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Abstract

In Canada, older adults currently represent a telimh proportion of about 15% of the
population. Associated with aging is the incregsenyalence of multiple morbidity, resulting in
widely varied and complex health statuses amonggead. Identifying effective strategies to
promote healthy aging and reduce comorbidity hiragethe ability to accurately measure health
outcomes. This requires the use of valid and riiatstruments with associated reference

statistics to enhance interpretability of test ssor

In Chapter 2, | present a validity study of a patieeported outcome measure, the Patellofemoral
Pain and Osteoarthritis Outcome Scale (PFODI®.PFOOS is designed to evaluate symptoms
relating to patellofemoral (PF) pain and osteodithi recruited 54 adults aged 18+ with peri-

or retro-patellar pain for 3 months, rated3/10 on a numeric pain scale, aggravated by PF-
loading tasks (e.g. squats). People with diffuseekpain, history of total knee or hip
replacement, or severe knee trauma in the pastwwyezarexcluded. Recruitment was done
through adverts to staff & students at an Australimiversity. Participants completed paper &
online versions of the PFOOS, Anterior Knee Paial&and SF-36, and repeated the PFOOS in
1-2 weeks. Analysis included internal consister@@sofbach’sn), test-retest & alternate forms
reliability (ICC), and construct validation (hypetis testing)lCCs were> 0.79, Cronbach’s >
0.61. The PFOOS performed largely as hypothesf2edrall, the PFOOS demonstrated good
validity & reliability in this sample.

In Chapter 3, | report results of a cross-sectistiadly aimed to develop normative data for the
de Morton Mobility Index (DEMMI). The DEMMI is a pormance-based instrument that
measures mobility across a spectrum from bed btafhctional independent mobility. A
sample of 183 healthy, community-dwelling adulte &3+ were recruited. Mean DEMMI
scores varied by age category, by living arrangerfiedependent vs. assisted living), and by
use of mobility aid (p<0.05). Scores did not diffigrsex (p=0.49) or falls history (p=0.21).
Reference intervals were provided for individuad gmoup comparison, to facilitate use of the
DEMMI across the mobility spectrum in clinical aresearch settings.
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Chapter 2 is based on work conducted at the UntyesEQueensland, Australia. The PFOOS
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Chapter 1:Introduction — Measuring Age-Related Health Outcoms

“Exhilaration may come from recognition that theajjof a
vigorous long life may be an attainable one”
~James Fries

1.1 Aging and comorbidity

The number of Canadians aged 65 and older is diyrestimated at five million[1]. This
represents a record high of almost 15% of the natipopulation[1], substantially higher than
the worldwide proportion of 8%[2]. The associatlmtween morbidity and aging is well
documented in the literature[3-8]. Chronic condissuch as arthritis (see Figure 1.1),
cardiovascular disease or cognitive decline, arcctincurrence of multiple comorbidities,
become more prevalent and disabling with age. €kelris a diverse and complex spectrum of
health statuses among older adults that can reslol$s of ability to perform functional tasks,
participate in meaningful activities, or live autonously[5, 6, 9-12]. In addition to the physical
burden of living with chronic comorbidity come higlsonomic costs at both individual and
societal levels[13-18]. Older adults in Canadaespnt approximately 40% of acute hospital
admissions, and use about 70% higher resources hdsgitalized, compared to their younger
counterparts[19]. In 1998, annual direct healtle @penses were estimated at $4.4 billion for
arthritis alone[20], just one of the many prevalgmtonic ilinesses, and the highest cause of
disability in women and second highest in men[R1R010, estimates of total direct and indirect

costs for arthritis approached $33 billion anniyaly.

Prevalence of Arthritis across Age Categories in Canada
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Figure 1.1Prevalence of arthritis in Canada, graph derivethfdata in Canadian Community Health Survey
2011[22]



It is well established in the literature that rfaktor modification (i.e. through medical
intervention or preventive lifestyle modificatiocan alter chronic disease trajectories, resulting
in lower morbidity and mortality[11, 23-26]. Howayeneasuring morbidity and health status is
a challenging and often daunting task that has Heznorux of considerable confusion in the
literature[27]. What exactly should be measuredatihthe best way to measure it? And
finally, how closely does a measurement approxirtta€truth” such that inferences and
decisions can be made with confidence? The tagleaotifying effective strategies to promote
healthy aging and reduce chronic comorbidity hingeshe ability to accurately measure ‘health

outcomes’.

1.2 Health outcomes, constructs, and health outcome meares

A ‘health outcome’ is the effect that a processhsas disease progression or medical treatment,
has on health status (or factors influencing hesthitus, called health determinants)[28-30].
Health status is influenced by a complex interactbhealth determinants (contextual factors
such as disease processes, age, sex, health hasawviosocioeconomic status) and
interventions (medical care or social programs)[&bme health outcomes are relatively easy to
qguantify. Examples include the occurrence of amegeg. hospital admission, cancer diagnosis,
death) or the observation of a biological or phiggiecal output (e.g. range of motion, height,
serum cholesterol levels). However, many healtc@uts are less tangible. Consider outcomes
such as depression, pain, or quality of life. Thesee abstract health attributes are called
‘constructs’ and they can be challenging to deéind heavily reliant on theory to describe[32,
33]. Quantifying or measuring these states of headhnot be done solely through rater

observation because they involve patient perspsGdy 35].

‘Health outcome measures’ are the measurementshiams in an attempt to quantify, describe,
or understand some aspect of health status. Adradttn individual or a group level, health
outcome measurements can be used to: (i) betterstadd the natural course of a disease (such
as arthritis) or physiological process (such asgyior (ii) to evaluate the effects of a deliberat
health intervention. Many definitions of health carnes refer to the latter, since often it is the
effects of targeted interventions that are of primaterest in health care and research
settings[28-30, 33]



1.2.1 Measuring mobility

‘Mobility’ is a health attribute, or construct, tha commonly affected by age-related chronic
comorbidity and is therefore an important consttagheasure in both clinical and research
settings. Mobility is also a construct that illegas some of the challenges in defining and
subsequently measuring health outcomes. The tesrmbay different meanings. For example, a
literature search of the keyword ‘mobility’ usingedlline (Ovid SP) reveals over 100,000
publications. Definitions of ‘mobility’ among thegaurnal articles include, but are not limited
to: range of motion[36]; joint laxity or hypermoity[37]; walking ability[38]; using a
mechanical lift to put a patient into a chair[38{;a spectrum ranging from passive range of
motion to walking[39]. To further complicate thesus, the construct of mobility can be further
broken down into other attributes such as balagaié speed or functional capacity[40]. Clearly
if one wishes to measure mobility, this construashfirst be carefully defined prior to

developing an instrument for measuring it.

Both studies in my thesis involve health outconsriuments that are developed to include some
measure of mobility. The definition for ‘mobilityh this document is that developed by the
World Health Organization[41]: “moving by changibgdy position or location or by

transferring from one place to another, by carryimgving or manipulating objects, by walking,

running or climbing, and by using various formdrahsportation”.

1.3 Features of health outcome instruments

There is a tremendous variety of types of healtb@mue instruments. This includes: laboratory
instruments (e.g. to conduct assays of biologiaaies such as blood or tissue biopsies);
diagnostic imaging (e.g. magnetic resonance oryf-@thopaedic instruments (e.g. tape
measures or dynamometers); and paper-based insitsifeeg. questionnaires). The focus of this
thesis is to explore the latter category, invesitngainstruments where each item is presented
and scored in a written format. Selecting an imatrat will depend on the construct of interest;
how that construct is best measured; and the ptgulaf interest within the context (or

purpose) of the clinical or research question.



1.3.1 Dimensionality

A health outcome instrument can measure one or fdonensions’, also called constructs,
health attributes or domains. Scales that targetigle construct improve one’s ability to draw
inferences from test scores and thus contributealtdity[33, 42, 43]. The concept of
unidimensionality can appear murky when considetiirag many constructs in health care (such
as mobility), while unidimensional, can be furtloérided into several other unidimensional
constructs. For example, the Short Form 36 (SHs3&)health-related quality of life (HRQOL)
instrument that is divided into eight subscaleshaapresenting a different aspect of quality of
life[44]. Streiner and Norman suggest the goabista achieve the smallest unit of

unidimensionality, but to ensure the scale is “un&hsional enough”[32].

Often, one wishes to know about health outcomessiien several dimensions. For example,
one may wish to know how a therapeutic intervenéitfacts a person’s mobility, but might also
want to know how it then affects their ability tarficipate in daily activities, how their pain has
changed, or how their overall quality of life haeh affected. An improvement in mobility may
not carry over into an improvement in quality & lif certain contextual factors have been
missed[35]. For example, an outcome measure tipaliress an improvement in an individual’s
ability to walk the length of a hallway may notlest improved quality of life at home if she is

still house-bound due to inability to negotiatdrstan her house.

If a single instrument targets several dimensidns,most appropriate to divide the instrument
into subscales, each representing a unique dimenBios approach maximizes interpretability
within each domain - important information can bissad if a total score is used instead of

separated subscores[33, 45].

1.3.2 Performance-based vs. patient-reported outcomes

We can divide paper-based health outcome instrusmett two categories: performance-based
and patient-reported[34]. Performance-based ingrisinvolve direct observation by a rater
(i.e. the therapist or researcher). The de Mortabilty Index (DEMMI — see Appendix E) is
an example of a performance-based instrument fudidscribed in Chapter 3. Patient-reported
outcome measures (PROMSs), on the other hand,teefeeasures that cannot be directly

observed by an examiner, and involve an individusélf-reported perceptions, opinions,



feelings, or experiences[46]. The Patellofemorah Rad Osteoarthritis Outcome Scale (PFOOS
— see Appendix A) is an example of a PROM furthesadibed in Chapter 2.

1.3.3 Generic, population-specific or patient-specific oitcome measures
Health outcome instruments are designed to gldammation defined by a clinical or research
guestion. To answer the question, instrumentsaayet (i) one or more diseases or conditions;

(i) one or more body regions/systems; or (iii) mranore individuals[34].

At the broadest level, generic instruments aregihesl to compare health states across multiple
populations, such as across a range of diseasgsnfon example of this would be the SF-
36[44]. The DEMMI[47] is also a generic instrumeintthis case assessing mobility in older
adults whose mobility may be limited by a variefyconditions or factors.

Instruments can also be designed to target a narewly defined population. This can include
targeting a given condition or disease, a givemesysor both[34, 48]. A condition-specific
instrument targets a defined disease. An exampleeisVestern Ontario McMaster

Osteoatrthritis Index (WOMAC), which targets ostebatis of the knees or hips[34, 49]. A
system-specific instrument targets a body regiomn.example, the Anterior Knee Pain Scale
(AKPS) targets the knee but may be used acrosgetyaf conditions affecting the knee [50,
51]. Often, an instrument is designed to be botidi®mn- and system-specific, such as the Knee
injury and Osteoarthritis Outcome Scale (KOOS)[52].

At the narrowest level, instruments can be desigaedrget a single person. For example, with
the Patient-Specific Functional Scale (PSFS) imhligls generate their own list of up to five
activities that they currently feel they are havirmible with as a result of their given condition
or situation[53]. Another example is the Geriatpaality of Life Questionnaire, in which an
individual is presented with a list of 24 items dhdy select the eight they feel are most
bothersome to them[54].

Each level of measurement (generic, populatiomdividual) has particular strengths and
weaknesses (see Table 1.1). With regards to résestreiner and Norman[32] and others[55]
recommend that a generic scale be administerectbhssva population-specific instrument in

order to obtain the benefits they each offer imteof generalizability and sensitivity to change.
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Table 1.1 Comparing levels of measurement (generic, populatjpecific, person-specific)

Level Definition Example Pros[32, 48] Cons[32, 48]

Generic Multiple body SF-36[44] i) Can compare across i) May miss relevant
regions, multiple many health states; information for a specific
conditions ii) Often more data condition;

available re: validity/ ii) May have irrelevant
reliability; information for a specific
iii) Particularly useful for  condition

informing policy and iii) May show smaller
resource allocation effect sizes for a specific
decision-making condition

Population- Condition-specific: WOMAC[49] i) May be more responsive i) Limited generalizability

specific Multiple regions KOOS[52] than generic scales in or comparability across
One condition specific population conditions

ii) Potentially better ii) May miss secondary

content validity for a given effects important to the
System-specific: AKPS[50] population individual due to narrower
One body region focus

Multiple conditions

Person- Individual self- PFPS[53] i) All items are relevant i) Cannot compare across
specific selects items of GQOL[54] and meaningful to the individuals, let alone
importance/ individual, populations
relevance ii) No items are irrelevant ii) Hard to establish
iii) Helpful in clinical validity & reliability
settings for specific goal iii) Limited research
setting and evaluation applications

1.4 Purposes of health outcome instruments

Ultimately, health outcome instruments are useasBess health status[34]. Within this
overarching goal, instruments have three broadgaew evaluative, discriminative and
predictive[32, 33]. For example, a mobility instrem can be administered for the purpose of
determining an individual’s mobility at a singleng point (‘evaluative’). This measure could
serve as a baseline against which future evaluatian be compared. An instrument may
additionally provide cut-points to help differertéebetween groups with different attributes, thus
serving a ‘discriminative’ role. For example, agmr whose mobility score is below a certain
cut-point might be identified as being in needr@rapeutic intervention compared to someone
whose score is within a healthy range. Finallyirstrument could be used for ‘predictive’
purposes, such as when a person’s mobility scemiftes them as being at high risk for future
falls. Instruments can be designed and developeainp or all of these purposes from the outset,
or they can be developed for one purpose and subsdy validated for additional

purposes[32].



1.5 Measurement properties of health outcome instrumerst

Mokkink et al.[56] define a ‘measurement propedy’ “a feature of a measurement instrument
that reflects the quality of the measurement imsént”. These ‘features’ can broadly be
described in three categories: validity, reliapiind responsiveness[47, 52, 56-58], each of
which will be defined below (Sections 1.6 to 1 B)o additional concepts, interpretability and
usability, are also described (Sections 1.9 an@d)1linderstanding the nuances of measurement
properties and their relevant statistical testwismall feat[59], owing to the fact that these
“deceptively simple”[32] concepts are, in fact, stamtially complicated[32-34, 56]. In health
care, the cost of drawing incorrect conclusionsifian instrument can be devastating[60],
highlighting the importance of understanding measiant properties both clinically and

scientifically.

It is important to note that all measurement properarecontext specificlt is not sufficient to
say that an instrument is valid and reliable. Isirhe described as being valid and relidbiea
specific population and purpd82]. The degree to which scores from an instrunaeatvalid

and reliable determines the confidence with whicl can draw inferences and conclusions

about a given scientific or clinical inquiry andesgfic population.

Measurement properties will be described in thisudeent using Mokkink et al’s taxonomy (see
Figure 1.2)[56, 61, 62]. Their guideline, callee @OSMIN checklist, was developed for
PROMSs, however the authors recommend the cheéstisise with all health outcome
instruments[56]. Terms synonymous to ‘measuremeyeayties’ include ‘psychometrics’ and
‘clinimetrics’[63, 64], and the history and somé&énent challenges regarding these different

terms can be reviewed elsewhere[32, 34, 64-66].

1.6 Validity

Most simply, validity is defined as the extent thigh an instrument measures the construct it is
intended to measure[33, 56]. Three different aspeictalidity are commonly defined: content,
criterion, and construct validation[61] (see Figir2)[32, 56, 67, 68].



QUALITY of a HR-PRO

Figure 1.2 The COSMIN categories of measurement propereprinted with permission

! Reprinted from Journal of Clinical Epidemiology, Mme 63, Mokkink LB et al., The COSMIN study
reached international consensus on taxonomy, tertogy, and definitions of measurement properties
for health-related patient-reported outcoygsp 737-45, 2010, with permission from Elsevier.
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1.6.1 Criterion validation

Criterion validation refers to how well an instrum@erforms compared to a gold standard
instrument[32, 33, 62, 63]. Objective criterion regas rarely exist for measuring abstract
health constructs like mobility, pain, or qualitlylife[32-34, 40, 62, 63, 69, 70]. If they do exist
there are several scenarios where the developrhamew instrument is justified and criterion
validation should be undertaken. First, an instmnfestorically accepted as the gold standard
may be shown on closer inspection to have inadequadidity and reliability[32, 33]. A new
instrument might also be developed if the critelirmstrument is cost-prohibitive, and a new and
less expensive technology becomes available. A thdication for criterion validation is when
a shortened version of a previously validated umgnt is developed. For example, the Short
Form 12 (SF-12) is a shortened version of the SFFB& new shorter scale has undergone
criterion validation, with the SF-36 behaving as thold standard’, to compare performance of
the two scales[71]. Appropriate statistics foremiin validation include correlations or area

under the receiver-operator curve[32, 61].

1.6.2 Content validation

Content validation can be undertaken when a coitemeasure does not exist[32, 56, 62].
‘Content’ refers to both the depth and breadth cedééy all items of an instrument[32]. In other
words, how well does it captuedl aspects of the construct of interest, and doespitureonly
aspects of that construct, or are there missingaevant items[32]? If an instrument appears to

measure the construct of interest, it can be salithve ‘face validity’[32, 56].

There is no statistic for confirming content valglirather, it is a matter of expert opinion[33,
62, 63]. Ideally, expert opinion should include esglinicians and researchers but should also
include members of the relevant patient popula8@anf2]. For example, a hypothetical group of
researchers might be interested in measuring mybiliolder adults. They might develop a draft
of an instrument that contains four questions fleey adequately measure mobility:

1. How far are you able to walk?

2. How much difficulty do you have getting in anat of the bath?

3. How much difficulty do you have climbing stairs?

4. How much difficulty do you have getting up fr@achair?



The items are reviewed by a group of expert clanisj who decide that walking distance is not
as important as walking speed, since they know treients typically report trouble when they
can no longer cross the road before the traffistidurn red[73, 74]. The question therefore
becomes:

1. How fast can you walk?
The team might then agree that these items arabdeiifor assessing mobility in older adults.
However, if a patient group is consulted, they migid out that gait speed is not important to
this population, but rather pain during walking$&condly, contemporary homes may not have
a bath tub, or people prefer to shower — this ey not be relevant to a large portion of the
population. And finally, getting up from a chairttviarm rests is achievable, but rising from the
toilet is of greater concern to this populatione$@ important considerations might be missed

without patient input.

1.6.3 Construct validation

Construct validation defines how well an instrumergasures an abstract concept, or
construct[33]. Constructs are often theoreticalature (see Section 1.2)[33], and these theories
and assumptions must be tested in order to conalidity. Contemporary views of validity are
that all forms of validation contribute to construalidity[32, 67, 68]. The COSMIN definition,
however, is somewhat narrower, and includes hypthesting, structural validation, and cross-
cultural validation[56, 61, 62].

Hypothesis testing
If an instrument possesses construct validatian tutcomes should be consistent vaitbriori
beliefs or hypotheses of how scores should behaydf/pothesis testing is used to establish

‘convergent’, ‘divergent’, and ‘known groups’ vadition.

‘Convergent’ validation is confirmed when scorestfgo instruments measuring a similar
construct behave in similar ways. This is measusdg correlation coefficients such as
Pearson’s r or Spearman’s rho[45, 63]. Correlatlmets/een instruments that are expected to
converge should range between 0.4 — 0.8[32]. Famgie, a group that reports high perceived
functional abilities might also demonstrate highells of mobility on a performance-based

instrument. This was demonstrated by Davenport[@5§ who reported a moderately high
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Pearson’s correlation of 0.69 between the perfooadrased DEMMI to the self-report scores

obtained in the Lower Extremity Functional Scal&R@S).

‘Divergent’ validation (or ‘discriminant’ validatio) is established when correlations between
unrelated constructs would be expected to be lon3262, 63]. The same group with high
mobility might demonstrate vastly differing 1Q seeramongst them, as the two constructs are
not related. Importantly, correlations for both ¢ergent and divergent validation do not need to
achieve statistical significance; it is only imgont that the overall pattern of correlations raflec

thea priori hypotheses[32].

‘Known groups’ validation establishes whether astrimment can differentiate between groups
that differ in some meaningful way. Known group$idetion (also called ‘extreme groups’ or
‘discriminative’ validation - not to be confusedtiwvidiscriminant validation above) involves
comparing mean scores (for example using a t-¢é$hle two groups[32, 33]. For example,
older adults who ambulate with a mobility aid (s@sha cane or walker) have demonstrated

lower mobility scores compared to those ambulatitgout an aid[75].

Structural validation

Structural validation involves the evaluation ofiastrument’s dimensionality[33]. This is
commonly evaluated through factor analysis[32, @hjich can confirm dimensionality, identify
an irrelevant item in a scale, or assist with biggla larger scale into appropriate subscales
(such as pain, function and quality of life). Howewsince many constructs in health care are, by
nature, multidimensional, Streiner and Norman rehuis that the goal of structural validation is

to ensure a scale is “unidimensional enough” tevdreeaningful inferences[32].

Cross-cultural validation

Once instruments have been developed and valigigbkshed for a given population or
purpose, the instrument can next be validated m&wapopulation or for a new purpose, thus
improving the generalizability of the instrument[3&Iternatively, it is not uncommon to
translate instruments into different languagespt@p culturally adapt them in some other way.
For example, a mobility questionnaire enquiringwthese of mobility aids would use words like
“cane” or “walker” for use in North American poptitans, however would substitute words like

“stick” or “frame” for use in other English speakigountries like Australia. When substantial
11



changes to the original instrument occur, the imsémt must be re-evaluated for validity and

reliability in its new form[56, 61].

One very common cultural shift that has occurretequbiquitously in that past decade or so is
the use of computers and internet. In Canadaneterse is at 80% for individuals 16 and over,
and is even common among older adults — 51% in @9¢és 74, and 27% of those 75 or
older[77]. As such, many PROMs are now being adstened electronically. Benefits of
electronically administered forms include: (i) redd administrative costs; (ii) patient
preference/acceptance; (iii) reduced risk of datayeerrors; (iv) reductions in missing data; and
(v) further reaching catchment area and/or redpeeticipant burden (e.g. out of town
administration)[34, 78, 79]. Limitations include) tequirement of computer literacy and
internet access; and (ii) less control over timang order of test administration[34, 78, 79]. A
large meta-analysis of 46 publications comparirgtebnic and paper-and-pencil formats of 278
scales concluded that scales in these two fornnatgrassly equivalent[78, 79]. It is therefore
acceptable to administer in either format, thougimiat equivalence should be evaluated in
cases where substantial changes have been madsebdtwmats (e.g. changes in wording of
items or instructions, response options, or nurobeguestions visible on one sheet/screen)[78,
79]. While included under the umbrella of ‘validityere, format equivalence involves both
validation and reliability. Validation could incleccognitive interview techniques on a small
sample to ensure items are being interpreted tie say in both formats. Reliability testing

would be similar to assessing test-retest relighiee Section 1.7.2).

1.7 Reliability

Reliability describes “the extent to which a measwent is consistent and free from error’[32,
33]. Importantly, a reliable test is not necesgardlid[33] (see Figure 1.3c). Reliability is
subcategorized into: internal consistency, religb{relative measures), and measurement

error[61](see Figure 1.2).
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Figure 1.3Validity vs. reliability

a.) valid and reliable; b.) valid, not as reliaké); reliable but not valid; d.) neither reliablerrvalid

1.7.1 Internal consistency

Internal consistency is “the degree of interrelatsss among items”[62]. This means that scores
for items of a unidimensional instrument shouldrg®in a similar direction and magnitude if
the construct being tapped by the instrument crearggortantly, this does not mean that high
internal consistency confirms unidimensionality[80& physically fit individual might answer

two items in a similar way even though they repneséferent dimensions such as function and

quality of life.

Cronbach’sy is the most widely used statistic to assess iataonsistency[33, 80-82]. This
statistic ranges between zero (0) and one (1), evbee represents perfect internal consistemcy;
> 0.70 or 0.80 reflects adequate internal consigf{82¢ 79, 80]. Cronbach’'s will be higher
when a unidimensional instrument has high intecoakistency. However, Cronbachk/slso
varies for other reasons. In addition to item iooerelation, Cronbach’s will vary as a function
of the variability of the sample, with a more heggneous sample obtaining a highgt2, 80].
Also, as the number of items within an instrumetéases, so too doe€l82, 42, 80]. Finally,
Cronbach’sy will decrease as the number of dimensions incepd2e80]. Cortina[80]

described an instrument with two dimensions, maedecarrelation (r=50) and 12 items that still
had an adequateof 0.78. The same instrument but with 18 items la/tnvave ar increased to
0.85[80]. This also demonstrates thatan still be higher than 0.70 even if it is not

unidimensional.

It should be noted that Cronback’ss not an independently meaningful statistic. Rathan
prematurely judging an instrument on Cronbaech&one, it is advisable to engage in
appreciating the nuances underlying the stati?icf@ne must evaluate dimensionality of the

instrument; look carefully at all items; considdnather there are enough items to have adequate
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scope (content validity) without creating item radancy; and consider the variability of the
sample. A low Cronbach's likely indicates low internal consistency or mdithensionality.
However, at the other end of the spectrum a highaamay indicate item redundancy or a very
heterogeneous sample. Therefore, very high alpia8) should also be interpreted with

caution[34].

1.7.2 Reliability

This subdomain refers to the “degree to which tleasnrement is free from measurement
error”[56]. If an individual has not changed, thitee score also should not change between
subsequent test administrations[32, 33]. This @aadsessed with ‘test-retest reliability’,

‘intrarater reliability’ or ‘interrater reliability

Simple correlations such as Pearson’s r have bsethto calculate reliability coefficients[33,

47, 63]. However, covariance does not accountyfstesnatic differences between test
administrations[32-34, 79, 83-85]. A more approjgrstatistic to use is the intraclass correlation
coefficient (ICC)[59, 61, 78, 79, 84, 85]. ICC repents the variance of interest (e.g. variance of
test scores) as a percentage of the total vari@geceariance of interest plus error variance)[32,
33, 59, 84]. It can be written as

subject variance

(1)

reliability = ; - ;
subject variance+error variance

ICC theoretically ranges from zero (0) to one (li}h one representing perfect reliability. An
ICC value of> 0.70 is generally regarded as acceptable[32,%783]. McGraw and Wong[85]
describe ten types of ICC that fall within threedals. Which one to use depends on the study
guestion and methods, the intended clinical use ywarether or not one wishes to evaluate
systematic differences (i.e. absolute agreememydsn test administrations [32, 33, 59, 78, 79,
83, 85].

Like internal consistency, relative measures arged specific and reflect the population,
methods and circumstances specific to a studyy-aheenot static characteristics of an
instrument itself. For example, in test-retestatality, issues that might affect a score include
participant fatigue (lower scores over time), |l@agreffects (systematically improving scores
14



over time), memory effects (remembering a scommfiast time or forgetting something relevant
like a previous episode of pain or a fall), motiwator competitive behaviours[33]. Factors in
rater reliability studies include standardizatidriester training and methods, plus the effects of
memory, learning and fatigue of the tester(s). $tudthods should consider potential sources
of variability and design studies accordingly (@gtimizing inter-test intervals)[33, 83].
However, some contextual factors cannot be asyeasiltrolled through study design. For
example, some variables are inherently unstabheetasure or control (such as mood)[33]. Also,
as in the case of internal consistency, the s@atistludes between-subjects variability[84], and
therefore even if variability from trial to tria¢ very small, a heterogeneous sample will have
high between-subjects variability and thus thestiatwill be higher[32].

1.7.3 Measurement error

Mokkink et al.[56] define measurement error as ‘sgstematic and random error of a patient’s
score that is not attributed to true changes irctivestruct to be measured”. Quantifying
measurement error is an essential component ofrdigtieg reliability. ICC is a unitless
statistic, and used alone provides only the promof variance that is attributable to true
variance[33, 84, 86]. Measurement error is reparigie same unit as the health outcome
instrument, and provides an estimate of reliabitliigt is considered to be more of a “fixed
characteristic” of an instrument than the ICC[8€]C should always be reported together with

measurement error to maximize interpretability[34].

The statistic of choice for instrument measureneerdr is thestandard error of measurement
(SEM). The SEM is most simply defined as the stashdaviation of measurement error[33].
Therefore, there is a 68% chance that an individualie’ score will be within 1 SEM of a test
score, and 95% confidence intervals[83, 87] caaduked to an individual test score with

Ui = X; i 1.96*SEM (2)

wherey; is the theoretical ‘true’ score; andis the score for one test administration.
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As with other measurements of reliability (e.g. )G@kere are many ways to calculate SEM[87].
A common method cited is

SEM =s,vV1—1ICC (3)

wheres, is the standard deviation of the observed sco2e§3, 63, 84, 87]. Fortunately,
Stratford[87] illustrates that SEM is a highly dmmeasurement across several different
calculation methods and any sample size, suppadtt@gotion that SEM is a relatively fixed
characteristic of an instrument[84]. One of thaestsmethods to measure SEM is to report the
‘root mean square error/(MSE) following a repeated measures analysis of vaggANOVA)

which is calculated prior to determining the ICC.

Once calculated, SEM should be compared to thectegpeange of scores for the instrument,
and the expected changes in scores, to consideherhen instrument will be suitable for a
given purpose[32]JFor example, the SEM (and more importantly, itseagton, minimal
detectable change - see Section 1.9.1) should biesithan the minimal amount of change

deemed to be important for an instrument[83].

1.8 Responsiveness

Responsiveness refers to the ability to “detechghabver time in the construct to be
measured”’[56, 62]. While responsiveness is commprdgented as a concept separate from
validity and reliability, it actually pertains tbe validity ofchangescores as opposeddmss-
sectionalvalidity, or validity of a score at a single timpeint[32, 56, 88, 89]. Given this
definition, one can refer to the same subcategofiesiterion, content, and construct validation
as described above (see Section 1.6), with theatahat hypotheses should refer to those of
changescores rather than a single score[62]. Determiresgonsiveness permits a scale to be

used for evaluative purposes[33], facilitatingus® in longitudinal or interventional trials.

Some researchers define responsiveness as thg abdietect ‘meaningful’ or ‘significant’
change[45, 83, 90, 91] while others define it asdhility to detect ‘any’ change[56, 62, 92, 93].
The COSMIN checklist[62] employs the latter defimit (‘any’ change) in order to not muddle

the concept ofletectingchange with thanportanceof the detected change (which is an issue of
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interpretability — see Section 1.9.2). Statistielested for confirming responsiveness, therefore,
depends on which of the two definitions one usesed on the COSMIN definition[56],
correlations should be used to compare changesobthe instrument in question to those of

another known scale[61, 62].

1.9 Interpretability

Establishing validity, reliability and responsivesggives clinicians and researchers a certain
level of confidence as to how well a health outcans¢rument is measuring what it is intended
to measure. An additional important step in inseatrdevelopment is to provide qualitative

meaning to an outcome score[56].

1.9.1 Minimal detectable change

Minimal detectable change (MDC) is sometimes adderred to as ‘smallest detectable change’
(SDC) or ‘minimal difference’ (MD)[84, 86]. Thisastic refers to the smallest change in score
that exceeds measurement error and can therefonéelereted as representing true change in
an individual[33, 47, 63, 86, 94]. MDC is basedtba standard error of measure (SEM) and is
typically calculated as MD& or MDCgs[47, 75, 95], indicating whether the statistic esigned

to overcome error at 90% or 95% confidence [87; 96]

MDCgo = 1.65 *N2 * SEM  (4)
MDCgs = 1.96 *2 * SEM  (5)

MDCgys is recommended in situations where the outcomlegwitie higher-risk decision making
such as whether surgery is indicated[95]; in maimgioclinical settings MDgg is suggested [47,
75, 83, 87, 96]. In situations where group charegesdeing evaluated (such as in clinical trials),
the MDGCyroupis calculated with MDC divided byn [83, 97, 98].

1.9.2 Minimal clinically important difference

While the MDC is important in determining whethlee tamount of change observed exceeds
measurement error, the ultimate question is noplsifinas the patient improved?” Rather, it is
“has the patient improved in a meaningful way?” Teénition of ‘important’ depends on the
lens through which we assess a change[33]. Thaitlefi also depends on the purpose of the
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study: does an intervention ‘improve balance il dlaer adults’ compared to ‘reduce incidence
of falls’[33].

Minimal clinically important difference (MCID) ihe statistic that reflects the relevance of a
change score. It can be measured using eithemahoda-based method’ (also called a ‘criterion-
based method’) or a ‘distribution-based methodsdalalled a ‘normative-based method’)[32,
33, 47]. An example of an anchor-based method wbeltb evaluate difference in mean change
scores between two groups. For example, in health patient perspective is valued in
establishing MCID, so one could use a ‘global cleascple’ to help determine MCID. A global
change scale is usually a single question thatagksticipant to subjectively rate change over a
specified period of time or following some intertien. The responses are normally on a Likert
scale. We therefore evaluate the differences ingdacores between a group that feels “no
better” following intervention vs. a group that feéa little better” or “a lot better” [62, 86, 93]

An example of a distribution-based method is tletetbped by Norman et al. following a
systematic review in which they determined that MI€bnsistently approached half of a

standard deviation[99].

Having established the MCID, it is now appropri@eompare this to the MDC previously
calculated (see Section 1.9.1). The MCID must bgelathan the MDC (i.e. for individual
comparison, or MDgp for group comparisons) in order for it to repredaoth real and

important change.

1.9.3 Floor/ceiling effects

Floor and ceiling effects can limit interpretalyilitf a health outcome instrument. A floor effect
is said to occur when a large portion of a sampiees the lowest possible score on an
instrument; and a ceiling effect occurs at the néxreme end of the scale. Up to about 15% at
either end of the scale is reportedly acceptab®[101]. If floor or ceiling effects exist, the
instrument will have limited ability to detect clg®s in individuals at the ends of a scale. In
other words, someone scoring at the high end o&ke svill not score any higher even if they
experience true improvement in the construct beiegsured[33]. This can limit responsiveness

of the scale.
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While floor and ceiling effects do have the potahto limit validity of an instrument, these
statistics should be taken in context. For examphe instrument is measuring pain as a feature
of a certain disease or condition, and it is comifieora large portion of individuals with this
condition to be asymptomatic, then scores will @otbut in this portion of the sample.

However, this is not a limitation of the instrumgper se, but a characteristic of the underlying
construct. Similarly, if a sample of very healthgppy people completed a quality of life scale
such as the SF-36, it would be expected (and pérfagpropriate) that a ceiling effect would
emerge from this sample (indeed, ceiling effectasohigh as 56% have been reported[100]). If a
health instrument has been rigorously developed d@monstrates good content validity, floor
and ceiling effects might be expected for some gsoilmportantly, one must clarify the purpose
of the instrument: if the instrument is designe@valuate change over time, then the sample

scores of interest should not demonstrate floamedmng effects.

1.9.4 Normative / referent data

A score or measure from any health instrument ismmgless without a frame of reference for
comparison. References can be anchor-based dbdigin-based. An anchor (or ‘criterion’)
reference is generally a set score that has sdmeegnt meaning in terms of the health outcome
of interest[33]. For example, a person who has@afft mobility to walk 1.2 metres per second
will be capable of crossing most streets beforeridi&c light changes[73]. A distribution-based
(or ‘normative’) reference, on the other hand, camep a score to those of a reference
population[33, 61]. Using the same example, ‘ndrmalking speed is typically between 1.2 —
1.4 m/s[73].

While the term ‘normative’ data remains in commae today, a more appropriate term is
‘reference’ data[102]. The term ‘reference’ impliaat any population of interest can be used for
comparison. Second, the fact that someone scoyesithéwo standard deviations of ‘normal’ does
not necessarily imply that they are ‘abnormal’.dfiy, the term ‘normal’ was historically interprelte
as meaning ‘the absence of disease’[5]. Todag,wt€ll recognized that older adults display
considerable heterogeneity within the spectrumoofdisease states[103]. The term ‘reference’
reduces the potential for misinterpretation andvesl some flexibility in identifying a relevant

reference population.
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Reference intervals can be presented for the pespafsindividual comparison or for group
comparison. Reference data are generally presasteghges or intervals within which most
individuals in a group of interest would fall (ggpmsed to criterion references which are more often
cut-points). Reference intervals provide a ranfigecores usually representing the middle 95% (or
90%) of a reference population, and can be usesciares that are normally or non-normally
distributed[102]. Confidence intervals around grougans can be used when scores are normally
distributed. For comparisons at a group level Gaanparing mean scores of a group to the reference
population of interest), confidence intervals skidog based on standard error (rather than standard

deviation).

1.10Usability

Having established validity, reliability, resporsiness, and interpretability, one question

remains. Will the instrument be adopted by climsiand researchers?

Usability should be a consideration throughoutitistrument development process, from the
moment of inception, in order to ensure that tletriiment will be attractive to its intended
audience, thus maximizing uptake. There are sefeatlres of usability. For example, how
feasible is the instrument in a clinical vs. reshasetting? How much space and equipment is
required for testing, and what are the associatsts®f test administration? Who can administer
the testing and how much training is required? Hmvg does the test take to complete, and are
there any associated issues such as patient fairgutber perceived burden? Is it safe to
administer to patients or is there any risk assediith the tests? Can a clinician complete the
testing within the usual time allotted with a patieor will it interfere with treatment time? Does

the researcher believe it to be a valid and reletcant for their population of interest?

It is recommended that stakeholders are consuitéliei very early stages of instrument
development to optimize usability (and validitymsviously discussed), and that the process of
development be iterative such that items can befraddis the developers learn more about the
instrument through research and consultation. Wsahill be optimized through a two-

direction model of communication consistent withreat theories in knowledge

translation[104].
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1.11 Study objectives
The overall objective of my thesis work was to e the measurement properties of two new

instruments designed to assess health outcomesatesowith age-related comorbidities.

1.11.1 Objectives of study #1

The primary objective of study #1 was to evaluhgvalidity and reliability of a new patient-
reported outcome scale, the Patellofemoral PairCstdoarthritis Outcome Scale (PFOQOS).
This scale was developed for assessing health metEm five different domains (pain,
symptoms, activities of daily living, activities sport and recreation, and quality of life) relgtin

to pain and osteoarthritis at the patellofemoraitjo

1.11.2 Objectives of study #2

The primary objective of study #2 was to assessilihobf community-dwelling older adults
using a performance-based health outcome instryrtientie Morton Mobility Index (DEMMI),
and to contribute to the interpretability of the ldKI by developing reference scores for

healthy men and women over 60 years old.
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Chapter 2: The Patellofemoral Pain and Osteoarthritis OutcomeScale:
Validity, Reliability and Interpretability
2.1 Introduction

Knee osteoarthritis (OA) is one of the five chrooainditions (including stroke, depression, hip
fracture and heart disease) responsible for the pigsical disability of any other diseases in
older community-dwelling adults[6]. RadiographicelenOA (i.e. signs of degenerative changes
on X-ray) affects almost 40% of North Americansd @ne third of these individuals are

symptomatic[20].

Traditionally considered one joint, the ‘knee’ i®ma accurately described as a ‘joint complex’
made up of multiple compartments: the medial atetdhtibiofemoral, and patellofemoral
compartments. Historically, interest in the knee b#en focused on the tibiofemoral joint. The
importance of this distinction will become evidamthe ensuing paragraphs.

Knee OA is typically diagnosed based on radiogm@phanges and clinical presentation (signs
and symptoms). Radiographic knee OA is commonlgssses] with a posterior-anterior (PA)
view X-ray[105], and degenerative changes incluilet jspace narrowing, osteophyte formation,
subchondral sclerosis and subchondral cyst formgid®, 107]. Classifying the severity of
radiographic changes is done using grading sysseiets as those developed by Kellgren &
Lawrence[106] or the Osteoarthritis Research Spdigernational (OARSI)[105]. Clinical
features, on the other hand, include localized lpade; brief morning stiffness; functional
limitations; crepitus; bony enlargement; and restd movement[107]. Peat et al.[108, 109]
caution that these classic clinical features oek@®& tend to be more accurate in cases of
advanced OA, and also tend to reflect clinicaldesg of tibiofemoral OA more so than
patellofemoral. They argue that clinical guideliaes needed to identify both earlier stages of

knee OA as well as patellofemoral OA.

2.1.1 Patellofemoral osteoarthritis

Both clinical and scientific investigations of kn@é\ have traditionally focused on the
tibiofemoral joints, and this has resulted in uastier-recognition of both the prevalence and
clinical relevance of OA of the patellofemoral jpifthis may be due in part because the
patellofemoral joint cannot be adequately examinigd a standard PA X-ray, and instead
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requires alternate views such as skyline or IgtH08]. In addition, patellofemoral OA tends to
present clinically quite differently from tibiofermadl OA, and even in its advanced stages the

clinical signs of patellofemoral OA are not consigtwith the “classic signs of knee OA”[108].

Interest in OA of the patellofemoral joint has egest in recent years and the scientific
knowledge gleaned suggests that patellofemoral$JAdre prevalent than previously
thought[110-116]. In a study of 777 adults ovelyg@ars old who reported knee pain, 531 (68%)
had evidence of radiographic knee OA[117]. Impditarthe patellofemoral joint was involved
in 94% of those with radiographic knee OA: 314 hathbined tibiofemoral/patellofemoral OA
(59% of OA sample, or 41% of the full knee pain phjy 186 had isolated patellofemoral OA
(35% of OA sample, 24% of knee pain sample); arig 8h had isolated tibiofemoral OA (6%
of OA sample, 4% of knee pain sample)[117]. Thghhprevalence of patellofemoral joint
involvement may be in stark contrast to currengdastic patterns in clinical practice. A
retrospective review of 57,555 general practiceioaaharts in the UK revealed 1782 knee-
related consultations (though admittedly this ideld people aged 15 or older); of these, 303
were coded as disorders of the patellofemoral jaind only 13 of these (<0.05%) were

diagnosed as patellofemoral OA[118].

In addition to its prevalence, patellofemoral OAlimically important. The presence of isolated
patellofemoral OA predicts progression to geneealignulti-compartment) OA[119, 120]. Also,
patellofemoral OA has greater association with KDéesymptoms than tibiofemoral OA[113-
115]. Duncan et al.[113] reported a significantretation between self-reported symptoms
(pain, stiffness and function using the WOMAC) aadiographic severity of isolated
patellofemoral OA including those classified asihgvmild’ patellofemoral OA. This suggests
that even people with early isolated patellofem@aAl experience symptoms of pain and
reduced function, with the most difficult taskslunding descending stairs, getting in and out of
the bath, and getting in and out of a car[113]. fyyms associated with isolated patellofemoral
OA are at least as severe as with either isol#@eafémoral or multi-compartment knee OA; in
cases of mild patellofemoral OA, pain and functioay be worse than isolated tibiofemoral
OA[121].

While patellofemoral OA is still poorly understocglative to tibiofemoral OA, there are signs

and symptoms that currently define patellofemoral @nportantly, many of these symptoms
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are common to other causes of anterior knee pah[8B2gns and symptoms associated with
patellofemoral OA include anterior knee pain tisatiade worse by tasks that load the
patellofemoral joint. For example, pain and limifadction may occur with ascending and
descending stairs; getting in or out of a bathtiggtin or out of a car; or rising from
sitting[113]. Stiffness may occur after restingtisg or lying) for prolonged periods or first
thing in the morning[113]. With moderate to sevpatellofemoral OA, clinical signs can
include swelling, valgus deformity, quadriceps wesds, and pain on compression of the
patellofemoral joint[108].

2.1.2 Justification for a new patient-reported outcome masure (PROM)
Observation-based measurements such as diagnoatynig (X-ray) or clinical tests (effusion,
range of motion) are insufficient for evaluating thatient-relevant symptoms of patellofemoral
OA. Additionally, in the case of early isolated glaifemoral OA, clinical signs are lacking, and
Peat et al.[108] recommend that early patellofeh@rabe evaluated through self-reported
symptoms more so than clinical signs. This is cgigsi with recent overall trends and
recommendations in healthcare towards including MR@s a component of comprehensive
health assessment[32, 123, 124].

When searching for a suitable PROM, it is importantonsider whether the PROM is suitable
for use with the specific research question angetaoopulation; is sufficiently valid and reliable
to enable correct interpretation of study resulty] is feasible for the study of interest (e.g. is
not cumbersome to complete or score)[32]. Withoeetimg these conditions, clinicians and
researchers may be left with difficulties in intexting study results and limited ability to

generalize findings across studies.

Currently there is no gold standard condition-sfieEIROM for assessing patellofemoral pain
or OA, which can render it difficult to select a®R when designing trials. This is reflected in
the vast array of questionnaires that have beethinsgudies to date[50, 55, 69, 70, 125-126].
recent systematic review of 37 knee-related outcom@asures identified only one scale of
‘sufficient quality’ that targeted anterior kneengytoms, Kujala’s Anterior Knee Pain Scale[50,
137], though this was not designed to evaluatdlpgmoral OA. Many researchers
investigating patellofemoral pain or OA have alpted to use generic instruments[55, 69, 129,

133, 138] (see Section 1.3.3 to review genericordition-specific instruments), or knee-
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related scales[113, 139, 140]. Presumably thefigatiion for selecting a knee-specific scale is
because validation studies have included patellofahdisorders, however it should be noted
that these sub-samples were not sufficiently potveyeestablish validity or reliability for this
population[58, 101, 141].

Given the lack of an existing suitable PROM forgllafemoral pain and OA, Crossley, with co-
investigators Cowan and Roos, undertook the taslew¢loping a new PROM to target this

important clinical population (unpublished).

2.1.3 The Patellofemoral Pain and Osteoarthritis OutcomeScale (PFOOS)

PFOOS instrument developers used the Knee injuthyCateoarthritis Outcome Scale (KOOS)
as a template for the new scale[52]. The KOOSpateent-reported outcome instrument
designed for use in long-term evaluation of postitnatic knee pain and knee OA[52, 142, 143].
The KOOS consists of five subscales: Pain, Symptéimsction in Daily Living, Function in
Sport and Recreation, and Quality of Life. It haef used in studies of various patellofemoral
disorders, but has not been formally validatedue in a patellofemoral OA population[144-
148).

The PFOOS instrument developers kept all itemi@iOOS and added new items based on
current knowledge about patellofemoral OA. This wase in consultation with relevant content
experts[149] that attended the Second InternatiBatdllofemoral Pain Retreat held in Belgium
in 2011 (thus a sample of convenience). This inetbslurveys provided to orthopaedic surgeons
(n=3), rheumatologists (n=1), sports physician2jnmedical doctors (n=1), physical therapists
(n=7) and researchers who are active in the fiejghtellofemoral pain (n=14). Importantly,
patients (n=44) were also contacted directly farahcontent input. The surveys consisted of
open ended questions, and all recommended itenesinauded in the initial draft of the
PFOOS. Twenty patients then completed the instramogpilot the items. This sample size is
consistent with recommended sizes (eight to 15gdito ‘sample to redundancy’ [32].
Cognitive debriefing followed, in which the patismere asked specific questions about how
they interpreted and understood different aspddtseoinstrument. Iltems were modified or

removed following this feedback process to crelagepreliminary PFOOS (see Appendix A).
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2.1.4 Study objective
The purpose of this study was to evaluate the wgliceliability and interpretability of the

preliminary version of the PFOOS.

2.2 Methods

2.2.1 Study design

This was a validation study with methods desigrnatirasults reported to satisfy the COSMIN
guidelines for evaluation of measurement propedfgstient reported outcome

instruments[61]. In addition, where possible | inmmrated the reporting recommendations of the
CONSORT guideline’s ‘STARD Initiative’[150] (“Staradds for Reporting of Diagnostic
Accuracy”) since the CONSORT guidelines[151] do amtrently offer recommendations
specific to the reporting of measurement propedfason-diagnostic health outcome

instruments.

This study represented Phase 2 in the developniéné anstrument (Phase 1 being item
generation, see Section 2.1.3). Validation (beymdent validation, which was established in
Phase 1) was achieved through hypothesis testomyécgent, divergent, and known groups
validation) and reliability was examined througlakesating internal consistency, test-retest
reliability, and measurement error. Alternate fomelgability (online vs. paper-and-pencil) was
also evaluated through a nested cross-over stuslgrddtem reduction was considered based on
item performance. Minimal detectable change (MD@) minimal clinically important

difference (MCID) was estimated and potential foof and ceiling effects evaluated to enhance

interpretability.

2.2.2 Participants
Eligible participants were adults aged 18 or olaedl living with chronic anterior knee pain.
Chronic anterior knee pain was defined as:
» Peri-patellar or retro-patellar pain
» Pain rated at least 3/10 on a numeric pain rataes
» Aggravated by tasks known to load the patellofedorat: squatting/crouching,
ascending or descending stairs, rising from sittingning

* Pain of at least three months duration
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Exclusion criteria included diffuse or generalizette pain; history of total knee or total hip
replacement; or any severe trauma to the target knthe previous year, such as meniscal

injury or surgery.

2.2.3 Recruitment

Recruitment strategies for this convenience sample primarily targeted at University of
Queensland (UQ) students and staff. Posters weptagied throughout the St. Lucia campus of
UQ. Advertisements were included in the “Voluntéesection of the “UQ Update”, a weekly
online newsletter for UQ staff. Mass e-mails werptut to students and staff within the UQ
School of Health and Rehabilitation Sciences. Reuorent was also accomplished through
external advertising through a local Brisbane nepsp and through similar university
recruitment strategies at the University of Melbwi(UM).

Interested individuals contacted a study coordinataesearch assistant by telephone or e-mail.
Screening was conducted via telephone (very ragetgail was used for screening). | then
mailed study packages to eligible individuals whovided verbal approval to participate in the
study. Within the study package was written infalioraabout the study and a consent form to
participate. Individuals were encouraged to confaetstudy coordinator with any questions

prior to giving free and informed written consent.

2.2.4 Ethics
Ethics for this study was obtained through the @rsity of Queensland Medical Research
Ethics Committee, project number 2012000025.

2.2.5 Outcome measures
The primary outcome of interest was the PFOOSidizaihts also completed the Kujala
Anterior Knee Pain Scale (AKPS)[50] and the Shantnfr 36 (SF-36)[44], as well as some

general questions (see Appendix D).

Patellofemoral Pain and Osteoarthritis Outcome Scale (PFOOS)
The PFOOS was the primary outcome in this validesimdy. The preliminary version of the
scale consists of five subscales: Symptoms inctydiiffness (containing eight items), Pain (19

items), Function in Activities of Daily Living (ADL(17 items), Function in Sports and
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Recreation (Sport/Rec) (five items), and Quality ¢ (QOL) (five items). Individuals were
asked to answer the questions with regards to $lyeiptoms during the past week. The response
scheme was similar throughout the subscales, wighgraded response options in an adjectival
scale ranging from zero to four, with zero représgnno problem’. Adjectival scales are
unipolar in nature, meaning an individual choogetsoos ranging from none of the item
characteristic to maximal item characteristic. Tikig1 contrast to a Likert scale, which is

bipolar and ranges from maximally endorsing an itemmaximally rejecting an item[32]. Each
subscale is summed, expressed as a percentagesftibcale, then reported as [100 — score], so
that each subscale ranges from zero — 100, withrdfi@senting no disability and O representing
maximum disability. Each subscale, while ordinahature, is treated statistically as an interval
scale, based on recommendations that severe masiistroduced unless score distributions are
severely skewed[32, 152]. See Appendix A for tHedreliminary questionnaire.

Anterior Knee Pain Scale (AKPS)

The AKPS[50] is commonly used to evaluate pateftaieal disorders[69, 153-157] and is
currently one of the only acceptable quality PRGMsanterior knee pain available[69, 137].
Also known as the Kujala Scale in recognition @& Hitale’s developer, the tool consists of 13
items. Response options are specific to each qureatid weighted such that summing all item
scores provides a total score out of a possibldrman of 100. The scale, like the PFOOS, is
treated statistically as an interval level scalee Tiighest score of 100 represents no disability,
and 0 represents maximum disability. Strength$iefstcale include its common use in the
literature; ease of use (short); established tdstst reliability and internal consistency with
patellofemoral pain syndrome (PFPS)[69, 129, 181 @atellofemoral instability[55];
established known groups validation in separatimgée with or without PFPS[50] and in
separating single vs. recurrent dislocations[58¢ eonvergent validation where self-reported
improvements correlated with AKPS scores[69]. Landns of the scale include: time frame for
symptoms not specified; not a unidimensional saabdepatient input in scale development (i.e.
content validity); use of ‘jargon’ language in sealetems (“atrophy”, “flexion deficiency” and
“subluxation”); only three or four response optidasseven of the 13 items (loss of
discriminative information); arbitrary weighting césponse options; and concerns of narrow
content width[55, 131]. See Appendix B for the fyliestionnaire.
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Short Form (36 item), version 2 (SF-36v2)

The Australian English version of the SF-36 vers2ajuestionnaire was used for this study[44,
158]. This is a generic HRQOL instrument that a@skldéviduals to consider the past four weeks
when answering the 36 items. The scale is divideneight subscales: general health (GH);
physical function (PF); role physical (RP); bodagin (BP); vitality (VT); social function (SF);
role emotional (RE); and mental health (MH). In #idd, the subscales are combined and
weighted to form two larger subscales, the PhySicahponent Summary (PCS) and Mental
Component Summary (MCS). The response optionshsaguestion from three to six options,
and are adjectival in nature. For scoring purposésal scores (ranging from zero to a
maximum of six, depending on the item) are condeirtié a score out of 100, and are treated as
interval level subscales. Like the PFOOS and AKR& highest score of 100 represents no
disability, and O represents maximum disabilityoi®s for each subscale are then obtained
through use of proprietary software that offerdetraw score and a norm-based score
considering sex and age. Strengths of the SF-36da@xtensive studies of validity and
reliability across a spectrum of clinical populasoincluding well over 1000 publications using
the SF-36[44]; and the benefits of being a gersade that offers the ability to compare scores
across different populations. Limitations inclutie fact that generic scales tend to be less
responsive than population-specific instrument® $R-36 is used extensively in the literature,
has well-documented validity and reliability acrosgltiple populations, and is a generic scale
thus enhancing generalizability across studiespapailations[32, 55]. See Appendix C for the

full questionnaire.

2.2.6 Test administration

Questionnaires were mailed to all study participattbaseline. At their convenience, they
completed a pencil-and-paper version of the PFOQXB®,S[50], and SF-36[44, 158], along with
some demographic questions (age, sex, height, tydigée pain history, current knee-related
limitations, surgical history, physical activitypé format preference i.e. online vs. paper).
Within 48 hours, a subset of participants complétedsame three questionnaires in an online
format using Survey Monkey[159]. All participanteth completed the PFOOS within 1-2
weeks of baseline. At this time point, participataspleted either the paper-and-pencil version,
the online version, or both versions. For consistethe order of the questionnaires in the paper
version was the same as the order of the quesii@snanline. However, given participants were

completing the questionnaires from home, theremnaasxplicit control over the order in which
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they completed the forms. In order to enhance @patint adherence, reminders were provided to
participants via telephone and/or e-mail if compdiejuestionnaires were not returned within the
expected time frame (i.e. 1-2 weeks for paper vessi3-5 days for online versions - see

Sections 2.2.12 and 2.2.14 for more details abmet intervals for questionnaire completion).

2.2.7 Statistical methods

Descriptive statistics, including central tendeaog distributions, were presented graphically
and in tables. Exploratory statistics included eaihg PFOOS scores by age and sex. All
guestionnaires (PFOOS, AKPS, and SF-36) were ttestéistically as interval level scales. All
statistical analysis was done using Stata Inteezb@P.0 (StataCorp, Texas, USA).

2.2.8 Sample size

| aimed to enroll 50 in this study based on recomieel sample sizes for this type of study[32,
83]. This sample size is adequately powered fogrd@hing MCID, MDC, floor and ceiling
effects, and reliability (test-retest) estimatesf@®, 160]. More specifically, with a sample size
of 43, Coons et al.[79], using Walter's sample siggmation methods[160], determined that a
study has 80% power to assert that reliability edteed 0.70 with 95% confidence, if the true
population reliability coefficient is 0.85. Imponty, Cicchetti[161, 162] also argues that
increasing sample size beyond 50 is unnecessashjyagiven the lack of clinically meaningful

improvement in precision that a larger sample wiaald offer.

2.2.9 Item reduction
The process of item reduction was based on the ledatbbaseline questionnaires. | evaluated
the paper-and-pencil format separately from thenerformat. Following this, | combined the
two formats and performed a third evaluation. Tostder an item for deletion (or modification),
| evaluated all of the following possible indicega@f an unsuitable item:

* Endorsement of more than 50% on the “no problemspoase option

* Endorsement of more than 95% or less than 5% orsiagje response option

* Mean item score of less than 1
| defined performance of an item to be inadequatd,therefore a candidate for deletion, if all of
these indicators were present. To accommodate penigsrming at the cusp of adequate
performance (i.e. for further evaluation), | chtsd&eep items performing within a 15% window

of these criteria. Therefore, for an item to bestid, it must have at least 3 of the following:
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endorsement of >58% ‘no problem’; endorsement &% @r <4% of any item; and mean score
<0.85. Additional considerations included missitggris (and reasons for missing), feedback
from participants regarding any item or respond@apclinical considerations, as well as

changes to internal consistency statistics (segdBez.2.13) with an item removed.

2.2.10 Scoring and missing data

At baseline, missing items were quantified and diesd. Data missing were characterized as
either: (i) an item left blank (whether uninten@bor not); or (ii) an item where the ‘not
applicable’ (N/A) box was selected. Missing resgnf®r each item were reported for the entire
sample as number of occurrences and as a perceiitagtotal number of missing responses
(i.e. across all five subscales combined) was r@ported, and expressed as a percentage of the
total number of items for the entire PFOOS scadsslthan 5% missing was considered
acceptable[163-165].

Missing items were handled using ‘person mean iatpart’ for all valid subscales as has been
done by the KOOS and is recommended by otherd@udescribed below)[32, 163, 165-170].
To confirm the appropriateness of this method,drgified the amount of missing data and also
looked for patterns of missingness among all véegl then looked for a possible mechanism
of missingness by creating a new dichotomous veifaln each item (missing vs. non-missing)
and evaluating correlations between these newhblasand other variables (sex, age, pain
severity, BMI, laterality of affected knee, traumats. insidious onset, history of surgery,

physical activity level, and access to a computer).

For scoring, when marks were placed outside a thexglosest box was chosen as the item
response. For situations where two boxes weretséleihie box representing the more severe
answer was selected. For scoring purposes thera weislimit to the number of missing items
allowable for each subscale for each individuasegobon the KOOS guidelines for determining
if a subscale is valid[166]. These guidelines weydated in 2012. | therefore used both the
original and updated methods and did a sensitanilysis to compare the two approaches.
Using the original method, an individual's scorellcobe calculated (i.e. considered valid) for
each subscale provided no more than two items meging. Using the new method, a score

could be calculated for each subscale providedaat Ihalf of the items within the subscale were
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answered, consistent with methods recommended le¢se|®8, 171]. Since each subscale

functions independently, all valid subscale scavese reported.

To score each valid subscale, all responses wstestimmed. In the case of missing responses,
person mean imputation was employed: the averagt mfmaining complete subscale items
was imputed into the missing response(s). The cresvas then converted to a standardized
score by dividing it by the total maximum possibt®re for that subscale (i.e. number of items
times four) and multiplying by 100 (i.e. expresseada percentage). Finally, this number was
transformed by subtracting it from 100, giving argcout of 100 where 100 represents no

problem and zero represents extreme problems.

Missing data were left in an uncleaned state ifnissing) for the purposes of item reduction.
Also, mean subscores and standard deviations wenpared in a raw state (complete case
analysis, where any missing item renders that iddal’s score invalid)[170, 172] and in a
cleaned state (person mean imputation and remeatidrsubscales) to look for potential bias.
For all other evaluations of validity and reliatyilithe cleaned and imputed data were used for
analysis. Central tendencies and distributionsHerPFOOS subscores were presented as a full
sample and were also reported by sex and by aggargt For age category, participants aged
40 years or less were compared to participants a@gears or greater to more fully elucidate
any possible difference with age (also it is mdtely that a younger sample is presenting with
patellofemoral pain syndrome vs. patellofemoral @Ajch would be more probable in an older

sample).

2.2.11 Floor and ceiling effects

The potential for floor or ceiling effects was avatied by calculating the percentage of
participants achieving scores equaling zero foheabscale (floor) and the percentage
achieving scores of 100 for each subscale (ce|B3g)L00, 101]. Up to 15% of participants

scoring at either scale extreme was consideregtadae[100].
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2.2.12 Alternate forms reliability

Alternate forms reliability was completed by conmipgrcompletion of the PFOOS in two
different formats, online (Survey Monkey) and péacid-paper. Participants completed the two
versions within 48 hours at baseline, and againnke&ks later. This time interval is most likely

to capture stable symptoms across test admin@tisd82, 173].

A Bland-Altman plot[174] was done initially to ewalte the potential for outliers and to confirm
the assumption of homoscedasticity. Following trepeated measures ANOVA was used to
assess for any systematic differences betweemthérmats (using < 0.05 for assessing
significance). Mean differences between the twanfs, for each subscale, was reported as a
percentage (%) of each subscale range[78, 79theoough format comparison, mean
differences were also compared for paper vs. paseéretest and online vs. online test-retest.
Finally, ICC(3,1) for absolute agreement (sometimeagen ICC3 (A,1)) was evaluated for the
two formats, and again for paper vs. paper anchends. online test-retest. Comparing in these
three ways (online vs. paper, paper vs. paperpahide vs. online) is recommended to evaluate
equivalence between the two methods, but alsotermee if the online format has better
reliability than pencil-and-paper format[78, 79¢rFexample, if online methods reduce missing
data, there exists potential for it to perform siguéy to the traditional pencil-and-paper
format[79].

2.2.13 Internal consistency

Internal consistency was evaluated using Cronbaadpisa §), reported together with average
inter-item correlation[42, 82]. Cronbachiswill ideally fall between 0.7 and 0.9[32]. Lessath

0.7 may call into question the unidimensionalitytleé subscale; more than 0.9 may suggest item

redundancy. Mean inter-item correlation should loelenate, ideally at least 0.25[32].

2.2.14 Test-retest reliability

Test-retest reliability was assessed on completidhe PFOQOS at two time points by each
participant, 1-2 weeks apart[32, 57, 83]. This timterval is optimal since with a longer time
period the underlying condition and symptoms areenti®ely to have changed; and with a very
short interval there may be bias due to the infbeenf memory of the first test, or fatigue, on the

second test administration[32, 173].
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Prior to assessing test-retest reliability, altezrfarms reliability was assessed to determine if
the two formats are equivalent. If equivalent,-tesést reliability was to be assessed on all
participants; if not equivalent, this statistic Mdbbe evaluated for each format separately.

A Bland-Altman plot[174] was done initially to ewalte the potential for outliers and to confirm
homoscedasticity. Following this, repeated measdMOVA was used to assess for any
systematic differences between the two time pokitgally, ICC3(A,1) was used to evaluate
test-retest reliability[85, 175]. ICCs of at le@st were considered to represent adequate
reliability[57, 83].

Measurement error was reported with the reliabdagfficient as the standard error of
measurement (SEM). SEM should be relatively smatiamparison to the range of scores
expected in a target (i.e. clinical) populationyasl as small in comparison to the expected
difference scores[32]. Therefore, SEM values o tbsn 10 points (i.e. 10% of scale width)

were considered acceptable.

2.2.15 Interpretability
Minimal detectable change was calculated at 90%aemce (MDGo) [33, 86, 87, 95]. This
statistic is appropriate for individuals. In coresidtion for situations where changes are being

evaluated as sample means, the group MM@s also reported by dividing the individual

MDCeo by V71 [83, 97, 98].

The MCID was calculated using Norman’s distributlmased method[99]. It was calculated as

half of a standard deviation of the baseline sutesco

2.2.16 Construct validation: convergent and divergent valdation
The followinga priori hypotheses were posited regarding the relatiortstiyveen PFOOS
scores, the AKPS, and the SF-36v2:
a. (H1): All PFOOS subscales will correlate with thEKRS more so than the SF-36 physical
subscales (Physical Component Summary [PCS], Pfsigdd function], RP [role physical],
BP [bodily pain] and GH [general health]); and umrt more so than the SF-36 mental
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subscales (Mental Component Summary [MCS], VT [tk SF [social function], RE
[role emotional] and MH [mental health])

b. (H2): Correlations between the PFOOS and the AKRSe higher in the ADL, QOL and
SPR subscales than the Symptoms and Pain subscales

c. (H3): Correlations between the PFOOS and pain gite(Numeric Pain Rating Scale) at
baseline will be higher in the Pain subscale tha&rémaining subscales

d. (H4): Correlations between the PFOOS and pain gg\{en a five-point adjectival scale) at

baseline will be higher in the Pain subscale th@&rémaining subscales.

Pearson’s correlation coefficient was used to etalgonvergent and divergent validation.

2.2.17 Construct validation: known groups validation

A general question asked participants “How would yate your knee pain?” and offered five
possible response options (no problem, mild, madesmmewhat severe, and severe). A second
guestion used the Numeric Pain Rating Scale (NRR&yasked “How would you rate your level
of knee pain?” with 11 response options rangingifeero “No pain” to 10 “Worst Imaginable
Pain”. The followinga priori hypotheses were posited:

a. (H5): Participants who subjectively rate symptorssmaoderate’, ‘somewhat severe’, or
‘severe’ on the first general pain question wilVedower PFOOS scores than those who
rate their pain as “no problem’ or ‘mild’.

b. (H6) Participants rating their pain on the NPRSwaen six — 10 will have lower PFOOS
scores than those who rate their pain between-zéve.

Welch’s two-sample t-test were used for known geouglidation, with p<0.05 considered

statistically significant.
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2.3 Results

2.3.1 Sample description

Study enrollment occurred from February to Septen@l 2. Eighty-three individuals were
screened for eligibility, and of those 29 were axeld, leaving 54 who participated in the study
(see Figure 2.1 for flow chart). A description loé tparticipants included in the analysis is
presented in Tables 2.1 and 2.2.

Screened for eligibility (n=83)
|

¥ Ll

Included (n=54) Excluded (n=29)
*  Pain not limited to behind
Time 1 or around the kneecap
( A \ (n=14)

*  Duration <3 months (n=2)

*  Pain<3/10 (n=1)

*  Pain not provoked by tasks
that load the PF joint (n=1)

IPaper n= 39 I IOnline n= 30 I IBoth n= 15 I IEither n= 54 I

Hime 2 *  Severeinjury affecting TF
IPaper n= 32 I IOnlfne n= 39 I |Both n=21 I IEither n= 50 I joint (n=7)
*  Knee or hip replacement
(n=1)

*  Did not provide informed
consent {n=3)

Figure 2.1 Flow diagram for recruitment. Note 39 participacwsnpleted paper format at Time 1, and 30 completed
online format (some of whom completed both formatsl5). This is the same for Time 2 as indicated.

Table 2.1 Descriptive statistics (frequency table) (N=52*)

Feature n %
Women 34 63
Men 20 37
Traumatic onset 18 35
Insidious onset 34 65
Surgery on affected knee 3 6
Bilateral pain 30 58
Unilateral pain 22 42
Age >40 28 53

*Missing data on 2 participants for all variablesept sex, where N=54

Table 2.2 Descriptive statistics of study participants (N=p2*

Feature Mean(SD) Range
Age mean(SD) 42.6 (13.3) 19 - 66

Body Mass Index mean(SD) 26.6 (4.8) 19.7-37.6
Pain rating (0 — 10) 4.7 (1.5) 2-8

Duration of knee problems (months) 75.8 (84.8) X6
Duration of current episode (months) 53.9 (75.4) 0.5 - 300

*Missing data for these variables on 2 participants
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Of the 54 participants, all participants complea¢teast one format (online and/or paper) of all

three questionnaires at baseline. Fifty completdeast one format of the PFOOS at retest.

2.3.2 Item reduction

Results for item performance are presented in Bahl@& through 2.7. Since there were no items
where a single response option had greater thanedtsiidrsement, this indicator is not presented
in the tables. Also, under missing items, only M#Anot completed’ is reported. However,
administrative error rendered eight participanegdgr-and-pencil scores invalid in three
subscales (Pain, ADL, and Sports/Rec). Two of tleaglet participants had also completed an
online form. Therefore, for those three subscdlese were 48 completed scales. For QOL, 1
person missed the entire subscale on paper, whashpasitioned on the back of the last page of

the questionnaire, leaving 53 completed QOL sulscal

Symptoms subscaledeleted items S4 and S5 based on their perfocemésee Table 2.3).

Pain subscalel deleted item P7 based on performance (see Pa#hjeltems P3, P5, P9 and P8
performed questionably but were kept since thefopmed within the 15% window of my
defined cut-points. Despite the high number of mgsesponses for item NP14, | kept this item
based on the clinical importance of the task “hoghumping” for athletes (non-athletes can

choose N/A without invalidating the subscale).

Function, Activities of Daily Living (ADL) subscaleelected to delete items A6 and A17 based
on performance (see Table 2.5). Items A4, A8, ABOAAL11, A12, A13 and Al4 performed

within the 15% window of my established cut-poiat&l were therefore kept.

Function, Sports & Recreation (SPR) subscalkfive items were kept in this subscale (see
Table 2.6). With the exception of a high percentaigmissing responses here, performance on
each item was very good. It was expected that stames would not apply to non- athletes or
those who do not participate in active recreatictivdies for lifestyle choices rather than due to

their anterior knee symptoms.
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Quality of Life (QOL) subscal&ll items were kept in this subscale based on perémce (see
Table 2.7).

Table 2.3 Item performance for Symptoms, combined format (B#¥

ITEM Response options >50% respond Mean Missing responses  Decision
with <5% “No Problem” score<l (% of that item)
endorsement
S1 4 - - 1 incomplete (2%) -
S2 - - - - -
S3 3.4 - 1.0 - -
S4 2,34 83.3% 0.3 - DELETE
S5 3,4 70.37% 0.5 - DELETE
S6 4 - - - -
S7 3,4 - - - -
NS8 3,4 - - - -
Table 2.4 Item performance for Pain, combined format (N =)48*
ITEM Response options  >50% respond “No Mean Missing responses  Decision
with <5% Problem” score<l (% of that item)
endorsement
P1 0 - - - -
P2 - - - 2 N/A (4%) -
P3 3.4 - 0.7 - -
P4 4 - - - -
P5 3,4 - 0.7 1 N/A (2%) -
P9 3,4 55.32% 0.6 1 incomplete (2%) -
P7 2,4 63.83% 0.6 1 N/A (2%) DELETE
P8 3,4 52.08% 0.7 - -
NP9 4 - - - -
NP10 0 - - 1 N/A -
(2%)
NP11 0 - - - -
NP12 4 - - 1 incomplete, 1 N/A -
(4%)
P13 - - - - -
NP14 - - - 6 N/A (13%) -
NP15 - - - 2 N/A (4%) -
NP16 - - - 2 N/A (4%) -
NP17 - - - - -
NP18 - - - 1 incomplete -
(2%)
NP19 2 - - 2 incomplete -
(4%)

*Six subscales invalid due to administrative error
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Table 2.5 Item performance for Function, Activities of Dallywving (ADL), combined format (N = 48*)

ITEM Response options  >50% respond “No Mean Missing responses  Decision
with <5% Problem” score <1 (% of that item)
endorsement

Al 4 - - - -

A2 - - - - -

A3 4 - - - -

Ad 3,4 56.25% 0.6 - -

A5 4 - - - -

A6 3,4 60.42% 0.6 - DELETE

A7 4 - - - -

A8 3,4 52.08% 0.6 - -

A9 3.4 57.45% 0.6 1 N/A (2%) -

A10 3,4 - 0.8 - -

A1l 3.4 58.33% 0.6 - -

Al2 4 56.52% 0.7 1 incomplete, 1 N/A -

(4%)
Al3 3,4 57.14% 0.6 1 incomplete, 12 N/A -
(27%)

Al4 3,4 50.00% 0.7 - -

Al15 3,4 - 0.9 1 incomplete (2%) -

Al16 4 - 4 N/A (8%)

Al7 3,4 60.42% 0.5 = DELETE

*Six subscales invalid due to administrative error

Table 2.6 Item performance for Function, Sports & Recreafi8RR), combined format (N = 48*)

ITEM Response options  >50% respond “No Mean score Missing responses Decision
with <5% Problem” <1 (% of that item)
endorsement
SP1 0 - - 3 N/A (6%) -
SP2 - - - 3 N/A (6%) -
SP3 - - - 2 incomplete, 10 -
N/A (25%)
SP4 - - - 3 N/A (6%) -
SP5 - - - 3 N/A (6%) -

*Six subscales invalid due to administrative error

Table 2.7 Item performance for Quality of Life (QOL), combthérmat (N = 53%)

ITEM Response options  >50% respond “No Mean score Missing responses* Decision
with <5% Problem” <1 (% of that item)
endorsement

P1 0,1 - - 1 incomplete (2%) -

P2 - - - 1 incomplete (2%) -

P3 4 - - 1 incomplete (2%) -

P4 0,4 - - 1 incomplete (2%) -

P5 - - - 1 incomplete (2%) -

*One participant left this entire subscale blank



2.3.3 Scoring and missing data

Missing responses for each preliminary item arenteg above in Tables 2.3 through 2.7. In
Table 2.8, missing responses for the reduced acalpresented by subscale and by format. At
least one item was missing in 14 out of 39 paréictp who completed the paper-and-pencil
format at baseline (36% of subsample) and in 15680 participants who completed the online
format (50% of subsample). As anticipated, theresvmeore missing responses in the paper-and-
pencil format than the online format, however, imgsesponses did occur online, something
that Survey Monkey is supposed to prevent by rowahg a responder to move to the next item
until they have selected a response. For the @S scale, participants either missed or
selected N/A on 3% of responses on paper; 2% pbreses online; and 3% of responses in the
combined format (latter not shown). For each substiae percentage of missing items was less
than 5% except Sport/Recreation which was 13% pemn&% online (Table 2.8) and 10%
combined (latter not shown). No patterns emergedngnthe missing points, and correlations
between missingness and other variables showed lowtmoderate correlations (maximum

0.28), confirming the data were likely ‘missing-ahdom’.

Invalid subscales, comparing both methods, arertegp@n Table 2.9. There were no invalid
subscales by either scoring method for the Symptsarhscale. For Pain, two participant scores
were invalid using the pencil-and-paper format angdinal scoring method only. For ADL, one
participant score was invalid using the online fatmnd original scoring method only. For
Sport/Recreation, four participant scores werelidugsing the pencil-and-paper format,
regardless of the scoring method. For Quality & Lone participant score was invalid using the
pencil-and-paper format, using both scoring meth®tle only differences between the two
methods, therefore, were in regards to two Pais&lbs (paper format) and one ADL subscale

(online format).
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Table 2.8 Missing items (incomplete or N/A) at baseline, Iyscale and format

Subscale (# items) n Incomplete (n) N/A(n) % of responses missing
Symptoms (6)
Paper 39 S1(1) - 0%
Online 30 - - 0%
Pain (18)
Paper 31* NP12 (1) P2 (2) 3%
NP14(1) NP10 (1)
NP15(1) NP12 (1)
NP19(3) NP14 (3)
NP15 (1)
NP16 (1)
Online 30 P4(1) P5 (1) 2%
P9 (1) NP14(3)
NP18(1) NP15(2)
NP19(1) NP16(1)
Function, ADLs (15)
Paper 31* A16(1) A7 (1) 2%
A13 (6)
A16(1)
Online 30 Al12 (1) A9 (1) 3%
A13 (1) A13 (7)
A15(1) A16(3)
Sport/Recreation (5)
Paper 31* SP2(1) SP1(2) 13%
SP3(2) SP2(2)
SP4 (1) SP3(6)
SP4(3)
SP5(3)
Online 30 - SP1(1) 6%
SP2(2)
SP3(6)
Quality of Life (5)
Paper 39 Q1 (1) - 3%
Q2 (1)
Q3 (1)
Q4 (1)
Q5(1)
Online 30 - - 0%
Full Scale (49) Total Total
Paper 39 17 33 3%
Online 30 7 27 2%

*Due to administrative error, 3 subscales in pdpenat were invalid for 8 participants and wererdfiere excluded
from analysis
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A sensitivity analysis revealed differences in mebatween scoring methods of no more than
0.8%, and Welch’s two-sampled t-tests revealedlitierences were not statistically significant.
Therefore, all subsequent analysis was performddeported using the newer scoring method
(i.e. where up to 50% of items can be missing@ivan subscale and still included for analysis).
Importantly, after the invalid subscales were reath\the percentage of missing items in

Sport/Recreation (which had been 13% on paper, @i#ey and 10% combined format) was

reduced to below a preferred cut-point of 5%.

Table 2.9 Invalid subscales at baseline, by format (substhntissingness is in bold)

Subscale (# items)

Number of missing
items (n)

Invalid with original

method

Invalid with
updated method

Symptoms (6)

>2 items missing

>3 items missing

Paper 1 missing (1) - -
Online - - -
Pain (18) >3 items missing >9 jtems missing
Paper 1 missing (4) 2 invalid -
2 missing (1)
4 missing (1)
5 missing (1)
Online 1 missing (7) - -
2 missing (2)
Function, ADLs (15) >3 items missing >7 items missing
Paper 1 missing (7) - -
2 missing (1)
Online 1 missing (6) 1 invalid -
2 missing (2)
4 missing (1)
Sport/Recreation (5) >2 items missing >2 items missing
Paper 1 missing (4) 4 invalid 4 invalid
3 missing (2)
5 missing (2)
Online 1 missing (3) - -
2 missing (3)
Quality of Life (5) 2+ items missing 2+ items missing
Paper 5 missing (1) 1 invalid 1 invalid
Online - - -

At retest, there were four missing cases, therefahg 50 of the 54 participants completed a
retest questionnaire. Of the completed pencil-aaqgep format questionnaires, there were three

invalid Sports/ Recreation subscales. Online, theceinvalid Sports/Recreation subscales.

Using complete case analysis resulted in subst@®sd on a reduced sample of 53
(Symptoms); 35 (Pain); 32 (ADL); 37 (Sport/Rec)dd&8 (QOL) participants. This can be

compared with the larger sample size using theopergean imputation method of 54
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(Symptoms); 48 (Pain); 48 (ADL); 45 (Sport/Rec)dd&8 (QOL). The differences in subscale
means for the two methods of handling missing ddtared by no more than 2.3%, and

Welch'’s two-sampled t-tests revealed that thedergifices were not statistically significant.

Mean scores and standard deviations for the baseR®©OS subscales that were valid are
reported in Table 2.10. In total, 39 participardmpleted the paper-and-pencil format, while 30
completed the online format. Any difference in &by format here should not be compared
directly (e.qg. for reliability) since it is two ddrent sub-samples for each format, with some
sample overlap (see Section 2.3.5 for more accomatgarison of formats). Figure 2.2 provides
a visual representation of the PFOOS subscorealdistin using histograms. Distribution was

approximately normal with the exception of SporestRation.

Table 2.10 PFOOS baseline scores, by format

PFOOS Paper-and-pencil Online* Combined formats’
Subscale Mean(SD) Mean(SD) Mean(SD)
n n n
Symptoms 66.2 (14.1) 58.5 (16.5) 63.3 (15.5)
n=39 n=30 n=54
pPain® 59.4 (14.9) 56.6 (16.5) 56.9 (16.0)
n=31 n=30 n=48
ADL* 74.8 (15.3) 75.4 (18.4) 74.8 (17.6)
n =31 n=30 n=48
Sport/ Recreation 49.1 (29.4) 43.8 (26.2) 44.7 (27.9)
n=27 n=30 n=45
Quality of Life 47.6 (16.1) 48.7 (17.5) 47.0 (16.5)
n=38 n=30 n=53

*NB: for a direct comparison of paper vs. online@ses (i.e. reporting only scores of participantsoadompleted
both formats), see Section 2.3.5

*Combined by adding online scores wherever papaesoot available (39 paper, 15 online)

AWith 2 subscales removed (invalid by original smpmethod), combined mean remains 56.9, SD becbéds
(n=46). No statistically significant difference.

*With 1 subscale removed (invalid by original scgrinethod), combined mean increases to 75.6, SDie46.9
(n=47). No statistically significant difference.
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PFOOS Scores
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Figure 2.2Histogram for each subscale of the PFOOS
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PFOOS subscores are presented by sex and agergdtegable 2.11. Unadjusted two-tailed

Welch'’s t-tests revealed no statistical differebgesex or age. Score means and distributions for

the AKPS and SF-36 subscales are presented in Zdlile

Table 2.11 PFOOS baseline scores, by sex and by age

PFOOS Men Women p Age <40 Age =50 p
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
n n n n

Symptoms 63.5 (14.9) 63.1 (16.1) 0.92 65.0(17.6) 58.7 (10.8) 0.15
n=20 n=34 n=25 n=19

Pain”® 58.1 (15.3) 56.2 (16.6) 0.70 58.7 (17.3) 53.7 (14.4) 0.33
n=18 n=30 n=22 n=17

ADL* 76.9 (17.2) 73.6 (18.0) 0.53 785 (17.1) 67.5 (17.5) 0.06
n=18 n=30 n=22 n=17

Sport/ 49.4 (30.9) 41.6 (25.8) 0.39 53.5(22.3) 39.0 (28.4) 0.10

Recreation n=18 n=27 n=21 n=16

Quality of 49.5 (14.6) 45.4 (17.6) 0.37 49.6 (15.0) 44.2 (17.2) 0.29

Life n=20 n=33 n=24 n=19
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Table 2.12 AKPS and SF-36 baseline scores, by format

Instrument Paper-and-pencil Online Combined
formats”
Mean(SD) Mean(SD) Mean(SD)
n=39 n=30, 15* N=54
AKPS 68.0 (12.6) 61.2 (13.3) 65.9 (12.6)
SF-36 v2
PCS 46.5 (7.6) 48.9 (6.7) 47.1 (7.4
MCS 53.2 (9.6) 50.5 (8.9) 52.4 (9.4)
PF 73.9 (14.1) 78.3 (18.5) 75.1 (15.4)
RP 73.2 (36.0) 76.7 (41.7) 74.2 (37.3)
BP 58.3 (16.0) 65.2 (20.4) 60.2 (17.4)
GH 68.8 (22.6) 67.56 (21.4) 68.4 (22.1)
vT 59.1 (15.3) 54.2 (14.5) 57.8 (15.1)
SF 86.2 (17.9) 85.8 (21.1) 86.1 (18.6)
RE 85.7 (26.2) 82.2 (37.5) 84.7 (29.4)
MH" 77.6 (15.4) 75.0 (9.8) 76.9 (14.0)

*n=30 for AKPS. For SF-36, n=15 since resource igidor use of proprietary software went to pafmmat (30
guestionnaires were completed, but of those 15baér versions and therefore only the paper versamscored)
"PCS = Physical Component Summary; MCS=Mental CormpbS8ummary; PF=Physical Function; RP =Role
Physical; BP =Bodily Pain; GH =General Health; Witality; SF =Social Function; RE =Role Emotion&H
=Mental Health

2.3.4 Floor and ceiling effects

There were no floor or ceiling effects in any o tAFOOS subscales. In the Sport/Recreation
subscale, three participants scored zero (7% opkgnThere were no other scores of zero or
100 in any subscale. For the AKPS there were adsitoor or ceiling effects, with no scores of
zero or 100. Ceiling effects were present in theB6For three subscales (Role Physical 59.3%;
Social Function 53.7%; and Role Emotional 70.3%)er€é were no floor effects in any SF-36

subscale, though Role Physical was close with 1288fing zero.

2.3.5 Alternate forms reliability

Comparison of paper-and-pencil format to onlinexfar of the PFOOS is presented in Table
2.13. Mean difference between the two formats rdrmyesubscale from 0.3% to 2.7%. Repeated
measures ANOVA of each subscale revealed that tifiseences were all non-significant. The
absolute ICC reliability coefficients were all0.80.

In comparing alternate formats (Table 2.13) to papdy formats (Table 2.14), ICCs were lower
for paper only in three of the subscales (Symptdtag) and ADL) and higher for two subscales
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(Sport/Rec, QOL). In addition, the mean differenbetween paper only test administrations
was larger in four of the subscales (all exceptr§fiRecreation) compared to alternate forms.
With online only formats (Table 2.15), ICCs wergler for all five subscales compared to

paper only; and higher in four subscales comparedtérnate forms.
These results confirmed paper and online formaitvatgence. Therefore, all remaining analyses
(internal consistency, hypothesis testing, testisteteliability, measurement error, MDC and

MCID) were completed using the larger sample diz¢ tombined both formats.

Table 2.13 Summary of paper vs. online versions of the PFOOS

Subscale n Paper Online Mean ANOVA ICCA(3,1) SEM
Mean Mean Difference p-value  [95%CI]
(SD) __(SD) (%)

Symptoms 31 645 64.8 0.3% 0.86 0.80 6.2
(12.9) (14.7) [0.63,0.90]

Pain 26  60.6 61.3 0.7% 0.57 0.92 4.2
(14.2) (15.2) [0.83,0.96]

Function, ADLs 26 76.0 77.8 1.8% 0.10 0.91 4.0
(14.8) (12.6) [0.80,0.96]

Function, Sports/ 26  52.6 50.3 2.3% 0.46 0.83 11.1

Recreation (26.2) (26.8) [0.65,0.92]

Quiality of Life 31 50.0 52.7 2.7% 0.12 0.83 6.7
(15.2) (18.0) [0.68,0.91]

Table 2.14 Summary of paper vs. paper versions of the PFOOS

Subscale n Baseline Retest Mean ANOVA ICC3(A,1) SEM
Mean Mean Difference p-value [95%ClI]
(SD) (SD) (% of scale

range)

Symptoms 31 65.6 68.0 2.4% 0.23 0.70 7.4
(13.6) (13.3) [0.46,0.84]

Pain 27 59.2 62.1 2.9% 0.08 0.82 5.9
(15.0) (13.6) [0.64,0.91]

Function, ADLs 27 74.2 76.5 2.3% 0.22 0.75 6.6
(15.1) (11.3) [0.52,0.88]

Function, 21 46.1 47.6 1.5% 0.56 0.91 8.2

Sports/ (29.1) (26.2) [0.80,0.96]

Recreation

Quality of Life 30  46.7 50.3 3.6% 0.01 0.87 5.2
(16.0) (15.5) [0.71,0.94]
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Table 2.15 Summary of online vs. online versions of the PFOOS

Subscale n Baseline Retest Mean ANOVA ICC3(A,1) SEM
Mean Mean Difference p-value [95%ClI]
(SD) (SD) (% of scale

range)

Symptoms 23  60.0 60.4 0.4% 0.78 0.88 5.5
(24.7) (16.8) [0.74,0.95]

Pain 23 55.5 58.8 3.3% 0.01 0.92 4.2
(17.8) (16.0) [0.79,0.97]

Function, ADLs 23 74.6 74.9 0.3% 0.89 0.82 7.6
(18.2) (16.9) [0.62,0.92]

Function, 21 45.2 49.0 3.8% 0.09 0.94 6.9

Sports/ (28.6) (32.3) [0.86,0.98]

Recreation

Quality of Life 24  47.3 50.0 2.7% 0.25 0.89 6.3
(18.4) (18.7) [0.75,0.95]

2.3.6 Internal consistency

Internal consistency is reported in Table 2.16 €€lof the five subscales fell within the ideal
range of 0.7 — 0.9 (Pain, Sports/Recreation and QUte Symptoms subscale fell below at
0.61, with inter-item covariance slightly low aP@. The ADL subscale was higher than ideal at

0.94, though average inter-item covariance waspaabée.

Table 2.16 Internal consistency for PFOOS scores at baselommbined formats (N=54)

Subscale n Number of Average inter-item Cronbach’s a
items covariance

Symptoms 54 6 0.24 0.61

Pain 48 18 0.36 0.89

Function, ADLs 48 15 0.47 0.94

Function, Sports/Recreation 45 5 1.11 0.90

Quality of Life 53 5 0.34 0.78

2.3.7 Test-retest reliability

Reliability coefficients (ICC3(A,1)) and respectise@ndard errors of measurement (SEM) are
reported in Table 2.17. Mean differences from basdb retest range from 0.4% to 3.9%.
Unadjusted p-values of less than 0.05 were noteBdm (p=0.01) and QOL (p=0.00) with
differences between baseline and retest scorekdse two groups of 3.3% and 3.9%,
respectively. Reliability coefficients were all aptable, ranging from 0.79 to 0.91.
Measurement error (SEM) was also acceptable, rgrfgam 5.9 to 8.5 points.

47



Table 2.17 Summary of test-retest reliability and associateésures for PFOOS

Subscale n Baseline Retest Mean ANOVA ICC3(A,1) SEM MDCg MDCgy MCID
Mean Mean Difference p-value  [95%ClI] ~n
(SD) (SD) (% scale
range)
Symptoms 49 64.6 65.0 0.4% 0.77 0.79 6.5 15.2 2.2 7.1
(14.2) (15.8) [0.66,0.88]
Pain 43 57.0 60.3 3.3% 0.01 0.87 5.9 13.8 2.1 8.3
(16.5) (15.1) [0.74,0.93]
Function, 43 74.3 75.2 0.9% 0.57 0.79 7.8 18.2 2.8 8.6
ADLs (17.2) (14.3) [0.64,0.88]
Function, 38 47.1 48.4 1.3% 0.52 0.91 8.5 19.8 3.2 14.2
Sports/ (28.4) (29.1) [0.84,0.95]
Recreation
Quality of 48 46.5 50.4 3.9% 0.00 0.87 6.1 14.2 2.0 8.5
Life (16.9) (17.2) [0.73,0.93]

2.3.8 Interpretability
MDC at 90% confidence (MD&) is reported in Table 2.17. MDgls reported at the individual

level as well as at the group level (MRG/n). MCID using Norman’s distribution method[99]

of half a standard deviation is also reported ibl@d&.17.

2.3.9 Construct validation: convergent and divergent valdation

Pearson correlation coefficients for all hypothesesreported in Table 2.18. The following

outlines results for eacnpriori hypothesis:

a.

(H1): All PFOOS subscales will correlate with thERS more so than the SF-36 physical
subscales (Physical Component Summary [PCS], Pfsigdd function], RP [role physical],
BP [bodily pain] and GH [general health]); and umrt more so than the SF-36 mental
subscales (Mental Component Summary [MCS], VT [tk SF [social function], RE

[role emotional] and MH [mental health]).

Confirmed with notable exceptionsPF presented with the largest correlations acrbss a
five PFOOS subscales than all other SF-36 subsdakeslid not correlate with the PFOOS
as expected. VT correlated better than expected.

. (H2): Correlations between the PFOOS and the AKRSe higher in the ADL, QOL and

SPR subscales than the Symptoms and Pain subscales.
Not confirmed. Correlations were similar across subscales, anged from 0.59 to 0.71,

with Pain having the highest correlation.
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c. (H3): Correlations between the PFOOS and pain &ite(Numeric Pain Rating Scale) at
baseline will be higher in the Pain subscale ti@rémaining subscales.
Partially confirmed. Pain and ADL subscales were the highest, with megabrrelations
of -0.48 and -0.49, respectively.

d. (H4): Correlations between the PFOOS and pain gg\en a five-point adjectival scale) at
baseline will be higher in the Pain subscale ti@ramaining subscales.
Not confirmed. QOL was the highest correlation at -0.55, and Alds the second highest
at -0.50. Pain was third at -0.44.

Overall, each PFOOS subscale, taken individuatiyretated as predicted with the AKPS and
SF-36 subscales. However, when comparing amongRKE0S subscales (e.g. correlation of
one subscale to AKPS compared to another corralafia subscale to AKPS), the predicted

relationships did not hold as well (see Table 2.18)

Table 2.18 Correlations between PFOOS subscales, AKPS, Sarbtwo pain variables (NPRS and Pain)

Subscale AKPS PCS MCS PEF RP BP GH VT SF RE MH NPRS Pain

Symptoms 0.61 0.13 -0.11 0.25 -0.07 0.12 0.00 0.14 -0.13 -0.14 0.01 -0.37 -0.40

Pain 0.71 0.18 0.10 046 -0.06 0.16 0.18 0.26 0.09.06 0.18 -0.48 -0.44
ADLs 0.59 0.30 0.03 0.54 0.00 0.27 0.22 0.21 0.05 0.08 0.11 -0.49 -0.50
Sport/ 0.65 0.18 0.09 044 -0.10 0.10 0.27 0.26 0.16 0.00.10 -0.21 -0.30
Recreation

Quality of 0.66 036 -0.04 045 0.00 0.30 0.31 0.16 0.16 -0.04 0.04 -0.37 -0.55
Life

Legend: AKPS - Anterior Knee Pain Scale; PCS - Riay€omponent Summary; MCS — Mental Component
Summary; PF — Physical Function; RP — Role PhysRRI- Bodily Pain; GH — General Health; VT — Vitgl SF
— Social Function; RE — Role Emotional; MH — Meritldalth; NPRS — numeric pain rating scale.

2.3.10 Construct validation: known groups validation

Mean differences between milder pain (n=21) vs. enatd to severe pain (n=30) sub-samples
are reported in Table 2.19 under the column lab#ath severity”, with p-values for Welch’s
two-sample t-test reported in the next column. Méiffierences between two groups with lower
(n=36) vs. higher (n=16) pain levels on a NPRSraperted in the column labeled “NPRS”. As
expected, all five PFOOS subscale scores were lowle group that reported higher pain (for
both pain variables), and these differences weatesstally significant in four subscales (all

except Sport/Recreation).
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Table 2.19 Known groups — comparing PFOOS subscales betwegaehand lower reported pain levels.

Subscale Pain severity* p NPRSA p
Mean difference Mean difference
Symptoms 8.9 0.02 129 0.01
Pain 13.1 0.00 14.7 0.00
Function, ADLs 17.4 0.00 20.1 0.00
Function, Sports/ 12.2 0.08 9.2 0.27
Recreation
Quality of Life 14.3 0.00 13.3 0.00

*Pain: compared milder scores (0, 1) to moderatetsescores (2, 3, 4)
"NPRS (Numeric Pain Rating Scale): compared pdinga0 — 5 to pain ratings 6 — 10
NB: Mean differences were unanimously lower for liigher pain subgroup vs. lower.

2.4 Discussion

This is the first study to evaluate the validitydaeliability of a preliminary version of the
PFOOS, a new PROM intended to evaluate pain, symgttunction and QOL in people with
anterior knee pain or patellofemoral OA. This isegsential step in the development of the
PFOOS, as it provides insight regarding the extemthich meaningful inferences can be drawn

from PFOOS scores about an individual or a group.

2.4.1 Alternate forms reliability

The online version of the PFOOS performed equivbleéa the paper version, with absolute
agreement ICC3(A,1) of at least 0.80 and non-sicanit mean differences of no more than
2.7%. These findings are consistent with previaugdifgs comparing alternate forms. In a meta-
analysis of 46 publications comparing alternatenfats of 278 scales, reliability coefficients
were > 0.75 in 94% of the studies, and mean difiegs were within +/- 5% in 93% of the

studies.

With equivalence established between the two fasmiis worthwhile to consider whether the
online format may, in fact, be superior to the pagred-pencil format. For example, missing data
and subsequent subscale validity was less of dgoWwith the online format in this study.
Using the original method, seven subscales wermdéenvalid (due to missing items) using
paper-and-pencil compared to only one in the orfinmat. Using the new method, paper-and-
pencil had five invalid subscales, and none udneganline format. This reduction in missing
data and subsequent increase in the number of sathisicales may in part explain why test-retest
reliability coefficients for the online format (Tieb2.15) were higher than for the paper format
(Table 2.14) across all five subscales. Additidreiefits of online administration might also
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include reduced risk of data entry errors (agaitepiaally improving reliability), and
convenience for patients (e.g. complete formseit thisure; potentially less travel time)[34, 78,
79]. In this study sample, access to the interraet gportedly unanimous (except one individual
who left that question incomplete), and 14 exprésseference for the online format, while 36

had no preference and only four preferred the papéspencil format.

2.4.2 Internal consistency

The higha of 0.94 for the ADL subscale could be in part expéd by a relatively high number
of items (n=15). It is also possible that some #emere redundant. For example, items A3
(“Rising from sitting”), A7 (“Getting in/out of cdy, A10 (“Rising from bed”) and A15

(“Getting on/off toilet”) may all be tapping theraa functional task, transferring from a seated
to a standing position. In addition, eight itemsha ADL subscale (A4, A8, A9, A10, Al1,

Al12, A13, Al4) performed on the cusp (within 15%)poe-determined cut-points for item
reduction, primarily due to lack of spread of seaiferoughout the response options. Therefore,

it is likely that several items are contributingthe high internal consistency of this subscale.

In contrast to ADL, the Symptoms subscale fiad0.61 and inter-item covariance r = 0.24,
suggesting that the Symptoms subscale does notaukeggiate internal consistency. Looking at
the individual items that comprise this subscdlis possible that the lowis a reflection of lack
of unidimensionality. To further investigate thisoscale, | evaluated item-partial correlation
(correlation of each item to the subscale withitbe removed), which Streiner and Norman
indicate should be at least 0.20[32]. | also loodedow Cronbach’a changed with each item
removed (if an item fits well with the subscaleshould be lower with the item removed)[32].
Item S2 (“Do you feel grinding, hear clicking oryamther type of noise when your knee
moves?”) appeared to be problematic within thissale, with an item-partial correlation of
0.11. Also, with this item removed, Cronbach’sicreased to 0.68, indicating the item was

creating statistical problems for the scale.

Having said this, a question about crepitus aktie= is important for both clinicians and
researchers who want richness of clinical infororatin fact, looking at each question in this
subscale (swelling, crepitus, catching/lockingfrstiss in the morning / after resting / after
exercise), it is likely that not all symptoms wibbrrelate well within an anterior knee pain

population. It has been established in the litegatbiat symptoms vary considerably with
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anterior knee pain and knee OA depending in partich compartment is affected and how
severe the radiographic findings are[107-109, 122]. Therefore, the question here becomes
one of priority: is it more important for a scatehltave high internal consistency or is it more
important for the scale to have adequate breadtldapth of content? Streiner and Norman[32]
argue it is “better to sacrifice internal consistefor content validity” (p. 253), since the
purpose of a PROM is inferential in nature. Patettworal symptoms are, by nature,
heterogeneous. Therefore, umbrella terms like “dpmp” are likely to have lower internal
consistency. Based on this reasoning, item S2 dimikept in the scale, though it is
recommended that users of this subscale consideidnal items carefully rather than relying
exclusively on the overall subscore.

2.4.3 Test-retest reliability

The PFOOS demonstrated adequate test-retest ligfiabith absolute ICC3(A,1) values
ranging from 0.79 to 0.91. These findings comparthe¢ test-retest reliability coefficients of the
AKPS, which have ranged from 0.81 — 0.95 in otliedigs of anterior knee pain or
instability[55, 69, 129, 131]. Test-retest relidyilcoefficients of the SF-36 in a patellofemoral
instability cohort ranged from 0.47 to 0.77 witle texception of Role Emotional (RE) which
was 0.04. Coefficients for the KOOS (though sliglifferent samples, i.e. awaiting
arthroscopy or reconstruction for ACL or menisceliies, or knee OA) ranged from 0.6 to
0.95[52, 72, 143, 176].

Two subscales, Pain and QOL, had p-values lessit@&non the repeated measures ANOVA,
suggesting the possibility of systematic error lestvthe two time points. However, mean
differences from baseline to retest for these tulussales were small at 3.3 and 3.9,
respectively, both well under the difference deemodok clinically important (MCID 8.3 and
8.5 respectively). While these changes may reptesahphysiological change, they could also

represent error such as bias (e.g. memory andigpeffects) or random chance.

2.4.4 Construct validation: convergent and divergent valdation

Hypotheses regarding performance of the PFOOS alédsselative to the AKPS relative to the
SF-36 were largely confirmed in this study. Moderadrrelations existed among most subscales
where a correlation was expected, consistent wigleetations[32, 52, 57, 131]. Correlations >

0.70 would raise concerns that the new PROM idglahhrelated to an existing scale that it is
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redundant and therefore not necessary[32]. Hypethesgarding relationships among the SF-36
subscales were only partially confirmed. Specificdlhad expected correlations with PFOOS
subscales to SF-36 physical subscales (PCS, PBR;H) to be greater than mental
subscales (MCS, VT, SF, RE, MH). Instead, the tations were highest with PF > BP, GH,

VT > RP, SF, MH, RE. In looking at the specificite in the SF-36 that make up each subscale,
these results are not unreasonable. SubscaleoRPpliysical) and BP (bodily pain) were
comprised of many questions about how their paiphysical limitations were affecting their
work or productivity. Since our sample was recaiteom a work place (mainly students and
staff), it is not surprising that they reportedrgeable to work. Therefore, the absence of a
positive correlation with PFOOS subscales and tRedRd a lower relationship with BP than
expected, is understandable given the sample ngldsistudy. It is noted that authors
investigating the KOOS have previously hypothesipgeer correlations with RP than the other
physical health subscales[142, 176], contrary éoctirrent study’s hypotheses. Future studies
should consider the demographics of the likelyip@nts when considering of hypotheses.

2.4.5 Interpretability

MDCgyp values in this study ranged from 13.8 — 19.8 fidiividual measures and from 2.0 — 3.2
for group measures(see Table 2.17). These finding#arger than those of the AKPS in other
studies, with MDGs values that ranged from 7 — 14 in several anténee pain cohorts[69,

129, 131]. In a cohort with knee OA, M{ralues for the KOOS were in a similar range to the
present study, ranging from 13.4 — 21.1[177]. Hosvemmong various other cohorts including
younger individuals and athletes with traumaticekimguries, values were typically smaller, with
KOOS values ranging from 5 — 12[72, 143]. Impogi¥IDC estimates are reflections not only
of the instrument itself, but of the individualsrgassessed, so comparisons should be done
with caution (the KOOS studies were not done wigatellofemoral pain and OA cohort; and

one anterior knee pain study excluded knee OA)[129]

MCID values in the present study ranged from 7184:2. These findings compare to estimates
for the AKPS of 8 — 10 in an anterior knee painatfo9]. MCID values have not been
evaluated for the KOOS[72].

While MCID was larger than MDéggroupfor all five PFOOS subscales, it was smaller tan
MDCgy values which are for individual comparison. Theref at an individual level, the amount
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of change that must be overcome to be confidentttisanot due to error is larger than the
average amount of change that is deemed clinioadigningful. This could be problematic in
situations where small but clinically meaningfullividual changes are expected. Having stated
this, it is important to note that the MCID in tlggidy was calculated using a distribution based
method, and is therefore only a statistical esenadt clinical importance”, something arguably
best determined through empirical methods. Furibhernoted that using Norman’s method, it is
impossible to estimate an MCID that is greater thCq,. This is because MDfgis based on
SEM, and with a reliability coefficient of at leds#5, SEM will always be at least %2 a standard
deviation (i.e. MCID and SEM will converge)[99], MDCgq will consistently be 2.3 times

larger than Norman’s MCID estimate (see equatigred8b Sections 1.9.1, 1.9.2) . Importantly,
Norman’s method is recommended by the authors[a3 & ‘starting point’, as they recognize
high variability across the many types of MCID esttion methods[179-181]. For purposes of
individual comparison, future studies could re-eaté MCID for the PFOOS employing
methods such as an anchor-based method or cabcutdta reliability change index: this must

be done in concert with a clinical interventioralf32, 86, 182].

2.4.6 Usability

The PFOOS took respondents approximately 15 miriatesmplete. The preliminary version
contained 54 items and in this study was reduce®titems. Depending on the context in which
this questionnaire is administered, this may or matybe acceptable to the responder. For
example, in a clinical trial, a 15 minute time jperimay be feasible, whereas in a clinical setting

some clinicians or patients may find this more leasbme.

Future studies with a broader spectrum of clingealerities may reveal that the PFOOS can be
further reduced in size, and while reducing respomdirden this may also enhance the scale’s
measurement properties (i.e. internal consisterfdigrnatively, consideration could be given to
developing a short form of this scale. The ento@&esin its current state could be used to follow
people longitudinally where it is expected thatelatemoral OA may progress to generalized
OA - in this situation, the KOOS items that did petform as well in this study may do better
with a cohort that develops tibiofemoral symptoifise short form scale could target
patellofemoral-specific items that would be appiaigrfor cross-sectional studies or shorter
duration prospective studies. This would reducpaeder burden while also enabling items to

be removed that may be less appropriate for aatswlpatellofemoral cohort.
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2.4.7 Limitations

There are several limitations noted in the presamty. First, study methods are based on
assumptions that the PFOOS scale can be treateslissdly like an interval scale, despite
technically being ordinal in nature. While thignge, Portney and Watkins[33] argue that
statistics such as ICC calculations can be apmliftbut distortion to ordinal level data
provided the intervals between response optionassemed to be equal (p. 561). Further,
Gaito[152] argues that numbers, by their naturejrtervals, and so long as data follow a
normal distribution, then treating the numbersistigally as interval is appropriate. In the case
of the PFOOQOS, results did show approximately nomfisdtibutions (see Figure 2.2). Therefore,
it is appropriate that the PFOOS, like many otfRORIs (including AKPS and SF-36) be

treated statistically as an interval scale[32, 152]

The second limitation is that unidimensionality Imas been explicitly evaluated in this study.
However, the PFOOS has been created with five dmsnaith the goal of each being
unidimensional. This is in contrast to the AKPSjehhis multidimensional in nature, thus
limiting the ability to draw inferences from the RIS score. Assessing unidimensionality, a
component of structural validity, requires a largample size in order to conduct either factor
analysis or Rasch principle components analysipeBéing on the confidence level desired,
sample sizes for Rasch analysis vary from 64 —2436, 183]. Having said this, evaluation of
PROMs is an ongoing process done across multiptBest over time, and it is common to begin
evaluation of an instrument with sample sizes adegfor reliability testing as an important
early step[57, 66]. It would not be a good useesburces to begin evaluation with a large
sample size when items are still being assessedp@ssibly modified) at an individual level for
wording, acceptability, and reliability. Having ablished adequate validity and reliability at this
stage of the PFOOS development, it is now apprtgtaarecruit a larger sample size for

conducting analysis of unidimensionality.

A third limitation is that responsiveness was rsessed in this study. Assessing responsiveness
requires collection of data over a time period vehgrange (worsening or improvement) would

be expected, and is frequently collected duringrecal trial. Again, it is appropriate to assess

the PFOOS in an iterative process, and having kstteld adequate validity and reliability for

the PFOQS, it is now appropriate to include the ®60n an intervention trial. An additional
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benefit of such a trial would be the ability toadhte MCID for the PFOOS subscales using
alternative anchor-based methods.
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Chapter 3: The de Morton Mobility Index (DEMMI): Reference Data for a

Performance-Based Mobility Instrument

3.1 Introduction

Mobility is an important marker and predictor ofygital abilities, independence, morbidity and
mortality in older adults[12, 184-188]. Loss of niltifp can result in a decline in one’s ability to
complete daily activities[5], which may render wmduals more reliant on caregivers such as
family members or community health workers, to ntheir basic needs. Further decline, or lack
of adequate caregiver supports, can result indbasility to live independently in the
community, with subsequent transition to assistedd or nursing home. Such functional
decline can also increase risk of injury (e.g. assalt of a fall) and can increase hospital
admissions[9]. Up to 40% of nursing home admissamesreportedly related to falls[9, 10], and
decreased mobility is an important predictor ofsfdB9-191]. Determining mobility status is
therefore an important component of any medicdleaith assessment for older adults,
regardless of whether an individual is apparengigltiny, acutely ill, or living with chronic

comorbidity.

3.1.1 Selecting an appropriate mobility instrument

As with any health outcome measure, an instrumesigded to measure mobility in older adults
should demonstrate adequate validity and religihtit the target population. Also, given the
diverse functional abilities and complex healthistas of older adults, a clinically relevant
mobility measure would span the spectrum of fumatity relevant mobility tasks such that an
individual can be assessed across time points fraspitalization, through rehabilitation and
toward full recovery. This would prevent a clinicizom having to change instruments as the
individual recovers (or declines), which is an intpat consideration given the challenges of

comparing scores between different instruments[192]

Recent systematic reviews have described a pletifarebility instruments for older adults[45,
63, 193]. Many of these instruments have limitadidi) they are often designed for narrowly
defined populations (e.g. specific medical condsicspecific age ranges), which can result in
floor- or ceiling-effects; (ii) have not undergongorous validation and reliability testing; (iii)

lack adequate validity, reliability or responsivesg(iv) lack estimates or guidelines for
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interpretability (such as MCID or normative refeces); or (v) have limited usability due to
unreasonable equipment or cost requirements, ataotal time requirements to complete the
test[45, 63, 193].

Following comprehensive review of existing mobilibgtruments, de Morton concluded that a
mobility instrument designed to evaluate older edatross a broad spectrum of abilities, of
sufficient scientific rigour, and convenient to adister, did not exist[45]. In response to these
findings, she developed the de Morton Mobility IRgBEMMI)[47].

3.1.2 The de Morton Mobility Index (DEMMI)

The DEMMI is a unidimensional performance-basedtrimsent developed using item response
theory. It consists of 15 hierarchical items tharsfrom bed mobility tasks through to high
level dynamic balance tasks, in order of increasliffigculty (see Appendix E). On completion
of the test, a raw ordinal score is converted (tghoRasch analysis) to an interval score out of

100, with a higher score representing greater ritgbil

Validity

The DEMMI was originally developed and validatecamacutely hospitalized older adult
population[47]. Content validation was achievedimydevelopment through input from
researchers, clinicians and patients, with pilstitg on patients and clinicians to assist with
item refinement and reduction (details publishegwhere)[47]. Construct validation was
achieved through structural validation (Rasch asig)yas well as hypothesis testing. Convergent
validation was confirmed with good correlationsvisetn the DEMMI and two existing mobility
instruments, the HABAM (Hierarchical AssessmenBafance and Mobility)[194] (r= 0.91) and
the Barthel Index[195] (r=0.68). Divergent valigatiwas shown with poor correlations between
the DEMMI and measures of non-mobility construtiie, Mini Mental State Exam[196]

(r=0.24), APACHE 11[197] (r=0.07), and the CharlsGomorbidity Index[198] (r=-0.04).

Known groups validation was confirmed through tdeomparing a group being discharged

home compared to a group being referred for additioehabilitation (p = 0.03).
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Following its initial validation study[47], the DEMI was further validated across samples
representing a broad continuum of functional dbgithealthy community-dwelling older
adults[75], community-dwellers who require addiaboare from family or hired home care
services[43], those in transitional care[91], suibadndividuals[199], older adults with hip or
knee OA[76], and another acute medical sample[2d@G3ach study, evidence supported
convergent, divergent and known groups validatwith(the exception of the OA cohort, where
divergent validation was not tested[76]). Crosdwal validation was also completed through

evaluating a translated version of the DEMMI intot€h[76].

Reliability

The DEMMI has demonstrated good inter-rater religbacross multiple populations, with
Pearson’s r of 0.87[199] and 0.94[47] and an IC0.85[76]. The SEM has varied with values
of 2.9[76], 4.1[47], and 5.5[199].

Responsiveness

Responsiveness was assessed in different popudatging an Effect Size Index calculation and
Guyatt’'s Responsiveness Index. Responsivenessheasido be comparable to the modified
Barthel Index and HABAM in acute medical patien@)p as good as the Timed Up & Go[40],
6 metre walk test[90], step test[201], and Clini€akt of Sensory Organization and
Balance[202] in subacute patients[199]; and mospaasive than the modified Barthel Index in

transitional care patients[91].

Usability
The DEMMI is easy to use and requires very litteerting to administer: a short video is

sufficient to prepare a clinician or researcheadminister the testMww.demmi.org.ai It

requires minimal equipment that is found in mostichl settings or homes: a chair, a bed, a
timer, and a short walk-way such as a corridocatt be administered in less than 9 minutes in
hospital settings. Overall, these features malgeitistrument convenient and attractive for

uptake in various clinical settings[47].

59



I nterpretability and normative data

Throughout studies of various older adult poputagidhe MDG, for the DEMMI has ranged
from 6.7 to 12.7[47, 76, 199]. The MCID using ancbased methods has ranged from 9.4 to
14[47, 91, 200], and using a distribution method tenged from 8.4 — 12[43, 47, 91, 199, 200].

An important next step for improving interpretatyilof this instrument is the development of
reference intervals (or “normative data”). Normatdata are important for both clinicians and
researchers. Applied to individuals, they provid®imation about expected mobility levels for
sex and age-matched community dwelling peers. &gph groups, normative data can enhance

the ability to draw inferences about sample means.

Just as reference values are critical for the Uise$s of measuring blood pressure, having
accurate benchmarks for quantifying mobility isezgml for treatment, evaluation and goal

setting.

3.1.3 Study objective
The purpose of this study was to develop referscoees for the DEMMI for community-

dwelling men and women over 60 years old.

3.2 Methods

3.2.1 Study design
This was a cross-sectional observational study.

3.2.2 Participants

The study used a convenience sample of communigttehg adults aged 60 years and older in
two large cities: Vancouver, Canada and Melboutustralia. ‘Community-dwelling’ refered to
those living in a house, apartment or assisteddiyAL). Those community-dwelling
individuals living in a house or apartment weresidared to be ‘independent’. Those
community-dwelling individuals living in AL facilies were considered to be ‘semi-
independent’. This is consistent with current débns of AL in British Columbia, Canada[203]
and its equivalent in Victoria, Australia, calledegirement village[204]. In both regions, AL

provides accommodation and some services thatistiea from the services provided in
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residential care/nursing home environments, andires|that residents are able to make
decisions and otherwise live independently. | pnessbthis data both as a complete sample (i.e.
‘community-dwelling’), as well as separated intodependent’ (living independently in a house

or apartment) and ‘semi-independent’ (living in AL)

Prior to participation, interested individuals wemeened for eligibility to ensure they had no
clinical conditions that might affect their mobylitincluding neuromuscular, orthopaedic, or
cardiovascular impairments. All participants werguired to speak English and were screened
for cognitive limitations that would preclude theypision of informed consent. The cognitive
screening included three orientation questions Ki@ne, name of location, current date), as well
as one questioriHave you been diagnosed with dementia@here the ability to read was
limited, the consent form was read aloud. All gaptants provided free and informed written

consent.

3.2.3 Ethics

Ethics approval was obtained in Vancouver fromGlirical Research Ethics Board at the
University of British Columbia and Vancouver Co&staalth Authority (CREB Certificate
#H10-02748). In Melbourne, approval was from thenlslsh University Human Research Ethics
Committee (project #CF07/3954- 2007001870).

3.2.4 Recruitment

In Vancouver, recruitment strategies included atiisements in local newspapers and on bulletin
boards in seniors’ centres, as well as word-of-maualvertising by local fithess instructors. In
Melbourne, residents of a retirement village andanipers of a Returned and Services League
(RSL) were invited to participate through flyertdisution. Interested individuals contacted
researchers by telephone to arrange an appoinforesitreening and participation or signed up

at a specific site on the day of the assessments.
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3.2.5 Data collection

In Vancouver, assessments took place at eightréiftesites, including one AL residence,
community centres, seniors’ activity centres, ansite at the Centre for Hip Health and

Mobility, University of British Columbia. In Melbaue, assessments took place at two sites, one

AL facility (i.e. retirement village) and one RSkerdre. Each assessment lasted 40 — 60 minutes.

The primary outcome of interest was the DEMMI. Dgmnagphic information collected included

age, sex, use of mobility aids, living situatiordanedical comorbidities/history.

Research assistants or physiotherapists screetegdsted individuals for eligibility, obtained
written informed consent, conducted interviews addhinistered questionnaires. A
physiotherapist (E.M.) administered the DEMMI inféauver; in Melbourne, the DEMMI was
administered by either a physiotherapist or a gitisrapy undergraduate honors student. The
developer of the DEMMI, Dr. de Morton, trained pdrsons who administered the test by
demonstrating test administration. Test administeaslso watched a 30-minute instructional

DVD (video available througlvww.demmi.org.au Dr. de Morton was present during data

collection in both countries to ensure proceduoalsistency.

3.2.6 Statistical analysis

Exploratory data analysis included graphical exgtion of the data, with descriptive statistics
presented in tables. Visual inspection of univariddta as well as a scatter plot of the DEMMI
by age and sex with overlying LOWESS (‘locally wetigd scatterplot smoothing’) was used to
guide analysis. The DEMMI scores were exploreddwy @ategory (60-69, 70-79, 80-89, 90+),
sex, falls history, living situation, country ofsidence, and use of mobility aid (e.g. cane,
walker). Welch’s two-sample t-tests were used togare DEMMI scores by dichotomous
variables (e.g. sex) to account for heteroscedsstior comparing DEMMI scores by age
category, ANOVA was done followed by post-estimatmairwise comparisons. The potential
for floor or ceiling effects was investigated byatdating the percentage of participants

achieving scores of zero or 100.
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Reference intervals were constructed using empicatiles (8", 50", and 98") for individual

reference[102]. Means and 95% confidence intenval® presented for group reference. All

statistical analysis was done using Stata Inteezb®P.0 (StataCorp, Texas, USA).

3.3 Results

Initially, 208 individuals were screened for eligjity, and 23 were excluded (see Figure 3.1 for

flow chart). Two participants also had missing dataage, and were therefore also excluded,

leaving 183 participants for analysis.

Provided written consent,
screened eligibility:

¢ Vancouver (n=123)

¢ Melbourne (n=85)

¢ Total (n=208)

Missing data:
* Vancouver (n=0)
* Melbourne (n=2)
» Total (n=2)

Figure 3.1Flow diagram

L,

0]

Eligible:
e Vancouver (n=103)
‘ e Melbourne (n=82)

e Total (n=185)

o

f

v

Included in analysis:
¢ Vancouver (n=103)
¢ Melbourne (n=80)
¢ Total (n=183)

Excluded:
eVancouver (n=20)
¢ 2 musculoskeletal injury
» 1 recent seizure
« 2 total jointreplacementsin
past year
1 hypotension causing
dizziness
o 2 fractures in past year
e 1 cancer
e 1 cerebral palsy
¢ 2 arrhythmia
» 2 dementia
e 4 active respiratory
condition
e 2 hemiparesis
sMelbourne (n=3)
o] too young
1 severe aortic stenosis
1 did not provide consent

oTotal (n=23)
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A description of the 183 participants includedhe tnalysis is presented in Table 3.1 (full
sample) and Table 3.2 (by site). The majority &f plarticipants lived in Vancouver (n=103,
56%) with the remainder in Melbourne (n=80, 44%yeOhalf the participants were in their 70s
and approximately three quarters were women. Twenéypercent of participants reported at

least one fall during the past year.

Table 3.1 Description of study participants (N=183)

n %

Vancouver, Canada 103 56
Melbourne, Australia 80 44
Age mean(SD) 74.6(6.7)

60 — 69 43 23

70-79 96 52

80 -89 43 23

90+ 1 1
Women 136 74
> 1 fall in past year 8 21
Used mobility aid 28 15
Lived in house or apartment# 120 66
Assisted living / retirement 62 34
village#
Lived alone 92 50

# Data incomplete for 1 participant, therefore 821
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Table 3.2 Breakdown of study participants by site, numberdpet)

Melbourne Vancouver
Site’ SiteZ? |[Site Sited Site5 Site6 Site? Site§ Sited Sitel§
n=61 n=21 [|n=15 n=22 n=1 n=8 n=5 n=21 n=10 n=21
Age mean(SD) | 76.8 769 (783 721 75 708 66.7 745 732  70.1
(5.5) (7.5) |(6.8) (5.8) (6.4) (5.3) (7.6) (7.0) (4.3)
60 — 69 6 4 1 5 - 4 3 6 4 10
(10%) (19%) |(7%) (23%) (50%) (60%) (29%) (40%) (48%)
70-79 37 8 8 14 1 3 2 10 3 10
(63%) (38%) [(53%) (64%) (38%) (40%) (48%) (30%) (48%)
80 — 89 16 8 6 3 - 1 - 5 3 1
(27%) (38%) |(40%) (14%) (13%) (24%) (30%) (5%)
90+ - 1 - - - - - - - -
(5%)
Women n(%) 41 12 10 20 1 8 2 17 8 18
(67%) (57%) |(67%) (90%) (100%) (40%) (81%) (80%) (86%)
> 1 fall in past yearl8 4 4 3 - 1 1 3 1 3
(30%) (19%) |(27%) (14%) (13%) (20%) (14%) (10%) (14%)
Used mobility aid |19 5 1 - - - - 2 - 1
(31%) (24%) [(7%) (10%) (5%)
Lived in house or |5* 20 7 22 1 8 5 21 10 21
apartment (8%) (95%) |(47%) (100%) (100%) (100%) (100%) (100%) (100%)
Assisted living 54 1 8 - - - - - - -
(90%) (5%) |(53%)
Lived alone 29 12 7 12 1 1 1 14 6 10
(48%) (57%) |(47%) (55%) (13%) (20%) (67%) (60%) (48%)

*Melbourne AL;*Melbourne RSL;*Vancouver AL;*Vancouver seniors centrd/ancouver all ages community

centre ;GVancouver research centre

AAge missing for 2 participants
# Data missing for 1 participant

3.3.1 Normative data: DEMMI scores by age, sex and livingituation

DEMMI scores are presented visually in Figure 1@ kigure 3.3. Reference data are provided

for group evaluation as means and confidence iateiM able 3.3) and for individual evaluation

as medians with"and 98' percentiles (Table 3.4). The second column of ¢alole provides

scores for the full sample (bottom row, “Total” indes all ages). The next column labeled

“Independent” provides scores for those livingyulidependently in the community. Scores for

men and women living independently are providedssply in the adjacent columns. Finally, a

column labeled “Semi-Independent” includes both med women living in AL.
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Figure 3.2Box plot of DEMMI scores by age category with iggartile ranges (nb in age 70-79, median is the
same as the 5ercentile; also, the oldest age category has amyobservation)

DEMMI Scores
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Figure 3.3Histograms showing DEMMI scores for a) total saenpind b) through d) by age category (note
category 90+ contained only 1 participant, therefoot represented graphically)
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Table 3.3 DEMMI reference data for group comparisons: me&fp @onfidence interval

Age Overall Independent  Independent Independent Semi-Independent
Category Mean Women Men
(95%Cl)
n
60-69 86.4 86.2 87.2 82.8 87.4
(83.2,89.6) (82.9, 89.6) (83.3,91.1) (75.4, 90.1) (70.4, 100)
n=43 n=38 n=30 n=8 n=5
70-79 814 84.3 83.4 88.4 77.2
(78.9, 83.9) (81.5,87.1) (80.2, 86.6) (82.1, 94.6) (72.9, 81.6)
n=96 n=57 n=47 n=10 n=39
80-89 753 77.9 78.6 76.0 71.9
(71.8,78.9) (73.3,82.5) (73.3,83.8) (63.10, 88.9) (65.9, 77.9)
n=43 n=24 n=18 n=6 n=18
90+ 62 62 - 62 -
n=1 n=1 n=1
Total 81.0 83.5 83.7 82.6 76.5
(79.3,82.8) (82.5,85.4) (81.4,85.9) (77.9, 87.2) (73.1, 79.9)
n=183 n=120 n=95 n=25 n=62

Mean DEMMI scores were progressively lower acrddsroage categories for all comparisons
with the exception of “Independent Men” which haé tighest score in the age 70-79 category
(see Table 3.3).

Table 3.4 DEMMI reference intervals for individual comparisonedian (5th,95th percentiles). Please refer to
Table 3.3 for subsample sizes.

Age Overall Independent Independent Independent Semi-Independent
Category median Women Men
(p5,p93
60 - 69 85 85 85 85 85
(74,100) (74, 100) (74,100) (74,100) (67, 100)
70-79 85 85 85 85 74
(62,100) (67, 100) (67,100) (74,100) (48, 100)
80 - 89 74 74 85 74 74
(57,85) (62, 100) (57,100) (67,100) (44, 85)
90+ 62* 62* - 62* -
Total 85 85 85 85 74
(62,100) (67, 100) (67,100) (67,100) (48, 100)

*only 1 observation

Median scores were largely consistent across Alhwus for a given age category (see Table
3.4). The exceptions were a lower score for “Semdependent” in the age 70-79 row; a lower
score for “Semi-Independent” in the “Total” row;dcha higher score in the “Independent
Women” in the age 80-89 row. Th¥ percentile scores tended to be progressively lavmss

older age categories for all comparisons. THE @ centile was almost always 100, with the
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exception of 85 for both “Overall” and “Semi-Indepkent” in the age 80-89 row. A mild ceiling

effect was revealed with 18% of the study sampteisg the maximum of 100.

3.3.2 Comparisons of DEMMI scores by key variables

Differences in mean DEMMI scores by age categomewstatistically significant on all pairwise
comparisons, with lower scores for older age categg@see Tabl8.5). There were no
statistically significant differences by sex (p=®).4r falls history (p=0.21). Scores were
statistically different by city (Vancouver scoragtter than Melbourne, p=0.00), living situation
(independent dwellers had higher scores than AD,@3) and mobility aid (those using a gait
aid had lower scores, p=0.00). The vast majoritgesiple living in AL used mobility aids (only
three did not). Also, the majority of people usmgbility aids lived in Melbourne (only four
lived in Vancouver, one of whom also lived in AB)so, a significant age difference existed by
city (Melbourne mean age 76.8 vs. Vancouver 72:8,@0) as well as by living situation (AL
mean age 77.2 vs. independent 73.1, p=0.00). Tdpopion of individuals who resided in AL
in this study also differed by city (Melbourne, 68% Vancouver, 8%, p=0.00).

Table 3.5Comparison of DEMMI scores by variables of interest

Variable DEMMI DEMMI p-value
Mean(SD) Mean(SD)
n n

Age: 70-79 vs. 60-69 81.4(12.3) 86.4(10.4) 0.02
n=96 n=43

Age: 80-89 vs. 60-69 75.3 (11.5)86.4(10.4) 0.00
n=43 n=43

Age: 80-89 vs. 70-79 75.3 (11.5) 81.4(12.3) 0.01
n=43 n=96

Sex: female vs. male 80.7 (12.682.1 (11.4) 0.49
n=136 n=47

Falls history: yes vs. no 78.3 (16.1) 81.8(11.0) 0.21
n=8 n=175

Semi-independent vs. independent  76.5 (13.4) 83.5(11.0) 0.00

living n=120 n=62

City: Vancouver vs. Melbourne 85.1 (10.0) 75.8(12.9) 0.00
n=103 n=80

Mobility aid use: yes vs. no 66.2 (12.4)83.7 (10.2) 0.00
n=28 n=155
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3.4 Discussion
This study generated normative data for the DEMMDbitity instrument for men and women

over 60 years old who live independently or serdependently in the community.

These normative data can be used either for grouplividual reference. For example, in a
study, normative data can enhance the ability asvdnferences about sample means. An
example would be looking at the mean for a sampiedependent community dwelling older
adults who report knee pain. Let's say their stoeban score at baseline was 78.6. Looking at
Table 3.3, in the bottom row (“Total”) of column('3ndependent”), this score is below the

lower limit of the 95% confidence interval of 82 Fis suggests that the sample may have lower
mobility than their healthy peers, and may theretoe appropriate for a clinical intervention

trial.

More commonly, reference data is referred to omdividual basis, such as when a clinician
wishes to know how their patient compares to agd-sex-matched peers. For example, a 78-
year-old woman may visit a clinician with conceaimut increasing difficulties managing
things around her home. An initial assessment migeal a DEMMI score of, say, 62. Looking
at Table 3.4, the reference intervals in row 3 @A)—79”), column 4 (“Independent Women”)
show healthy independent community-dwelling womehey age score a median of 85, with 95
percent scoring above 67. The clinician would thea the results of this assessment to engage
in meaningful education and goal setting with th&ent. Over the course of treatment, the
DEMMI would be periodically re-administered to evale the patient's response to treatment
and to guide ongoing treatment planning. An end fypdreatment could be set in consultation
with the patient that either targeted a certaines¢e.g. 74) or identified an item the patient

would like to achieve (e.g. pick a pen up off theof).

In a previous study, de Morton et al.[200] revedteat older adults with acute medical hospital
admissions were discharged home with mean DEMMiescof 60. The current study reveals
higher mean scores than this for community dwebgesd 60+ (see Tab83). However, it is
conceivable that those recovering from acute ireesd hospitalization would demonstrate
lower mobility at the time of discharge, and thathitity would improve with ongoing recovery

and rehabilitation (“rehab potential” is an imparttéactor in discharge planning). Therefore, the
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current study supports previous findings, and destrates that means will likely differ between
healthy community dwellers and those recoveringifexute illness. The reference data
obtained in this study could be used in the hokpéting to facilitate physiotherapy discharge
planning and to support decision making for fundmgatient and community-based
rehabilitation services after acute hospital disgha

3.4.1 Limitations

| note limitations with this study. First, this waselatively small samplé(= 183), just 25% of
whom were men. Previous studies have developedativerdata for health instruments from
sample populations as small as 32[205], though emsimonly have over 100 participants[206-
208] and some have over 1000[209, 210]. A largempda would provide greater representation
across both sexes and across all age groups (atpdonse>80) and therefore better
confidence in the reference value estimates. Fynthye study sample was one of convenience,
and therefore brings into question how well thisgke represents the target population. Finally,
the current study demonstrated 18% of communityHitvgeolder adults scored the maximum
possible score of 100. This is slightly higher thiants suggested as indicating a ceiling
effect[100, 101]. Recognizing this, the DEMMI wass@yned to measure across a broad
spectrum of abilities (acutely hospitalized to fleatcommunity dwellers) with a targeted use for
clinical settings — documenting improvements irsthavho already have excellent health is not a
primary goal of the DEMMI[211]. During the developnt of the DEMMI, one of the hardest
preliminary items (standing on one leg with eyersel)[47] was removed as there were no
participants who could complete this item in antelguhospitalized older population, and this
item hence negatively impacted on some of the nmeasnt properties of the DEMMI. The
present study does not provide convincing evidéaseiggest that the inclusion of this item is

warranted.
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Chapter 4: Conclusion

This thesis work contributes to the literaturetia aireas of health outcomes measurement and
healthy aging. Aging and its association with clica@omorbidity results in widely varied and
complex health statuses among older adults. Id@mgifeffective strategies to promote healthy
aging and reduce comorbidity relies critically twe tbility to accurately measure health
outcomes. This requires the use of valid and ridiatstruments that have associated reference
values to give meaning to test scores. This thesiades evidence of adequate measurement
properties in one new instrument and provides eefez values for a second. Both instruments

measure health outcomes known to vary with advarage/comorbidity.

4.1.1 Study #1: PFOOS

In chapter 2, | provided evidence of validity aetlability of the PFOOS in assessing symptoms
in an anterior knee pain and patellofemoral OA paipan. This is relevant to healthy aging
because OA is a substantially disabling conditiaat tncreases in prevalence with age[22].
Recent evidence suggests that OA of the patellafginqmnt may precede generalized knee
OA[119, 120] and is more highly associated with ptams of knee OA than the tibiofemoral
joint[113-115]. The PFOOS is the first instrumeatedloped to assess anterior knee pain and
patellofemoral OA symptoms across five differentnéns (symptoms, pain, activities of daily

living, sports/recreation, and quality of life).

Having established validity and reliability of thisstrument, it is now appropriate to undertake
further evaluation of the PFOOS. First, a studyhwaitarger sample size and a broader spectrum
of symptom severity would enable assessment ofimeiasionality, further assessment of
internal consistency, and further assessment oivkrgroups validation, for example by
comparing mean scores of groups of varying OA sgyer comparing patellofemoral pain to
patellofemoral OA. A clinical trial should also badertaken to evaluate the instrument’s
responsiveness. Future studies should evaluafeRB®S across multiple populations including
patellofemoral pain, isolated patellofemoral OA ltmcompartment OA, and the general
population for evaluation of measurement propertreduding collection of reference

(normative) data. Because the PFOOS contains ilemmsthe KOOS, it has the potential to

assess both patellofemoral and tibiofemoral symptdrhis is in contrast to the AKPS, which
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was designed for anterior knee pain only and doéspecifically assess OA or the tibiofemoral
joint. The PFOOS therefore may be more appropf@atengitudinal studies where early OA,
isolated to the patellofemoral joint, is expectegtogress to generalized knee OA. Future
studies should therefore assess the validity oPIF@OS longitudinally as knee OA progresses.
A final consideration for future studies would e tdevelopment of a short form of the PFOOS.
Because several items in the PFOOS did not perfeethin the current study, there may be
some statistical challenges in regards to usingP#F@0OS with a sample of high functioning
people (i.e. working) with isolated anterior kneerp A short form PFOOS might perform
statistically better in this type of cohort in @ss-sectional study or short intervention trial
where progression to the tibiofemoral joint is agpected.

4.1.2 Study #2: DEMMI

In Chapter 3, | developed normative data for thé/IDE and assessed mobility of healthy,
community-dwelling older adults. This is relevamthiealthy aging because mobility is a vital
component of health and can decrease with agessatiated comorbidity, potentially leading
to loss of functional independence, inability toneen living autonomously in the community,
and increased mortality[184-188]. Providing refeeedata for healthy community-dwelling
older adults for the DEMMI is important for clinams and researchers because it gives test
administrators the ability to compare individualgooup scores with known scores of an age-
and sex-matched population. Its potential applcetiare broad: annual screening for early signs
of clinically relevant mobility decline; therapetigjoal setting; evaluation of changes in mobility
during rehabilitation or clinical trial; and discige planning.

It is recommended that future studies be undertékelevelop reference intervals with larger
samples of men, and a greater representation bfrbeh and women aged30. Reference data
should also be developed for other populations e/kiee DEMMI might be used. For example,
reference intervals should be developed for acutedpitalized people to enhance the ability to
use DEMMI scores for discharge planning. Alternaliyy for specific conditions, such as lower
extremity arthritis or people with a history ofl&lreference data could enhance comparison
with relevant clinical populations. Finally, whiteoss-cultural validation has begun with a
Dutch translation of the DEMMI[76], efforts shoude¢ made to develop and validate multiple
translations for test administration, which mayadenefit from the collection of reference data

in different world regions where the DEMMI would beed.
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4.1.3 Strengths and limitations of instrument types

While the two instruments evaluated in this thesesnot meant to be directly compared, it is
worth considering the respective strengths andditioins of these types of instruments in
general.

Performance-based instruments such as the DEMMt efime benefits not achievable with a
self-report test. For example, the test adminigtragis the opportunity to witness a task’s
performance first hand. Between the range of ‘ueiadiid ‘able’ lie many possible contributors

to an individual's performance. Watching someonégom a task gives a richness of

information beyond the test score alone. A climamay be able to begin problem solving by
watching the quality of the person’s movementstaed willingness to move — is the movement
limited by apparent stiffness, weakness, unsteadjnmproper use of a gait aid, or apparent fear
of movement? These details can assist with gotihgetnd treatment planning. Additional
benefits of a performance-based test are thatitiamzluced from the person being tested is

avoided (details of self-report bias are descrieldw).

On the other hand, limitations of a performanceebdaastrument are that human resources and
training are required to administer the test. Algbp administers the test can potentially
influence the test results. Bias could be a probfemexample, if a clinician is conducting
subsequent test administrations and is hopefulthieat treatment has helped someone improve —
they may be more likely to ‘see’ or ‘report’ an immgement where there may not be any.
Alternatively, they may rate someone’s performdoeeer if the person rated just prior was
exceptionally high functioning or if the test admsinator tends to work with very high
functioning people. Additionally, a performance-basnstrument misses the important
contribution of patient-perspective. Finally, obgeg a task in a test environment is not the
same as how that task might be performed in thigithehl’s natural environment. Performance
can be affected by nervousness of the individumigoested, or key relevant features of the

individual’s environment may be missed (e.g. ma#fiting while performing a task).

A self-report instrument like the PFOQOS offers d#a¢hat are not obtainable through a
performance-based test. First, resources are nzedsince a trained test administrator is not

required. Second, asking the individual about thensonal experience or perspective
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incorporates important details that would be midsedimply watching someone complete a
task. For example, just because they are ablatal stp from a chair in a test setting does not
necessarily translate to doing this freely at henpain, fatigue, self-confidence or family
dynamics can affect whether or not the individwaually performs this task at home, and if so,
how much difficulty they have with the task. Firyalself-report can assist with goal setting and

treatment planning in that it can identify featutiest are important and relevant to the patient.

Limitations of self-report instrument, in addititmwhat has already been discussed above,
pertain primarily to the numerous sources of biderent in self-report[32]. Some of this bias
can be reduced through careful test developmentdgoiding double-barreled or leading
guestions). Many sources of bias still remain, heaweAccurate responses by self-report have
considerable cognitive demands, such as undersiqadd interpreting a question, and
remembering current and previous health statesddiition, their level of investment in the test
or treatment determines how much effort they ptat giving accurate answers. Social
desirability, needing to be heard, an overall saffression regarding a given construct, or

wanting to please the test administrator can &caindividual responses.

Reconciling the respective strengths and limitaiohthese types of instruments can be
challenging. To a certain extent, sources of ezaor be reduced through careful test
development and meticulous evaluation of measurepreperties of an instrument. However,
ultimately there is no one type of test that isesigy in obtaining accurate scores. It is therefore
recommended that constructs should be assessestibpdrformance-based and self-report
where possible. Further, self-report should besseskwith both a condition-specific and generic

instrument where possible and appropriate.

Therefore, in conclusion, the DEMMI and PFOOS haoth been shown to be valid and reliable
instruments for measuring their respective consdrand populations, and normative data have
been provided for the DEMMI. The DEMMI is applicalib a range of conditions affecting
mobility, and the PFOOS addresses health constrelegant to anterior knee pain and
patellofemoral OA. The DEMMI targets older adultdile the PFOOS captures a wider age
span. The two instruments could therefore seneagplimentary health outcome instruments
for certain populations. For example, in a group@bple aged 60+ with patellofemoral OA, a
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thorough assessment could include both the DEMMIthe PFOOS, and including the SF-36

would enable comparison across other conditiongpapdlations.
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Appendices

Appendix A PFOOS Study: The Patellofemoral Pain ad Osteoarthritis Outcome Scale

PFOOS Version 1.3

Instructions

This survey asks for your view about your knee. This information will help us keep track of how you feel about your
knee and how well you are able to do your usual activities. Answer every question by ticking the appropriate box,
only one box for each question. If you are unsure about how to answer a question, please give the best answer you
can.

Symptoms
These questions should be answered thinking of your knee symptoms during the last week.
S1 Do you have swelling in your knee?

Never Rarely Sometimes Often Always
O O O O O

S2 Do you feel grinding, hear clicking or any other type of noise when your knee moves?
Never Rarely Sometimes Often Always
O O O O O

S3 Does your knee catch or hang up when moving?
Never Rarely Sometimes Often Always
O O O O O

S4 Can you straighten your knee fully?
Always Often Sometimes Rarely Never
O O O O O

S5 Can you bend your knee fully?
Always Often Sometimes Rarely Never
O O O O O

Stiffness
The following questions concern the amount of joint stiffness you have experienced during the last week in your
knee. Stiffness is a sensation of restriction or slowness in the ease with which you move your knee joint.

S6 How severe is your knee joint stiffness after first wakening in the morning?

None Mild Moderate Severe Extreme
O O O O O

S7 How severe is your knee stiffness after sitting, lying or resting later in the day?
None Mild Moderate Severe Extreme
O O O O O

NS8 How severe is your knee stiffness after exercise?
None Mild Moderate Severe Extreme
O O O O O
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Pain

P1 How often do you experience knee pain?
Never Monthly Weekly Daily Always
O O O O O

What amount of knee pain have you experienced the last week during the following activities?
e If you haven’t done this activity because of fear of pain or on medical advice, please tick “EXTREME”
e If you are unsure about an item, please give the best answer you can
* If you do not do an activity for reasons other than pain or medical advice, tick “N/A”

P2 Twisting/pivoting on your knee
N/A None Mild Moderate Severe Extreme
O O O O O O

P3 Straightening knee fully
N/A None Mild Moderate Severe Extreme
O O O O O O

P4 Bending knee fully
N/A None Mild Moderate Severe Extreme
O O O O O O

P5 Walking on flat surface
N/A None Mild Moderate Severe Extreme
O O O O O O

P9 Standing upright
N/A None Mild Moderate Severe Extreme
O O O O O O

P7 At night while in bed
N/A None Mild Moderate Severe Extreme
O O O O O O

P8 Sitting or lying
N/A None Mild Moderate Severe Extreme
O O O O O O

NP9 Rising from sitting (getting out of the car)
N/A None Mild Moderate Severe Extreme
O O O O O O

NP10 Kneeling
N/A None Mild Moderate Severe Extreme
O O O O O O

NP11 Squatting
N/A None Mild Moderate Severe Extreme
O O O O O O

NP12 Heavy household activities (including carrying and lifting)
N/A None Mild Moderate Severe Extreme
O O O O O O



P13

NP14

NP15

NP16

NP17

NP18

NP19

Going up or down stairs

N/A None Mild Moderate Severe
O O O O O
Hopping/jumping

N/A None Mild Moderate Severe
O O O O O
Running/jogging (including prolonged)

N/A None Mild Moderate Severe
O O O O O
After sport and recreational activities

N/A None Mild Moderate Severe
O O O O O

How often do you experience knee pain after stopping activity?
N/A Never Monthly Weekly Daily

O O O O O

How often does pain limit your activity?

N/A Never Monthly Weekly Daily

O O O O O

How often do you experience pain with cold weather?

N/A Never Monthly Weekly Daily

O O O O O

Extreme

O

Extreme

O

Extreme

O

Extreme

O

Always

Always

Always
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Function, daily living
The following questions concern your physical function. By this we mean your ability to move around and to look
after yourself. For each of the following activities please indicate the degree of difficulty you have experienced in
the last week due to your knee.

* If you haven’t done this activity because of fear of pain or on medical advice, please tick “EXTREME”

e Ifyou are unsure about an item, please give the best answer you can

* If you do not do an activity for reasons other than pain or medical advice, tick “N/A”

Al Descending stairs

N/A None Mild Moderate Severe Extreme
O O O O O O

A2 Ascending stairs
N/A None Mild Moderate Severe Extreme
O O O O O O

A3 Rising from sitting
N/A None Mild Moderate Severe Extreme
O O O O O O

A4 Standing
N/A None Mild Moderate Severe Extreme
O O O O O O

A5 Bending to floor/pick up an object
N/A None Mild Moderate Severe Extreme
O O O O O O

A6 Walking on flat surface
N/A None Mild Moderate Severe Extreme
O O O O O O

A7 Getting in/out of car
N/A None Mild Moderate Severe Extreme
O O O O O O

A8 Going shopping
N/A None Mild Moderate Severe Extreme
O O O O O O

A9 Putting on socks/stockings
N/A None Mild Moderate Severe Extreme
O O O O O O

A10 Rising from bed
N/A None Mild Moderate Severe Extreme
O O O O O O

A1l Taking off socks/stockings
N/A None Mild Moderate Severe Extreme
O O O O O O
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Al12

Al3

Al4

A15

Al6

Al17

Lying in bed (turning over, maintaining knee position)

N/A None Mild Moderate Severe
O O O O O
Getting in/out of bath

N/A None Mild Moderate Severe
O O O O O
Sitting

N/A None Mild Moderate Severe
O O O O O
Getting on/off toilet

N/A None Mild Moderate Severe
O O O O O
Heavy domestic duties (moving heavy boxes, scrubbing floors, etc.)
N/A None Mild Moderate Severe
O O O O O
Light domestic duties (cooking, dusting, etc.)

N/A None Mild Moderate Severe
O O O O O

Function, sports and recreational activities
The following questions concern your physical function when being active on a higher level. The questions should

be answered thinking of what degree of difficulty you have experienced during the last week due to your knee.
If you haven’t done this activity because of fear of pain or on medical advice, please tick “EXTREME”

SP1

SP2

SP3

SP4

SP5

If you are unsure about an item, please give the best answer you can

Extreme
O

Extreme
O

Extreme
O

Extreme
O

Extreme
O

Extreme

O

If you do not do an activity for reasons other than pain or medical advice, tick “N/A”

Squatting

N/A None Mild Moderate Severe
O O O O O
Running

N/A None Mild Moderate Severe
O O O O O
Jumping

N/A None Mild Moderate Severe
O O O O O
Twisting/pivoting on your injured knee
N/A None Mild Moderate Severe
O O O O O
Kneeling
N/A None Mild Moderate Severe
O O O O O

Extreme
O

Extreme

O

Extreme

O

Extreme
O

Extreme
O
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Quality of Life

Q1

Q2

Q3

Q4

NQ5

How often are you aware of your knee problem?
Never Monthly Weekly Daily Constantly
O O O O O

Have you modified your life style to avoid potentially damaging activities to
your knee?

Not at all Mildly Moderately Severely Totally
O O O O O

How much are you troubled with lack of confidence in your knee?

Not at all Mildly Moderately Severely Totally
O O O O O

In general, how much difficulty do you have with your knee?

None Mild Moderate Severe Extreme
O O O O O

Have you modified your sport or recreational activities due to your knee pain?
Not at all Mildly Moderately Severely Totally
O O O O O
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Appendix B PFOOS Study: Anterior Knee Pain Scale

For each question, circle the letter which best corresponds to your symptoms:

1.Limp
[a] none
[b] slight or periodic
[c] constant

2. Weight-bearing

[a] full weight-bearing without pain
[b] weight-bearing possible, but painful
[c] weight bearing impossible
3. Walking
[a] unlimited
[b] more than 2 km
[c] 1-2 km
[d] unable
4. Stairs

[a] no difficulty
[b] slight pain when descending

[c] pain when both ascending and descending
[d] unable
5. Squatting

[a] no difficulty
[b] repeated squatting painful

[c] painful each time
[d] possible with partial weight-bearing
[e] unable
6. Running
[a] no difficulty
[b] pain after more than 2 km
[c] slight pain from start
[d] severe pain
[e] unable
7. Jumping

[a] no difficulty
[b] slight difficulty
[c] constant pain
[d] unable

2 Reprinted from Arthroscopy, Volume 9, Kujala U.#&t.al., ‘Scoring of patellofemoral disorderspp. 159-63,
1993 with permission from Elsevier.



8. Prolonged sitting with knees flexed
[a] no difficulty

[b] pain after exercise
[c] constant pain
[d] pain forces to extend knee temporarily
[e] unable
9. Pain
[a] none
[b] slight and occasional
[c] interferes with sleep
[d] occasionally severe
[e] constant and severe
10. Swelling
[a] none
[b] after exertion
[c] after daily exercise
[d] every evening
[e] constant

11. Abnormal kneecap movements (subluxation-kneecap going out)

[a] none

[b] occasionally in sports activities

[c] occasionally in daily activities

[d] at least one documented dislocation
[e] more than two dislocations

12. Atrophy of thigh

[a] none
[b] slight
[c] severe

13. Flexion deficiency

[a] none
[b] slight
[c] severe
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Appendix C PFOOS Study: SF-36 v.2

Your Health and Well-Being

This questionnaire asks for your views about your &alth. This information will help keep
track of how you feel and how well you are able tdo your usual activities. Thank you for
completing this survey!

For each of the following questions, please mark gk in the one box that best describes your answer.

1. In general, would you say your health is:
| Excellent Very good Good Fair Poor
s 1. s P (s
2. Compared to one year ago, how would you rate yohealth in general now?
Much better Somewhat About the Somewhat Much worse
now than one better same as worse now than one
year ago now than one one year ago now than one year ago
year ago year ago
D 1 D 2 D 3 D 4 |:| 5

® Reprinted with permission from QualityMetrigww.qualitymetric.com
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3 The following questions are about activities yoight do during a typical day. Does
your health now limit you in these activities?s#f, how much?

Yes, Yes, No, no
limited limited limited
a lot a little at all
a Vigorous activities, such as running, lifting heayjects, participating in strenuous
sports []. (1. []-
b Moderate activities, such as moving a table, pushimacuum cleaner, bowling, or
playing golf e HE HE
c Lifting or carrying groceries 1. HE HE
o Climbing several flights of stairs []. [ ] []s
. Climbing one flight of stairs [ ]. [ ] []s
i Bending, kneeling, or stooping 1. HE HE
o Walking more than a kilometre [ [ ] [1s
h Walking several hundred metres [ ]. [ ] []s
: Walking one hundred metres [ ]. [ ] []s
j Bathing or dressing yourself [ ]. [ ] []s
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During the past 4 weeks, how much of the timeshau had any of the following
problems with your work or other regular daily aittes as a result of your physical
health?

Il of Most of Some of A little of  None of
he time the time the time the time the time

Cut down on the amount of time you spent on worktber activities
(1. []- HE []. []s

Accomplished less than you would like

I:'l |:|2 |:|3 |:|4 |:|5

Were limited in the kind of work or other activisie

I:'l |:|2 |:|3 |:|4 |:|5

Had difficulty performing the work or other actis (for example, it took extra effort)

I:'l |:|2 I:'S |:|4 |:|5

During the past 4 weeks, how much of the timeshau had any of the following
problems with your work or other regular daily &ittes as a result of any emotional
problems (such as feeling depressed or anxious)?

Il of Most of Some of A little of  None of
he time the time the time the time the time

v vV Vv v v

Cut down on the amount of time you spent on wor&tber activities

[1. HE HE [1. [1s
Accomplished less than you would like

I:' 1 |:| 2 I:' 3 I:' 4 I:' 5
Did work or other activities less carefully tharuabk

I:' 1 I:' 2 I:' 3 I:' 4 I:' 5
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6.

During the past 4 weeks, to what extent has gbysical health or emotional problems
interfered with your normal social activities widmmily, friends, neighbours, or groups?

| Not at all Slightly Moderately  Quite a bit Extrergel |
A 4 \ 4 \ 4 \ 4 \ 4
[, []- [ 1. HE

How much bodily pain have you had during the gagseeks?

| None Very mild  Mild Moderate  Severe Very severe

v v v v v v
[ [1- HE [ HE HE

During the past 4 weeks, how much did pain faterwith your normal work (including
both work outside the home and housework)?

| Not at all A little bit Moderately  Quite a bit Exmely |
\ 4 \ 4 \ 4 \ 4 \ 4
(1. [1- [1- []a s
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10.

These questions are about how you feel and himgg have been with you during the
past 4 weeks. For each question, please giverth@nswer that comes closest to the
way you have been feeling. How much of the timenduthe past 4 weeks...

[l of Most of Some of A little of None of
the time the time the time the time the time

vV Vv vV Vv v

Did you feel full of life? [ ]: []- []s []a []s
Have you been very nervous?: []- []s []4 []s
Have you felt so down in the dumps that nothingld@heer you up?

(1. [1- [1s (1. []s
Have you felt calm and peaceful?

1. HE HE (1. s
Did you have a lot of energy? : []- []s []a []s
Have you felt downhearted and depressed?

(1. [1- []s 1. HE
Did you feel worn out? []: [ ] [ []4 []s
Have you been happy? [ ]: []- []s []4 []s
Did you feel tired? []. []- []s []a []s

During the past 4 weeks, how much of the tie® your physical health or emotional
problems interfered with your social activitiekdivisiting with friends, relatives, etc.)?

All of Most of Some of A little of None of
the time the time the time the time the time
|:| 1 I:' 2 I:' 3 I:' 4 |:| 5

104



11. How TRUE or FALSE is each of the following staents for you?

Definitely
true
a | seem to get sick a little easier than other people
[
b | am as healthy as anybody | know
1
¢ | expect my health to get worse
[
d My health is excellent
[ 1.

Thank you for completing these questions!

Don’t
know

[]s
[1s
[]s

Mostly
false

.
.
(1.
.

Definitely
false

[ s
[s
HE
[s

SF-36v2™ Health Survely 1992, 2003 Health Assessment Lab, Medical Outcamest and QualityMetric Incorporated. All rightesserved.

SF-36® is a registered trademark of Medical Outcoiimeist.
(IQOLA SF-36v2 Standard, Australia (English))
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Appendix D PFOOS Study — general and demographicugstions

This survey asks for your view about your knee sTihformation will help us keep track of how
you feel about your knee and how well you are &blkdo your usual activities. If you are unsure
about how to answer a question, please give theabsgver you can.

Q1  Date of Birth: / / (dd/mmlyyyy)
Q2  Gender: Male Female

Q3 Height: _____cm

Q4  Weight: kg

Q5 Do you have knee pain in both kneegPlease circle) Yes No
Q6 In which knee do you experience the worse pair(Please circlelleft Right

Q7 Is your knee pain aggravated by activities suchs: (Please circle)

Squatting Yes No
Walking up stairs Yes No
Walking down stairs Yes No
Rising from sitting Yes No
Running Yes No
Other Yes No
Q8 How long have you experienced knee pain? months
Q9 How long have you experienced your current sympins? months

Q10 Do you know what caused your knee pain(Please circle)

Yes No
Traumatic onset Insidious onset
(known injury/cause) (no known cause)
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Q11 How would you rate your level of knee painPPlease place a tick in the box below)
(Pain severity where “0” = no pain and “10” = worg imaginable pain)

0 1 2 3 4 5 6 7 8 9 10
No Worst
Pain Imaginable
Pain
Q12 Have you had knee surgeryfPlease circle) Yes No
Q13 If Yes, what type of knee surgery have you had?
Q14 Overall, how would you rate your knee pain now?Please circle)
No Problem Mild Moderate Somewhat Severe  Severe

Q15 Inthe past week, how many hours of physical #@eity or sport (>30 mins) have you
participated in?

Q16 Are you happy to be contacted in the future fofurther research? (Please circle)

Yes No

Q17 You will be asked to complete the three questoaires in paper form and then also
in a web-based form on a computer:

Do you have easy access to a computdPlease circle)

Yes No

Do you have a preference for a paper or web-basedrin? (Please circle)

Yes No
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Appendix E DEMMI Study: The de Morton Mobility Ind ex (DEMMI) *

[0 1 2 easiest
Bed
1. Bridge O unable O able " "
2. Roll onto side O unable O able St tnstipporte
3. Lying o sitting O unable O min assist O independent bridge
O supervision stand unsupported
Chair .
4. Sit unsupported in chair [J unable 0 10 sec sit to stand
5. Sit to stand from chair O unable O min assist O independent roll
O supervision . .
. . . lie to sit
6. Sit to stand without using arms 0] unable 0 able
Static balance (no gait aid) standing feet together
7. Stand unsupported 0J unable 0 10 sec
8. Stand feet together 0] unable 0 10 sec pick up pen from floor
9. Stand on toes 0J unable 010 sec walks backwards
10. Tandem stand with eyes closed 0] unable 0 10 sec walking distance
Walking
11. Walking distance +/- gait aid O] unable 0 10m 07 50m sit to stand no arms
Gait aid (circle): nil/frame/stick/other
0 5m 0 20m walking independence
12. Walking independence O unable O independent O independent ,
O min assist with gait aid without gait aid Jump
O supervision stand on toes
Dynamic balance (no gait aid)
13. Pick up pen from floor 3 unable e tandem stand eyes closed
14. Walks 4 steps backwards 0J unable O able hardest
15. Jump O unable O able —
COLUMN TOTAL SCORE:
RAW SCORE TOTAL 19
(sum of column total scores)
DEMMI SCORE 1100
(MDCg = 9 points; MCID = 10 points)
Raw-DEMMI Score Conversion Table
Raw Score 0 |1 2 3 4 5 16 |7 [8 9 [10 |11 |12 [13[14 |15 |16 |17 |18 |19
DEMMI score 0 |8 15 120 | 24 |27 | 30 | 33 | 36 |39 | 41 |44 |48 | 53 | 57 |62 |67 | 74 | 85 | 100
Comments:
Signature: Date:

* Reprinted fronHealth and Quiality of Life Outcomes, Volumelé Morton NA et al., The de Morton
Mobility Index (DEMMI): an essential health index fin ageing world; 2008 with permission.
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ITEM INSTRUCTIONS

Bed

Person is lying supine and is asked to bend their knees and lift their bottom
clear of the bed.

Person is lying supine and is asked to roll onto one side without external
assistance.

Person is lying supine and is asked to sit up over the edge of the bed.

Chair

Person is asked to maintain sitting balance for 10 seconds while seated on
the chair, without

holding arm rests, slumping or swaying. Knees and feet are placed together
and feet can be

resting on the floor.

Person is asked to rise from sitting to standing using the arm rests of the
chair.

Person is asked to stand with their arms crossed over their chest.

Static Balance

The person is asked if they can stand for 10 seconds without

external support.

The person is asked if, for 10 seconds, they can stand with their feet
together.

The person is asked if they can stand on their toes for 10 seconds.
The person is asked to place the heel of one foot directly in front of the
other with their eyes

closed for 10 seconds.

Walking

Persons will be asked to walk with their current gait aid to where they can
without a rest. Testing ceases if the person stops to rest. The person uses
the gait aid that is currently most appropriate

for them. If either of two gait aids could be used, the aid that provides the
person with the highest

level of independence should be used. Testing ceases once the person
reaches 50 meters.

Independence is assessed over the person’s maximum walking distance up
to 50m (from item 11).

Dynamic Balance

A penis placed 5 cm in front of the person’s feet in standing. The person is
asked if they can

pick the pen up off the floor.

Walks backwards 4 steps. Person remains steady throughout.

Person can jump. Both feet clear the ground. Person remains steady
throughout.

Definitions

Minimal assistance = “hands on” physical but minimal assistance, primarily
to guide movement. Supervision = another person monitors the activity
without providing hands on assistance. May include verbal prompting.
Independent = the presence of another person is not considered necessary
for safe mobility.

PROTOCOL FOR ADMINISTRATION OF THE DEMMI

Testing should be performed at the person’s bedside.

1.

Testing should be performed when the person has adequate
medication eg. at least half an hour after pain or Parkinson’s Disease
medication.

The test should be administered in the sequence described in sections
A-E: bed transfers, chair transfers, static balance, walking and dynamic
balance.

Each item should be explained and, if necessary, demonstrated to the
person.

Tick items to indicate item success or failure. Reasons for not testing
items should be recorded.

Items should not be tested if either the test administrator or the person
performing the test are reluctant to attempt the item.

Persons should be scored based on their first attempt.

If an item is not appropriate given a person’s medical condition, the
item should not be tested and the reason recorded.

Persons can be encouraged but feedback should not be provided
regarding performance.

Three equipment items are required: chair with 45cm seat height with
arm rests, a hospital bed or plinth and a pen.

. The person administering the test manipulates person medical

equipment during testing (eg. portable oxygen, drips, drains etc) unless
the person requires minimal assistance to perform the test and then a
2n person will be required to assist with medical equipment.

. For persons that require a rest after each item due to shortness of

breath, a 10 minute rest should be provided half way through testing
i.e. after completing the chair transfers section.

. For person’s who have low level mobility and require a hoist to transfer

infout of bed or chair, the chair section can be administered before the
bed section for these persons.

. Bed transfers: the bed height should be appropriate for the individual

person. A standardised hospital bed or plinth should be used for
testing. The person cannot use an external device such as the monkey
bar, bed rail, edge of bed or a bed pole. Additional pillows may be
provided for persons who are unable to lie flat in supine.

. Chair transfers: A standardised chair height of 45cm is required. Use

a firm chair with arms.

. Balance: Shoes cannot be worn for balance testing. The person

cannot use external support to successfully complete any balance
items. For sitting balance, neither the arm rests or the back of the chair
can be used for external support. Standing balance tests should be
performed with the person positioned between an elevated bed on one
side and the test administrator on the other side. If a person displays
unsteadiness or significant sway during testing, testing of that item
should cease.

. Walking: Appropriate shoes can be worn for walking tests. The same

shoes must be worn for repeat testing.

. Scoring: Using the conversion table provided, the raw score total must

be converted to a DEMMI SCORE

© Copyright de Morton, Davidson & Keating 2008. The DEMMI may be printed or reproduced without alteration (retaining this copyright notice). All other rights reserved.
For other authorisations (including to translate the DEMMI) contact Dr Natalie de Morton: natalie.demorton@nh.org.au

The development of the DEMMI has been supported by a post graduate scholarship from the National Health and Medical Research Council of Australia (Dora Lush
Postgraduate Scholarship, Grant no. 280632), funded by the HCF Health and Medical Research Foundation and also supported by The Northern Clinical Research Centre,
Northern Health.

The DEMMI should be cited as: de Morton NA, Davidson M, Keating JL. The de Morton Mobility Index (DEMMI): an essential health index for an ageing world. Health
and Qualitv of Life Outcomes
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