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Abstract
In Canada, older adults currently represent a record high proportion of about 15% of the
population. Associated with aging is the increased prevalence of multiple morbidity, resulting in
widely varied and complex health statuses among our aged. Identifying effective strategies to
promote healthy aging and reduce comorbidity hinges on the ability to accurately measure health
outcomes. This requires the use of valid and reliable instruments with associated reference
statistics to enhance interpretability of test scores.

In Chapter 2, I present a validity study of a patient-reported outcome measure, the Patellofemoral
Pain and Osteoarthritis Outcome Scale (PFOOS). The PFOOS is designed to evaluate symptoms
relating to patellofemoral (PF) pain and osteoarthritis. I recruited 54 adults aged 18+ with perior retro-patellar pain for ≥ 3 months, rated ≥3/10 on a numeric pain scale, aggravated by PFloading tasks (e.g. squats). People with diffuse knee pain, history of total knee or hip
replacement, or severe knee trauma in the past year were excluded. Recruitment was done
through adverts to staff & students at an Australian University. Participants completed paper &
online versions of the PFOOS, Anterior Knee Pain Scale and SF-36, and repeated the PFOOS in
1-2 weeks. Analysis included internal consistency (Cronbach’s α), test-retest & alternate forms
reliability (ICC), and construct validation (hypothesis testing). ICCs were ≥ 0.79, Cronbach’s α ≥
0.61. The PFOOS performed largely as hypothesized. Overall, the PFOOS demonstrated good
validity & reliability in this sample.

In Chapter 3, I report results of a cross-sectional study aimed to develop normative data for the
de Morton Mobility Index (DEMMI). The DEMMI is a performance-based instrument that
measures mobility across a spectrum from bed bound to functional independent mobility. A
sample of 183 healthy, community-dwelling adults age 60+ were recruited. Mean DEMMI
scores varied by age category, by living arrangement (independent vs. assisted living), and by
use of mobility aid (p<0.05). Scores did not differ by sex (p=0.49) or falls history (p=0.21).
Reference intervals were provided for individual and group comparison, to facilitate use of the
DEMMI across the mobility spectrum in clinical and research settings.
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Preface
Chapter 2 is based on work conducted at the University of Queensland, Australia. The PFOOS
instrument was developed by Drs. Kay Crossley, Ewa Roos, and Sallie Cowan. Ethics for this
study was obtained at the University of Queensland in Australia (project #2012000025). The
developers of the instrument were responsible for generating the items in conjunction with input
from a panel of experts (patients, physiotherapists, orthopaedic surgeons, rheumatologists, sports
physicians, and researchers). I was responsible for completing participant recruitment, screening
interested individuals for eligibility, obtaining informed written consent, administering all
patient-reported outcome instruments, collecting and entering all data, and statistical analysis. To
date, there have been no other publications of this research (manuscript writing in progress).

Chapter 3 is based on collaborative work conducted at the University of British Columbia as well
as Monash University in Melbourne, Australia. This study was approved for Canadian data
collection by the Clinical Research Ethics Board (CREB Certificate #H10-02748) as well as the
Vancouver Coastal Health Authority. Australian ethics was approved by the Monash University
Human Research Ethics Committee (project #CF07/3954- 2007001870). A version of chapter 3
has been published: Macri EM, Lewis JA, Khan KM, Ashe MC, de Morton NA. The de Morton
Mobility Index: Normative Data for a Clinically Useful Mobility Instrument. Journal of Aging
Research, Vol. 2012, Article ID 353252, 7 pages, 2012. doi:10.1155/2012/353252. I critically
reviewed the DEMMI publications beginning with the first one in 2008 onwards as well as key
papers related to mobility instruments and their measurement properties. As a graduate student
working with Dr. Khan and Dr. de Morton on her Churchill Fellowship in Canada, I was the
local (Vancouver) lead for logistics and participant recruitment (with Dr. de Morton). I
scheduled appointments, ensured adherence to measurement protocol; attended all site visits;
administered the DEMMI instrument to all participants; worked with and supervised a team in
recruitment (screening for eligibility, obtaining written informed consent) and administration of
study paperwork; and completed all data entry and analysis. As lead author, I wrote the
manuscript and critically reviewed revisions. Dr. de Morton developed and validated the
instrument, designed the current study, and led/oversaw all aspects of the projects in both
Australia and Canada. Ms. Lewis collected data in Australia, conducted assessments, and
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assisted with manuscript writing. Dr. Khan and Dr. Ashe provided input to the Canadian arm of
the study in design and methodology, statistical analysis and manuscript writing.
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Chapter 1: Introduction – Measuring Age-Related Health Outcomes
“Exhilaration may come from recognition that the goal of 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 currently estimated at five million[1]. This
represents a record high of almost 15% of the national population[1], substantially higher than
the worldwide proportion of 8%[2]. The association between morbidity and aging is well
documented in the literature[3-8]. Chronic conditions such as arthritis (see Figure 1.1),
cardiovascular disease or cognitive decline, and the concurrence of multiple comorbidities,
become more prevalent and disabling with age. The result is a diverse and complex spectrum of
health statuses among older adults that can result in loss of ability to perform functional tasks,
participate in meaningful activities, or live autonomously[5, 6, 9-12]. In addition to the physical
burden of living with chronic comorbidity come high economic costs at both individual and
societal levels[13-18]. Older adults in Canada represent approximately 40% of acute hospital
admissions, and use about 70% higher resources when hospitalized, compared to their younger
counterparts[19]. In 1998, annual direct health care expenses were estimated at $4.4 billion for
arthritis alone[20], just one of the many prevalent chronic illnesses, and the highest cause of
disability in women and second highest in men[21]. In 2010, estimates of total direct and indirect
costs for arthritis approached $33 billion annually[21].

Figure 1.1 Prevalence of arthritis in Canada, graph derived from data in Canadian Community Health Survey
2011[22]
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It is well established in the literature that risk factor modification (i.e. through medical
intervention or preventive lifestyle modification) can alter chronic disease trajectories, resulting
in lower morbidity and mortality[11, 23-26]. However, measuring morbidity and health status is
a challenging and often daunting task that has been the crux of considerable confusion in the
literature[27]. What exactly should be measured? What is the best way to measure it? And
finally, how closely does a measurement approximate the “truth” such that inferences and
decisions can be made with confidence? The task of identifying effective strategies to promote
healthy aging and reduce chronic comorbidity hinges on the ability to accurately measure ‘health
outcomes’.

1.2 Health outcomes, constructs, and health outcome measures
A ‘health outcome’ is the effect that a process, such as disease progression or medical treatment,
has on health status (or factors influencing health status, called health determinants)[28-30].
Health status is influenced by a complex interaction of health determinants (contextual factors
such as disease processes, age, sex, health behaviours, or socioeconomic status) and
interventions (medical care or social programs)[31]. Some health outcomes are relatively easy to
quantify. Examples include the occurrence of an event (e.g. hospital admission, cancer diagnosis,
death) or the observation of a biological or physiological output (e.g. range of motion, height,
serum cholesterol levels). However, many health outcomes are less tangible. Consider outcomes
such as depression, pain, or quality of life. These more abstract health attributes are called
‘constructs’ and they can be challenging to define and heavily reliant on theory to describe[32,
33]. Quantifying or measuring these states of health cannot be done solely through rater
observation because they involve patient perspective[34, 35].

‘Health outcome measures’ are the measurements one obtains in an attempt to quantify, describe,
or understand some aspect of health status. At either an individual or a group level, health
outcome measurements can be used to: (i) better understand the natural course of a disease (such
as arthritis) or physiological process (such as aging); or (ii) to evaluate the effects of a deliberate
health intervention. Many definitions of health outcomes refer to the latter, since often it is the
effects of targeted interventions that are of primary interest in health care and research
settings[28-30, 33].
2

1.2.1

Measuring mobility

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

Both studies in my thesis involve health outcome instruments that are developed to include some
measure of mobility. The definition for ‘mobility’ in this document is that developed by the
World Health Organization[41]: “moving by changing body position or location or by
transferring from one place to another, by carrying, moving or manipulating objects, by walking,
running or climbing, and by using various forms of transportation”.

1.3 Features of health outcome instruments
There is a tremendous variety of types of health outcome instruments. This includes: laboratory
instruments (e.g. to conduct assays of biological samples such as blood or tissue biopsies);
diagnostic imaging (e.g. magnetic resonance or X-ray); orthopaedic instruments (e.g. tape
measures or dynamometers); and paper-based instruments (e.g. questionnaires). The focus of this
thesis is to explore the latter category, investigating instruments where each item is presented
and scored in a written format. Selecting an instrument will depend on the construct of interest;
how that construct is best measured; and the population of interest within the context (or
purpose) of the clinical or research question.

3

1.3.1

Dimensionality

A health outcome instrument can measure one or more ‘dimensions’, also called constructs,
health attributes or domains. Scales that target a single construct improve one’s ability to draw
inferences from test scores and thus contributes to validity[33, 42, 43]. The concept of
unidimensionality can appear murky when considering that many constructs in health care (such
as mobility), while unidimensional, can be further divided into several other unidimensional
constructs. For example, the Short Form 36 (SF-36) is a health-related quality of life (HRQOL)
instrument that is divided into eight subscales, each representing a different aspect of quality of
life[44]. Streiner and Norman suggest the goal is not to achieve the smallest unit of
unidimensionality, but to ensure the scale is “unidimensional enough”[32].

Often, one wishes to know about health outcomes that span several dimensions. For example,
one may wish to know how a therapeutic intervention affects a person’s mobility, but might also
want to know how it then affects their ability to participate in daily activities, how their pain has
changed, or how their overall quality of life has been affected. An improvement in mobility may
not carry over into an improvement in quality of life if certain contextual factors have been
missed[35]. For example, an outcome measure that captures an improvement in an individual’s
ability to walk the length of a hallway may not reflect improved quality of life at home if she is
still house-bound due to inability to negotiate stairs in her house.

If a single instrument targets several dimensions, it is most appropriate to divide the instrument
into subscales, each representing a unique dimension. This approach maximizes interpretability
within each domain - important information can be missed 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 instruments into two categories: performance-based
and patient-reported[34]. Performance-based instruments involve direct observation by a rater
(i.e. the therapist or researcher). The de Morton Mobility Index (DEMMI – see Appendix E) is
an example of a performance-based instrument further described in Chapter 3. Patient-reported
outcome measures (PROMs), on the other hand, refer to measures that cannot be directly
observed by an examiner, and involve an individual’s self-reported perceptions, opinions,
4

feelings, or experiences[46]. The Patellofemoral Pain and Osteoarthritis Outcome Scale (PFOOS
– see Appendix A) is an example of a PROM further described in Chapter 2.

1.3.3

Generic, population-specific or patient-specific outcome measures

Health outcome instruments are designed to glean information defined by a clinical or research
question. To answer the question, instruments can target (i) one or more diseases or conditions;
(ii) one or more body regions/systems; or (iii) one or more individuals[34].

At the broadest level, generic instruments are designed to compare health states across multiple
populations, such as across a range of diseases. A common example of this would be the SF36[44]. The DEMMI[47] is also a generic instrument, in this case assessing mobility in older
adults whose mobility may be limited by a variety of conditions or factors.

Instruments can also be designed to target a more narrowly defined population. This can include
targeting a given condition or disease, a given system, or both[34, 48]. A condition-specific
instrument targets a defined disease. An example is the Western Ontario McMaster
Osteoarthritis Index (WOMAC), which targets osteoarthritis of the knees or hips[34, 49]. A
system-specific instrument targets a body region. For example, the Anterior Knee Pain Scale
(AKPS) targets the knee but may be used across a variety of conditions affecting the knee [50,
51]. Often, an instrument is designed to be both condition- and system-specific, such as the Knee
injury and Osteoarthritis Outcome Scale (KOOS)[52].

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

Each level of measurement (generic, population, or individual) has particular strengths and
weaknesses (see Table 1.1). With regards to research, Streiner and Norman[32] and others[55]
recommend that a generic scale be administered as well as a population-specific instrument in
order to obtain the benefits they each offer in terms of generalizability and sensitivity to change.
5

Table 1.1

Comparing levels of measurement (generic, population-specific, person-specific)

Level
Generic

Definition
Multiple body
regions, multiple
conditions

Example
SF-36[44]

Populationspecific

Condition-specific:
Multiple regions
One condition

WOMAC[49]
KOOS[52]

System-specific:
One body region
Multiple conditions

AKPS[50]

Individual selfselects items of
importance/
relevance

PFPS[53]
GQOL[54]

Personspecific

Pros[32, 48]
i) Can compare across
many health states;
ii) Often more data
available re: validity/
reliability;
iii) Particularly useful for
informing policy and
resource allocation
decision-making
i) May be more responsive
than generic scales in
specific population
ii) Potentially better
content validity for a given
population

Cons[32, 48]
i) May miss relevant
information for a specific
condition;
ii) May have irrelevant
information for a specific
condition
iii) May show smaller
effect sizes for a specific
condition
i) Limited generalizability
or comparability across
conditions
ii) May miss secondary
effects important to the
individual due to narrower
focus

i) All items are relevant
and meaningful to the
individual;
ii) No items are irrelevant
iii) Helpful in clinical
settings for specific goal
setting and evaluation

i) Cannot compare across
individuals, let alone
populations
ii) Hard to establish
validity & reliability
iii) Limited research
applications

1.4 Purposes of health outcome instruments
Ultimately, health outcome instruments are used to assess health status[34]. Within this
overarching goal, instruments have three broad purposes: evaluative, discriminative and
predictive[32, 33]. For example, a mobility instrument can be administered for the purpose of
determining an individual’s mobility at a single time point (‘evaluative’). This measure could
serve as a baseline against which future evaluations can be compared. An instrument may
additionally provide cut-points to help differentiate between groups with different attributes, thus
serving a ‘discriminative’ role. For example, a person whose mobility score is below a certain
cut-point might be identified as being in need of therapeutic intervention compared to someone
whose score is within a healthy range. Finally, an instrument could be used for ‘predictive’
purposes, such as when a person’s mobility score identifies them as being at high risk for future
falls. Instruments can be designed and developed for any or all of these purposes from the outset,
or they can be developed for one purpose and subsequently validated for additional
purposes[32].
6

1.5 Measurement properties of health outcome instruments
Mokkink et al.[56] define a ‘measurement property’ as “a feature of a measurement instrument
that reflects the quality of the measurement instrument”. These ‘features’ can broadly be
described in three categories: validity, reliability and responsiveness[47, 52, 56-58], each of
which will be defined below (Sections 1.6 to 1.8). Two additional concepts, interpretability and
usability, are also described (Sections 1.9 and 1.10). Understanding the nuances of measurement
properties and their relevant statistical tests is no small feat[59], owing to the fact that these
“deceptively simple”[32] concepts are, in fact, substantially complicated[32-34, 56]. In health
care, the cost of drawing incorrect conclusions from an instrument can be devastating[60],
highlighting the importance of understanding measurement properties both clinically and
scientifically.

It is important to note that all measurement properties are context specific. It is not sufficient to
say that an instrument is valid and reliable. It must be described as being valid and reliable for a
specific population and purpose[32]. The degree to which scores from an instrument are valid
and reliable determines the confidence with which one can draw inferences and conclusions
about a given scientific or clinical inquiry and specific population.

Measurement properties will be described in this document using Mokkink et al’s taxonomy (see
Figure 1.2)[56, 61, 62]. Their guideline, called the COSMIN checklist, was developed for
PROMs, however the authors recommend the checklist for use with all health outcome
instruments[56]. Terms synonymous to ‘measurement properties’ include ‘psychometrics’ and
‘clinimetrics’[63, 64], and the history and some inherent challenges regarding these different
terms can be reviewed elsewhere[32, 34, 64-66].

1.6 Validity
Most simply, validity is defined as the extent to which an instrument measures the construct it is
intended to measure[33, 56]. Three different aspects of validity are commonly defined: content,
criterion, and construct validation[61] (see Figure 1.2)[32, 56, 67, 68].

7

Figure 1.2 The COSMIN categories of measurement properties. Reprinted with permission1.

1

Reprinted from Journal of Clinical Epidemiology, Volume 63, Mokkink LB et al., “The COSMIN study
reached international consensus on taxonomy, terminology, and definitions of measurement properties
for health-related patient-reported outcomes”, pp 737-45, 2010, with permission from Elsevier.
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1.6.1

Criterion validation

Criterion validation refers to how well an instrument performs compared to a gold standard
instrument[32, 33, 62, 63]. Objective criterion measures rarely exist for measuring abstract
health constructs like mobility, pain, or quality of life[32-34, 40, 62, 63, 69, 70]. If they do exist,
there are several scenarios where the development of a new instrument is justified and criterion
validation should be undertaken. First, an instrument historically accepted as the gold standard
may be shown on closer inspection to have inadequate validity and reliability[32, 33]. A new
instrument might also be developed if the criterion instrument is cost-prohibitive, and a new and
less expensive technology becomes available. A third indication for criterion validation is when
a shortened version of a previously validated instrument is developed. For example, the Short
Form 12 (SF-12) is a shortened version of the SF-36. This new shorter scale has undergone
criterion validation, with the SF-36 behaving as the ‘gold standard’, to compare performance of
the two scales[71]. Appropriate statistics for criterion validation include correlations or area
under the receiver-operator curve[32, 61].

1.6.2

Content validation

Content validation can be undertaken when a criterion measure does not exist[32, 56, 62].
‘Content’ refers to both the depth and breadth covered by all items of an instrument[32]. In other
words, how well does it capture all aspects of the construct of interest, and does it capture only
aspects of that construct, or are there missing or irrelevant items[32]? If an instrument appears to
measure the construct of interest, it can be said to have ‘face validity’[32, 56].

There is no statistic for confirming content validity; rather, it is a matter of expert opinion[33,
62, 63]. Ideally, expert opinion should include expert clinicians and researchers but should also
include members of the relevant patient population[32, 72]. For example, a hypothetical group of
researchers might be interested in measuring mobility in older adults. They might develop a draft
of an instrument that contains four questions they feel adequately measure mobility:
1. How far are you able to walk?
2. How much difficulty do you have getting in and out of the bath?
3. How much difficulty do you have climbing stairs?
4. How much difficulty do you have getting up from a chair?
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The items are reviewed by a group of expert clinicians, who decide that walking distance is not
as important as walking speed, since they know their patients typically report trouble when they
can no longer cross the road before the traffic lights turn red[73, 74]. The question therefore
becomes:
1. How fast can you walk?
The team might then agree that these items are suitable for assessing mobility in older adults.
However, if a patient group is consulted, they might find out that gait speed is not important to
this population, but rather pain during walking is. Secondly, contemporary homes may not have
a bath tub, or people prefer to shower – this item may not be relevant to a large portion of the
population. And finally, getting up from a chair with arm rests is achievable, but rising from the
toilet is of greater concern to this population. These important considerations might be missed
without patient input.

1.6.3

Construct validation

Construct validation defines how well an instrument measures an abstract concept, or
construct[33]. Constructs are often theoretical in nature (see Section 1.2)[33], and these theories
and assumptions must be tested in order to confirm validity. Contemporary views of validity are
that all forms of validation contribute to construct validity[32, 67, 68]. The COSMIN definition,
however, is somewhat narrower, and includes hypothesis testing, structural validation, and crosscultural validation[56, 61, 62].

Hypothesis testing
If an instrument possesses construct validation, then outcomes should be consistent with a priori
beliefs or hypotheses of how scores should behave[32]. Hypothesis testing is used to establish
‘convergent’, ‘divergent’, and ‘known groups’ validation.

‘Convergent’ validation is confirmed when scores for two instruments measuring a similar
construct behave in similar ways. This is measured using correlation coefficients such as
Pearson’s r or Spearman’s rho[45, 63]. Correlations between instruments that are expected to
converge should range between 0.4 – 0.8[32]. For example, a group that reports high perceived
functional abilities might also demonstrate high levels of mobility on a performance-based
instrument. This was demonstrated by Davenport et al.[75], who reported a moderately high
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Pearson’s correlation of 0.69 between the performance-based DEMMI to the self-report scores
obtained in the Lower Extremity Functional Scale (LEFS).

‘Divergent’ validation (or ‘discriminant’ validation) is established when correlations between
unrelated constructs would be expected to be low[32, 33, 62, 63]. The same group with high
mobility might demonstrate vastly differing IQ scores amongst them, as the two constructs are
not related. Importantly, correlations for both convergent and divergent validation do not need to
achieve statistical significance; it is only important that the overall pattern of correlations reflects
the a priori hypotheses[32].

‘Known groups’ validation establishes whether an instrument can differentiate between groups
that differ in some meaningful way. Known groups validation (also called ‘extreme groups’ or
‘discriminative’ validation - not to be confused with discriminant validation above) involves
comparing mean scores (for example using a t-test) of the two groups[32, 33]. For example,
older adults who ambulate with a mobility aid (such as a cane or walker) have demonstrated
lower mobility scores compared to those ambulating without an aid[75].

Structural validation
Structural validation involves the evaluation of an instrument’s dimensionality[33]. This is
commonly evaluated through factor analysis[32, 61], which can confirm dimensionality, identify
an irrelevant item in a scale, or assist with breaking a larger scale into appropriate subscales
(such as pain, function and quality of life). However, since many constructs in health care are, by
nature, multidimensional, Streiner and Norman remind us that the goal of structural validation is
to ensure a scale is “unidimensional enough” to draw meaningful inferences[32].

Cross-cultural validation
Once instruments have been developed and validity established for a given population or
purpose, the instrument can next be validated on a new population or for a new purpose, thus
improving the generalizability of the instrument[33]. Alternatively, it is not uncommon to
translate instruments into different languages[76] or to culturally adapt them in some other way.
For example, a mobility questionnaire enquiring about use of mobility aids would use words like
“cane” or “walker” for use in North American populations, however would substitute words like
“stick” or “frame” for use in other English speaking countries like Australia. When substantial
11

changes to the original instrument occur, the instrument must be re-evaluated for validity and
reliability in its new form[56, 61].

One very common cultural shift that has occurred quite ubiquitously in that past decade or so is
the use of computers and internet. In Canada, internet use is at 80% for individuals 16 and over,
and is even common among older adults – 51% in ages 65 to 74, and 27% of those 75 or
older[77]. As such, many PROMs are now being administered electronically. Benefits of
electronically administered forms include: (i) reduced administrative costs; (ii) patient
preference/acceptance; (iii) reduced risk of data entry errors; (iv) reductions in missing data; and
(v) further reaching catchment area and/or reduced participant burden (e.g. out of town
administration)[34, 78, 79]. Limitations include: (i) requirement of computer literacy and
internet access; and (ii) less control over timing and order of test administration[34, 78, 79]. A
large meta-analysis of 46 publications comparing electronic and paper-and-pencil formats of 278
scales concluded that scales in these two formats are grossly equivalent[78, 79]. It is therefore
acceptable to administer in either format, though format equivalence should be evaluated in
cases where substantial changes have been made between formats (e.g. changes in wording of
items or instructions, response options, or number of questions visible on one sheet/screen)[78,
79]. While included under the umbrella of ‘validity’ here, format equivalence involves both
validation and reliability. Validation could include cognitive interview techniques on a small
sample to ensure items are being interpreted the same way in both formats. Reliability testing
would be similar to assessing test-retest reliability (see Section 1.7.2).

1.7 Reliability
Reliability describes “the extent to which a measurement is consistent and free from error”[32,
33]. Importantly, a reliable test is not necessarily valid[33] (see Figure 1.3c). Reliability is
subcategorized into: internal consistency, reliability (relative measures), and measurement
error[61](see Figure 1.2).
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Figure 1.3 Validity vs. reliability
a.) valid and reliable; b.) valid, not as reliable; c.) reliable but not valid; d.) neither reliable nor valid

1.7.1

Internal consistency

Internal consistency is “the degree of interrelatedness among items”[62]. This means that scores
for items of a unidimensional instrument should change in a similar direction and magnitude if
the construct being tapped by the instrument changes. Importantly, this does not mean that high
internal consistency confirms unidimensionality[80] – a physically fit individual might answer
two items in a similar way even though they represent different dimensions such as function and
quality of life.
Cronbach’s α is the most widely used statistic to assess internal consistency[33, 80-82]. This
statistic ranges between zero (0) and one (1), where one represents perfect internal consistency; α
≥ 0.70 or 0.80 reflects adequate internal consistency[32, 79, 80]. Cronbach’s α will be higher
when a unidimensional instrument has high internal consistency. However, Cronbach’s α also
varies for other reasons. In addition to item intercorrelation, Cronbach’s α will vary as a function
of the variability of the sample, with a more heterogeneous sample obtaining a higher α[42, 80].
Also, as the number of items within an instrument increases, so too does α[32, 42, 80]. Finally,
Cronbach’s α will decrease as the number of dimensions increases[42, 80]. Cortina[80]
described an instrument with two dimensions, moderate correlation (r=50) and 12 items that still
had an adequate α of 0.78. The same instrument but with 18 items would have an α increased to
0.85[80]. This also demonstrates that α can still be higher than 0.70 even if it is not
unidimensional.
It should be noted that Cronbach’s α is not an independently meaningful statistic. Rather than
prematurely judging an instrument on Cronbach’s α alone, it is advisable to engage in
appreciating the nuances underlying the statistic[42]. One must evaluate dimensionality of the
instrument; look carefully at all items; consider whether there are enough items to have adequate
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scope (content validity) without creating item redundancy; and consider the variability of the
sample. A low Cronbach’s α likely indicates low internal consistency or multidimensionality.
However, at the other end of the spectrum a high alpha may indicate item redundancy or a very
heterogeneous sample. Therefore, very high alphas (>0.9) should also be interpreted with
caution[34].

1.7.2

Reliability

This subdomain refers to the “degree to which the measurement is free from measurement
error”[56]. If an individual has not changed, then the score also should not change between
subsequent test administrations[32, 33]. This can be assessed with ‘test-retest reliability’,
‘intrarater reliability’ or ‘interrater reliability’.

Simple correlations such as Pearson’s r have been used to calculate reliability coefficients[33,
47, 63]. However, covariance does not account for systematic differences between test
administrations[32-34, 79, 83-85]. A more appropriate statistic to use is the intraclass correlation
coefficient (ICC)[59, 61, 78, 79, 84, 85]. ICC represents the variance of interest (e.g. variance of
test scores) as a percentage of the total variance (i.e. variance of interest plus error variance)[32,
33, 59, 84]. It can be written as

=

(1)

ICC theoretically ranges from zero (0) to one (1), with one representing perfect reliability. An
ICC value of ≥ 0.70 is generally regarded as acceptable[32, 57, 79, 83]. McGraw and Wong[85]
describe ten types of ICC that fall within three models. Which one to use depends on the study
question and methods, the intended clinical use, and whether or not one wishes to evaluate
systematic differences (i.e. absolute agreement) between test administrations [32, 33, 59, 78, 79,
83, 85].

Like internal consistency, relative measures are context specific and reflect the population,
methods and circumstances specific to a study – they are not static characteristics of an
instrument itself. For example, in test-retest reliability, issues that might affect a score include
participant fatigue (lower scores over time), learning effects (systematically improving scores
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over time), memory effects (remembering a score from last time or forgetting something relevant
like a previous episode of pain or a fall), motivation or competitive behaviours[33]. Factors in
rater reliability studies include standardization of tester training and methods, plus the effects of
memory, learning and fatigue of the tester(s). Study methods should consider potential sources
of variability and design studies accordingly (e.g. optimizing inter-test intervals)[33, 83].
However, some contextual factors cannot be as easily controlled through study design. For
example, some variables are inherently unstable to measure or control (such as mood)[33]. Also,
as in the case of internal consistency, the statistic includes between-subjects variability[84], and
therefore even if variability from trial to trial is very small, a heterogeneous sample will have
high between-subjects variability and thus the statistic will be higher[32].

1.7.3

Measurement error

Mokkink et al.[56] define measurement error as “the systematic and random error of a patient’s
score that is not attributed to true changes in the construct to be measured”. Quantifying
measurement error is an essential component of determining reliability. ICC is a unitless
statistic, and used alone provides only the proportion of variance that is attributable to true
variance[33, 84, 86]. Measurement error is reported in the same unit as the health outcome
instrument, and provides an estimate of reliability that is considered to be more of a “fixed
characteristic” of an instrument than the ICC[84]. ICC should always be reported together with
measurement error to maximize interpretability[33, 84].

The statistic of choice for instrument measurement error is the standard error of measurement
(SEM). The SEM is most simply defined as the standard deviation of measurement error[33].
Therefore, there is a 68% chance that an individual’s ‘true’ score will be within 1 SEM of a test
score, and 95% confidence intervals[83, 87] can be added to an individual test score with
=

where

± 1.96*SEM

is the theoretical ‘true’ score; and

(2)

is the score for one test administration.
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As with other measurements of reliability (e.g. ICC) there are many ways to calculate SEM[87].
A common method cited is

SEM =

where

√1 − !""

(3)

is the standard deviation of the observed scores[32, 33, 63, 84, 87]. Fortunately,

Stratford[87] illustrates that SEM is a highly stable measurement across several different
calculation methods and any sample size, supporting the notion that SEM is a relatively fixed
characteristic of an instrument[84]. One of the easiest methods to measure SEM is to report the
‘root mean square error’ (√#$%) following a repeated measures analysis of variance (ANOVA)
which is calculated prior to determining the ICC.

Once calculated, SEM should be compared to the expected range of scores for the instrument,
and the expected changes in scores, to consider whether an instrument will be suitable for a
given purpose[32]. For example, the SEM (and more importantly, its extension, minimal
detectable change - see Section 1.9.1) should be smaller than the minimal amount of change
deemed to be important for an instrument[83].

1.8 Responsiveness
Responsiveness refers to the ability to “detect change over time in the construct to be
measured”[56, 62]. While responsiveness is commonly presented as a concept separate from
validity and reliability, it actually pertains to the validity of change scores as opposed to crosssectional validity, or validity of a score at a single time point[32, 56, 88, 89]. Given this
definition, one can refer to the same subcategories of criterion, content, and construct validation
as described above (see Section 1.6), with the caveat that hypotheses should refer to those of
change scores rather than a single score[62]. Determining responsiveness permits a scale to be
used for evaluative purposes[33], facilitating its use in longitudinal or interventional trials.

Some researchers define responsiveness as the ability to detect ‘meaningful’ or ‘significant’
change[45, 83, 90, 91] while others define it as the ability to detect ‘any’ change[56, 62, 92, 93].
The COSMIN checklist[62] employs the latter definition (‘any’ change) in order to not muddle
the concept of detecting change with the importance of the detected change (which is an issue of
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interpretability – see Section 1.9.2). Statistics selected for confirming responsiveness, therefore,
depends on which of the two definitions one uses. Based on the COSMIN definition[56],
correlations should be used to compare change scores of the instrument in question to those of
another known scale[61, 62].

1.9 Interpretability
Establishing validity, reliability and responsiveness gives clinicians and researchers a certain
level of confidence as to how well a health outcome instrument is measuring what it is intended
to measure. An additional important step in instrument development is to provide qualitative
meaning to an outcome score[56].

1.9.1

Minimal detectable change

Minimal detectable change (MDC) is sometimes also referred to as ‘smallest detectable change’
(SDC) or ‘minimal difference’ (MD)[84, 86]. This statistic refers to the smallest change in score
that exceeds measurement error and can therefore be interpreted as representing true change in
an individual[33, 47, 63, 86, 94]. MDC is based on the standard error of measure (SEM) and is
typically calculated as MDC90 or MDC95[47, 75, 95], indicating whether the statistic is designed
to overcome error at 90% or 95% confidence [87, 96]:
MDC90 = 1.65 * √2 * SEM

(4)

MDC95 = 1.96 * √2 * SEM

(5)

MDC95 is recommended in situations where the outcome will guide higher-risk decision making
such as whether surgery is indicated[95]; in many other clinical settings MDC90 is suggested [47,
75, 83, 87, 96]. In situations where group changes are being evaluated (such as in clinical trials),
the MDCgroup is calculated with MDC divided by √& [83, 97, 98].

1.9.2

Minimal clinically important difference

While the MDC is important in determining whether the amount of change observed exceeds
measurement error, the ultimate question is not simply “has the patient improved?” Rather, it is
“has the patient improved in a meaningful way?” The definition of ‘important’ depends on the
lens through which we assess a change[33]. The definition also depends on the purpose of the
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study: does an intervention ‘improve balance in frail older adults’ compared to ‘reduce incidence
of falls’[33].

Minimal clinically important difference (MCID) is the statistic that reflects the relevance of a
change score. It can be measured using either an ‘anchor-based method’ (also called a ‘criterionbased method’) or a ‘distribution-based method’ (also called a ‘normative-based method’)[32,
33, 47]. An example of an anchor-based method would be to evaluate difference in mean change
scores between two groups. For example, in health care, patient perspective is valued in
establishing MCID, so one could use a ‘global change scale’ to help determine MCID. A global
change scale is usually a single question that asks a participant to subjectively rate change over a
specified period of time or following some intervention. The responses are normally on a Likert
scale. We therefore evaluate the differences in change scores between a group that feels “no
better” following intervention vs. a group that feels “a little better” or “a lot better” [62, 86, 93].
An example of a distribution-based method is that developed by Norman et al. following a
systematic review in which they determined that MCID consistently approached half of a
standard deviation[99].

Having established the MCID, it is now appropriate to compare this to the MDC previously
calculated (see Section 1.9.1). The MCID must be larger than the MDC (i.e. for individual
comparison, or MDCgroup for group comparisons) in order for it to represent both real and
important change.

1.9.3

Floor/ceiling effects

Floor and ceiling effects can limit interpretability of a health outcome instrument. A floor effect
is said to occur when a large portion of a sample scores the lowest possible score on an
instrument; and a ceiling effect occurs at the other extreme end of the scale. Up to about 15% at
either end of the scale is reportedly acceptable[100, 101]. If floor or ceiling effects exist, the
instrument will have limited ability to detect changes in individuals at the ends of a scale. In
other words, someone scoring at the high end of a scale will not score any higher even if they
experience true improvement in the construct being measured[33]. This can limit responsiveness
of the scale.
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While floor and ceiling effects do have the potential to limit validity of an instrument, these
statistics should be taken in context. For example, if an instrument is measuring pain as a feature
of a certain disease or condition, and it is common for a large portion of individuals with this
condition to be asymptomatic, then scores will bottom out in this portion of the sample.
However, this is not a limitation of the instrument, per se, but a characteristic of the underlying
construct. Similarly, if a sample of very healthy, happy people completed a quality of life scale
such as the SF-36, it would be expected (and perfectly appropriate) that a ceiling effect would
emerge from this sample (indeed, ceiling effects of as high as 56% have been reported[100]). If a
health instrument has been rigorously developed, and demonstrates good content validity, floor
and ceiling effects might be expected for some groups. Importantly, one must clarify the purpose
of the instrument: if the instrument is designed to evaluate change over time, then the sample
scores of interest should not demonstrate floor or ceiling effects.

1.9.4

Normative / referent data

A score or measure from any health instrument is meaningless without a frame of reference for
comparison. References can be anchor-based or distribution-based. An anchor (or ‘criterion’)
reference is generally a set score that has some inherent meaning in terms of the health outcome
of interest[33]. For example, a person who has sufficient mobility to walk 1.2 metres per second
will be capable of crossing most streets before the traffic light changes[73]. A distribution-based
(or ‘normative’) reference, on the other hand, compares a score to those of a reference
population[33, 61]. Using the same example, ‘normal’ walking speed is typically between 1.2 –
1.4 m/s[73].

While the term ‘normative’ data remains in common use today, a more appropriate term is
‘reference’ data[102]. The term ‘reference’ implies that any population of interest can be used for
comparison. Second, the fact that someone scores beyond two standard deviations of ‘normal’ does
not necessarily imply that they are ‘abnormal’. Finally, the term ‘normal’ was historically interpreted
as meaning ‘the absence of disease’[5]. Today, it is well recognized that older adults display
considerable heterogeneity within the spectrum of non-disease states[103]. The term ‘reference’
reduces the potential for misinterpretation and allows some flexibility in identifying a relevant
reference population.
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Reference intervals can be presented for the purposes of individual comparison or for group
comparison. Reference data are generally presented as ranges or intervals within which most
individuals in a group of interest would fall (as opposed to criterion references which are more often
cut-points). Reference intervals provide a range of scores usually representing the middle 95% (or
90%) of a reference population, and can be used for scores that are normally or non-normally
distributed[102]. Confidence intervals around group means can be used when scores are normally
distributed. For comparisons at a group level (i.e. comparing mean scores of a group to the reference
population of interest), confidence intervals should be based on standard error (rather than standard
deviation).

1.10 Usability
Having established validity, reliability, responsiveness, and interpretability, one question
remains. Will the instrument be adopted by clinicians and researchers?

Usability should be a consideration throughout the instrument development process, from the
moment of inception, in order to ensure that the instrument will be attractive to its intended
audience, thus maximizing uptake. There are several features of usability. For example, how
feasible is the instrument in a clinical vs. research setting? How much space and equipment is
required for testing, and what are the associated costs of test administration? Who can administer
the testing and how much training is required? How long does the test take to complete, and are
there any associated issues such as patient fatigue or other perceived burden? Is it safe to
administer to patients or is there any risk associated with the tests? Can a clinician complete the
testing within the usual time allotted with a patient, or will it interfere with treatment time? Does
the researcher believe it to be a valid and relevant tool for their population of interest?

It is recommended that stakeholders are consulted in the very early stages of instrument
development to optimize usability (and validity as previously discussed), and that the process of
development be iterative such that items can be modified as the developers learn more about the
instrument through research and consultation. Usability will be optimized through a twodirection model of communication consistent with current theories in knowledge
translation[104].
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1.11 Study objectives
The overall objective of my thesis work was to evaluate the measurement properties of two new
instruments designed to assess health outcomes associated with age-related comorbidities.

1.11.1 Objectives of study #1
The primary objective of study #1 was to evaluate the validity and reliability of a new patientreported outcome scale, the Patellofemoral Pain and Osteoarthritis Outcome Scale (PFOOS).
This scale was developed for assessing health outcomes in five different domains (pain,
symptoms, activities of daily living, activities of sport and recreation, and quality of life) relating
to pain and osteoarthritis at the patellofemoral joint.

1.11.2 Objectives of study #2
The primary objective of study #2 was to assess mobility of community-dwelling older adults
using a performance-based health outcome instrument, the de Morton Mobility Index (DEMMI),
and to contribute to the interpretability of the DEMMI by developing reference scores for
healthy men and women over 60 years old.
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Chapter 2: The Patellofemoral Pain and Osteoarthritis Outcome Scale:
Validity, Reliability and Interpretability
2.1 Introduction
Knee osteoarthritis (OA) is one of the five chronic conditions (including stroke, depression, hip
fracture and heart disease) responsible for the most physical disability of any other diseases in
older community-dwelling adults[6]. Radiographic knee OA (i.e. signs of degenerative changes
on X-ray) affects almost 40% of North Americans, and one third of these individuals are
symptomatic[20].

Traditionally considered one joint, the ‘knee’ is more accurately described as a ‘joint complex’
made up of multiple compartments: the medial and lateral tibiofemoral, and patellofemoral
compartments. Historically, interest in the knee has often focused on the tibiofemoral joint. The
importance of this distinction will become evident in the ensuing paragraphs.

Knee OA is typically diagnosed based on radiographic changes and clinical presentation (signs
and symptoms). Radiographic knee OA is commonly assessed with a posterior-anterior (PA)
view X-ray[105], and degenerative changes include joint space narrowing, osteophyte formation,
subchondral sclerosis and subchondral cyst formation[106, 107]. Classifying the severity of
radiographic changes is done using grading systems such as those developed by Kellgren &
Lawrence[106] or the Osteoarthritis Research Society International (OARSI)[105]. Clinical
features, on the other hand, include localized knee pain; brief morning stiffness; functional
limitations; crepitus; bony enlargement; and restricted movement[107]. Peat et al.[108, 109]
caution that these classic clinical features of knee OA tend to be more accurate in cases of
advanced OA, and also tend to reflect clinical features of tibiofemoral OA more so than
patellofemoral. They argue that clinical guidelines are 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 knee OA have traditionally focused on the
tibiofemoral joints, and this has resulted in vast under-recognition of both the prevalence and
clinical relevance of OA of the patellofemoral joint. This may be due in part because the
patellofemoral joint cannot be adequately examined with a standard PA X-ray, and instead
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requires alternate views such as skyline or lateral[108]. In addition, patellofemoral OA tends to
present clinically quite differently from tibiofemoral OA, and even in its advanced stages the
clinical signs of patellofemoral OA are not consistent with the “classic signs of knee OA”[108].

Interest in OA of the patellofemoral joint has emerged in recent years and the scientific
knowledge gleaned suggests that patellofemoral OA is more prevalent than previously
thought[110-116]. In a study of 777 adults over 50 years old who reported knee pain, 531 (68%)
had evidence of radiographic knee OA[117]. Importantly, the patellofemoral joint was involved
in 94% of those with radiographic knee OA: 314 had combined tibiofemoral/patellofemoral OA
(59% of OA sample, or 41% of the full knee pain sample); 186 had isolated patellofemoral OA
(35% of OA sample, 24% of knee pain sample); and only 31 had isolated tibiofemoral OA (6%
of OA sample, 4% of knee pain sample)[117]. This high prevalence of patellofemoral joint
involvement may be in stark contrast to current diagnostic patterns in clinical practice. A
retrospective review of 57,555 general practice medical charts in the UK revealed 1782 kneerelated consultations (though admittedly this included people aged 15 or older); of these, 303
were coded as disorders of the patellofemoral joint, and only 13 of these (<0.05%) were
diagnosed as patellofemoral OA[118].

In addition to its prevalence, patellofemoral OA is clinically important. The presence of isolated
patellofemoral OA predicts progression to generalized (multi-compartment) OA[119, 120]. Also,
patellofemoral OA has greater association with knee OA symptoms than tibiofemoral OA[113115]. Duncan et al.[113] reported a significant correlation between self-reported symptoms
(pain, stiffness and function using the WOMAC) and radiographic severity of isolated
patellofemoral OA including those classified as having ‘mild’ patellofemoral OA. This suggests
that even people with early isolated patellofemoral OA experience symptoms of pain and
reduced function, with the most difficult tasks including descending stairs, getting in and out of
the bath, and getting in and out of a car[113]. Symptoms associated with isolated patellofemoral
OA are at least as severe as with either isolated tibiofemoral or multi-compartment knee OA; in
cases of mild patellofemoral OA, pain and function may be worse than isolated tibiofemoral
OA[121].

While patellofemoral OA is still poorly understood relative to tibiofemoral OA, there are signs
and symptoms that currently define patellofemoral OA. Importantly, many of these symptoms
23

are common to other causes of anterior knee pain[122]. Signs and symptoms associated with
patellofemoral OA include anterior knee pain that is made worse by tasks that load the
patellofemoral joint. For example, pain and limited function may occur with ascending and
descending stairs; getting in or out of a bath; getting in or out of a car; or rising from
sitting[113]. Stiffness may occur after resting (sitting or lying) for prolonged periods or first
thing in the morning[113]. With moderate to severe patellofemoral OA, clinical signs can
include swelling, valgus deformity, quadriceps weakness, and pain on compression of the
patellofemoral joint[108].

2.1.2

Justification for a new patient-reported outcome measure (PROM)

Observation-based measurements such as diagnostic imaging (X-ray) or clinical tests (effusion,
range of motion) are insufficient for evaluating the patient-relevant symptoms of patellofemoral
OA. Additionally, in the case of early isolated patellofemoral OA, clinical signs are lacking, and
Peat et al.[108] recommend that early patellofemoral OA be evaluated through self-reported
symptoms more so than clinical signs. This is consistent with recent overall trends and
recommendations in healthcare towards including PROMs as a component of comprehensive
health assessment[32, 123, 124].

When searching for a suitable PROM, it is important to consider whether the PROM is suitable
for use with the specific research question and target population; is sufficiently valid and reliable
to enable correct interpretation of study results; and is feasible for the study of interest (e.g. is
not cumbersome to complete or score)[32]. Without meeting these conditions, clinicians and
researchers may be left with difficulties in interpreting study results and limited ability to
generalize findings across studies.

Currently there is no gold standard condition-specific PROM for assessing patellofemoral pain
or OA, which can render it difficult to select a PROM when designing trials. This is reflected in
the vast array of questionnaires that have been used in studies to date[50, 55, 69, 70, 125-136]. A
recent systematic review of 37 knee-related outcome measures identified only one scale of
‘sufficient quality’ that targeted anterior knee symptoms, Kujala’s Anterior Knee Pain Scale[50,
137], though this was not designed to evaluate patellofemoral OA. Many researchers
investigating patellofemoral pain or OA have also opted to use generic instruments[55, 69, 129,
133, 138] (see Section 1.3.3 to review generic vs. condition-specific instruments), or knee24

related scales[113, 139, 140]. Presumably the justification for selecting a knee-specific scale is
because validation studies have included patellofemoral disorders, however it should be noted
that these sub-samples were not sufficiently powered to establish validity or reliability for this
population[58, 101, 141].

Given the lack of an existing suitable PROM for patellofemoral pain and OA, Crossley, with coinvestigators Cowan and Roos, undertook the task of developing a new PROM to target this
important clinical population (unpublished).

2.1.3

The Patellofemoral Pain and Osteoarthritis Outcome Scale (PFOOS)

PFOOS instrument developers used the Knee injury and Osteoarthritis Outcome Scale (KOOS)
as a template for the new scale[52]. The KOOS is a patient-reported outcome instrument
designed for use in long-term evaluation of post-traumatic knee pain and knee OA[52, 142, 143].
The KOOS consists of five subscales: Pain, Symptoms, Function in Daily Living, Function in
Sport and Recreation, and Quality of Life. It has been used in studies of various patellofemoral
disorders, but has not been formally validated for use in a patellofemoral OA population[144148].

The PFOOS instrument developers kept all items of the KOOS and added new items based on
current knowledge about patellofemoral OA. This was done in consultation with relevant content
experts[149] that attended the Second International Patellofemoral Pain Retreat held in Belgium
in 2011 (thus a sample of convenience). This included surveys provided to orthopaedic surgeons
(n=3), rheumatologists (n=1), sports physicians (n=2), medical doctors (n=1), physical therapists
(n=7) and researchers who are active in the field of patellofemoral pain (n=14). Importantly,
patients (n=44) were also contacted directly for initial content input. The surveys consisted of
open ended questions, and all recommended items were included in the initial draft of the
PFOOS. Twenty patients then completed the instrument to pilot the items. This sample size is
consistent with recommended sizes (eight to 15) aimed to ‘sample to redundancy’ [32].
Cognitive debriefing followed, in which the patients were asked specific questions about how
they interpreted and understood different aspects of the instrument. Items were modified or
removed following this feedback process to create the preliminary PFOOS (see Appendix A).
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2.1.4

Study objective

The purpose of this study was to evaluate the validity, reliability and interpretability of the
preliminary version of the PFOOS.

2.2 Methods
2.2.1

Study design

This was a validation study with methods designed and results reported to satisfy the COSMIN
guidelines for evaluation of measurement properties of patient reported outcome
instruments[61]. In addition, where possible I incorporated the reporting recommendations of the
CONSORT guideline’s ‘STARD Initiative’[150] (“Standards for Reporting of Diagnostic
Accuracy”) since the CONSORT guidelines[151] do not currently offer recommendations
specific to the reporting of measurement properties of non-diagnostic health outcome
instruments.

This study represented Phase 2 in the development of the instrument (Phase 1 being item
generation, see Section 2.1.3). Validation (beyond content validation, which was established in
Phase 1) was achieved through hypothesis testing (convergent, divergent, and known groups
validation) and reliability was examined through evaluating internal consistency, test-retest
reliability, and measurement error. Alternate forms reliability (online vs. paper-and-pencil) was
also evaluated through a nested cross-over study design. Item reduction was considered based on
item performance. Minimal detectable change (MDC) and minimal clinically important
difference (MCID) was estimated and potential for floor and ceiling effects evaluated to enhance
interpretability.

2.2.2

Participants

Eligible participants were adults aged 18 or older and 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 rating scale

•

Aggravated by tasks known to load the patellofemoral joint: squatting/crouching,
ascending or descending stairs, rising from sitting, running

•

Pain of at least three months duration
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Exclusion criteria included diffuse or generalized knee pain; history of total knee or total hip
replacement; or any severe trauma to the target knee in the previous year, such as meniscal
injury or surgery.

2.2.3

Recruitment

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

Interested individuals contacted a study coordinator or research assistant by telephone or e-mail.
Screening was conducted via telephone (very rarely, e-mail was used for screening). I then
mailed study packages to eligible individuals who provided verbal approval to participate in the
study. Within the study package was written information about the study and a consent form to
participate. Individuals were encouraged to contact the study coordinator with any questions
prior to giving free and informed written consent.

2.2.4

Ethics

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

2.2.5

Outcome measures

The primary outcome of interest was the PFOOS. Participants also completed the Kujala
Anterior Knee Pain Scale (AKPS)[50] and the Short Form 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 validation study. The preliminary version of the
scale consists of five subscales: Symptoms including stiffness (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 of Life (QOL) (five items). Individuals were
asked to answer the questions with regards to their symptoms during the past week. The response
scheme was similar throughout the subscales, with five graded response options in an adjectival
scale ranging from zero to four, with zero representing ‘no problem’. Adjectival scales are
unipolar in nature, meaning an individual chooses options ranging from none of the item
characteristic to maximal item characteristic. This is in contrast to a Likert scale, which is
bipolar and ranges from maximally endorsing an item to maximally rejecting an item[32]. Each
subscale is summed, expressed as a percentage of the subscale, then reported as [100 – score], so
that each subscale ranges from zero – 100, with 100 representing no disability and 0 representing
maximum disability. Each subscale, while ordinal in nature, is treated statistically as an interval
scale, based on recommendations that severe bias is not introduced unless score distributions are
severely skewed[32, 152]. See Appendix A for the full preliminary questionnaire.

Anterior Knee Pain Scale (AKPS)
The AKPS[50] is commonly used to evaluate patellofemoral disorders[69, 153-157] and is
currently one of the only acceptable quality PROMs for anterior knee pain available[69, 137].
Also known as the Kujala Scale in recognition of the scale’s developer, the tool consists of 13
items. Response options are specific to each question and weighted such that summing all item
scores provides a total score out of a possible maximum of 100. The scale, like the PFOOS, is
treated statistically as an interval level scale. The highest score of 100 represents no disability,
and 0 represents maximum disability. Strengths of the scale include its common use in the
literature; ease of use (short); established test-retest reliability and internal consistency with
patellofemoral pain syndrome (PFPS)[69, 129, 131] and patellofemoral instability[55];
established known groups validation in separating those with or without PFPS[50] and in
separating single vs. recurrent dislocations[55]; and convergent validation where self-reported
improvements correlated with AKPS scores[69]. Limitations of the scale include: time frame for
symptoms not specified; not a unidimensional scale; no patient input in scale development (i.e.
content validity); use of ‘jargon’ language in several items (“atrophy”, “flexion deficiency” and
“subluxation”); only three or four response options for seven of the 13 items (loss of
discriminative information); arbitrary weighting of response options; and concerns of narrow
content width[55, 131]. See Appendix B for the full questionnaire.
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Short Form (36 item), version 2 (SF-36v2)
The Australian English version of the SF-36 version 2 questionnaire was used for this study[44,
158]. This is a generic HRQOL instrument that asks individuals to consider the past four weeks
when answering the 36 items. The scale is divided into eight subscales: general health (GH);
physical function (PF); role physical (RP); bodily pain (BP); vitality (VT); social function (SF);
role emotional (RE); and mental health (MH). In addition, the subscales are combined and
weighted to form two larger subscales, the Physical Component Summary (PCS) and Mental
Component Summary (MCS). The response options vary by question from three to six options,
and are adjectival in nature. For scoring purposes, initial scores (ranging from zero to a
maximum of six, depending on the item) are converted into a score out of 100, and are treated as
interval level subscales. Like the PFOOS and AKPS, the highest score of 100 represents no
disability, and 0 represents maximum disability. Scores for each subscale are then obtained
through use of proprietary software that offers both a raw score and a norm-based score
considering sex and age. Strengths of the SF-36 include extensive studies of validity and
reliability across a spectrum of clinical populations, including well over 1000 publications using
the SF-36[44]; and the benefits of being a generic scale that offers the ability to compare scores
across different populations. Limitations include the fact that generic scales tend to be less
responsive than population-specific instruments. The SF-36 is used extensively in the literature,
has well-documented validity and reliability across multiple populations, and is a generic scale
thus enhancing generalizability across studies and populations[32, 55]. See Appendix C for the
full questionnaire.

2.2.6

Test administration

Questionnaires were mailed to all study participants at baseline. At their convenience, they
completed a pencil-and-paper version of the PFOOS, AKPS[50], and SF-36[44, 158], along with
some demographic questions (age, sex, height, weight, knee pain history, current knee-related
limitations, surgical history, physical activity, and format preference i.e. online vs. paper).
Within 48 hours, a subset of participants completed the same three questionnaires in an online
format using Survey Monkey[159]. All participants then completed the PFOOS within 1-2
weeks of baseline. At this time point, participants completed either the paper-and-pencil version,
the online version, or both versions. For consistency, the order of the questionnaires in the paper
version was the same as the order of the questionnaires online. However, given participants were
completing the questionnaires from home, there was no explicit control over the order in which
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they completed the forms. In order to enhance participant adherence, reminders were provided to
participants via telephone and/or e-mail if completed questionnaires were not returned within the
expected time frame (i.e. 1-2 weeks for paper versions, 3-5 days for online versions - see
Sections 2.2.12 and 2.2.14 for more details about time intervals for questionnaire completion).
2.2.7

Statistical methods

Descriptive statistics, including central tendency and distributions, were presented graphically
and in tables. Exploratory statistics included evaluating PFOOS scores by age and sex. All
questionnaires (PFOOS, AKPS, and SF-36) were treated statistically as interval level scales. All
statistical analysis was done using Stata Intercooled 12.0 (StataCorp, Texas, USA).

2.2.8

Sample size

I aimed to enroll 50 in this study based on recommended sample sizes for this type of study[32,
83]. This sample size is adequately powered for determining MCID, MDC, floor and ceiling
effects, and reliability (test-retest) estimates[79, 83, 160]. More specifically, with a sample size
of 43, Coons et al.[79], using Walter’s sample size estimation methods[160], determined that a
study has 80% power to assert that reliability will exceed 0.70 with 95% confidence, if the true
population reliability coefficient is 0.85. Importantly, Cicchetti[161, 162] also argues that
increasing sample size beyond 50 is unnecessarily costly given the lack of clinically meaningful
improvement in precision that a larger sample size would offer.

2.2.9

Item reduction

The process of item reduction was based on the completed baseline questionnaires. I evaluated
the paper-and-pencil format separately from the online format. Following this, I combined the
two formats and performed a third evaluation. To consider an item for deletion (or modification),
I evaluated all of the following possible indicators of an unsuitable item:
•

Endorsement of more than 50% on the “no problem” response option

•

Endorsement of more than 95% or less than 5% on any single response option

•

Mean item score of less than 1

I defined performance of an item to be inadequate, and therefore a candidate for deletion, if all of
these indicators were present. To accommodate items performing at the cusp of adequate
performance (i.e. for further evaluation), I chose to keep items performing within a 15% window
of these criteria. Therefore, for an item to be deleted, it must have at least 3 of the following:
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endorsement of >58% ‘no problem’; endorsement of >96% or <4% of any item; and mean score
<0.85. Additional considerations included missing items (and reasons for missing), feedback
from participants regarding any item or response option, clinical considerations, as well as
changes to internal consistency statistics (see Section 2.2.13) with an item removed.

2.2.10 Scoring and missing data
At baseline, missing items were quantified and described. Data missing were characterized as
either: (i) an item left blank (whether unintentional or not); or (ii) an item where the ‘not
applicable’ (N/A) box was selected. Missing responses for each item were reported for the entire
sample as number of occurrences and as a percentage. The total number of missing responses
(i.e. across all five subscales combined) was also reported, and expressed as a percentage of the
total number of items for the entire PFOOS scale. Less than 5% missing was considered
acceptable[163-165].

Missing items were handled using ‘person mean imputation’ for all valid subscales as has been
done by the KOOS and is recommended by others (further described below)[32, 163, 165-170].
To confirm the appropriateness of this method, I quantified the amount of missing data and also
looked for patterns of missingness among all variables. I then looked for a possible mechanism
of missingness by creating a new dichotomous variable for each item (missing vs. non-missing)
and evaluating correlations between these new variables and other variables (sex, age, pain
severity, BMI, laterality of affected knee, traumatic vs. insidious onset, history of surgery,
physical activity level, and access to a computer).

For scoring, when marks were placed outside a box, the closest box was chosen as the item
response. For situations where two boxes were selected, the box representing the more severe
answer was selected. For scoring purposes there was a set limit to the number of missing items
allowable for each subscale for each individual, based on the KOOS guidelines for determining
if a subscale is valid[166]. These guidelines were updated in 2012. I therefore used both the
original and updated methods and did a sensitivity analysis to compare the two approaches.
Using the original method, an individual’s score could be calculated (i.e. considered valid) for
each subscale provided no more than two items were missing. Using the new method, a score
could be calculated for each subscale provided at least half of the items within the subscale were
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answered, consistent with methods recommended elsewhere[58, 171]. Since each subscale
functions independently, all valid subscale scores were reported.

To score each valid subscale, all responses were first summed. In the case of missing responses,
person mean imputation was employed: the average of all remaining complete subscale items
was imputed into the missing response(s). The raw score was then converted to a standardized
score by dividing it by the total maximum possible score for that subscale (i.e. number of items
times four) and multiplying by 100 (i.e. expressed as a percentage). Finally, this number was
transformed by subtracting it from 100, giving a score out of 100 where 100 represents no
problem and zero represents extreme problems.

Missing data were left in an uncleaned state (i.e. missing) for the purposes of item reduction.
Also, mean subscores and standard deviations were compared in a raw state (complete case
analysis, where any missing item renders that individual’s score invalid)[170, 172] and in a
cleaned state (person mean imputation and remove invalid subscales) to look for potential bias.
For all other evaluations of validity and reliability, the cleaned and imputed data were used for
analysis. Central tendencies and distributions for the PFOOS subscores were presented as a full
sample and were also reported by sex and by age category. For age category, participants aged
40 years or less were compared to participants aged 50 years or greater to more fully elucidate
any possible difference with age (also it is more likely that a younger sample is presenting with
patellofemoral pain syndrome vs. patellofemoral OA, which would be more probable in an older
sample).

2.2.11 Floor and ceiling effects
The potential for floor or ceiling effects was evaluated by calculating the percentage of
participants achieving scores equaling zero for each subscale (floor) and the percentage
achieving scores of 100 for each subscale (ceiling)[33, 100, 101]. Up to 15% of participants
scoring at either scale extreme was considered acceptable[100].
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2.2.12 Alternate forms reliability
Alternate forms reliability was completed by comparing completion of the PFOOS in two
different formats, online (Survey Monkey) and pencil-and-paper. Participants completed the two
versions within 48 hours at baseline, and again 1-2 weeks later. This time interval is most likely
to capture stable symptoms across test administrations[32, 173].

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

2.2.13 Internal consistency
Internal consistency was evaluated using Cronbach’s alpha (α), reported together with average
inter-item correlation[42, 82]. Cronbach’s α will ideally fall between 0.7 and 0.9[32]. Less than
0.7 may call into question the unidimensionality of the subscale; more than 0.9 may suggest item
redundancy. Mean inter-item correlation should be moderate, ideally at least 0.25[32].

2.2.14 Test-retest reliability
Test-retest reliability was assessed on completion of the PFOOS at two time points by each
participant, 1-2 weeks apart[32, 57, 83]. This time interval is optimal since with a longer time
period the underlying condition and symptoms are more likely to have changed; and with a very
short interval there may be bias due to the influence of memory of the first test, or fatigue, on the
second test administration[32, 173].
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Prior to assessing test-retest reliability, alternate forms reliability was assessed to determine if
the two formats are equivalent. If equivalent, test-retest reliability was to be assessed on all
participants; if not equivalent, this statistic would be evaluated for each format separately.
A Bland-Altman plot[174] was done initially to evaluate the potential for outliers and to confirm
homoscedasticity. Following this, repeated measures ANOVA was used to assess for any
systematic differences between the two time points. Finally, ICC3(A,1) was used to evaluate
test-retest reliability[85, 175]. ICCs of at least 0.7 were considered to represent adequate
reliability[57, 83].

Measurement error was reported with the reliability coefficient as the standard error of
measurement (SEM). SEM should be relatively small in comparison to the range of scores
expected in a target (i.e. clinical) population, as well as small in comparison to the expected
difference scores[32]. Therefore, SEM values of less than 10 points (i.e. 10% of scale width)
were considered acceptable.

2.2.15 Interpretability
Minimal detectable change was calculated at 90% confidence (MDC90) [33, 86, 87, 95]. This
statistic is appropriate for individuals. In consideration for situations where changes are being
evaluated as sample means, the group MDC90 was also reported by dividing the individual
MDC90 by √& [83, 97, 98].

The MCID was calculated using Norman’s distribution-based method[99]. It was calculated as
half of a standard deviation of the baseline subscores.

2.2.16 Construct validation: convergent and divergent validation
The following a priori hypotheses were posited regarding the relationship between PFOOS
scores, the AKPS, and the SF-36v2:
a. (H1): All PFOOS subscales will correlate with the AKPS more so than the SF-36 physical
subscales (Physical Component Summary [PCS], PF [physical function], RP [role physical],
BP [bodily pain] and GH [general health]); and in turn more so than the SF-36 mental
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subscales (Mental Component Summary [MCS], VT [vitality], SF [social function], RE
[role emotional] and MH [mental health])
b. (H2): Correlations between the PFOOS and the AKPS will be higher in the ADL, QOL and
SPR subscales than the Symptoms and Pain subscales
c. (H3): Correlations between the PFOOS and pain intensity (Numeric Pain Rating Scale) at
baseline will be higher in the Pain subscale than the remaining subscales
d. (H4): Correlations between the PFOOS and pain severity (on a five-point adjectival scale) at
baseline will be higher in the Pain subscale than the remaining subscales.

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

2.2.17 Construct validation: known groups validation
A general question asked participants “How would you rate your knee pain?” and offered five
possible response options (no problem, mild, moderate, somewhat severe, and severe). A second
question used the Numeric Pain Rating Scale (NPRS) and asked “How would you rate your level
of knee pain?” with 11 response options ranging from zero “No pain” to 10 “Worst Imaginable
Pain”. The following a priori hypotheses were posited:
a. (H5): Participants who subjectively rate symptoms as ‘moderate’, ‘somewhat severe’, or
‘severe’ on the first general pain question will have lower PFOOS scores than those who
rate their pain as “no problem’ or ‘mild’.
b. (H6) Participants rating their pain on the NPRS between six – 10 will have lower PFOOS
scores than those who rate their pain between zero – five.

Welch’s two-sample t-test were used for known groups validation, 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 September, 2012. Eighty-three individuals were
screened for eligibility, and of those 29 were excluded, leaving 54 who participated in the study
(see Figure 2.1 for flow chart). A description of the participants included in the analysis is
presented in Tables 2.1 and 2.2.

Figure 2.1 Flow diagram for recruitment. Note 39 participants completed paper format at Time 1, and 30 completed
online format (some of whom completed both formats, n=15). 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 variables except sex, where N=54
Table 2.2 Descriptive statistics of study participants (N=52*)
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)
3 – 300
Duration of current episode (months)
53.9 (75.4)
0.5 – 300
*Missing data for these variables on 2 participants

36

Of the 54 participants, all participants completed at least one format (online and/or paper) of all
three questionnaires at baseline. Fifty completed at least one format of the PFOOS at retest.

2.3.2

Item reduction

Results for item performance are presented in Tables 2.3 through 2.7. Since there were no items
where a single response option had greater than 95% endorsement, this indicator is not presented
in the tables. Also, under missing items, only N/A or ‘not completed’ is reported. However,
administrative error rendered eight participants’ paper-and-pencil scores invalid in three
subscales (Pain, ADL, and Sports/Rec). Two of those eight participants had also completed an
online form. Therefore, for those three subscales, there were 48 completed scales. For QOL, 1
person missed the entire subscale on paper, which was positioned on the back of the last page of
the questionnaire, leaving 53 completed QOL subscales.

Symptoms subscale: I deleted items S4 and S5 based on their performance (see Table 2.3).

Pain subscale: I deleted item P7 based on performance (see Table 2.4). Items P3, P5, P9 and P8
performed questionably but were kept since they performed within the 15% window of my
defined cut-points. Despite the high number of missing responses for item NP14, I kept this item
based on the clinical importance of the task “hopping/jumping” for athletes (non-athletes can
choose N/A without invalidating the subscale).

Function, Activities of Daily Living (ADL) subscale: I elected to delete items A6 and A17 based
on performance (see Table 2.5). Items A4, A8, A9, A10, A11, A12, A13 and A14 performed
within the 15% window of my established cut-points and were therefore kept.

Function, Sports & Recreation (SPR) subscale: All five items were kept in this subscale (see
Table 2.6). With the exception of a high percentage of missing responses here, performance on
each item was very good. It was expected that some items would not apply to non- athletes or
those who do not participate in active recreation activities for lifestyle choices rather than due to
their anterior knee symptoms.
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Quality of Life (QOL) subscale: All items were kept in this subscale based on performance (see
Table 2.7).

Table 2.3 Item performance for Symptoms, combined format (N = 54)
ITEM

S1
S2
S3
S4
S5
S6
S7
NS8

Response options
with <5%
endorsement
4
3,4
2,3,4
3,4
4
3,4
3,4

>50% respond
“No Problem”

Mean
score <1

Missing responses
(% of that item)

Decision

83.3%
70.37%
-

1.0
0.3
0.5
-

1 incomplete (2%)
-

DELETE
DELETE
-

Table 2.4 Item performance for Pain, combined format (N = 48*)
ITEM

>50% respond “No
Problem”

Mean
score <1

Missing responses
(% of that item)

Decision

P1
P2
P3
P4
P5
P9
P7
P8
NP9
NP10

Response options
with <5%
endorsement
0
3,4
4
3,4
3,4
2,4
3,4
4
0

55.32%
63.83%
52.08%
-

0.7
0.7
0.6
0.6
0.7
-

DELETE
-

NP11
NP12

0
4

-

-

P13
NP14
NP15
NP16
NP17
NP18

-

-

-

NP19

2

-

-

2 N/A (4%)
1 N/A (2%)
1 incomplete (2%)
1 N/A (2%)
1 N/A
(2%)
1 incomplete, 1 N/A
(4%)
6 N/A (13%)
2 N/A (4%)
2 N/A (4%)
1 incomplete
(2%)
2 incomplete
(4%)

-

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

>50% respond “No
Problem”

Mean
score <1

Missing responses
(% of that item)

Decision

A1
A2
A3
A4
A5
A6
A7
A8
A9
A10
A11
A12

Response options
with <5%
endorsement
4
4
3,4
4
3,4
4
3,4
3,4
3,4
3,4
4

56.25%
60.42%
52.08%
57.45%
58.33%
56.52%

0.6
0.6
0.6
0.6
0.8
0.6
0.7

DELETE
-

A13

3,4

57.14%

0.6

1 N/A (2%)
1 incomplete, 1 N/A
(4%)
1 incomplete, 12 N/A
(27%)
1 incomplete (2%)
4 N/A (8%)
-

A14
3,4
50.00%
A15
3,4
A16
4
A17
3,4
60.42%
*Six subscales invalid due to administrative error

0.7
0.9
0.5

DELETE

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

SP1
SP2
SP3

Response options
with <5%
endorsement
0
-

>50% respond “No
Problem”

Mean score
<1

Missing responses
(% of that item)

Decision

-

-

3 N/A (6%)
3 N/A (6%)
2 incomplete, 10
N/A (25%)
3 N/A (6%)
3 N/A (6%)

-

SP4
SP5
*Six subscales invalid due to administrative error

-

-

Table 2.7 Item performance for Quality of Life (QOL), combined format (N = 53*)
ITEM

Response options
>50% respond “No
with <5%
Problem”
endorsement
P1
0,1
P2
P3
4
P4
0,4
P5
*One participant left this entire subscale blank

Mean score
<1

Missing responses*
(% of that item)

Decision

-

1 incomplete (2%)
1 incomplete (2%)
1 incomplete (2%)
1 incomplete (2%)
1 incomplete (2%)

-
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2.3.3

Scoring and missing data

Missing responses for each preliminary item are reported above in Tables 2.3 through 2.7. In
Table 2.8, missing responses for the reduced scale are presented by subscale and by format. At
least one item was missing in 14 out of 39 participants who completed the paper-and-pencil
format at baseline (36% of subsample) and in 15 out of 30 participants who completed the online
format (50% of subsample). As anticipated, there were more missing responses in the paper-andpencil format than the online format, however, missing responses did occur online, something
that Survey Monkey is supposed to prevent by not allowing a responder to move to the next item
until they have selected a response. For the full PFOOS scale, participants either missed or
selected N/A on 3% of responses on paper; 2% of responses online; and 3% of responses in the
combined format (latter not shown). For each subscale, the percentage of missing items was less
than 5% except Sport/Recreation which was 13% on paper; 6% online (Table 2.8) and 10%
combined (latter not shown). No patterns emerged among the missing points, and correlations
between missingness and other variables showed no to low-moderate correlations (maximum
0.28), confirming the data were likely ‘missing at random’.

Invalid subscales, comparing both methods, are reported in Table 2.9. There were no invalid
subscales by either scoring method for the Symptoms subscale. For Pain, two participant scores
were invalid using the pencil-and-paper format and original scoring method only. For ADL, one
participant score was invalid using the online format and original scoring method only. For
Sport/Recreation, four participant scores were invalid using the pencil-and-paper format,
regardless of the scoring method. For Quality of Life, one participant score was invalid using the
pencil-and-paper format, using both scoring methods. The only differences between the two
methods, therefore, were in regards to two Pain subscales (paper format) and one ADL subscale
(online format).
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Table 2.8 Missing items (incomplete or N/A) at baseline, by subscale and format
Subscale (# items)
Symptoms (6)
Paper
Online
Pain (18)
Paper

Online

Function, ADLs (15)
Paper

Online

Sport/Recreation (5)
Paper

Online

Quality of Life (5)
Paper

n

Incomplete (n)

N/A(n)

% of responses missing

39
30

S1 (1)
-

-

0%
0%

31*

NP12 (1)
NP14(1)
NP15(1)
NP19(3)

P2 (2)
NP10 (1)
NP12 (1)
NP14 (3)
NP15 (1)
NP16 (1)

3%

30

P4(1)
P9 (1)
NP18(1)
NP19(1)

P5 (1)
NP14(3)
NP15(2)
NP16(1)

2%

31*

A16(1)

A7 (1)
A13 (6)
A16(1)

2%

30

A12 (1)
A13 (1)
A15(1)

A9 (1)
A13 (7)
A16(3)

3%

31*

SP2(1)
SP3(2)
SP4 (1)

SP1(2)
SP2(2)
SP3(6)
SP4(3)
SP5(3)

13%

30

-

SP1(1)
SP2(2)
SP3(6)

6%

39

Q1 (1)
Q2 (1)
Q3 (1)
Q4 (1)
Q5 (1)

-

3%

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 paper format were invalid for 8 participants and were therefore excluded
from analysis
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A sensitivity analysis revealed differences in means between scoring methods of no more than
0.8%, and Welch’s two-sampled t-tests revealed the differences were not statistically significant.
Therefore, all subsequent analysis was performed and reported using the newer scoring method
(i.e. where up to 50% of items can be missing in a given subscale and still included for analysis).
Importantly, after the invalid subscales were removed, the percentage of missing items in
Sport/Recreation (which had been 13% on paper, 6% online, and 10% combined format) was
reduced to below a preferred cut-point of 5%.

Table 2.9 Invalid subscales at baseline, by format (substantial missingness is in bold)
Subscale (# items)
Symptoms (6)
Paper
Online
Pain (18)
Paper

Online
Function, ADLs (15)
Paper
Online

Sport/Recreation (5)
Paper

Online
Quality of Life (5)
Paper
Online

Number of missing
items (n)
1 missing (1)
1 missing (4)
2 missing (1)
4 missing (1)
5 missing (1)
1 missing (7)
2 missing (2)
1 missing (7)
2 missing (1)
1 missing (6)
2 missing (2)
4 missing (1)
1 missing (4)
3 missing (2)
5 missing (2)
1 missing (3)
2 missing (3)
5 missing (1)
-

Invalid with original
method
>2 items missing
>3 items missing
2 invalid

Invalid with
updated method
>3 items missing
>9 items missing
-

-

-

>3 items missing
-

>7 items missing
-

1 invalid

-

>2 items missing
4 invalid

>2 items missing
4 invalid

-

-

2+ items missing
1 invalid
-

2+ items missing
1 invalid
-

At retest, there were four missing cases, therefore only 50 of the 54 participants completed a
retest questionnaire. Of the completed pencil-and-paper format questionnaires, there were three
invalid Sports/ Recreation subscales. Online, there two invalid Sports/Recreation subscales.

Using complete case analysis resulted in subscores based on a reduced sample of 53
(Symptoms); 35 (Pain); 32 (ADL); 37 (Sport/Rec); and 53 (QOL) participants. This can be
compared with the larger sample size using the person mean imputation method of 54
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(Symptoms); 48 (Pain); 48 (ADL); 45 (Sport/Rec); and 53 (QOL). The differences in subscale
means for the two methods of handling missing data differed by no more than 2.3%, and
Welch’s two-sampled t-tests revealed that these differences were not statistically significant.

Mean scores and standard deviations for the baseline PFOOS subscales that were valid are
reported in Table 2.10. In total, 39 participants completed the paper-and-pencil format, while 30
completed the online format. Any difference in scores by format here should not be compared
directly (e.g. for reliability) since it is two different sub-samples for each format, with some
sample overlap (see Section 2.3.5 for more accurate comparison of formats). Figure 2.2 provides
a visual representation of the PFOOS subscore distribution using histograms. Distribution was
approximately normal with the exception of Sports/Recreation.
Table 2.10 PFOOS baseline scores, by format
Paper-and-pencil
Online*
Combined formats#
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
Pain^
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 scores (i.e. reporting only scores of participants who completed
both formats), see Section 2.3.5
#
Combined by adding online scores wherever paper score not available (39 paper, 15 online)
^With 2 subscales removed (invalid by original scoring method), combined mean remains 56.9, SD becomes 16.3
(n=46). No statistically significant difference.
+
With 1 subscale removed (invalid by original scoring method), combined mean increases to 75.6, SD becomes 16.9
(n=47). No statistically significant difference.
PFOOS
Subscale
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Figure 2.2 Histogram for each subscale of the PFOOS

PFOOS subscores are presented by sex and age category in Table 2.11. Unadjusted two-tailed
Welch’s t-tests revealed no statistical difference by sex or age. Score means and distributions for
the AKPS and SF-36 subscales are presented in Table 2.12.
Table 2.11 PFOOS baseline scores, by sex and by age
PFOOS

Symptoms
Pain^
ADL+
Sport/
Recreation
Quality of
Life

Men
Mean (SD)
n
63.5 (14.9)
n=20
58.1 (15.3)
n=18
76.9 (17.2)
n=18
49.4 (30.9)
n=18
49.5 (14.6)
n=20

Women
Mean (SD)
n
63.1 (16.1)
n=34
56.2 (16.6)
n=30
73.6 (18.0)
n=30
41.6 (25.8)
n=27
45.4 (17.6)
n=33

p

0.92
0.70
0.53
0.39
0.37

Age ≤40
Mean (SD)
n
65.0 (17.6)
n=25
58.7 (17.3)
n=22
78.5 (17.1)
n=22
53.5 (22.3)
n=21
49.6 (15.0)
n=24

Age ≥50
Mean (SD)
n
58.7 (10.8)
n=19
53.7 (14.4)
n=17
67.5 (17.5)
n=17
39.0 (28.4)
n=16
44.2 (17.2)
n=19

p

0.15
0.33
0.06
0.10
0.29
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Table 2.12 AKPS and SF-36 baseline scores, by format
Instrument

AKPS
SF-36 v2
PCS^
^

MCS

Paper-and-pencil

Online

Mean(SD)
n=39
68.0 (12.6)

Mean(SD)
n=30, 15*
61.2 (13.3)

Combined
formats#
Mean(SD)
N=54
65.9 (12.6)

46.5 (7.6)

48.9 (6.7)

47.1 (7.4

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)

^

68.8 (22.6)

67.56 (21.4)

68.4 (22.1)

^

57.8 (15.1)

GH
VT

59.1 (15.3)

54.2 (14.5)

^

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)

SF

*n=30 for AKPS. For SF-36, n=15 since resource priority for use of proprietary software went to paper format (30
questionnaires were completed, but of those 15 had paper versions and therefore only the paper version was scored)
^
PCS = Physical Component Summary; MCS=Mental Component Summary; PF=Physical Function; RP =Role
Physical; BP =Bodily Pain; GH =General Health; VT =Vitality; SF =Social Function; RE =Role Emotional; MH
=Mental Health

2.3.4

Floor and ceiling effects

There were no floor or ceiling effects in any of the PFOOS subscales. In the Sport/Recreation
subscale, three participants scored zero (7% of sample). There were no other scores of zero or
100 in any subscale. For the AKPS there were also no floor or ceiling effects, with no scores of
zero or 100. Ceiling effects were present in the SF-36 for three subscales (Role Physical 59.3%;
Social Function 53.7%; and Role Emotional 70.3%). There were no floor effects in any SF-36
subscale, though Role Physical was close with 12.9% scoring zero.

2.3.5

Alternate forms reliability

Comparison of paper-and-pencil format to online format of the PFOOS is presented in Table
2.13. Mean difference between the two formats ranged by subscale from 0.3% to 2.7%. Repeated
measures ANOVA of each subscale revealed that these differences were all non-significant. The
absolute ICC reliability coefficients were all ≥ 0.80.

In comparing alternate formats (Table 2.13) to paper only formats (Table 2.14), ICCs were lower
for paper only in three of the subscales (Symptoms, Pain and ADL) and higher for two subscales
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(Sport/Rec, QOL). In addition, the mean differences between paper only test administrations
was larger in four of the subscales (all except Sports/Recreation) compared to alternate forms.
With online only formats (Table 2.15), ICCs were higher for all five subscales compared to
paper only; and higher in four subscales compared to alternate forms.

These results confirmed paper and online format equivalence. Therefore, all remaining analyses
(internal consistency, hypothesis testing, test-retest reliability, measurement error, MDC and
MCID) were completed using the larger sample size that combined both formats.

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

n

Symptoms

31

Pain

26

Function, ADLs

26

Function, Sports/
Recreation
Quality of Life

26
31

Paper
Mean
(SD)
64.5
(12.9)
60.6
(14.2)
76.0
(14.8)
52.6
(26.2)
50.0
(15.2)

Online
Mean
(SD)
64.8
(14.7)
61.3
(15.2)
77.8
(12.6)
50.3
(26.8)
52.7
(18.0)

Mean
Difference
(%)
0.3%

ANOVA
p-value

ICCA(3,1)
[95%CI]

SEM

0.86

6.2

0.7%

0.57

1.8%

0.10

2.3%

0.46

2.7%

0.12

0.80
[0.63,0.90]
0.92
[0.83,0.96]
0.91
[0.80,0.96]
0.83
[0.65,0.92]
0.83
[0.68,0.91]

4.2
4.0
11.1
6.7

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

n

Baseline
Mean
(SD)

Retest
Mean
(SD)

Symptoms

31

Pain

27

Function, ADLs

27

Function,
Sports/
Recreation
Quality of Life

21

65.6
(13.6)
59.2
(15.0)
74.2
(15.1)
46.1
(29.1)

68.0
(13.3)
62.1
(13.6)
76.5
(11.3)
47.6
(26.2)

46.7
(16.0)

50.3
(15.5)

30

Mean
Difference
(% of scale
range)
2.4%

ANOVA
p-value

ICC3(A,1)
[95%CI]

SEM

0.23

7.4

2.9%

0.08

2.3%

0.22

1.5%

0.56

0.70
[0.46,0.84]
0.82
[0.64,0.91]
0.75
[0.52,0.88]
0.91
[0.80,0.96]

3.6%

0.01

0.87
[0.71,0.94]

5.9
6.6
8.2

5.2
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Table 2.15 Summary of online vs. online versions of the PFOOS
Subscale

n

Baseline
Mean
(SD)

Retest
Mean
(SD)

Symptoms

23

Pain

23

Function, ADLs

23

Function,
Sports/
Recreation
Quality of Life

21

60.0
(14.7)
55.5
(17.8)
74.6
(18.2)
45.2
(28.6)

60.4
(16.8)
58.8
(16.0)
74.9
(16.9)
49.0
(32.3)

47.3
(18.4)

50.0
(18.7)

2.3.6

24

Mean
Difference
(% of scale
range)
0.4%

ANOVA
p-value

ICC3(A,1)
[95%CI]

SEM

0.78

5.5

3.3%

0.01

0.3%

0.89

3.8%

0.09

0.88
[0.74,0.95]
0.92
[0.79,0.97]
0.82
[0.62,0.92]
0.94
[0.86,0.98]

2.7%

0.25

0.89
[0.75,0.95]

4.2
7.6
6.9

6.3

Internal consistency

Internal consistency is reported in Table 2.16. Three of the five subscales fell within the ideal
range of 0.7 – 0.9 (Pain, Sports/Recreation and QOL). The Symptoms subscale fell below at
0.61, with inter-item covariance slightly low at 0.24. The ADL subscale was higher than ideal at
0.94, though average inter-item covariance was acceptable.
Table 2.16 Internal consistency for PFOOS scores at baseline – combined formats (N=54)
Subscale

n

Symptoms
Pain
Function, ADLs
Function, Sports/Recreation
Quality of Life

54
48
48
45
53

2.3.7

Number of
items
6
18
15
5
5

Average inter-item
covariance
0.24
0.36
0.47
1.11
0.34

Cronbach’s α
0.61
0.89
0.94
0.90
0.78

Test-retest reliability

Reliability coefficients (ICC3(A,1)) and respective standard errors of measurement (SEM) are
reported in Table 2.17. Mean differences from baseline to retest range from 0.4% to 3.9%.
Unadjusted p-values of less than 0.05 were noted for Pain (p=0.01) and QOL (p=0.00) with
differences between baseline and retest scores for these two groups of 3.3% and 3.9%,
respectively. Reliability coefficients were all acceptable, ranging from 0.79 to 0.91.
Measurement error (SEM) was also acceptable, ranging from 5.9 to 8.5 points.
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Table 2.17 Summary of test-retest reliability and associated measures for PFOOS
Subscale

n

Baseline
Mean
(SD)

Symptoms

49

Pain

43

Function,
ADLs
Function,
Sports/
Recreation
Quality of
Life

43

64.6
(14.2)
57.0
(16.5)
74.3
(17.1)
47.1
(28.4)

65.0
(15.8)
60.3
(15.1)
75.2
(14.3)
48.4
(29.1)

46.5
(16.9)

50.4
(17.2)

2.3.8

38

48

Retest
Mean
(SD)

Mean
Difference
(% scale
range)
0.4%

ANOVA
p-value

ICC3(A,1)
[95%CI]

SEM

MDC90

0.77

6.5

15.2

2.2

7.1

3.3%

0.01

5.9

13.8

2.1

8.3

0.9%

0.57

7.8

18.2

2.8

8.6

1.3%

0.52

0.79
[0.66,0.88]
0.87
[0.74,0.93]
0.79
[0.64,0.88]
0.91
[0.84,0.95]

8.5

19.8

3.2

14.2

3.9%

0.00

6.1

14.2

2.0

8.5

0.87
[0.73,0.93]

MDC90 MCID
÷ √*

Interpretability

MDC at 90% confidence (MDC90) is reported in Table 2.17. MDC90 is reported at the individual
level as well as at the group level (MDC90/√&). MCID using Norman’s distribution method[99]
of half a standard deviation is also reported in Table 2.17.

2.3.9

Construct validation: convergent and divergent validation

Pearson correlation coefficients for all hypotheses are reported in Table 2.18. The following
outlines results for each a priori hypothesis:
a. (H1): All PFOOS subscales will correlate with the AKPS more so than the SF-36 physical
subscales (Physical Component Summary [PCS], PF [physical function], RP [role physical],
BP [bodily pain] and GH [general health]); and in turn more so than the SF-36 mental
subscales (Mental Component Summary [MCS], VT [vitality], SF [social function], RE
[role emotional] and MH [mental health]).
Confirmed with notable exceptions. PF presented with the largest correlations across all
five PFOOS subscales than all other SF-36 subscales. RP did not correlate with the PFOOS
as expected. VT correlated better than expected.
b. (H2): Correlations between the PFOOS and the AKPS will be higher in the ADL, QOL and
SPR subscales than the Symptoms and Pain subscales.
Not confirmed. Correlations were similar across subscales, and ranged from 0.59 to 0.71,
with Pain having the highest correlation.
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c. (H3): Correlations between the PFOOS and pain intensity (Numeric Pain Rating Scale) at
baseline will be higher in the Pain subscale than the remaining subscales.
Partially confirmed. Pain and ADL subscales were the highest, with negative correlations
of -0.48 and -0.49, respectively.
d. (H4): Correlations between the PFOOS and pain severity (on a five-point adjectival scale) at
baseline will be higher in the Pain subscale than the ramaining subscales.
Not confirmed. QOL was the highest correlation at -0.55, and ADL was the second highest
at -0.50. Pain was third at -0.44.

Overall, each PFOOS subscale, taken individually, correlated as predicted with the AKPS and
SF-36 subscales. However, when comparing among the PFOOS subscales (e.g. correlation of
one subscale to AKPS compared to another correlation of a subscale to AKPS), the predicted
relationships did not hold as well (see Table 2.18).
Table 2.18 Correlations between PFOOS subscales, AKPS, SF-36, and two pain variables (NPRS and Pain)
Subscale

AKPS

PCS

MCS

PF

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

0.46

-0.06

0.16

0.18

0.26

0.09

0.06

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/
Recreation

0.65

0.18

0.09

0.44

-0.10

0.10

0.27

0.26

0.16

0.04

0.10

-0.21

-0.30

Quality of
Life

0.66

0.36

-0.04

0.45

0.00

0.30

0.31

0.16

0.16

-0.04

0.04

-0.37

-0.55

Legend: AKPS - Anterior Knee Pain Scale; PCS - Physical Component Summary; MCS – Mental Component
Summary; PF – Physical Function; RP – Role Physical; BP – Bodily Pain; GH – General Health; VT – Vitality; SF
– Social Function; RE – Role Emotional; MH – Mental Health; NPRS – numeric pain rating scale.

2.3.10 Construct validation: known groups validation
Mean differences between milder pain (n=21) vs. moderate to severe pain (n=30) sub-samples
are reported in Table 2.19 under the column labeled “Pain severity”, with p-values for Welch’s
two-sample t-test reported in the next column. Mean differences between two groups with lower
(n=36) vs. higher (n=16) pain levels on a NPRS are reported in the column labeled “NPRS”. As
expected, all five PFOOS subscale scores were lower in the group that reported higher pain (for
both pain variables), and these differences were statistically significant in four subscales (all
except Sport/Recreation).
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Table 2.19 Known groups – comparing PFOOS subscales between higher and lower reported pain levels.
Subscale

Pain severity*
Mean difference
8.9
13.1
17.4
12.2

p

NPRS^
Mean difference
12.9
14.7
20.1
9.2

p

Symptoms
0.02
0.01
Pain
0.00
0.00
Function, ADLs
0.00
0.00
Function, Sports/
0.08
0.27
Recreation
Quality of Life
14.3
0.00
13.3
0.00
*Pain: compared milder scores (0, 1) to moderate/severe scores (2, 3, 4)
^NPRS (Numeric Pain Rating Scale): compared pain ratings 0 – 5 to pain ratings 6 – 10
NB: Mean differences were unanimously lower for the higher pain subgroup vs. lower.

2.4 Discussion
This is the first study to evaluate the validity and reliability of a preliminary version of the
PFOOS, a new PROM intended to evaluate pain, symptoms, function and QOL in people with
anterior knee pain or patellofemoral OA. This is an essential step in the development of the
PFOOS, as it provides insight regarding the extent to which 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 equivalently to the paper version, with absolute
agreement ICC3(A,1) of at least 0.80 and non-significant mean differences of no more than
2.7%. These findings are consistent with previous findings comparing alternate forms. In a metaanalysis of 46 publications comparing alternate formats of 278 scales, reliability coefficients
were > 0.75 in 94% of the studies, and mean differences were within +/- 5% in 93% of the
studies.

With equivalence established between the two formats, it is worthwhile to consider whether the
online format may, in fact, be superior to the paper-and-pencil format. For example, missing data
and subsequent subscale validity was less of a problem with the online format in this study.
Using the original method, seven subscales were deemed invalid (due to missing items) using
paper-and-pencil compared to only one in the online format. Using the new method, paper-andpencil had five invalid subscales, and none using the online format. This reduction in missing
data and subsequent increase in the number of valid subscales may in part explain why test-retest
reliability coefficients for the online format (Table 2.15) were higher than for the paper format
(Table 2.14) across all five subscales. Additional benefits of online administration might also
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include reduced risk of data entry errors (again potentially improving reliability), and
convenience for patients (e.g. complete forms at their leisure; potentially less travel time)[34, 78,
79]. In this study sample, access to the internet was reportedly unanimous (except one individual
who left that question incomplete), and 14 expressed preference for the online format, while 36
had no preference and only four preferred the paper-and-pencil format.

2.4.2

Internal consistency

The high α of 0.94 for the ADL subscale could be in part explained by a relatively high number
of items (n=15). It is also possible that some items were redundant. For example, items A3
(“Rising from sitting”), A7 (“Getting in/out of car”), A10 (“Rising from bed”) and A15
(“Getting on/off toilet”) may all be tapping the same functional task, transferring from a seated
to a standing position. In addition, eight items in the ADL subscale (A4, A8, A9, A10, A11,
A12, A13, A14) performed on the cusp (within 15%) of pre-determined cut-points for item
reduction, primarily due to lack of spread of scores throughout the response options. Therefore,
it is likely that several items are contributing to the high internal consistency of this subscale.
In contrast to ADL, the Symptoms subscale had α = 0.61 and inter-item covariance r = 0.24,
suggesting that the Symptoms subscale does not have adequate internal consistency. Looking at
the individual items that comprise this subscale, it is possible that the low α is a reflection of lack
of unidimensionality. To further investigate this subscale, I evaluated item-partial correlation
(correlation of each item to the subscale with the item removed), which Streiner and Norman
indicate should be at least 0.20[32]. I also looked at how Cronbach’s α changed with each item
removed (if an item fits well with the subscale, α should be lower with the item removed)[32].
Item S2 (“Do you feel grinding, hear clicking or any other type of noise when your knee
moves?”) appeared to be problematic within this subscale, with an item-partial correlation of
0.11. Also, with this item removed, Cronbach’s α increased to 0.68, indicating the item was
creating statistical problems for the scale.

Having said this, a question about crepitus at the knee is important for both clinicians and
researchers who want richness of clinical information. In fact, looking at each question in this
subscale (swelling, crepitus, catching/locking, stiffness in the morning / after resting / after
exercise), it is likely that not all symptoms will correlate well within an anterior knee pain
population. It has been established in the literature that symptoms vary considerably with
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anterior knee pain and knee OA depending in part on which compartment is affected and how
severe the radiographic findings are[107-109, 113, 122]. Therefore, the question here becomes
one of priority: is it more important for a scale to have high internal consistency or is it more
important for the scale to have adequate breadth and depth of content? Streiner and Norman[32]
argue it is “better to sacrifice internal consistency for content validity” (p. 253), since the
purpose of a PROM is inferential in nature. Patellofemoral symptoms are, by nature,
heterogeneous. Therefore, umbrella terms like “symptoms” are likely to have lower internal
consistency. Based on this reasoning, item S2 should be kept in the scale, though it is
recommended that users of this subscale consider individual items carefully rather than relying
exclusively on the overall subscore.

2.4.3

Test-retest reliability

The PFOOS demonstrated adequate test-retest reliability, with absolute ICC3(A,1) values
ranging from 0.79 to 0.91. These findings compare to the test-retest reliability coefficients of the
AKPS, which have ranged from 0.81 – 0.95 in other studies of anterior knee pain or
instability[55, 69, 129, 131]. Test-retest reliability coefficients of the SF-36 in a patellofemoral
instability cohort ranged from 0.47 to 0.77 with the exception of Role Emotional (RE) which
was 0.04. Coefficients for the KOOS (though slightly different samples, i.e. awaiting
arthroscopy or reconstruction for ACL or meniscal injuries, or knee OA) ranged from 0.6 to
0.95[52, 72, 143, 176].

Two subscales, Pain and QOL, had p-values less than 0.05 on the repeated measures ANOVA,
suggesting the possibility of systematic error between the two time points. However, mean
differences from baseline to retest for these two subscales were small at 3.3 and 3.9,
respectively, both well under the difference deemed to be clinically important (MCID 8.3 and
8.5 respectively). While these changes may represent real physiological change, they could also
represent error such as bias (e.g. memory and learning effects) or random chance.

2.4.4

Construct validation: convergent and divergent validation

Hypotheses regarding performance of the PFOOS subscales relative to the AKPS relative to the
SF-36 were largely confirmed in this study. Moderate correlations existed among most subscales
where a correlation was expected, consistent with expectations[32, 52, 57, 131]. Correlations >
0.70 would raise concerns that the new PROM is so highly related to an existing scale that it is
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redundant and therefore not necessary[32]. Hypotheses regarding relationships among the SF-36
subscales were only partially confirmed. Specifically, I had expected correlations with PFOOS
subscales to SF-36 physical subscales (PCS, PF, RP, BP, GH) to be greater than mental
subscales (MCS, VT, SF, RE, MH). Instead, the correlations were highest with PF > BP, GH,
VT > RP, SF, MH, RE. In looking at the specific items in the SF-36 that make up each subscale,
these results are not unreasonable. Subscales RP (role physical) and BP (bodily pain) were
comprised of many questions about how their pain or physical limitations were affecting their
work or productivity. Since our sample was recruited from a work place (mainly students and
staff), it is not surprising that they reported being able to work. Therefore, the absence of a
positive correlation with PFOOS subscales and the RP, and a lower relationship with BP than
expected, is understandable given the sample used in this study. It is noted that authors
investigating the KOOS have previously hypothesized lower correlations with RP than the other
physical health subscales[142, 176], contrary to the current study’s hypotheses. Future studies
should consider the demographics of the likely participants when considering of hypotheses.

2.4.5

Interpretability

MDC90 values in this study ranged from 13.8 – 19.8 for individual measures and from 2.0 – 3.2
for group measures(see Table 2.17). These findings are larger than those of the AKPS in other
studies, with MDC95 values that ranged from 7 – 14 in several anterior knee pain cohorts[69,
129, 131]. In a cohort with knee OA, MDC95 values for the KOOS were in a similar range to the
present study, ranging from 13.4 – 21.1[177]. However, among various other cohorts including
younger individuals and athletes with traumatic knee injuries, values were typically smaller, with
KOOS values ranging from 5 – 12[72, 143]. Importantly, MDC estimates are reflections not only
of the instrument itself, but of the individuals being assessed, so comparisons should be done
with caution (the KOOS studies were not done with a patellofemoral pain and OA cohort; and
one anterior knee pain study excluded knee OA)[129].

MCID values in the present study ranged from 7.1 – 14.2. These findings compare to estimates
for the AKPS of 8 – 10 in an anterior knee pain cohort[69]. MCID values have not been
evaluated for the KOOS[72].
While MCID was larger than MDC90group for all five PFOOS subscales, it was smaller than the
MDC90 values which are for individual comparison. Therefore, at an individual level, the amount
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of change that must be overcome to be confident that it is not due to error is larger than the
average amount of change that is deemed clinically meaningful. This could be problematic in
situations where small but clinically meaningful individual changes are expected. Having stated
this, it is important to note that the MCID in this study was calculated using a distribution based
method, and is therefore only a statistical estimate of “clinical importance”, something arguably
best determined through empirical methods. Further, it is noted that using Norman’s method, it is
impossible to estimate an MCID that is greater than MDC90. This is because MDC90 is based on
SEM, and with a reliability coefficient of at least 0.75, SEM will always be at least ½ a standard
deviation (i.e. MCID and SEM will converge)[99], so MDC90 will consistently be 2.3 times
larger than Norman’s MCID estimate (see equation #4, also Sections 1.9.1, 1.9.2) . Importantly,
Norman’s method is recommended by the authors[178] as a ‘starting point’, as they recognize
high variability across the many types of MCID estimation methods[179-181]. For purposes of
individual comparison, future studies could re-evaluate MCID for the PFOOS employing
methods such as an anchor-based method or calculation of a reliability change index: this must
be done in concert with a clinical intervention trial[32, 86, 182].

2.4.6

Usability

The PFOOS took respondents approximately 15 minutes to complete. The preliminary version
contained 54 items and in this study was reduced to 49 items. Depending on the context in which
this questionnaire is administered, this may or may not be acceptable to the responder. For
example, in a clinical trial, a 15 minute time period may be feasible, whereas in a clinical setting
some clinicians or patients may find this more burdensome.

Future studies with a broader spectrum of clinical severities may reveal that the PFOOS can be
further reduced in size, and while reducing responder burden this may also enhance the scale’s
measurement properties (i.e. internal consistency). Alternatively, consideration could be given to
developing a short form of this scale. The entire scale in its current state could be used to follow
people longitudinally where it is expected that patellofemoral OA may progress to generalized
OA – in this situation, the KOOS items that did not perform as well in this study may do better
with a cohort that develops tibiofemoral symptoms. The short form scale could target
patellofemoral-specific items that would be appropriate for cross-sectional studies or shorter
duration prospective studies. This would reduce responder burden while also enabling items to
be removed that may be less appropriate for an isolated patellofemoral cohort.
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2.4.7

Limitations

There are several limitations noted in the present study. First, study methods are based on
assumptions that the PFOOS scale can be treated statistically like an interval scale, despite
technically being ordinal in nature. While this is true, Portney and Watkins[33] argue that
statistics such as ICC calculations can be applied without distortion to ordinal level data
provided the intervals between response options are assumed to be equal (p. 561). Further,
Gaito[152] argues that numbers, by their nature, are intervals, and so long as data follow a
normal distribution, then treating the numbers statistically as interval is appropriate. In the case
of the PFOOS, results did show approximately normal distributions (see Figure 2.2). Therefore,
it is appropriate that the PFOOS, like many other PROMs (including AKPS and SF-36) be
treated statistically as an interval scale[32, 152].

The second limitation is that unidimensionality has not been explicitly evaluated in this study.
However, the PFOOS has been created with five domains with the goal of each being
unidimensional. This is in contrast to the AKPS, which is multidimensional in nature, thus
limiting the ability to draw inferences from the AKPS score. Assessing unidimensionality, a
component of structural validity, requires a larger sample size in order to conduct either factor
analysis or Rasch principle components analysis. Depending on the confidence level desired,
sample sizes for Rasch analysis vary from 64 – 243[47, 66, 183]. Having said this, evaluation of
PROMs is an ongoing process done across multiple studies over time, and it is common to begin
evaluation of an instrument with sample sizes adequate for reliability testing as an important
early step[57, 66]. It would not be a good use of resources to begin evaluation with a large
sample size when items are still being assessed (and possibly modified) at an individual level for
wording, acceptability, and reliability. Having established adequate validity and reliability at this
stage of the PFOOS development, it is now appropriate to recruit a larger sample size for
conducting analysis of unidimensionality.

A third limitation is that responsiveness was not assessed in this study. Assessing responsiveness
requires collection of data over a time period where change (worsening or improvement) would
be expected, and is frequently collected during a clinical trial. Again, it is appropriate to assess
the PFOOS in an iterative process, and having established adequate validity and reliability for
the PFOOS, it is now appropriate to include the PFOOS in an intervention trial. An additional
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benefit of such a trial would be the ability to calculate 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 of physical abilities, independence, morbidity and
mortality in older adults[12, 184-188]. Loss of mobility can result in a decline in one’s ability to
complete daily activities[5], which may render individuals more reliant on caregivers such as
family members or community health workers, to meet their basic needs. Further decline, or lack
of adequate caregiver supports, can result in loss of ability to live independently in the
community, with subsequent transition to assisted living or nursing home. Such functional
decline can also increase risk of injury (e.g. as a result of a fall) and can increase hospital
admissions[9]. Up to 40% of nursing home admissions are reportedly related to falls[9, 10], and
decreased mobility is an important predictor of falls[189-191]. Determining mobility status is
therefore an important component of any medical or health assessment for older adults,
regardless of whether an individual is apparently healthy, acutely ill, or living with chronic
comorbidity.

3.1.1

Selecting an appropriate mobility instrument

As with any health outcome measure, an instrument designed to measure mobility in older adults
should demonstrate adequate validity and reliability for the target population. Also, given the
diverse functional abilities and complex health statuses of older adults, a clinically relevant
mobility measure would span the spectrum of functionally relevant mobility tasks such that an
individual can be assessed across time points from hospitalization, through rehabilitation and
toward full recovery. This would prevent a clinician from having to change instruments as the
individual recovers (or declines), which is an important consideration given the challenges of
comparing scores between different instruments[192].

Recent systematic reviews have described a plethora of mobility instruments for older adults[45,
63, 193]. Many of these instruments have limitations: (i) they are often designed for narrowly
defined populations (e.g. specific medical conditions, specific age ranges), which can result in
floor- or ceiling-effects; (ii) have not undergone rigorous validation and reliability testing; (iii)
lack adequate validity, reliability or responsiveness; (iv) lack estimates or guidelines for
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interpretability (such as MCID or normative references); or (v) have limited usability due to
unreasonable equipment or cost requirements, or substantial time requirements to complete the
test[45, 63, 193].

Following comprehensive review of existing mobility instruments, de Morton concluded that a
mobility instrument designed to evaluate older adults across a broad spectrum of abilities, of
sufficient scientific rigour, and convenient to administer, did not exist[45]. In response to these
findings, she developed the de Morton Mobility Index (DEMMI)[47].

3.1.2

The de Morton Mobility Index (DEMMI)

The DEMMI is a unidimensional performance-based instrument developed using item response
theory. It consists of 15 hierarchical items that span from bed mobility tasks through to high
level dynamic balance tasks, in order of increasing difficulty (see Appendix E). On completion
of the test, a raw ordinal score is converted (through Rasch analysis) to an interval score out of
100, with a higher score representing greater mobility.

Validity
The DEMMI was originally developed and validated in an acutely hospitalized older adult
population[47]. Content validation was achieved during development through input from
researchers, clinicians and patients, with pilot testing on patients and clinicians to assist with
item refinement and reduction (details published elsewhere)[47]. Construct validation was
achieved through structural validation (Rasch analysis) as well as hypothesis testing. Convergent
validation was confirmed with good correlations between the DEMMI and two existing mobility
instruments, the HABAM (Hierarchical Assessment of Balance and Mobility)[194] (r= 0.91) and
the Barthel Index[195] (r=0.68). Divergent validation was shown with poor correlations between
the DEMMI and measures of non-mobility constructs, the Mini Mental State Exam[196]
(r=0.24), APACHE II[197] (r=0.07), and the Charlson Comorbidity Index[198] (r= -0.04).
Known groups validation was confirmed through t-tests comparing a group being discharged
home compared to a group being referred for additional rehabilitation (p = 0.03).
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Following its initial validation study[47], the DEMMI was further validated across samples
representing a broad continuum of functional abilities: healthy community-dwelling older
adults[75], community-dwellers who require additional care from family or hired home care
services[43], those in transitional care[91], subacute individuals[199], older adults with hip or
knee OA[76], and another acute medical sample[200]. In each study, evidence supported
convergent, divergent and known groups validation (with the exception of the OA cohort, where
divergent validation was not tested[76]). Cross-cultural validation was also completed through
evaluating a translated version of the DEMMI into Dutch[76].

Reliability
The DEMMI has demonstrated good inter-rater reliability across multiple populations, with
Pearson’s r of 0.87[199] and 0.94[47] and an ICC of 0.85[76]. The SEM has varied with values
of 2.9[76], 4.1[47], and 5.5[199].

Responsiveness
Responsiveness was assessed in different populations using an Effect Size Index calculation and
Guyatt’s Responsiveness Index. Responsiveness was shown to be comparable to the modified
Barthel Index and HABAM in acute medical patients[200]; as good as the Timed Up & Go[40],
6 metre walk test[90], step test[201], and Clinical Test of Sensory Organization and
Balance[202] in subacute patients[199]; and more responsive than the modified Barthel Index in
transitional care patients[91].

Usability
The DEMMI is easy to use and requires very little training to administer: a short video is
sufficient to prepare a clinician or researcher to administer the test (www.demmi.org.au ). It
requires minimal equipment that is found in most clinical settings or homes: a chair, a bed, a
timer, and a short walk-way such as a corridor. It can be administered in less than 9 minutes in
hospital settings. Overall, these features make this instrument convenient and attractive for
uptake in various clinical settings[47].
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Interpretability and normative data
Throughout studies of various older adult populations, the MDC90 for the DEMMI has ranged
from 6.7 to 12.7[47, 76, 199]. The MCID using anchor-based methods has ranged from 9.4 to
14[47, 91, 200], and using a distribution method has ranged from 8.4 – 12[43, 47, 91, 199, 200].

An important next step for improving interpretability of this instrument is the development of
reference intervals (or “normative data”). Normative data are important for both clinicians and
researchers. Applied to individuals, they provide information about expected mobility levels for
sex and age-matched community dwelling peers. Applied to groups, normative data can enhance
the ability to draw inferences about sample means.

Just as reference values are critical for the usefulness of measuring blood pressure, having
accurate benchmarks for quantifying mobility is essential for treatment, evaluation and goal
setting.

3.1.3

Study objective

The purpose of this study was to develop reference scores for the DEMMI for communitydwelling 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 community-dwelling adults aged 60 years and older in
two large cities: Vancouver, Canada and Melbourne, Australia. ‘Community-dwelling’ refered to
those living in a house, apartment or assisted living (AL). Those community-dwelling
individuals living in a house or apartment were considered to be ‘independent’. Those
community-dwelling individuals living in AL facilities were considered to be ‘semiindependent’. This is consistent with current definitions of AL in British Columbia, Canada[203]
and its equivalent in Victoria, Australia, called a retirement village[204]. In both regions, AL
provides accommodation and some services that are distinct from the services provided in
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residential care/nursing home environments, and requires that residents are able to make
decisions and otherwise live independently. I presented this data both as a complete sample (i.e.
‘community-dwelling’), as well as separated into ‘independent’ (living independently in a house
or apartment) and ‘semi-independent’ (living in AL).

Prior to participation, interested individuals were screened for eligibility to ensure they had no
clinical conditions that might affect their mobility, including neuromuscular, orthopaedic, or
cardiovascular impairments. All participants were required to speak English and were screened
for cognitive limitations that would preclude the provision of informed consent. The cognitive
screening included three orientation questions (full name, name of location, current date), as well
as one question, “Have you been diagnosed with dementia?”. Where the ability to read was
limited, the consent form was read aloud. All participants provided free and informed written
consent.

3.2.3

Ethics

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

3.2.4

Recruitment

In Vancouver, recruitment strategies included advertisements in local newspapers and on bulletin
boards in seniors’ centres, as well as word-of-mouth advertising by local fitness instructors. In
Melbourne, residents of a retirement village and members of a Returned and Services League
(RSL) were invited to participate through flyer distribution. Interested individuals contacted
researchers by telephone to arrange an appointment for screening 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 eight different sites, including one AL residence,
community centres, seniors’ activity centres, and onsite at the Centre for Hip Health and
Mobility, University of British Columbia. In Melbourne, assessments took place at two sites, one
AL facility (i.e. retirement village) and one RSL centre. Each assessment lasted 40 – 60 minutes.

The primary outcome of interest was the DEMMI. Demographic information collected included
age, sex, use of mobility aids, living situation and medical comorbidities/history.

Research assistants or physiotherapists screened interested individuals for eligibility, obtained
written informed consent, conducted interviews and administered questionnaires. A
physiotherapist (E.M.) administered the DEMMI in Vancouver; in Melbourne, the DEMMI was
administered by either a physiotherapist or a physiotherapy undergraduate honors student. The
developer of the DEMMI, Dr. de Morton, trained all persons who administered the test by
demonstrating test administration. Test administrators also watched a 30-minute instructional
DVD (video available through www.demmi.org.au). Dr. de Morton was present during data
collection in both countries to ensure procedural consistency.

3.2.6

Statistical analysis

Exploratory data analysis included graphical exploration of the data, with descriptive statistics
presented in tables. Visual inspection of univariate data as well as a scatter plot of the DEMMI
by age and sex with overlying LOWESS (‘locally weighted scatterplot smoothing’) was used to
guide analysis. The DEMMI scores were explored by age category (60-69, 70-79, 80-89, 90+),
sex, falls history, living situation, country of residence, and use of mobility aid (e.g. cane,
walker). Welch’s two-sample t-tests were used to compare DEMMI scores by dichotomous
variables (e.g. sex) to account for heteroscedasticity. For comparing DEMMI scores by age
category, ANOVA was done followed by post-estimation pairwise comparisons. The potential
for floor or ceiling effects was investigated by calculating the percentage of participants
achieving scores of zero or 100.

62

Reference intervals were constructed using empirical centiles (5th, 50th, and 95th) for individual
reference[102]. Means and 95% confidence intervals were presented for group reference. All
statistical analysis was done using Stata Intercooled 12.0 (StataCorp, Texas, USA).

3.3 Results
Initially, 208 individuals were screened for eligibility, and 23 were excluded (see Figure 3.1 for
flow chart). Two participants also had missing data for age, and were therefore also excluded,
leaving 183 participants for analysis.

Figure 3.1 Flow diagram
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A description of the 183 participants included in the analysis is presented in Table 3.1 (full
sample) and Table 3.2 (by site). The majority of the participants lived in Vancouver (n=103,
56%) with the remainder in Melbourne (n=80, 44%). Over half the participants were in their 70s
and approximately three quarters were women. Twenty one percent of participants reported at
least one fall during the past year.

Table 3.1 Description of study participants (N=183)
n
Vancouver, Canada
103
Melbourne, Australia
80
Age mean(SD)
74.6(6.7)
60 – 69
43
70 – 79
96
80 – 89
43
90+
1
Women
136
≥ 1 fall in past year
8
Used mobility aid
28
Lived in house or apartment#
120
Assisted living / retirement
62
village#
Lived alone
92
# Data incomplete for 1 participant, therefore n=182

%
56
44
23
52
23
1
74
21
15
66
34
50

64

Table 3.2 Breakdown of study participants by site, number (percent)
Melbourne
Vancouver
1
2
Site1 Site2
Site33 Site44 Site54 Site64 Site75
Site85
Site95
Site106
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
76.9
78.3
72.1
75
70.8
66.7
74.5
73.2
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 year 18
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%)
1
Melbourne AL; 2Melbourne RSL; 3Vancouver AL; 4Vancouver seniors centre; 5Vancouver all ages community
centre; 6Vancouver research centre
^Age missing for 2 participants
# Data missing for 1 participant

3.3.1

Normative data: DEMMI scores by age, sex and living situation

DEMMI scores are presented visually in Figure 3.2 and Figure 3.3. Reference data are provided
for group evaluation as means and confidence intervals (Table 3.3) and for individual evaluation
as medians with 5th and 95th percentiles (Table 3.4). The second column of each table provides
scores for the full sample (bottom row, “Total” includes all ages). The next column labeled
“Independent” provides scores for those living fully independently in the community. Scores for
men and women living independently are provided separately in the adjacent columns. Finally, a
column labeled “Semi-Independent” includes both men and women living in AL.
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100

DEMMI Score

90
80
70
60
50
40
60 - 69

70 - 79

80 - 89

90+

Age categories in 10 year increments
Figure 3.2 Box plot of DEMMI scores by age category with interquartile ranges (nb in age 70-79, median is the
same as the 75th percentile; also, the oldest age category has only one observation)

DEMMI Scores
80
70
60
50
40
30
20
10
0

40
35
30
25
20
15
10
5
0

Frequency

40 45 50 55 60 65 70 75 80 85 90 95 100

40 45 50 55 60 65 70 75 80 85 90 95 100

a. Full Sample

40
35
30
25
20
15
10
5
0

b. Age 60 - 69

40
35
30
25
20
15
10
5
0
40 45 50 55 60 65 70 75 80 85 90 95 100

c. Age 70 - 79

40 45 50 55 60 65 70 75 80 85 90 95 100

d. Age 80 - 89

Figure 3.3 Histograms showing DEMMI scores for a) total sample, and b) through d) by age category (note
category 90+ contained only 1 participant, therefore not represented graphically)
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Table 3.3 DEMMI reference data for group comparisons: mean, 95% confidence interval
Age
Category

60 – 69

70 – 79

80 – 89

90+
Total

Overall
Mean
(95%CI)
n
86.4
(83.2, 89.6)
n=43
81.4
(78.9, 83.9)
n=96
75.3
(71.8, 78.9)
n=43
62
n=1
81.0
(79.3, 82.8)
n=183

Independent

Independent
Women

Independent
Men

Semi-Independent

86.2
(82.9, 89.6)
n=38
84.3
(81.5, 87.1)
n=57
77.9
(73.3, 82. 5)
n=24
62
n=1
83.5
(82.5, 85.4)
n=120

87.2
(83.3, 91.1)
n=30
83.4
(80.2, 86.6)
n=47
78.6
(73.3, 83.8)
n=18
-

82.8
(75.4, 90.1)
n=8
88.4
(82.1, 94.6)
n=10
76.0
(63.10, 88.9)
n=6
62
n=1
82.6
(77.9, 87.2)
n=25

87.4
(70.4, 100)
n=5
77.2
(72.9, 81.6)
n=39
71.9
(65.9, 77.9)
n=18
-

83.7
(81.4, 85.9)
n=95

76.5
(73.1, 79.9)
n=62

Mean DEMMI scores were progressively lower across older age categories for all comparisons
with the exception of “Independent Men” which had the highest score in the age 70-79 category
(see Table 3.3).
Table 3.4 DEMMI reference intervals for individual comparison, median (5th,95th percentiles). Please refer to
Table 3.3 for subsample sizes.
Age
Overall
Independent
Independent
Independent
Semi-Independent
median
Category
Women
Men
(p5,p95)
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 all columns for a given age category (see Table
3.4). The exceptions were a lower score for “Semi-Independent” in the age 70-79 row; a lower
score for “Semi-Independent” in the “Total” row; and a higher score in the “Independent
Women” in the age 80-89 row. The 5th percentile scores tended to be progressively lower across
older age categories for all comparisons. The 95th percentile was almost always 100, with the
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exception of 85 for both “Overall” and “Semi-Independent” in the age 80-89 row. A mild ceiling
effect was revealed with 18% of the study sample scoring the maximum of 100.

3.3.2

Comparisons of DEMMI scores by key variables

Differences in mean DEMMI scores by age category were statistically significant on all pairwise
comparisons, with lower scores for older age categories (see Table 3.5). There were no
statistically significant differences by sex (p=0.49) or falls history (p=0.21). Scores were
statistically different by city (Vancouver scores higher than Melbourne, p=0.00), living situation
(independent dwellers had higher scores than AL, p=0.00) and mobility aid (those using a gait
aid had lower scores, p=0.00). The vast majority of people living in AL used mobility aids (only
three did not). Also, the majority of people using mobility aids lived in Melbourne (only four
lived in Vancouver, one of whom also lived in AL). Also, a significant age difference existed by
city (Melbourne mean age 76.8 vs. Vancouver 72.8, p=0.00) as well as by living situation (AL
mean age 77.2 vs. independent 73.1, p=0.00). The proportion of individuals who resided in AL
in this study also differed by city (Melbourne, 68% vs. Vancouver, 8%, p=0.00).

Table 3.5 Comparison of DEMMI scores by variables of interest
Variable

Age: 70-79 vs. 60-69
Age: 80-89 vs. 60-69
Age: 80-89 vs. 70-79
Sex: female vs. male
Falls history: yes vs. no
Semi-independent vs. independent
living
City: Vancouver vs. Melbourne
Mobility aid use: yes vs. no

DEMMI
Mean(SD)
n
81.4(12.3)
n=96
75.3 (11.5)
n=43
75.3 (11.5)
n=43
80.7 (12.6)
n=136
78.3 (16.1)
n=8
76.5 (13.4)
n=120
85.1 (10.0)
n=103
66.2 (12.4)
n=28

DEMMI
Mean(SD)
n
86.4(10.4)
n=43
86.4(10.4)
n=43
81.4 (12.3)
n=96
82.1 (11.4)
n=47
81.8 (11.0)
n=175
83.5 (11.0)
n=62
75.8 (12.9)
n=80
83.7 (10.2)
n=155

p-value

0.02
0.00
0.01
0.49
0.21
0.00
0.00
0.00
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3.4 Discussion
This study generated normative data for the DEMMI mobility instrument for men and women
over 60 years old who live independently or semi-independently in the community.

These normative data can be used either for group or individual reference. For example, in a
study, normative data can enhance the ability to draw inferences about sample means. An
example would be looking at the mean for a sample of independent community dwelling older
adults who report knee pain. Let’s say their study mean score at baseline was 78.6. Looking at
Table 3.3, in the bottom row (“Total”) of column 3 (“Independent”), this score is below the
lower limit of the 95% confidence interval of 82.5. This suggests that the sample may have lower
mobility than their healthy peers, and may therefore be appropriate for a clinical intervention
trial.

More commonly, reference data is referred to on an individual basis, such as when a clinician
wishes to know how their patient compares to age- and sex-matched peers. For example, a 78year-old woman may visit a clinician with concerns about increasing difficulties managing
things around her home. An initial assessment might reveal a DEMMI score of, say, 62. Looking
at Table 3.4, the reference intervals in row 3 (“Age 70–79”), column 4 (“Independent Women”)
show healthy independent community-dwelling women of her age score a median of 85, with 95
percent scoring above 67. The clinician would then use the results of this assessment to engage
in meaningful education and goal setting with the patient. Over the course of treatment, the
DEMMI would be periodically re-administered to evaluate the patient's response to treatment
and to guide ongoing treatment planning. An end goal for treatment could be set in consultation
with the patient that either targeted a certain score (e.g. 74) or identified an item the patient
would like to achieve (e.g. pick a pen up off the floor).

In a previous study, de Morton et al.[200] revealed that older adults with acute medical hospital
admissions were discharged home with mean DEMMI scores of 60. The current study reveals
higher mean scores than this for community dwellers aged 60+ (see Table 3.3). However, it is
conceivable that those recovering from acute illness and hospitalization would demonstrate
lower mobility at the time of discharge, and that mobility would improve with ongoing recovery
and rehabilitation (“rehab potential” is an important factor in discharge planning). Therefore, the
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current study supports previous findings, and demonstrates that means will likely differ between
healthy community dwellers and those recovering from acute illness. The reference data
obtained in this study could be used in the hospital setting to facilitate physiotherapy discharge
planning and to support decision making for funding inpatient and community-based
rehabilitation services after acute hospital discharge.

3.4.1

Limitations

I note limitations with this study. First, this was a relatively small sample (N = 183), just 25% of
whom were men. Previous studies have developed normative data for health instruments from
sample populations as small as 32[205], though most commonly have over 100 participants[206208] and some have over 1000[209, 210]. A larger sample would provide greater representation
across both sexes and across all age groups (especially those ≥80) and therefore better
confidence in the reference value estimates. Further, my study sample was one of convenience,
and therefore brings into question how well this sample represents the target population. Finally,
the current study demonstrated 18% of community-dwelling older adults scored the maximum
possible score of 100. This is slightly higher than limits suggested as indicating a ceiling
effect[100, 101]. Recognizing this, the DEMMI was designed to measure across a broad
spectrum of abilities (acutely hospitalized to healthy community dwellers) with a targeted use for
clinical settings – documenting improvements in those who already have excellent health is not a
primary goal of the DEMMI[211]. During the development of the DEMMI, one of the hardest
preliminary items (standing on one leg with eyes closed)[47] was removed as there were no
participants who could complete this item in an acutely hospitalized older population, and this
item hence negatively impacted on some of the measurement properties of the DEMMI. The
present study does not provide convincing evidence to suggest that the inclusion of this item is
warranted.
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Chapter 4: Conclusion
This thesis work contributes to the literature in the areas of health outcomes measurement and
healthy aging. Aging and its association with chronic comorbidity results in widely varied and
complex health statuses among older adults. Identifying effective strategies to promote healthy
aging and reduce comorbidity relies critically on the ability to accurately measure health
outcomes. This requires the use of valid and reliable instruments that have associated reference
values to give meaning to test scores. This thesis provides evidence of adequate measurement
properties in one new instrument and provides reference values for a second. Both instruments
measure health outcomes known to vary with advancing age/comorbidity.

4.1.1

Study #1: PFOOS

In chapter 2, I provided evidence of validity and reliability of the PFOOS in assessing symptoms
in an anterior knee pain and patellofemoral OA population. This is relevant to healthy aging
because OA is a substantially disabling condition that increases in prevalence with age[22].
Recent evidence suggests that OA of the patellofemoral joint may precede generalized knee
OA[119, 120] and is more highly associated with symptoms of knee OA than the tibiofemoral
joint[113-115]. The PFOOS is the first instrument developed to assess anterior knee pain and
patellofemoral OA symptoms across five different domains (symptoms, pain, activities of daily
living, sports/recreation, and quality of life).

Having established validity and reliability of this instrument, it is now appropriate to undertake
further evaluation of the PFOOS. First, a study with a larger sample size and a broader spectrum
of symptom severity would enable assessment of unidimensionality, further assessment of
internal consistency, and further assessment of known groups validation, for example by
comparing mean scores of groups of varying OA severity; or comparing patellofemoral pain to
patellofemoral OA. A clinical trial should also be undertaken to evaluate the instrument’s
responsiveness. Future studies should evaluate the PFOOS across multiple populations including
patellofemoral pain, isolated patellofemoral OA, multi-compartment OA, and the general
population for evaluation of measurement properties, including collection of reference
(normative) data. Because the PFOOS contains items from the KOOS, it has the potential to
assess both patellofemoral and tibiofemoral symptoms. This is in contrast to the AKPS, which
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was designed for anterior knee pain only and does not specifically assess OA or the tibiofemoral
joint. The PFOOS therefore may be more appropriate for longitudinal studies where early OA,
isolated to the patellofemoral joint, is expected to progress to generalized knee OA. Future
studies should therefore assess the validity of the PFOOS longitudinally as knee OA progresses.
A final consideration for future studies would be the development of a short form of the PFOOS.
Because several items in the PFOOS did not perform well in the current study, there may be
some statistical challenges in regards to using the PFOOS with a sample of high functioning
people (i.e. working) with isolated anterior knee pain. A short form PFOOS might perform
statistically better in this type of cohort in a cross-sectional study or short intervention trial
where progression to the tibiofemoral joint is not expected.

4.1.2

Study #2: DEMMI

In Chapter 3, I developed normative data for the DEMMI and assessed mobility of healthy,
community-dwelling older adults. This is relevant to healthy aging because mobility is a vital
component of health and can decrease with age and associated comorbidity, potentially leading
to loss of functional independence, inability to remain living autonomously in the community,
and increased mortality[184-188]. Providing reference data for healthy community-dwelling
older adults for the DEMMI is important for clinicians and researchers because it gives test
administrators the ability to compare individual or group scores with known scores of an ageand sex-matched population. Its potential applications are broad: annual screening for early signs
of clinically relevant mobility decline; therapeutic goal setting; evaluation of changes in mobility
during rehabilitation or clinical trial; and discharge planning.

It is recommended that future studies be undertaken to develop reference intervals with larger
samples of men, and a greater representation of both men and women aged ≥ 80. Reference data
should also be developed for other populations where the DEMMI might be used. For example,
reference intervals should be developed for acutely hospitalized people to enhance the ability to
use DEMMI scores for discharge planning. Alternatively, for specific conditions, such as lower
extremity arthritis or people with a history of falls, reference data could enhance comparison
with relevant clinical populations. Finally, while cross-cultural validation has begun with a
Dutch translation of the DEMMI[76], efforts should be made to develop and validate multiple
translations for test administration, which may also benefit from the collection of reference data
in different world regions where the DEMMI would be used.
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4.1.3

Strengths and limitations of instrument types

While the two instruments evaluated in this thesis are not meant to be directly compared, it is
worth considering the respective strengths and limitations of these types of instruments in
general.

Performance-based instruments such as the DEMMI offer some benefits not achievable with a
self-report test. For example, the test administrator has the opportunity to witness a task’s
performance first hand. Between the range of ‘unable’ and ‘able’ lie many possible contributors
to an individual’s performance. Watching someone perform a task gives a richness of
information beyond the test score alone. A clinician may be able to begin problem solving by
watching the quality of the person’s movements and their willingness to move – is the movement
limited by apparent stiffness, weakness, unsteadiness, improper use of a gait aid, or apparent fear
of movement? These details can assist with goal setting and treatment planning. Additional
benefits of a performance-based test are that bias introduced from the person being tested is
avoided (details of self-report bias are described below).

On the other hand, limitations of a performance-based instrument are that human resources and
training are required to administer the test. Also, who administers the test can potentially
influence the test results. Bias could be a problem, for example, if a clinician is conducting
subsequent test administrations and is hopeful that their treatment has helped someone improve –
they may be more likely to ‘see’ or ‘report’ an improvement where there may not be any.
Alternatively, they may rate someone’s performance lower if the person rated just prior was
exceptionally high functioning or if the test administrator tends to work with very high
functioning people. Additionally, a performance-based instrument misses the important
contribution of patient-perspective. Finally, observing a task in a test environment is not the
same as how that task might be performed in the individual’s natural environment. Performance
can be affected by nervousness of the individual being tested, or key relevant features of the
individual’s environment may be missed (e.g. multitasking while performing a task).

A self-report instrument like the PFOOS offers benefits that are not obtainable through a
performance-based test. First, resources are minimized since a trained test administrator is not
required. Second, asking the individual about their personal experience or perspective
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incorporates important details that would be missed by simply watching someone complete a
task. For example, just because they are able to stand up from a chair in a test setting does not
necessarily translate to doing this freely at home – pain, fatigue, self-confidence or family
dynamics can affect whether or not the individual actually performs this task at home, and if so,
how much difficulty they have with the task. Finally, self-report can assist with goal setting and
treatment planning in that it can identify features that are important and relevant to the patient.

Limitations of self-report instrument, in addition to what has already been discussed above,
pertain primarily to the numerous sources of bias inherent in self-report[32]. Some of this bias
can be reduced through careful test development (e.g. avoiding double-barreled or leading
questions). Many sources of bias still remain, however. Accurate responses by self-report have
considerable cognitive demands, such as understanding and interpreting a question, and
remembering current and previous health states. In addition, their level of investment in the test
or treatment determines how much effort they put into giving accurate answers. Social
desirability, needing to be heard, an overall self-impression regarding a given construct, or
wanting to please the test administrator can all affect individual responses.

Reconciling the respective strengths and limitations of these types of instruments can be
challenging. To a certain extent, sources of error can be reduced through careful test
development and meticulous evaluation of measurement properties of an instrument. However,
ultimately there is no one type of test that is superior in obtaining accurate scores. It is therefore
recommended that constructs should be assessed by both performance-based and self-report
where possible. Further, self-report should be assessed with both a condition-specific and generic
instrument where possible and appropriate.

Therefore, in conclusion, the DEMMI and PFOOS have both been shown to be valid and reliable
instruments for measuring their respective constructs and populations, and normative data have
been provided for the DEMMI. The DEMMI is applicable to a range of conditions affecting
mobility, and the PFOOS addresses health constructs relevant to anterior knee pain and
patellofemoral OA. The DEMMI targets older adults, while the PFOOS captures a wider age
span. The two instruments could therefore serve as complimentary health outcome instruments
for certain populations. For example, in a group of people aged 60+ with patellofemoral OA, a
74

thorough assessment could include both the DEMMI and the PFOOS, and including the SF-36
would enable comparison across other conditions and populations.
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Appendices
Appendix A PFOOS Study: The Patellofemoral Pain and 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

S2

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

S3

Does your knee catch or hang up when moving?
Never
Rarely
Sometimes

Often

Always

Can you straighten your knee fully?
Always
Often
Sometimes

Rarely

Never

Can you bend your knee fully?
Always
Often
Sometimes

Rarely

Never

S4

S5

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

S7

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

NS8

How severe is your knee stiffness after exercise?
None
Mild
Moderate
Severe

Extreme
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Pain
P1

How often do you experience knee pain?
Never
Monthly
Weekly

Daily

Always

What amount of knee pain have you experienced the last week during the following activities?
• If you haven’t done this activity because of fear of pain or on medical advice, please tick “EXTREME”
• 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

P3

P4

P5

P9

P7

P8

NP9

NP10

NP11

NP12

Twisting/pivoting on your knee
N/A
None
Mild

Moderate

Severe

Extreme

Straightening knee fully
N/A
None

Mild

Moderate

Severe

Extreme

Bending knee fully
N/A
None

Mild

Moderate

Severe

Extreme

Walking on flat surface
N/A
None

Mild

Moderate

Severe

Extreme

Standing upright
N/A
None

Mild

Moderate

Severe

Extreme

At night while in bed
N/A
None

Mild

Moderate

Severe

Extreme

Sitting or lying
N/A
None

Mild

Moderate

Severe

Extreme

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

Severe

Extreme

Kneeling
N/A

None

Mild

Moderate

Severe

Extreme

Squatting
N/A

None

Mild

Moderate

Severe

Extreme

Severe

Extreme

Heavy household activities (including carrying and lifting)
N/A
None
Mild
Moderate
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P13

NP14

NP15

NP16

NP17

NP18

NP19

Going up or down stairs
N/A
None
Mild

Hopping/jumping
N/A
None

Mild

Moderate

Moderate

Running/jogging (including prolonged)
N/A
None
Mild

Moderate

After sport and recreational activities
N/A
None
Mild

Moderate

Severe

Extreme

Severe

Extreme

Severe

Extreme

Severe

Extreme

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

Always

How often does pain limit your activity?
N/A
Never
Monthly

Daily

Always

Daily

Always

Weekly

How often do you experience pain with cold weather?
N/A
Never
Monthly
Weekly
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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”
• 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”
A1

A2

A3

A4

A5

A6

A7

A8

A9

A10

A11

Descending stairs
N/A
None

Mild

Moderate

Severe

Extreme

Ascending stairs
N/A
None

Mild

Moderate

Severe

Extreme

Rising from sitting
N/A
None

Mild

Moderate

Severe

Extreme

Standing
N/A

Mild

Moderate

Severe

Extreme

Bending to floor/pick up an object
N/A
None
Mild

Moderate

Severe

Extreme

Walking on flat surface
N/A
None

Mild

Moderate

Severe

Extreme

Getting in/out of car
N/A
None

Mild

Moderate

Severe

Extreme

Going shopping
N/A
None

Mild

Moderate

Severe

Extreme

Putting on socks/stockings
N/A
None
Mild

Moderate

Severe

Extreme

Rising from bed
N/A
None

Mild

Moderate

Severe

Extreme

Taking off socks/stockings
N/A
None
Mild

Moderate

Severe

Extreme

None
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A12

A13

A14

A15

A16

A17

Lying in bed (turning over, maintaining knee position)
N/A
None
Mild
Moderate

Severe

Extreme

Getting in/out of bath
N/A
None

Mild

Moderate

Severe

Extreme

Sitting
N/A

Mild

Moderate

Severe

Extreme

Mild

Moderate

Severe

Extreme

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

Extreme

Light domestic duties (cooking, dusting, etc.)
N/A
None
Mild
Moderate

Extreme

None

Getting on/off toilet
N/A
None

Severe

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”
• 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”
SP1

SP2

SP3

SP4

SP5

Squatting
N/A

None

Mild

Moderate

Severe

Extreme

Running
N/A

None

Mild

Moderate

Severe

Extreme

Jumping
N/A

None

Mild

Moderate

Severe

Extreme

Twisting/pivoting on your injured knee
N/A
None
Mild

Moderate

Severe

Extreme

Kneeling
N/A

Moderate

Severe

Extreme

None

Mild
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Quality of Life
Q1

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

Constantly

Q2

Have you modified your life style to avoid potentially damaging activities to
your knee?
Not at all
Mildly
Moderately
Severely
Totally

Q3

How much are you troubled with lack of confidence in your knee?
Not at all
Mildly
Moderately
Severely
Totally

Q4

In general, how much difficulty do you have with your knee?
None
Mild
Moderate
Severe
Extreme

NQ5

Have you modified your sport or recreational activities due to your knee pain?
Not at all
Mildly
Moderately
Severely
Totally
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Appendix B PFOOS Study: Anterior Knee Pain Scale2

For each question, circle the letter which best corresponds to your symptoms:
1. Limp
[a]
[b]
[c]

none
slight or periodic
constant

2. Weight-bearing
[a]
[b]
[c]

full weight-bearing without pain
weight-bearing possible, but painful
weight bearing impossible

3. Walking
[a]
[b]
[c]
[d]

unlimited
more than 2 km
1-2 km
unable

4. Stairs
[a]
[b]
[c]
[d]

no difficulty
slight pain when descending
pain when both ascending and descending
unable

5. Squatting
[a]
[b]
[c]
[d]
[e]

no difficulty
repeated squatting painful
painful each time
possible with partial weight-bearing
unable

6. Running
[a]
[b]
[c]
[d]
[e]

no difficulty
pain after more than 2 km
slight pain from start
severe pain
unable

7. Jumping
[a]
[b]
[c]
[d]

no difficulty
slight difficulty
constant pain
unable

2

Reprinted from Arthroscopy, Volume 9, Kujala U.M. et al., “Scoring of patellofemoral disorders”, pp. 159-63,
1993 with permission from Elsevier.
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8. Prolonged sitting with knees flexed
[a]
[b]
[c]
[d]
[e]

no difficulty
pain after exercise
constant pain
pain forces to extend knee temporarily
unable

[a]
[b]
[c]
[d]
[e]

none
slight and occasional
interferes with sleep
occasionally severe
constant and severe

9. Pain

10. Swelling
[a]
[b]
[c]
[d]
[e]

none
after exertion
after daily exercise
every evening
constant

11. Abnormal kneecap movements (subluxation-kneecap going out)
[a]
[b]
[c]
[d]
[e]

none
occasionally in sports activities
occasionally in daily activities
at least one documented dislocation
more than two dislocations

12. Atrophy of thigh
[a]
[b]
[c]

none
slight
severe

13. Flexion deficiency
[a]
[b]
[c]

none
slight
severe
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Appendix C PFOOS Study: SF-36 v.23

Your Health and Well-Being
This questionnaire asks for your views about your health. This information will help keep
track of how you feel and how well you are able to do your usual activities. Thank you for
completing this survey!
For each of the following questions, please mark an

1.

2.

In general, would you say your health is:
Excellent

Very good

1

2

Good

Fair

3

Poor

4

5

Compared to one year ago, how would you rate your health in general now?

Much better
now than one
year ago

1

3

in the one box that best describes your answer.

Somewhat
better
now than one
year ago

2

About the
same as
one year ago

Somewhat
worse
now than one
year ago

3

4

Much worse
now than one
year ago

5

Reprinted with permission from QualityMetric, www.qualitymetric.com
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3
The following questions are about activities you might do during a typical day. Does
your health now limit you in these activities? If so, how much?
Yes,
limited
a lot

a

b

Yes,
limited
a little

No, not
limited
at all

Vigorous activities, such as running, lifting heavy objects, participating in strenuous
sports
1
2
3
Moderate activities, such as moving a table, pushing a vacuum cleaner, bowling, or
playing golf
1
2
3

c

Lifting or carrying groceries

1

d

Climbing several flights of stairs

1

2

3

e

Climbing one flight of stairs

1

2

3

f

Bending, kneeling, or stooping

1

2

3

g

Walking more than a kilometre

1

2

3

h

Walking several hundred metres

1

2

3

i

Walking one hundred metres

1

2

3

j

Bathing or dressing yourself

1

2

3

2

3
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4.

During the past 4 weeks, how much of the time have you had any of the following
problems with your work or other regular daily activities as a result of your physical
health?
All of
the time

a

5

2

3

4

5

3

4

5

2

2

3

4

5

Most of
the time

Some of
the time

A little of
the time

None of
the time

2

3

4

5

2

3

4

5

3

4

5

Accomplished less than you would like
1

c

4

Cut down on the amount of time you spent on work or other activities
1

b

3

During the past 4 weeks, how much of the time have you had any of the following
problems with your work or other regular daily activities as a result of any emotional
problems (such as feeling depressed or anxious)?
All of
the time

a

2

Had difficulty performing the work or other activities (for example, it took extra effort)
1

5.

None of
the time

Were limited in the kind of work or other activities
1

d

A little of
the time

Accomplished less than you would like
1

c

Some of
the time

Cut down on the amount of time you spent on work or other activities
1

b

Most of
the time

Did work or other activities less carefully than usual
1

2
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6.

During the past 4 weeks, to what extent has your physical health or emotional problems
interfered with your normal social activities with family, friends, neighbours, or groups?
Not at all

Slightly

1

7.

2

Quite a bit

3

4

Extremely

5

How much bodily pain have you had during the past 4 weeks?
None

Very mild

1

8.

Moderately

Mild

2

Moderate

3

Severe

4

Very severe

5

6

During the past 4 weeks, how much did pain interfere with your normal work (including
both work outside the home and housework)?
Not at all

1

A little bit

2

Moderately

3

Quite a bit

4

Extremely

5
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9.

These questions are about how you feel and how things have been with you during the
past 4 weeks. For each question, please give the one answer that comes closest to the
way you have been feeling. How much of the time during the past 4 weeks…
All of
the time

Most of
the time

Some of
the time

A little of
the time

None of
the time

a

Did you feel full of life?

1

2

3

4

5

b

Have you been very nervous?

1

2

3

4

5

c

Have you felt so down in the dumps that nothing could cheer you up?

d

Have you felt calm and peaceful?

e

Did you have a lot of energy?

f

Have you felt downhearted and depressed?

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

g

Did you feel worn out?

1

2

3

4

5

h

Have you been happy?

1

2

3

4

5

i

Did you feel tired?

1

2

3

4

5

10.

During the past 4 weeks, how much of the time has your physical health or emotional
problems interfered with your social activities (like visiting with friends, relatives, etc.)?
All of
the time

1

Most of
the time

2

Some of
the time

3

A little of
the time

4

None of
the time

5
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11.

How TRUE or FALSE is each of the following statements for you?
Definitely
true

Mostly
true

a

I seem to get sick a little easier than other people

b

I am as healthy as anybody I know

1

I expect my health to get worse

d

My health is excellent

Mostly
false

Definitely
false

2

3

4

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1
c

Don’t
know

5

Thank you for completing these questions!
SF-36v2™ Health Survey  1992, 2003 Health Assessment Lab, Medical Outcomes Trust and QualityMetric Incorporated. All rights reserved.
SF-36® is a registered trademark of Medical Outcomes Trust.
(IQOLA SF-36v2 Standard, Australia (English))
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Appendix D PFOOS Study – general and demographic questions
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. If you are unsure
about how to answer a question, please give the best answer you can.

Q1

Date of Birth:

/

Q2

Gender:

Male

Q3

Height:

______cm

Q4

Weight:

______ kg

Q5

Do you have knee pain in both knees? (Please circle)

Q6

In which knee do you experience the worse pain? (Please circle) Left

Q7

Is your knee pain aggravated by activities such as: (Please circle)
Squatting
Walking up stairs
Walking down stairs
Rising from sitting
Running
Other ________________

/

(dd/mm/yyyy)
Female

Yes
Yes
Yes
Yes
Yes
Yes

Yes

No
Right

No
No
No
No
No
No

Q8

How long have you experienced knee pain?

Q9

How long have you experienced your current symptoms? __________months

Q10

Do you know what caused your knee pain? (Please circle)
Yes
Traumatic onset
(known injury/cause)

___________months

No
Insidious onset
(no known cause)
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Q11

How would you rate your level of knee pain? (Please place a tick in the box below)
(Pain severity where “0” = no pain and “10” = worst imaginable pain)
0

1

2

3

4

5

6

7

8

9

No
Pain

10

Worst
Imaginable
Pain

Q12

Have you had knee surgery? (Please circle)

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

Yes

Somewhat Severe

No

Severe

Q15

In the past week, how many hours of physical activity or sport (>30 mins) have you
participated in? __________________

Q16

Are you happy to be contacted in the future for further research? (Please circle)
Yes

Q17

No

You will be asked to complete the three questionnaires in paper form and then also
in a web-based form on a computer:
Do you have easy access to a computer? (Please circle)
Yes

No

Do you have a preference for a paper or web-based form? (Please circle)
Yes

No
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Appendix E DEMMI Study: The de Morton Mobility Index (DEMMI) 4
Bed
1. Bridge
2. Roll onto side
3. Lying to sitting
Chair
4. Sit unsupported in chair

0

1

□ unable
□ unable
□ unable

□ able
□ able
□ min assist
□ supervision

5. Sit to stand from chair

□ unable
□ unable

6. Sit to stand without using arms

□ unable

2

easiest

sit unsupported
bridge

□ independent

stand unsupported
sit to stand

□ 10 sec
□ min assist
□ supervision
□ able

□ independent

roll
lie to sit
standing feet together

Static balance (no gait aid)
7. Stand unsupported
8. Stand feet together
9. Stand on toes
10. Tandem stand with eyes closed
Walking
11. Walking distance +/- gait aid
Gait aid (circle): nil/frame/stick/other
12. Walking independence

Dynamic balance (no gait aid)
13. Pick up pen from floor
14. Walks 4 steps backwards
15. Jump

□ unable
□ unable
□ unable
□ unable

□ 10 sec
□ 10 sec
□ 10 sec
□ 10 sec

□ unable
□ 5m
□ unable
□ min assist
□ supervision

□ 10m
□ 20m
□ independent

□ 50m

with gait aid

without gait aid

□ unable
□ unable
□ unable

□ able
□ able
□ able

pick up pen from floor
walks backwards
walking distance
sit to stand no arms
walking independence

□ independent

jump
stand on toes
tandem stand eyes closed
hardest

COLUMN TOTAL SCORE:
RAW SCORE TOTAL
(sum of column total scores)

/19

DEMMI SCORE
(MDC90 = 9 points; MCID = 10 points)
Raw-DEMMI Score Conversion Table

/100

Raw Score

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

DEMMI score

0

8

15

20

24

27

30

33

36

39

41

44

48

53

57

62

67

74

85

100

Comments:
Signature:___________________________________________

Date:_______________

4

Reprinted from Health and Quality of Life Outcomes, Volume 6, de Morton NA et al., “The de Morton
Mobility Index (DEMMI): an essential health index for an 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 pen is 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.
2. The test should be administered in the sequence described in sections
A-E: bed transfers, chair transfers, static balance, walking and dynamic
balance.
3. Each item should be explained and, if necessary, demonstrated to the
person.
4. Tick items to indicate item success or failure. Reasons for not testing
items should be recorded.
5. Items should not be tested if either the test administrator or the person
performing the test are reluctant to attempt the item.
6. Persons should be scored based on their first attempt.
7. If an item is not appropriate given a person’s medical condition, the
item should not be tested and the reason recorded.
8. Persons can be encouraged but feedback should not be provided
regarding performance.
9. Three equipment items are required: chair with 45cm seat height with
arm rests, a hospital bed or plinth and a pen.
10. 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
2nd person will be required to assist with medical equipment.
11. 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.
12. For person’s who have low level mobility and require a hoist to transfer
in/out of bed or chair, the chair section can be administered before the
bed section for these persons.
13. 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.
14. Chair transfers: A standardised chair height of 45cm is required. Use
a firm chair with arms.
15. 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.
16. Walking: Appropriate shoes can be worn for walking tests. The same
shoes must be worn for repeat testing.
17. Scoring: Using the conversion table provided, the raw score total must
be converted to a DEMMI SCORE
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