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Abstract
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Background: There is no good evidence to support the use of patient-reported outcome measures
(PROMs) in setting preoperative thresholds for referral for hip and knee replacement surgery. Despite this,
the practice is widespread in the NHS.

Objectives/research questions: Can clinical outcome tools be used to set thresholds for hip or knee
replacement? What is the relationship between the choice of threshold and the cost-effectiveness
of surgery?

Methods: A systematic review identified PROMs used to assess patients undergoing hip/knee replacement.
Their measurement properties were compared and supplemented by analysis of existing data sets. For
each candidate score, we calculated the absolute threshold (a preoperative level above which there is no
potential for improvement) and relative thresholds (preoperative levels above which individuals are less
likely to improve than others). Owing to their measurement properties and the availability of data from
their current widespread use in the NHS, the Oxford Knee Score (OKS) and Oxford Hip Score (OHS) were
selected as the most appropriate scores to use in developing the Arthroplasty Candidacy Help Engine
(ACHE) tool. The change in score and the probability of an improvement were then calculated and
modelled using preoperative and postoperative OKS/OHSs and PROM scores, thereby creating the ACHE
tool. Markov models were used to assess the cost-effectiveness of total hip/knee arthroplasty in the NHS
for different preoperative values of OKS/OHSs over a 10-year period. The threshold values were used to
model how the ACHE tool may change the number of referrals in a single UK musculoskeletal hub. A user
group was established that included patients, members of the public and health-care representatives,

to provide stakeholder feedback throughout the research process.
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ABSTRACT

Results: From a shortlist of four scores, the OHS and OKS were selected for the ACHE tool based on their
measurement properties, calculated preoperative thresholds and cost-effectiveness data. The absolute
threshold was 40 for the OHS and 41 for the OKS using the preferred improvement criterion. A range

of relative thresholds were calculated based on the relationship between a patient’s preoperative score
and their probability of improving after surgery. For example, a preoperative OHS of 35 or an OKS of

30 translates to a 75% probability of achieving a good outcome from surgical intervention. The economic
evaluation demonstrated that hip and knee arthroplasty cost of < £20,000 per quality-adjusted life-year for
patients with any preoperative score below the absolute thresholds (40 for the OHS and 41 for the OKS).
Arthroplasty was most cost-effective for patients with lower preoperative scores.

Limitations: The ACHE tool supports but does not replace the shared decision-making process required
before an individual decides whether or not to undergo surgery.

Conclusion: The OHS and OKS can be used in the ACHE tool to assess an individual patient’s suitability
for hip/knee replacement surgery. The system enables evidence-based and informed threshold setting

in accordance with local resources and policies. At a population level, both hip and knee arthroplasty are
highly cost-effective right up to the absolute threshold for intervention. Our stakeholder user group felt
that the ACHE tool was a useful evidence-based clinical tool to aid referrals and that it should be trialled in
NHS clinical practice to establish its feasibility.

Future work: Future work could include (1) a real-world study of the ACHE tool to determine its
acceptability to patients and general practitioners and (2) a study of the role of the ACHE tool in
supporting referral decisions.

Funding: The National Institute for Health Research Health Technology Assessment programme.
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Plain English summary

Patients with severe hip and knee arthritis may require joint replacement. General practitioners make
the decision to refer patients to hospital based on an assessment of their symptoms. Pain and function
can be measured using patient questionnaires and the questionnaire scores can indicate whether or not
the severity of disease warrants referral (i.e. whether or not the patient is a candidate for joint replacement
based on their ‘capacity to benefit’). However, we do not know whether or not basing treatment decisions
on such scores is correct, nor do we know what exact pain score thresholds should be used for referral.

After a thorough search, we found that the Oxford Hip and Knee Scores were the best instruments.

A high score (i.e. a maximum score of 48) indicates less pain and better function. The threshold values for
referral for surgery were scores of 40 for hips and 41 for knees. The process of evaluating scoring systems,
the choice of scoring systems and the threshold values were discussed and agreed by a panel of patients
and by doctors throughout the study.

Most patients with severe joint pain benefit from joint replacement, and these operations are cost-effective.

However, above a certain level (a score of 40 for hips and 41 for knees), patients are not thought to typically
benefit from surgery. Below these values, lower presurgery scores indicate a steadily increasing likelihood of

benefit in terms of reduced pain and better function.

This information provides the basis for a tool to help doctors decide who to refer for joint replacement:

the Arthroplasty Candidacy Help Engine (ACHE). Use of the ACHE tool prevents patients who are unlikely to
benefit from joint replacement being referred unnecessarily and allows the NHS to concentrate resources on
those who will benefit most from arthroplasty treatment.
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Scientific summary

Background

Numerous health-care measures, including patient-reported outcome measures (PROMs), are used to
assess patients undergoing hip and knee replacement. It has been suggested that preoperative PROM
scores could be used to guide referrals by general practitioners (GPs) or musculoskeletal hubs to secondary
care. Local thresholds have been used in the NHS, although they have been arbitrary, not evidence based
and may have resulted in the overtreatment of some patients while inappropriately limiting access to care
for others. The aim was to develop a mechanism for identifying appropriate patients for hip and knee
replacement referral from primary to secondary care using safe and equitable thresholds. We did this by
creating an evidence-based tool, the Arthroplasty Candidacy Help Engine (ACHE), which used an existing
assessment score to evaluate and describe patients’ capacity to benefit from cost-effective surgery. To
achieve this aim, the following questions that were set out in the National Institute for Health Research
(NIHR) call for this research were addressed:

® (an clinical tools for assessment of a patient’s suitability for knee or hip replacement be used to set
thresholds for operation?

® How does the choice of threshold affect the cost-effectiveness of the procedure and subsequent
improvements in patient quality of life?

Objectives

® Create a shortlist of scoring systems that are potentially useful for selecting candidates for arthroplasty
surgery.

e |dentify a single scoring system and threshold values that could to be used within the ACHE tool to
select candidates for surgery.
Establish the cost-effectiveness of hip and knee surgery as the referral threshold changes.
Explore the potential impact of using the ACHE tool within the NHS.
Determine the acceptability of the tool and thresholds to stakeholders and patients.

Methods

Work package 1: a systematic review of established scores/instruments used to assess
hip and knee replacement

A sensitive filter for finding studies on measurement properties was used to search MEDLINE, EMBASE,
PsycINFO, and the Allied and Complementary Medicine Database (AMED). The Patient-Reported Outcome and
Quality Of Life Instruments Database (ProQolid), the Oxford PROMs Database, the Database of Abstracts of
Reviews of Effects (DARE) and EconlLit were also searched using medical subject headings and free-text terms.
Titles and abstracts of all identified articles were assessed twice for inclusion/exclusion by two reviewers.
Selected full-text articles were then screened for all outcome measures using agreed inclusion and exclusion
criteria. From selected publications, data were extracted on the psychometric performance and operational
characteristics of each PROM. The following characteristics were included: reliability (test—retest reliability and
internal consistency), validity (content and construct validity), responsiveness, interpretability (precision of the
measure when used at an individual patient level), evidence of minimal clinically important differences/changes,
ceiling or floor effects and acceptability (respondents’ willingness to complete). Measurement properties

for each instrument were assessed for hip, knee, and mixed hip and knee populations (depending on the
availability of published studies). Our initial search yielded 3448 publications, leaving 135 after screening,
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from which 32 possible scoring systems were identified. Following data extraction, we identified the
Western Ontario and McMaster Universities Arthritis Index (WOMAC®), Oxford Hip Score (OHS), Oxford
Knee Score (OKS) and Short Form questionnaire-12 items (SF-12) to be the most promising scores, but all
scores required more data to enhance characterisation of measurement properties.

Work package 1: calculation of additional measurement properties

The calculation of additional measurement properties was undertaken using five established pre-existing
data sets of patients undergoing primary hip and knee replacement. The Knee Arthroplasty Trial (KAT)
and the Exeter Primary Outcome Study (EPOS) data sets were used for the analyses for OHS and OKS,
and the SF-12 physical component score (PCS) and mental component score (MCS). The European
Collaborative Database of Cost and Practice Patterns of Total Hip Replacement (EUROHIP) data set was
used for WOMAC scores. The Assessing Disability After Partial and Total Joint Replacement (ADAPT)
study and the Arthroplasty Pain EXperience (APEX) study were used for SF-12 PCS, MCS (ADAPT) and
WOMAC scores (both hip and knee) analyses.

The following measurement properties were evaluated:

internal consistency (Cronbach’s alpha and corrected item-total correlation)

construct validity (the magnitude and direction of correlations with other measures)

responsiveness (magnitude and direction of Pearson and Spearman correlations of change scores)
floor and ceiling effects (proportion of the top and the bottom scores at pre and post surgery)
interpretability [using various definitions of improvement including minimally detectable change (MDC)
and group levels of minimally important change (MIC)/minimally important difference criterial.

High internal consistency of the instruments was observed with a Cronbach’s alpha of around 0.9 at pre
and post operation, and no improvement obtained by removal of any item [except for the preoperation
EuroQol-5 Dimensions, three-level version (EQ-5D-3L) index and pre- and post-operation SF-12 (version 1
with US weighting)] score. Construct validity was supported, with strong correlations between the
instruments pre and post operation (except the correlation between SF-12 MCS and other instruments:
WOMALC total, pain, physical function, stiffness and SF-12 PCS). There was evidence of responsiveness
(Spearman’s rank-order correlation of > 0.5) in terms of the correlation of the change scores between the
instruments, except the correlation between SF-12 MCS and other instruments. High ceiling effects were
found in the EQ-5D-3L index (39-46% for hip and 25-30% for knee), OHS (19%) and WOMAC total
(21%) for hip only post operation. MDCs [intracluster correlation coefficient (ICC) 0.9] were 0.23-0.24
for the EQ-5D-3L index and 12—16 for WOMAC total score across the data sets. After considering the
evidence, four scoring systems were shortlisted and taken forward for further analysis: the OHS [range of
scores from minimum = 0 (worst) to maximum = 48 (best)], the OKS [range of scores from minimum =0
(worst) to maximum = 48 (best)], the SF-12 [range of scores from minimum = 0 (worst) to maximum = 100
(best)] and the WOMAC total [range of scores from maximum = 100 (worst) to minimum = 0 (best)].

Work package 2: calculation of threshold values for shortlisted scores

We estimated absolute and relative thresholds, using different definitions of improvement within the same
data sets mentioned above and data from the NHS PROMs collection (2012-15). Preoperative scores were
used to calculate absolute thresholds above which there is no potential for clinical benefit from surgery.
This is defined as the largest observed presurgery value for which any improvement was achieved. Four
improvement definitions included minimally clinically important difference (MCID) applying a ‘medium’
effect size (ES) (0.5) — criterion B. Linear and logistic regressions were used to estimate two relative
thresholds for patient probability of improvement at 50% and 75%. Specificity of using the absolute
threshold to rule out inability to benefit was also calculated in each data set.

In reporting the WOMAC score, we inverted the range [inverted range of scores from minimum = 0 (worst)

to maximum = 100 (best)] for consistency with the other measures (OKS/OHS/SF-12), giving in all measures
a high score, indicating better health status than a low score. The ranges of scores for the following
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measures are: OKS [minimum = 0 (worst) to maximum = 48 (best)], OHS [minimum = 0 (worst) to
maximum = 48 (best)], SF-12 (PCS and MCS) [minimum = 0 (worst) to maximum = 100 (best)] and the
inverted WOMAC [minimum = 0 (worst) to maximum = 100 (best)].

The absolute and relative thresholds for the OHS were 43 (specificity 2-9%) and 38-43 (specificity 2-6%),
respectively, based on criterion B. The absolute and relative thresholds for WOMAC in hip arthroplasty were
89-91 (specificity 0-22%) and 78-86 (specificity 20-56%), respectively. SF-12 PCS and MCS findings were
similar, with absolute threshold values of 65 for PCS and 66 for MCS (specificity 0% for both) and relative
thresholds of 35-47 for PCS (specificity 20-48%) and 37-42 for MCS (specificity 91-100%). Considering
knee replacement, the absolute threshold for OKS was 43 (specificity 1%) with relative thresholds of

29-40 (specificity 2-14%). The absolute and relative thresholds for WOMAC total in knee arthroplasty were
90-91 (specificity 0-7%) and 71-86 (specificity 5-19%), respectively. Relative thresholds using different
improvement definitions were calculated: thresholds calculated using a medium ES (0.5) MCID showed
similar outcomes with a MDC at 90% certainty using an ICC of 0.9. There was substantial variation in the
magnitude of absolute change between and within each preoperative score subset. The SF-12 PCS and
MCS findings were variable, with absolute threshold values of 6671 (specificity 0%) and 65-74 (specificity
0-2%) and relative thresholds values of 22-43 (specificity 16-94%) and 26-49 (specificity 72—100%).

Work package 2: health economic evaluation of threshold scores

We conducted a cost-utility analysis comparing total hip arthroplasty (THA) and total knee arthroplasty
(TKA) with no arthroplasty from a UK NHS perspective. Six Markov models, each with probabilistic sensitivity
analysis (PSA), simulated progression of patient cohorts with different preoperative data to evaluate how
the cost-effectiveness of THA/TKA varies with OHS, OKS, WOMAC and SF-12 and with age and sex. Model
parameters were initially based on regressions of the parameter of interest on age, sex and preoperative
clinical tool score using patient-level data from the APEX study, the Clinical Outcomes in Arthroplasty Study
(COASY), EPOS, KAT and web-based PROMs data. Mortality and revision rates were taken from published
studies. The reference year for costs was 2014. We took a 10-year time horizon and used a 3.5% discount
rate. We considered arthroplasty to be cost-effective if it cost < £20,000 per quality-adjusted life-year
(QALY) gained. The results demonstrated that THA/TKA is cost-effective in almost all patients currently
undergoing surgery and that economic thresholds could be estimated for OKS and OHS. WOMAC failed

to identify any 60- or 70-year-old patients for whom knee replacement was not cost-effective; thresholds
for 50- and 80-year-old patients were higher than any scores observed in the available data sets. Hip
replacement was cost-effective for all WOMAC scores except for 90-year-old patients scoring 100.

Work package 2: further threshold analysis using the Oxford Hip and Knee Scores

After considering the evidence provided in the initial part of work package 2, our recommendation,

guided by the user group (see Work package 3. user group opinion), was that the OHS and OKS should be
selected to use in the ACHE tool. The decision was based on their measurement properties and the fact that
evidence-based thresholds could be calculated. In addition, the scores are already widely used in the NHS
patient pathway and this was felt to support future adoption of the ACHE tool. We then undertook more
extensive analysis using the NHS PROMs data set linked to Hospital Episode Statistics (HES) (2009-16). The
raw improving proportion was calculated and plotted by presurgery score. Improvement was defined as
receiver operating characteristic (ROC) curve best cut-off point-based MIC. Furthermore, two modelling
approaches were used for analyses of the Oxford Hip and Knee Scores. First, polynomial-based quantile
regression models were used to estimate the change score (postoperative minus preoperative) using the
presurgery Oxford Hip or Knee Score. Accuracy was assessed against observed percentiles and internal
comparison of subsets by key prognostic factors (e.g. gender). The second approach used was the fractional
polynomial logistic regressions to predict probability of improving. Using this second modelling approach,
the benefit of the baseline covariates on the capacity of benefit was investigated. Internal model validation
of the logistic regression models was performed in terms of discrimination and calibration. Sensitivity and
specificity values for the estimated relative threshold were calculated with corresponding 95% confidence
intervals. The raw probability of improvement was calculated with a pattern similar for both hip and knee
patients, although hip patients had a greater chance of improvement given preoperative score. The peak
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probability for improvement for both hip and knee replacement occured when the preoperative score was
< 20 (approximately 90% of hip patients and 85% of knee patients significantly improving). These values
reduced as the preoperative score increased, with 75% of patients obtaining meaningful benefit at scores
of 35 for hips and 30 for knees. For a 50% chance of gaining meaningful benefit, the figures are 36 for
knee patients and 38 for hip patients. The absolute ROC-MIC-based threshold was 40 for hip replacement
and 41 for knee replacement. Quantile regression showed good fit against observed values except at very
high and very low preoperative values. Additional covariates did not substantively improve prognostic
accuracy with a substantial amount of unexplained variation in patient outcome. A smoothed curve of

the raw proportion of meaningful improvement was used in the ACHE tool.

Work package 2: further health economic analysis using the Oxford Hip and

Knee Scores

Nine parameters for the OKS and OHS Markov models were re-estimated using PROMs/HES-linked data.
The final models using PROMs/HES data found that hip and knee arthroplasty is cost-effective (i.e. costs

< £20,000 per QALY) for > 99.9% of patients who currently undergo surgery. Averaging across men and
women of all ages, it is cost-effective to conduct THA on patients with an OHS of <45 [95% credible
interval (Crl) 44 to 45] and to conduct TKA on patients with an OKS of <43 (95% Crl 43 to 44). The
economic threshold varied slightly with age but not with gender. PSAs suggested that there was relatively
little parameter uncertainty around the conclusions, and sensitivity analyses suggested that the results were
robust to large changes in the assumptions.

Work package 3: determining the outcome of using the Arthroplasty Candidacy Help
Engine tool in the NHS

We conducted an audit of anonymised data extracted from the medical records of patients who were referred
by Oxfordshire GPs with hip (n = 607) or knee (n = 315) osteoarthritis symptoms to the musculoskeletal hub at
the Nuffield Orthopaedic Centre in Oxford between July 2015 and July 2016. These data were combined with
PROMS/HES data and the results of the economic evaluation to model the potential impact that the ACHE

tool may have on cost and health benefits using different thresholds. This preliminary analysis suggested that
using the ACHE tool in a musculoskeletal hub would not reduce but may increase the number of referrals to
secondary care. In turn, this may increase costs to the NHS while still supporting cost-effective care.

Work package 3: patient, public and general practitioner survey

We used the probability of good outcome models to develop a prototype ACHE tool, which was web
based. We then undertook two web-based surveys in which we demonstrated the use of the ACHE tool
to patients/the public and GPs to gain their opinion regarding its use. We had a very low response to the
surveys from patients/the public (n =22/271) and GPs (n = 10/348). The study data should be considered a
pilot analysis, but, encouragingly, those who did respond were broadly supportive of the ACHE tool being
used to assist in the decision to refer patients for possible joint replacement surgery.

Work package 3: user group opinion

The user group brought together stakeholders from across the hip and knee pathway in the NHS: patients,
members of the public, GPs, surgeons, extended-scope physiotherapists, commissioners, musculoskeletal
hub representatives and representatives of the British Orthopaedic Association, the British Hip Society and
the British Association for Surgery of the Knee. The user group was consulted four times in the process of
producing the ACHE tool, each time for opinions and guidance from users as the work progressed. The
process culminated in the final user group meeting in which opinion was gathered as to the ACHE tool’s
potential real-world use in the NHS. The group’s opinion was that the ACHE tool was potentially a very
useful tool for assisting and standardising the process of referral from primary to secondary care. There
was agreement that the ACHE tool should now be piloted and tested in the NHS to determine its uptake
and effect on referral patterns.
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Conclusions

The study has shown that the OHS and OKS can be used for assessment of a patient’s suitability for knee
or hip replacement using thresholds for candidacy based on the individual’s capacity for or probability of
improving. Our work has shown that hip and knee replacement, when undertaken in any patients with
preoperative scores below the absolute OKS and OHS thresholds, is extremely cost-effective. The ACHE
tool has been created and should now be carefully tested in the NHS.

Recommendations for future research

Future research could include (1) a real-world study of the ACHE tool to determine its acceptability with
patients and GPs and (2) a study of the role of the ACHE tool in supporting referral decisions.

Funding

Funding for this study was provided by the Health Technology Assessment programme of NIHR.
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Chapter 1 Introduction

Research questions specified in the National Institute for Health
Research Health Technology Assessment research call

® (Can clinical tools for assessment of a patient’s suitability for knee or hip replacement be used to set
thresholds for an operation?

® How does the choice of threshold affect the cost-effectiveness of the procedure and subsequent
improvements in patient quality of life?

Background

Hip and knee osteoarthritis is a common musculoskeletal condition causing significant pain and loss of
function for patients. Using patient-reported outcome measures (PROMs), joint replacement treatment

for end-stage disease has been shown to be an effective treatment." Each year, 150,000 hip and knee
replacements are carried out in the UK, with the majority of patients having successful outcomes.2 However,
the nationally collected patient-reported outcome data for hip and knee replacements have identified two
striking issues with regard to the provision of joint replacement in the UK. First, there is marked variation in
current clinical practice in referring and undertaking surgery in patients with arthritis of the hip and knee.3
Previous studies from the UK support this observation, with recent evidence showing that access to joint
replacement is currently inequitable, with deprived areas associated with greater symptom severity and
lower surgery rates.*¢ A previous large national survey of UK NHS patients undergoing joint surgery’

also concluded that there was no evidence that patients were being prioritised on the basis of the severity
of their symptoms and function. Second, the national outcomes data have revealed that 10-15% of
patients undergoing hip or knee joint replacement are not satisfied with their treatment, and these findings,
particularly for the knee patients, are supported by other recent studies.2? It has been suggested that
selecting patients too early in their disease process may play a role in producing dissatisfaction with surgery.?
Overall, these findings suggest that there is no standardisation to the process by which patients are assessed
and selected for hip and knee replacement surgery. This is a particular concern given both the projected
increased need for joint replacement over the next decade to accommodate an ageing population and the
pressure of potential reductions in NHS funding.1©

Assessing patients for joint replacement surgery within the NHS is generally a two-stage process that
begins with the patient presenting to a general practitioner (GP) with hip or knee pain (Figure 7).

The assessment process usually takes place over a number of consultations, often including an radiography
to confirm osteoarthritis. The GP continues to monitor symptoms and responses to non-operative
treatments, eventually deciding when the patient is a candidate for joint replacement surgery, and at this
point the patient is referred to secondary care. Currently, there are no widely accepted guidelines within
the NHS specifically to help health professionals estimate the level of patient symptoms that warrants
referral.” In the secondary care setting, the specialist assesses the patient, confirms the diagnosis and
radiographic severity, reviews a patient’s symptoms and shares information with them about available
treatment options. For each patient, the decision to offer surgery requires a personalised assessment of
individual preferences, expectations, functional limitations and requirements, degree of radiographic
pathology, comorbidities and predicted outcome.'" Ideally, the patient and their specialist then make a
shared decision, with the patient ultimately deciding whether or not to undergo surgery. We estimate
that there are around 1 million GP patient assessments for hip and knee pain each year, with around
one-quarter of patients who present being referred to a specialist. Although only a small proportion of
these patients receive joint replacement, this amounts to 150,000 procedures a year.'2'3 At the Nuffield
Orthopaedic Centre (NOC), our data suggest that approximately 15% of patients who are referred from
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FIGURE 1 Patient pathway framework for the NHS to identify candidates for hip and knee replacement. The
selected assessment score may also be used later in the pathway to measure the outcome of surgery and to offer
surveillance for joint replacement post surgery. THA, total hip arthroplasty; TKA, total knee arthroplasty.

primary care for possible joint replacement do not have symptoms at a level that requires joint replacement
and could have been safely managed without an appointment in secondary care.

Given the issues of unwarranted variation and poor outcome in some patients, outlined above, there has
been significant interest in trying to standardise the process of referral and selection for joint replacement.
The use of certain "priority criteria’ (such as the Western Canada Waiting List score,'* the Ontario criteria’s
or the New Zealand score’s) has been investigated as a more consistent method of selecting patients

for referral and treatment. These tools identify candidates for surgery in primary care and are based on
estimating a patient’s capacity to benefit from surgery. They are generic and attempt to standardise the
patient pathway for joint replacement at the entry point. The New Zealand priority criteria’® have been
used in some regions within the NHS but have not reached widespread acceptance, and the current
evidence of their reliability and validity is minimal.'7."® Other tools have been developed but not fully tested
in clinical practice within the UK.19-2' The Osteoarthritis Research Society International (OARSI) Standing
Committee for Clinical Trials Response Criteria Initiative and the Outcome Measures in Rheumatology
(OMERACT) international initiative has attempted to deliver a standardised approach and has highlighted
pain and disability as among the key domains for identifying the capacity to benefit.22-25 It has therefore
been a logical progression to investigate if existing assessment tools used in the joint replacement
pathway, that measure pain and disability, could be used as a single score to identify candidates for
surgery by referring their preoperative assessment score to a threshold for intervention.

In 2009, the Department of Health and Social Care introduced the routine collection of PROMs for hip and
knee surgery to measure the outcome of surgery undertaken in NHS hospitals.826 There has been government
support for extending the use of scoring systems preoperatively to create thresholds for referral and candidacy
for surgery.27:28 In fact, many primary care trusts and NHS trusts have already introduced PROM-based severity
score thresholds for surgery, although the thresholds used vary widely between regions.2-36 However,
evidence underpinning and endorsing the use of PROMs or any assessment score for thresholds is scant
and without validation. This poses a significant risk to patients as an incorrectly set threshold may unfairly
restrict access to care or, conversely, inappropriately select patients for joint replacement.2 The development
of a preoperative threshold score to identify candidates for hip and knee replacement offers a significant

NIHR Journals Library www. journalslibrary.nihr.ac.uk



VOL. 23 NO. 32

opportunity to standardise the patient pathway. However, this Health Technology Assessment (HTA)
call reflects the pressing need within the NHS to produce evidence to support or refute their use.

A number of scoring systems are used to assess the patients in their care pathway. Many are PROM based,
such as the Intermittent and Constant Osteoarthritis Pain Measure (ICOAP),3” the EuroQol-5 Dimensions
(EQ-5D) and the Oxford Hip and Knee Scores,3#40 whereas others require a clinician’s involvement (e.g. the
New Zealand score's). Some systems were designed to measure the burden of osteoarthritis symptoms
[e.g. the Western Ontario and McMaster Universities Arthritis Index (WOMAC®) or ICOAP],4' whereas
others were designed to measure the effect of an intervention (e.g. Oxford Hip and Knee Scores). Some
scores were produced to measure more general aspects of health status [Short Form questionnaire-36
items (SF-36) or EQ-5D]*2 and others aim to prioritise patients for surgery (e.g. the New Zealand priority
criteria’®). None of these scores has been developed for the specific role of applying thresholds for access
to care for joint replacement within the setting of the NHS. It may be that one or more of these scores
may be appropriate for such use but evidence is required to validate and justify this role.

To be fit for purpose as a screening device, any candidate score must satisfy a number of requirements.

First, the score must have adequate measurement properties to enable assessment of patients for joint
replacement, namely adequate validity. This includes evidence of adequate reliability at an individual level
(test—retest and intraclass correlation coefficient), precision [standard error (SE) of the measurement] and
responsiveness to change [smallest detectable change and minimally clinically important difference (MCID)].
The effect of comorbidity on the score must also be established.

Second, valid evidence-based thresholds must be produced. The calculation of thresholds is not
straightforward, with several different methods available. To generate upper thresholds (i.e. least severity)
in preintervention scores, above which patients should not be considered candidates for arthroplasty,
methods must account for the likelihood of a patient’s capacity to benefit (i.e. likelihood of achieving a
positive change score) and perceive satisfactory improvement following surgery.4® The measurement
properties of the instrument (as described previously), such as the MCID (i.e. the smallest amount of
change in a score that patients detect and consider important) and standard error of the mean (SEM)
(which relates to the reliability of the instrument and denotes the amount of change that is real’ and
beyond measurement error), are also important operational considerations when calculating thresholds.
Furthermore, any chosen threshold must distinguish between cases (patients in need of surgery) and
non-cases with a consistent level of diagnostic accuracy (discriminative ability).

The process of calculating absolute thresholds will also produce additional and valuable information for
patients who are found to be candidates for surgery. By highlighting an individual’s ‘chance’ of benefit
following surgery (based on their preoperative score), patients are provided with key information to help
with their decision-making, particularly in secondary care. It would provide evidence to support the use

of a score embedded within the NHS direct knee/hip osteoarthritis decision aid. Hence, clearly highlighting
the risks and benefits may make the decision to have surgery clearer for many patients. This type of
information allows patients to more comprehensively participate in the decisions made about their care.

Third, we must understand how the introduction of thresholds for surgery affects the cost-effectiveness of
the treatment. Lower-limb joint replacement has previously been shown to be highly cost-effective, costing
between €1276 and €18,300 per quality-adjusted life-year (QALY) gained for the average patient,4-48
which is substantially lower than the £20,000-30,000 per QALY range that the National Institute for
Health and Care Excellence (NICE) considers to be cost-effective for use within the NHS.4 However, it is
important for commissioners of hip and knee replacement surgery to understand how cost-effectiveness
varies between patient and procedure subgroups, and how thresholds for hip and knee surgery affect the
cost utility of the interventions. We have recently demonstrated the feasibility of this approach in a pilot
study exploring the relationship between costs and improvements in EQ-5D utility and preoperative PROM
scores in total knee arthroplasty (TKA).5°
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Finally, having identified and validated a clinical tool and calculated valid and evidence-based thresholds
for surgery, within the NHS, it must be established whether or not the tools are acceptable to the
‘end-users’. Despite some thresholds for hip and knee replacement having already been introduced to
clinical practice in parts of the country, there has been little or no engagement with the wider stakeholders
about the appropriateness of this approach or how thresholds should be used in practice. The introduction
of thresholds requires the support of patients, health-care professionals and commissioners.

Although the requirements of threshold scores in primary and secondary care may differ, in order to provide
consistency for patients and health-care professionals any scoring system would ideally be applicable to
both sectors. One aim is to ensure this compatibility by consciously considering the requirements within
each setting. In primary care, the requirement is for a simple-to-use patient-based score linked to the
patient’s potential to benefit from arthroplasty. This would provide a distinct upper threshold for referral
and candidacy for joint replacement. The thresholds calculated for the identified scoring system will be
incorporated into a user-friendly knee and hip replacement candidacy assessment tool — the Arthroplasty
Candidacy Help Engine (ACHE) tool. Secondary care involves more complex assessments, involving
expectation, comorbidity and age-related factors. The ACHE tool would be a starting point for secondary
care assessment, linking to other patient decision-support tools.>':52

In summary, greater standardisation is required in the patient pathway leading to hip or knee joint
replacement surgery. The aim of this study is to develop an evidence-based method for identifying patients
in primary care who are possible candidates for surgery, using valid thresholds applied to scoring systems
that are already available (see Figure 7).

The following research objectives will be met:

Create a shortlist of scoring systems that are potentially useful for selecting candidates for
arthroplasty surgery.

From the literature, establish the scores/instruments available. Published evidence concerning their
measurement properties, and their past or projected use in setting thresholds for hip and knee
replacement, will be reviewed. This will generate a shortlist of potential scoring systems.

Using existing data sets and guidance from users, refine the shortlist by establishing the necessary
measurement properties of potential scores/instruments when not available in the literature.

Identify a scoring system, and a set of threshold values, to be used to select candidates for hip and
knee surgery.

For each shortlisted instrument, determine score thresholds for candidacy for joint replacement surgery.
Determine the relationship between threshold levels and cost-effectiveness of hip and knee
arthroplasty surgery.

Select the most applicable single score and set of thresholds for incorporation into the ACHE tool.

Explore the clinical effectiveness and cost-effectiveness of the ACHE tool and determine the potential
acceptability of the tool and thresholds to stakeholders and patients.

Determine the effect of using the ACHE tool on patterns of referral of hip and knee patients to
secondary care.

Evaluate user opinion — GPs and patients.

Engage with a wider stakeholder group to assess the acceptability of the ACHE tool.
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The overall aim was to develop a standardised NHS framework for identifying patients for hip and knee
replacement surgery using safe and equitable thresholds. This was achieved by creating the ACHE tool,
based on a currently available assessment score, with thresholds that take account of patients’ capacity to
benefit from surgery and the cost-effectiveness of the treatment. The new system is applicable in both
primary and secondary care.

The user group

From the outset of the original design for this project, all service users’ perspectives were considered
integral to its success. The ACHE tool was to be designed to help patients, GPs, secondary care personnel,
arthroplasty specialists and health-care commissioning staff. It was therefore decided very early on to
utilise a ‘user group’ concept, in which representatives of these identified bodies inputted, critiqgued and
reviewed the progress of the study at appropriate intervals. Importantly, the user group was established as
a proactive entity rather than as a passive and disengaged review and agreement exercise. The decisions
of the group were critical to the direction of the project and were instrumental in sanctioning various
aspects/decisions and vetoing others. The user group was given full autonomy under the direction of the
chairperson. Investigators of the study were allowed to be present but did not participate in the meeting
unless invited by the chairperson for clarification purposes only. As a result, the final ACHE tool did not
reflect the wishes of the researchers, but the group for whom the instrument was designed.

The user group was assembled and provided input at regular and preset intervals during the course of the
study. The sequence was predetermined and the role dovetailed with each stage of the project (Figure 2).
One option for this report was to describe user group input in separate sections (chapters) in sequence
and inserted within the main report at the appropriate temporal intervals. However, some meetings were
introductory or had limited remit and do not contain sufficient content to justify separate chapters. A
decision was made to report all user group activity in a single separate chapter (see Chapter 10). Readers
of the report are required to cross-reference this section and appreciate that user group input took place
for each academic section.
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Chapter 2 Systematic review of existing measures
(work package 1)

Background

The aim of this study was to develop an evidence-based system for identifying patients who might be
candidates for hip or knee replacement surgery, introducing valid thresholds based on scores that are
already available. The first objective in achieving this aim was to create a shortlist of scoring systems that
could be used in this way. After discussion within the user group (see Chapter 10), it was established that
candidate scores placed on the shortlist would need to meet certain essential criteria:

® A score must be a patient-reported measure to ensure that patients were engaged in the assessment
process and that the score used reflected their perspective on the outcome.

® A score must demonstrate adequate measurement properties and have been validated within the hip
and knee replacement populations.53-38

Many different scoring systems and outcome measures have been used for assessing the outcomes of hip
or knee arthroplasty, but not all measures have evidence of, or reach, even the minimum psychometric
standards for their proposed uses.!%-6' Therefore, the aims of this work were to use systemic review
methodology to identify and evaluate English-language versions of PROMs that have been evaluated with
patients undergoing hip or knee replacement surgery and to provide a comprehensive profile of their
measurement properties so that a shortlist of candidate scores could be established.

Methods

Identification of studies

The search was conducted in May 2014, it was limited to English-language articles and no time restrictions
were set. MEDLINE, EMBASE, PsycINFO and the Allied and Complementary Medicine Database (AMED)
were searched using an adjusted methodological filter through Ovid ProQolid, the Oxford PROMs
Database, the Database of Abstracts of Reviews of Effects (DARE) and EconlLit were also searched using a
combination of medical subject heading and free-text terms.52 Hand-searching of titles of the following key
journals in the 6 months preceding the search was also conducted: Health and Quality of Life Outcomes,
The Journal of Bone and Joint Surgery (American and British volumes) and The Journal of Arthroplasty.

Screening of articles and instruments

Titles and abstracts of all identified articles were assessed for inclusion/exclusion by two reviewers (KH and EG),
with agreement assessed on a screening sample of 313 abstracts. The first round of testing yielded a 77%
agreement rate and the second round yielded a 99% agreement rate between reviewers. Full texts of the
articles that were to be included in the review were retrieved. Inclusion criteria were:

The instrument uses a standard scoring system (representing indices or scales).
The instrument is already available and has been used in clinical settings or research to assess adult
(aged > 18 years) patients prior to hip or knee replacement.
The instrument has been validated for the English-language population.
The study design is principle development, concurrent revalidation or a prospective study of a score
with information on its measurement properties (e.g. reliability, validity and responsiveness).
Retrospective studies (except historical cohort studies) were excluded.

® The sample size in the study was > 50 subjects/patients.
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SYSTEMATIC REVIEW OF EXISTING MEASURES (WORK PACKAGE 1)

Titles and abstracts were obtained relating to any tools identified at this stage, and these were scrutinised
using the aforementioned inclusion criteria. The same methodology was applied to full-text documents
for their inclusion in the review. Selected full-text articles were then screened for all measures that were
used in analyses. The aforementioned inclusion criteria were applied to the list of identified measures.
Furthermore, the following exclusion criteria were applied to the initial list of measures:

® The assessment is not patient reported and requires the patient to be assessed on each/every occasion
by a clinician.

® The assessment requires some kind of technical information or equipment [such as a magnetic resonance
imaging (MRI) scan or radiographic report], which might not always be available or standardised, or which
might not make sense as part of an assessment conducted at both preoperative and postoperative stages.

® The measure is not capable of demonstrating patients’ ‘capacity to benefit’ because it was not
designed to be a health status/outcome measure, and therefore cannot measure change (e.g. purely
retrospective measures were excluded).

Instrument-specific search
A specific search was undertaken for each of the identified instruments, with a developmental study and then
a population and validation filter applied to the list of citations stemming from the developmental study.

Data extraction

Data were extracted on the psychometric performance and operational characteristics of each PROM.
Assessment and evaluation of the methodological quality of PROMs were undertaken independently by
three reviewers adapting the London School of Hygiene & Tropical Medicine appraisal criteria outlined in a
previous review.!

Measurement properties assessed

Reliability was assessed by test-retest reliability and internal consistency. Test-retest reliability refers to the
stability of a measuring instrument over time, assessed by administering the instrument to respondents on
two different occasions and examining the correlation between test and retest scores. Internal consistency
refers to the extent to which items constituting a scale measure the same construct (e.g. homogeneity of

items in a scale) and is assessed by Cronbach’s alpha and item—total correlations.

Content and construct validity were assessed. Content validity relates to the extent to which the content
of a scale is representative of the conceptual domain it is intended to cover and is usually assessed
qualitatively during the questionnaire development phase through pretesting with patients, with patients
involved in item generation. Construct validity looks at the evidence that the scale is correlated with other
measures of the same or similar constructs in the hypothesised direction and is assessed on the basis of
correlations between the measure and other similar measures, preferably based on an a priori hypothesis
with predicted strength of correlation.

Responsiveness refers to the ability of a scale to detect significant change over time and is assessed by
comparing scores before and after an intervention of known efficacy or when other evidence indicates
important change on the basis of various methods including paired t-tests, effect sizes (ESs), standardised
response mean values or responsiveness statistics. Ideally, evidence of responsiveness will include high
correlations between the change scores of the scale and relevant constructs, preferably based on an a
priori hypothesis with predicted strength of correlation.

Interpretability relates to the degree to which one can assign qualitative meaning — that is, clinical or
commonly understood connotations — to an instrument’s quantitative change in score. It can be assessed
by estimating the precision of the measure when used at an individual patient level, by multiplying the
SE of measurement with the standard score (z-value). In addition, MCIDs changes can be calculated by
relating change to an external anchor, using either mean change or the receiver operating characteristic
(ROC) curve method.
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Floor and ceiling effects relate to the ability of an instrument to accurately measure across the full
spectrum of a construct. If a measure has > 15% of participants achieving a top or bottom score, this is
indicative of a ceiling/floor effect.

Acceptability is a practical property of an instrument and reflects respondents’ willingness to complete it
without feeling unduly burdened, indicated by, for example, response rates and completion rates.

Measurement properties for each instrument were assessed separately for hip, knee and mixed hip and knee
populations (depending on the availability of published studies). The information was then summarised into
the appraisal summary tables, which rated the overall quality of evidence for each of the measurement
properties. Three authors (KH, EG and JD) reviewed their own respective sections, following which the results
were cross-checked to ensure consistency of assessment and scoring across the reviewers.

Results

Identification of studies

The initial search in Ovid yielded 3774 abstracts. After the removal of duplicates, the number of abstracts
for assessment was 2887. In addition, keyword searches (combination of knee, hip and orthopaedics) in
EconlLit yielded 162 results, the PROMs database identified 454 results and DARE had no results (Figure 3).

Hand-searching of titles of the following key journals in the 6 months preceding the search was conducted:

® Health and Quality of Life Outcomes (number of articles, one)
® The Journal of Bone and Joint Surgery (American and British volumes; number of articles, one)
® The Journal of Arthroplasty (number of articles, three).

Screening of articles and instruments

Out of the 167 selected abstracts, 146 eligible full-text articles were then screened for all PROMs that were
analysed, identifying 135 instruments. If the instrument was not validated (developed for or subsequently
validated) for use in a population of patients undergoing hip or knee replacement surgery, it was excluded,
leaving 67 instruments. A reliability exercise was undertaken for 16 full-text articles between two reviewers,
and the agreement was 95% (38/40 questionnaires identified). An instrument-specific search was then
undertaken for each of the 67 identified instruments. By this method, 21 new validation papers (in addition
to 42 developmental papers) in the targeted population were identified. Furthermore, on closer examination
of shortlisted instruments, 21 initially identified instruments were additionally excluded.

Data extraction

Relevant data on the psychometric performance and operational characteristics were extracted for each
PROM. The summary texts were sent to corresponding authors from the developmental study of each
respective PROM, and further information was added as a result of this exercise. The appraisal summaries
are presented in Tables 1-4.

Table 1 summarises the evidence of measurement and operational performance applying the adapted
appraisal criteria for the hip PROMs identified in this review. On the basis of the volume and quality of
evidence, the Oxford Hip Score (OHS) clearly has the best evidence of measurement properties within the
hip-specific PROM category. Within the ‘knee scores’ subgroup (see Table 7), the Oxford Knee Score (OKS)
[with the OKS — Activity and Participation Questionnaire (OKS-APQ)] demonstrated best evidence of its
measurement properties within the knee-specific PROM category. The Knee injury and Osteoarthritis
Outcome Score (KOOS) and the KOOS — Physical Score (KOOS-PS) have some favourable evidence of their
measurement properties, although compared with the OKS, the evidence is lacking and further evaluations
are needed.
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Instrument flow diagram. AMED, Allied and Complementary Medicine Database; EconLit, American
Economic Association’s electronic bibliography; OU, University of Oxford. Reproduced with permission from
Harris et al.%® This is an Open Access article distributed in accordance with the terms of the Creative Commons
Attribution (CC BY 3.0) license, which permits others to distribute, remix, adapt and build upon this work, for
commercial use, provided the original work is properly cited. See: http:/creativecommons.org/licenses/by/3.0/.
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TABLE 1 Hip and knee scores

Knee

Knee disorders

Instrument subjective

(groups tested) history (VAS) KOOS-PS OKS-APQ
Number of studies 5 1 4 20 1 3 2 23 1
Reproducibility ++ + + ++ 0 + 0 +++ -+
Internal consistency + 0 ++ 0 0 +++ B S
Validity: content 0 ++ 4+ + + + +++ A+t
Construct ++ + ++  + + + ++ +++
Responsiveness + + ++ +++ 0 0 ++ +++
Interpretability 0 0 +++ 0 0 0 ++ 0
Floor gnd ceiling/ + 0 0 —/+ 0 + 0 ++ ++
precision

Acceptability 0 0 0 +++ - 0 0 +++

HOOS, Hip Disability and Osteoarthritis Outcome Score; HRQ, Hip Rating Questionnaire; PSI, patient-specific index;

VAS, visual analogue scale.

Notes

Psychometric and operational criteria: 0 = not reported; — = no evidence in favour; + =some limited evidence in favour;

++ =some good evidence in favour; +++ = good evidence in favour; +/— = mixed evidence.

Reproduced with permission from Harris et al.%® This is an Open Access article distributed in accordance with the terms of
the Creative Commons Attribution (CC BY 3.0) license, which permits others to distribute, remix, adapt and build upon this
work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/3.0/.

Table 2 summarises the evidence of measurement and operational performance by applying the adapted
appraisal criteria to the lower-limb and pain PROMs identified in these reviews. The best-performing
lower-limb measure for hip/knee patients is the WOMAC, followed by the Lower Extremity Functional
Scale. The WOMAC also performed best when applied to separate hip or knee groups. Satisfactory
evidence of measurement properties was generally lacking for all of the three identified pain measures
(ICOAP, P4 and the McGill Pain-Short Form). ICOAP and McGill Pain-Short Form had no evidence in favour
of their responsiveness and P4 did not have any reported evidence of its responsiveness. Three utility and
generic measures identified in the review are listed in Table 3. As with the pain scores, the evidence for
utility PROMs was generally lacking, with the EQ-5D scoring worse on construct validity and responsiveness
than the Short Form questionnaire-6 Dimensions (SF-6D) and the Health Utilities Index Mark 2 (HUI2) and
Mark 3 (HUI3). On the basis of the volume and quality of evidence, among all identified generic measures,
the Short Form questionnaire-12 items (SF-12) is clearly the most promising one.

Nine measures identified in the review were categorised as ‘other’ scales. Table 4 summarises evidence of
their measurement properties. The World Health Organization Quality of Life (WHOQOL)-BREF instrument,
Aberdeen Impairment, activity limitation and participation restriction [Aberdeen Impairment, Activity
Limitation, and Participation Restriction (Aberdeen IAP)] and assessment of quality of life had the best
overall evidence in this subcategory (on a mixed hip/knee population). However, the overall evidence of
their validity was generally lacking.
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TABLE 2 Lower limb and pain scores

Score

Lower limb

LEFS
Instrument (group tested)  (h/k)
Number of studies 5
Reproducibility +
Internal consistency +
Validity: content +
Construct ++
Responsiveness ++
Interpretability +
Floor and ceiling/precision 0
Acceptability 0

WOMAC
(h/k)

25

++

o
o+
++
—/+

++

N/A

++

++

++

+

++
++
++
0

+

WOMAC
SF (h/k)

0

Lower limb
core score (h/k)

MODEMS-HK (AAOS)
hip and knee core
score (h/k)

0
0

P4 (h/k)

o o o 4+ 4+

0

McGill pain-short
form (h/k)

0
0

AAOS, American Academy of Orthopaedic Surgeons; h, hip; k, knee; LEFS, Lower Extremity Functional Scale; MODEMS-HQ, Musculoskeletal Outcome Data Evaluation and Management
System Hip and Knee Core Scale; N/A, not applicable; WOMAC-SF, WOMAC Short Form.

Notes

Psychometric and operational criteria: 0 = not reported; —= no evidence in favour; + = some limited evidence in favour; ++ = some good evidence in favour; +++ = good evidence in favour;

+/— = mixed evidence.

Reproduced with permission from Harris et al.%® This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 3.0) license, which
permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/3.0/.
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TABLE 3 Utility and generic scores

Instrument group
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Utility Generic
Instrument HUI2 and
(group tested) SF-6D (h) HUI3 (h) EQ-5D (h/k) EQ-5D (h) EQ-5D (k) SF-36 (h/k) SF-36(h) SF-36 (k) SF-12(h/k) SF-12(h) SF-12(k) SIP (h)
Number of studies 1 4 9 N/A N/A 14 N/A N/A 3 N/A N/A 2
Reproducibility 0 0 0 0 0 0 0 0 ++ 0 0 0
Internal consistency 0 0 N/A N/A N/A 0 0 - 0 0 0 0
Validity: content 0 0 0 0 0 0 0 0 0 0 0 +
Construct 0 ++ + 0 + + 0 + 0 0 + +
Responsiveness ++ + 0 0 + 0 ++ + 0 + + -
Interpretability 0 0 ++ ++ 0 + + 0 + + 0
Floor gnd ceiling/ - 0 0 0 ++ 0 - 0 +++ 0 0 -
precision
Acceptability 0 0 0 0 ++ 0 0 0 0 0 0 0

h, hip; HUI2, Health Utilities Index Mark 2; HUI3, Health Utilities Index Mark 3; k, knee; N/A, not applicable; SF-6D, Short Form questionnaire-6 Dimensions; SF-12, Short Form questionnaire-12

items; SIP, sickness impact profile.
Notes

Psychometric and operational criteria: 0 = not reported; —= no evidence in favour; + = some limited evidence in favour; ++ = some good evidence in favour; +++ = good evidence in favour;

+/— = mixed evidence.

Reproduced with permission from Harris et al.%® This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 3.0) license, which

permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/3.0/.
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TABLE 4 Other scores

Instrument
Instrument WHOQOL-BREF Aberdeen Aberdeen IAP MSK functional
(group tested) (h/k) IAP (h/k)  (modified) (h/k) NEADL (h) AQOL (h/k) limitations index (k) HAQ (k) MHAQ (h/k) MHAQ (h) K10 (h/k)
Number of studies 1 1 1 1 2 1 2 2 N/A 1
Reproducibility 0 0 0 ++ 0 0 0 0 0 0
Internal consistency ++ + ++ ++ 0 0 - 0 0 0
Validity: content + + 0 - 0 0 0 0 + -
Construct + + + + + ++ + + +
Responsiveness + 0 0 - ++ 0 - - + -
Interpretability 0 0 0 0 0 0 0 0 0
FIoo_r gnd ceiling/ ++ + 0 + 0 0 + ++ 0 ++
precision
Acceptability 0 0 0 0 0 + 0 0 0 0

Aberdeen IAP, Aberdeen Impairment, Activity Limitation, and Participation Restriction; AQOL, Assessment of Quality of Life; h, hip; HAQ, Health Assessment Questionnaire; k, knee;

K10, The Kessler Psychological Distress Scale; MHAQ, Modified Health Assessment Questionnaire; MSK, musculoskeletal; N/A, not applicable; NEADL, Nottingham Extended Activities of
Daily Living.

Notes

Psychometric and operational criteria: 0 = not reported; —= no evidence in favour; + = some limited evidence in favour; ++ = some good evidence in favour; +++ = good evidence in favour;
+/—=mixed evidence.

Reproduced with permission from Harris et al.%® This is an Open Access article distributed in accordance with the terms of the Creative Commons Attribution (CC BY 3.0) license, which
permits others to distribute, remix, adapt and build upon this work, for commercial use, provided the original work is properly cited. See: http://creativecommons.org/licenses/by/3.0/.
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Discussion

Our review has identified the WOMAC, OHS and OKS to be the most promising disease-/site-specific
scores that perhaps provide best coverage of the construct of interest and better responsiveness.

The best-performing generic measure was the SF-12. However, further research on some of the missing
measurement properties in these measures is required. For the WOMAC, further evidence on ceiling/floor
effect, content validity and acceptability is required in both the hip and the knee groups of patients. The
OHS is currently lacking evidence on its ceiling/floor effects. Many other PROMs do not have sufficient
measurement property validation to recommend their use. Given its widespread use in this clinical area
(e.g. national PROMs data), it was disappointing that the EQ-5D score did not perform better.

Our findings are supported by existing literature. Alviar et al.%° published a systematic review of measurement
properties of 28 PROMs used in hip/knee arthroplasty based on published evidence up to December 2009
and found the WOMAC, OKS and SF-36 to be the most comprehensively tested measures at that time,
although the need for more rigorous evaluation of reliability, responsiveness and interpretability was noted.
Our review has updated this evidence, both in breadth (we have assessed 67 instruments) and time period
(our search was until May 2014). Browne et al.4 identified the OHS and OKS (used alongside the EQ-5D) as
primary outcome measures of choice to be used in the UK PROMs programme for hip and knee replacement.

It should be noted that the standards (and indeed scope/tolerance) for reporting details of qualitative
procedures and psychometric analysis have changed over the past 20 years (very much so in the
musculoskeletal literature), so that although measures that were devised earlier in that period have had a
longer time in which to accrue evidence of their measurement properties, they can frequently lack relevant
detail specifically in relation to the development of the instrument. Reporting has improved, probably

as a conseguence of the evolving methods and the recognition that minimum standards are required

[e.g. Streiner et al.,5>* COSMIN (COnsensus-based Standards for the selection of health Measurement
INstruments)>* and the US Food and Drug Administration=5].

Further detail and supplementary material can be found in the publication based on this work by Harris et al.63
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Chapter 3 Calculation of measurement properties
(work package 1)

Background

The systematic review of the measurement properties reported the properties for the EuroQol-5 Dimensions,
three-level version (EQ-5D-3L), SF-12, OHS, OKS and WOMAC tools based on the existing literature. The
OHS (20 studies) and OKS (23 studies) are good in terms of reproducibility, internal consistency, validity
(content), construct, responsiveness, interpretability, floor and ceiling effects, precision (except OHS) and
acceptability. WOMAC (25 studies) was reported as good in terms of reproducibility, validity (content),
construct, responsiveness, interpretability and acceptability. Only fair outcomes for knee for EQ-5D-3L
(nine studies) were reported in terms of interpretability and acceptability when construct and responsiveness
were not applicable. SF-12 (three studies) was poor in terms of construct, responsiveness and interpretability.
There were a number of outcomes for which there was no or little available evidence on one of more of the
measurement properties. To be fit for purpose, any candidate score to be used as a screening instrument
must satisfy a number of requirements, one being that the score must have adequate measurement
properties to enable assessment of patients for joint replacement {i.e. adequate validity [ACHE protocol
version 4, Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences

(NDORMS), 2015]}.

Methods

General approach

Following the review of the evidence on the measurement properties of the possible instruments for
measuring outcome after knee and hip replacement operations, a number of gaps in the evidence base
were identified. Using available data sets, before we refined the shortlist of candidate tools (Table 5),
the missing measurement properties were calculated when possible using available data sets.

TABLE 5 Available data sets and instruments

Instrument
EQ-5D-3L index SF-12/SF-36
Knee
KAT v v v
ADAPT v v
APEX v v
Hip
EUROHIP 4 4 v
EPOS v v
ADAPT v v
APEX v v

ADAPT, Assessing Disability After Partial and Total Joint Replacement; APEX, Arthroplasty Pain EXperience study;
EPOS, Exeter Primary Outcome Study; EUROHIP, The European Collaborative Database of Cost and Practice Patterns
of Total Hip Replacement; KAT, Knee Arthroplasty Trial.
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Patient-level data were available from a number of data sets, which included data on several relevant scoring
systems. As reported in Chapter 1 and summarised in Tables 1-4, most of the instruments identified in the
systematic review lacked evidence on one or more measurement properties. Using the available data sets,
missing measurement properties were calculated. The instruments covered varied across the data sets (see
Table 5). No data sets were available that included SF-6D, SF-36, ICOAP, KOOS or KOOS-PS, among others.

A brief description of the data sets used is provided in the following sections.
The Knee Arthroplasty Trial

Summary

The Knee Arthroplasty Trial (KAT) is a National Institute for Health Research (NIHR) HTA programme-funded
study that has examined the outcome of 2352 total knee arthroplasties (TKAs) over a median of 10 years,
and includes data on costs and resource use. Continued development of TKA systems has seen improvement
in quality of life and increased duration of prosthetic survival. It was a pragmatic, multicentre (116 surgeons in
34 centres in the UK) randomised controlled trial (RCT). A total of 2352 participants were randomly allocated
to be treated with or without a metal backing of the tibial component (n = 409), a patellar resurfacing
(n=1715) or a mobile bearing (n = 539); in total, 2318 patients took part.

The trial is registered as ISRCTN45837371.

Available outcome measures of interest

The available outcome measures of interest were the OKS, SF-12 [predominantly version 2 (n=2091),
although a small number of version 1 questionnaires were initially used (n = 126)] and the EQ-5D-3L
descriptive system (referred to as the '‘EQ-5D-3L index’ in this report).

The European Collaborative Database of Cost and Practice Patterns of Total
Hip Replacement

Summary

This used a cohort of people having primary hip replacement for primary osteoarthritis from the UK and
other European countries. The European Collaborative Database of Cost and Practice Patterns of Total Hip
Replacement (EUROHIP) consortium includes 20 orthopaedic centres in 12 different European countries.¢?
The cohort was comprised of 1051 people having primary hip replacement for primary hip osteoarthritis.
Originally, 147 patients in the cohort came from the UK (143 remained for the analysis for the OHS) and
the remaining 1373 patients were from other European countries (1184 remained for the analysis). In
total, 1327 participants were used for analyses of WOMAC and the EQ-5D-3L index. A total of 908
participants (68.4%) completed the 12-month follow-up questionnaire. A minimum of 50 consecutive,
consenting patients receiving primary total hip arthroplasty (THA) for hip osteoarthritis in each of the

20 participating orthopaedic centres entered the study. Preoperative data included demographics,
employment and educational attainment, drug utilisation and involvement of other joints.¢

Available outcome measures of interest

The available outcome measures of interest were the OHS, EQ-5D-3L index and WOMAC (a five-point
Likert version).

The Exeter Prosthesis Outcome Study

Summary

The Exeter Primary Outcome Study (EPOS) recruited 1590 patients who had undergone Exeter hip
replacement implants between March 1999 and February 2002.58 There were 1375 patients (1431 hips)

NIHR Journals Library
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with a primary diagnosis of osteoarthritis. The unit of analysis was the implant rather than the patient, of
whom 56 had bilateral procedures. A total of 1431 THRs were undertaken by consultant and non-consultant
surgeons using anterolateral or posterior approaches.®

Available outcome measures of interest
The available outcome measures of interest were the OHS and SF-36.

After Partial and Total Joint Replacement

Between February 2010 and November 2011, 125 patients undergoing THA and 128 patients undergoing
TKA were recruited to the cohort. The protocol and full details of the research design and findings have
been published.” The studies were approved by the Southampton and South West Hampshire Research
Ethics Committee (09/H0102/72) and all participants provided informed, written consent.”" The patients
recruited were due to undergo a range of hip and knee replacement procedures, meaning that functional
measures could be investigated across a range of people with diverse indications for surgery and degrees
of functional impairment.

Available outcome measures of interest
The available outcome measures of interest were the SF-12 version 1 and WOMAC.

Arthroplasty Pain Experience

Summary

Between 2009 and 2012, 322 patients undergoing THA and 316 patients undergoing TKA were recruited.
The inclusion criteria were waiting for a primary unilateral THA or TKA for osteoarthritis. The published
protocol and clinical results paper for the Arthroplasty Pain EXperience (APEX) study provide full details of
the research design and findings.”®72 The exclusion criteria were the inability to provide informed consent
or complete questionnaires and medical comorbidity precluding the use of spinal anaesthesia, regional
blocks or strong analgesics postoperatively.

Available outcome measures of interest
The available outcome measures of interest were the EQ-5D-3L index and WOMAC.

Approvals
We successfully sought direct approval from the data controller of each data set to obtain access to the
anonymised data.

Available data by data set

Tables 6 and 7 show the number of individuals who responded to each hip and knee measurement tool
for the respective data sets. The percentages of items missing in those with an incomplete measurement
tool were about 6-24% for the EQ-5D-3L index, 15-41% for the OHS and 12% for the OKS and 21-36%
for the WOMAC total score post operation (see Report Supplementary Material 1, Online Supplement 1,
for further details. Please note that all further citations to ‘online supplements’ refer to those within
Report Supplementary Material 1).

Statistical analysis
The statistical methods used to calculate the five measurement properties of interest are described in the
following sections.

Internal consistency

The corresponding Cronbach'’s alpha was calculated using preoperation and postoperation data for the
SF-12 [physical component score (PCS) and mental component score (MCS)] and OKS (pain, function

and total scores). For the OKS total scores and subscales, the actual internal consistency can be assessed
(as these summary scores are simple summations of the individual items). For the EQ-5D-3L index and the
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Measurement tool
APEX

EQ-5D-3L index
EUROHIP

EQ-5D-3L index
ADAPT

SF-12 MCS/PCS
EPOS

OHS
EUROHIP

OHS

OHS pain

OHS function
ADAPT

WOMAC total

WOMAC pain

WOMAC function

WOMAC stiffness

Pre operation

Individuals who
responded to any
question in the

measurement tool (n)

309

1266

125

1534

140

140

139

125

125

125
125

TABLE 6 Hip measurement tools: observed and missing data

Individuals who
fully completed
the measurement
tool (n)

302

1228

119

1517

127

133

131

112

122

115
125

Items missing for those

with an incomplete

measurement tool
response (%)

86.8

72.9

53.8

79.9

33.9

51.7

47.2

345

77.5
424

Post operation

Individuals who
responded to any
question in the

measurement tool (n)

271

903

112

1262

123

123

123

11

111

111
111

Individuals who
fully completed
the measurement
tool (n)

266

883

104

1239

114

120

115

102

109

104
109

Items missing for those
with an incomplete

measurement tool
response (%)

94.8

96.9

76.0

94.9

74.7

92.0

39.6

70.4

93.3

75.8
95.2
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Measurement tool
APEX
WOMAC total
WOMAC pain
WOMAC function
WOMAC stiffness
EUROHIP
WOMAC total
WOMAC pain
WOMAC function
WOMAC stiffness

Pre operation

Individuals who

responded to any
question in the
measurement tool (n)

324
324
308
309

1272
1268
1270
1266

Individuals who
fully completed
the measurement
tool (n)

261
323
270
300

1243
1255
1253
1266

Items missing for those
with an incomplete
measurement tool
response (%)

42.7
96.0
53.7
89.5

73.4
91.1
86.7

Post operation

Individuals who
responded to any
question in the
measurement tool (n)

283
283
273
273

902
886
901
888

Individuals who
fully completed
the measurement
tool (n)

234
279
242
268

865
875
888
888

Items missing for those
with an incomplete
measurement tool
response (%)

65.7
95.0
74.0
96.7

94.3
98.8
98.4

ADAPT, Assessing Disability After Partial and Total Joint Replacement; MCS, mental component score; PCS, physical component score.
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Measurement tool
APEX

EQ-5D-3L index
KAT

EQ-5D-3L index
ADAPT

SF-12 MCS/PCS
KAT

SF-12 MCS/PCS
KAT

OKS

OKS pain

OKS function
ADAPT

WOMAC total

WOMAC pain

WOMAC function

WOMAC stiffness

TABLE 7 Knee PROMs: observed and missing data

Pre operation

Individuals who
responded to any
question of the

measurement tool (n)

302

2156

128

2156

2159

2159

2159

128

127

127
127

Patients who
fully completed
the measurement
tool (n)

298

2120

116

2087

2112

2136

2132

118

123

120
127

Items missing in those

with incomplete

measurement tool (%)

92.2

71.6

43.2

58.3

59.9

76.4

75.8

41.4

64.4
49.0

Post operation

Individuals who
responded to any
question of the

measurement tool (n)

263

1995

110

1996
1996
1996

110
110
110
110

Patients who
fully completed
the measurement
tool (n)

261

1939

96

1904

1691

1906

1753

102

109

103
110

Items missing in those
with incomplete
measurement tool (%)

97.9

84.2

68.5

479
76.2
58.8

74.6
96.5
77.5
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Measurement tool
APEX
WOMAC total
WOMAC pain
WOMAC function
WOMAC stiffness

Pre operation

Individuals who

responded to any
question of the
measurement tool (n)

318
318
301
301

Patients who
fully completed
the measurement
tool (n)

246
318
253
293

Items missing in those
with incomplete
measurement tool (%)

41.6
0.0

50.5
913

Post operation

Individuals who
responded to any
question of the
measurement tool (n)

277
277
268
268

Patients who
fully completed
the measurement
tool (n)

214
269
224
260

Items missing in those
with incomplete
measurement tool (%)

59.0
90.9
66.6
94.9

ADAPT, Assessing Disability After Partial and Total Joint Replacement; MCS, mental component score; PCS, physical component score.

Note

Individual-item-level response data were not available.
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SF-12 summary scores, the respective Cronbach’s alpha relates to a summary score of the five domains,
and, therefore, 12 items were carried out at the best indirectly assessed internal consistency. The SF-12
uses 12-item response values to generate two summary scores: physical and mental. This was carried out
for the baseline data only and by version. The analyses were carried out in Stata® (version 14; StataCorp
LP, College Station, TX, USA) using the alpha command. The Cronbach’s alpha including all standard
items, with each of the constituent items dropped in turn, was calculated along with the correlation
between each individual item and the sum of all the other items.

Construct validity

A priori hypotheses about the magnitude and direction of correlations between primary outcomes at pre
operation have been proposed (see Analysis plan document). Spearman’s and Pearson’s correlations were
calculated for each pair of measures. These were calculated in Stata® using the ci2 command with 95%
confidence intervals (Cls). The Cl for Pearson’s correlation was calculated in two ways: using Fisher’s r-to-z
transformation and using bootstrapping with 1000 replications in Stata® using the bootstrap command.
Cohen’s convention is to interpret ES as follows: a correlation coefficient of 0.10 is thought to represent

a weak or small association, a correlation coefficient of 0.30 is considered a moderate correlation and a
correlation coefficient of 0.50 or larger is thought to represent a strong or large correlation.”

Responsiveness
Responsiveness was assessed by examining the magnitude and direction of correlations of the change
scores (pre to post operation) between the primary outcomes.

Floor and ceiling effects

The proportion of patients responding with the highest and lowest possible scores at pre and post
operation were calculated to assess the possibility of floor/ceiling effects. Jette et al.7* considered that for
the measurement of a stage to be useful, no more than 20% of patients’ measurements should show
floor and ceiling effects. More values close to the extremes of the instrument’s range suggest more limited
ability of a measurement to discriminate among patients’ function at the minimum or maximum possible
scale.”* The proportion specified to designate a floor/ceiling effect is arbitrary, with 20% used for the
current study.

Interpretability

The ACHE project methodology aims to calculate the minimal detectable change (MDC), minimally
important change (MIC) and minimally important difference (MID). Various approaches can be used to
assess these properties. Minor variations in these definitions exist. The definitions used for the estimation
of these attributes are given in the following sections.

The MDC was calculated as stated in the following section. The MIC was calculated in three ways: the
ROC MIC, MIC (group) and MIC (ES). The MID was calculated in two ways: using a patient-reported
global transition item MID (anchor) and using an ES approach MID. The specific methods used were in
accordance with the methodology proposed by Beard et al.”®

Minimal detectable change (90% significance level)

This is often called a distribution method for calculating an important change. The SE of the measurement
can be defined as:

SE of the measurement =SD x +/(1=R), (1)

where SD is the standard deviation and R is a reliability parameter [e.g. test—retest reliability or intracluster
correlation coefficient (ICC)]. In this analysis, test-retest reliability was used.’s77 Applying a 90% significance
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level for z-distribution (z-statistics value of 1.645), a range for the possible difference between two
observations under the same conditions (test-retest scenario) was calculated to define the MDC:77

MDC = £1.645 x +/2 x SE of the measurement. 2)

To calculate an estimate of the MDC, the ICC (test—retest reliability) should be imputed given repeatability
data because it is not possible to calculate an estimate of the ICC (i.e. the outcome measured at the same
time point multiple times) in the KAT data set. A previous study has estimated ICCs of 0.84 and 0.80 for
the SF-12 physical and mental scores, respectively, on a mixed sample of patients undergoing hip and knee
replacement surgery, comparing scores at 3 weeks and 1 week pre operation.”® Although these estimates
are not optimal (the ICC would preferably be estimated separately for hip and knee replacement surgery),
it is thought that they will be sufficiently close to be used to enable the respective MDCs to be calculated.
A previous study”® has reported ICCs of 0.73, 0.78 and 0.53 for WOMAC pain, physical function and
stiffness, respectively, at pre operation for patients undergoing THA. In this analysis, the MDCs were
calculated for the SF-12 physical and mental scores pre operation using the preoperative ICCs given
above.”®

Minimally important change

Receiver operating characteristic minimally important change

The previous MIC approach can be modified by using ROC curve methodology (using the anchor definition
as the reference standard for an important change) in order to determine the optimal cut-point. The
optimal cut-point can be defined in various ways. In this analysis, Youden's Index is used by maximising
(sensitivity + specificity — 1), and shortest distance by minimising:

\/(1 — sensitivity)® + (1 — specificity)®. 3)

The area under the corresponding curve was calculated using a non-parametric ROC approach in Stata®
(roctab command) to generate an associated 95% ClI.

Minimally important change (group)

The MIC can be calculated as the mean change score for patients who identify themselves as having a
‘minimal’ (e.g. ‘a little") difference on a patient-reported global transition item (anchor). An anchor-based
MID was calculated using ‘somewhat satisfied’ versus ‘somewhat dissatisfied’ groups when there was no
neutral scale.

Minimally important change (effect size)
An ES for the MIC can be calculated as follows:

_ Mean ScoresBaseline_somewhat satisfied — Mean ScoresPostJomewhat satisfied

ES , 4)
Pooled SD
where pooled SD is:
2 2
(NBase\ine,somewhat satisfied — 1 ) X SDBase\ine_somewhat satisfied + (NPost,somewhat satisfied — 1 ) X SDPost_somewhat satisfied (5)
NBaseIine,somewhat satisfied + NPost,somewhat satisfied — 2 '

and SDs are group-specific SDs and Ns are study sample sizes. An ES of 0.5 has been proposed as an
estimate of a MIC; the MIC (ES).8" The MICs for health-related quality of life instruments have been noted
to be close to half a SD in other studies.””
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Minimally important difference

Minimally important difference (group)

The MID (group) can be calculated as the difference in the mean change score for patients who identify
themselves as having a ‘minimal’ difference (e.g. ‘a little better’) and those who identify themselves as
having no change (e.g. ‘about the same’) on a patient-reported global transition item (anchor). EPOS and
EUROHIP data sets both had a satisfaction Likert scale (Table 8). An anchor-based MID was calculated
using ‘somewhat satisfied’ versus ‘somewhat dissatisfied’ groups when there was no neutral scale.

Minimally important difference (effect size)
An ES estimate of the MID can be calculated using an anchor (e.g. satisfaction after the operation):

_ Mean Change ScoreSPosT_somewhat satisfied ™ Mean Change SCOreSPos‘(.some\Mﬁat dissatisfied

ES , (6)
Pooled SD
where pooled SD is:
(N sies — 1) x SD? + (N, ssatisfied — 1) X SD?
Post_somewhat satisfied Post_somewhat satisfied Post_somewhat dissatisfied Post_somewhat dissatisfied (7)
NPosl_somewhat satisfied T NPosl_scmewhat dissatisfied — 2

and the SD is the group-specific SD and N is the study sample size.82 Half of a SD (ES approach) has been
proposed as an estimate of a MID.& The MIDs for health-related quality of life instruments had previously
been suggested to be close to a half of a SD.8

Results

Internal consistency
Internal consistency results for hip and knee scores are shown in Table 9.

Hip

The internal consistency of all the instruments demonstrated that the total score can be adequately
considered as one scale for hip [except the preoperative EQ-5D-3L Index (Cronbach’s alpha = 0.66)], with
Cronbach’s alphas in the range of 0.88-0.89 and 0.93 at pre and post operation, respectively, for the OHS
and no improvement obtained by removal of any item. Likewise, no significant improvement was obtained
by removal of any item in the EQ-5D-3L index, SF-12 and WOMAC. Cronbach'’s alpha values for each
individual item were similarly high and are provided in Appendix 1. The postoperation data set showed
slightly higher Cronbach’s alphas.

TABLE 8 Satisfaction at post operation: EUROHIP and EPOS data sets

Very satisfied 165 68 829 79
Somewhat satisfied 59 24 167 16
Somewhat dissatisfied 13 5 39 4
Very dissatisfied 7 3 18 2
Total 244 100 1053 100
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TABLE 9 Internal consistency at pre and post operation for hip and knee measurement tools

Time point
Pre operation Post operation®
Measurement tool (total) n n
Hip
EQ-5D-3L index
APEX 302 0.66 266 0.82
EUROHIP 1228 0.66 883 0.81
SF-12
ADAPT 119 0.86 104 0.89
OHS
EPOS 1517 0.88 1239 0.93
EUROHIP 127 0.89 114 0.93
WOMAC
ADAPT 112 0.97 102 0.98
APEX 261 0.96 234 0.98
EUROHIP 1243 0.95 865 0.98
Knee

EQ-5D-3L index

APEX 298 0.66 261 0.80
KAT 2120 0.55 1939 0.79
SF-12°
ADAPT 116 0.81 96 0.89
KAT
Version 1 116 -0.40 -
Version 2 1791 0.38 -
OKsS
KAT 2112 0.86 1691 0.93
WOMAC
ADAPT 118 0.96 102 0.98

ADAPT, Assessing Disability After Partial and Total Joint Replacement.
a In the KAT trial, version 2 was used for 2091 participants and version 1 was used for 126 participants.

Knee

The internal consistency of all of the instruments demonstrated that the total score can be adequately
considered as one scale for knee [except the preoperative EQ-5D-3L Index (Cronbach’s alpha = 0.55-0.66)
and the SF-12 (Cronbach’s alpha = 0.38 and 0.40 with KAT)], with Cronbach’s alphas in the range of 0.86
and 0.93 at pre and post operation, respectively, for the OKS and no improvement obtained by removal
of any item. No significant improvement was obtained by the removal of any item in the EQ-5D-3L index,
SF-12 and WOMAC. Alpha values for each individual item were similarly high and are provided in
Appendix 1. The postoperation data set showed slightly higher Cronbach’s alphas.

Construct validity
Construct validity results for hip and knee data sets are shown in Tables 10 and 77.
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TABLE 10 Spearman’s correlations with 95% Cls at pre and post operation: hip

Time point
Baseline 12 months
Comparator n Spearman'’s correlation (95% ClI) n Spearman’s correlation (95% ClI)
EQ-5D index
APEX
WOMAC pain 301 0.59 (0.51 to 0.66) 262 0.67 (0.60 to 0.73)
WOMAC function 266 0.69 (0.62 to 0.75) 233 0.68(0.60 to 0.74)
WOMAC stiffness 294 0.53 (0.44 t0 0.61) 261 0.54 (0.44 to 0.62)
WOMAC total 259 0.70 (0.63 to 0.76) 228  0.70(0.63 to0 0.76)
EUROHIP
OHS 124 0.75 (0.66 to 0.82) 113 0.78 (0.70 to 0.84)
OHS function 128 0.71(0.62 to 0.79) 114 0.78 (0.70 to 0.84)
OHS pain 130 0.70 (0.59 to 0.78) 119 0.62 (0.50 to 0.72)
SF-12 PCS
ADAPT
WOMAC total 118 0.57 (0.44 to 0.68) 75 0.70 (0.56 to 0.80)
WOMAC pain 118 0.45 (0.29 to 0.58) 75 0.71(0.58 to 0.81)
WOMAC function 118 0.58 (0.45 to 0.69) 75 0.72 (0.59 to 0.82)
WOMAC stiffness 118 0.38 (0.21 t0 0.52) 75 0.52 (0.33 to 0.67)
SF-12 MCS 118 -0.11 (-0.28 to0 0.08) 75 -0.13 (-0.35 to 0.09)
SF-12 MCS
WOMAC total 118 0.28 (0.10 to 0.44) 75 0.18 (-0.05 to 0.39)
WOMAC pain 118 0.30 (0.12 to 0.45) 75 0.15 (-0.08 to 0.36)
WOMAC function 118 0.27 (0.09 to 0.43) 75 0.17 (-0.06 to 0.38)
WOMALC stiffness 118 0.24 (0.06 to 0.40) 75 0.24 (0.02 to 0.45)
SF-12 PCS 118 -0.11 (-0.28 to 0.08) 75 —-0.13 (-0.35 to 0.09)
OHS
EPOS
SF-36 general health 1043 0.26 (0.21 t0 0.32) 765 0.50 (0.44 to 0.55)

OHS function

SF-36 physical function 1042 0.71 (0.68 t0 0.74) 773 0.79 (0.76 t0 0.81)
SF-36 role physical 1038 0.37 (0.32 t0 0.43) 785 0.63 (0.59 to 0.67)
SF-36 role emotional 1043 0.26 (0.20 to 0.31) 781 0.44 (0.38 to 0.49)
SF-36 pain 1048 0.65 (0.61 to 0.68) 800 0.65 (0.61 to 0.69)
SF-36 vitality 1033 0.42 (0.37 to 0.47) 780 0.60 (0.55 to 0.64)
SF-36 mental health 1034 0.30 (0.24 to 0.35) 780 0.41 (0.35 to 0.47)
SF-36 social function 1042 0.58 (0.54 to 0.62) 783 0.64 (0.58 to 0.67)
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TABLE 10 Spearman's correlations with 95% Cls at pre and post operation: hip (continued)

Time point
Baseline 12 months
Comparator n Spearman'’s correlation (95% ClI) n Spearman’s correlation (95% ClI)
OHS pain
SF-36 physical function 1042 0.53 (0.49 to 0.58) 771 0.57 (0.52 to 0.62)
SF-36 role physical 1038  0.32 (0.26 t0 0.37) 783  0.49(0.43 to 0.54)
SF-36 pain 1048  0.69 (0.66 to 0.72) 800  0.61(0.56 to 0.65)
WOMAC total
ADAPT
WOMAC pain 125 0.88 (0.83 to 0.91) 111 0.81 (0.74 to 0.87)
WOMAC function 125 0.99 (0.98 to 0.99) 111 0.97 (0.96 to 0.98)
WOMAC stiffness 125 0.85 (0.79 to 0.89) 1M1 0.74 (0.64 t0 0.81)
SF-12 MCS 118 0.28 (0.10 to 0.44) 75 0.18 (-0.05 to 0.39)
SF-12 PCS 118 0.57 (0.44 to 0.68) 75 0.70 (0.56 to 0.80)
APEX
EQ-5D score 301 0.59 (0.51 to 0.66) 262 0.67 (0.60 to 0.73)
WOMAC function 269 0.77 (0.72 t0 0.81) 241 0.70 (0.63 t0 0.76)
WOMAC stiffness 299 0.63 (0.56 to 0.70) 264 0.58(0.49 to 0.65)
WOMAC total 261 0.85 (0.81 to 0.88) 234 0.79 (0.74 to 0.84)
WOMAC function
EUROHIP
OHS function 115 0.84 (0.78 to 0.89) 114 0.85 (0.79 to 0.89)
WOMAC pain
EUROHIP
OHS pain 131 0.78 (0.70 to 0.84) 118  0.66 (0.54 to 0.75)

ADAPT, Assessing Disability After Partial and Total Joint Replacement.

TABLE 11 Spearman's correlations with 95% Cls at pre and post operation: knee

Time point
Baseline 12 months
Comparator n Spearman’s correlation (95% CI) n Spearman’s correlation (95% ClI)
EQ-5D index
KAT
OKs 2073  0.70(0.67 t0 0.72) 1647  0.78 (0.76 to 0.80)
OKS function 2097  0.65(0.63 to 0.68) 1702 0.74 (0.72 t0 0.76)
OKS pain 2093  0.62(0.59 to 0.65) 1857  0.74(0.72 t0 0.76)
SF-12 PCS 2055  0.43(0.40 to 0.47) 1857  0.72(0.70 to 0.74)
SF-12 MCS 2055  0.42 (0.38 to 0.45) 1857  0.46 (0.43 to 0.50)

continued
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TABLE 11 Spearman’s correlations with 95% Cls at pre and post operation: knee (continued)

Time point
Baseline 12 months
Comparator n Spearman’s correlation (95% CI) n Spearman'’s correlation (95% ClI)
SF-12 PCS
ADAPT
WOMAC total 114 0.36 (0.19 to 0.51) 74 0.75 (0.64 to 0.84)
WOMAC pain 115 0.38(0.21 t0 0.52) 74 0.65 (0.49 to 0.76)
WOMAC function 115 0.35(0.18 to 0.50) 74 0.74 (0.61 to 0.83)
WOMAC stiffness 115 0.20 (0.02 to 0.37) 74 0.57 (0.39 to 0.70)
SF-12 MCS 116 -0.36 (-0.51 to -0.19) 74 0.0 (-0.23 t0 0.23)
KAT
OKS function 2062  0.50(0.47 to 0.53) 1678  0.71 (0.68 t0 0.73)
OKS pain 2066  0.50 (0.47 to 0.54) 1831  0.62 (0.59 to 0.65)
SF-12 MCS
ADAPT
WOMAC total 114 0.11 (-0.07 t0 0.29) 74 0.25(0.02 to 0.45)
WOMAC pain 115 0.02 (-0.16 t0 0.21) 74 0.19 (-0.04 to 0.40)
WOMAC function 115 0.12 (-0.07 t0 0.29) 74 0.26 (0.03 to 0.46)
WOMAC stiffness 115 0.19 (0.01 to 0.36) 74 0.23 (0.01 to 0.44)
SF-12 PCS 116 -0.36 (-0.51 t0 -0.19) 74 0(-0.23 10 0.23)
KAT
OKS function 2062  0.41(0.37 to 0.44) 1678  0.43(0.39 to 0.47)
WOMAC total
ADAPT
WOMAC pain 126 0.86 (0.81 to 0.90) 110 0.92 (0.88 t0 0.94)
WOMAC function 126 0.98 (0.97 to 0.98) 110 0.99 (0.98 to 0.99)
WOMAC stiffness 126 0.69 (0.59 to 0.77) 110 0.81(0.73 to 0.87)
SF-12 MCS 114 0.11 (-0.07 t0 0.29) 74 0.25(0.02 to 0.45)
SF-12 PCS 114 0.36 (0.19 to 0.51) 74 0.75 (0.64 to 0.84)
APEX
EQ-5D index 244 0.72 (0.65 to 0.77) 209 0.80 (0.74 to 0.84)
WOMAC pain 246 0.85(0.81 t0 0.88) 214 0.89 (0.86 to 0.92)
WOMAC function 246 0.98 (0.98 to 0.99) 214 0.99 (0.98 to 0.99)
WOMAC stiffness 246 0.70 (0.63 to 0.76) 214 0.79 (0.73 to 0.84)

ADAPT, Assessing Disability After Partial and Total Joint Replacement.
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Hip

Construct validity (based on Spearman’s correlation) was generally supported with moderate to strong
correlations between the instruments, except for correlations involving the SF-12 PCS, SF-12 MCS and SF-36.
Correlations between the instruments at pre operation versus post operation were generally similar.

Knee

For the knee instruments, the pattern was broadly similar to the hip instruments. Construct validity (based
on Spearman’s correlation) was generally supported with moderate to strong correlations between the
instruments, except for correlations involving the SF-12 PCS and SF-12 MCS. Correlations between the
instruments at post operation tended to be higher than those at pre operation.

Responsiveness

Responsiveness results for hip and knee scores are shown in Tables 72 and 13, respectively.

Hip

Overall, correlations between the change scores of the instruments show a moderate (> 0.5) association,

except mainly for the correlations involving SF-12 MCS and PCS instruments. Some of the individual
EQ-5D-3L domains also had lower correlations. Pearson’s and Spearman’s correlations were similar.

TABLE 12 Spearman’s and Pearson’s correlations of change scores for hip measurement tools

EQ-5D-3L index

APEX
WOMAC pain 247 0.53 (0.44 to 0.62) 0.55 (0.46 to 0.63)
WOMAC function 198 0.58 (0.48 to 0.66) 0.59 (0.49 to 0.67)
WOMAC stiffness 243 0.46 (0.36 to 0.56) 0.48 (0.38 to 0.57)
WOMAC total 193 0.58 (0.48 to 0.67) 0.59 (0.49 to 0.67)
Change SF-12 PCS
ADAPT
SF-12 MCS 72 -0.27 (-0.47 to -0.04) —-0.21 (-0.42 t0 0.02)
WOMAC pain 72 0.47 (0.26 to 0.63) 0.44 (0.23 t0 0.61)
WOMAC function 72 0.46 (0.25 to 0.62) 0.48 (0.28 to 0.64)
WOMAC stiffness 72 0.18 (-0.06 to 0.39) 0.22 (-0.01 to 0.43)
WOMAC total 72 0.45 (0.25 to 0.62) 0.47 (0.26 to 0.63)
Change SF-12 MCS
SF-12 PCS 72 -0.27 (-0.47 to -0.04) —-0.21 (-0.42 t0 0.02)
WOMAC pain 72 0.27 (0.04 to 0.47) 0.35(0.13 to 0.54)
WOMAC function 72 0.24 (0.01 to 0.45) 0.31(0.09 to 0.51)
WOMAC stiffness 72 0.34 (0.12 to 0.53) 0.33(0.10 to 0.52)
WOMAC total 72 0.27 (0.04 to 0.47) 0.33(0.11 to 0.52)

continued
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TABLE 12 Spearman’s and Pearson’s correlations of change scores for hip measurement tools (continued)

Correlation (95% Cl)

Comparator Spearman’s Pearson’s
Change OHS
EPOS
SF-36 general health 739 -0.25 (-0.31 t0 -0.18) -0.27 (-0.34 t0 -0.20)
EUROHIP
EQ-5D-3L usual activities 13 0.44 (0.28 to 0.58) 0.44 (0.28 to 0.58)
EQ-5D-3L pain 13 0.58 (0.44 to 0.69) 0.57 (0.43 to 0.68)
EQ-5D-3L self-care 113 0.33(0.15 to 0.48) 0.36 (0.18 to 0.51)
EQ-5D-3L index 110 0.57 (0.43 to 0.68) 0.56 (0.42 to 0.68)
WOMAC pain 110 0.63 (0.50 to 0.73) 0.60 (0.47 t0 0.71)
EUROHIP
EQ-5D-3L index 107 0.54 (0.40 to 0.67) 0.53 (0.38 to 0.66)
WOMAC function 107 0.80 (0.71 to 0.86) 0.80 (0.72 to 0.86)
Change WOMAC total
ADAPT
SF-12 MCS 72 0.27 (0.04 to 0.47) 0.33(0.11 t0 0.52)
SF-12 PCS 72 0.45 (0.25 t0 0.62) 0.47 (0.26 to 0.63)
WOMAC pain 110 0.89 (0.85 to 0.93) 0.89 (0.84 to 0.92)
WOMAC function 110 0.99 (0.99 to 0.99) 0.99 (0.99 to 0.99)
WOMAC stiffness 110 0.81 (0.74 t0 0.87) 0.83 (0.77 t0 0.88)
APEX
EQ-5D-3L index 193 0.58 (0.48 to 0.67) 0.59 (0.49 to 0.67)
WOMAC pain 200 0.79 (0.73 t0 0.84) 0.84 (0.79 to 0.87)
WOMAC function 200 0.98 (0.97 to 0.99) 0.98 (0.98 to 0.99)
WOMAC stiffness 200 0.70 (0.62 to 0.76) 0.71(0.63 to 0.77)

ADAPT, Assessing Disability After Partial and Total Joint Replacement.

TABLE 13 Spearman’s and Pearson’s correlations of change scores for knee measurement tools

Correlation (95% ClI)

Comparator Spearman’s Pearson’s

Change EQ-5D-3L index

32

APEX
WOMAC pain 240 0.50 (0.40 to 0.59) 0.53(0.43 t0 0.62)
WOMAC function 180 0.53 (0.41 t0 0.63) 0.56 (0.45 to 0.65)
WOMAC stiffness 233 0.50 (0.40 to 0.59) 0.53(0.43 t0 0.62)
WOMAC total 169 0.57 (0.46 to 0.67) 0.60 (0.49 to 0.69)
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TABLE 13 Spearman’s and Pearson’s correlations of change scores for knee measurement tools (continued)

HEALTH TECHNOLOGY ASSESSMENT 2019 VOL. 23 NO. 32

KAT
OKs 1565  0.56 (0.52 to 0.59) 0.56 (0.53 to 0.60)
OKS function 1632 0.47 (0.43 to 0.51) 0.49 (0.45 to 0.53)
OKS pain 1784 0.55 (0.52 to 0.58) 0.55 (0.52 to 0.59)
SF-12 PCS 1749 0.41 (0.37 to 0.45) 0.42 (0.38 to 0.45)
SF-12 MCS 1749 0.24 (0.20 to 0.29) 0.27 (0.22 to 0.31)
Change SF-12 PCS
ADAPT
SF-12 MCS 65 0.04 (-0.20 to 0.28) 0.10 (-0.15 t0 0.33)
WOMAC pain 65 0.56 (0.37 to0 0.71) 0.56 (0.37 t0 0.71)
WOMAC function 65 0.63 (0.45 to 0.76) 0.61(0.43 t0 0.75)
WOMAC stiffness 64 0.48 (0.26 to 0.65) 0.41 (0.18 to 0.59)
WOMAC total 64 0.64 (0.47 to 0.76) 0.62 (0.44 t0 0.75)
KAT
OKS function 1581 0.54 (0.50 to 0.57) 0.55 (0.52 to 0.59)
OKS pain 1731 0.54 (0.50 to 0.57) 0.55 (0.52 to 0.58)
Change SF-12 MCS
ADAPT
SF-12 PCS 65 0.04 (-0.20 to 0.28) 0.10 (-0.15 to 0.33)
WOMAC pain 65 0.24 (-0.00 to 0.46) 0.28 (0.04 to 0.49)
WOMAC function 65 0.27 (0.03 to 0.49) 0.34 (0.10 to 0.54)
WOMAC stiffness 64 0.28 (0.03 to 0.49) 0.33(0.09 to 0.53)
WOMAC total 64 0.28 (0.04 to 0.50) 0.34 (0.11 to 0.54)
KAT
OKS function 1581 0.27 (0.22 to 0.31) 0.30 (0.25 to 0.34)
Change WOMAC total
ADAPT
SF-12 MCS 64 0.28 (0.04 to 0.50) 0.34 (0.11 to 0.54)
SF-12 PCS 64 0.64 (0.47 to 0.76) 0.62 (0.44 t0 0.75)
WOMAC pain 108 0.88 (0.83 t0 0.92) 0.90 (0.86 to 0.93)
WOMAC function 108 0.98 (0.98 to 0.99) 0.99 (0.98 to 0.99)
WOMAC stiffness 108 0.74 (0.65 to 0.82) 0.73 (0.63 t0 0.81)
APEX
EQ-5D-3L index 169 0.57 (0.46 to 0.67) 0.60 (0.49 to 0.69)
WOMAC pain 174 0.84 (0.79 to 0.88) 0.86 (0.82 to 0.90)
WOMAC function 174 0.98 (0.97 to 0.98) 0.98 (0.98 to 0.99)
WOMAC stiffness 174 0.74 (0.66 to 0.80) 0.77 (0.70 to 0.82)

ADAPT, Assessing Disability After Partial and Total Joint Replacement.
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CALCULATION OF MEASUREMENT PROPERTIES (WORK PACKAGE 1)

Knee

Overall, correlations between the change scores of the instruments show a moderate (> 0.5) association,
except for the correlations involving the SF-12, MCS and PCS instruments. Pearson’s and Spearman'’s
correlations were similar.

Floor and ceiling effects
Floor and ceiling effect results for the hip and knee scores are shown in Tables 14 and 15, respectively.

TABLE 14 Floor and ceiling effects for hip measurement tools

Time point
Pre operation Post operation

Measurement tool n Floor (%) Ceiling (%) n Floor (%) Ceiling (%)
EUROHIP

EQ-5D-3L index 1228 0.1 0.7 883 - 39.0
APEX

EQ-5D-3L index 302 0.0 1.3 266 0.0 46.2
ADAPT

SF-12 MCS 118 0.0 0.0 75 0.0 0.0

SF-12 PCS 118 0.0 0.0 75 0.0 0.0
EPOS

OHS total 1517 0.1 - 1239 - 19.1

OHS pain 1527 2.6 0.1 1247 - 33.8

OHS function 1520 0.3 0.1 1248 0.2 26.4
EUROHIP

OHS total 127 - - 114 - 14.0

OHS pain 133 3.8 - 120 - 35.8

OHS function 131 - - 115 - 19.1
ADAPT

WOMAC total 125 0 0 111 0 20.7

WOMAC pain 125 1.6 1.6 11 0 55.0

WOMAC function 125 0.8 1.6 111 0 24.3

WOMAC stiffness 125 4.8 4.8 111 0 53.2
APEX

WOMAC total 261 0.4 0 234 0 19.7

WOMAC pain 323 2.5 0.6 279 0 46.6

WOMAC function 270 0.7 0 242 0 27.7

WOMAC stiffness 300 43 33 268 0 44.8
EUROHIP

WOMAC total 1243 0.2 - 865 0.1 7.2

WOMAC pain 1255 1.0 0.2 875 0.1 33.3

WOMAC function 1266 5.9 1.6 888 0.5 26.6

WOMAC stiffness 1253 0.6 - 888 - 9.2

ADAPT, Assessing Disability After Partial and Total Joint Replacement.
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TABLE 15 Floor and ceiling effects for knee measurement tools

APEX
EQ-5D-3L index 298 0 0.7 261 0.4 29.5
KAT
EQ-5D-3L index 2120 - 0.4 1939 - 254
SF-12 MCS 116 0 0 74 0 0
SF-12 PCS 116 0 0 74 0 0
KAT
OKS total 2112 0.1 - 1691 0.12 2.3
OKS pain 2132 0.1 0.1 1753 0.2 3.7
OKS function 2136 0.9 0.1 1906 0.1 17.0
ADAPT
WOMAC total 126 0.8 0.0 110 0.0 3.6
WOMAC pain 127 0.8 0.0 110 0.0 20.9
WOMAC function 127 0.8 0.0 110 0.0 9.1
WOMAC stiffness 127 3.9 2.4 110 0.9 17.3
APEX
WOMAC total 246 0.0 0.0 214 0.0 5.1
WOMAC pain 318 2.2 0.0 269 0.4 30.5
WOMAC function 253 0.0 0.0 224 0.0 9.4
WOMAC stiffness 293 2.7 1.0 260 0.8 17.3

ADAPT, Assessing Disability After Partial and Total Joint Replacement.

Hip

No floor effects were detected at pre operation for any of the instruments. Substantial ceiling effects were
noted at post operation only. This was particularly the case for the EQ-5D-3L index (39-46%), although all
instruments assessed mostly had a substantial proportion with the highest possible value. The minimum
ceiling effect was 7%, which was observed for the WOMAC total in the EUROHIP data set.

Knee

No floor effects were detected at pre operation for any of the instruments. Substantial ceiling effects were
noted, but to a lower extent than for hip data sets at post operation only for the EQ-5D-3L index and
WOMAC pain scores. Again, this was most strongly the case for the EQ-5D-3L index (25-30%).

Interpretability
Minimal detectable change (90% significance level)

Literature-based minimal detectable change

Minimal detectable change (90% significance) was calculated using the literature review ICC values
presented in Table 16. The SF-12 PCS, assuming an ICC of 0.84, had + 7-8 MDC points. The MDC values
were 10-12 points for the SF-12 MCS with an ICC of 0.80 for hip and knee.”® MDC values for the WOMAC
pain, physical function and stiffness for hip and knee using ICCs of 0.73, 0.78 and 0.53, respectively, ranged
from 20-27, 20-27 and 23-39, respectively.”
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CALCULATION OF MEASUREMENT PROPERTIES (WORK PACKAGE 1)

TABLE 16 Minimally detectable change (90%): literature-based ICCs for hip and knee measurement tools

Pre operation

Measurement tool n MDC 90%

Hip
ADAPT
SF-12 PCS 72 0.84 +7.94
SF-12 MCS 72 0.80 +9.55
ADAPT
WOMAC pain 110 0.73 +26.60
WOMAC function 110 0.78 +24.27
WOMAC stiffness 110 0.53 +38.71
APEX
WOMAC pain 278 0.73 +22.71
WOMAC function 209 0.78 +20.64
WOMALC stiffness 255 0.53 +36.60
EUROHIP
WOMAC pain 1255 0.73 +21.55
WOMAC function 1253 0.53 +26.67
WOMAC stiffness 1266 0.78 +22.62
Knee
ADAPT
SF-12 PCS 65 0.84 +6.67
SF-12 MCS 65 0.80 +9.54
KAT
SF-12 PCS 2087 0.84 +7.60
SF-12 MCS 2087 0.80 +11.99
ADAPT
WOMAC pain 109 0.73 +22.89
WOMAC function 109 0.78 +19.87
WOMAC stiffness 108 0.53 +32.34
APEX
WOMAC pain 269 0.73 +20.20
WOMAC function 187 0.78 +19.54
WOMALC stiffness 242 0.53 +32.21

ADAPT, Assessing Disability After Partial and Total Joint Replacement.
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Minimal detectable change using assumed intracluster correlation coefficient values
Reported ICC values from previous studies reflect the limitations of those studies in terms of population
and precision. The arbitrary ICC figures of 0.5, 0.7 and 0.9 that were also used to calculate MDCs are
reported in Table 17 for hip and knee scores.

Hip
Using an ICC of 0.9 provided MDCs of 0.24 for the EQ-5D-3L index, 6 points for the OHS total score,

6 and 7 for the SF-12 PCS and MCS, respectively, and 12-16 points for the WOMAC total score across the
data sets. MDCs with ICCs of 0.5 and 0.7 were substantially larger, as would be anticipated.

TABLE 17 Minimally detectable change (90%): assumed ICC values for hip and knee measurement tools

Pre operation

MDC (90%)
Measurement tool ICC 0.5
Hip
EUROHIP
EQ-5D-3L index 1228 +0.54 +0.42 +0.24
APEX
EQ-5D-3L index 250 +0.54 +0.42 +0.24
ADAPT
SF-12 PCS 72 +14.04 +10.87 +6.28
SF-12 MCS 72 +15.11 +11.70 +6.76
EPOS
OHS 1517 +13.12 +10.16 +5.87
EUROHIP
OHS 127 +13.10 +10.15 +5.86
ADAPT
WOMAC total 110 +35.00 +27.11 +15.65
WOMAC pain 110 +36.20 +28.04 +16.19
WOMAC function 110 +36.59 +28.34 +16.36
WOMAC stiffness 110 +39.92 +30.92 +17.85
APEX
WOMAC total 200 +29.47 +22.83 +13.18
WOMAC pain 278 +30.90 +23.93 +13.82
WOMAC function 209 +31.11 +24.10 +13.91
WOMAC stiffness 255 +37.75 +29.24 +16.88
EUROHIP
WOMAC total 1243 +26.41 +20.46 +11.81
WOMAC pain 1255 +29.33 +22.72 +13.12
WOMAC function 1253 +27.51 +21.31 +12.30
WOMAC stiffness 1266 +34.10 +26.41 +15.25

continued
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CALCULATION OF MEASUREMENT PROPERTIES (WORK PACKAGE 1)

TABLE 17 Minimally detectable change (90%): assumed ICC values for hip and knee measurement tools (continued)

Pre operation

MDC (90%)
Measurement tool ICC 0.5
Knee
KAT
EQ-5D-3L index 2120 +0.51 +0.39 +0.23
APEX
EQ-5D-3L index 248 +0.51 +0.39 +0.23
KAT
SF-12 PCS 2087 +13.43 +10.40 +6.01
SF-12 MCS 2087 +18.96 +14.68 +8.48
ADAPT
SF-12 PCS 65 +11.78 +9.13 +5.27
SF-12 MCS 65 +15.08 +11.68 +6.74
KAT
OKS 2112 +12.40 +9.60 +5.54
ADAPT
WOMAC total 108 +28.68 +22.22 +12.83
WOMAC pain 109 +31.15 +24.13 +13.93
WOMAC function 109 +29.96 +23.20 +13.40
WOMAC stiffness 108 +33.36 +25.84 +14.92
APEX
WOMAC total 174 +27.06 +20.96 +12.10
WOMAC pain 269 +27.49 +21.29 +12.29
WOMAC function 187 +29.45 +22.82 +13.17
WOMALC stiffness 242 +33.23 +25.74 +14.86

ADAPT, Assessing Disability After Partial and Total Joint Replacement.

Knee

Using an ICC of 0.9 provided MDCs of 0.23 for the EQ-5D-3L index, 5 and 6 for the SF-12 PCS and MCS,
respectively, 6 points for the OKS total score and 13 for the WOMAC subscales across the data sets. MDCs
with assumed ICCs of 0.5 and 0.7 were substantially larger, as would be anticipated.

Minimally important change and minimally important difference

Hip

A suitable anchor was available in two data sets: EUROHIP (EQ-5D-3L, OHS and WOMAC) and EPOS (OHS)
and applied to the total score only. In EUROHIP, 244 patients answered for the satisfaction question after
operation for EUROHIP. Of these, 59 patients (24%) answered ‘somewhat satisfied’ and 13 patients
(5.3%) answered 'somewhat dissatisfied’. These ‘somewhat satisfied’ versus ‘somewhat dissatisfied’
groups were used for the anchor-based analyses in this report when there was no neutral scale. In EPOS,
1053 patients answered the satisfaction question after operation. Of these, 167 patients (16%) answered
‘somewhat satisfied’ and 39 patients (4%) answered ‘'somewhat dissatisfied’. These ‘somewhat satisfied’
versus ‘somewhat dissatisfied’ groups were used for the anchor-based analyses in this report.
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Figure 4 shows the EQ-5D-3L index ROC curve for the EUROHIP data. Table 78 gives the pre and post
operative values in accordance with the anchor, and Table 79 gives the area under the curve (AUC), MIC
(ROC), MIC (group), MIC (ES), MID (group) and MID (ES) estimates, along with the sensitivity and specificity
for the optimal cut-off point. The AUC was 0.69. The MIC ROC values were 0.07 for both the Youden

and the shortest distance methods. MIC (group) and MID (group) were much larger, at 0.36 and

0.28 points, respectively. The values for MIC (ES) and MID (ES) were both around 1.00.
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FIGURE 4 The EQ-5D-3L index: EUROHIP data set ROC curve.

TABLE 18 The EQ-5D-3L index by satisfaction for the EUROHIP data set

Satisfaction

Somewhat satisfied Somewhat dissatisfied

n Mean score n Mean score
Preoperative 56 0.33 0.32 13 0.34 0.33
Postoperative 59 0.69 0.25 13 0.42 0.32
Change 56 0.36 0.29 13 0.08 0.33
Note

Change score was calculated as postoperative minus preoperative score.

TABLE 19 The EQ-5D-3L index MIC/MID by satisfaction for the EUROHIP data set

MiIC
Individual-level MIC (ROC analysis)

AUC (95% CI) Optimal cut-off point Sensitivity 1 - specificity

0.69 (0.52 t0 0.85)
Youden's index 0.07 0.79 0.46 Group 0.36 0.28
Shortest distance 0.07 0.79 0.46 ES 1.26 0.97
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Owing to the low number of OHS observations in the EUROHIP data set (Table 20), in which the
satisfaction was ‘somewhat satisfied’ and ‘somewhat dissatisfied’, the MIC ROC was not calculated in this
report when there was no neutral scale.

Figure 5 shows the OHS ROC curve for the EPOS data set. Table 21 gives the pre and post operative values
in accordance with the anchor, and Table 22 gives the corresponding AUC, MIC (ROC), MIC (group), MIC
(ES), MID (group) and MID (ES) estimates, along with the sensitivity and specificity for the optimal cut-off
point. The AUC was 0.69. The MIC ROC values were 7 and 14 points for the Youden and shortest
distance methods, respectively. The MIC (group) was larger, at 16 points, but the MID (group) was similar,
at 6 points. The MIC (ES) and MID (ES) were 2 and 1, respectively.

TABLE 20 The total OHS, by satisfaction for the EUROHIP data set

Satisfaction

Somewhat satisfied Somewhat dissatisfied
Mean n Mean
Preoperative (N 14.36 3.61 3 13.33 10.50
Postoperative 1" 30.50 7.99 4 26.50 3.32
Change 10 16.14 6.09 3 13.17 7.12
Note

Change score was calculated as postoperative minus preoperative score.
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FIGURE 5 The total OHS: EPOS data set ROC curve.

TABLE 21 The total OHS, by satisfaction for the EPOS data set

Satisfaction

Somewhat satisfied Somewhat dissatisfied

n Mean n Mean
Preoperative 163 14.52 7.10 39 14.80 8.00
Postoperative 164 30.85 9.09 38 25.05 8.13
Change 163 16.33 8.16 39 10.25 8.06
Note

Change score was calculated as postoperative minus preoperative score.
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TABLE 22 The total OHS MIC/MID, by satisfaction for the EPOS data set

MIC

Individual-level MIC (ROC analysis)

AUC (95% CI) Optimal cut-off point Sensitivity 1 - specificity Scale

0.69 (0.59 to 0.78)
Youden's index 7 0.01 1 Group 16.33 6.08
Shortest distance 14 0.44 0.68 ES 2 0.75

Figure 6 shows the WOMAC total ROC curve for the EUROHIP data. Table 23 gives the preoperative and
postoperative values in accordance with the anchor, and Table 24 gives the AUC, MIC (ROC), MIC (group),
MIC (ES), MID (group) and MID (ES) estimates, along with the sensitivity and specificity for the optimal
cut-off point. The AUC was 0.76. The MIC ROC optimal cut-off point was the same for the Youden and
shortest distance methods: 26 points. The MIC (group) and MID (group) were larger, at 31 and 19 points,
respectively. The MIC (ES) and MID (ES) were 2 and 1 points, respectively.

Knee
None of the available knee data sets had a suitable anchor for which interpretability properties could
be assessed.
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FIGURE 6 The total WOMAC score: EUROHIP data set ROC curve.

TABLE 23 The total WOMAC score, by satisfaction for the EUROHIP data set

Satisfaction

Somewhat satisfied Somewhat dissatisfied

n Mean n Mean
Preoperative 58 63.37 14.41 13 61.23 13.33
Postoperative 58 32.10 18.63 13 48.64 20.55
Change 55 -31.27 16.60 13 -12.59 17.32
Note

Change score was calculated as postoperative minus preoperative score.
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The total WOMAC score MIC/MID, by satisfaction for the EUROHIP data set

0.76 (0.62 to 0.90)
Youden's Index 26 0.63 0.15 Group 31.27 18.68
Shortest distance 26 0.63 0.15 ES 1.88 1.13

We calculated the measurement properties of the candidate scores using various statistical methods, using
multiple hip and knee replacement data sets for the candidate instruments. This enabled us to obtain
estimates for some of the properties for which population-specific estimates had not been previously
reported. Estimates for most of the missing measurement properties could be calculated given the
available data sets for the measurement tools of interest.

The OHS (EUROHIP and EPOS) and OKS (KAT) showed generally positive additional evidence regarding the
measurement properties (internal consistency, construct validity, responsiveness and interpretability). Similarly,
the WOMAC [ADAPT (Assessing Disability After Partial and Total Joint Replacement), the APEX study and
EUROHIP] showed generally positive additional evidence regarding the measurement properties. For the
SF-12 PCS and MCS, the evidence was more mixed and the lack of agreement between MCS and PCS was
noteworthy and, although perhaps unsurprising, is problematic in terms of use in the proposed context.

There was no sign of a flooring effect in any instruments. The OHS showed high ceiling effects at post
operation, whereas the OKS had a ceiling effect of only 2% at post operation. The high ceiling effects of
the OHS after the arthroplasty surgery could be examined in relation to patient-reported satisfaction and/or
assessments measuring success. The EQ-5D-3L index showed high ceiling effects for both hip and knee data
sets, in keeping with previous evidence.8 In respect of the systematic review, there is a substantial ceiling
effect for patient ratings in the EQ-5D-3L measurement tool. Different versions of SF-12 questionnaires
were used in different studies, illustrating how it can be difficult to obtain unified data sets for one
measurement tool. Further research is still required for responsiveness, between the generic questionnaires
[e.g. the EQ-5D-3/EuroQol-5 Dimensions, five-level version (EQ-5D-5L) and SF-12] and disease-specific
guestionnaires. Taken overall, there was generally a reasonable amount of positive evidence of the
measurement properties of the OHS, OKS and WOMAC.

Although the WOMAC physical function, pain and stiffness scales were reported as reliable in the
systematic review of measurement properties presented in Chapter 2, the pain scale was highly related

to physical function including item scales.® In this study, we focused on the relationship between the
WOMALC total score and WOMAC subscales; further research may be required regarding the WOMAC
subscales and their use as instruments for developing thresholds. Measurement properties of the SF-12
PCS were more positive than the MCS, which is similar to some previous studies.8”#8 Further research may
be required to clarify what values of the SF-12 MCS are plausible as thresholds for referral and candidacy
for the joint replacement surgery and the role, if any, it can play in this context.

The study had a number of limitations. Most important were the variations between available data sets in
terms of size and also the collection of relevant instruments and variables (e.g. anchor questions). Evidence
on a number of properties for a number of instruments is still lacking or limited. None of the data sets
was ideal and they only contained a subset of relevant instruments, which made comparison between
instruments difficult. For the WOMAC score, only relatively small data sets were available. Imbalance
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between data sets and outcomes collected makes direct comparison between the instruments very
problematic, and, therefore, we have restricted reporting to the individual properties as opposed to the
contrasting instruments. Similarly, the version of the instrument used varied and in some cases (e.g. the
EQ-5D-3L) a more recent version of the tool has been proposed (the EQ-5D-5L) for which no data sets
were available. The methods used to assess the measurement properties were relatively simplistic, although
commonly used in the literature and in general do not provide definitive answers, only suggestive findings.

Conclusion

From the data sets available, additional data on measurement properties were calculated for the EQ-5D-3L,
OHS, OKS, WOMAC, SF-12 (PCS and MCS) and SF-36. These results were added to the information
identified from the systematic review to produce a summary table of the measurement properties of each
of the 36 instruments originally identified. This additional information was used to update the summary

of instrument measurement property evidence produced as part of the systematic review in Chapter 2.
This updated summary, shown in Tables 25-28, was presented to the user group to inform the choice of
candidate instrument to take forward.
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TABLE 25 Psychometric and operational criteria tables: hip and knee instruments

Criteria

Number of studies
Reproducibility
Internal consistency
Validity: content
Construct
Responsiveness

Interpretability

Instrument

HOOS

++

o

Floor and ceiling/precision  +

Acceptability

Data accessible

0
N

HRQ

o o o +

N

++
++
++
0
0
0
N

20
++
+++
++
+++
+++

+++

Knee disorders
subjective
history (VAS)

KOOS KOOS-PS

0
N

++
++
0
0
0
N

+++

+++

+++

+++

+++

++

++

+++

Y

OKS-APQ

+++

+++

+++

+++

+++

++

+++

N

LEFS
(h/k)

++

++
+
0
0

N

LEFS
(W}

LEFS
(K)

N

WOMAC
(h/k)

25

++

+++
+++

++

++

+++

++

++

++

++

++

WOMAC
SF (h/k)

+

o o o +

N

WOMAC
SF (k)

0, not reported; —, no evidence in favour; +, some limited evidence in favour; ++, some good evidence in favour; +++, good evidence in favour; +/-, mixed evidence; h, hip; HOOS, Hip Disability and Osteoarthritis Outcome Score;
HRQ, Hip Rating Questionnaire; LEFS, Lower Extremity Functional Scale; k, knee; N, no; PSI, patient-specific index; VAS, visual analogue scale; Y, yes.

TABLE 26 Psychometric and operational criteria tables: lower-limb and pain instruments

Criteria

Number of studies
Reproducibility
Internal consistency
Validity: content
Construct

Responsiveness

Instrument

Lower
limb core
score (h/k)

Lower

limb core
score (h)

Lower

limb core

score (k)

MODEMS-HK/
(AAOS) hip
and knee core
score (h/k)

++

MODEMS-HK/ MODEMS-HK/
(AAOS) hip

(AAOS) hip
and knee

core score (h)

and knee core

score (k)

ICOAP (h/k)

ICOAP (h)

ICOAP (k) P4 (h/k)

P4 (h) P4 (k)

McGill

Pain-SF (h/k)

McGill
Pain-SF (h)

McGill
Pain-SF (k)
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Instrument

MODEMS-HK/ MODEMS-HK/ MODEMS-HK/
(AAOS) hip  (AAOS) hip

Lower Lower Lower
limb core limb core and knee core and knee
score (h/k) score (h) score (k) score (h/k)

core score (h) score (k)
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limb core
Criteria
Interpretability 0
Floor and ceiling/ 0
precision
Acceptability 0
Data accessible N

0
N

0
N

N

0
N

(AAOS) hip

and knee core McGill McGill McGill
ICOAP (h/k) ICOAP (h) ICOAP (k) P4 (h/k) P4 (h) P4 (k) Pain-SF (h/k) Pain-SF (h) Pain-SF (k)

0 0 0 0 0 0 0 0 0 0

0 0 - - 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0

N N Y Y N N N N N N

0, not reported; —, no evidence in favour; +, some limited evidence in favour; ++, some good evidence in favour; +++, good evidence in favour; +/—, mixed evidence; AAOS, American Academy of Orthopaedic Surgeons; h, hip;
k, knee; MODEMS-HQ, Musculoskeletal Outcome Data Evaluation and Management System Hip and Knee Core Scale; N, no; SF, short form; Y, yes.

TABLE 27 Psychometric and operational criteria tables: utility and generic scores

Instrument

Criteria SF-6D (h) SF-6D (k)

Number of studies 1
Reproducibility 0
Internal consistency 0
Validity: content 0
Construct 0
Responsiveness ++
Interpretability +
Floor gnd ceiling/ 0
precision

Acceptability 0
Data accessible N

0

N

SF-6D HUI2and HUI2and HUI2 and

(h/k)

0
N

HUI3 (h)

0
N

HUI3 (h)

0
N

HUI3 (h)

0
N

EQ-5D (h/k) EQ-5D (h)

0

Y

0

Y

EQ-5D (k) SF-36 (h/k) SF-36 (h)

++

++

Y

0

N

0

Y

SF-36 (k) SF-12 (h/k)

0

N

SF-12 (h)

o+

0
Y

SF-12 (k)

o+

0
Y

SIP (h)

0
N

SIP (k)

0
N

SIP (h/k)

0

N

0, not reported; —, no evidence in favour; +, some limited evidence in favour; ++, some good evidence in favour; +++, good evidence in favour; +/~, mixed evidence; h, hip; k, knee; N, no; N/A, not applicable; SIP, sickness impact profile; Y, yes.
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CALCULATION OF MEASUREMENT PROPERTIES (WORK PACKAGE 1)

TABLE 28 Psychometric and operational criteria tables: other instruments

Instrument

Aberdeen IAP
WHOQOL- WHOQOL- WHOQOL- Aberdeen Aberdeen Aberdeen (modified) Aberdeen IAP Aberdeen IAP NEADL

Criteria BREF (h/k)  BREF (h) BREF (k) IAP (h/k) 1AP (h) 1AP (k) (h/k) (modified) (h) (modified) (k) (h/k)
Number of 1 0 0 1 0 0 1 0 0 0
studies

Reproducibility 0 0 0 0 0 0 0 0 0 0
Internal ++ 0 0 + 0 0 ++ 0 0 0
consistency

Validity: + 0 0 + 0 0 0 0 0 0
content

Construct 0 0 0 + 0 0 + 0 0 0
Responsiveness  + 0 0 0 0 0 0 0 0 0
Interpretability 0 0 0 0 0 0 0 0 0 0
Floor and ++ 0 0 + 0 0 0 0 0 0
ceiling/

precision

Acceptability 0 0 0 0 0 0 0 0 0 0
Data accessible N N N N N N N N N N

0, not reported; —, no evidence in favour; +, some limited evidence in favour; ++, some good evidence in favour; +++, good evidence in favour; +/~, mixed
evidence; Aberdeen IAP Impairment, Activity Limitation, and Participation Restriction; AQoL, Assessment of Quality of Life; h, hip; HAQ, Health Assessment
Questionnaire; k, knee; K10, The Kessler Psychological Distress Scale; MHAQ, Modified Health Assessment Questionnaire; MSK, musculoskeletal; N, no;
NEADL, Nottingham Extended Activities of Daily Living Scale; Y, yes.
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MSK MSK MSK

Functional Functional Functional
NEADL AQOL AQOL AQOL Limitations Limitations Limitations HAQ HAQ HAQ MHAQ MHAQ MHAQ K10 K10 K10
(k) (h/k)  (h) (k) Index (h/k) Index (h) Index (k) (h/k) (h) (k) (h/K)  (h) (9] (h/k) (h) (k)

1 0 2 0 0 0 0 1 0 0 2 2 0 1 0 0
++ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
++ 0 0 0 0 0 0 0 0 0 - 0 0 0 0 0 0
- 0 0 0 0 0 0 0 0 0 0 0 + 0 - 0 0
+ 0 + 0 0 0 0 + 0 0 ++ o+ + 0 + 0 0
- 0 ++ 0 0 0 0 0 0 0 - - + 0 - 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
+ 0 0 0 0 0 0 0 0 0 + ++ 0 0 ++ 0 0
0 0 0 0 0 0 0 + 0 0 0 0 0 0 0 0 0
N N N N N N N N N N N N N N N N N
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Chapter 4 Calculation of threshold values
(work package 2)

Background

The selected candidate tools are shown in Table 29. The OKS and OHS consist of 12 questions with

0-48 integer score ranges, with higher scores indicating better health status. The SF-12 has two component
scores: PCS, with a theoretical range of 4.3 to 76.4 (US version 2), and MCS, with a theoretical range of
—1.1 to 79.6 (US version 2), with higher scores also indicating better health status (see Appendix 2). The
WOMAC total score consists of 24 questions: the pain subsection has five questions, the physical function
subsection has 17 questions and the stiffness subsection has two questions (all have a score range of
0-100). The WOMAC scores were converted to higher scores indicating better health status. The KOOS-PS
consists of seven questions (score range of 0-100); no data were available for the KOOS-PS for evaluating in
this study.

Methods

Data sets

Multiple data sets were used to calculate the thresholds of individual candidate scores when possible
(Table 30). We used the 2012-15 web-based NHS PROMs data together with the KAT and EPOS data sets
for the analyses of the OHS and OKS, SF-12 PCS and MCS scores. The EUROHIP data set was used for
WOMAC scores. The ADAPT and APEX studies were used for the SF-12 PCS and MCS (ADAPT) scores and

TABLE 29 List of PROM candidate tools

Hip
OHS
Knee

KOOS-PS (no data)

OKS

Hip and knee

SF-12 PCS
MCS

WOMAC Total
Pain

Physical function

Stiffness
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CALCULATION OF THRESHOLD VALUES (WORK PACKAGE 2)

TABLE 30 The PROM of interest for hip and knee

Data set
PROM tool 1
Hip
OHS NHS PROMs EPOS -
SF-12
PCS ADAPT - -
MCS ADAPT - -
Total ADAPT APEX EUROHIP
WOMAC
Pain ADAPT APEX EUROHIP
Physical function ADAPT APEX EUROHIP
Stiffness ADAPT APEX EUROHIP

KOOS-PS (no data) - — _

Knee

OKS NHS PROMs KAT -

SF-12 PCS KAT ADAPT
MCS KAT ADAPT
Total ADAPT APEX

WOMAC Pain ADAPT APEX
Physical function ADAPT APEX
Stiffness ADAPT APEX

KOOS-PS (no data) - — _

Notes

KAT: SF-12 version 2 is majority; version 2, n=2091; version 1, n= 126 (US weighing was used for UK wording for SF-12

version 2).

ADAPT: SF-12 version 1 with US weighting.

The numbers of observation available in each data set for each instrument were:

® NHS PROMs — OHS (n = 102,404) and OKS (n = 108,832).

KAT — OKS (n=1634) and SF-12 (n=1518).

EPOS — OHS (n=1179).

EUROHIP — WOMAC total (n=845), pain (n = 865), physical function (n=874) and stiffness (n = 883).

APEX — WOMALC total (n =200 for hip and 174 for knee), pain (n =278 for hip and 269 for knee), physical function

(n=209 for hip and 187 for knee) and stiffness (n =255 for hip and 242 for knee).

e ADAPT — WOMAC total (n= 110 for hip and 108 for knee), pain (n =110 for hip and 109 for knee), physical function
(n=110 for hip and 109 for knee) and stiffness (n =110 for hip and 108 for knee) and SF-12 (n =72 for hip and
65 for knee).

the WOMAC scores (for both hip and knee) analyses. Postoperative scores were assessed at 6 months

post surgery for NHS PROMs; at 12 months for the KAT, EUROHIP, ADAPT and APEX studies; and at 2 years
for EPOS. The inclusion criterion was that patients had to have received primary knee or hip replacement
surgery (no revision). Cross-validation has been completed when multiple data sets were used for both
development and validation.
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Improvement criteria

Patient benefit can be defined in various ways. We restricted the definition in this study to improvement and
used approaches that were applicable to all candidate scores (limited by data; see Online Supplement 2).
Four definitions of improvement were applied:

Z

any increase after surgery from before surgery (change score of > 0)
medium ES (0.5) x SD of change score (MCID)

minimal detectable change (MDC90 and ICC of 0.7)

minimal detectable change (MDC90 and ICC of 0.9).

@

~ ~ o~
=]
= ~—~

=)

In this study, the MCID is derived from the assumption that the mean change score needed to obtain a
medium or large ES to be clinically meaningful.8® Clinically meaningful refers to a change indicating the
efficacy of an intervention (i.e. hip and knee replacement surgery in this study) in domains of health-
related functional status tools.® For clinical evaluation studies such as this one, the usefulness of the
measurement candidate tools will depend on their ability to detect a change that is clinically meaningful.®°
Applying a 0.5 ES (medium/moderate practical importance), classified by Cohen,”® using the variability of
the change scores is ideal in this context. It was calculated using the SD of the change score of the
candidate tools multiplied by the medium ES (i.e. 0.5 x the SD of the change score (b). For the remainder
of this chapter, results based on criterion B are presented.

The MDC was defined as the minimal change that falls beyond the measurement error in the score of a
candidate tool measuring a symptom.?' In this study, the fixed (arbitrary) reliability parameter (e.g. test-retest
reliability or ICC) values of 0.7 and 0.9 were applied. We applied the 90% confidence level with z-distribution
(z-statistics value of 1.645), a range for the possible difference between the two observations under the same
conditions (test-retest scenario) to define the MDC as + 1.645 x /2 x SE of the measurement, where the SE
of the measurement is defined as the SD of the preoperative score x \/((1 —R)) and R is the reliability parameter
of 0.7 and 0.9 (improvement criteria C and D).92 Stata® version 14 was used for all statistical analyses.

Statistical analysis

Absolute threshold

We estimated an absolute threshold in the preoperative score, using each data set above, at a level in
which an individual could not improve. We examined the theoretical thresholds for the different definitions
of improvement (B, C and D) with the method of subtracting each improvement score from the maximum
possible score of the candidate tools. The specificity (i.e. true negative) of each threshold was calculated
for all data sets. Sensitivity was 100% by definition.

Relative threshold

We calculated the preoperative value (relative threshold) in which individuals are more likely to improve
than in others, using each improvement criterion (A-D). We used two modelling approaches and assessed
model properties for the four different definitions of improvement (A-D).

Linear regression

Linear regressions including the best-fit third-degree polynomials of the change score (postoperative to
preoperative score) were used to estimate at what preoperative score the predicted change is likely to fall
below each criterion.

The equation of the linear regression is:

)71 =B +Bixi + ﬁzxiz + [53)(/3 + €, (8)

where j, =(y, —x;) and e;~ N(0, ¢%), and y, and x; indicate the postoperative and preoperative scores for
the ith observation, respectively.
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CALCULATION OF THRESHOLD VALUES (WORK PACKAGE 2)

Logistic regression

Logistic regressions with dichotomised change score (postoperative to preoperative score) by each
improvement criterion were used to estimate the preoperative score at which the probability of improving
fell below 50% and 75%.

|n|:1 fip:| =By + BiXi + BX + Pox’, )
where p is the probability that p of improved/N of preoperative score, y; ~ B(n;, p), and y; and x; indicate
the postoperative and preoperative scores for the jth observation, respectively.

Model performance for the relative threshold

The area under the ROC curve with 95% binomial exact Cls was calculated to examine discriminative
ability with each improvement criterion using the observed (rather than estimated) postoperative score.
In addition, goodness of fit incorporated inspection using plots of observed versus fitted values, plots of
residuals versus fitted values and mean/SD of residuals by decile (or quintile). The predictive models’
performance for the logistic regression was assessed using calibration graphs: an illustration of the
Hosmer—Lemeshow goodness-of-fit test, by decile (or quintile) of the predicted probabilities.®

Threshold reporting

Thresholds for the OHS, OKS, SF-12 and WOMAC were reported, always rounding up the estimated value
(e.g. 89.1 t0 90.1) to avoid excluding any individuals who can benefit through rounding down. Sensitivity
and specificity values were calculated using these thresholds and rounded to the nearest integer except
when < 1%.

Percentages of population coverage

Percentages of study population coverage, which is the cumulative percentage up to the estimated
absolute and relative thresholds and indicates the percentage of those who achieved the improvements,
were calculated for each data set.

Results

Characteristics of the data sets
The mean ages of participants were 65-70 years (SD 8-14 years), the mean body mass index (BMI) values
were 27-32 kg/m2 (SD 4-6 kg/m?) and the percentage of females was between 52% and 62% (Table 37).

Minimally clinically important difference and minimally detectable change (90%) values

Hip

The MCID was 5 (range 5.0-5.1) units for the OHS; 5.4 and 4.5 for the SF-12 PCS and MCS, respectively;
and 9.5-11.1 for the WOMAC total score across the data sets. Using an ICC of 0.9 provided MDCs of 6
(range 5.9-6.0) units for the OHS; 6.3 and 6.8 for the SF-12 PCS and MCS, respectively; and 11.8-15.7 for
the WOMAC total score (Table 32).

Knee

The MCID was 5 (range 4.9-5.1) units for the OKS, 5.3-5.4 for the SF-12 PCS, 4.6-5.8 for the SF-12 MCS,
and 9.8-10.0 for the WOMAC total score. Using an ICC of 0.9 provided MDCs of 6 (range 5.5-5.7) units
for the OKS; 5.3-6.0 and 6.7-8.5 for the SF-12 PCS and MCS, respectively; and 12.1-12.8 for the
WOMAC total score (see Table 32).
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TABLE 31 Data set descriptive statistics

Data set

NHS PROMs*® EUROHIP ADAPT

Characteristic Hip Knee i Hip Hip

Age (years)

n 95,890 103,519 1634 1580 1298 125 128 343 339
Mean - - 69.8 68.3 65.7 64.5 66.6 67.0 69.8
SD (< 60%) 13.7 9.5 8.1 10.8 10.9 1.7 9.7 11.0 8.6
IQR: 25 (60-80%) 73.2 783 65.0 62.6 59.0 57 60.1 60.0 63.3
IQR: 75 (> 80%) 13.1 12.2 76.0 75.8 73.8 72.5 73.5 75.0 75.9
BMI (kg/m?)
n - - 1584 1487 1225 130 132 338 334
Mean - - 29.7 27.2 275 27.5 315 29.0 324
SD - - 55 49 4.4 4.4 5.9 55 6.4
IQR: 25 - - 26.1 24.1 245 245 27.5 26.0 27.9
IQR: 75 - - 325 30.0 29.8 29.8 353 32.0 36.1
Sex
n 95,816 103,412 1634 1581 1267 130 132 343 339
Female (%) 61.4 58.3 559 62.2 559 49.2 53.0 59.0 52.2
Male (%) 38.7 41.8 441 37.8 44.1 50.8 47.0 41.0 47.8

IQR, interquartile range.
a 10-year age category band information was obtained from NHS PROM:s.

TABLE 32 The MCID and MDC 90% for hip and knee data sets

Candidate tools

OKS OHS i Function Stiffness

Data set
PROMs
MCID0.5SD 4.9 5
MDC ()
L
F
0.7 9.8 10.3
0.9 5.7 6
KAT
MCID 0.5SD 5.1 54 5.8
MDC (+)
L 7.6 12
F
0.7 9.6 10 15
0.9 5.5 6 8.5

continued
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CALCULATION OF THRESHOLD VALUES (WORK PACKAGE 2)

TABLE 32 The MCID and MDC 90% for hip and knee data sets (continued)

Candidate tools

SF-12
Stiffness

Data set
EPOS
MCID 0.5 SD 5.1
MDC ()

L

F

0.7 10

0.9 5.9
EUROHIP
MCID 0.5 SD 10.7 11.6 10.9 14.3
MDC ()

L 21.6 18.3 33.1
F

0.7 20.5 22.7 21.3 26.4

0.9 11.8 13.1 12.3 15.3
ADAPT
MCID 0.5 SD 53 54 4.6 4.5 10 M1 112 109 102 11.7 126 125
MDC ()

L 6.7 7.9 9.5 9.6 229 266 199 243 323 387
F

0.7 91 109 11.7 117 222 271 241 28 232 283 258 117

0.9 53 63 6.7 6.8 128 157 139 169 134 164 149 6.8
APEX
MCID 0.5 SD 9.8 9.5 105 1 9.9 104 127 123
MDC ()

L 202 227 195 206 322 366
F

0.7 21 228 213 239 228 241 257 292

0.9 121 132 123 138 132 139 149 169
Efixed/arbitrary ICC-based calculation; H, hip; K, knee; L, literature ICC-based calculation.
otes

Literature ICC: SF-12 PCS +0.841 and MCS +0.81.78
Literature ICC: WOMAC pain + 0.732, pain and function + 0.782, and stiffness + 0.532.7°

Percentage of population improving

Using the MCID 0.5 improvement criterion B, the OHS shows a 94% improvement and the OKS shows an
85-88% improvement. The WOMAC total scores show an 84-86% improvement for hip score and a
75-88% improvement for knee score (Tables 33 and 34). The SF-12 has some theoretically possible scores,
which are unrealistic to obtain from the postoperative quality-of-life or health status outcome.
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TABLE 34 Percentage of the population improving, by the improvement criteria: knee

Data sets
PROMs
Improvement criteria Improvement criteria Improvement criteria Improvement criteria
Candidate tools A C A B C . B C A B C
OHS 108,832 94 88 76 86 1634 91 85 74 85
SF-12
PCS 1518 60 46 62 80 127 77 51 40 51
MCS 1518 54 33 12 25 127 55 35 12 22
WOMAC
Total 126 90 75 52 69 246 93 88 73 86
Pain 127 93 82 59 82 318 97 89 78 89
Physical function 127 88 78 47 63 253 93 86 70 82

Stiffness 127 91 64 36 64 293 94 67 45 67
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Absolute threshold using criterion B

In this section, results based on improvement in criterion B are provided (see Online Supplement 3 for
results based on the other criteria). Tables 35 and 36 describe the absolute threshold with specificity
(95% Cls) and the study population coverage (%) by the thresholds for hips and knees, respectively.

Hip

The absolute threshold was 43 for the OHS. The preoperative scores of the SF-12 PCS and MCS were
66 and 65, respectively. We found the threshold range of scores to be 89-91 for the WOMAC total,
89-90 for the WOMAC pain, 89-90 for the WOMAC physical function and 86-88 for the WOMAC
stiffness. Study population coverages were 100% for the OHS and SF-12 and > 94% for the WOMAC
(see Table 35).

Knee

The absolute threshold was 43 for the OKS. The ranges of the preoperative scores for the SF-12 PCS

and MCS were 66-71 and 65-74, respectively. The threshold range was 90-91 for the WOMAC total,
89-90 for the WOMAC pain, 90-91 for the WOMAC physical function and 88 for the WOMAC stiffness.
The study population coverages were 100% for the OHS and SF-12 and > 98% for the WOMAC

(see Table 36).

TABLE 35 Hip: absolute threshold using criterion B

OHS
NHS PROMs 43 2(1to2) 100
EPOS 43 2(<0.1t09) 100
SF-12 PCS
ADAPT 66 0(0to 14) 100
SF-12 MCS
ADAPT 65 0(0to7) 100
WOMAC total
ADAPT 89 22 (6 to 48) 96
APEX 91 0 (0 to 31) 100
EUROHIP 90 0(0to?2) 100
WOMAC pain
ADAPT 90 21 (5to 51) 96
APEX 89 18 (4 to 43) 99
EUROHIP 89 42 (1t09) 100

WOMAC physical function

ADAPT 89 33(15to 57) 94
APEX 90 17 (2 to 48) 99
EUROHIP 90 0.8 (0.0t05) 100

WOMALC stiffness

ADAPT 88 42 (15t0 72) 95
APEX 88 29 (13 to 49) 97
EUROHIP 86 8.1(5t012) 99
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CALCULATION OF THRESHOLD VALUES (WORK PACKAGE 2)

TABLE 36 Knee: absolute threshold using criterion B

OKs
NHS PROMs 43 0.5(0.41t00.7) 100
KAT 43 0.9 (0.1 to 3) 100
SF-12 PCS
ADAPT 66 0(0to 11) 100
KAT 71 0(0to1) 100
SF-12 MCS
ADAPT 65 2(0to 13) 100
KAT 74 0.3(0.1t00.9) 100
WOMAC total
ADAPT 90 7 (1 to 24) 100
APEX 91 0(0to 16) 100
WOMAC pain
ADAPT 89 5 (0 to 25) 100
APEX 90 0(0to 12) 100

WOMAC physical function
ADAPT 90 8 (1 to 27) 99
APEX 91 7 (1 to 24) 100
WOMAC stiffness
ADAPT 88 8(2to21) 98
APEX 88 3(0t09) 99

Relative threshold using criterion B

Tables 37 and 38 show the relative threshold with sensitivity and specificity (95% Cls) (see Online
Supplement 4 for full results) and the study population coverage (%) by each threshold. The AUC (95% Cl)
for the OHS, OKS, SF-12 PCS and WOMAC total showed poor (< 0.7) discrimination abilities overall.

Hip

The range of relative thresholds was 38-43 with specificity of 2—6 for the OHS. A histogram of the
preoperative OHS distribution for the NHS PROMs data sets is given in Figure 7. Threshold ranges of the SF-12
PCS and MCS were 35-47 (specificity 20-48%) and 37-42 (specificity 91-100%), respectively. The threshold
ranges were 78-87 (specificity 1-56%) for the WOMAC total, 78-89 (specificity 4-36%) for the WOMAC
pain, 78-88 (specificity 3-52%) for the WOMAC physical function and 36-91 (specificity 20-50%, EUROHIP
81) for the WOMALC stiffness. Study population coverages for the thresholds of a 50% probability level

were 100% for the OHS, 19% for the SF-12 PCS, 92% for the SF-12 MCS and 91-100% for the WOMAC.
Figures 8 and 9 give the linear regression model, absolute threshold and logistic regression model estimates.
The Cl bands (see Figure 8) show the lack of fit for the variation in the OHS outcome for the linear model,
although the point estimate seems reasonable. Linear regression models for the other outcomes (not shown)
showed a similar lack of fit.
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TABLE 37 Hip: relative threshold using criterion B

Preoperative Specificity (%) Population
Candidate tools Probability level threshold (95% Cls) AUC (95% Cl) coverage (%)
OHS
NHS PROMs
Model 1 40 4(4t05) 100
Model 2 0.5 43 2(1t02) 0.65 (0.65 to 0.66) 100
0.75 38 6(6to7) 99
EPOS
Model 1 40 3(0to0 12) 100
Model 2 0.5 42 2(0t09) 0.62 (0.59 to 0.64) 100
0.75 39 3(0to 12) 99
SF-12 PCS
ADAPT
Model 1 46 24 (9 to 45) 91
Model 2 0.5 47 20 (7 to 41) 0.58 (0.46 t0 0.7) 92
0.75 35 48 (28 to 69) 70
SF-12 MCS
ADAPT
Model 1 42 91 (79 t0 97) 26
Model 2 0.5 39 96 (87 to 100) 0.93 (0.85 to 0.98) 19
0.75 37 100 (93 to 100) 16
WOMAC total
ADAPT
Model 1 81 50 (26 to 74) 90
Model 2 0.5 85 44 (22 to 69) 0.76 (0.67 to 0.84) 94
0.75 78 56 (31 to 78) 86
APEX
Model 1 86 20 (3 to 56) 99
Model 2 0.5 86 20 (3 to 56) 0.61(0.53 to 0.67) 99
0.75 82 20 (3 to 56) 98
EUROHIP
Model 1 83 3(1t08) 99
Model 2 0.5 87 1(0to5) 0.56 (0.53 to 0.59) 100
0.75 80 4(1t09) 99
WOMAC pain
ADAPT
Model 1 83 36 (13 to 65) 94
Model 2 0.5 89 36 (13 to 65) 0.66 (0.57 to 0.75) 96
0.75 82 36 (13 to 65) 94

continued
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CALCULATION OF THRESHOLD VALUES (WORK PACKAGE 2)

TABLE 37 Hip: relative threshold using criterion B (continued)

Preoperative Specificity (%) Population
Candidate tools Probability level threshold (95% Cls) AUC (95% Q1) coverage (%)
APEX
Model 1 83 18 (4 to 43) 99
Model 2 0.5 88 18 (4 to 43) 0.65 (0.59 to 0.7) 99
0.75 83 18 (4 to 43) 99
EUROHIP
Model 1 84 6(31t012) 99
Model 2 0.5 89 42t09) 0.58 (0.55 to 0.62) 100
0.75 78 8 (4 to 14) 98
WOMAC physical function
ADAPT
Model 1 81 48 (26 to 70) 86
Model 2 0.5 86 43 (22 to 66) 0.82 (0.73 t0 0.89) 91
0.75 78 52 (30 to 74) 82
APEX
Model 1 86 17 (2 to 48) 99
Model 2 0.5 88 17 (2 to 48) 0.65 (0.58 t0 0.72) 99
0.75 83 17 (2 to 48) 99
EUROHIP
Model 1 82 5(2 to 10) 99
Model 2 0.5 86 3(1t08) 0.55 (0.52 to 0.58) 100
0.75 79 7 (310 13) 99
WOMAC stiffness
ADAPT
Model 1 82 50 (21 to 79) 95
Model 2 0.5 91 42 (1510 72) 0.81(0.72 t0 0.88) 100
0.75 86 50 (21 to 79) 95
APEX
Model 1 82 32 (16 to 52) 97
Model 2 0.5 90 29 (13 to 49) 0.77 (0.71 to0 0.82) 100
0.75 83 32 (16 to 52) 97
EUROHIP
Model 1 65 20 (15 to 25) 98
Model 2 0.5 67 20 (15 to 25) 0.71 (0.68 to 0.74) 98
0.75 36 81 (75 to 85) 61
Notes

Model 1 = linear regression.
Model 2 = logistic regression.
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TABLE 38 Knee: relative threshold using criterion B

Preoperative Specificity (%) Population
Candidate tools Probability level threshold (95% CI) AUC (95% Cl) coverage (%)
OKS
NHS PROMs
Model 1 37 4 (410 5) 99
Model 2 0.5 40 2Qto2) 0.62 (0.61 t0 0.62) 100
0.75 33 11 (10to 11) 96
KAT
Model 1 35 5(31t09) 98
Model 2 0.5 39 3 (110 6) 0.62 (0.60 to 0.65) 100
0.75 29 14 (10 to 20) 93
SF-12 PCS
ADAPT
Model 1 36 25(11 to 43) 87
Model 2 0.5 34 31 (16 to 50) 0.64 (0.5 t0 0.75) 78
0.75 - - -
KAT
Model 1 39 27 (23 to 31) 86
Model 2 0.5 43 16 (13 to 19) 0.65 (0.63 to 0.68) 92
0.75 22 94 (92 to 96) 13
SF-12 MCS
ADAPT
Model 1 40 93 (81 to 99) 22
Model 2 0.5 49 74 (58 to 86) 0.81 (0.7 t0 0.9) 51
0.75 34 100 (92 to 100) 8
KAT
Model 1 43 85 (83 to 88) 28
Model 2 0.5 49 72 (69 to 75) 0.78 (0.75 to 0.80) 45
0.75 26 100 (99 to 100) 2
WOMAC total
ADAPT
Model 1 86 7 (1 to 24) 100
Model 2 0.5 81 15 (4 to 34) 0.55 (0.46 to 0.65) 97
0.75 71 19 (6 to 38) 92
APEX
Model 1 81 10 (1 to 30) 99
Model 2 0.5 85 5 (0 to 24) 0.60 (0.53 to 0.68) 100
0.75 75 10 (1 to 30) 97

continued
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CALCULATION OF THRESHOLD VALUES (WORK PACKAGE 2)

TABLE 38 Knee: relative threshold using criterion B (continued)

Preoperative Specificity (%) Population
Candidate tools Probability level threshold (95% ClI) AUC (95% CI) coverage (%)
WOMAC pain
ADAPT
Model 1 78 5 (0 to 25) 98
Model 2 0.5 82 5 (0 to 25) 0.56 (0.46 to 0.65) 100
0.75 71 10 (1 to 32) 98
APEX
Model 1 81 0(0to 12) 100
Model 2 0.5 - - 0.59 (0.53 to 0.65) -
0.75 85 0(0to 12) 100
WOMAC physical function
ADAPT
Model 1 87 13 (3 to 32) 98
Model 2 0.5 89 8 (1to 27) 0.47 (0.37 to 0.57) 99
0.75 82 13 (3 t0 32) 96
APEX
Model 1 82 15 (4 to 34) 98
Model 2 0.5 86 11 (2 to 29) 0.62 (0.55 to 0.69) 99
0.75 75 19 (6 to 38) 94
WOMAC stiffness
ADAPT
Model 1 72 18 (8 to 34) 97
Model 2 0.5 65 18 (8 to 34) 0.69 (0.59 to 0.77) 97
0.75 24 97 (87 to 100) 24
APEX
Model 1 68 28 (18 to 39) 97
Model 2 0.5 65 28 (18 to 39) 0.71 (0.65 to 0.77) 97
0.75 34 86 (76 to 93) 58

—, could not get the estimation.
Notes

Model 1 = linear regression.
Model 2 = logistic regression.
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Knee

The range of the relative (observed) threshold was 29-40 with a specificity of 2—14 for the OKS. A histogram
of the preoperative OHS distribution for the NHS PROMs data sets is given in Figure 10. Threshold ranges of
the preoperative score of the SF-12 PCS and MCS were 22-43 (specificity 16-31%, KAT 94) and 26-49
(specificity 72—100%), respectively. The threshold ranges were 71-86 (specificity 5-19%) for the WOMAC
total, 71-85 (specificity 0-10%) for the WOMAC pain, 75-89 (specificity 8-19%) for the WOMAC physical
function and 24-72 (specificity 18-28%, ADAPT 97 and APEX 86) for the WOMAC stiffness. Study population
coverages for the thresholds of a 50% probability level were 100% for the OHS, 78-92% for the SF-12 PCS,
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The OKS: NHS PROM s preoperative histogram with the absolute and linear relative thresholds using
criterion B.

45-51% for the SF-12 MCS and 97-100% for the WOMAC. Figures 11 and 12 give the linear regression
model, absolute threshold and logistic regression model estimates. The Cl bands (see Figure 11) show the
lack of fit for the variation in the OHS outcome for the linear model, although the point estimate seems
reasonable. Linear regression models for the other outcomes (not shown) showed a similar lack of fit.
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FIGURE 12 The OKS: NHS PROMs percentage improved using criterion B.

Discussion

Main findings

We examined the percentage of the population who improved in accordance with each improvement
criterion. Based on the MCID 0.5 improvement criterion B, all the candidate tools show > 75%
improvement for the OHS, OKS and WOMAC scores (except the WOMAC stiffness: 53—-64%)

(see Tables 33 and 34).
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The ability to predict postoperative quality-of-life or health status outcome from the preoperative score has
limitations; it is apparent from the AUC values that although the preoperative score is informative, it does
not fully determine what the postoperative outcome will be. Other factors may improve the prediction
(this was explored for the OHS and OKS in Chapter 5); however, it is worth noting that the variability in
postoperative quality of life or health status is substantial. Related to this, the linear regression model fitted
poorly in terms of representing the variability, although, as it was being used as a best guess, this is not
problematic per se to the estimation of the relative threshold based on the average response. Regression
analysis technigues that can deal with this are available, such as the use of transformations, modelling the
variability separately and quantile regression.

The estimated absolute threshold for the OHS, OKS, SF-12 and WOMAC, when applied retrospectively,
only excluded a very small proportion of the patients within our data sets who received hip and knee
replacement surgery, which is reassuring. Use of this threshold is reliant on the definition of improvement
used, not on the predictive performance. Although a small proportion of patients did receive surgery that
may not have been suitable, it is possible that other benefits not detected with these outcome tools could
explain and justify the operations for these individuals.

There was a suggestion of ceiling effects in the postoperative OHS, although this may to some degree
reflect the real positive postoperative results. However, we need to be cautious about the ability of the
OHS to distinguish postoperative results at the very top of the range. The OKS seemed to show a ceiling
effect only for the function subscale in work package 1; it may be that function after the surgery may not
be as well differentiated as pain by the instrument. For the OHS and OKS, we used the web-based NHS
PROMs data set (2012-15), which was also used for work package 1. Interpreting with the specificity
(false-negative) scores suggests that the NHS PROMSs data set could be a more reliable source to develop
the tools than other data sets.

The SF-12 PCS and, especially, the SF-12 MCS showed very high specificity (very poor false-negative) scores
for relative thresholds (hip ranges of 20-48 for PCS and 91-100 for MCS, and knee ranges of 16-94 for
PCS and 72-100 for MCS). The SF-12 PCS and MCS did not well cover the range of possible scores in the
population (see Appendix 7). This may suggest that the SF-12 may not be an ideal tool for developing the
standardised thresholds for hip or knee replacement surgeries. Use of the SF-12 PCS and MCS individually
was problematic given that they are negatively correlated. The SF-12 MCS, perhaps unsurprisingly, did not
perform well in terms of face validity of the threshold impact.

The main strengths of our study were (1) the use of diverse methods to define the thresholds and assess
prognostic performance and impact, (2) the inclusion of multiple candidate instruments that were selected
after a comprehensive search and selection process and (3) the use of multiple data sets including a
number of large cohorts in musculoskeletal populations (e.g. NHS PROMs data).

The difficulties of defining a clinically important improvement, particularly for measuring quality of life
(whether it is generic or disease-specific), are well known.%%4 Furthermore, criteria had to be applicable to
all of the candidate tools. Given the variation in available information on this despite the work carried out
in work package 1, the choice was restricted to definitions that could be applied on data sets and were
not reliant on pre-existing work (e.g. the anchor estimate of the MIC in the relevant population), which
was not available for all the measures. We used four methods, of which most emphasis was given to the
medium ES (0.5)-based definition, in which a medium ES is of moderate clinical importance.® It is worth
noting that these are relatively simple approaches, for instance, which do not take into account the
preoperative score level, which itself may have influence on the clinically important improvement. We also
applied the following approaches: any increase in the change score (> 0) and MDC defined as the minimal
change beyond the measurement error. None of these is without criticism as a definition of clinically
important improvement, although the need to compare evenly across measurement tools limited the
options. Nevertheless, we believe that the findings have value, particularly the medium ES definition.
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The study had a number of limitations. Potential sources of bias or limitations in the study methodology
were (1) the improvement criteria used reflected limitations in the literature and data sets available for the
candidate tools; (2) estimation did not control for the baseline characteristic information, such as patient
age, gender and comorbidities, which could be prognostically important; (3) complete-case analyses were
undertaken (without imputation of the missing data), which could influence the findings; (4) the thresholds
will be influenced by the measurement tool’s properties, such as responsiveness, which may mean that
there is a failure to reflect meaning impact in some patients; and (5) only point threshold estimations were
reported in this study.

Further research needed

Our definition of improvement could be more rigorous. Additional benefit could be extended beyond
‘improvement’ to incorporate other concepts (e.g. patient satisfaction) or impacts of treatment (i.e. other
relevant measures of benefit will be needed, especially for relative threshold). The MCID approaches

can be defined and calculated in various ways, for example the approaches could be defined subjectively
based on a patient’s satisfaction after the surgery (an anchor-based approach). The MIC using the mean
change score (pre and post operation) is another potential alternative.

The NHS PROMs data were from a very large data set but only had a 6-month follow-up period, whereas
most other data sets used 12 months of follow-up (except EPOS, which used 24 months). This may have
somewhat influenced the magnitude of findings.% It would have been advantageous to have access to
larger data sets to assess the other tools (i.e. non-Oxford scores), particularly with regard to the WOMAC
score, for which more precise estimates of relative thresholds could have been achieved. The impact of the
baseline characteristics (i.e. main prognostic variables) on the estimation of the relative threshold will be
applied in work package 3.

Conclusion

In this study, various improvement definitions and analytical methods were used systemically to calculate
threshold levels for the candidate tools in various data sets. The results demonstrated that thresholds of
three candidate tools (the OHS, OKS and WOMAC), which suggested promising initial cross-sectional
psychometric properties (from work package 1), were consistent across data sets (except for the SF-12).
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Chapter 5 Health economic evaluation of
thresholds values (work package 2)

Background
This chapter aims to answer the following two inter-related questions:

1. What is the economic threshold for each clinical tool (i.e. what is the highest score at which
arthroplasty is cost-effective)?

2. How do the incremental costs, QALYs and cost-effectiveness of arthroplasty vary depending on the
threshold and clinical tool used?

We addressed these questions in a UK setting from a NHS perspective by conducting a series of cost-utility
analyses, comparing the incremental cost-effectiveness of TKA and THA with no arthroplasty in men and
women of different ages with different preoperative scores on each clinical tool.

The analyses presented in this chapter focused on total joint arthroplasty (TJA) because this type of
surgery constitutes 92% of knee and 99% of hip arthroplasty procedures conducted in the UK.%7 We
compared immediate TJA with having no arthroplasty surgery during the 10-year time horizon used in
the analysis. This enabled us to calculate the economic threshold for each clinical tool by comparing the
cost-effectiveness in different groups with one another and with the £20,0