting to conduct systematic reviews but also for clinicians who are trying to apply evidence
to clinical practice. Given the extensive amount of psychometric research conducted in the past
two decades, it would appear that the timing is ideal to design and implement a study to develop
consensus on optimal outcome measures for hip and knee arthroplasty trials. A Delphi survey
design is described along with an approach for synthesizing the extensive psychometric literature
on the outcome measures that are used in hip and knee arthroplasty trials. Plans for dissemination
of the findings are also discussed.
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Lower extremity joint replacement surgery is a common and highly effective procedure for
many patients with arthritis.1 In 2002, approximately 400,000 knee arthroplasty surgeries
and approximately 200,000 hip arthroplasty surgeries were conducted in the US.2 Trend data
reported by Kurtz and colleagues suggest that by 2010, approximately 1 million hip and
knee arthroplasty surgeries will be conducted with approximately 15% of these being
revision surgeries and the remaining 85% primary surgeries.3 Cost data for joint arthroplasty
surgery are also impressive. Ong and colleagues determined the combined hospital and
physician procedural charges for Medicare patients receiving joint arthroplasty during the
years 1997 to 2003.4 Mean procedural charges per patient from 1997 to 2003, in 2005
dollars was $40,000 per primary surgery and $50,000 per revision surgery. If the
reimbursement data were extrapolated to the 2006 volume data projections, hospital and
physician charges for hip and knee arthroplasty would total approximately $13 billion in the
US. Given the volume and costs of hip and knee arthroplasty, it is not surprising that an
extensive research emphasis has been devoted to the effort1 with over 160 randomized trials
since 2000.5

Recognizing the need for valid, standardized methods for comparing outcome data, the
Outcome Measures in Rheumatology (OMERACT) used a consensus-based approach in
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1997 to identify optimal outcome measures for knee and hip osteoarthritis clinical trials.6

More than 90% of the participants agreed that pain, physical function, patient global ratings
of improvement, and joint imaging procedures should be included in clinical trials of
patients with osteoarthritis. Participants were unable to come to consensus regarding specific
measures because measures had yet to be identified in the literature as superior for the
different outcomes of interest. The consensus of the participants was that in the next 3–5
years (2000 to 2003), evidence should be sufficient to identify specific measures for clinical
trials.

The past 20 years have seen a tremendous growth in the development and validation of
outcome measures for patients with arthritis. Researchers and clinicians now have dozens of
measures to choose from when caring for patients with hip or knee arthroplasty. This
diversity of measurements, however, comes with a cost. Riddle and colleagues conducted a
systematic review of outcomes measures used in contemporary clinical trials and found
extensive variation in the numbers and types of outcome measures used in hip and knee
arthroplasty trials.5 For example, of the 82 hip replacement trials published since 2000, the
Harris Hip Score was used in 43 (52%) but an additional 19 measures were used in the trials.
There was an extensive variation across trials, not only in the specific measures used but
also in the general construct that was being measured. Extensive variation also was found in
knee trials.

Heterogeneity in outcome measures across trials potentially leads to several problems.
Clinicians who are attempting to integrate findings from multiple trials of an intervention
cannot readily interpret findings when different outcome measures are used. Researchers
conducting systematic reviews cannot calculate summary measures of effect if measures
across trials are different. Finally, some outcome measures have superior measurement
properties compared to others and measures with weaker psychometric properties continue
to be used in hip and knee arthroplasty trials.5

Since the work of OMERACT in 1997 the Osteoarthritis Research Society International
(OARSI), has also worked to improve clinical trial reporting for patients with osteoarthritis.
OARSI has collaborated with OMERACT in the establishment of criteria for interpreting
patient response in OA drug trials.7,8 The authors established criteria for judging the
magnitude of treatment effect but did not identify the specific measures that should be used
in OA drug trials. Neither OMERACT nor OARSI have developed a consensus for
identifying specific measures for use in randomized controlled trials (RCTs) of patients with
hip or knee arthroplasty.

Separately, the World Health Organization used a worldwide consensus-based approach in
2001 to develop the International Classification of Functioning Disability and Health (ICF).9

We believe that the ICF provides an ideal framework for conceptualizing outcome after knee
and hip arthroplasty surgery from a biological, individual and societal perspective.

We propose to extend and bridge these initiatives through a multi-staged approach to
establish consensus-based recommendations of specific post-hospitalization outcome
measures after hospitalization for knee and hip arthroplasty trials. The purpose of our paper
is to describe a research design and method for achieving consensus on optimal outcome
measures for knee and hip arthroplasty randomized trials.
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Methods
ICF as a conceptual framework for categorizing outcome measures

The World Health Organization formally adopted the International Classification of
Functioning, Disability and Health, (ICF), as the standard language for describing health
related states and conditions. The ICF is now the internationally agreed upon standard
language to describe health.

The framework for the ICF model is illustrated in Figure 1. Each major component within
the ICF model will be briefly defined. For a more thorough examination of ICF, several
comprehensive descriptions are available. As applied to patients with joint arthroplasty,
health conditions, the component at the top of the figure, equate to the arthritis, and any
complications arising from treatment such as infection or deep vein thrombosis.

Body function and structure refers to the functioning and structural integrity of specific body
organs and systems. Patients with hip or knee arthroplasty may, for example, have reduced
muscle strength, joint swelling, pain and psychological distress.11,12 Activity is defined as
the completion of a task or action by an individual. Limitations in commonly performed
tasks for patients with hip or knee arthroplasty may be walking, bending, sitting and
stairclimbing.13,14

Participation is the term used to describe a patient’s involvement in everyday life. When a
person’s everyday life is disrupted, the person’s participation is restricted. For example, if a
patient’s ability to attend religious services was compromised, that person would have a
participation restriction. In addition to the four components described above, there are two
additional components that impact directly on Body Structures, Functions and Activity and
Participation. These are termed contextual factors. Two contextual factors describe the
complete background of an individual and their daily life—this is a poor introduction to
contextual factors and should be reworded e.g. Two broad categories of contextual factors
address the interacting influence of personal and environmental factors. Environmental
factors are external to the person and influence that person’s daily life. These factors include
all features of the environment including policies, laws and values in that person’s
environment. Personal factors include gender, race, lifestyle and daily routines. The ICF is
receiving worldwide support from a variety of areas in medicine and seems the ideal
conceptual model to frame a study of the variation in outcome measures used in hip and
knee arthroplasty trials.10,11,12

Overview of proposed study design
The proposed study will focus on four of the six main components of the ICF model. The
four components are body structure and function, activity, participation and personal factors.
For the personal factors component, this study will focus on the measurement of patient
satisfaction, the most commonly measured personal factor outcome in the hip and knee
arthroplasty literature.5 Health conditions will not be examined because these outcomes are
most commonly assessed during inpatient care and the proposed study design is focused on
outcomes after hospitalization—the context of this is unclear. What health conditions? Does
this fall under “body structures”?? why is it brought up at all?. The proposed study also will
not address outcome measures related to biomechanical issues such as prosthetic loosening.
Environmental factors are not included primarily because they are rarely measured in hip
and knee arthroplasty trials.5

Hip and knee replacement outcome measures will be considered separately. In addition,
primary replacement will be considered as separate and distinct from revision surgery. Trials
will be considered in three separate categories much like that described by Riddle and
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colleagues.5 Optimal outcome measures for trials of surgical interventions, trials of non-
surgical physical interventions (ie. physical therapy) and trials of non-surgical medical
interventions (i.e. medication) will each be identified.

We have designed the study using a multi-staged process. For stage 1, literature that has
examined the psychometric properties of the various outcome measures identified in the
study by Riddle and colleagues5 will be identified and summarized. All instruments will be
categorized into one of the four key domains of the ICF. For stage 2, a multi-step Delphi
survey will be conducted. Experts participating in the Delphi survey will be provided
succinct summaries of the psychometric properties of all instruments to guide them during
the Delphi survey process. See Figure 2 for a summary of the flow of the study---there is too
little information on this figure to make it really helpful.

The final outcome of the Delphi survey will be a consensus summary that identifies, 1)
which of the four ICF components should be measured for each of the three types of RCTs
conducted on patients with hip arthroplasty, knee arthroplasty and revision hip or knee
arthroplasty, 2) the optimal outcome measures for each ICF component for primary and
revision hip and knee arthroplasty. The consensus summary will be presented at an
upcoming OMERACT conference to determine if international consensus can be achieved.

Stage 1 – Synthesis of psychometric literature—The goal of the literature synthesis
is to locate relevant articles reporting the psychometric properties of the outcome measures
identified in the systematic review of Riddle et al.5 We will search the Medline database and
limit our search to articles presented in English. The general search strategy will be to
present the name of the instrument, the terms arthroplasty or replacement, the location of
hip or knee, and a comprehensive set of measurement terms. We expect to conduct searches
for approximately 60 outcome measures. All searches will be conducted by the investigative
team.

We provide an example to illustrate the approach that will be used. For example, the
following are search examples for the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC). The WOMAC search (“Western Ontario and McMaster
Universities Osteoarthritis Index” OR WOMAC) AND (arthroplasty OR replacement) AND
(hip OR knee) AND (change OR valid* OR reliab* OR sensitiv* OR responsive* OR
psychometric OR clinimetric) yielded 97 articles.

Data from the searches will be abstracted and critiqued by trained abstractorsplease clarify
how this will be standardzied. Abstractors will be six graduate students or clinicians with a
background in rehabilitation science and familiarity with the concepts of reliability, validity,
and responsiveness. Candidate abstractors fulfilling these requirements will undergo a
training program which will consist of instruction in the ICF model, sample exercises and
sample critiques with guided feedback.

Following the training program, candidate abstractors will be evaluated on 6 research
papers, three of which will be head-to-head comparison studies of competing measures. The
gold standard for these critiques will be set by the investigatorIt is not clear how the
investigator will evaluate the candidate abstractors. Please clarify what will be the specific
benchmarks by which each abstractor will be evaluated in a uniform manner. The gold
standard set of 6 papers will be reviewed by the investigator prior to the start of the study.
Only candidate abstractors whose responses are consistent with the gold standard on all 6
papers will be accepted as abstractors for this component of the study.
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The results will be compiled at two levels. The first level will group the information by ICF
categories; the second level will summarize the material for competing measures within
each ICF component—this is too brief. Please elaborate because it is not clear to me how the
two levels are distinct. The second level summary also will present the psychometric
properties of a measure, and when available, the results from head-to-head comparison
studies of competing measures. The results of these summaries will be presented in Rounds
2 and 3 of the consensus exercise. The summaries will present “typical” values or
information and not an exhaustive review of the literature concerning a measure. A glossary
of terms will accompany the psychometric summaries.

Stage 2 - Consensus Delphi approach—The Delphi procedure is a method for
achieving consensus of opinion among a panel of experts on a topic when there is lack of
agreement or an incomplete state of knowledge.13,14 The classic Delphi method usually
consists of three rounds of questions with the format of the first round questions being open-
ended.13,14 However, modified versions of this method abound and they are often
characterized by semi-structured or structured first round questions.13,15,16 Our proposed
consensus design will apply a modified Delphi method which combines structured and
open-ended questions in the first round with a total of three rounds to achieve consensus. All
communication with Delphi participants will be via email correspondence.

The principal determinant of sample composition is credibility with the target audience.14

We believe the target audience to be those who conduct clinical trials in the field of hip or
knee arthroplasty and consumers of their work. It is with this group in mind that we define
our expert panel. Jairah and Weinstein suggest that experts should not only be
knowledgeable with the topic area, but also that they must be impartial to the findings.17

Delbecq et al have noted that heterogeneous groups, characterized by panel members with
different perspectives produce a higher proportion of high quality solutions than
homogeneous groups.18

Our expert panel will consist of a North American representation of orthopaedic surgeons,
rheumatologists, and physical therapists who have published a minimum of five peer
reviewed papers relevant to the assessment of patients post hip or knee arthroplasty---does
this include co-authors? Is a ranking of authorship appropriate e.g. preference for those who
are first/senior authors?. At least half the experts will meet the criterion of five papers for the
hip, the knee or both. Our rationale for only selecting experts who have published peer
reviewed work is that these individuals have been evaluated by their peers and found to
produce credible work. We chose this approach over, for example, select members of
professional societies because we did not want potential selection to be politically driven. In
addition, we will exclude (please use consistent tense) excluded those who published work
describing the development of an outcome measure. Developers of outcome instruments
may be particularly biased toward their own measures. Panel members will be identified
from the body of literature dealing with hip and knee arthroplasty. The proportion of experts
sampled from a specific discipline will be representative of the number of studies authored
by members from that discipline with the maximum representation from any one discipline
being 66% (what about studies with numerous co-authors from different disciplines?).
Authors will be stratified by discipline and geographical location and purposely sampled
within strata. Preference will be given to authors who have contributed the most to the
literature, as determined by publication counts of researchers identified by the research team
and by medline searches using key words (replacement OR arthroplasty) AND (hip OR
knee).??regardless of authorship rank. I think many will have concerns with this approach.

Delphi exercise panel sizes have varied widely (e.g., 10 to over 1000) and appear to be
driven by available resources including the pool of likely participants, and the time and cost
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associated with managing and summarizing data.19 Given the lack of consensus on a method
for estimating the requisite sample size, our goal is to have complete data on 30 panel
members. A sample of this size is consistent with other reported Delphi exercises in related
areas.20,21 In addition, sample sizes greater than 30 have seldom been found to improve
results.22,23

The goal of Round 1 is to initiate the consensus process regarding “what should be
measured?” This includes both ICF components and outcomes (not specific outcome
measures) within components. Specifically Round 1 questions will address: 1) the ICF
components relevant to hip or knee arthroplasty with respect to surgical technique studies,
non-surgical physical interventions and non-surgical medical interventions; and 2) the
relevant outcomes within ICF components. The expert panel will be provided with an
introduction to the task and a summary of the information obtained from the Phase 1
literature review. Specifically, the information will list outcomes (e.g., pain, range of
motion, functional status) under the appropriate ICF components and not the measures (e.g.,
WOMAC pain subscale, goniometer, 6-minute walk test) used to assess these outcomes.
Using a structured question format, experts will be asked to rate on a 7-point Likert scale the
extent to which each ICF component is essential to RCTs targeting surgical techniques, non-
surgical physical interventions and non surgical medical interventions of patients
undergoing hip or knee arthroplasty (see Figure 3). Hip arthroplasty will be assessed
separately followed by knee arthroplasty. After primary arthroplasty is completed, the same
approach will be applied to revision surgeries for the hip and then for the knee.?? This could
be a lot clearer. Is the plan here to develop a core set based on the ICF? If so, please state
this. Also, will there be two separate core sets-one for clinical research/trials and a more
limited one for clinical practice-an approach that has been advocated in other areas.

Round 2 has two goals: (1) to achieve consensus on “what outcomes should be
measured?” ???isn’t this being addressed in round 1. Please see introductory sentence of
preceding paragraph. and (2) to begin the consensus process on “how should the outcomes
be assessed?” The latter question will be specific to those outcomes for which consensus
was achieved following Round 1. The Round 2 information package will contain a summary
of the Round 1 results and a review of the psychometric properties of measures that assess
outcomes for which consensus was achieved from Round 1. Item summary information will
contain a ranking of outcomes within each ICF component. In addition the median score,
inter-quartile range, and a histogram of responses will be provided for each item. Each
expert will be shown his/her Round 1 item responses relative to group summary data. With
respect to the question “how should the outcomes be assessed?” the psychometric properties
of interest will include reliability and validity (cross-sectional and longitudinal). Also, a
summary of the results from head-to-head comparison studies of competing measures will
be provided. Once again, expert panel members will be asked to respond on the 7-point
Likert scale described previously. Also, following each question a space will be provided for
experts to provide clarifying comments should they wish. In addition, expert pane members
will also be offered the opportunity to add measures not identified in the Phase 2 literature
review.

The goal of Round 3 is to continue building consensus for the question “how should the
outcomes be assessed?” The Round 3 information package will contain a summary of the
Round 2 results and a review of the psychometric properties of measures for which
consensus was not achieved in Round 2. Item summary information will contain a ranking
of measures within each ICF component. In addition the median score, inter-quartile range,
and a histogram of responses will be provided for each item. Each expert will be shown his/
her Round 2 item responses relative to the group summary data. The Round 3 administration
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will replicate that described in Round 2 pertaining to question “how should the outcomes be
assessed?”

Coming to consensus and dissemination of the findings—Although there is no
uniformly agreed upon method or standard for defining consensus or convergence of
opinion, often a percentage level is applied when considering an item for inclusion.13,14

Clearly, the choice of the percentage cut-off value for inclusion of an item is arbitrary and
values have varied widely (e.g., 55% to 100%).14,24 For the proposed study we define
consensus as having been met if 70% of the responding expert panel members endorse an
item at the “agree” or “strongly agree” level (or in the negative “disagree” or “strongly
disagree”). We chose the 70% criterion because this is the criterion generally supported by
OMERACT.25,26

Dissemination to clinical researchers will be accomplished via publication in the peer-
reviewed literature. Results will be distributed to and discussed with the Centers for
Medicare and Medicaid Services (CMS), the key US policy maker for patients with hip and
knee arthroplasty, and to The American Academy of Hip and Knee Surgeons, The Hip
Society, and The Knee Society. Availability of these standardized outcome measures will be
critical for future NIH consensus and state-of-the-science conferences related to joint
arthroplasty surgery and will enhance the application and generalizability of data collected
through future federally and privately funded research.

I think that was is lacking in this group is individuals from WHO with expertise in the
development of core sets based on the ICF. What these investigators aim to accomplish is
the development of a core set of outcomes for arthroplasty based on the ICF. The manuscript
should be revised to to emphasize this and should also elaborate on how this has been
accomplished for OA in some detail and for other rheumatic conditions more briefly. How
does the methodological approach differ and what is the rationale for choosing a different
approach by this OMERACT group. I am surprised that there is no mention in this
manuscript of the exercise that was undertaken to develop a core set for OA based on the
ICF.
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Figure 1.
The World Health Organization’s ICF model of health and health conditions
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Figure 2.
Flow of the proposed study
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Figure 3.
Examples of Potential Round 1 Delphi Questions
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