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Synopsis
Methods for measuring outcomes after hand and upper extremity surgery continue to evolve, yet
remain inconsistent in quality. In this article we review the use of patient-reported outcomes
measures in upper extremity surgery patients, and provides a practical guide to questionnaire
selection, assessment, and utilization. We also present the future direction of health services
research, and how it will drive changes in measuring outcomes in hand surgery.
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OVERVIEW
The upper extremity is a highly specialized functional, sensory, and aesthetic unit. The
upper extremity can also suffer a unique range of insults. In 2010, the United States Bureau
of Labor Statistics reported the annual incidence rate of hand injuries at 25.1 per 10,000
workers, and the most frequently injured population were young, active workers.(1) When
the costs of medical care, rehabilitation, and productivity loss are computed, for this younger
population of trauma patients as well as the often-older population with arthritis,
neuropathies, and other sources of pain and functional loss, the burden of hand pathology is
massive.(2) How we as providers evaluate and manage hand pathology is critical to
individuals and society as a whole.

On the national level, as health care delivery and reimbursement in the United States
undergoes rapid and substantial change, the focus on quality and value of care continues to
increase. A shift towards value-based insurance models has begun.(3, 4) These programs
aim to reduce patient costs and increase access and utilization of high-value treatments,
while discouraging low-value treatments. “Choosing Wisely” and other similar campaigns
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are also emphasizing appropriate and evidence-based surgical interventions.(5) Fee for
service reimbursement is changing, and quality of care will play an increasing role in
provider compensation.(6, 7) This all has resulted in a renewed focus on the need for high-
quality evidence to support provider decision-making and delivery of care.

In the US, Canada, the UK, and many other nations, health services research has been a
substantial area of focus for over 15 years.(8, 9) This field analyzes how patients access
health care, what care costs, and what outcomes the patients experience as a result of this
care. As work in this area continues to increase, the volume of literature aimed at addressing
challenging issues in treatment quality, value, effectiveness, and appropriateness is growing.
Unfortunately, the quality of this literature is inconsistent. Interpreting the various results
and their potential impact continues to be a challenge as well. Considering the volume of
hand pathology in the US and worldwide, providing high-quality, sustainable, effective, and
cost-conscious care is paramount. Especially when preparing for the changing landscape of
health care, an awareness of the various factors affecting outcomes after hand surgery is
critical for continued improvement and success.

Patient-Reported Outcomes in Hand Surgery
Traditionally, when evaluating the quality of care in hand surgery, standard functional
metrics have been measured -- fracture healing, range of motion, strength, sensation, and
others.(10–12) In many cases, however, what we as providers consider substantial
improvement does not align with the perceptions and experiences of our patients.(13, 14)
That is not to say that traditional objective metrics cannot show significant differences in
outcomes; rather, what is measured by these functional tests often does not translate to the
outcomes desired by the patient, provider, or society. For example, fracture union on x-ray
does not equate with a patient having high satisfaction with their outcome or with returning
to activities of daily living (ADL). A growing appreciation of this dichotomy has led the
drive to using patient reported outcome (PRO) metrics in the assessment of upper extremity
disease. PRO questionnaires allow providers to assess function, health-related quality-of-life
(HRQL), and satisfaction from the patient’s perspective.(15, 16)

Understanding of a patient’s HRQL requires an appreciation of physical, mental, and social
well-being.(17) How satisfaction, function, pain control, and other components can affect
HRQL has substantial impact on treatment decisions and outcomes. In addition, the degree
to which expenditures can be justified is guided by the expected improvement in HRQL.
Improving how these components are measured has formed the basis for design, application,
and evaluation of numerous PRO instruments. The design and refinement of a PRO
instrument is a weighty task. It requires a mix of qualitative and quantitative assessments. It
must be tested with pilot patient cohorts, and relatively complex statistical analysis is needed
to determine reliability and consistency. The instrument must then be evaluated for validity
and responsiveness for the disease-state in question. This requires that each new metric be
examined for each specific subset of patients the investigators aim to evaluate. The details of
this process, and the various statistical measurements that are used, have been described by
numerous authors and will not be covered in detail here.(15, 18–21) Table 1 contains a list
of key quality domains and definitions.

Choosing an Outcomes Instrument
Even when properly vetted, validated PRO metrics do not all perform at the same level. For
example, the Michigan Hand Questionnaire (MHQ)(22) and the Disability of Arm,
Shoulder, and Hand questionnaire (DASH)(23) have both been validated for patients with
carpal tunnel syndrome (CTS)(24); however, with additional sub-domains geared towards
more than just functional aspects of disease, the MHQ is better able to evaluate the
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symptomatic components of CTS.(24) The Short Form-36 (SF-36)(25) is validated for
rheumatoid arthritis (RA).(26, 27) For patients with RA, DASH scores were highly
correlated with SF-36 for pain, but DASH was only moderately correlated for physical and
mental function.(28) In contrast, for patients after distal radius fracture fixation, MHQ and
DASH are significantly more responsive than SF-36.(29, 30) The challenge in hand surgery
is deciding which metrics should be used for each patient population. Although the number
of available PROs continues to grow, the number of valid and robust outcomes measures
remains few and inconsistently utilized.(10, 31) Appropriate selection of PRO metrics will
govern the value of any study results.

PRO Instruments
PRO questionnaires are classified as general, system-specific, and disease-specific.(21)
General PRO measures evaluate qualitative and quantitative aspects of the patient’s life
without focusing on any specific disease or organ system. They ascertain general well-being,
including components of pain, vitality, emotional and mental health, and self-assessment of
ability to perform daily functions and activities. The SF-36 and Arthritis Impact
Measurement Scales 2 (AIMS2)(32) are frequently used general PRO measures in hand
surgery outcomes research.

System-specific, or domain-specific, instruments focus on an organ system or functional
unit. These PRO metrics are geared towards better understanding of how the specific system
of interest is affected by a diseased-state, what effects this has on the patient, and how these
problems improve after intervention. This makes domain-specific instruments more valuable
in intervention trials, but less likely to detect broader features of health states.(15) The most
commonly used instruments in upper extremity studies are the MHQ, DASH, and Patient-
Rated Wrist Evaluation outcomes questionnaire (PRWE).(19, 33)

Disease-specific instruments are geared towards a population grouped by a particular
pathology. These metrics are utilized in evaluating treatment of the specific disease. The
focused nature of the questionnaire often results in high responsiveness when used in the
appropriate patient population.(15) However, the design often limits use in evaluating other
diseases even within the same system, which restricts how the results from a disease-specific
instrument are used. The Carpal Tunnel Questionnaire (CTQ) is a commonly used disease-
specific instrument.(34)

For PRO metrics of all types, it is important to consider cross-cultural applications as well.
Validity and responsiveness are population dependent, and this is an even greater issue when
the different populations of interest do not speak the same language or live with similar
cultural norms. The process of translating and subsequently validating quantitative and PRO
instruments is challenging. It not only requires language conversion, but also ensuring that
subtle nuances and organizational aspects of the translated questionnaire do not adversely
affect the way patients understand and answer questions.(35–37) This can be something as
clear as Korean patients showing limited understanding of questions related to self-feeding
with a spoon rather than using chop-sticks.(38) It can also be far more complex, such as loss
of idiomatic quality in translation from English to Spanish resulting in patients perceiving
the questionnaire as less “serious.”(39) The details of these concepts are beyond the scope of
this paper. However, as health care delivery and research is increasingly more global,
instruments with adequate cross-cultural equivalence will have broader usability in patient
care and health services research.
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Understanding the Literature on PRO Metric Quality
Understanding the above classification scheme is only a small part of the decision tree in
selecting outcomes tools. Adequate consistency, reliability, validity, and responsiveness of
the instrument are a large component of this decision process as well. Although the volume
of literature evaluating these quality measures of the different PRO metrics continues to
increase, understanding these studies and the quality of their results remains challenging for
most. Making this even more problematic, definitions and utilization of terms are
inconsistent across various studies. This results in difficult decision-making in planning for a
PRO-focused study, and limits quality of methodology and content of systematic reviews.
(40)

A common concern when using PRO measures is how to interpret the scores. For example,
what does a 10-point difference in the MHQ after treatment really mean -- although it is
statistically significant, is it clinically significant? Interpretability provides an indication as
to how well the quantitative data can be translated into qualitatively (clinically) relevant
results.(41) This is most often done by determining the Minimally Clinically Important
Difference (MCID).(42) In patients with CTS, the MCID of the MHQ pain sub-domain is
23, whereas the MCID for the function sub-domain is 13.(43) For RA patients, the MHQ
sub-domain MCID for pain is 11 and for function is 13.(43) Although useful when available,
the applicability is somewhat limited because meaningful clinical change varies between
patient groups. However, having the MCID for a questionnaire in the population being
evaluated gives an indication as to the clinical relevance of study results.

An additional approach to addressing the challenges in PRO metric evaluation has been to
set guidelines and quality standards. Terwee et al published quality criteria for measurement
properties (see Table 2), and provided guidelines as to how readers can critically evaluate
published results.(44) The COnsensus-based Standards for the selection of health
Measurement INstruments (COSMIN) study group has presented results of a four-round
Delphi study, releasing additional guidelines on evaluating the methodological quality of
studies on health status measurement instruments.(45) These guidelines include taxonomy of
relationships of measured properties (see Figure 1), and a thorough analysis of what
properties and methods must be employed and reported for the study to be of adequate
quality.(41, 45) The COSMIN group has challenged some of the traditional tools and
methods used in vetting these studies, and developed a series of checklists that guide
thorough analysis of published results.(45, 46) These sets of standards and checklists are not
intended to rate the specific instruments; rather, they provide a systematic approach to
evaluating the studies that report on instrument quality, regardless of the study’s conclusion.
(46) Based on these standards, numerous systematic reviews have assessed the measurement
properties and clinimetrics of available PRO metrics.(33, 47, 48) One such study evaluated
the clinimetric properties of instruments used to assess patients with hand injuries.(49) They
concluded that a significant majority of functional and patient-reported measures have been
inadequately evaluated. MHQ, DASH, and CTQ are three of only five questionnaires to
receive strong ratings, in that well-executed studies properly report reliability, validity, and
responsiveness of these metrics.

In addition, the COSMIN group published consensus definitions for the extensive
terminology used in determining PRO metric quality.(41) Consistency in the language used
to report results will serve to improve the value and reliability of primary analyses,
systematic reviews, and meta-analyses. The guidelines released by Terwee, followed by the
COSMIN group’s reports, have been large strides towards improving the quality of
outcomes measurement. However, these tools are still limited, as use of COSMIN guidelines
has shown lower inter-rater reliability than desired.(33) This is in part due to inexperience in
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using the guidelines, as well as inconsistent use of terminology by the raters. When
implemented by experienced authors, COSMIN guidelines are a useful tool.

Practical Decisions in Instrument Selection
Utilizing these guidelines and definitions can remove some of the challenge in reviewing
this complex subset of hand surgery literature. However, even before looking through the
literature, a more practical decision must be made – does the metric I plan to use contain the
proper components to thoroughly evaluate the disease, treatment, and patient population in
question? For this there are no developed guidelines, and the investigator must use empirical
analysis and questionnaire evaluation.

Consider CTS, which has symptomatic and functional disease manifestations.
Understanding that functional metrics would not capture all aspects of the patient’s
experience and post-operative recovery, the CTQ was designed for use with CTS patients,
and is more responsive than traditional functional metrics.(34) The MHQ and DASH are
also both responsive instruments for CTS.(24) The pain subdomain of MHQ has a large
effect size, and overall MHQ score and DASH score have a moderate effect. Both out-
perform the SF-36 for CTS.(24, 50)

When preparing to do a study on CTS, it is important to consider what each questionnaire
can provide. A well-validated disease-specific metric is available; however, this would limit
the ability to compare results across other diseases, as the CTQ is not validated for use in
most upper extremity conditions. Using the MHQ or DASH would provide valid outcomes
evaluation that could then be further analyzed and even compared to other patient
populations for utility, cost-effectiveness, or other health-related outcomes.(51) Considering
that MHQ has separate sub-scales for symptom and functional scores and evaluates the right
and left hand separately, one must decide whether these additional elements provide
desirable benefits when compared to other available questionnaires.

Similarly, with distal radius fracture patients, functional metrics have traditionally been
measured. Range of motion and grip strength are important indicators of patient recovery.
(52) Unlike with carpal tunnel syndrome, these measures perform as well as PROs in
indicating treatment outcomes after distal radius fracture.(30) The MHQ and DASH have
been validated for use in these patients.(29, 30) These instruments adequately evaluate
function, ADLs, and pain, and DASH is shown to be highly responsive in the first 3 months
after injury when functional metrics are more difficult to evaluate.(29) A third questionnaire,
the PRWE, has also been found to have a large effect size and slightly greater
responsiveness than DASH.(29) This instrument, although robust for wrist pathology, has
not been validated for use with as many other upper extremity disorders. The questionnaires
also evaluate patient satisfaction, which functional metrics do not explore.

In studies on patients with distal radius fractures, the system-specific questionnaires provide
additional insight into the domains of pain and satisfaction that functional measures do not.
However, the MHQ, DASH, and PRWE all lack the ability to ascertain a greater sense of
global well-being and overall health status that a general measure would provide. Adding an
additional questionnaire that measures social and mental components of outcomes can give a
more comprehensive evaluation of the whole patient experience. Rheumatoid arthritis (RA),
with emotional and physical manifestations far beyond the upper extremity, sits on the
opposite side of the spectrum from fractures. General PROs, including SF-36, AIMS2, and
the Health Assessment Questionnaire (HAQ), have been validated for RA by numerous
studies.(26, 27, 53, 54) These questionnaires have high responsiveness for RA patients. In
evaluating rheumatoid hand function, a system-specific instrument can also be used. The
MHQ is validated in this population, both in those who underwent metacarpophalangeal
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(MCP) arthroplasty and those who did not have surgical correction of MCP disease.(55) The
sub-domains and overall scores correlated with aspects of the disease without surgical
treatment as well as in post-operative recovery, and showed construct validity when
compared to AIMS2. Even with these results, when considering the substantial psychosocial
overtones of this condition, using any system-specific questionnaire alone for a study on
hand function in RA would not capture general health status components of this disease.
Therefore, it is important to consider adding a questionnaire that measures the psychosocial
component of RA.

Minimizing Patient Burden
When attempting to capture the multidimensional aspects of a complex disease, longer
questionnaires are known to have more incomplete data, lower response rates, and often
lesser quality results because of responder fatigue and loss to follow-up.(56–58) Several
outcomes tools have now been shortened. For example, the SF36 and the MHQ have been
restructured to create the SF12 and the Brief-MHQ.(56, 59) These questionnaires use only
one or two items to assess each domain. Although the shortened questionnaire may lose
some precision, it can enhance responder compliance by making it less strenuous to
complete the questionnaire. These shortened questionnaires have been developed through
rigorous methodology, and thus-far have performed at or above the level of their more-
comprehensive predecessors.(59–61)

Another difficulty to consider in upper extremity PRO metric design and utilization is
ceiling and floor effects, in which too many patients score in the highest or lowest range due
to inadequate discrimination between patients with different degrees of recovery.(62) With a
ceiling effect, some patients with residual impairment are already scoring at the maximum
level. A floor effect results in patients having the lowest possible score even when they are
actually in worse condition than others with similar low scores. Upper extremity metrics
more often risk ceiling effects.(15) The full-version questionnaires have optimized item
quality to minimize a ceiling effect, which is one of the benefits of having the larger number
of items. When reducing the number of questions, there is great potential for augmenting a
ceiling effect. The ideal is to identify the fewest number of questions that provide precision
and also allows for adequately stratifying patients.

Aiming to address these issues, investigators have used concepts guided by Item Response
Theory (IRT) to design and refine Computerized Adaptive Testing (CAT). IRT uses each
item as an indicator of ability or condition, modeling the answer by a respondent with a
certain degree of function or ability to each of the items in the questionnaire.(57) This
provides insight into the responder’s abilities or skills based on how they answer each item.
With IRT, item number can be decreased, metrics can be standardized, and results can be
meaningfully compared. This is also true for questionnaires translated into different
languages.(63, 64) Although initially used for educational and psychological testing, IRT
has also provided unique tools for improving questionnaire design and utilization in health
services research. For example, IRT was used to develop an alternate summary score for the
10-item Physical Functioning scale (PF-10) of the SF36.(65) The new summative scale had
improved precision especially in patients well above or below median scores. Subsequently,
the use of IRT has rapidly increased.

IRT has also guided the design and utilization of CAT, a model in which the instrument
progressively adapts to the individual answering the questions.(57) Based on how one
question is answered, the next question can be selected and geared to provide more
discerning information about the patient’s condition. This allows for the overall question
bank to remain large – helping to minimize ceiling and floor effects – while asking questions
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that provide adequate stratification of patient conditions and keeping the overall number of
questions low.

The Future of Outcomes Measurement
Use of IRT-based techniques, and the shift towards CAT, has changed how health services
researchers approach PROs. CAT has been used to improve measurement precision over a
wide range of health conditions while also having reduced testing burden.(57) Furthering
these efforts, the NIH have put a large focus on developing and utilizing the Patient
Reported Outcomes Measurement Information System (PROMIS).(66) PROMIS includes a
growing bank of thoroughly vetted and tested questionnaire items, and divides them into key
domains, for example, pain, fatigue, physical function, etc. Using IRT, different scales and
questionnaires have been developed and geared towards specific patient populations,
supplanting general PRO questionnaires. These methods have yet to substantially affect
hand and upper extremity PRO evaluation. However, the physical function item banks
include sub-sets for upper extremity function.(67, 68) In addition, an upper extremity
function scale has been created for use with pediatric cancer patients.(66) Investigators have
also shown improved responsiveness with reduction in floor and ceiling effects with IRT-
based PROMIS instruments for patients with RA.(69) As these tools are developed and
refined, it may usher us away from needing disease- or symptom-specific metrics.

Conclusion
In measuring hand surgery outcomes, there are unique challenges. Improving how we
evaluate the physical, emotional, aesthetic, and psychological components of disease has
resulted in substantial change. Shifting to PROs ushered in the current era of hand surgery-
related health services research. However, inconsistent design and use of PRO metrics
contributes to continued deficiencies in appropriately measuring outcomes.

It is important to choose the questionnaire(s) that will suit study needs. Making assumptions
about how the disease affects patients will lead to better study design and outcomes tool
selection. In addition, the investigator must be careful to avoid over-burdening subjects with
numerous tests and questionnaires. Finding the right combination of outcomes metrics
without compromising study quality can be mitigated in part by thoughtful selection of
robust and appropriate instruments. As use of IRT and CAT continues to mold the future of
health services and outcomes research, measuring outcomes in hand surgery will again
require a shift in technique, metric design, and study execution. As it becomes increasingly
important to make these changes, both for patients and for developing sustainable practice
models in an evolving health-care climate, improving and maintaining efficiency, quality,
and consistency must define hand surgery outcomes research.

Acknowledgments
Supported in part by grants from the National Institute on Aging and National Institute of Arthritis and
Musculoskeletal and Skin Diseases (R01 AR062066) and from the National Institute of Arthritis and
Musculoskeletal and Skin Diseases (2R01 AR047328-06) and a Midcareer Investigator Award in Patient-Oriented
Research (K24 AR053120) (to Dr. Kevin C. Chung).

Abbreviations: Measuring Outcomes in Hand Surgery

AIMS2 Arthritis Impact Measurement Scales 2

ADL Activities of daily living

Giladi and Chung Page 7

Clin Plast Surg. Author manuscript; available in PMC 2013 January 14.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



CAT Computerized Adaptive Testing
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CTQ Carpal Tunnel Questionnaire

CTS Carpal tunnel syndrome

DASH Disability of Arm, Shoulder, and Hand questionnaire

HAQ Health Assessment Questionnaire

HRQL Health-related quality-of-life

IRT Item Response Theory
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PF-10 10-item Physical Functioning scale

PRO Patient reported outcome
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PRWE Patient-Rated Wrist Evaluation outcomes questionnaire

RA Rheumatoid arthritis
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Key Points

• A shift towards value-based insurance models has begun with programs that aim
to reduce patient costs and increase access and utilization of high-value
treatments, while discouraging low-value treatments.

• It is important to choose the questionnaire(s) that will suit study needs.

• In addition, the investigator must be careful to avoid over-burdening subjects
with numerous tests and questionnaires.

• Finding the right combination of outcomes metrics without compromising study
quality can be mitigated in part by thoughtful selection of robust and appropriate
instruments.

• As use of IRT and CAT continues to mold the future of health services and
outcomes research, measuring outcomes in hand surgery will again require a
shift in technique, metric design, and study execution.
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Figure 1.
COSMIN taxonomy of relationships of measurement properties. COSMIN – COnsensus-
based Standards for the selection of health Measurement Instruments, HR-PRO – health
relatied-patient reported outcome. Duplicate from Mokkink, L. B., Terwee, C. B., Patrick,
D. L., et al. The COSMIN study reached international consensus on taxonomy, terminology,
and definitions of measurement properties for health-related patient-reported outcomes. J
Clin Epidemiol 63: 737-745, 2010. With Permission.
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Table 1

Definitions for key measurement properties used in evaluating the quality of patient reported outcomes
instruments.

Measurement Property Definition

Content Validity The degree to which the content of an instrument is an adequate reflection of the construct to be measured

Criterion Validity Strength of relationship between questionnaire scores and a measurable external criterion (the “gold standard”)

Construct Validity The degree to which the scores of a questionnaire are consistent with the theoretical construct (hypothesis) that
is being measured

Face Validity The degree to which items in an instrument look as though they are an adequate reflection of the construct being
measured

Internal Consistency The extent to which the items are interrelated, and thus measure the same construct

Reliability The extent to which patients can be distinguished from each other despite measurement errors

Test-Retest Reliability The extent to which scores for patients who have not changed are the same in repeated measurements over time

Interrater Reliability The extent to which scores for patients who have not changed are the same over repeated measurements by
different examiners during the same visit

Responsiveness The ability to detect clinically meaningful change over time in the construct being measured

Interpretability The degree to which quantitative scores can be given qualitative meaning. Identifying clinically important
differences in results.

Cross-Cultural Equivalence The same measurement instrument used in different cultures measures the same construct without additional
external cultural influences on results
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Table 2

Quality criteria for the key measurement properties used in evaluating patient reported outcomes instruments.

Measurement Property Quality Criteria – Positive Rating

Content Validity A clear description is provided of the measurement aim, the target population, the concepts that are being
measured, and the item selection AND target population and investigators and/or experts were involved in item
selection

Internal Consistency Factor analyses performed on adequate sample size (7 × #items and ≥ 100) AND Cronbach’s alpha(s) calculated
per dimension AND Cronbach’s alpha(s) between 0.70 and 0.95

Criterion Validity Convincing argument that gold standard is “gold” AND correlation with gold standard ≥ 0.70

Construct Validity Specific hypotheses were formulated AND at least 75% of the results are in accordance with these hypotheses

Reliability Intraclass correlation coefficient (for continuous measures) or weighted Kappa (for ordinal measures) ≥0.70

Responsiveness SDC OR SDC < MCID OR MCID outside the limits of agreement OR Guyatt’s responsiveness ratio > 1.96 OR
area under the receiver operating curve ≥ 0.70

Floor and Ceiling Effects ≤15% of the respondents achieved the highest or lowest possible scores

Interpretability Mean and standard deviation scores presented for at least four relevant subgroups of patients AND MCID defined

SDC = Smallest Detectable Change; MCID = Minimal Clinically Important Difference. Adapted from Terwee, C. B., Bot, S. D., de Boer, M. R., et
al. Quality criteria were proposed for measurement properties of health status questionnaires. J Clin Epidemiol 60: 34–42, 2007. With Permission
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