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The Development of the Foot and Ankle Ability Measure
RobRoy Lee Martin, PhD

University of Pittsburgh, 2003

The purpose of this project was to develop the Foot and Ankle Ability Measure (FAAM), a self-
reported HRQL instrument specific to those with lower leg musculoskeletal disorders. The
FAAM consists of the ADL and Sports subscales. Data analysis was done in two stages. Stage I
consisted of item selection based on factor loading patterns, inter-item correlations, item to total
score correlations, item characteristic curves and the test information functions. 914 subjects
participated in the analyses for stage I. Stage II consisted of reliability and validity testing. The
data analysis plan consisted of assessing internal consistency, test re-test reliability,
responsiveness to change in status, responsiveness compared to general measures of function and
validity based on the correlation to concurrent measures of physical and mental functioning.
There were 164 subjects in a group expected to change and 79 subjects in a group expected to
remain stable. Based on the analyses in state I, 4 items were omitted from the ADL scale. These
items were related to pain and sleeping. All items on the Sports subscale were retained. Based
on the analyses in stage II, the errors associated with measurement at a single point of time were
+/-6.9 and +/-10 points for the ADL and Sports subscales respectively. ICC for test re-test
reliability were 0.89 and 0.87 for the ADL and Sports subscales respectively. The minimal
detectable change was +/-5.7 and +/-12.3 points for the ADL and Sports subscales respectively.
Two-way repeated measures ANOVA and ROC analysis found both the ADL and Sports
subscales were responsive to changes in status. The minimal clinically important differences

were 8 and 9 points for the ADL and Sports subscales respectively. Guyatt’s responsiveness
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index and ROC analysis found the ADL subscale was more responsive than general measures of
function while the Sports subscale was not. The ADL and Sport subscales had high correlations
to SF-36 physical function subscale, physical component summary score and global rating of
function and low correlations with the SF-36 mental function subscale and mental component
summary score. This study provides evidence of reliability, responsiveness and validity for the

FAAM ADL and Sports subscales.
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1 Overview

1.1 The problem

There is a need for an appropriately developed and tested self reported health related
quality of life measure for those individuals with foot and ankle impairments. This would be an
evaluative measure that could be used by clinicians, researchers, and third party payers to assess
self-reported physical performance. The purpose of this research project is to develop such an

instrument.

1.2 Introduction

Measuring changes in health status resulting from medical treatment has become

increasingly important over the last 20 years®”**7"’,

In the medical community, an important
question that is frequently asked is as a result of treatment, what is the final status of a patient
compared to his or her initial status in terms of function and quality of life? This type of
outcome research, looking at the effect of an intervention on a patient’s health related quality of

37,44,77.91

life, has become more important in all medical fields . This has become even more

necessary as the need to substantiate the value of intervention to the payers (insurance
companies) and consumers (patients) has grown >/,

The definition of “outcome” continues to evolve. In recent times, the importance of the
patient’s perspective in evaluating the outcome of treatment and the success of intervention has
been recognized.”®”. Consequently, appropriately developed and tested health related quality of
life measures in the form of self-reported outcome questionnaires have become a worthy

component of outcome assessment® >



There are many uses for the information gathered by self-reported health related quality
of life measures. In conjunction with other clinical measures, self-reported health related quality
of life measures can be used to: 1) justify treatment to third party payers, 2) compare the
effectiveness of treatment in research studies, 3) demonstrate the value of treatment to patients,
and 4) improve communication between clinicians regarding patients’ perceived functional

37,55

status An appropriately established instrument collects standardized information that is

helpful in interpreting the effect of a pathology and subsequent impairment on the patient’s

functional status and quality of life>>”!

. Score changes on an appropriate instrument during or
following various treatments can be monitored over time and compared. Comparisons can be
made within the same individuals, within groups, or between groups. Information of this nature
can be used to help judge the effectiveness of various treatments to help ascertain the most
beneficial treatment methods. This information can also be used to assist in the analysis of cost

effectiveness to justify the benefit of treatment to payers >"°. A universally accepted instrument

would allow easier dissemination of this information between clinicians, researchers and third

party payers .

The importance and usefulness of the information supplied by a self-reported health
related quality of life measure focuses around its ability to measure the patient’s perceived
functional status in a uniform manner’” . Self-reported health related quality of life measures
allow information to be collected economically ° . A great deal of information can be gathered
from large numbers of subjects in a quick and efficient manner. The information that is
accumulated can be gathered independent of the clinician as the patient should need no

assistance to complete the instrument.



The limitations of self reported outcome instruments must also be addressed. This is
especially true if the instrument has not gone through appropriate development and testing’**””,
Evidence to support the instrument’s reliability validity and responsiveness must be ascertained

- 46
before the measure can be utilized **”

. Clinicians using the instrument must be aware that the
patient’s motivation while completing the questionnaire will affect the final score and
interpretation of the results °. Enough information must be provided so that the patients are able
to complete the instrument accurately and consistently’. Other limitations include the following:
1) data cannot be gathered from a person who is illiterate, 2) test conditions, with respect the
amount of assistance given to answer the items, may not be standardized, and 3) subjects may
not interpret questions on the instrument in the same manner °.

The more commonly used measures of HRQL for the foot and ankle are, the American
Orthopaedic Foot and Ankle Society Clinical Rating System 8 the Foot Function Index (FFI) *,
the Ankle Osteoarthritis Scale (AOS) **and the Lower Extremity Function Scale (LEFS) 5 Only
the FFI, AOS and the LEFS have under gone any reliability and validity testing. This testing was
done on a small and limited sample size®'***. Also, the FFI and AOS use a visual analog format
that makes their use in the clinic cumbersome, with respect to scoring, and computerized data

13,24

collection difficult *". The SF-36, a generic health related quality of life measure, is also used

for patients with impairments of the foot and ankle. Although the SF-36 has evidence to support
it’s reliability and validity *',°"%*7*" the SF-36 is difficult to score and may not be as sensitive to
change as disease or region specific measures .

There is a need for an appropriately developed and tested health related quality of life

instrument specific to those with foot and ankle disorders. Items need to have appropriate

psychometric properties. These psychometric properties include appropriate factoral structure



with items that are all highly related, adequate test re-test reliability, adequate internal
consistency, responsiveness to change and evidence of validity based on relations to other
variables. The instrument should also provide information across all ability levels, as
demonstrated by an appropriate target test information function. Item response theory, such as
the graded response model, can be used to assess the items potential to detect change across the

spectrum of ability level (potential responsiveness) and target test information function.

1.3 Purpose

The overall purpose of this project is to develop a reliable, valid and responsive self
reported health related quality of life instrument specific to those with foot and ankle disorders.
This instrument, the Foot and Ankle Ability Measure (FAAM), will consist of two scales. One
scale will contain activities related to daily activity. The second scale will contain items related
to sports activities. The development of the FAAM will be accomplished in two stages. The
purpose of stage I is to develop an instrument that contains items that have appropriate
psychometric properties. The purpose of stage II is to assess the instrument’s reliability, validity,

and responsiveness.

1.4 Research Questions

Specific questions that will be addressed in phase I of the project are:

1) Does the graded response model fit the FAAM ADL and Sports scales?

2) Which items on the instrument are potentially responsive across all ability levels of
functional status?

3) Can a target test information function be produced for both the FAAM ADL and Sports
scales that maximizes information through a broad range of physical function?

The specific questions that will be addressed in phase II of the project are:



4)

5)

6)

7)

8)

9)

What is the factoral structure and how many dimensions are represented by the FAAM
ADL and Sports scales?

Do the FAAM ADL and Sports scales demonstrate a high level internal consistency?

Do the FAAM ADL and Sports scales demonstrate adequate levels of test re-test
reliability?

Are the FAAM ADL and Sports scales responsive to change in an individual’s functional
status?

Are the FAAM ADL and Sports scales more responsive to changes in physical function
than a general measure of health status?

Are the FAAM ADL and Sports scales more responsive to changes in physical function

than a global rating of self-perceived level of functioning?

10) What is the convergent and divergent evidence to support the interpretation of the final

2

versions of the FAAM ADL and Sports scale?

Literature Review

The review of literature will address the following subject matter:

1)
2)
3)
4)
S)

6)

disablement models;

purposes of health related quality of life measures;

types of health related quality of life measures;

psychometric properties of health related quality of life measures;

currently used health related quality of life measures related to the foot and ankle;

development and testing of a health related quality of life instrument;



2.1 Disablement Models

Disablement is a term that attempts to globally identify how human performance is impacted
after bodily systems are affected by a pathological condition® When describing disablement and
the process associated with it, there are two commonly discussed models. One is the Nagi model,
developed by Saag Nagi ®. The second is the International Classification of Impairments,
Disabilities and Handicaps model (WHO model) developed for the World Health Organization
by Philip Wood **.

The Nagi model consists of four components: active pathology, impairment, functional
limitation and disablement®. The WHO model also consists of four components: disease,
impairment, disability and handicap’®. The first two components in both of the models, active
pathology and impairment in the Nagi model, and disease and impairment in the WHO model,
are essentially the same™’. Active pathology in the Nagi model and disease in the WHO model
are concerned with the pathological condition that affects bodily systems*’. Impairment, in both
models, is concerned with the process of how a pathologic condition directly affects the bodily
system™. Two examples of impairments could be loss of range of motion and weakness. The
final two components in each model, functional limitation and disability in the Nagi model and
disability and handicap in the WHO model, deviate in the way they differentiate how changes in
bodily systems impact human performance®.

Nagi describes functional limitation as being at the level of the individual where as
disability is at the societal level™’. Impairments could cause a functional limitation by affecting
simple activities of daily living, such as walking and talking. Characteristics or attributes of the
individual will determine how performance is altered with respect to functional limitations®.
Disability, on the other hand, extends beyond the individual and is defined by the roles or tasks

society places on that individual. The disability component includes more complex activities,



such as participating in work or school activities that are the combination of a number of simple
daily activities®’. Disability is in part defined by the environmental conditions in which the
activities are performed. Because disability is more complex and inter-related, it has been labeled
as a “relational concept” that is defined by both individual characteristics as well as
environmental conditions®.

The WHO model defines disability as result of impairment on the individual’s capability
% As the WHO model defines disability, it is a complex concept, potentially involving the
combination and integration of multiple simple activities within the given environmental
constraints*’. The WHO model defines handicap as the consequence of disability interacting with
the physical and social environment on an individual’s role in society®’. The WHO model notes
that this concept is a classification of circumstances within the individual’s environment and
society. It is not a direct classification of the individual and is, therefore, a social phenomenon
representing social and environmental consequences of impairment or disability™.

The Nagi model will be used as the model to describe disablement throughout the
remainder of the proposal. It has been argued that because the components of the Nagi model can
be more clearly differentiated, it is a more desirable model **. As the WHO model defines
disability, the individual’s characteristics and environmental conditions cannot be clearly
separated. The WHO model defines handicap as a social phenomenon representing both the
social and environmental consequences of impairment or disability and is not a direct
classification of the individual **. Because of this potential ambiguity, the WHO model may fail
to differentiate between limitations in social performance and the causes of these limitations.
This may pose problems when trying to define disablement and identify what is being assessed,

the individual or the environment™.



When defining disablement using Nagi’s model, the influence of the individual can be
identified with functional limitations while the interaction of the person in his or her environment
can be identified with disability®’. A useful health related quality of life measure instrument
needs to measure all domains that affect quality of life*®. As defined by Nagi, areas that can be
potentially measured by a health related quality of life instrument include: impairments,
functional limitations and disabilities °°. Defining how someone is performing in every day life is
an important function of health related quality of life measures®’. A main interest of researchers,
clinicians, payers and consumers is how pathology and impairment impact performance in every
day life’’.

The relationship of impairment to performance in every day life is not direct and
improvements in pathology or impairment do not necessarily result in improved functional
status’>. Measures of impairment are therefore felt to be less important when assessing patient
change, compared to measures of functional limitation and disability as defined by Nagi37’92.

Therefore, it has been argued that outcomes research should assess and measure functional

limitations and disability *.

2.2 Purposes of Health Related Quality of Life Measures

Kirshner has outlined three uses of health related quality of life measures: discrimination,
prediction, and evaluation*’. The purpose of a discriminative instrument is to differentiate
individuals based on the score they achieve on the measure when no superior gold standard is
available®’. These instruments can also be used to determine the seriousness of the impairments,
functional limitation and disability compared to other individuals*’. Predictive instruments are
used in conjunction with a gold standard to categorize individuals *’. Evaluative instruments

measure the patient’s change in status over time. Evaluative measures, as opposed to



discriminative and predictive measures, can be used to assess the effectiveness of treatment *’.
One needs to select the appropriate type of instrument as defined by the user’s intended purpose.

Selecting the type of instrument will be determined by the tester’s intended purpose for the
instrument and the instrument’s associated measurement properties’’. The primary purpose of
outcome research is to evaluate and measure changes in an individual’s status over time as a
result of treatment. Therefore, evaluative measures are most appropriate for outcome research.
Evaluative health related quality of life measures must have items that will relate to a change in
health status*’. Important components of evaluative instruments are as follows: 1) it must be
responsive enough to detect clinically important changes in health status; 2) it must be
comprehensive but not too tedious to complete; 3) it must be reliable by having reproducible

results; and 4) it must be valid by measuring what is was intended to measure®® .

2.3 Types of Self Reported Health Related Quality of Life Measures

There are four types of health related quality of life instruments: generic, disease specific,
region specific, and patient specific. Generic instruments involve broad questions designed to be
appropriate for a wide range of diseases, conditions, and demographics®’**®. Examples include
SF-36" and the Sickness Impact Profile’. The information obtained from generic outcome
instruments provide a broad representation of the subject’s health. **. Usually multiple domains
are measured. The advantage of a generic measure is that it allows for a comparison of functional
limitation and disability among a large number of different disease states and populations 2",
However, generic outcome instruments may not capture important and unique aspects of a
particular disease or population because the items within the instrument are more general in

42 .o .. .
nature*>®. Generic instruments may also have limited responsiveness
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. . . . . . 65.78.88
Disease specific instruments are developed for a particular disease or population >

and usually measure a single dimension of health status. Examples are the Arthritis Impact

% and the Lysholm Knee Scale . The advantage of a disease specific

Measurement Scale
instrument is that it is designed to be more sensitive to the unique characteristics of one distinct
disease state or population . Because of this, it maybe more responsive to detect important

37,69

changes in those patients with the particular disease of interest’”". The obvious shortcoming is

that a disease specific measure is only useful for a limited number of individuals as the
information gathered cannot be generalized to other diseases or populations *'.

Region specific health related quality of life instruments contain elements of both generic
and disease specific instruments. Region specific instruments measure self reported functional
limitation in subjects or patients with pathology confined to a particular body region and usually
measure a single dimension of health status. Examples of these include the Knee Outcome
Survey **, Quebec Disability Index™ and the DASH (Disabilities of the Arm, Shoulder and
Hand) *’. Region specific instruments are not as all-inclusive as generic instruments because
items on region specific instruments pertain to one body region. However, region specific
instruments are not as restrictive as disease specific instruments as a number of different
pathologies and populations can use the same instrument.

Patient specific instruments were developed to supplement generic, disease specific and
region specific instruments’’. Patient specific instruments use a distinct list of relevant functional
activities that each individual patient generates rather than a common predetermined list of

activities’'. In doing so, patient specific instruments attempt to make the scale most meaningful

and potentially sensitive to each individual. Examples are the MACTAR™Y and Maximal
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Function Measure >*. The deficiency of patient specific instruments is that comparison across

patients is difficult because each patient may generate a unique list of functional activities °".

2.4 Psychometric Properties: Reliability and Validity

Important properties of self reported outcome instruments are reliability and validity.
Reliability refers to the consistency of the measure while validity refers to the accuracy of the
measure . In order for an instrument to be useful, it must demonstrate these properties*®.

2.4.1 Reliability

Internal consistency and test-retest reliability are two important forms of reliability.
Internal consistency is the degree by which items on the instrument consistently measure the
underlying construct®®. Cronbach’s alpha is a popular method to assess internal consistency.
Cronbach’s alpha is dependent on the number of items and the correlation among the items™. It
estimates the error associated with inappropriate and/or inadequate sampling of the content
domain®’.
Test-retest reliability is used to assess the stability of the score and directly assesses
measurement error’’. When self reported health related quality of life instruments are used, one
must make sure that the subject or patient would obtain the same score on the instrument if he or
she were to complete the instrument a number of times over a period when his or her status is

stable®®*

. Technically test-retest reliability is the ratio of the variance attributed to true
differences among subjects, to the total variance®’. Test re-test reliability can be assessed using
an interclass correlation coefficient’.
2.4.2 Traditional Validity Theory

There are traditional and contemporary ways of describing validity. Traditional

definitions of validity include criterion validity, content validity, and construct validity *'.
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Criterion validity refers to the extent to which a health related quality of life instrument will
produce the same results as a gold standard or criterion measure *’. Criterion validity for a
measure of functional status is difficult to establish because it is hard to find a gold standard
measure of functional limitation®’.

Content validity refers to how well the measure completely covers the important areas of
the domain that the measure is attempting to represent’’. Evaluative instruments need to contain
items, which are likely to change as the functional status of the subject or patient changes Y In
establishing content validity, a pool of items should be generated by a literature review, by
experts who work in the domain of interest as well as by subjects or patients who will complete
the instrument®’.

Construct validity refers to the relation between the construct being assessed and the
particular measure that is being used *’. Construct validity, as it relates to an evaluative index,
attempts to answer the question: How do changes in score on the instrument relate to changes in
other related and established clinical measures? *’. This differs from criterion validity as these
clinical measures may not be gold standards. In order for construct validity to be verified, it is
imperative that the instruments have good reliability with small measurement error. The score on
the instrument must also change in parallel with other related clinical measures .

Responsiveness describes an ability to detect change. The issue of responsiveness is
controversial. Some believe responsiveness to be an element of validity®' while others argue that
ability to detect change is a separate property® . Stratford refers to responsiveness as the ability
of the instrument to detect clinically significant changes in functional limitations when
significant changes have occurred ®'. It is imperative that evaluative instruments demonstrate

responsiveness’". Stratford feels the greatest challenge in establishing an instrument is to
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determine the instrument’s capacity to detect clinically meaningful changes ®'. This challenge
arises because the definition of meaningful change in functional status is vague®'. Validated
standards of meaningful change in functional status are difficult to find. (disability and
handicap)®'.

2.4.3 Contemporary Validity Theory

Related to HRQL measures there are three sources of validity evidence proposed in
contemporary validity theory: evidence based on test content, evidence based on internal
structure, and evidence based on the relationship to other variables®. This evidence of validity is
in contrast to the traditional types of validity defined above. These three sources of validity
evidence outline how the information collected can contribute to the theoretical justification of

validity and do not simply represent different types of validity®.

2.4.3.1 Evidence Based on Test Content

Evidence based on test content is concerned with how well the test represents the domain
of interest”. This evidence can come from a theoretical framework, expert judgment, and/or
systematic observation of examinees. To obtain this information, the domain of interest must be
specified and combined with an account of how the domain is represented by the test. Specific
concerns that need to be addressed include construct irrelevance and construct under
representation®. Construct irrelevance refers to abilities or skills unrelated to the domain of
interest that are included on the test. Construct under representation refers to meaningful abilities
or skills within the domain of interest that are not assessed by the test. Evidence regarding
content will serve to describe the structure and boundaries of the test as well as assist in the

interpretation of the test™.
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2.4.3.2 Evidence Based on Internal Structure

Evidence based on internal structure evaluates test items and the relations between items
within the construct or domain being assessed by the test”. This is accomplished by examining
relations of response patterns. Specifically, relations of response patterns include those between
individual items, between subdivisions of the test, between items and subdivisions, between
items and the entire test, and between subdivisions of the test and the entire test. Analyzing the
factoral structure of the test is an important component of evidence based on internal structure.

This will allow one to determine how many different domains are represented by the test®.

2.4.3.3 Evidence Based on Relations to Other Variables

Evidence based on relations to other variables evaluates the level of association between
the test score and other measures of the same or related constructs®. Evidence based on relations
to other variables also evaluates the level of association between the test score and other
measures of distinctly different constructs. These other measures can include additional tests that
theoretically measure the same construct, related construct, or contrasted construct®. Evidence
can be convergent in nature, as when a strong relation is established between variables that
measure the same or related constructs. Evidence can also be divergent in nature, as when little
or no relation is identified between variables that measure distinctly different constructs®.

Evidence based on relations to other variables also includes evidence related to
responsiveness”. Demonstration of responsiveness requires evidence that if changes in test
scores are related to clinically important changes. Random variability in test scores can confound
the ability to identify those who improved from those who did not. Responsiveness can be
described in terms of sensitivity and specificity. Sensitivity is defined as the ability to correctly

identify those who underwent a change in physical function as demonstrated by a change of
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score on the instrument. Specificity is defined as the ability to correctly determine when a
change in physical function did not occur as demonstrated by little to no change of score on the
19,20

instrument

2.4.4 Limitations of Traditional Validity Theory

The traditional conceptualization of validity involved in defining, conducting, and
reporting validity research has been criticized. The object of validity research is to defend the
interpretation of a test score by accounting for the behavior the test score summarizes®.
Therefore, the interpretation of the test score is validated, not the test itself>. The overall
process in how this interpretation is defined is the basis of construct related validity. It is argued
that construct validity is initiated with test development and continues as the interpretation
between test scores and the variables in the domain of interest are more clearly defined®. The
variables in the domain of interest are identified and defined by the theoretical framework. This
process includes defining the meaningfulness and usefulness of the test and will continue
through the life of the test. Therefore, it has been suggested that the traditional categories of
validity (content, criterion and construct validity) are not distinguishable and that content and
criterion validity are two types of evidence of construct validity®. Additionally, issues related to
validity are never completely satisfied and demonstrated for all uses of the instrument. However,
research offers evidence toward validity. This line of thought has lead to more contemporary

theories regarding validity®.

2.5 Health Related Quality of Life Instruments Associated with the Foot and Ankle

A universally accepted self-reported health related quality of life instrument is not
available to measure a subject’s perceived functional limitation and disability, as defined by

Nagi®, related to impairment of the foot and ankle. An extensive review of the literature was
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performed in an attempt to identify all disease specific and region specific health related quality
of life instruments that were developed for use with the foot and ankle. Medline was used to
search the literature from 1965 to January 1999. Instruments were identified by using the subject
“orthopaedics” combined with the following text words: 1) foot, 2) ankle, 3) outcome, 4) index,
5) scale, 6) instrument, 7) clinical rating systems, 8) patient satisfaction, and 9) health status
indicators. Thirty-two self reported health related quality of life instruments were identified that

included patients’ or subjects’ perception of their functional status'?®*!%1

15.17.:24,25.27.36.43.4849.51.36-58.68.71.73.74.8287 \any of these instruments were developed for use in a
specific study. Three of the 32 instruments had reliability and validity testing. These include the
Foot Function Index (FFI) ", the Ankle Osteoarthritis Scale (AOS)** and the Lower Extremity
Function Scale (LEFS) ®. Five instruments were selected for review. The AOS, FFI, LEFS and
SF-36 were chosen because they have research evidence to support their utility. The AOFAS
Clinical Rating Systems was chosen for review because it is a commonly found measure in the
orthopaedic literature. A brief review of the Foot Function Index (FFI) B the Ankle
Osteoarthritis Scale (AOS) **, the Lower Extremity Function Scale (LEFS)® and the AOFAS

Clinical Rating Systems **can be found in Figure 2.1.

2.5.1 American Orthopaedic Foot and Ankle Society Clinical Rating Systems

A commonly used scale in the orthopaedic literature is the American Orthopaedic Foot
and Ankle Society clinical rating system*®. The American Orthopaedic Foot and Ankle Society
clinical rating system has four scales that represent four different anatomical regions of the foot.
These “clinical rating systems” include the Ankle-Hinfoot, Midfoot, Hallux, and Lesser Toes.

Each incorporates items dealing with clinical measures as well as self-report items*®. To date,
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there has been no validity or reliability research done using these clinical rating systems. Also,
little description has been given as to how and why items were selected and how the point
distribution for each question was determined.

2.5.2 The Foot Function Index

The Foot Function Index (FFI) was developed by Budiman-Mak to measure pain,
disability and activity limitation in the elderly population". Item generation was accomplished
by a group of clinicians, which included a rheumatologist, physical therapist and podiatrist, with
the intent of measuring how foot problems affect pain and function. The FFI consists of 23 items
grouped together into three sub-scales including activity limitation (five items), disability (nine
items) and pain (nine items). Visual analogue scales that are divided into ten equal segments,
with assigned values from zero to nine, are used to score each question”. A sub-scale score is
obtained by totaling the score for each question, dividing it by the maximum attainable sub-scale
score and then multiplying it by 100. If a question is marked not applicable or not answered it is
excluded from the total. Sub-scale scores range from zero to 100. A total foot function score is
obtained by averaging the sub-scale scores together. A higher score is representative of greater
impairment and a lower level of functioning .

Factor analysis, internal consistency, reliability, and validity testing were done on 87
subjects with rheumatoid arthritis. . A principle component factor analysis was used to assess
internal structure. Items from the pain and disability sub-scales and three items from the activity
of daily living sub-scale loaded strongly on one factor. Two items on the activities of daily living
sub-scale loaded onto a unique factor. These items questioned the use of an assistive device

. 1
indoors and outdoors'.
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Internal consistency was examined using Cronbach’s alpha'”. The following results were
obtained: 1) total score alpha=0.96, 2) disability sub-scale alpha=0.93, 3) pain sub-scale
alpha=0.95 and 4) activity limitation alpha=0.74".

Test-retest reliability was done by having subjects complete the FFI during a clinic visit
and a second copy was given to the subject to be mailed back within one week'>. Forty-six
percent of the surveys were correctly filled out and returned. Test-retest reliability was estimated
for the total score as well as for each of the three sub-scales using intraclass correlation
coefficient. The following results were obtained: 1) total score ICC=0.87 (n= 39), 2) activity
limitation sub-scale I[CC=0.81(n= 40), 3) disability sub-scale ICC=0.84(n= 40), and 4) pain sub-
scale ICC=0.70 (n=39)".

Criterion validity was evaluated by assessing the relations between the total score on the
FFI and each of the sub-scale scores to the number of painful foot joints, the number of painful
hand joints, time to walk fifty feet, and grip strength'’. The authors hypothesized strong
correlations would be found between total score and sub-scale scores to the number of painful
foot joints and time it took subjects to walk fifty feet. The authors also hypothesized that weak
correlations would be found between total score and sub-scale scores to the number of painful
hand joints and to grip strength. Moderate and low correlations were found between these
variables". The results are outlined in Figure 2.2.

The ability of the FFI to detect change was assessed over a six-month period by assessing
the relationship between a change in an objective measure of disease activity, as defined by the
number of painful foot joints to changes in the total FFI score and sub-scale scores'. The authors
found that changes in the number of painful foot joints correlated moderately with changes in the

total FFI score (r=0.45,p=0.003) and changes in the pain sub-scale score (r=0.47, p=0.002).
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There was a low correlation between changes in the number of painful foot joints to changes in
activity limitation sub-scale (r=0.34, p=0.03). A very low correlation was found between the
number of painful foot joints to the change in the disability sub-scale score (r=0.11, p=0.5)".
There are a number of limitations with the FFI index. Reliability and validity have been
demonstrated, but only in subjects with rheumatoid arthritis. The evidence for validity is not
displayed by strong convergent or divergent properties. The correlations between the FFI total
score and sub-scale scores to the number of painful foot joint and the time it took subject to walk
fifty feet might be expected to be higher. Conversely, the correlations between FFI total score
and sub-scale scores to the number of painful hand joints and grip strength might be expected to
be lower. However, if a systemic exacerbation of the rheumatoid arthritis is present a stronger
correlation may be observed between FFI total score and sub-scale scores to the number of
painful hand joints and grip strength. Evidence of validity based on test content may be
questionable. The items related to functional activity, in the disability sub-scale of the FFI, are
not of a demanding nature as lower level activities such as walking and negotiating stairs are
included. There is not any representation for more demanding higher level activities such as
running or activities related to sports. Therefore, the FFI exhibits construct under-representation,
as all the items represent only lower level activities. Because of this the FFI may exhibit ceiling
effects for individuals who function at a high level. Construct irrelevance maybe evident with the
activity of daily living sub-scale as demonstrated by the poor internal consistency and inability to
load on the common factor. The items on the activities daily of living sub-scale may not be
measuring a single construct. The items on this sub-scale may also not be measuring a construct
consistent with the other sub-scales. This is particularly true of the items dealing the use of an

assistive device. Another potential problem is that the visual analog scale scoring method may be
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cumbersome to use in a clinical situation, requiring extra time and the use of a ruler to score. The
visual analog scale scoring would also make computerized scanning and automated scoring and
data collection difficult. Computerized scoring and collection could be important to automate
and chart patient progress. This information could be used by clinicians and others who want to
review patient progress. Finally, the contribution of each item with respect to the amount of
information it adds to the overall test is unknown.

2.5.3 The Ankle Osteoarthritis Scale

The Ankle Osteoarthritis Scale (AOS) was developed as a modification the Foot Function
Index **. The objective was to measure patient symptoms and functional limitation as a result of
ankle osteoarthritis. To accomplish this, Domsic and Saltzman® eliminated the activity
limitation subscale and modified anatomical descriptors to apply only to the ankle. Therefore,
the AOS consisted of two nine item sub-scales, pain and disability, scored on a 10cm visual
analog scale. The responses of the two sub-scale scores are summed”’. A higher score is
representative of greater impairment and a lower level of functioning .

Domsic and Saltzman® evaluated test-retest reliability and validity of the AOS. Test re-
test reliability was assessed by having the 36 subjects with ankle osteoarthritis complete two
questionnaires a week apart. Domsic and Saltzman®* noted “excellent” test-retest reliability of
the scale with intraclass correlation coefficients of .97, .95 and .94 for the total score, pain sub-
scale and disability subscale respectively (n=28)".

Validity was examined by assessing the relation of the pain and disability subscales of the
AOS to the Western Ontario McMaster University Osteoarthritis Index (WOMAC) and physical
function and bodily pain subscales of the SF-36>*. The relations were examined using the
Pearson Correlation Coefficient in 15 subjects from the test-retest group. Correlations between

the WOMAC and AOS pain and disability subscales were r= 0.70 and r=0.65 respectively. The
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correlation between the AOS disability score and the SF-36 physical function sub-scale score
was r=-0.66 (p=0.005). The correlation between the AOS pain subscale score and the SF-36 pain
sub-scale score was r=-0.34 (p<0.2)24.

The ratio of the number of heel lifts performed by the affected side divided by the
number of heel lifts performed by the unaffected side (to a maximum number of 10 heel lifts)
was used as a measure of ankle function®*. The relationship between the total AOS score and the
score on each of the AOS subscales to the relative number of heel lifts was assessed using the
Spearman rank order correlation coefficient. The authors concluded that the total AOS score, the
disability subscale and the pain subscale were “sensitive to the degree of ankle joint dysfunction”
with correlation coefficients of 0.88 (p<0.001), 0.90 (p<0.0005) and 0.63 (p<.05) respectively24.

The authors concluded that the AOS was a reliable and valid outcome instrument to
measure patient symptoms and disabilities related to ankle osteoarthritis. However, there are
limitations associated with the AOS. A limited population of subjects, those with osteoarthritis,
was used when demonstrating reliability and validity of this instrument A greater association
should be expected between the SF-36 pain sub-scale and the AOS pain sub-scale. The author’s
did not give support of divergent evidence. Evidence of validity based on test content may be
questionable as described with the FFI. Another potential problem is that the visual analog scale
scoring method may be cumbersome to use in a clinical situation, requiring extra time and the
use of a ruler to score. The visual analog scale scoring would also make computerized scanning
and automated scoring and data collection difficult. Computerized scoring and collection could
be important to automate and chart patient progress. This information could be used by clinicians
and others who want to review patient progress. Finally, the contribution of each item with

respect to the amount of information it adds to the overall test is unknown.
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2.5.4 The Lower Extremity Functional Scale

The Lower Extremity Functional Scale (LEFS) was created by Binkley et.al.®. Items for
the LEFS were generated from review of literature, clinicians, and patient input. Items were
intended to assess handicap and disability as defined by the WHO disablement model®.
Answers to each of the LEFS’s 20 items are categorical and scored 0-4 with a total score of 80
indicating a high level of function®.

The LEFS underwent preliminary statistical testing to assess its factoral structure. Initial
factor analysis was done on 57 subjects with 22 interim items®. Two items were dropped because
of poor factor loading. The remaining 20 items loaded on one factor. The factor loadings ranged
from 0.44 (walking between rooms) to 0.86 (performing heavy activities around the house).
Coefficient alpha of these 20 items was calculated to be 0.96 (n=107)®.

Reliability and validity testing was completed on 107 subjects®. The site of pathology
with these subjects was as follows: hip (n=2), thigh (n=1), knee (n=71), leg (n=8), ankle (n=14),
and foot (n=8). Three subjects did not have information with respect to the site of pathology.
Test re-test reliability was calculated between the scores on initial evaluation and scores 24-48
hours later. The calculated results using an intraclass correlation coefficient was 0.86(n=107).
The 90% confidence interval was calculated to be plus or minus 5.3 points. This implies any
score on the LEFS may have up to five points of error associated with it®.

Construct validity of the LEFS was considered using three separate methods®. First,
construct validity was assessed by the Pearson correlation coefficient between the initial LEFS
and the initial score on the subscales of the SF-36. Convergent evidence was examined by
calculating the correlation between the LEFS and the physical function subscale and physical
component summary score of the SF-36. These correlation coefficients were 0.80 and 0.64

respectively®. Divergent evidence was examined by calculating the correlation between the
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LEFS and the mental health subscale and mental component summary score of the SF-36. These
correlation coefficients were 0.23 and 0.30 respectively (n=100)". Secondly, construct validity
was assessed using a one-way ANOVA to investigate if there were lower LEFS scores in those
with recent surgery compared to those without recent surgery. A significant difference was found
(P=0.006, n=100). Thirdly, construct validity was assessed by calculating a one-way ANOVA to
examine if those subjects with acute conditions had lower LEFS scores than those with chronic
conditions. Subjects were given a chronicity rating, based on a three-point scale (l-acute, 2-
moderate/unclear, or 3-chronic) by two orthopaedic physical therapists. A significant difference
in LEFS scores was found (p=0.027, N=96) between those with acute and those with chronic
conditions®.

A difference in the sensitivity to change between the LEFS and the SF-36 physical
function subscale and physical component summary scores was examined at one and three
weeks®. This was accomplished using a Spearman rank-order correlation coefficient to examine
if there was a difference in the relationships between a prognostic rating and the change in LEFS,
prognostic rating and the change in SF-36 physical function subscale score and prognostic rating
and the change in physical component summary score. Two orthopaedic physical therapists gave
the subjects a prognosis rating, from —2 (much worse) to +4 (very large improvement), based on
how they felt the subjects would present following one and three weeks of treatment. The results
demonstrated: 1) no significant difference between the correlation coefficients of prognosis to
the change in score of the physical function subscale and prognosis to the change in score of the
LEFS at one week (p=0.106); 2) a significant difference was found between the correlation
coefficients of prognosis to the change in the physical component summary score and prognosis

to the change in the score of the LEFS at one week (p=0.05); 3) a significant difference was
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found between the correlation coefficients of prognosis to the change in the score of the physical
function subscale and prognosis to the change in the score of the LEFS at three week.(P=0.002);
and 4) a significant difference was found between the correlation coefficients of prognosis to the
change in the physical component summary score and prognosis to the change in the score of the
LEFS at week three (P=0.019)®.

The minimally clinically important difference of a change in score was plus or minus 9
points (90% CI) (Binkley). This value was determined using a ROC curve and clinician
prognostic ratings. Plus or minus 9 points was associated with a sensitivity of 0.81, a specificity
of 0.70 and an area under the curve of 0.76°.

The authors concluded that the LEFS was reliable, valid, and easy to administer.
However, the LEFS does have limitations. The contribution of each item with respect to the
amount of information it adds to the overall test is unknown. The items on the LEFS are intended
to be relevant to those with hip and knee as well as foot and ankle impairments. Therefore for
subjects with foot and ankle disorders, construct irrelevance may be evident, as some of the
items may not directly pertain to those with foot and ankle impairments. An example is the item
questioning the ability roll over in bed. Construct under-representation may be evident as items
particular to foot and ankle impairments may have been excluded. An example would the ability
to come up on toes. Because the LEFS is a general HRQL measure, it may not be as sensitive to
changes in patient status as a foot and ankle region specific measure. The sample used for testing
included only 22 subjects (out of a total of 107 subjects) with impairment of the foot and ankle.

2.5.5 The Short Form Survey (SF-36)

The Short Form Survey (SF-36) was constructed as part of the extensive Medical
Outcome Study (MOS) completed in 1986 through 1987, and included over 22,000 subjects **.

The objective in constructing the MOS SF-36 was to develop a comprehensive, valid, reliable,
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precise, and efficient global health survey that could be used in health policy evaluations, general
population surveys, clinical research, and clinical practice *. Items for the SF-36 were derived
from common health related outcome instruments that had been previously used®. Since
introduction of the SF-36, it has been the principle generic self-reported health related outcome
instrument. It has served as a gold standard to which numerous disease specific and region
specific health related outcome instruments have been compared.

The SF-36 is a multi-item scale in Likert format that measures eight health concepts,
represented by eight different subscales that vary in item number. The eight concepts and the
number of items comprising each scale are as follows: 1) physical functioning (10 items); 2) role
limitations because of physical health problems (four items); 3) bodily pain (two items); 4) social
functioning (two items); 5) mental health (five items); 6) role limitations because of emotional
problems (three items); 7) vitality (four items); and 8) general health perceptions (five items).
The SF-36 is scored from zero to 100 with higher scores representing better health®. Numerous
studies have analyzed the psychometric properties of the SF-36>!!+1228:31:41.61-63.78, &

The test re-test reliability of the SF-36 has been reported to be acceptable in the general

21112284188 patrick et al’® examined the test re-test reliability in subjects

medical population
with sciatica. In this orthopaedic population the test re-test reliability results were low. Subjects
with sciatica who reported no change in quality of life over a three month period (n=356) were
found to have interclass correlations as follows: 1) physical functioning =0.71, role limitations
because of physical health problems =0.57, role limitations because of emotional problems=0.73,

social functioning=0.32, bodily pain=0.50, mental health=0.50, vitality=0.50, general health

perceptions=0.60"".
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McHorney has evaluated the SF-36 for internal consistency, validity and precision.
These studies were completed using data from the Medical Outcome Study. The subjects in the
Medical Outcome Study had diagnoses of hypertension (HTN), diabetes, congestive heart failure

31,60-63,78
’ 7 Internal

(CHF), recent myocardial infarction(MIl)and/or depression (n=3,445)
consistency reliability coefficients were as follows: physical function 0.93, role limitations
because of physical health problems 0.84, bodily pain 0.82, social functioning 0.85, mental
health 0.90, role limitations because of emotional problems 0.83, vitality 0.87, and general health
perceptions0.78°".

McHorney et al. concluded the SF-36 contained two principal components as extraction
of these factors accounted for 70% of the explained variance®'. The two components were
defined as physical and mental health. The pattern of correlation between each of the eight
concepts to the two principal components was evaluated. Physical functioning, role limitations
because of physical health problems and bodily pain had a strong correlation to the physical
health component with correlation coefficients of 0.88, 0.78 and 0.77 respectively. Mental
health, role limitations because of emotional problems and social functioning correlated strongly
to the mental health component with correlation coefficients of 0.90, 0.81 and 0.71 respectively.
Vitality and general health perceptions had moderate correlations to physical health component
with correlation coefficients of 0.59 and 0.68 respectively. Vitality and general health also had
moderate correlations to the mental health component with correlations of 0.67 and 0.56
respectively®’.

Validity was assessed by evaluating the ability of the SF-36 to distinguish between

subjects with serious medical conditions (N=168) from those with minor medical conditions

(N=638), as defined by “disease specific severity scales” for HTN, diabetes, CHF and MI . All
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of the eight concepts were able to distinguish between those with minor from those with serious
medical problems. The concepts of physical function (mean difference=23.18, F=85.9), role
limitations because of physical health problems (mean difference=26.35, F=60.6), bodily pain
(mean difference=10.96, F=23.6), mental health (mean difference=4.90, F=13.3), social
functioning (mean difference=11.59, F=29.9), vitality (mean difference=14.23, F=54.8), general
health perceptions (mean difference=17.89, F=84.7) were able to distinguish between those with
minor from those with serious medical problems. Role limitation because of emotional problems
was able to distinguish between those with minor from those with serious medical problems
(mean difference=8.10, F=5.8). °'.

Validity was also assessed by evaluating the ability of the SF-36 to distinguish between
those with minor medical problems (N=638) from those with a psychiatric condition or
depression (N=163). All concepts except physical function (mean difference=0.09, F=0.0) were
able to distinguish between those with minor medical conditions from those with psychiatric
conditions at the p<0.001 level (mean difference and F-ratios ranged from 29.74, F=294.7 for
mental health to 9.11, F=22.9 for general health).®'

The SF-36 has had comparable results, with respect to responsiveness, when examined
against several disease-specific scales for the lower extremity'®*****% One exception to note
was with the LEFS. Binkley et al. compared the LEFS to the SF-36 physical function subscale
and the physical component summary score®. Specifically, they examined the correlation of the
change scores to the clinician prognostic rating. A significant difference in the correlation was
found after three weeks of treatment with the change in LEFS score correlating more strongly to

the clinician prognostic rating than change scores of both the physical component summary score
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(P=0.002) and the physical function subscale (P=0.019). Binkley et al. concluded that the LEFS
was “superior to the SF-36 in terms of clinical efficiency and sensitivity to change” in-patients
with lower extremity dysfunctions®.

The SF-36, although it has been shown to be reliable and valid, has a number of flaws.
The SF-36, in its entirety, is difficult to use in clinical situations because of the complexity of
how it is scored. This may be problematic for those without access to computerized scoring.
Also, the SF-36 requires a considerable amount of time to complete. Considering these two
issues, compliance in its use by the clinician and the patient may be low. Recently Binkley®
demonstrated, that the SF-36 is not as sensitive to change as a region specific measure related to
the lower extremity. The test re-test reliability in the orthopaedic population may need to be
more closely examined. Because the SF-36 is a general HRQL measure, it may not be as
sensitive to changes in patient status as a foot and ankle region specific measure. This appears to
be supported by Binkley®. Psychometric testing has not been completed on subjects with only
foot and ankle related impairments. Items on the SF-36, related to functional activities, are
general in nature and pertain to lower level activities such as walking and negotiating stairs.
Construct under-representation may be present as there is not any representation for more
demanding higher level activities such as running or activities related to sports. Because of this
ceiling effects maybe exhibited when used with individuals who function at a high level.
Construct irrelevance may be evident, as some of the items might not be primarily limited to
those with foot and ankle impairments. An example would be the items dealing with bathing or
dressing. This activity may be more directly limited by a hip or knee pathology. Construct under-
representation may be evident as items particular to foot and ankle impairments may have been

excluded. An example would be the ability to come up on toes.
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2.5.6 Considerations for the Development of an Instrument

When considering the development of a new self reported health related quality of life
instrument one needs to fully examine what is currently being used and ask the question: Why do
we need another measure? When evaluating other instruments one must assess and answer the
following for each instrument: 1) What is the response burden to the patient or subject required
to complete the instrument? 2) What is the burden to the clinician or researcher to score and use
the instrument? 3) How was the instrument developed? 4) What is the content of the instrument?
5) How useful is the information the instrument supplies? ****’. One must utilize the above
questions to verify that a new instrument will provide more useful information than that obtained
from instruments that have already been developed. At the current time, it is felt that an
instrument related to self reported health related quality of life measures for disorders of the foot
and ankle can be developed which is superior to that which is presently being utilized.

Perhaps the most significant deficit with the currently used instruments is their failure to use the
most precise method psychometric method of test development: namely item response theory *2.
Item response theory allows developers to evaluate how much information each item contributes
to the overall score on the instrument’”. Therefore, items can be more objectively evaluated for
their appropriateness and can then be included in or eliminated from the final instrument. Item
response theory also allows for the hierarchical ordering of the items on the instrument™.

Potentially, more information could be obtained from instruments developed using this method.



30

2.6 Methods Used to Develop a Health Related Quality of Life Instrument

There are two contrasting methods used to develop health related quality of life
measures: classic test development and item response theory. Classic test development assesses
the reliability and validity of the measure as a whole where as item response theory assesses each
item individually.
2.6.1 Classic Test Development

The classic method of test development historically is the most commonly utilized
procedure for the development of health related quality of life measures. Typically, when
instruments are constructed using classical methods, items are selected based on what the
developers deem should be on the instrument. The instrument as a whole is then tested for
reliability and validity on a particular sample®”. Using these classical methods, there is little way
to objectively or scientifically assess how each item supplies information about the examinees.
Information regarding individual items cannot be disassociated®’. Classical methods offer no
means to select or remove items based on their contribution to the instrument and the examinees
overall score. Therefore, examinee characteristics and test characteristics cannot be
differentiated. Classical methods offer no means to assess how many items need to be included
on the instrument. Testing is sample dependent as conclusions obtained with reliability and
validity testing are limited to the population used to complete the testing’. Ability estimates are
test dependent with harder tests resulting in lower scores and easier tests resulting in higher
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scores. Also, classical methods do not allow for an ordered continuum of items ~°.

2.6.2 Item Response Theory

The basic concept behind item response theory is that the probability of choosing a
response for each item is a function the subject’s ability and the difficulty level of each item.

Calculations can be done and curves can be constructed that represent the probability of choosing
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a response for each item based on an examinee’s ability. There are a number of different models
associated with item response theory. These models can be reduced into three basic models that
differ in the number of parameters they incorporatel7’23.

A one-parameter model is able to differentiate items based on how difficult the items

17,23
arc 7

. If an item is more difficult, the examinee will have to possess greater ability in order to
respond correctly. The difficulty level of each item can be given a numerical value. When the
ability level of the examinee is transformed to have a mean ability of zero and a standard
deviation of one, the difficulty value of the items usually range from —2 (easier) to +2 (more
difficult). A one-parameter model assumes that each item is equal in its ability to rate an
examinee based on the examinee’s ability’>. The partial credit model is an example of a one-
parameter model '

A two-parameter model includes an item difficulty parameter and adds a discrimination
parameter. In the two-parameter model, each item is assumed to have a different level of
discrimination. This discrimination parameter is proportional to the slope of a curve; items that
have a steeper slope are better able to separate examinees based on their ability '"*. The
discrimination factors usually range from 0 to two in value. The graded response model is an
example of a two-parameter model '"*3.

A three-parameter model includes not only a difficulty and discrimination parameter, but
also includes a parameter to reflect success by guessing'’>. A three-parameter model is not
appropriate in measures of health status because guessing for the correct answer is not a
concern' >,

Item response theory requires a number of assumptions to be met by the items in order

for the results to be valid. These assumptions include unidimensionality, local dependence,
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administration of the test is not under time constraints, and guessing for a correct answer is not
an option . Unidimensionality implies that the instrument measures a single domain. Local
dependence pertains to the examinee’s abilities, and it implies that only one factor influences the
examinee’s response to the items””. The assumptions of unidmensionality and local dependence
are tested using factor analysisg4. If it is determined that the items contained on the instrument
represent one factor, then the assumptions of unidemensionality and local dependence will be
met™.

In item response theory, the parameters for each item are estimated from the data
separately to form the best fitting curves by a maximum likelihood procedure. These curves are
called item characteristic curves **. This concept is similar to the least squares procedure used in
linear regression. The outstanding differences are that item response theory models are not
linear in nature, and the regressor or independent variable (ability) is unobservable™. However,
the concepts are similar because estimates of the parameters are calculated as closely as possible
to the expected values in order to fit the best curves for each item’>.

The selection of the IRT model is based on type of data, model fit and the assumptions of
the models®™. There are four models commonly used for instruments with multiple response
options; partial credit, graded response, rating scale and nominal response models '"**. The
partial credit and graded response models are most appropriate when the possible responses can
be ordered to represent varying degrees of the ability being measured”. The model to be used

(one, two, or three-parameter model) will also be determined statistically by the minimal number

of parameters that are able to extract a maximal amount of information. A likelihood ratio can
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be obtained for each model. The difference between likelihood ratios can be tested statistically,
using chi-squared values, to assess if the addition of extra parameters add significantly more
information. The simplest model that offers the most information is chosen®.

Once the model that is most appropriate for the items is determined, the ability to
reproduce the results, with respect to model fit and parameter estimates, must be tested. This
property is referred to as invariance. It implies that the parameter values determined for each
item are unrelated to the characteristics of the examinees answering each item >>. It also implies
that subjects with similar abilities will answer the items the same. The property of invariance
should be present as long as a large heterogeneous population is used to calculate the parameter
estimates >>. When the items are determined to be invariant, the same item parameters will be
obtained regardless of the population using the instrument®. This property of invariance is tested
by separating the data into two groups and then comparing the model fit and the parameter
estimates of these two groups *. The groups can be formed by splitting the data randomly, by
age (young and old), and by gender. If the property of invariance is present, then the results of
the two groups should be similar®.

The amount of information supplied by each item and the amount of information supplied
by the test as a whole must be examined. The item information function describes the amount of
information that each item provides as a function of ability **. Item information functions can be
summed to provide a test information function. The more information an instrument provides,
the more precise the instrument will be with less associated error of estimation *. The target test
information function for an evaluative instrument should provide a maximal amount of

information across all ability ranges™ .
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2.6.3 Compare and Contrast Classical Test Development to Item Response Theory

The benefits of classical test theory include smaller sample sizes required for analysis and
simpler mathematical analyses compared to item response theory’>. However, there are
significant limitations and they are as follows: 1) the instrument as a whole is tested for
reliability and validity on a particular sample; instead of each item as with item response theory;
2) individual items cannot be selected or removed based on their contribution to the instrument
and the examinees overall score; 3) examinee characteristics and test characteristics cannot be
differentiated as ability estimates are test dependent (harder tests will result in lower scores and
easier tests will result in higher scores); 4) there is no means to assess how many items need to
be included on the instrument; 5) the testing is sample dependent as conclusions obtained with
reliability and validity testing are limited to the population used to complete the testing; and
finally 6) an ordered continuum of items based on how difficult the items are cannot be
generated 2.

Item response theory offers substantial advantages over classical methods of test
construction. One major difference is that item response theory allows one to evaluate the
amount of information each item supplies about the examinee’s ability. Secondly, the results of
item response analysis are invariant. Specifically, the benefits of item response theory over
classical testing methods are as follows: 1) item characteristics are not sample dependent; 2) how
well a subject performs on the test or instrument is not test dependent; 3) item response theory is
item directed while classical test construction methods are test directed; 4) item response theory
assesses each item’s reliability and not just the test’s reliability; 5) selection of items is based on
the amount of information the individual item contributes to the total score; and 6) item response

theory provides a precise measure that is a function of the subject’s ability **.
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There are limitations in using item response theory. One of the major limitations of item
response theory is that a large heterogeneous sample of approximately 500 examinees is needed
for accurate item parameter calculations and estimates’”. Also, item response models and

calculations are complex, and developers must ensure proper model fit*”,

2.7 Steps to Develop a Health Related Quality of Life Instrument

The construction of a self reported health related quality of life instrument requires six
steps: 1) define the purpose of the instrument, 2) item generation, 3) initial item reduction, 4)
instrument construction, 5) final item reduction, and 6) reliability and validity testing’’*"".
Steps two through five are primarily concerned with issues regarding validity. Specifically, they
are concerned with providing evidence based on test content, internal structure and establishing

relationships between variables.

2.7.1 Define the Purpose of the Instrument

The first step when developing a health related quality of life instrument is to define the
purpose of the instrument’®*’. Health related quality of life measures maybe used to discriminate
between individuals or groups of individuals, to distinguish outcome on a criterion measure or to
detect change. The purpose of the instrument will allow the developers to prioritize the
properties that the instrument should contain.

2.7.2 Item Generation and Initial Item Reduction

The goal of steps two and three are to establish evidence based on test content. This can
be accomplished in two phases: 1) generation of an exhaustive list of all possible items that may
be included within the domain of interest and 2) initial item reduction to remove items that are
repetitive, complex, too narrow in scope and/or difficult for the subject to interpret. Generation

of an exhaustive list of all possible items is done through review of the literature, input from
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experts and/or input from a sample of patients or subjects for whom the instrument is intended to
be used’™"%. A literature review should examine existing measures to identify what clinical-
researchers working in the domain of interest believe are important topics and questions.
Experts who work within the domain of interest should have an opportunity to directly contribute
ideas, topics and items that they feel need to be included on the instrument in order for it to be
successful”. Questioning those individuals who will be completing the instrument will also help
to make sure that the items address areas they feel should be included on the instrument’s.
Obtaining as much feedback as possible regarding the items to be included in the instrument will
help the instrument to be more universally accepted.

Step three, initial item reduction, and can be accomplished by obtaining opinions from
experts and patients. Hudac et. al., in developing the DASH, for example, had experts rate
individual items in terms of importance, ranging from “very important” to “not important”. In
doing so he assigned a value to each item, ranging from -2 (not important) to +2 ( very
important). Descriptive statistics were then obtained to identify the items that the experts
cumulatively felt should be included on the index *’. This method allowed items to be included
or excluded based on empirical data.

2.7.3 Instrument Construction

Step four, proper construction of the instrument, includes choosing the most suitable
wording and organization of the directions, the items and the possible responses ~*°. Proper
construction of the instrument is implicitly important if useful information is to be collected from
it **47_ Capacity directs the subject or patient to assess what he or she thinks he “could do” or
“can do” while performance directs the subject or patient to assess what he or she “did do” or
“does do” *°. The wording of questions to reflect capacity verse performance has been shown to

alter scores. Wording in terms of capacity causes potentially inflated scores’. However,
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wording in terms of capacity should allow patients or subjects to answer all questions based on
hypothetical responses if the activity in questions has not been attempted. Wording in terms of
performance would allow items to be answered only if the subject has attempted the activity in
question within the time frame the instrument is assessing. Answering all items has benefits, as it
allows for more equal comparison of scores on the instrument within the same subject as well as
between subjects. Therefore, it may be best not to limit the wording of directions to either
performance or capacity.

When choosing the wording for potential responses, “difficulty scales” have been utilized
successfully *°. Difficulty scales have questions that read “How much difficulty do you have
with?” and responses that range from “no difficulty at all” to “unable to perform”. Difficulty
scales are also felt to be an appropriate choice because functional limitation and disability are
defined in terms of one’s difficulty performing various activities *°.

Responses to questions can be set up in a Likert or visual analog format. Likert type
response formats use categorical statements for potential responses’. These categories are written
by the test developer to represent a continuum of response options for each item on the
instrument from high to low. Responses set up in a visual analog format have two extreme
positive and negative responses, connected by a line, usually 10 centimeters in length’. Unlike
Likert format, visual analog responses do not force the patient or subject into choosing one
category for a response. The patient or subject can choose his or her response to the item in
question anywhere along the 10-centimeter line that he/she feels is most representative of his/her
status. Use of visual analog scales is sometimes preferred over Likert format because it has the
ability to offer more continuous measurement data *°. However, the use of visual analog scale

scoring method may be cumbersome to use in a clinical situation, requiring extra time and the
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use of a ruler to score. The visual analog scale scoring would also make computerized scanning
and automated scoring and data collection difficult. Computerized scoring and collection could
be important to automate and chart patient progress. Also, it would make collection of data by
phone interview and computerized scanning and scoring difficult. The disadvantage of a likert
format is that the patient if forced to choose a particular response, which may not exactly
represent how the patient feels.

Instruments that use a Likert format should: 1) word the item in present tense; 2) avoid
statements that are not subject to change; 3) use unambiguous wording; 4) use proper grammar;
5) use simple sentence structure; and 6) consist of easily understandable vocabulary .

Item scaling refers to the number of options available to answer each question or item on
the instrument'’. The primary purpose of an evaluative instrument is to register change.
Therefore, a score change on the instrument must reflect a clinically important change in the
subject /. Although the index should be sensitive to change, the subjects’ or patients’ responses
should be consistent. If there are too many choices, the reliability of the subjects’ responses will
decrease. However, if there are not enough responses, the instrument may not have enough
sensitivity to detect change®’. Likert scales usually allow for a middle or neutral response.
Therefore, 5 or 7 point scales are usually suggested®’.

How to score a health related quality of life instrument is also an issue related to scaling.
Ability scales imply that a higher score is associated with a higher degree of functioning.
Disability scales imply that a lower score is associated with less disability and, therefore, a
higher degree of function. Higher scores may be viewed in a more positive light in society while
lower scores are usually viewed as more negative. Therefore, ability scales may be easier to

interpret.
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Construction of the instrument should also include review and pilot testing of the
instrument by clinicians and patients or subjects who may use it’’. At this stage, every effort is
made to ensure the instrument is user friendly: easy to administer, easy to complete and easy to
score. Being user friendly includes making sure the directions are clear and easy to read.

2.7.4 Final Item Reduction

Step five, final item reduction, involves choosing items that have sound psychometric
properties. After the instrument is carefully constructed, items that offer redundant information,
those that are not responsive across the complete range of ability, and those that are not reliable
or are not contained in the domain of interest need to be eliminated. Factor analysis and item
response theory allows items to be selected or eliminated based the characteristics of each
individual item. Exploratory factor analysis can be used to assess the appropriateness of a one-
factor model. Items that do not fit a one-factor model can be identified and eliminated. Item
response theory allows each item to be assessed according to the difficulty level of the item, the
ability of each item to discriminate between subjects of varying ability levels, and the amount of

information each item provides.

2.7.4.1 Item Reduction Based on Factor Analysis

Factor analysis is a statistical method that can be used to determine the relation among a
number of variables®. Two commonly used methods are confirmatory factor analysis and
exploratory factor analysis. Exploratory factor analysis is a technique that tries to identify
relations among a larger number of variables in an effort to condense the number of variables
into a smaller subset of variables or factors *°. Highly related items can be combined into factors
and assigned an associated eigenvalue or variance estimate. The amount of variation explained

by each factor is indicated by its eigenvalue. The larger the eigenvalue, the more variation that is
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explained by the factor. Eigenvalues are divided by the total variance of all the items, and then
multiplied by 100 to yield the percent of variance explained by the factor. The eigenvalues can
be plotted against the factor number and the curve connecting the points can be examined. This
procedure provides test of scree. The test of scree looks for where the “elbow” or curve in the
data occurs. The number of points at or to the left of this “elbow” indicates the number of factors
that account for largest amount of the variance. A factor rotation procedure can also be done to
evaluate how well the items fit into the factors®. A factor rotation groups items together based
on their inter-item correlation values to allow for more meaningful interpretation. A varimax
rotation procedure will produce a factor structure such that each item will load highly on only
one factor”. Each factor structure should represent a distinct construct’”. Therefore, items that do
load highly on the primary factor may represent a different construct and might be excluded.

A conceptually different technique, confirmatory factor analysis, is a method whereby a
hypothesized factor model for the variables is tested””. When testing the hypothesized factor
structure, evidence is used to make a decision to reject or not reject the null hypothesis. The null
hypothesis usually involves a statement that the estimated covariance matrix equals the sample
covariance matrix>. The chi-squared goodness of fit statistic is an example of a statistical test
that can be used to test the hypothesis. The chi-squared goodness of fit statistic tests the null
hypothesis that the difference between the estimated covariance and the sample covariance
matrix is zero. Evidence that the model fits the data will be provided if the null hypothesis is not

rejected”.

2.7.4.2 Item Reduction Based on Item Response Theory

Item difficulty values, item discrimination values, item characteristic curves and item

information functions are produced with Item Response Theory. Item characteristic curves are a
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plot between the probability of choosing a particular response and the ability level of the
examinee. The item characteristic curves describe the relationship between the traits an item
assesses and the item’s response pattern across ability levels *. Items that have four responses,
each response describing an ability to perform an activity, should have four distinct and separate
curves. Each of the four curves should have one peak and together should span the spectrum of
ability for the examinees for which the item is intended™.

Item information functions describe the amount of information that each item provides
across the spectrum of ability of the examinees **. Items that provide more information at high
and low ability levels are more desirable and are therefore first selected when constructing a test.
The amount of information an item provides is inversely related to the standard error of the
estimate. Item information functions can be summed to provide a test information function. The
more information the test or instrument provides across the complete spectrum of ability the
more precise the estimation of ability for evaluative measures **. Generally, items are selected or

eliminated based on item characteristic curves and item information functions.

2.8 Establishing Reliability and Evidence Based on the Relationship to other Variables

Step six has to do with establishing reliability and providing evidence based on the
relationship to other variables. Step six can be initiated once the final list of items that are to be
included on the instrument is completed.

2.8.1 Test Re-test Reliability

Test-retest reliability is measured by administering the instrument at least twice over a
period in which the construct being measured does not change*’. When using the instrument for
evaluative purposes, the most important aspect of reliability is that with-in person variance is

small.***’. Statistical assessment of reliability can be done using Kappa, Pearson correlation
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coefficient or the Intraclass correlational coefficient (ICC)*. The Kappa statistic is commonly
used for categorical data, while the Pearson and ICC are used for continuous data. The Pearson is
deficient because it cannot account for systematic error, and it is a measure of association and
not agreement. The systematic error associated with Pearson r may make the results and
subsequent interpretation inaccurate. The ICC accounts for systematic errors and is felt to be a
true reliability coefficient’®. Therefore ICC has been recommended as the statistic of choice
when assessing reliability of interval or ratio level data®.

2.8.2 Providing Evidence Based on the Relationship to other Variables

Providing evidence based on the relation to other variables can be done by a number of
methods. One method involves selecting clinically relevant measures of function that assess the
same domain as the self reported outcome instrument®. However, finding appropriate clinical
measures may be difficult. Clinical measures that are sensitive for the wide spectrum of
functional levels, from high function to low function, may not be able to be identified.

A second method of providing evidence based on the relationship to other variables
involves using established instruments of the construct for comparison®. These established
instruments would have already gone through rigorous testing to have their validity and
reliability established. Validity evidence can be exhibited through a strong relationship between
instruments that measure the same domain, convergent validity. Validity evidence can also be
exhibited through a weak relationship between instruments that measure different domains,
divergent validity®. Statistically, Pearson correlation coefficient can be used to assess these
relationships. Statistical testing can also be done to assess if the relationship between the
instrument of interest and the divergent measure is statistically different than the relationship

between the instrument of interest and the convergent measure.
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2.8.3 Responsiveness

When establishing responsiveness, Stratford proposes a number of different designs.
These designs include both single and multiple groups *'. The foremost single group design is
one in which measurements are taken at three points in time. The first measurement is an initial
baseline measurement. The second measurement is taken a short time after the baseline
measurement. There should be no change in the subject’s functional status between the first and
second measurement and, therefore, no change in the score on the instrument. This allows test
re-test reliability and measurement error of the instrument to be estimated ®'. The third
measurement is taken at a later time after a change in the subject’s functional status is expected.
Responsiveness is estimated as the change in score on the instrument that reflects a meaningful
change in functional status '. This design can be analyzed statistically using effect size,
standardized response means, and paired t-value *'. When using this design there is no way to
asses how much variability will occur over time in subjects whose functional status does not
change and no way for determining when a true change occurs®'.

Multiple group designs improve on single group designs and involve putting subjects into
groups. This allows for comparisons in status between those groups expected to change and
those groups not expected to change ®'. There are three multiple group designs . The first design
involves randomly putting subjects into two groups. One group will receive a proven treatment
and, therefore, will be expected to undergo a clinically significant change in status. The second
group will receive a placebo treatment, and no change in status will be expected. The second
design involves the separation of subjects into two groups based on their prognosis for change®'.

One group has a good prognosis for clinically significant change while the second group has a
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poor prognosis for clinically significant change. The third design involves the separation of
groups based on an external standard of change into those that display important changes on this
external standard and those that do not ®'.

Statistical analyses used with these designs include: Guyatt’s Responsiveness Index
(GRI), t statistic for independent change scores, analysis of variance of change scores, Norman’s
S, receiver operating characteristic (ROC) curve and correlation coefficient. GRI is calculated as
the change score in a group where change is expected divided by the standard deviation of a
group where change is not expected *°. The GRI can be used to compare competing
instruments®',

A ROC curve is a plot of sensitivity versus 1-specificity. The curve is generated by
calculating sensitivity versus 1-specificity for every one-point change one point change on the
instrument. Sensitivity is defined as the ability to correctly identify those who underwent a
change in physical function as demonstrated by a change of score on the instrument. Specificity
is defined as the ability to correctly determine when a change in physical function did not occur
as demonstrated by little to no change of score on the instrument'®". A cut-point is chosen as the
value when sensitivity is one and 1-specificity is zero. It is the point at which the curve is at the
most upper left position on the graph. The ROC curve for a perfect measure would look like a
right angle. The curve would ascend and trace the y-axis to 100 (perfect sensitivity) and then
form a 90-degree angle and run parallel to the x-axis (prefect specificity). A measure of no use
would be represented by a diagonal line that would proceed from the lower left-hand corner to
the upper right-hand corner.".

Two advantages have been noted for ROC analysis when establishing the ability of an

instrument to detect change®'. The first is that a critical ratio z can be calculated to compare the
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area under the ROC curve of two competing instruments. Critical ratio z, as outlined by Hanley
and McNeil, make use of the calculated area of two curves, standard errors of each curve and the
correlation coefficient between areas to calculate a z value®*. This z value can be compared to a
cutoff value (e.g. z>1.96) to determine if the areas under the two ROC curves are different’. The
ability to correctly identify subjects is represented by the area under the ROC curve. The value
of the area can range from 0.5, no accuracy, to 1.0, perfect accuracy, in identifying those who
improved from those who did not improve®**',

The second advantage of the ROC curve is that a cut point is generated that can
determine who has made a clinically important change in functional status from one who has

notgl.

2.9 Summary

Self reported HRQL instruments are commonly used by clinicians and researchers. In
order to be useful the instrument needs to be appropriately developed and tested. There is a need
for a self-reported HRQL instrument for individuals with impairments of the foot and ankle. The
development of the Foot and Ankle Ability Index (FAAM) has been proposed to fill this need.
Initial item development and reduction has yielded the interim FAAM. A description of these
methods can be found in Appendix A.

The interim FAAM consists of two scales, the Activities of Daily Living (ADL) and
Sports sub-scales. The ADL sub-scale contains 27 items pertaining to basic functional activities.
The Sports sub-scale contains eight items pertaining to higher level activities, such as those that

maybe required in athletics. There are five potential responses in a Likert-type format. These five



46

responses range from “no difficulty at all” to “unable to perform”. There is also a “non-
applicable” category for those activities limited by something other than the foot and ankle. A
copy of the interim FAAM can be found in Appendix B.

The final version of the FAAM will be produced through further research. This will
include selecting items based on item response theory. Once this final FAAM is produced the
usefulness of this measure will be evaluated. This evaluation will include reliability,
responsiveness and validity testing.

2.9.1 Purpose of the Project

The overall purpose of this project is to develop a reliable, valid and responsive patient
reported health related quality of life instrument specific to those with foot and ankle related
impairments. This project will be accomplished in two stages. The purpose of stage I is to
develop an instrument that contains items that have appropriate psychometric properties. The
purpose of stage Il is to assess the instrument’s reliability, validity, and responsiveness.

2.9.2 Research Questions

Specific questions that will be addressed in phase I of the project are:

1) How well does the graded response model fit the FAAM ADL and Sports scales?

2) Are the items responsive across the spectrum of functional status?

3) Can a target test function be produced for the FAAM ADL and Sports scales that
maximize information through a broad range of physical function?

Specific questions that will be addressed in phase II of the project are:

4) What is the factoral structure of the FAAM ADL and Sports scales?

5) Do the FAAM ADL and Sports scales demonstrate high levels of internal consistency?

6) Do the FAAM ADL and Sports scales demonstrate adequate levels of test re-test

reliability?
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7) Are the FAAM ADL and Sports scales responsive to change in an individual’s functional
status changes?
8) Are the FAAM ADL and Sports scales more responsive to changes in functional status
than a general measure of health status?
9) Are the FAAM ADL and Sports scales more responsive to changes in physical function
than a global rating of self-perceived level of functioning?
10) What is the convergent and divergent evidence to support interpretation of the final
versions of the FAAM ADL and Sports scales?
3 Methods
The overall purpose of this project is to develop a reliable, valid and responsive patient-
reported health related quality of life instrument specific to those with foot and ankle disorders.
This project will be accomplished in two stages with six proposed steps. The purpose of stage I is
to develop an instrument by selecting items that are unidimensional, potentially responsive
across ability levels and contribute appropriate information to the test. The purpose of stage II is
to assess the instrument’s reliability, validity, and responsiveness. Stage I contains five steps: 1)
define the purpose of the instrument, 2) item generation, 3) initial item reduction, 4) instrument
construction and, 5) final item reduction. Stage II involves a sixth step: 6) reliability and validity

testing.

3.1 Methods to Produce Final Version
3.1.1 Research Questions

1) Does the graded response model fit both FAAM ADL and Sports scales?
2) Which items on the instrument are potentially responsive across all ability levels of

functional status?
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3) Can target test information functions be produced for the FAAM ADL and Sports scales
that maximize information through a broad range of physical function?

3.1.2 Item Development and Reduction

The objective of item development and item reduction is to select appropriate items to be
included on the instrument. The process which included defining the purpose of the instrument,
generating potential items, initial item reduction and instrument construction was completed as
preliminary work. These methods can be found in Appendix A. The initial item reduction
eliminated items that were felt to be obviously unimportant or repetitive. Final item reduction
will be accomplished through analysis of individual items using item response theory.

3.1.3 Procedures for Field Testing to Produce the Final FAAM

Initial item selection was completed April 1997 through December 1997. Once the
interim FAAM was completed, its use was implemented on a routine basis in clinics owned and
operated by the Centers for Rehab Services. Data was extracted from the outcome database and
was used to analyze the psychometric properties of individual items.

The Centers for Rehab Services uses the interim FAAM in everyday treatment as means
to assess functional status of patients with foot and ankle disorders undergoing treatment in their
clinics. The FAAM is routinely administered to patients during the initial visit, at weekly
intervals and again at discharge. The data collected for stage I will include the initial FAAM
ADL and Sports scores, initial general measure of health status (SF-36) and demographic
information. The demographic information will include a diagnosis (ICD-9) code, surgical
procedure, date of surgery, the time from onset of condition to initiation of physical therapy,
mechanism of injury, age, race, and gender. This data has already been entered into a

computerized database and is available for analysis.



49

3.1.3.1 Subjects: Inclusion/Exclusion Criteria

The subjects will include patients from the CRS facilities who have a lower leg (below
the knee) musculoskeletal disorder (bone, muscle, ligament, and/or joint). Those subjects with
pathologies that involve body regions other than the lower leg, as well as subjects with
coexisting pathologies will be excluded from the study. Data with more than three missing
responses on the FAAM ADL section or one missing response on the FAAM Sports section will
be excluded. There will be no discrimination based on age, gender, race or religion.
Confidentiality will be maintained, as patient identification information will be separated from
the data so that the subject’s individual responses will be unknown to the researchers. Responses
of approximately 1000 individuals will be used for analysis. Reise and Yu'?. feel that responses
from approximately 500 individuals are needed to fit the item response model. Twice this
number will be needed to assess invariance as described in section 3.1.3.2.3. The procedure to
assess invariance requires that the data be split in half, forming two groups. The item response
model is then fit to each subgroup. Therefore, 500 individuals will be needed in each group, for a

total of 1000 individuals.

3.1.3.2 Research Question 1: Does the graded response model fit both FAAM ADL and

Sports scales?

The degree of fit of the item response model will depend on the following: 1) the data’s
ability to meet underlying assumptions, 2) the reproducibility of the results, and 3) the ability of
the observed data to fit to the model predictions.
3.1.3.2.1 Item Response Theory Assumptions

Item response theory requires a number of assumptions to be met by the items in order

for the results to be appropriate. These assumptions include the following: 1) unidimensionality,
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2) local independence, 3) that the administration of the test is not under time constraints, and 4)

3384 Unidimensionality implies that the instrument measures a

no guessing for a correct answer
single domain. Local independence pertains to the examinee’s abilities, and implies that only one
latent trait influences the examinee’s response to the items. The assumptions of
unidimensionality and local dependence are tested using factor analysis. If it is determined that
the items contained on the instrument represent one factor, then the assumptions of

3384 The administration of the test is not

unidimensionality and local dependence will be met
under time constraints, and therefore this assumption is met. The assumption of guessing for the
correct answer is also met, as there are no right or wrong answers with HRQL measures.
NOVAX 1.3 (Poor Professor Software, Davis, CA) will be used to complete the
exploratory factor analysis and assess the degree of unidimensionality. This will be done
separately for both the ADL and Sports scales. The pattern of correlations between items will be
used to identify and extract factors. The amount of variation explained by each factor will be
indicated by an eigenvalue. The larger this eigenvalue, the more variation that is explained by the
factor. The eigenvalue greater than one rule notes that all eigenvalues greater than one represent
a different factor. Each eigenvalue will be divided by the sum of the eigenvalues. This number
will then be multiplied by 100 to yield the percentage of variance explained by each factor. The
eigenvalues will be plotted against the factor number and the resulting in scree plot will be
examined. The test of scree looks for where the “elbow” or curve in the data occurs **. The
number of points at or to left of this “elbow” indicates the number of factors that should be
retained. A varimax rotation will also be done to help evaluate how well the items fit into one

factor. A varimax rotation procedure will group items together based on their inter-item

correlation values’™. A varimax rotation procedure will produce a factor structure such that each
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item will load highly on only one factor. Each factor structure should represent a distinct
construct”. Therefore, items that do load highly on the primary factor may represent a different
construct and might be excluded.

Since the objective of this analysis is to produce an instrument that is unidimensional
(containing one factor) for both the ADL scale and Sports scale, items that do not fit the one
factor model will be eliminated. It is hypothesized that the interim ADL and Sports scales will
each contain one factor. However, it may be possible that most of the items are contained within
the first factor, with a small number of items loading on other factors. Therefore, items contained
within the first factor should account for a large portion of the variance and have large
eigenvalues relative to the other factors.

If the test of scree and the eigenvalue greater than one rule find more than one factor, in
either the ADL scale or the Sports scale, the items within these other factors will be considered
for elimination. The exploratory factor analysis will be completed again with the same analysis
as described above. At this point, the one factor model should be identified for both scales. If the
one factor model is still not achieved, the same procedure of eliminating items will be repeated
until a one-factor model is achieved for both scales.

In testing the assumption of item response theory the hypotheses are: 1) there will be one
single eigenvalue that is greater than one, 2) the resulting test of scree will have only one point at
or to the left of the “elbow”, and 3) after factor rotation, all items will load on one factor.
3.1.3.2.2 Assessing model fit

Multilog (Scientific Software Inc., Chicago IL) will be used to calibrate items, separately
for both the ADL and Sports scales. Item calibration will be done using both the two-parameter

graded response model and the one-parameter partial credit model. Item calibration using the
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one-parameter model will provide an estimation of the item difficulty parameters. Item
calibration using the two-parameter model will provide an estimation of the difficulty and
discrimination parameters for each item'”*. A likelihood ratio will also be obtained for each
model, for both the ADL and Sports scales. The fit of the one-parameter and two-parameter
models will be compared using the difference in the negative twice the log likelihood statistics **.
The difference in the negative twice the log likelihood statistic is distributed as a chi-squared
statistic with the degrees of freedom equal to the difference in the number of parameters between
the two models. If the difference in the negative twice the log likelihood statistics is greater than
the critical value at the appropriate degree of freedom then it can be assumed that the addition of
the extra parameters, with the two-parameter model, adds significantly to the fit of the model to
the data over and above the one-parameter model*”.

It is hypothesized that the difference in the negative twice the log likelihood statistics will
be greater than the critical value and therefore the two-parameter model will offer a better fit to
the data than the one-parameter model for both the ADL and Sports scales.
3.1.3.2.3 Assessing Parameter Invariance

Once the model that is most appropriate for the items is determined, the ability to
reproduce the results will be tested. This will be done separately for each scale. This property is
referred to as invariance *>. It implies that the parameter values determined for each item are
unrelated to the characteristics of the examinees that are used to calibrate the items *°. When the
items are determined to be invariant, the same item parameters will be obtained regardless of the
population using the instrument. If evidence of invariance of the parameter estimates is not

provided, one or more of the assumptions underlying the item response model may not be met **.
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The property of invariance will be tested by separating the data into two groups and then
comparing the item parameter estimates for these two groups. The two groups will be formed by
splitting the data three ways: 1) random assignment, 2) age (young and old), and 3) gender.
Multilog will then be re-run three times, once for each of the three sub-groups. Graphs will be
plotted comparing the item difficulty and discrimination parameters of each of the three sub-
groups: random assignment, young vs. old, and male vs. female. The plots should approximate a
regression line that has an intercept of 0.0 and a slope of 1.0 °. The degree of scatter for these
plots will be evaluated by the averaging the squared distance between the data points and the
hypothetical regression line °. This will be done separately for both the ADL and Sports scales.

It is hypothesized that the property of invariance for parameter estimates will be
demonstrated for both the FAAM ADL and Sports scales. This will be verified by the presence
of three linear plots with a slope of 1.00 and intercept of 0.0. The degree of scattering for the

plots should be minimal and attributable to sampling error °.

3.1.3.3 Research Question 2: Which Items are Potentially Responsive Across All Ability

Levels of Functional Status?

An important feature of an evaluative index is responsiveness. This means that when the
underlying condition that is being measured changes the score on the instrument must change. In
order for the FAAM to be responsive, the items must have a wide range of threshold difficulties
and high levels of discrimination™.

The potential responsiveness of the individual items will be assessed by examining item
characteristic curves. Item characteristic curves will be constructed for each item as a plot
between the probability of choosing a particular response and the ability level of the examinee.

This will be done for each item. The item characteristic curves describe the relationship between
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the trait an item assesses and the item response pattern across ability levels. Items that have four
responses should have four distinct and separate curves®. Each of the four curves should have
one peak, and together should span the spectrum of ability, as demonstrated in Figure 3.1. Items
that do not have four distinct curves or do not span the complete spectrum of ability, as
demonstrated in Figure 3.2 will be considered for elimination.

It is hypothesized that items will have curves similar to that represented in Figure 3.1.

3.1.3.4 Research Question 3: Can a Target Test Information Function be Produced that

Maximizes Information Through a Broad Range of Physical Function?

The item information function describes the amount of information that each item
provides as a function of ability®®. Item information functions can be summed to provide a test
information function. The more information an instrument provides, the more precise the
instrument will be with less associated error of estimation. The target test information function
for an evaluative instrument should provide a maximal amount of information across all ability
ranges. Therefore, the target test information function should be flat throughout the range of
ability, as demonstrated in Figure 3.3. Test information function will be constructed separately
for the ADL scale and the Sports scale. The amount of information each item supplies is given
by Multilog. Items are chosen one at a time, starting with hard to fill areas. These hard to fill
areas are located at the high and low ability extremes. After each item is chosen, the test
information function is recalculated until it matches target test function.

It is hypothesized the test information function will match the target test information
function demonstrated in Figure 3.3 for both the FAAM ADL and Sports scales.

3.1.4 Summary of methods

The intake data from approximately 1000 subjects contained in the CRS database will be used

for these analyses. The object of these analyses is to produce a final instrument that is
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unidimensional, potentially responsive across ability levels, and contributes appropriate

information to the test. The specific research questions and methods of analysis are outlined in

Figure 3.4.

3.2 Methods to Provide Evidence of the Usefulness of the Final Version of the FAAM
3.2.1 Research Questions

The research questions that will be attended to in this phase are:

4) What is the factoral structure of the FAAM ADL and Sports scales?

5) Do the FAAM ADL and Sports subscales demonstrate high levels of internal
consistency?

6) Do the FAAM ADL and Sports subscales demonstrate adequate levels of test re-test
reliability?

7) Are the FAAM ADL and Sports subscales responsive to changes in an individual’s level
of physical function?

8) Are the FAAM ADL and Sports subscales more responsive to changes in physical
function than a general measure of health status?

9) Are the FAAM ADL and Sports subscales more responsive to changes in physical
function than a global rating of self-perceived level of functioning?

10) What is the convergent and divergent evidence to support the interpretation of the final
version of the FAAM ADL and Sports scales?

3.2.2 Procedures to Provide Evidence of the Usefulness of the Final Version of the FAAM

3.2.2.1 Subjects

Data for analysis will be extracted from the Centers for Rehab Services (CRS) outpatient

facilities within the Southwestern Pennsylvania area. The data will be extracted from the CRS
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clinical outcomes database and have been normally collected as part of routine care. Subjects
who have been referred by a physician and have been scheduled for physical therapy evaluation
of a lower leg disorder will be identified. Subjects will include anyone with a lower leg (below
the knee) musculoskeletal disorder (bone, muscle, ligament, and/or joint). Subjects with
pathologies that involve regions other than the lower leg, as well as subjects with coexisting
pathologies will be excluded from the study. Identifying appropriate subjects will be
accomplished based on the information from the ICD-9 codes. There will be no discrimination
based on age, gender, race or religion. Two groups will be formed for comparison. One group
will consist of subjects whose functional status should change. This group will consist of
subjects who are involved in physical therapy treatment. The second group will consist of
subjects whose functional status should be stable and not change. The stable group will consist of
subjects who received physical therapy treatment more than one year ago. In order to be
included, the data must meet the following criteria: 1) no more than three missing scores for the
FAAM ADL scale and 2) no more than one missing score for the FAAM Sports scale. An

estimation of sample size required for this analysis will be discussed in section 3.2.2.4.

3.2.2.2 Procedure for Data Collection

3.2.2.2.1 Subjects Expected to Change

Demographic data that will be extracted will include the subject’s diagnosis (ICD-9)
code, age, race, gender, date of injury, date of initial evaluation, mechanism of injury, date of
onset of lower leg disorder, surgical procedure (if applicable), initial SF-36 score, initial FAAM
ADL score, initial FAAM Sports score, pain levels (best, worst and present), and global rating. A
global rating will be obtained by asking subjects to rate their current level of function from zero

to 100. Zero will be defined as a complete loss of function and 100 will be defined as the
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individual’s level of function prior to the onset of the problem. After four weeks or discharge
from physical therapy, which ever comes first, data will again be collected. This will include SF-
36, FAAM ADL and Sports scores, pain levels and global rating. Added to this will be a rating
scale that asks “Over the past four weeks, how would you rate your overall physical ability?”.
This question will have seven potential responses: “much worse, worse, slightly worse, no
change, slightly improved, improved, much improved.” This information is routinely collected
as part of the normal and standard physical therapy evaluation and treatment across all of the
CRS facilities. The data is collected and stored via an established TELEform (Cardiff Software
Incorporated, San Marcos, CA) format. Confidentiality will be maintained, as each subject’s
social security number will be separated from the data so that individual responses will be
unknown to the researchers.
3.2.2.2.2 Subjects Expected to Remain Stable

Potential subjects for the stable group will be obtained from the CRS database. The CRS
database will be used to identify patients who were treated approximately one year ago (or
longer) at one of the facilities with a lower leg musculoskeletal disorder (bone, muscle, ligament,
and/or joint). These patients will be asked to participate in the study via mail. If they agree to
participate, they will complete the following seven items: SF-36, FAAM ADL and Sports scales,
pain scales (best, worst and present) and global rating. These items will be completed on two
separate occasions, approximately four weeks apart. At the four-week period a rating scale that
asks “Over the past four weeks, how would you rate your overall physical ability?” will be
included. This question will have seven potential responses (ranging from-3 to +3): “much worse
(-3), worse (-2), slightly worse (-1), no change (0), slightly improved (+1), improved (+2), much

improved (+3).” This preceding information will be collected via mail. These subjects will also
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have demographic information extracted from the CRS database. This will include each
patient’s, diagnosis (ICD-9) code, age, race, gender, date of injury, date of initial evaluation,
mechanism of injury, date of onset of their lower leg disorder, and surgical procedure (if
applicable). Once the data is obtained the social security number will be separated from the data
so that each subject’s individual responses will be unknown and confidentiality will be
maintained.

The mailing process for this stable group has been described in detail by Dillman and
consists of four separate mailings 2 The first mailing will consist of the seven items, as outlined
above, a back cover along with a cover letter. The back cover will not only allow the subject to
make comments about the study or treatment they received but will also allow them to indicate if
they do not wish to be involved in the study. A return business envelope fully addressed with
first class postage will also be included so that they may return either the completed items or just
the back cover indicating they do not wish to be involved in the study. The subjects who indicate
they do not want to be involved in the study will not be contacted in the future. One week after
the survey is sent a follow up postcard will be mailed out to the subjects. This is done in an effort
to thank those who have returned the completed forms and to remind those who have not
completed the forms to please do so if they desire. Three weeks later a third correspondence will
be mailed out to those who have not responded. This third mailing will contain a new cover
letter, the seven items, back cover, and the business envelope with paid return postage. Seven
weeks after the first mailing, a fourth and final mailing will be sent out using certified mail. This
will include a new cover letter, the seven items, a back cover and an envelope with paid return

postage.
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The physical therapists that have delivered treatment to the subjects will participate in the
study by signing the individual cover letters. This will be done in an effort to respect the

subjects’ confidentially.

3.2.2.3 Data Analysis Plan

3.2.2.3.1 Research Question 4: What is the Factoral Structure of the FAAM ADL and
Sports Subscales?

NOVAX (Poor Professor Software, Davis, CA) will be used to complete exploratory
factor analysis for both the ADL scale and Sports scale. This exploratory factor analysis will be
done using the data from the stable group and the group expected to undergo change separately.
The pattern of correlations between items will be used to identify and extract factors.
Eigenvalues will be generated. Each eigenvalue will be divided by the sum of the generated
eigenvalues. This number will then be multiplied by 100 to yield the percentage of variance
explained by each factor. The eigenvalues will be plotted against the factor number resulting in
scree plot. A Varimax rotation will be done to evaluate how well the items fit this first factor.

The hypothesis for the above analysis are as follows: 1) there will be one single
eigenvalue that is greater than one, 2) after factor rotation, all items will load on one factor, and
3) the resulting test of scree will indicate a one factor as demonstrated by only one point being at
or to the left of the “elbow”.
3.2.2.3.2 Research Question 5: Do the FAAM ADL and Sports Subscales Demonstrate a

High Level of Internal Consistency?

Internal consistency assesses how well a subject’s responses to each of the items relate to

one another™. If the individual items measure the same domain, then each of the responses for

the individual items should be highly related.
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Cronbach’s alpha will be used to assess internal consistency of the FAAM ADL and
Sports scales. Cronbach’s alpha calculates the correlation among items *°. As a result of this
process, the amount of error accounted for by inappropriate and/or inadequate sampling of the
content domain can be obtained®’. If the factoral structure of the change group and stable group
are the same, then the groups can be combined for the analysis of internal consistency. The
assessment of internal consistency will be done using the initial administration of the FAAM for
both groups. If the factoral structure is different between the stable and change groups, then
Cronbach’s alpha will be calculated for both groups separately.

It is hypothesized that the Cronbach’s coefficient alpha will be greater than 0.90 for the
FAAM ADL and Sports scales.
3.2.2.3.3 Research Question 6: Do the FAAM ADL and Sports Subscales Demonstrate

Adequate Levels of Test Re-test Reliability?

Test re-test reliability measures the stability of test scores and directly assesses
measurement error’ . Repeated administration of the same test should give the same score if
there is no change in the construct that is being measured. Test re-test reliability of the FAAM
ADL and Sports subscales will be assessed using an ICC (2,1)’° with the stable group of
subjects. Minimal detectable change will be obtained using the standard error of measure for the
FAAM ADL and Sports scales. This will be accomplished by calculating the standard deviation
(square root of 2 times the mean standard error) of the stable group. It is assumed that because
the underlying condition should not change in the stable group, the level of physical function
should not change, and concurrently, the scores of the FAAM ADL and Sports subscales should

not change over the four-week period.
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It is hypothesized that the test-re test reliability of the FAAM ADL and Sports scales will
be good or excellent (>.90).
3.2.2.3.4 Research Question 7: Are the FAAM ADL and Sports Subscales Responsive to

Change in the Functional Status of the Individual?

Responsiveness is the ability of the instrument to detect clinically significant changes in
functional status when significant changes have occurred®'. Three analyses will be done to assess
responsiveness of the FAAM ADL and Sports scales: 1) two-way ANOVA with repeated
measures, 2) Guyatt’s responses index (GRI) and 3) construction of ROC curves.

The first of these three analyses will consist of comparing the scores of the change group
to the stable group. Two-way analysis of variance with repeated measures of the initial and
discharge FAAM ADL scale scores will be completed. This process will be repeated for the
FAAM Sports score. It is hypothesized that the change in score in the change group will be
greater than the change in score in the stable group, and therefore a significant interaction should
be found with both scales. The a priori alpha for type I error will be set at 0.05.

The second analysis will involve calculating Gyatt’s responsiveness index (GRI) for both
the FAAM ADL and Sports subscales. GRI is calculated by dividing the average change in score
of the change group by the standard deviation of the stable group®®™. A 95% confidence interval
will be calculated to test if the change in score is significantly different than zero®. It
hypothesized that the 95% confidence intervals will not contain zero for either the FAAM ADL
or Sports Subscales.

The third analysis will consist of constructing ROC curves for the FAAM ADL and
Sports subscales. The ROC curve will be constructed as a plot of sensitivity verse 1-specificity.

The ROC curve will be constructed using all subjects, the stable group and change group. The
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rating scale, obtained from all subjects, at the four-week period will be used to define those that
changed from those that did not change. This rating scale is obtained by asking the subjects
“How has your physical ability changed?” The seven potential responses (ranging from —3 to +3)
are as follows: much worse (-3), worse (-2), slightly worse (-1), no change (0), slightly improved
(+1), improved (+2), much improved (+3). The responses slightly worse, no change and slightly
improved (-1 to +1) will be used for analysis as group that remains stable. Sensitivity, specificity
and 1- specificity will be calculated and plotted for each one-point change in each of the two
scales. Sensitivity is defined as the ability to correctly identify those who underwent a change in
physical function'’. Specificity is defined as the ability to correctly identify those who did not
undergo a change in physical function'’. The cut-point for each of the two scales will be chosen
as the values when the sensitivity is closet to one and specificity is closest to zero, or the point at
which the ROC curve is at the most upper left position on the graph. The ROC curve for a
perfect measure would look like a right angle. The curve would ascend and trace the y-axis to
100 (perfect sensitivity) and then form a 90-degree angle and run parallel to the x-axis. A
measure of no use would be represented by a diagonal line that would proceed from the lower
left hand corner to the upper right hand corner".

A score change of one point might be highly sensitive, as most subjects who actually
improve their physical function level will have a score that improves by one point. However, a
one-point change might also have a low specificity, implying that many subjects who do not
actually improve might have a change in score of one point due to measurement error. On the
contrary, a score may change by 10 points. A change score of 10 points may be highly specific,

as few subjects who do not actually improve in their physical function level would have a score
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change to this degree. However, a 10-point change may have low sensitivity, implying many
subjects who actually did improve their physical function level would not have a score change to
this degree.

It is hypothesized that the ROC curves for the FAAM ADL and Sports Subscales will
resemble a right angle with the angle occurring in the upper most left hand corner (high
specificity and sensitivity) and not a diagonal line (low specificity and sensitivity).
3.2.2.3.5 Research Question 8: Are the final FAAM ADL and Sports Scales More

Responsive to Changes in Physical Function than General Measure of Health
Status?

Comparing the responsiveness of the FAAM ADL and Sports scales to the SF-36
physical function subscale and the SF-36 physical component summary score will be done using
Gyatt’s response index (GRI) and the area under the ROC curves.

GRI is calculated by dividing the change in score of the change group by the standard
deviation of the stable group™. The GRI will be calculated for the FAAM ADL and Sports
subscales, the physical function subscale of the SF-36 and the physical component summary
score of the SF-36. To assess GRI values, four separate 95% confidence intervals will be
constructed for the difference in GRI values between the: 1) FAAM ADL scale and SF-36
physical function subscale, 2) FAAM Sports scale and SF-36 physical function subscale, 3)
FAAM ADL scale and physical component summary score of the SF-36, and 4) FAAM Sports
scale and physical component summary score of the SF-36.

It is hypothesized that the FAAM ADL and Sports scales will be more responsive then

the SF-36 physical function subscale and physical component summary scores. If the FAAM
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ADL and Sports scales are more responsive then the SF-36 physical function subscale and
physical component summary scores, then none of the confidence intervals will contain zero.

ROC curves will be constructed (using the process described below) for the FAAM ADL
and Sports subscales, SF- 36 physical function sub-scale score and the SF-36 physical
component summary score. A comparison of the area underneath each ROC curve will be made,
as described by Hanley and McNeil®®, between: 1) FAAM ADL scale and SF-36 physical
function subscale, 2) FAAM Sports scale and SF-36 physical function subscale, 3) FAAM ADL
scale and physical component summary score of the SF-36, and 4) FAAM Sports scale and
physical component summary score of the SF-36.

The ROC curve will be constructed as a plot of sensitivity versus 1-specificity. The ROC
curve will be constructed using all subjects, the stable group and change group. The rating scale,
obtained from all subjects, at the four-week period will be used to define those that changed from
those that did not change. This rating scale is obtained by asking the subjects “How has your
physical ability changed?”” The seven potential responses (ranging from —3 to +3) are as follows:
much worse (-3), worse (-2), slightly worse (-1), no change (0), slightly improved (+1),
improved (+2), much improved (+3). The responses slightly worse, no change and slightly
improved (-1 to +1) will not be used for analysis as these subjects might have had only a
questionable change in physical ability. Sensitivity, specificity and 1- specificity will be
calculated and plotted for each one-point change in each of the two scales. The cut points, when
the sensitivity is closest to one and 1-specificity is closest to zero, will be determined for the SF-
36 physical function subscale and the SF-36 physical component summary score.

The area under each of the four curves, standard errors associated with these areas and

correlation coefficient between areas will be determined to allow for calculating the critical ratio
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z as described by Hanley and McNeil®*. To assess for difference in the areas under the ROC
curves, critical ratio z will be calculated, using the formula described by Hanley and McNeil**.
The differences between the following ROC curve areas will be assessed: 1) FAAI ADL scale
and SF-36 physical function subscale, 2) FAAI Sports scale and SF-36 physical function
subscale, 3) FAAI ADL scale and physical component summary score of the SF-36, and 4)
FAALI Sports scale and physical component summary score of the SF-36. Critical ratio z will be
compared to a z value 1.96.

It is hypothesized that the FAAM ADL and Sports subscales will be more responsive
then the SF-36 physical function subscale and the physical component summary scores and
therefore the critical z ratio will be greater or equal to 1.96 for all four comparisons.
3.2.2.3.6 Research Question 9: Are the Final FAAM ADL and Sports Subscales More

Responsive to Changes in Physical Function than a Global Rating of Self-
perceived Level of Functioning?

Comparing the responsiveness of the FAAM ADL and Sports scales to the global rating
of self-perceived level of functioning will be done using Gyatt’s response index (GRI) and the
area under the ROC curves.

The GRI will be calculated for the FAAM ADL scale, FAAM Sports scale, and the
global rating. To assess GRI values, two separate 95% confidence intervals will be constructed
for the difference in GRI values between the: 1) FAAM ADL scale and the global rating, 2)
FAAM Sports scale and global rating.

It is hypothesized that the FAAM ADL and Sports scales will be more responsive then

the global rating of self-perceived level of functioning. If the FAAM ADL and Sports scales are
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more responsive then the global rating of self-perceived level of functioning then none of the
confidence intervals will contain zero.

ROC curves will be constructed (using the process described below) for the FAAM ADL
and Sports scales and the global rating of self-perceived level of functioning. A comparison of
the area underneath each ROC curve will be made, as described by Hanley and McNeil*,
between: 1) FAAM ADL scale and global rating, 2) FAAM Sports scale and global rating.

The ROC curve will be constructed as a plot of sensitivity verse 1-specificity. The ROC
curve will be constructed using all subjects, the stable group and change group. The rating scale,
obtained from all subjects, at the four-week period will be used to define those that changed from
those that did not change. This rating scale is obtained by asking the subjects “How has your
physical ability changed?”” The seven potential responses (ranging from —3 to +3) are as follows:
much worse (-3), worse (-2), slightly worse (-1), no change (0), slightly improved (+1),
improved (+2), much improved (+3). The responses slightly worse, no change and slightly
improved (-1 to +1) will be used for analysis as group that remains stable. Sensitivity, specificity
and 1- specificity will be calculated for each one-point change in the FAAM ADL and Sports
scales and the global rating. The cut-point for the global rating will be chosen as the values when
the sensitivity is closest to one and 1-specificity is closest to zero, or the point at which the ROC
curve is at the most upper left position on the graph.

The area under each of the three curves, standard errors associated with these areas and
correlation coefficient between areas will be determined in methods described by Hanley and
McNeil**. The ability to correctly identify subjects is represented by the area under the ROC
curve. The value of the area ranges from 0.5, no accuracy, to 1.0, perfect accuracy, in

identifying those who improved from those who did not improve. To assess for difference in the
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areas under the ROC curves between: 1) FAAM ADL scale and global rating and 2) FAAM

ADL scale and global rating, two critical ratio z values will be calculated, using the formula

described by Hanley and McNeil**. The two critical z values will be compared to a z value 1.96.
It is hypothesized that the FAAM ADL and Sports scales will be more responsive then

the global rating of self-perceived level of functioning and therefore the critical z ratio will be

greater or equal to 1.96 for the two comparisons.

3.2.2.3.7 Research Question 10: What is the Convergent and Divergent Evidence to

Support the Interpretation of the FAAM ADL and Sports Subscales?

Convergent and divergent evidence will be provided based on the association between the
FAAM ADL and Sports subscales and concurrent measures of physical and emotional function
using Pearson correlation coefficient. Convergent evidence is provided when a strong association
is found between variables that measure the same or related constructs®. Convergent evidence
will be examined by assessing the associations between the FAAM ADL and Sports scales with
concurrent measures of physical function including the SF-36: 1) physical function and 2)
physical components summary scores. Convergent evidence will also be examined by assessing
the associations between the FAAM ADL and FAAM Sports scales to the subject’s global rating.
A global rating will be obtained by asking subjects to rate their current level of function from
zero to 100. Zero will be defined as a complete loss of function and 100 will be defined as the
individual’s level of function prior to the onset of the problem.

It is hypothesized that there will be moderate to strong correlations (r >=0.6) between
FAAM ADL and Sports scores and concurrent measures of physical function.

Divergent evidence is provided when little or no association is identified between

variables that measure distinctly different constructs®. Divergent evidence will be examined by
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assessing the associations between the FAAM ADL and Sports scales to concurrent measures of
emotional function including the SF-36: 1) mental health and 2) mental components summary
scores.

It is hypothesized that there will be low correlations (r <=0.3) between FAAM ADL and
Sports scores and concurrent measures of emotional function

Differences in the level of association between the variables that measure similar
constructs and the variables that measure different constructs will be examined. It is
hypothesized that the level of association between the FAAM ADL scale and concurrent
measures of physical function will be greater than the association between the FAAM ADL scale
and concurrent measures of emotional function. It is also hypothesized that the level of
association between the FAAM Sports scale and concurrent measures of physical function will
be greater than the association between the FAAM Sports scale and concurrent measures of
emotional function.

Testing for difference in correlation coefficients between the FAAM ADL and Sports
subscales to concurrent measures of physical and emotional function was done based on the
equation by Meng et al®. These calculated values were compared to a critical t value. The a
priori type I error rate will be set at .001 to account for the multiple comparisons. This was

calculated by dividing 0.05 by the number of comparisons.

3.2.2.4 Sample Size

An a priori power analysis was done to estimate the sample size required to have an
acceptable probability of rejecting a false null hypothesis. Sample size estimation was done

taking into account the two-way repeated measure analysis of variance and also assessing for
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differences between two sample correlations. SPSS (SPSS inc., Chicago, IL.) was used to
estimate sample size based on our known values for alpha, sample variance, effect size and
desired power level.

A two-way repeated measure analysis of variance will be used to assess responsiveness
of the FAAM ADL and Sports subscales. This will be accomplished by comparing the change in
scores in the stable group (those who received physical therapy greater than one year ago) to the
change in scores in the group receiving treatment over a four week period. Sample size estimates
for an independent t-test of the pre- to post- change scores can be used to approximate sample
size under these conditions.

A random group of 30 subjects in the CRS data base was used for preliminary estimates
of mean score changes of the FAAM ADL and Sports scales. The mean difference between the
FAAM ADL scores was 18.1 with a standard deviation of 25.1. The mean difference of the
FAAM Sports score was 19.1 with a standard deviation of 31.8. Effect size is calculated as the
difference between means divided by their standard deviation. Given these values the effect size
for the FAAM ADL scale was 0.72 and the effect size for the FAAM Sports scale was 0.60. The
stable group, those not receiving treatment, is expected to have an effect size of zero on both of
the scales, as no change in their status should occur. Alpha was set at 0.05 for a one tailed test.
To obtain a desired power of 80%, a sample size of 50, 25 subjects in each group, will be
required to test the FAAM ADL scale. A sample size of 70, 35 in each group, will be required to
test the FAAM Sports scale.

Assessing the correlation between the FAAM ADL and Sports scores with the SF- 36
physical function sub-scale score will provide convergent evidence of validity. Assessing the

correlation between the FAAM ADL and Sports scores with the SF-36 mental health sub-scale
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score will provide divergent evidence. It is hypothesized that the association between the FAAM
scores and the concurrent measures of physical function will be greater than the association
between the FAAM scores and the concurrent measures of emotional function. A t-test using the
equation by Meng etal.** will be used to test for differences in the strength of association.

We had a test sample of 1027 subjects that was used to measure the correlation between
the FAAM scales and the SF-36 sub-scales. The correlations between the FAAM ADL score and
the physical function and mental health sub-scale scores were 0.70 and 0.30 respectively. The
correlations between the FAAI Sports score and the physical function and mental health sub-
scale scores were 0.63 and 0.20 respectively.

Sixteen comparisons will be required in the analysis for convergent and divergent
evidence. These 16 comparisons will include comparing the FAAM scales with four components
of the SF-36, physical function sub-scale, physical component summary, mental health and
mental component summary sub-scale scores. In an effort to be conservative with the analysis,
16 was rounded to 20. To account for the number of comparisons, 0.05 was divided by 20 to
calculate an alpha level that would reduce the chance of a type I error (probability of false
rejection of the null hypothesis). Therefore, alpha level will be set at 0.001 using a one tailed
test. The desired power level will be chosen to be 80%. Two hundred subjects are required to
detect a significant difference between the correlation values of 0.70 and 0.30 for the FAAM
ADL Scale. Two hundred and twenty subjects will be required to detect a significant difference
between the correlation values of 0.63 and 0.20 for the FAAM Sports Scale. Because there is no
reason to believe the association between the FAAM scores and the SF-36 sub-scale scores will
be different between the stable group and the group receiving treatment the groups can be

combined.
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In summary a total of 220 subjects, 110 subjects in stable group and 110 subjects in the
change group will be recruited for this study.

3.2.3 Summary of Methods

To provide evidence for the usefulness of the final version of the FAAM ADL and Sports
scales analyses will be done to assess the reliability, validity and responsiveness. Two groups of
subjects, a stable group and a change group will be used. The stable group will consist of 110
subjects whom completed physical therapy greater than one year ago. Initial and four-week
information will be obtained using mailed responses. The change group will consist of 110
subjects currently receiving therapy. Initial and four-week information will be obtained from the
CRS database. The information to be used in the analysis will be initial and four-week FAAM,
initial and four-week SF-36 scores, initial and four-week global ratings and a question regarding
the change in status at the four week period. A summary of the research questions, samples to be
used, methods of analyses and the hypotheses of the analyses are summarized in Figure 3.5.

4 Results

4.1 Results to Produce the Final Version of the FAAM ADL and Sports Scales

4.1.1 Description of Subjects

The subjects consisted of patients who received treatment at CRS facilities and completed
an intake FAAM. The initial potential sample consisted of 1027 subjects. With respect to the
ADL subscale, there were 914 subjects who had three or fewer missing responses. Of these 914

subjects, 659 (64.2%) had no missing responses, 148 (14.4%) had one missing response, 76
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(7.4%) had two missing responses, and 31(3.0%) had three missing responses. For the Sports
subscale, there were 796 subjects who had zero or one missing response. Of these 796 subjects,
659 (64.2%) had no missing responses and 137 (13.3%) had one missing response.

The average age of the total sample was 42.0 years (SD 17.39 median 42.81 range 8-
83years). Age could not be determined for nine (0.88%) individuals. Six hundred twenty nine
(61.2%) were females and 391(38.1%) were males. Gender was not recorded for seven (0.68%)
individuals. Mechanism of injury was related to activities of daily living for 203 (19.8%)
subjects; work for 98 (9.5%); sports for 72 (7.0%); post surgery for 61 (5.9%), and motor vehicle
accident for 15 (1.5%). The mechanism of injury was not recorded for 322 (36.2%) individuals.
Duration of the symptoms was defined as the time from the onset of symptoms to the initiation
of treatment at CRS. The duration symptoms averaged 3.7 months (SD 8.55 months, median
1.45 months, range 1 day to 7.88 years). Duration of symptoms could not be determined for 85
(8.3%) individuals.

Diagnosis was determined using ICD-9 codes. The ICD-9 codes for individual diagnoses
were organized into six categories: ankle joint pathology, sprains and strains, heel pathologies,
fractures, forefoot pathology and non-specific leg pain. Diagnoses were as follows: 193 (18%)
subjects had ankle joint pathology, 321 (31.3%) had sprains and strains, 113 (11.9%) had heel
pathology, 151 (14.7%) had fractures, 37 (3.6%) had forefoot pathology and 87 (8.5%) had
nonspecific leg pain. Diagnosis was not accurately recorded for 125 (12.2%) subjects.

4.1.2 Descriptive Statistics for Items on the Preliminary Version of the FAAM

The number of missing responses for individual items on the ADL subscale was
relatively uniform across items, ranging from 4.3% to 11% missing. The average number of
missing responses was 6.9%. Items 10 (squatting), 12 (coming up on your toes) and 22

(recreational activities) had the highest percentage of missing responses, with 11%, 9.9%, and
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9% missing values respectively. All items had median score values of two or three. The two
exceptions to this were items 11 (sleeping) and 19 (personal care). The median values for these
items were four. The degree of kurtosis was assessed by dividing kurtosis by the standard error
of kurtosis. This value was then compared to a critical value of 1.96. All items had significant
kurtosis values with the exception of 8§ (Walking on uneven ground), 23 (General level of pain)
and 24 (Pain at Rest). The items with significant kurtosis values were platykurtic with the
exception of 11 (Sleeping), and 19 Personal care), which were leptokurtic. A test of significance
was also done to assess the degree of skewness. All items were significantly skewed with the
exception of items 5 (Walking down hills), 8 (Walking on uneven ground), 21 (Heavy work) and
25 (Pain during normal activity). The items with significant skewness were negatively skewed
with the exception of items 8 (Walking on uneven ground), 16 (Walking 15 minutes or greater),
and 22 (Recreational activities) which were positively skewed.

The items on the Sports subscale had a noticeably higher percentage of missing
responses, ranging from 13% to 20%. The average number of missing responses was 16.5%.
The median scores for the Sports subscale items were also noticeably lower then the median
scores of the ADL subscale items. The median scores of the items on the Sports subscale were
either zero or one. The higher number of missing responses may be related to individuals having
not attempted these more challenging activities. All items had significant kurtosis values with
the exception of item 8 (Ability to participate in your desired sports as long as you would like).
Items 1 (Running), 2 (Jumping), and 3 (Landing) were leptokurtic, while items 4 (Starting and
stopping quickly), 5 (Cutting and lateral movements), 6 (Low impact activities), and 7 (Ability to
perform activity with your normal technique) were platykurtic. All items had significant

skewness values with the exception of item 7 (Ability to perform activity with your normal
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technique). All items were positively skewed. The positive skewness and lower scores of the
items reflect the more challenging content of the items on the Sports subscale.

Descriptive statistics for FAAM ADL and Sports subscales can be found in Table 4.1 and
Table 4.2.

4.1.3 Analysis of Missing Data

The subject’s responses for each item were categorized as present, missing or not
applicable. A response that was able to be scored was assigned the category “present”. Chi-
squared analyses were used to evaluate the relationship between the presence of missing data and

gender, age (younger or older) and diagnostic category.

4.1.3.1 Missing Data versus Gender

There was no relationship between gender and missing data on the ADL subscale. Items
5 (Cutting/lateral movements), 7 (Ability to perform activity with your normal technique) and 8
(Ability to participate in your desired sport as long as you would like) on the Sports subscale
demonstrated a significant relationship between gender and the presence of missing data. These
results demonstrate that males were more likely to respond to items 5, 7 and 8 compared to
females. There was no significant relationship between gender and presence of missing data for

the remaining items on the Sports subscale.

4.1.3.2 Missing Data versus Age

The sample was dichotomized by the mean age. A significant relationship was found
between age and presence of missing data for items 3 (Walking on even ground without shoes), 6

(Going up stairs), 8 (Walking on uneven ground), 10 (Squatting), 19 (Personal care), and 22
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(Recreational activities) on the ADL subscale. Younger individuals were more likely to respond
to these items than older individuals. There was no significant relationship between the presence
of missing data and age for the remaining ADL subscale items.

A significant relationship was found between age and the presence of missing data for all
of the Sports subscale items (p<.001). Younger individuals were more likely to respond to items

on the Sports subscale than older individuals.

4.1.3.3 Missing Data versus Diagnosis

A significant relationship was found between the diagnostic category and the presence of
missing data for items 10 (Squatting), 17 (Home responsibilities), 18 (Activities of daily living),
19 (Personal care), 20 (Light to moderate work), 24 (Pain at rest), and 25 (Pain during your
normal activity) on the ADL subscale. For item 10, diagnosis category 1 (ankle pathology) was
more likely to have missing data. For items 17, 18, 19, 24 and 25, diagnosis category 2 (sprains
and strains) was more likely to have a response. For item 20, diagnosis category 4 (fractures) was
more likely to have not applicable marked.

A significant relationship was found between diagnostic category and the presence of
missing data for items 1 (Running), 2 (Jumping), 3 (Landing), 4 (Starting and stopping quickly),
5 (Cutting/lateral movements) and 6 (Low impact activities) on the Sports subscale. For these
item diagnosis category 2 (sprains and strains) was more likely to have a response.

4.1.4 Evaluating the Assumptions of Item Response Theory

PRELIS (Scientific Software International, Chicago, IL) was used to perform exploratory

factor analysis to assess for unidimensionality. Specifically, eigenvalues, scree plots, inter-item
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correlations and item to principal component correlations were evaluated. PRELIS requires the
use of complete data with no missing responses. Therefore, 659 (64.2%) subjects were used to
evaluate both the ADL and Sports subscales

The polychoric correlation matrix for items on the interim 26-item ADL subscale is
reported in Table 4.3 items had consistently high inter-item correlations except for items 23
through 26. These items did not strongly correlate to items 1 through 22 but did correlate
strongly to one another. The content of items 23 through 26 were as follows: item 23- general
level of pain, item 24- pain at rest, item 25- pain during normal activity, and item 26- pain first
thing in the morning.

Factor analysis Principal component analysis of the 26 items on the interim FAAM ADL
subscale indicated that the items loaded on two factors. These two factors accounted for 75.0%
of the variance. Factor one accounted for 66.24% of the variance and had an eigenvalue of
17.22. Factor two accounted for 8.81% of the variance and had an eigenvalue of 2.29. The third
factor accounted 3.35% of the variance and had an eigenvalue of 0.87. The scree plot can be
found in Figure 4.1. The factor loadings of each item on the first two principal components are
reported in Table 4.4. Items 23 through 26 had higher factor loadings on the second principal
component than the first principal component.

Review of the scree plot and the eigenvalue greater than one rule, lead to the conclusion
that the 26 item ADL subscale best fit a two factor model. This was consistent with the inter-
item correlations and factor loadings. Items 23 through 26 were therefore considered for
elimination from the ADL subscale so that it would conform to a one-factor model. A one-factor

model is necessary to meet the assumption of unidimensionality for item response theory.
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The factor analysis was repeated with items 23 through 26 omitted. When these four
items were omitted the number of subjects without a missing response increased to 678 (66%).
The polychoric correlation matrix for the 22-item interim ADL subscale is reported in Table 4.5.
All of the 22 items had strong inter-item correlation values. Item 11 (sleeping) had the lowest
inter-item correlation values.

The 22 items on the interim ADL subscale loaded on one factor. This one factor
accounted for 74.09% of the variance and had an eigenvalue of 16.30. The second factor
accounted for 3.88% of the variance and had an eigenvalue of 0.85. The scree plot for these 22
items can be found in Figure 4.2. The factor loading of each item to the first principal
component is found in Table 4.6. Item 11 (Sleeping) had the lowest factor loading.

After examining the scree plot and eigenvlaue greater than one rule, a one-factor model
was determined to be appropriate for the 22- item ADL subscale. This is consistent with the
assessment of the inter-item correlations, and factor loadings to the first principal component.

The polychoric correlation matrix for the items on the Sports subscale is reported in
Table 4.7. The eight items on the interim Sports subscale loaded on one factor. This one factor
accounted for 86.33% of the variance and had an eigenvalue of 6.91. The second factor
accounted for 4.24% of the variance and had an eigenvalue of 0.34. The scree plot can be found
in Figure 4.3. The factor loadings to the first principal component are found in Table 4.8.

After examining the scree plot and eigenvlaue greater than one rule, a one factor model
was found to be appropriate for the eight item Sports subscale. This is consistent with the inter-
item correlations and factor loadings to the principal component.

4.1.5 Assessment of Model Fit

Multilog was used to calibrate items separately for the ADL and Sports subscales.

Subjects were included if they responded to at least 19 of the 22 items on the ADL subscale and
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if they responded to at least 7 of the 8 items on the Sports subscale. Therefore, 914 (90.0%)
subjects were included in the analysis of the ADL subscale and 796 (77.5%) subjects were
included in the analysis of the Sports subscale. Item calibration was done using both the one-
and two-parameter models. Fit of the one and two parameter models was compared using the
difference in the negative twice the log likelihood statistic.

The negative twice log likelihood statistics for the 22-item ADL subscale were -29670.6
and -28777.5 for the one- and two- parameter models respectively. The observed difference of
893.1 is greater than critical value of 32.67 for p=0.05 and 21 degrees of freedom. This indicates
the additional parameters estimated in the two-parameter model contribute significantly to the fit
of the model to the data. The parameter estimates for the 22-item ADL subscale using the two-
parameter graded response model are reported in Table 4.9.

The negative twice log likelihood statistics for Sports subscale were -977.6 and -860.8 for
the one- and two- parameter models respectively. The observed difference of 116.8 is greater
than the critical value of 14.07 for p=0.05 and 7 degrees of freedom. This indicates that the
additional parameters estimated in the two-parameter model contributed significantly to the fit of
the model to the data. The parameter estimates for the eight item Sports subscale using the two-
parameter graded response model are reported in Table 4.10.

4.1.6 Assessment of Parameter Invariance

The property of invariance refers to the ability to reproduce results with respect to model
fit and parameter estimates®. Two methods were used to assess the property of invariance. The
first method involved separating the data into two groups and comparing the results of these two
groups, with respect to the item difficulty and discrimination parameters. The second method
involved comparing the negative twice log likelihood statistic between a restricted and

unrestricted model. The unrestricted model was the model where the item parameter estimates
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were determined separately for each subgroup. The restricted model was the model where the
item parameter estimates were constrained and set equal for each subgroup. In a restricted model
there were only one set of parameter estimates for each item from the entire sample. In the
unrestricted model with two subgroups there were two sets of parameter estimates for each item,
one for each subgroup.

The data was split into two subgroups randomly, by age (young versus old) and by
gender. If the property of invariance is met then the plots of item difficulty and discrimination
parameters estimated separately for each subgroup should approximate a theoretical regression
line with a slope of 1.0 and an intercept of zero’. Also, the negative twice log likelihood statistic
between the restricted model, where the item parameter estimates are set equal for each
subgroup, and unrestricted model, where the item parameter estimates are determined separately
for each subgroup, should not be significantly different. Multilog was used to generate item
parameter estimates for each subgroup as well as the negative twice log likelihood statistics for

each of the restricted and unrestricted models.

4.1.6.1 Assessment of Parameter Invariance in the Randomly Generated Sample

4.1.6.1.1 Assessment of Parameter Invariance for the Randomly Generated Sample for the
ADL Subscale

Subjects were randomly split into two subgroups. This was accomplished by using SPSS

to create a random variable from a binomial distribution using a probability of 0.50. For analysis

of the 22-item ADL subscale there were 470 subjects in group one and 453 subjects in group

two. There were no significant differences between these two groups with respect to age,

gender, duration of symptoms or subscale scores.
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The item discrimination parameters for the 22-item ADL subscale for the two randomly
split subgroups were plotted in Figure 4.4. A best-fit regression line through these points had a
slope of 0.84 and an intercept of 0.41. The mean squared distance between each point and the
theoretical regression line was 0.24. The mean squared distance between each point and the
actual regression line was 0.22. The Pearson correlation between the paired item discrimination
parameters was 0.94

The item difficulty parameters were plotted in Figure 4.5. The resulting regression line
had a slope of 0.93 and an intercept of 0.069. The mean squared distance between each point
and the theoretical regression line was 0.028. The mean squared distance between each point
and the actual regression line was 0.022. The correlation between the paired item difficulty
parameters was 0.99.

The negative twice log likelihood values for the 22 -item ADL subscale for the restricted
and unrestricted models were -28777.5 and -37897.2. The difference between the two models
was 9117.7. This value was greater than the critical value of 67.51. This indicated that some of
the items demonstrate differential item functioning.
4.1.6.1.2 Assessment of Parameter Invariance for the Randomly Generated Sample for

the Sports Subscale

For analysis of the Sports subscale there were 398 subjects in each group. There were no
significant differences between these two grouped with respect to age, gender, duration of
symptoms or subscale scores.

The item discrimination parameters for the Sports subscale for the two randomly split

subgroups are plotted in Figure 4.6. The regression line had a slope of 0.30 and an intercept of
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2.1. The mean squared distance between each point and the theoretical regression line was 0.99.
The mean squared distance between each point and the actual regression line was 4.1. The
correlation between the paired item discrimination parameters was 0.39.

The item difficulty parameters are plotted in Figure 4.7. The regression line had a slope
of 0.94 and an intercept of -.070. The mean squared distance between each point and the
theoretical regression line was 0.39. The mean squared distance between each point and the
actual regression line was 0.088. The correlation between the paired item difficulty parameters
was 0.92.

The negative twice log likelihood values for the Sports subscale for the restricted and
unrestricted models were —860.8 and —1916.8 respectively. The difference between the two
models was 1056.0. This value was greater than the critical value of 17.71. This indicated that
some of the items demonstrate differential item functioning.
4.1.6.1.3 Summary of the Assessment of the Property of Invariance for the Randomly

Generated Samples

The item discrimination plots for the ADL subscale revealed items 14 (Walking 5
minutes or less) and 15 (Walking approximately 10 minutes) were furthest from the theoretical
and actual regression lines. The item difficulty plots for the ADL subscale revealed item 11
(Sleeping) had the largest deviation from the theoretical and actual regression lines. Deviations
from the theoretical regression line imply that the paired item parameters are not equal, while
deviations from the actual regression line imply that the paired item parameters are not consistent
with the other items. The difference in the negative twice the log likelihood statistics between the
restricted and unrestricted models indicates that some of the items demonstrate differential item

functioning. This may be explained by the functioning of items 11, 14 and 15.
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The item discrimination plots for the Sports subscale revealed that items 3 (Landing) and
8 (Ability to participate in your desired sport as long as you would like) had large deviations
from the theoretical and actual regression lines. The actual regression line poorly approximated
the theoretical regression line. The actual regression line for the pairs of item difficulty
parameters was below the theoretical regression line. A difference between the intercepts is not
as serious as a difference in slope. A difference in intercept indicates that the two sets of
estimates deviate by a constant that is equal at all levels of ability’. The difference in the
negative twice the log likelihood statistic between the restricted and unrestricted models
indicated that some of the items demonstrated differential item functioning. This may be
explained by the discrimination parameters for items 3 and 8. This may also be explained by the

constant difference that the items had at all ability levels with the paired item difficulty plots.

4.1.6.2 Assessment of Parameter Invariance by Age

4.1.6.2.1 Assessment of Parameter Invariance by Age for the ADL Subscale

The sample was dichotomized into younger and older subgroups according to mean age
of the sample. For analysis of the 22- item ADL subscale there were 450 subjects (mean age
27.01 SD 9.63) in the young group and 470 subjects (mean age 55.16 SD 9.85) in the old group.
There were no significant differences between these two groups with respect to gender and
duration of symptoms. The younger group had significantly higher ADL subscale scores than
the older group (p=0.001).

The item discrimination parameters for the 22- item ADL subscale for the young and old
subgroups are plotted in Figure 4.8. The best-fit regression line through these points had a slope

of 0.89 and an intercept of 0.37. The mean squared distance between each point and the
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theoretical regression line was 0.098. The mean squared distance between each point and the
actual regression line was 0.068. The correlation between the paired item discrimination
parameters was 0.86.

The pairs of item difficulty values are plotted in Figure 4.9. The regression line had a
slope of 1.01 and an intercept of —0.15. The mean squared distance between each point and the
theoretical regression line was 0.052. The mean squared distance between each point and the
actual regression line was 0.021. The correlation between the paired item difficulty parameters
was 0.98.

The negative twice log likelihood values for the 22- item ADL subscale for the restricted
and unrestricted models were—28777.5 and —27722.7 respectively. The difference between the
two models was 1054.8. This value was greater than the critical value of 67.51. This indicates
some of the items demonstrated differential item functioning.
4.1.6.2.2 Assessment of Parameter Invariance by Age for the Sports Subscale

For analysis of the Sports subscale there were 413 subjects (mean age 26.66 years SD
9.66) in the young group and 381 subjects (mean age 54.42 years SD 9.60) in the old group.
There were no significant differences between these two groups with respect to gender and
duration of symptoms. There was a significant difference with respect to the Sports subscale
score with the younger group scoring significantly higher than the older group (p=0.001).

The item discrimination parameters estimated for the young and old sub-sample are
plotted in Figure 4.10. The regression line had a slope of 1.20 and an intercept of —0.30. The
mean squared distance between each point and the theoretical regression line was 0.22. The
mean squared distance between each point and the actual regression line was 0.39. The

correlation between the paired item discrimination parameters was 0.92.
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The item difficulty parameters for the sub-samples defined by age are plotted in Figure
4.11. The regression line had a slope of 0.96 and an intercept of 1.46. The mean squared
distance between each point and the theoretical regression line was 1.1. The mean squared
distance between each point and the actual regression line was 0.014. The correlation between
the paired item difficulty parameters was 0.99.

The negative twice log likelihood values for the restricted and unrestricted models were
—860.8 and —656.8 respectively. The difference between the two models was 204.0. This value
was greater than the critical value of 55.76. This indicates that some of the items demonstrate
differential item functioning.
4.1.6.2.3 Summary of the Assessment of the Property of Invariance by Age

The item discrimination plots for the ADL subscale revealed items 6 (Going up stairs), 7
(Going down stairs), 20 (Light to moderate work) and 22 (Recreational activities) had the largest
deviations from the theoretical and actual regression lines The item difficulty plots for the ADL
subscale found that all item pairs, with the exception of items 11 (Sleeping) and 19 (Personal
care), closely approximated the theoretical and actual regression lines However, the calculated
difference in the negative twice the log likelihood statistic between the restricted and unrestricted
models indicated that the item parameters for the ADL subscale may not be invariant with
respect to age. This may be explained by the difference in discrimination parameters noted with
items 6,7,20 and 22 and the difference in the difficulty parameters of item 11 and 19.

The item discrimination plots for the Sports subscale revealed item 3 (Landing) had the
largest deviation from the theoretical and actual regression lines. The regression line item
difficulty parameters plot for the Sports subscale was above the theoretical regression line

indicating intercept indicates that the two sets of estimates deviate by a constant that is equal at
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all levels of ability, The difference in the negative twice the log likelihood statistic between the
restricted and unrestricted models indicated differential item functioning. This discrepancy may
be explained by the difference in discrimination parameters with item 3 and by the constant

differences in the item difficulty parameters that the items had across ability levels.

4.1.6.3 Assessment of Parameter Invariance by Gender

4.1.6.3.1 Assessment of Parameter Invariance by Gender for the ADL Subscale

For analysis of the 22-item ADL subscale, the groups consisted of 564 females and 354
males. There were no significant differences between these two groups with respect to age,
duration of symptoms or ADL subscale score

The item discrimination parameters for the 22-item ADL subscale by gender are plotted
in Figure 4.12. The regression line had a slope of 1.13 and an intercept of 0.13. The mean
squared distance between each point and the theoretical regression line was 0.24. The mean
squared distance between each point and the actual regression line was 0.22. The correlation
between the item discrimination parameters estimated for each sample was 0.85

The item difficulty parameters estimated separately for males and females are plotted in
Figure 4.13. The regression line had a slope of 0.75 and an intercept of -0.0051. The mean
squared distance between each point and the theoretical regression line was 0.15. The mean
squared distance between each point and the actual regression line was 0.11. The correlation
between the item difficulty parameters estimated separately for males and females was 0.96.

The negative twice log likelihood values for the 22 item ADL subscale for the restricted
and unrestricted models were —28777.5 and -27648.6 respectively. The difference between the
two models was 1128.9. This value was greater than the critical value of 67.51. This indicates

some of the items demonstrate differential item functioning.
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4.1.6.3.2 Assessment of Parameter Invariance by Gender for the Sports Subscale

For analysis of the Sports subscale, the groups consisted of 463 females and 327 males.
There were no significant differences between these two groups with respect to age, duration of
symptoms and subscale score.

The item discrimination parameters that were estimated separately for males and females
are plotted in Figure 4.14. The regression line had a slope of 1.34 and an intercept of 1.46. The
mean squared distance between each point and the theoretical regression line was 0.28. The
mean squared distance between each point and the actual regression line was 2.36. The
correlation between the item discrimination parameters was 0.82 .

The item difficulty parameters are plotted in Figure 4.15. The regression line had a slope
of 0.90 and an intercept of 0.44. The mean squared distance between each point and the
theoretical line was 0.096. The mean squared distance between each point and the actual
regression line was 0.018. The correlation between the difficulty parameters for the Sports
subscale estimated separately for males and females was 0.99.

The negative twice log likelihood values for the Sports subscale for the restricted and
unrestricted models were —860.8 and —627.4 respectively. The difference between the two
models was 233.4. This value was greater than the critical value of 55.76. This indicates some
of the items demonstrate differential item functioning.
4.1.6.3.3 Summary of the Assessment of Invariance by Gender

The item discrimination plots for the ADL subscale revealed that items 2 (Walking on
even ground) and 4 (Walking up hills) had largest deviations from the theoretical and actual
regression lines. The item difficulty plots for the ADL subscale revealed all points, except for

items 11 (Squatting) and 19 (Personal care) closely approximated the theoretical and actual
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regression lines. The calculated difference in the negative twice the log likelihood statistic
between the restricted and unrestricted models indicates some of the items demonstrate
differential item functioning. This may be due to the difference in the discrimination parameters
of items 2 and 4.This difference in item functioning may also be due to the difference in the
difficulty parameters noted by items 11 and 19.

The item discrimination plots for the Sports subscale revealed that item 6 (Low impact
activities) had the largest deviation from the theoretical and actual regression lines The item
difficulty plots for the Sports subscale revealed that all points were above the theoretical
regression line The difference in the negative twice the log likelihood statistic between the
restricted and unrestricted models indicates some of the items demonstrate differential item
functioning. This may be due to the difference in difficulty parameters noted by item 6. This may
also be explained by the constant differences between all of the item difficulty parameters for
males and females.

4.1.7 Assessing the Potential Responsiveness Across Ability Levels for each Item

Item characteristic curves were constructed using the item difficulty and item
discrimination parameters produced from Multilog. Item characteristic curves that were plotted
for the 22 items on the interim ADL subscale can be found in Appendix C. Item characteristic
curves for an item that has five response categories should have five distinct and separate curves.
Each curve should have one peak and together the curves should span the spectrum of ability.
This is represented by the item characteristic curve in Figure 4.16. All items, except item 11
(sleeping) and 19 (personal care), had well fitting item characteristic curves. The item

characteristic curves for item 11 and 19 are displayed in Figure 4.17 and Figure 4.18. These

items provided the most information at the lower end of the ability spectrum. Item 11 functioned

as an item with two potential responses as most of the subjects reported having either no



88

difficulty or slight difficulty sleeping as a result of their foot or ankle problem. Item 19
functioned as an item with three potential responses as most subjects reported having moderate
difficulty, slight difficulty or no difficulty with personal care as a result of their foot or ankle
problem. The discrimination parameters for items 11 and 19 were 0.77 and 1.28 respectively.
The other 20 items had discrimination parameters that averaged 2.13 (range 1.26 to 3.27)

Item characteristic curves were also plotted for eight items on the interim Sports subscale.
These curves can be found in Appendix D. All eight had well fitting curves similar to that
displayed in Figure 4.19.
4.1.8 Assessing the Target Test Information Function

The amount of information each item provided at nine ability intervals, ranging from -2.0
to 2.0 was provided by Multilog for the two-parameter model. The item information function for
each item at each ability level was summed to produce the test information function. The test
information is related to precision of measurement and as the information function increases the
precision of measurement increases. A target test information function for an evaluative
instrument should provide maximal information across all ability ranges>. The test information
function for the 22-item ADL subscale can be found in Figure 4.20. Most information was
supplied at the lower end of ability. Items 11 (Sleeping) and 19 (Personal care) were noted to
give the most information at the lower end of ability. Item 11 was deleted first because it
functioned as an item with only two potential responses as demonstrated by the item
characteristic curve. It also had the lowest inter-item correlation, item to score correlation, factor
loading to the first principle component and the lowest discriminative parameter. The test
information function, after deleting item 11 did not substantially change (Figure 4.21). Item 19

was than deleted. The test information function was recalculated and a decrease in information



89

was noted throughout the range of ability (Figure 4.22). Therefore, item 19 was retained to
maintain the instrument’s precision.

The test information function for the eight-item Sports subscale can be found in Figure
4.23. The test information function provided most information in the higher ability ranges.

4.1.9 Selection of Items for the Final Version

Items for the final version of the FAAM were selected based on the item character
curves, inter-item correlations, item to score correlations, and factor loadings to the first principal
component. The purpose of the FAAM is to assess self-reported physical performance.
Therefore, items 23 to 26, which were related to pain and could be eliminated without
jeopardizing content of the ADL subscale. These items had lower inter-item and item to total
score correlations.

Item 11 (Sleeping) was also deleted. This was done because of its item character curve,
low inter-item and item to score correlations, and the factor loading to the first principal
component. Therefore, the final version of the FAAM ADL subscale has 21 items. The final
version of the FAAM can be found in Appendix E.

All eight items on the FAAM Sports scale were appropriate based on the item character curves,
inter-item and item to total score correlations and the factor loadings to the first principal

component. The final version of the Sports Subscale can be found in Appendix E.
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4.2 Evidence of the Usefulness of the Final Version of the FAAM

4.2.1 Description of the Subjects

4.2.1.1 Description of the Subjects in the Group Expected to Change

The sample expected to change was obtained from individuals receiving physical therapy
treatment between July 2002 and January 2003. These subjects were participating in treatment at
one of the Centers for Rehab Services (CRS) clinics in the southwestern Pennsylvania area.
Subjects were included in the study if they had received treatment for a lower leg (below the
knee) musculoskeletal disorder (bone, muscle, ligament, and/or joint) for greater than four
weeks. Information contained within the CRS database was collected. This database included
demographics, mechanism of injury, duration of symptoms, diagnosis, SF-36 scores, global
rating of function and perceived change in status. Subjects with coexisting pathologies were
excluded. Subjects were also excluded if they had not received at least four weeks of physical
therapy treatment. Two hundred and sixty six potential subjects that met these criteria were
identified. Evaluation and discharge information could be obtained from 164 (62%) of these
individuals. These 164 individuals were included in the group expected to change. Subjects
were included in the analysis if they responded to at least 19 of the 21 Activities of Daily Living
subscale items and if they responded to at least 7 of the 8 Sports subscale items. For the
Activities of Daily Living Subscale 112 (68.3%) subjects had no missing responses, 31(18.9%)
had one missing response, and eight (4.9%) subjects had two missing responses on the initial
ADL subscale. The remaining 13 (7.9%) subjects had three or more missing responses. For the
Sports subscale, 106 (64.6%) subjects had no missing responses and 24 (14.6%) had one missing

response. The remaining 34 (20.8%) subjects had two or more missing responses. Thus the
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analyses for the Activities of Daily Living subscale included 151 patients and the analyses for
the Sports subscale included 130 patients.

The average age of the group expected to change was 41.2 (SD16.3 median 45.6 range 9-
75). There was no information regarding age for two (1.2%) individuals. There were 97 (59.1%)
females and 67 (40.9%) males. Mechanism of injury was related to the following: activities of
daily living for 52 (31.7%) patients, sports for 40 (24.4%), work for 13 (7.9%), post surgery for
four (2.4%), motor vehicle accident for three (1.8%) and “other” for 29 (17.7%) subjects. There
was no information regarding mechanism of injury for 23 (14%) subjects. Duration of
symptoms was defined as the time from onset of symptoms to the initiation of treatment at CRS.
The duration of symptoms averaged 4.7 months (SD 0.17 yr, median 2.1 months, rangelday-
3.8yr). The duration of symptoms could not be determined for 26 (15.9%) individuals.

ICD-9 codes and when possible the physical therapy chart were used to determine
diagnosis. = The ICD-9 codes were organized into seven categories: joint/limb pain,
sprains/strains, fractures, plantar fasciitis, bunion, Achilles tendon rupture and “other”. For the
group expected change 55 (33.5%) subjects had joint/limb pain, 47(28.7%) had sprains/strains,
28 (17.1%) had fractures, 22 (13.4%) had plantar fasciitis, three (1.8%) had bunion, and two
(1.2%) had Achilles tendon rupture. Four (2.4%) subjects had a diagnosis that did not fit these
categories and were put in the “other” category. There was no information regarding diagnosis
for three (1.8%) subjects.

The FAAM ADL and Sports subscales were scored separately. Responses to individual
items were assigned a value of value zero (unable to do) to four (no difficulty). The response
“not applicable” was recorded when the activity was limited by something other than the lower

leg disorder. The scores for the items responses were summed. Items that did not have a
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response or were marked “not applicable” could not be scored. When an item could not be
scored the average item score for that individual was calculated. This value was substituted for
the missing response when summing items to obtain a total score. This total score was then
divided by 84 for the ADL subscale, and by 32 for the Sports subscale and then multiplied by
100 to transform the score to a 0 to 100 scale such that a higher score represents a higher level of
function.

The average score for initial FAAM ADL subscale for the subjects in the group expected
to change was 58.0 (SD 24.8 median 59.5 range 5-98). The distribution was approximately
normal (skewness -0.26, SE skewness 0.20, kurtosis -0.72, SE kurtosis 0.39). The average initial
FAAM Sports subscale for the subjects in the group expected to change was 25.2 (SD 26.7
median 15.0 range 0-94). The distribution was positively skewed (skewness 0.86, SE skewness
0.21) but was normal with respect to kurtosis (kurtosis -0.42, SE kurtosis 0.42)

The final FAAM ADL and Sports subscales were administered approximately four weeks
after initiation of physical therapy. The average time between completing the initial and final
surveys was 32.3 days (SD 12.1 median 28 range 23-106). The average final FAAM ADL
subscale score for the subjects in the group expected to change was 74.9 (SD 20.0 median 77.5
range 13-100). The distribution was approximately normal (skewness -0.71, SE skewness 0.19,
kurtosis -0.33, SE kurtosis 0.38). The average final FAAM Sports subscale score for the subjects
in the group expected to change was 43.9 (SD 30.0 median 45.1 range 0-100). The distribution
was approximately normally skewed (skewness 0.098, SE skewness 0.21) but platykurtic (
kurtosis -1.147, SE kurtosis .410).

The perceived global rating of change reported by patients in the group expected to

change revealed 75 patients (45.7%) perceived themselves to be much better, 42 (25.6%) were
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somewhat better, 24 (14.6%) were slightly better, five (3.0%) were unchanged and two (1.2%)
were slightly worse. Sixteen (9.8%) subjects did not provide a perceived global rating of change.
No subjects reported being somewhat worse or much worse. It was hypothesized that subjects
undergoing physical therapy would report being much better or somewhat better from the initial
to final administration of the FAAM. One-hundred and seventeen (71.3%) subjects met this
hypothesis and are considered to have improved over the 4 week duration of physical therapy.
The average change scores for the ADL and Sports subscale scores, those that were improved
were respectively. 21.01 (SD 19.60 median 15.48 range -19 to 81), 19.34 ( SD 21.94 median
15.00 range -45 to 40) and 20.97 ( SD 25.71 median 14.29 range -34 to 97) and 28.30 (SD 28.31
median 25.00 range -20 to 90) respectively. Thirty-one (18.9%) subjects reported they were
slightly better, unchanged or slightly worse. The average change ADL and Sports subscale
scores for these 31 subject were 3.44 (SD 12.03 median -0.60 range -18 to 40) and 2.73 ( SD
21.31 median 0.50 range -45 to 40).

An analysis was done to compare those who were included in group expected to change
to those who could not be included because of missing FAAM information. Chi-squared
analysis revealed that there was no difference with respect to gender (p=0.63), diagnosis
(p=0.37), or mechanism of injury (p=0.40). Independent t-test revealed that there were no
differences with respect to age (p=0.17). Mann-Whitney test revealed that there was a difference
with respect to duration of symptoms (p=0.028). Subjects that had complete information had a

longer duration of symptoms compared to those that did not have complete information.

4.2.1.2 Description of the Subjects in the Group Expected to Remain Stable

Potential subjects for the group expected to remain stable were obtained from the CRS

database. This data base was used to identify patients who were treated at least one year ago for
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a lower leg musculoskeletal disorder. One hundred and eighty potential subjects who were
treated between the time period between January 3, 2000 and October 3, 2001 were identified.
The mailing process outlined by Dillman®' was used to obtain initial and final FAAM, SF-36,
global rating and perceived change in status.

Initial baseline survey information was obtained from 79 (42%) subjects. Of the potential
subjects that initial information was not obtained from, 14 (16.9%) had the wrong address, 11
(5.9%) refused to participate, three (2%) noted having a different problem, and 72 (42%) did not
respond.

Of the 79 subjects from whom initial baseline information was obtained, 61 (77.2%) had
no missing responses, 10 (12.7%) had one missing response, and three (3.8%) had two responses
on the initial ADL subscale. The remaining five (6.4%) subjects had three or more missing
responses. For the Sports subscale, 61 (77.2%) subjects had no missing responses and nine
(11.4%) had one missing response. The remaining nine (11.4%) subjects had two or more
missing responses.

Analysis of demographic information of the group expected to remain stable revealed the
average age was 45.2 (SD15.0 median 44.5 range19-86). Forty-seven (59.5%) subjects were
female and 32 (40.5%) subjects were male. Mechanism of injury was related to activities of
daily living for 13 (16.5%) subjects, sports for 22 (27.8%) subjects, and post surgery for one
(1.3%) subject. There was no information regarding mechanism of injury for 43 (54.4%)
individuals. The duration of symptoms, defined as the time from the onset of symptoms to the
initiation of treatment at CRS averaged 4.0 months (SD 0.33yr, median 43 days, range 2 days-2.2

yr). There was no information regarding duration of symptoms for 22 (27.8%) individuals.
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ICD-9 codes were used to determine diagnosis. Thirty-nine (49.4%) subjects had
joint/limb pain, 24 (30.4%) had sprains/strains, 5 (6.3%) had fractures, 5 (6.3%) had plantar
fasciitis, 1 (1.3%) had a bunion, and 1 (1.3%) was in the category “other”.

The average score for initial FAAM ADL subscale for the group expected to remain
stable was 91.5 (SD 13.6 median 97.5 range 37-100). The distribution was negatively skewed
(skewness -2.5, SE skewness 0.28) and leptokurtic (kurtosis 6.1, SE kurtosis 0.56). The average
initial FAAM Sports subscale score was 78.6 (SD 23.8 median 88.4 range 13-100). The
distribution was approximately normal ( skewness -0.97, SE skewness 0.29, kurtosis 0.027, SE
kurtosis 0.55).

The final administration of the FAAM, SF-36 and global rating of function was mailed to
the participating subjects. The time period between the initial and follow up surveys averaged
65.6 days (SD 19.8 median 67.0 range 31-101). Of the 79 subjects from whom initial baseline
information was obtained, the final survey information was obtained from 71(90.0%). The
reason that eight subjects did not return the final survey is unknown. For the final FAAM ADL
subscale, 53 (74.6%) subjects had no missing responses, 6 (8.5%) had 1 missing response, and 4
(5.6%) had two missing responses. The remaining eight (11.3%) subjects had three or more
missing responses. For the initial Sports subscale, 46 (64.8%) subjects had no missing responses
and nine (12.7%) had one missing response. The remaining 16 (22.5%) subjects had two or
more missing responses.

The average score for final FAAM ADL subscale for the group expected to remain stable
was 92.6 (SD 13.2 median 97.6 range 27-100). The distribution was negatively skewed

(skewness -2.95, SE skewness 0.302) and leptokurtic (kurtosis 10.37, SE kurtosis 0.60). The
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average final FAAM Sports subscale score was 81.9 (SD 23.3 median 93.8 range 13-100). The
distribution was negatively skewed (skewness -1.21 SE skewness 0.32) but had normal kurtosis
(kurtosis 0.44, SE kurtosis 0.64).

Fifty-two (65.8%) of the subjects reported their perceived change in status to be
unchanged. Three (3.8%) subjects reported they were much better, three (3.8%) were somewhat
better, two (2.5%) were slightly better, one (1.3%) was slightly worse, and one (1.3%) was much
worse. This information was no reported by 13 (16.5%) subjects. It was hypothesized that
subjects who had not received physical therapy within the last year would not change from the
initial to final administration of the FAAM. Fifty-two (65.8%) subjects met this hypothesis.
Fourteen (17.7%) subjects did not meet this hypothesis. These 14 subjects had changes in ADL
and Sports subscales scores that were -0.36 (SD 9.2 median 0.00 range -13 to 24) and -3.98 (SD
16.1 median 0.00 range -28 to 31) respectively.

An analysis was done to determine if there were differences between those in the group
expected to remain stable that did and did not respond to the surveys. Chi-squared analysis
revealed no differences in gender (p=0.67), however there was a significant difference in
diagnosis (p=.005) between those that returned a survey and those that did not. The individuals
that did not return the surveys more frequently had a diagnosis of joint/limb pain than those that
returned the surveys. Additionally, subjects that returned the surveys more frequently had a
diagnosis of sprain/strain. Independent t-test revealed that there was no difference (p=0.46) with
respect to age. Mann-Whitney test revealed no difference (p=0.84) with respect to duration of
symptoms between those that did and did not respond to the surveys.

When comparing the group expected to change to the group expected to remain stable,

there were no differences in gender (p=0.77), diagnoses (p=0.63) or age (p=.10), however there
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was a significant duration in symptoms (p=0.004). Subjects in the group expected to remain
stable had a longer duration of symptoms prior to treatment than subjects in the group expected
to change.

4.2.2 Factoral Structure of the FAAM ADL and Sports subscale

PRELIS (Scientific Software International, Chicago, IL) was used to perform exploratory
factor analysis to assess dimensionality of the FAAM ADL and Sports subscales. Specifically,
eigenvalues, scree plots, inter-item correlations and factor loadings were evaluated. Data from
the initial FAAM ADL and Sports subscales were used for these analyses. The group expected
to change and the group expected to remain stable were initially analyzed separately. PRELIS
requires use of complete data with no missing responses. Therefore, responses from 112
(68.3%) of the 164 in the group expected to change were used to evaluate the ADL subscale and
106 (6.4.6%) were used to evaluate the Sports subscale. In the group expected to remain stable,
responses from 61 (77.2%) of the 79 subjects were used to evaluate the ADL and Sports
subscales.

Principal component analysis found the items on the ADL subscale loaded on one factor
in the group expected to change. Factor one accounted for 80.46% of the variance and had an
eigenvalue of 16.90. The second factor accounted for 4.39% of the variance and had an
eigenvalue of 0.92. The scree plot can be found in Figure 4.24. The factor loadings for each
item to the first principal component are reported in Table 4.11 for the group expected to change.

In the group expected to remain stable the principal component analysis revealed two
factors. Factor one accounted for 78.37% of the variance and had an eigenvalue of 16.46. The
second factor accounted for 12.28% of the variance and had an eigenvalue of 2.58. The scree
plot can be found in Figure 4.25. The factor loadings of each item to the first principal

component are reported in Table 4.12 for the group expected to remain stable. With the
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exception of item 18, all of the items loaded on the first factor. Item 18 had a low factor loading
on the first factor but a high factor loading to the second factor. No attempt was made to perform
a factor analysis on the combined sample because the factorial structure was different between
for each group.

The principal component analysis of the Sport subscale in the group expected to change
revealed all items loaded on one factor. Factor one accounted for 86.7% of the variance and had
an eigenvalue of 6.94. The second factor accounted for 4.13% of the variance and had an
eigenvalue of 0.33. The scree plot can be found in Eigure 426. The principal component
analysis of the Sports subscale in the group expected to remain stable revealed all items loaded
on one factor. Factor one accounted for 86.42% of the variance and had an eigenvalue of 6.91.
The second factor accounted for 4.79% of the variance and had an eigenvalue of 0.38. The scree
plot can be found in Figure 4.27. The factorial structure of the Sports subscale was similar in
both groups, therefore we performed a factor analysis on the combined samples. The effective
sample size for this analysis was 167 (83.5%) of the total 200 subjects. The resulting principal
component analysis found the items loaded on one factor. Factor one accounted for 93.48% of
the variance and had an eigenvalue of 7.48. The second factor accounted for 1.85% of the
variance and had an eigenvalue of 0.15. The scree plot can be found in Figure 4.28. The factor
loadings of each item to the first principal component for the group expected to change, group
expected to remain stable and the combined groups can be found in Table 4.13.

4.2.3 Internal Consistency of the FAAM ADL and Sports subscale.

The factorial structure of the FAAM ADL subscale was not the same in the group
expected to change as it was in the group that was expected to remain stable, therefore, the
assessment of internal consistency was done for each sample separately. In the group expected

to change coefficient alpha was 0.98 with a standard error of measurement (SEM) of 3.5 and
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95% confidence interval of plus or minus 6.9 points. In the group expected to remain stable
coefficient alpha was 0.96 with a SEM of 2.7 and a 95% confidence interval of plus or minus
5.3. The item to total score correlations and coefficient alpha with each item deleted are
presented in Table 4.14 for the group expected change and the group expect to remain stable.

The result of factor analysis for the FAAM Sports subscale found a one-factor model
was appropriate for the group expected to change as well as for the group expected to remain
stable. Therefore, the assessment of internal consistency was done with the combined samples
yielding a coefficient alpha of 0.98. The SEM was 5.1 with a 95% confidence interval of pus or
minus 10.0.

4.2.4 Test Re-test Reliability of the Final FAAM ADL and Sports subscale

Test Re-test reliability measures the stability of test scores over time. The initial and
final FAAM ADL and Sports subscale scores for the group expected to remain stable were used
for this analysis. Test re-test reliability was evaluated using an Intra-class Correlation
Coefficient (ICC) (formula 2,1)”. The resulting ICC was 0.89 for the ADL subscale and 0.87 for
the Sports subscale. The SEM calculated using the test re-test reliability coefficient and the
standard deviation of the group expected to remain stable was 2.1 with a corresponding 95%
confidence interval of plus or minus 4.0 points for the ADL subscale. The minimal detectable
change for the ADL subscale using a 95% confidence interval was plus or minus 5.7 points. For
the Sports subscale the SEM was 4.5 with a corresponding 95% confidence interval of plus or
minus 8.8 points. The minimal detectable change for the Sports subscale using a 95 %
confidence was plus or minus 12.5.

It was hypothesized that subjects in the group expected to remain stable would report
their perceived change in status to be unchanged. Fifty-two (65.8%) subjects met this hypothesis.

Fourteen (17.7%) subjects did not meet this hypothesis. These subjects were examined to
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determine if their status may have changed. This determination was based two measures external
to the FAAM, change in perceived status and change in global rating for activities of daily living.
One subject reported being somewhat better and had an improvement in global rating of 10
points. Two subjects reported being much worse and slightly worse and had changes in global
ratings of -21 and -35 respectively. When these subjects were deleted from the analysis, the ICC
for test re-test reliability for the ADL and Sports subscales increased to 0.92. Test re-test
reliability for the Sports subscale remained the same. For the ADL subscale the SEM decreased
to 1.5 with a 95% confidence interval of plus or minus 2.9 points. The minimal detectable
change using a 95% confidence interval decreased to plus or minus 4.1. For the Sports subscale
the SEM decreased to 3.4 with a 95% confidence interval of plus or minus 6.7 points. The
minimal detectable change using a 95% confidence interval decreased to plus or minus 9.5.

4.2.5 Responsiveness of the FAAM ADL and Sports Subscales to Change in Functional

Status

The ability of an instrument to detect a clinically significant change in functional status
when a change has occurred is termed responsiveness. Responsiveness was assessed using three
analyses: 1) two-way analysis ANOVA with repeated measures, 2) Guyatt’s response index, and
3) the construction of receiver operating characteristic (ROC) curves. The following hypotheses
were tested: 1) the change in the ADL and Sports subscales scores for the group expected to
change would be greater than the change scores for the group expected to remain stable, 2) the
95% confidence interval of the Gyuatt’s response index for the ADL and Sports subscales will
not contain zero and, 3) the 95% confidence intervals for area under the ROC curve for both the

ADL and Sports subscales will be greater than 0.5.
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The two way repeated measures ANOVA was done to compare the change from the
initial to final FAAM ADL and Sports subscale scores, between the group expected to change
and the group expected to remain stable. The average difference between the initial and final
ADL subscale scores in the group expect to change was 17.1 (SD 19.88 median 12.59 range -25
to 81). The average difference between the initial and final ADL subscale scores in the group
expected to remain stable was -0.2 (SD 6.21 median 0.00 range -19 to 24). The initial and final
FAAM ADL scores for the two groups are presented in Figure 4.29. The analysis of variance
summary table is present in Table 4.15. The group by time interaction was significant (F
(1,202)=42.562 p<.001). This supports the hypothesis that the difference between the initial and
final ADL scores in the group expected to change would be greater than the difference between
the initial and final ADL subscale scores in the group expected to remain stable.

The two-way repeated measures ANOVA was also done with the Sports subscale scores.
The average change score on the Sports subscale in the group expect to change was 17.2 (SD
24.8 median 11.6 range -34 to 97). The average change in the group expected to remain stable
was 0.0 (SD 12.3 median 0.00 range -28 to 33). The initial and final FAAM Sports scores for the
two groups are presented in Figure 4.30. The analysis of variance summary table is present in
Table 4.16. The group by time interaction was significant (F (1,165)=22.466 p<.010). This
supports the hypothesis that the difference between the initial and final Sports scores in the group
expected to change would be greater than the difference between initial and final Sports subscale
scores in the group expected to remain stable.

Gyatt’s responsiveness index (GRI) was calculated for the ADL subscale by dividing the

average change in score of the group expected to change, 17.1 points, by the standard deviation
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of the change scores for stable group, 6.2. The resulting GRI for the ADL subscale was 2.75 with
a 95% confidence interval ranging from 2.02 to 3.48. Since this confidence interval did not
contain zero, the GRI was significantly different than zero.

GRI was also calculated for the Sports subscale. The average change score for the group
expected to change was 17.2 points. The standard deviation of the change score for the group
expected to remain stable was 12.3. The resulting GRI for the Sports subscale was 1.40 with a
95% confidence interval ranging from 0.93 to 1.86. This confidence interval did not contain
zero, indicating the GRI for the Sports subscale is significantly different from zero.

A ROC curve, which is a plot of sensitivity versus 1 - specificity for each one-point
change on the ADL subscale was constructed using subjects in both the group expected to
change and the group expected to remain stable. Sensitivity and specificity was calculated for
each one-point change on the ADL subscale. The criterion measure to calculate sensitivity and
specificity was whether the subject was in the group expected to change or the group expected to
remain stable. The resulting ROC is presented in Figure 4.31. The area under the curve was
0.80 with a 95% confidence interval ranging from 0.84 to 0.74. The results indicate the area
under the curve was greater than 0.5. The change score that best differentiates an individual in
the group expected to change from an individual in the group expected to remain stable is that
which lies closest to the upper left hand corner of the ROC curve. The change score that was
closest to the upper left hand corner of the graph was 4 points which had sensitivity and
specificity of change values of 0.76 and 0.88 respectively. This change score had the highest
sensitivity and specificity values. The positive and negative likelihood ratios were 6.39 and 0.27

respectively for this 4-point change score.
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A ROC curve was also constructed for the Sports subscale Figure 4.32. The area under
the curve was 0.76 with a 95% confidence interval ranging from 0.84 to 0.68. The results
indicate the area under the curve was greater than 0.5.The change score that was closest to the
upper left hand corner of the ROC curve was 5 points with sensitivity and specificity of 0.63 and
0.81 respectively. This change score had the highest sensitivity and specificity values. The
positive and negative likelihood ratios were 3.36 and 0.45 respectively.

The above ROC analyses established the change score that best differentiated between a
subject in the group expected to change and the group expected to remain stable. To determine
the best change score to differentiate a patient that perceives him/herself to be improved after
four weeks of physical therapy from a patient that does not perceive themselves to be improved,
we also constructed a ROC for subjects within the group receiving treatment. For this analysis
the group expected to change was dichotomized based on how subjects perceived their change in
status between the initial and final administration of the FAAM. When this study was planned,
we hypothesized that because subjects in the group expected to change were receiving treatment,
they would perceive their condition to be either somewhat or much improved between the initial
and final administration of the FAAM. One hundred and seventeen (73.3%) subjects in the
group expected to change described their perceived change in status as much better (75 or
45.7%) or somewhat better (42 or 25.6%). Sixteen (9.8%) subjects did not provide a global
rating of change. The remaining 31 (18.9%) subjects described their change in functional status
to be slightly better (24 or 14.6%), unchanged (five or 3.0%) or slightly worse (2 or 1.2%). No
subjects reported being somewhat worse or much worse. We used the global rating of change to
dichotomize the group that was expected to change into those that were improved (n=117) and

those that were not improve (n=31). The ROC analyses for the ADL and Sports scales were
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repeated using this dichotomy (i.e. improved vs. not improved after 4 weeks of physical therapy)
as the criterion measures to calculate sensitivity and specificity for multiple change scores of the
ADL and Sports scale.

The ROC for the ADL subscale is presented in Figure 4.33. The area under the ROC
curve was 0.80 SE with a 95% confidence interval ranging from 0.89 to 0.71. The results
indicate the area under the curve was greater than 0.5. The change score that best distinguished
between a patient that perceive him/herself to be improved from a patient that does not perceive
him/herself to be improved was 8 points which had a sensitivity and specificity of 0.77 and 0.75
respectively. The positive and negative likelihood ratios were 3.09 and 0.30 for this 8-point
change in the ADL subscale score.

The ROC curve for the Sports subscale is presented in Figure 4.34. The area under the
ROC curve was 0.72 with a 95% confidence interval ranging from 0.78 to 0.66. The results
indicate the area under the curve was greater than 0.5. The change score the best distinguished an
improved from an unimproved patient after 4 weeks of physical therapy was 9 points which had
a sensitivity and specificity of 0.64 and 0.75 respectively. The positive and negative likelihood
ratios were 2.57 and 0.48 respectively for this 9-point change score.

4.2.6 Responsiveness to Change in Functional Status of FAAM ADL and Sports Subscales

Compared to a General Measure of Functional Status

Responsiveness of the FAAM ADL and Sports subscales were compared to the physical
function subscale and physical component summary score of the SF-36 using Guyatt’s
Responsiveness Index and ROC Curves. It was hypothesized that the FAAM ADL and Sports
subscale would be more responsive to a change in function than the general measures of

function.
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Guyatt’s responsiveness indices were calculated for the FAAM ADL and Sports
subscales and physical function and physical component summary scores for the SF-36. The
GRI and 95% confidence intervals for these instruments were as follows: ADL subscale
2.75(2.02, 3.48), Sports subscale 1.40(0.95,1.86), physical function subscale 1.77(1.15,2.39), and
physical component summary score 1.12(0.67,1.58) Differences and 95% confidence intervals
for the differences between GRIs for the ADL and Sports subscales and physical function
subscale and the physical component summary score of the SF-36 were calculated as follows: 1)
ADL subscale and physical function subscale 0.98 (0.27,1.69), 2) ADL subscale and physical
component summary score 1.63 (1.02,2,24), 3) Sports subscale and physical function subscale -
0.38 (-1.00,0.25) and 4) Sports subscale and physical component summary score 0.27 (-
.022,0.77).  These results indicate that the ADL subscale was more responsive than either the
physical function subscale or physical components summary score of the SF-36, however the
Sports subscale was not found to be more responsive than the physical function subscale or
physical components summary score of the SF-36.

ROC curves were constructed to compare the FAAM ADL and Sports subscales to the
physical function and physical component summary scores of the SF-36.  Four ROC curves
were constructed to compare the areas under the curves between the: 1) ADL subscale and
physical function subscale (Figure 4.35) 2) ADL subscale and physical component summary
score (Figure 4.36) 3) Sports subscale and physical function subscale (Figure 4.37) and 4)
FAAM Sports subscale and SF-36 physical component summary score (Figure 4.38) The
criterion measure to calculate sensitivity and specificity was whether the subject was in the group
expected to change or the group expected to remain stable. The correlation between the areas

under the curves and the critical ratio z were calculated as outlined by Haney and McNeil”. The
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results are reported in Tables 4.17 and 4.18 for the ADL and Sports subscales respectively. To
determine the significance of the difference between the areas under the curve, the critical z ratio
was compared to 1.96. The results indicated that the ADL subscale was more responsive than
either the physical function subscale or physical components summary score of the SF-36 and
the Sports subscale was more responsive than the Sf-36 physical components summary score.
However the Sports subscale was not more responsive than the physical function subscale of the
SF-36.

4.2.7 Responsiveness to Change in Functional Status of FAAM ADL and Sports Subscales

Compared to a Global Rating of Self Perceived Level of Function

The responsiveness of the FAAM ADL and Sports subscales were compared to a global
rating of self-perceived level of function for activities of daily living and sports respectively.
The global rating was scored from zero to 100 with zero being complete loss of function and 100
being the level of function before the onset of the patient’s lower leg problem. Guyatt’s
responsiveness index and ROC Curves were used to compare the responsiveness of the FAAM
and global rating of function. It was hypothesized that the FAAM ADL subscale would be more
responsive than the global rating of function during activities of daily living and the FAAM
Sports subscale would be more responsive than the global rating of function during sports.

Guyatt’s responsiveness indices were calculated for the FAAM ADL and Sports
subscales and activities of daily living (ADL) and Sports global ratings. The GRI values and
their 95% confidence intervals are as follows: ADL subscale 2.75(2.02, 3.48), ADL global rating
1.94 (1.37, 2.50), Sports subscale 1.40 (0.93,1.86), and sports global rating 1.61 (2.06,1.16).
Differences and 95% confidence interval for the differences between GRIs for the ADL and

Sports subscales and ADL and Sports global ratings are as follows: 1) ADL subscale to ADL
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Global rating 0.82 (.04,1.59), 2) Sports subscale to sports global rating 0.03 (-0.65,0.22). These
results indicate that the ADL subscale was more responsive than the ADL global rating, however
the Sports subscale was not found to be more responsive than the Sports global rating

ROC curves were constructed to compare the FAAM ADL and Sports subscales to the
ADL and sports global rating. Two ROC curves were constructed to compare the area under the
curved between the: ADL subscale and ADL global rating and Sports subscale and sports global

rating (see Figures 4.39 and _4.40). The criterion measure to calculate sensitivity and specificity

was whether the subject was in the group expected to change or the group expected to remain
stable. The correlation between the areas and the critical ratio z was calculated as outlined by
Haney and McNeil*. The results are reported in Table 4.19. To determine significance of the
difference between the areas under the curve, critical z ratio was compared to1.96. The results
indicated that the ADL was not more responsive than ADL global rating and the Sports subscale
was not more responsive than sports global rating.

4.2.8 Convergent and Divergent Evidence to Support the Interpretation of the FAAM

ADL and Sports Subscales

Convergent evidence was assessed by examining the relationship between the FAAM
ADL and Sports subscales to concurrent measures of physical function. The concurrent
measures of physical function included the physical function and the physical components
summary scores of the SF-36 as well as the global rating of function. The global rating of
function was provided separately for activities of daily and sports. The global ratings of function
ranged from zero to 100 with zero being complete loss of function and 100 being the subject’s
prior level of function before the onset of his/her the lower leg problem. Divergent evidence was

assessed by examining the relationship between the FAAM ADL and Sports subscales and
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concurrent measures of emotional function. The concurrent measures of emotional function
included the mental health and mental components summary scores of the SF-36.

It was hypothesized that there would be: 1) moderate to strong correlations (r>=0.6)
between the FAAM ADL and Sports subscale scores and concurrent measures of physical
function and 2) low correlations (r<=0.3) between the FAAM ADL and Sports subscales and
concurrent measures of emotional function. Additionally it was hypothesized that the
correlations between the FAAM ADL and Sports subscale scores and concurrent measures of
physical function would be significantly greater than the correlations between the FAAM ADL
and Sports subscales and concurrent measures of emotional function.

Testing for difference in correlation coefficients between the FAAM ADL and Sports
subscales to concurrent measures of physical and emotional function was done based on the
equation by Meng et al**. These calculated values were compared to a critical t value of 3.34 for
alpha=.001 at 200 degrees of freedom. The initial scores from subjects were used in the analysis.
The correlation coefficients between the FAAM ADL and Sports subscales and concurrent
measures of physical and emotional function are presented in Table 4.20. All calculated values
were significantly greater than the critical value at p<.001. These results indicated that the
correlation of the FAAM ADL and Sports Subscales to the concurrent measures of function were
significantly greater than their correlation to concurrent measures of emotional status.

The correlations between the FAAM ADL and Sports subscale scores and concurrent
measures of physical function ranged from 0.84 to 0.78. The correlations between the FAAM
ADL and Sports subscales to concurrent measures of emotional function ranged between 0.12

and -0.02. Additionally, as expected, the correlations between the FAAM ADL and Sports
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subscale scores and concurrent measures of physical function were significantly greater than the
correlations between the FAAM ADL and Sports subscales and concurrent measures of
emotional function.

5 Summary and Conclusions

The overall purpose of this project was to develop a reliable and responsive self-reported
health related quality of life instrument specific to those with foot and ankle disorders. The
instrument consisted of two scales. One scale contained items related to activities of daily living,
the other contained items related to sports activities. The development of the FAAM was
accomplished in two stages. The purpose of stage one was to develop an instrument that
contained items that had appropriate psychometric properties. Conclusions and summary
regarding the results of this phase are discussed in section 5.1. The purpose of stage two was to
assess the instrument’s reliability, validity and responsiveness. Conclusions and summary

regarding the results of this phase are discussed in section 5.2.

5.1 Summary of the Results to Produce the Final Version of the FAAM and ADL and

Sports subscales

The fit of the graded response model was tested. This included assessing the assumptions
for item response theory, assessing model fit, and assessing the property of parameter invariance.
The assumptions of Item Response Theory were met with respect to guessing for a correct
response is not a factor, the administration of the test is not under time constraints and
unidimensionality. Also, the Graded Response Model fit the data. However, the property of
parameter invariance was not met. This means that the results of this study can only be
generalized to those patients that are similar to those patients included in this study. The subjects

in phase one of this study had a mean age of 42.0years (SD 17.4, median 42.8, range 8 to 83).
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There were 61.2% female and 38.1% male subjects. Mechanism of injury was related to
activities of daily living for 19.8%; work for 9.5%; sports for 7.0%; post surgery 5.9%; and
motor vehicle accident 1.5%. The duration of symptoms averaged 3.7 months (SD 8.6 months,
median 1.5 months, range 1 day to 7.9 years). Diagnoses were as follows: 18% ankle joint
pathology, 31.3% sprains and strains, 11.9% heel pathology, 14.7% fractures, 3.6% forefoot
pathology, and 8.5% nonspecific leg pain.

5.1.1 Assessing the Assumptions of Item Response Theory

The initial step consisted of assessing whether or not the assumptions for use item
response theory were met. For the graded response model, the assumptions include: 1)
unidimensionality, 2) local dependence, 3) administration of the test is not under time
constraints, and 4) guessing the correct answer is not a factor. There were no time constraints for
completing the FAAM and since there is no correct answer per se, guessing the correct answer is
not possible. Unidimensionality implies that the instrument measures a single domain. Local
dependence pertains to the examinee’s abilities, and implies that only one latent trait influences
the examinee’s response to the items. When the items on the instrument are represented by one
factor, the assumptions of unidimensionality and local dependence will be met. Exploratory
factor analyses were performed to determine dimensionality of the FAAM ADL and Sports
scales. The results of the exploratory factor analysis for the preliminary version of the ADL
subscale revealed two factors. Factor one accounted for 66.24 % of the variance with an
eigenvalue of 17.22. Factor two accounted for 8.81% of the variance and had an eigenvalue of
2.29. The scree plot, which is a plot of the eigenvalues against the number of factors revealed
two prominent factors. These results imply two factors underlie the 26-item ADL subscale.
Items one through 22 had high factor loadings on the first factor while items 23 through 26 had

high factor loadings on the second factor. The content of items 23 through 26 was related to pain
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as follows: item 23 — general level of pain, item 24 — pain at rest, item 25- pain during normal
activity and 26- pain first thing in the morning. Items 23 through 26 were thought to represent a
unique factor and these items were omitted.

Factor analysis after omitting items 23 to 26 revealed a single factor that accounted for
74.09% of the variance and had an eigenvalue of 16.30. The second factor accounted for 3.88%
of the variance and had an eigenvalue of 0.85. The scree plot for the 22 items also revealed a
one-factor model fit the data. All 22 items had high factor loadings with the first factor.

After examining the results of the factor analysis for the FAAM ADL subscale, it was
concluded that a one-factor model was appropriate for the 22-item ADL subscale. Items 1
through 22 were primarily related to functional activities. Items 23 through 26, which were
related to pain, were deleted from further consideration.

The results of the exploratory factor analysis for the Sports subscale were consistent with
a one-factor model. This one factor account for 86.33% of the variance and had an eigenvalue of
6.91. The second factor accounted for 4.24% of the variance and had and eigenvalue of 0.34.
The scree plot supported this conclusion. All eight items had high factor loadings on the first
factor.

5.1.2 Assessment of Model Fit

There are two of models appropriate for an instrument when guessing is not an option
and the possible responses can be ordered to represent varying degrees of ability. These two
models are the partial credit and the graded response models. The partial credit model is a one-
parameter model that is able to differentiate items based on item difficulty. The graded response
model is two a parameter model, which includes both difficulty and discrimination parameters.
The choice between the partial credit and graded response model is determined statistically by

determining if the addition of the extra parameter in the graded response model added
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significantly more information than the one- parameter partial credit model. If the addition of
the extra parameters do not contribute to the fit of the model, then a one-parameter model is
more appropriate. A likelihood ratio is obtained for each model. The difference between the
likelihood ratios is tested statistically, using chi-squared values, to assess if the addition of extra
parameters contributes to fit of the model. It was hypothesized that the two-parameter graded
response model would fit the data better than the one-parameter partial credit model.

The results revealed that the two-parameter graded response model fit the data better than
the one-parameter partial credit model for both the ADL and Sports subscales. The observed
differences in the twice the negative log likelihood statistic between the one and two parameter
model were 893.1 for the ADL subscale and 116.8 for the Sports subscale. Both of these values
were greater than the critical value for the chi-squared test. In summary, the graded response
model fit the data better than the partial credit model for both the ADL and Sports subscales.
Therefore, the items on the FAAM ADL and Sports subscales can be differentiated based on how
difficult the item is as well as how well the item differentiates between examinees based on the
examinee’s ability.

5.1.3 Assessment of Parameter Invariance

The property of invariance refers to the ability to reproduce the results with respect to
model fit and parameter estimates®. Parameter invariance also implies that the difficulty and
discrimination parameters for each item are unrelated to the characteristics of the examinee.
Examinees with similar abilities, irrespective of their age, gender or diagnosis, will respond the
same to each item.

Invariance was assessed by splitting the sample into two groups and comparing the
results between the groups. The data were split into two groups randomly as well as by age

(young versus old) and gender. Two methods were then used to assess the property of
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invariance. The first method involved plotting the pairs of each item’s difficulty and
discrimination parameters calculated separately for each group. It was hypothesized that the
plots of item difficulty and discrimination parameters for the subgroups should approximate a
regression line with a slope of 1.0 and an intercept of zero’. The second method involved
comparing negative likelihood statistics between a restricted and unrestricted model. An
unrestricted model is a model where the item parameter estimates were determined separately for
each subgroup. In the restricted model the item parameter estimates are constrained and set
equal for each group. In the restricted model there is only one set of parameter estimates for
each item for the entire sample. In the unrestricted model with two subgroups there will be two
sets of parameter estimates for each item. It was hypothesized that the difference in negative
twice log likelihood values between the restricted and unrestricted models would not be
significantly different for the randomly selected groups as well as for the groups defined by age
and gender.

The plots of item difficulty and discrimination parameters calculated separately for each
subgroup should approximate a regression line with a slope of 1.0 and an intercept of zero if the
property of invariance is upheld. Associated with this regression line would be a perfect
correlation of 1.0 between the pairs of parameter estimates for each item. The three plots
(random sample one versus two, young versus old and male versus female) for the ADL subscale
grossly approximated the appropriate regression line. Some of the items deviated from the
desired regression line. There was no pattern however, for items that did not consistently fit.

The correlations between item discrimination parameters for three plots were .94 for the
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randomly generated samples, .86 for young versus old and .85 for male versus females. For the
item difficulties the correlations were .99, .98 and .96 respectively. There was no one item that
consistently demonstrated invariance of the item parameters.

The plots of item difficulty and discrimination parameters for the Sports subscale had a
larger deviation from the desired regression line then the ADL subscale. The correlations
between item discrimination parameters were .92 for the randomly generated samples, .92 for
young versus old and .82 for males versus females. The correlations between item difficulty
parameters were .92, .93 and .99 respectively. There was no item that consistently demonstrated
invariance of the item parameters.

The difference between the negative twice log likelihood values were greater than the
critical value when comparing the restricted to unrestricted models in all three comparisons for
the ADL and Sports subscale. This indicates that some of the items demonstrate differential item
functioning.

Based on the item parameter plots and the comparison of the restricted and unrestricted
models the property of invariance of item parameter estimates was not attained for either the
ADL or Sports subscales. The discrimination parameters may have been more responsible than
the difficulty parameters for the differential item functioning. Errors in the discrimination
parameters can inflate the results of the item and test information function giving the impression
that the test is more precise than it actually is. When the property of invariance in not upheld the
test results cannot be generalized to all subpopulations of subjects. Also, item characteristics
may be sample dependent, performance may be test dependent, ordered continuum of items

based on their difficulty cannot be done, and results are test dependent not item dependent.
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5.1.4 Assessing the Potential Responsiveness Across Ability Level for Each Item

An important feature of an evaluative index is responsiveness. This means that when the
underlying condition that is being measured changes, the score on the instrument should change.
In order for the FAAM to be responsive, the items must have a wide range of threshold
difficulties and high levels of discrimination. Responsiveness of the individual items was
assessed by examining the item characteristic curves. Item characteristic curves are a plot
between the probability of choosing a particular response and the ability level of the

723 The item characteristic curve describes the relation between the trait an item

examinee
assesses and the item response pattern across ability levels'. It was hypothesized that each
item would have five distinct and separate curves, each with one peak, spanning the spectrum of
ability.

Item characteristic curves were generated for each item on the 22-item on ADL subscale.
All of the items had appropriate item characteristic curves except items 11-sleeping and 19-
personal care. These items were not difficult and provided most information at the lower end of
the ability spectrum. Item 11 functioned as an item with two potential responses as most
subjects reported having either no difficulty or slight difficulty sleeping as a result of their foot or
ankle problem. Even subjects on the low end of ability reported only slight difficulty sleeping as
a result of their foot or ankle problem. Item 19 functioned more like an item with three
responses as most subjects reported having moderate difficulty, slight difficulty, or no difficulty
with personal care as a result of their foot or ankle problem. Items 11 and 19 did not function as
expected across the spectrum of ability and were thus considered for deletion.

The slope of the item characteristic curve represents the item discrimination

17,23

parameter'””. A steeper slope implies the item has greater discrimination and the item is better

able to separate examinees based on their ability. The discriminative parameter values for item



116

11 and 19 were 0.77 and 1.28 respectively. Discriminative parameters usually range from 0 to
2% The other 20 items had discriminative parameters that averaged 2.13 (range 1.26-3.27)
Item characteristic curves were also generated for each of the eight items on the Sports subscale.
All eight items on the Sports subscale had item characteristic curves that spanned the range of
function. Each of the eight items had five distinct and separate curves, each with one peak,
spanning the spectrum of ability.

The underlying assumption of item response theory with respect to unidimensionality
was met, therefore, item response theory could be used. Items 11 and 19 on the FAAM ADL
subscale did not have appropriate item characteristic curves and might be candidates for
elimination. All of the items on the FAAM Sports subscale had appropriate item characteristic
curves.

5.1.5 Target Test Information Function

Item response theory can be used to generate an item information function that describes
the amount of information that each item provides as a function of ability”*. The item
information function can be summed to provide a test information function. The more
information the instrument provides the more precise the instrument. The more precise the
instrument, the less associated error it has. A target test information function for an evaluative
instrument should provide a maximum amount of information across all ability ranges®. It was
hypothesized that the FAAM ADL and Sports subscale would produce a target test function that
would be flat throughout the range of ability.

The test information function for the 22-item ADL scale provided more information in

the lower ability ranges, while the Sports subscale produced test information function that
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provided information in the higher ability ranges. An appropriate test information function is one
that is flat throughout the range of ability. Combining the test information functions for the ADL
and Sports subscale produced an appropriate test information function.

5.1.6 Conclusions for the Selection of Items for the Final FAAM ADL and Sports

Subscales

The end result of this phase of the project was to reduce the number of items in the
interim ADL subscale from 26 to 21 items. Four items related to pain eliminated because it
appeared that they defined a separate factor. The fifth item that was eliminated was item 11-
sleeping. Given that item 11 had the lowest inter-item correlation values, the lowest item to total
score correlation, a item characteristic curve with only three distinct curves that spanned the
spectrum of ability, a low discriminative ability compared to the other items and gave the most
information at the lower end of the ability spectrum, item 11 was omitted from further
consideration. Because item 19 had inter-item correlation values consistent with the other items,
a more appropriate item characteristic curve, with four distinct curves that spanned the spectrum
of ability, and had an ability to discriminate that was in order with the other items, it was retained
to maintain the precision in the lower end of ability. The eight items on the Sports subscale were

all retained.

5.2 Summary of the Evidence for Validity of the Final FAAM

The purpose of this phase was to evaluate the usefulness of the FAAM as a self-reported
health related quality of life measure for those with foot and ankle impairments. This included an
evaluation of reliability, responsiveness, and validity. Analyses included evaluation of the
factorial structure, internal consistency, test-retest reliability, responsiveness and convergent and

divergent evidence to support interpretation of the FAAM scores. Two groups were formed to
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provide this evidence for interpretation of the FAAM scores. The group that was expected to
change consisted of subjects currently receiving physical therapy for the treatment of a lower leg
musculoskeletal disorder. Data were collected from this group at the initiation of care and again
approximately four weeks later. The second group was expected to remain stable, which
consisted of subjects who had been treated for a musculoskeletal disorder affecting the lower leg,
foot and/or ankle at least one year ago. Data were collected from this group by mail twice
approximately four weeks apart.

It was hypothesized that subjects currently receiving physical therapy would improve
over the course of 4 weeks. We expected these subjects to perceive themselves to be somewhat
or much better when comparing their final to initial status. One-hundred and seventeen (73.3%)
subjects in the group expected to change described their perceived change in status as somewhat
or much better. The average ADL and Sports subscale change scores subjects were 21.01 (SD
19.60 median 15.48 range -19 to 81) and 19.34 (SD 21.94 median 15.00 range -45 to 40)
respectively.

Thirty-one (18.9%) subjects in the group that was expected to change described their
change in functional status to be slightly better (24 or 14.6%), unchanged (5 or 3.0%), or slightly
worse (21.2%). The average ADL and Sports subscale change scores for these 31 subject were
3.44 (SD 12.03 median -0.60 range -18 to 40) and 2.73 ( SD 21.31 median 0.50 range -45 to 40)
respectively.

It was hypothesized that subjects who had not received physical therapy for at least one
year would perceive no change in their status between the initial and 4 week administration of
the FAAM. Fifty-two (65.8%) subjects in the group expected to remain stable reported their

status was unchanged. Thirteen (16.5%) subjects did not provide a perceived rating of change.
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The remaining 14 (17.7%) subjects described their change in functional status to be much better
(3 or 3.8%), somewhat better (3 or 3.8%), slightly better (2 or 2.5%), slightly worse (4 or 5.1%)),
somewhat worse (1 or 1.3% or much worse (1 or 1.3%). The change in ADL and Sports subscale
scores and corresponding perceived change in status are reported in Table 5.1. The minimal
detectable change for the ADL and Sports subscales was found 5.7 and 12.7 for the ADL and
Sports subscale respectively. Therefore there were four subjects for the ADL and Sports subscale
that had detectable change, two that improved and two that worsened.

5.2.1 Evidence of the Factorial Structure of the Final FAAM ADL and Sports Scales

Exploratory factor analyses were performed to examine the internal structure of the
FAAM. The group expected to remain stable and the group expected change were analyzed
separately. It was hypothesized that a one-factor model would fit the FAAM ADL and Sports
subscales for both groups.

Factor analysis of the final 21-item ADL subscale for the group expected to change found
that the items loaded on one factor that had an eigenvalue of 16.90 accounting for 80.46% of the
variance and all items had high loadings on this factor. In the group expected to remain stable,
the items loaded on two factors. Factor one had an eigenvalue of 16.46 that accounted for
78.37% of the variance and factor two had an eigenvalue of 2.58 that accounted for 12.28% of
the variance. All items except item 18, personal care, had high loadings on the first factor. Item
18 was the only item that had a high factor loading on the second factor. In the stable group, all
but one subject reported no difficulty with personal care. Therefore in the stable group it appears
that this item was “too easy” for these subjects. This finding is consistent with the item

characteristic curve and item information function for this item that was found in phase I of this
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project (see section 4.1.7 and 4.1.8). In summary, the results indicated the factorial structure of
the ADL subscale may be different in the groups defined by the subjects potential to change over
a 4 week period.

The factor analysis of the final Sports subscale of the FAAM revealed that a one-factor
model was appropriate for subjects in the group expected to change as well as in the group that
was expected to remain stable. Because the factor structure for the two groups was the same, the
groups could be combined for factor analysis. The findings were consistent with a one-factor
model, which had an eigenvalue of 7.48 accounting for 93.48% of the variance and all of the
items had high factor loadings on this factor. Thus it appears that the final Sports subscale
represents one factor and this one factor model is similar across groups that are defined by the
subjects’ potential to change over a 4 week period of time.

5.2.2 Evidence for the Internal Consistency of the Final FAAM ADL and Sports

Subscales

Internal consistency is a measure of consistency of the subjects’ responses across items.
Analysis of internal consistency for the ADL subscale in the group expected to remain stable
also demonstrated that item 18 behaved differently from the remaining items. For item 18, the
item to total score correlation was 0.27. The item to total score correlations for the other items
ranged from0.66 to 0.87.

Because of the difference in factorial structure for the items in the ADL subscale between
the group expected to change and the group expected to remain stable the groups could not be
combined for the analysis on internal consistency. It was hypothesized that coefficient alpha
would be greater than 0.90 for the subscales. The results of the analysis supported this

hypothesis. For the ADL scale, coefficient alpha was 0.96 for the group expected to remain
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stable and 0.98 for the group expected to change. The amount of error associated with a score at
one point in time was calculated for the ADL subscale using coefficient alpha. The resulting
SEM was 3.5 and 2.7 for the group expected to change and the group expected to remain stable
respectively. The group expected to change and group expected to remain stable were combined
for analysis of internal consistency of the Sports subscale. Coefficient alpha for the Sports scale
was 0.98. The amount of error associated with a score at one point in time for the calculated for
the Sports subscale was 5.12. Item to total score correlations were high for all items, ranging
between 0.83 and 0.95.

Examining the internal consistency of other competing measures, coefficient alpha for the
Foot Function Index was 0.96 in a sample of subjects with rheumatoid arthritis”. Coefficient
alpha for the Lower Extremity Function Scale was 0.96 in a sample of individuals with a variety
of lower extremity disorders®. Internal consistency of the physical function and role limitation
because of physical health problems SF-36 scales were 0.93 and 0.84 respectively in subjects
with general health problems®'.
5.2.3 Evidence for the Test Re-test Reliability of the Final FAAM ADL and Sports

Subscales

Test re-test reliability assesses the stability of the scores over time. Repeated
administration of the test should give the same score if there is no change in the construct being
measured. It was hypothesized that the test re-test reliability would be good or excellent (> 0.9).
The group expected to remain stable was used to estimate test re-test reliability. It was
hypothesized that subjects who had not received physical therapy for at least one year would
report no change in their status over the measurement period, however this was not the case for

all subjects as previously described. Using all of the subjects in the group expected to remain
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stable, the ICC test re-test reliability coefficients were .89 and .87 for the ADL and Sports
subscales respectively. The SEM for the ADL subscale was 2.06 with a 95% confidence interval
of plus or minus 4.03 points. Therefore, when evaluating change over a similar period of time,
we can be 95% confident any change less than 4 points should be considered error. For the
Sports subscale, the SEM was found to be 4.50 with a 95% confidence interval of plus or minus
8.82 points for the Sports subscale. Therefore, when evaluating change over a similar period of
time, we can be 95% confident any change less than 9 points should be considered error.

The minimal detectable difference is obtained by using the test re-test reliability
coefficient to constructing a confidence interval around the SEM. This CI takes into account the
fact that 2 measurements at different points of time by including the square root of 2 in the
calculation and therefore is appropriate to use to make decisions if a patient has changed with
repeated measures over time. The 95% confidence interval for a minimal detectable was 5.07 for
the ADL subscale. This means that we can be 95% confident that a change score of plus or
minus 6 points is associated with a true change in score. The minimal detectable difference for
the Sports subscale was 12.47. Therefore, we can be 95% confident that a change score of plus
or minus 13 points is associated with a true change in score.

Three subjects in the group expected to remain stable reported a change in status that
matched a change in global rating of function. When these three subjects were eliminated from
this analysis, the ICC test re-test reliability coefficients increased to .91 for the ADL. The SEM
decreased to 1.5 with a minimal detectable change at 95% confidence of 4.1. The ICC for the
Sports Subscale remained at .87. The SEM decreases to 3.4 with a minimal detectable change at

95% confidence of 9.5.
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Test re-test reliability of the FAAM was better than that of the Foot Function Index,
Lower Extremity Function Scale and physical function and role limitation because of physical
health problems scales of the SF-36. Test re-test reliability for the Foot Function Index and

Lower Extremity Function Score are 0.87 and 0.86 respectively®"

. Test re-test reliability for the
physical function and role limitation because of physical health problems scales of the SF-36 are
0.71 and 0.57 in subjects with sciatica”. The Ankle Arthritis Scale had higher levels of test re-
test reliability (ICC of 0.97)**. The Lower Extremity Function Scale had minimal detectable
change of plus or minus 5.3 points at a 90% confidence level’. The minimal detectable change
for the FAAM ADL and Sports subscale was re-calculated using the 90% confidence interval
and was found to be plus or minus 4.78 and 10.47 respectively..

5.2.4 Evidence to Support the Responsiveness of the Final FAAM ADL and Sports

Subscales

Responsiveness is the ability to detect change when a change has occurred. A multiple
group design was used in our analysis to demonstrate responsiveness. To accomplish this,
groups that were expected to undergo differential rates of change over a 4-week period were
compared. Responsiveness was assessed using a two-way repeated measures ANOVA, Guyatt’s
responsiveness index and ROC curve analyses.

In the first analysis, it was hypothesized that the group expected to change would have a
greater change in the FAAM score over a four-week period than the group expected to remain
stable. The two-way repeated measures ANOVA found a significant interaction indicating that
the group expected to change had a greater change score over the four-week period compared to
those that were expected to remain stable. For the second analysis of responsiveness, Guyatt’s

responsiveness index was calculated by dividing the change score of the group that was expected
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to change by the standard deviation of the stable group. It was hypothesized that the 95%
confidence interval for the GRI would not contain zero, indicating that the GRI was significantly
different from zero. Guyatt’s responsiveness index was significantly different than zero for both
the FAAM ADL and Sports subscale.

In the final analysis of responsiveness, a ROC curve was used to evaluate responsiveness.
Sensitivity of change is the ability to detect change when a change has occurred. Specificity of
change is the ability to correctly detect when an individual has not changed. A perfect
instrument would have sensitivity, specificity and area under the ROC curve of 1.00. The area
under the ROC curve represents ability to discriminate those subjects who improved from those
that did not improve based on a criterion measure of change. For the ADL subscale the area
under the curve was 0.80. The optimal change score to identify a changed from an unchanged
individual is that point on the ROC curve that lies closest to the upper left hand corner of the
graph. This change score represents the minimal clinically important change. The minimal
clinically important change for the ADL subscale was 4 points, which had a sensitivity and
specificity of 0.76 and 0.88 respectively. Therefore, 76% of subjects who were in the group
expected to change had a change score greater than 4 points. Conversely 88% of subjects who
were in the group expected to remain stable had a change score of less than 4 points.

The minimal clinically important change for the Sports subscale was 5 points, which had
a sensitivity and specificity of 0.63 and 0.81 respectively. Therefore, 63% of subjects who were
in the group expected to change had change score of 5 points or more. Conversely 81% of
subjects who were in the group expected to remain stable had change score of less than 5 points.

A second ROC analysis was done with the group expected to change separated into two

groups. One group consisted of the 117 subjects that reported being somewhat or much better.
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The second group consisted of the 31 subjects that reported being slightly better, unchanged or
slightly worse. The minimal clinically important change for the ADL subscale was 8 points,
which had a sensitivity and specificity of 0.77 and 0.75 respectively. Therefore, in the group
expected to change 77% of subjects who reported that they were improved had a change score
greater than 8 points. Conversely 75% of subjects in the group that was expected to change who
reported that they were not improved had a change score less than 8 points.

With this second ROC analysis, the minimal clinically important change for the Sports
subscale was 9 points, which had a sensitivity and specificity of 0.64 and 0.75 respectively.
Therefore, in the group expected to change 64% of subjects who reported that they were
improved had a change score greater than 9 points. Conversely 75% of subjects in the group that
was expected to change who reported that they were not improved had a change score less than 9
points.

The error associated with a measurement at a single point in time, the minimal detectable
change and the minimal clinically important difference for the ADL scale were 6.9, 5.7 and 8
points and for the sports scale they were 10, 12.3 and 9 points respectively for the Sports
subscale. The small difference between these three values for the ADL subscale can be attributed
to measurement error. The difference associated with these three values for Sports subscale may
be more than one could attribute to measurement error. This discrepancy may be due to the fact
that the values were calculated using difference techniques. The errors associated with
measurement at a single point in time were calculated using coefficient alpha to determine the
SEM and are therefore related to content sampling. The errors associated with minimal
detectable difference were calculated using ICC to determine the SEM and are related the

stability of the measure over time. The minimal clinically important difference was determined
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in the ROC analysis and the change in score that represented the highest values for sensitivity
and specificity. Also, the error associated with measurement at a single point in time were
calculated using the group that was expected to remain stable combined with the group that was
to change, the minimal detectable difference was calculated using the group that was expected to
remain stable, and the minimal clinically important difference was calculated using the group
expected to change. When using the Sports subscale, it may be appropriate to use a change score
of 12 points or greater to identify those who not only significantly changed but also those who
had a clinically important change.

The authors of the LEFS investigated responsiveness of the LEFS. The minimal
clinically important change for the Lower Extremity Function Scale was found to be 9 points
using an ROC analysis. The subject’s prognosis for improvement, as determined by the clinician
on the initial evaluation, was used as the criterion measure of change. The change of nine points
was associated with a sensitivity of 0.81 and specificity of 0.70°.

Beaton offered a method to interpret and compare responsiveness studies based on three
criteria: subjects involved in the study, criteria of how change is quantified and the methods used
to measure responsiveness’. There are two major differences when comparing responsiveness
between this study and the LEFS®. The first difference is related to the subjects that were used to
investigate responsiveness. The authors investigating responsiveness of the LEFS used subjects
with any lower extremity musculoskeletal disorder. This included 80 (74.8%) subjects with knee,
thigh or leg disorders and two (2.9%) subjects with hip disorders. Twenty-two (20.5%) subjects
the subjects had foot or ankle disorders. The second difference was with respect to the criteria of
how change was quantified. To study responsiveness of the LEFS, the criterion for changes was

based on the clinician’s prognostic rating of change for the patient following the initial
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examination. In our study we used two methods to quantify change. In the first method, the
construct for change was a comparison of those currently receiving treatment with those that
have not received treatment in over a year. The second method to quantify change was based on
the subject’s perceived change in status. This was done in the group receiving treatment. The
analysis of both studies included presenting the results at the individual level, using the ROC
analysisg. Our analysis also included presenting the results at the group level using Guyatt’s
responsiveness index.

5.2.5 Evidence to Support that the FAAM ADL and Sports Subscales are More

Responsive to Change than a General Measure of Functional Status

It was hypothesized that the FAAM ADL and Sports subscales would be more responsive
than a general measure of functional status. The physical function and physical components
summary of the SF-36 were used as the general measure of functional status and were compared
to the FAAM ADL and Sports subscales.

The most optimal change score needed to differentiates an individual in the group expect
to change from an individual in the group expected to remain stable was found to be 4 points for
the FAAM ADL subscale, 6 points physical function scale of the SF-36 and 5 points for the
physical components summary score. The ADL subscale not only had a smaller change score to
differentiate subjects, but the most optimal change score also had higher sensitivity and
specificity values with a significantly larger area under the curve than the general measures of
function. The ROC and GRI analysis found the ADL subscale to be more responsive than the
both the physical function subscale and the physical component summary score.

The most optimal change score needed to differential an individual in the group expect to

change from an individual in the group expected to remain stable was found to be 5 points for
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the Sports subscale of the FAAM compared tol point physical function scale and 3 points for the
physical component summary score of the SF-36. The results of the ROC curve analyses
demonstrated the FAAM Sports subscale was more responsive than the SF-36 physical
component summary score at the individual level. However, at the group level GRI analysis the
Sports subscale was nor more responsive than the physical component summary score. Both the
ROC and GRI analysis found the Sports subscale was not more responsive than the physical
function subscale.

5.2.6 Evidence to Support the FAAM is More Responsive than a Global Rating of Self

Perceived Level of Function

It was hypothesized that the FAAM ADL and Sports subscales would be more responsive
to changes in function than a self-perceived global rating of function. The results of the GRI and
ROC curve analysis did not support this hypothesis. Based on the ROC analysis, to determine a
clinically meaningful change in status a change of 4 and 7 points were needed for the ADL
subscale and the global rating of activities of daily living were needed respectively. The areas
under the ROC curves were not significantly different. To determine a clinically meaningful
change in status a four point change was needed for the Sports subscale and a one point change
was need for the global rating for sports. The GRI analysis found the ADL subscale to be more
responsive than ADL global rating. The Sports subscale was not more responsive than the global
rating of sports.

The findings do not necessarily support the use of the global rating instead of the FAAM,
but rather, they should be used to supplement one another. Although the global rating seems to

be as responsive of the FAAM, it does not supply as much detail about what specific activities
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have significantly improved. Also, information about limitations and changes with specific
activities are required for evaluation, treatment planning and goal setting.

5.2.7 Convergent and Divergent Evidence to Support the Interpretation of the FAAM

Convergent evidence came from assessing the association of the FAAM to concurrent
measures of physical function including the physical function and physical component summary
scores of the SF-36 and the global rating of function. The hypothesis was there would be a
strong to moderate correlation (r>0.6) between the FAAM and the concurrent measures of
function. The results supported this hypothesis. The correlations between the FAAM ADL
subscale and the physical function subscale and physical components summary score of the SF-
36 and global rating of function during ADL were 0.84, 0.84 and 0.83 respectively. The
correlations between the FAAM Sports subscale and the physical function scale and physical
components summary score of the SF-36 and global rating of function during sports were 0.78,
0.80 and 0.89 respectively.

A similar analysis was done with the Lower Extremity Function Score. The correlation
between the Lower Extremity Function Scale and the SF-36 physical function subscale and SF-
36 physical component summary score were 0.80 and 0.64 respectively®.

Divergent evidence came from assessing the association between the FAAM and
concurrent measures of  emotional function including the mental health scale and mental
components summary score of the SF-36. It was hypothesized that there would be weak
correlations (r<.3) between the FAAM and concurrent measures of emotional function. The
results supported this hypothesis. The correlations between the FAAM ADL subscale and the
mental health scale and mental components summary score of the SF-36 were 0.18 and 0.05
respectively. The correlations between the FAAM subscale and the mental health scale and

mental components summary score of the SF-36 were 0.11 and -0.02 respectively.
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A similar analysis was done with the Lower Extremity Function Score. The correlation
between the Lower Extremity Function Scale and the mental health subscale and mental
component summary score of the SF-36 were 0.23 and 0.30 respectively®.

The hypotheses that correlations between the FAAM ADL and Sports subscale scores to
concurrent measures of physical function would be significantly greater than the correlations of
the FAAM ADL and Sports subscales with concurrent measures of emotional function were also

met as calculated t value was grater than the critical value for all analyses.

5.3 Conclusion

The purpose of the first stage of this project was to develop an instrument that contained
items demonstrating appropriate psychometric properties. This included selecting items based on
the pattern of factor loadings, inter-item correlations, item to total score correlations, and
coefficient alpha. The initial 26-item interim version of the ADL subscale did not meet the
assumption of unidimensionality that is required for item response theory. Four items related to
pain were omitted which allowed the 22-item subscale meet the assumptions of
unidimensionality. The fit of the graded response model was appropriate for the 22-item ADL,
however the property of item parameter invariance was not achieved. This was evidenced by
differential item functioning for both item discrimination and difficulty parameters. All of the
items had appropriate item characteristic curves with exception of item 11-sleeping and item 19-
personal care. Item 11 was not able to discriminate examinees as well as item 19. The test
information function for the 22 item ADL subscale supplied information throughout the
spectrum of ability, however, it was noted that there was more information at the lower end of
the ability spectrum. Item 11 was subsequently omitted because it had: 1) the lowest inter-item

correlation values, 2) the lowest item to total score correlation, 3) an item characteristic curve
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with only three distinct curves that spanned the spectrum of ability, and 4) a low discrimination
compared to the other items. Because item 19 had inter-item correlation values consistent with
the other items, had a more appropriate item characteristic curve, and had an ability to
discriminate that was in order with the other items, it was retained to improve precision of
measurement in the lower end of ability.

The eight-item Sports subscale met the assumption of unidimensionality and the fit of the
graded response model was determined to be appropriate. The property of item parameter
invariance was not achieved as evidenced by differential item functioning for both the
discrimination and difficulty parameters. The item characteristic curves were appropriate and the
test information function provided the majority of information at the higher end of the ability
spectrum.

The final ADL subscale consisted of 21 items all related to functional activities during
daily living, and the final FAAM Sports subscale consisted of eight items related to sports
activities. The properties of the items included on the ADL and sports scales can however, can
only be generalized to a population similar to the one used to estimate the item parameters
because the property of parameter invariance was not achieved. The test information function
indicated that the ADL subscale supplied most information at the lower end of the ability
spectrum while the Sports subscale supplied more information at the higher end of ability.
Therefore, to cover the full range of ability it is appropriate to give both scales.

The purpose of the second part of this project was to assess reliability, responsiveness
and validity of the final version of the FAAM. The results of this part of the study can be
generalized to populations that have similar characteristics as the subjects in this study. The

subjects in this part of the study had an average age of 42.5 (range 9-86) with a duration of
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symptoms averaging 4.5 months (range lday- 2.2 years). The diagnosis profile of subjects
consisted of the following: joint and limb pain (n=94), sprains and strains (n=71), fractures
(n=33), plantar fasciitis (n=27), bunion (n=5), and Achilles rupture (n=2). These subjects were
not receiving physical therapy for a coexisting pathology, however, they may have had other
disorders such as diabetes and cardiovascular disease, representative of those with similar
demographic characteristics. The average baseline scores of FAAM ADL and Sports scores were
60.8 and 39.0 respectively.

The results of the factor analysis revealed a one factor model was appropriate for the
ADL subscale in the group expected to change but not for the group expected to remain stable.
This did not significantly alter the internal consistency as coefficient alpha was greater than 0.90
for both groups. The error associated with a measurement at a single point in time for the group
receiving physical therapy was +/- 6.9 points at a 95 % confidence level. The Sports scale fit a
one-factor mode and internal consistency was greater than 0.90 when the groups were combined.
The error associated with measurement at a single point of time for the Sports subscale was +/-
10 points at a 95% confidence level. The test re-test reliability was 0.89 and 0.87 for the ADL
and Sports subscales respectively. The minimal detectable difference at a 95% confidence level
was 5.7 and 12.3 points for the ADL and Sports subscales respectively.

The ADL subscale was also more responsive to changes in functional status than general
measures of physical function. At a group level of analysis, Guyatt’s responsiveness index
indicated that the ADL scale was more responsive than a global rating of functional status,
however the sports subscale was not more responsive than the physical function subscale of the
SF-36 or a global rating of function. At an individual level of analysis, a ROC analysis indicated

that the Sports subscale was more responsive than the physical component summary score.
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The values associated with the measurement error at a single point of time, the minimal
detectable difference and the minimal clinically important change may vary depending on the
baseline level of function of the subjects. We have uniformly assigned values to these measures
across all of our subjects, irrespective of their baseline functional level. Future research should
include an assessment of reliability and responsiveness across different functional levels.

Evidence of validity of the FAAM ADL and sports scales was demonstrated by relatively
strong correlations with concurrent measures of physical function and relatively low correlations
to measures of emotional status.

The FAAM and LEFS are two evaluative measures of functional limitations. The FAAM
was specifically developed for those with musculoskeletal disorders of the lower leg. The LEFS
was developed to encompass the entire lower extremity containing items relevant to those with
hip and knee disorders as well lower leg disorders. Future research should compare the two
instruments in patients with lower leg, foot/ankle disorders.

When using the FAAM to describe the outcome for treatment intervention it should be
used with a general measure of health status that will measure other components of health such
as emotional status. It should also be complimented by measures of pain and impairment such as
strength, range of motion and joint effusion.

In conclusion, this study provides evidence of reliability, responsiveness and validity for
the FAAM ADL and Sports subscales. The FAAM is appropriate to measure the effects of

treatment for individuals with lower leg musculoskeletal disorders.
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APPENDIX A
Initial Items Selection:

Procedures to produce the final version of the FAAM are included in stage I. This stage
consists of five steps: 1) define the purpose of the instrument, 2) item generation, 3) initial item
reduction, 4) instrument construction, and 5) final item reduction. Steps one through four were
completed as preliminary work. The goal of this preliminary work was to construct an interim
FAALI that would be appropriate for psychometric testing of individual items.

The first step is to define the purpose of the instrument. This is an evaluative instrument
because its primary objective is to measure changes in an individual’s functional status over time
as a result of treatment. Of specific interest is how treatment of foot and ankle related disorders
impacts functional status.

The goal of step two and three was to establish evidence based on test content. This was
accomplished in two phases. The first phase was to generate an exhaustive list of all possible
items that may assess functional status and disability related to impairments of the foot and
ankle. The second phase involved initial item reduction. The objective of this second phase was
to remove items that were considered to be unimportant; in other words items that were
repetitive, complex, too narrow in scope and/or difficult for the subject to interpret.

Generation of an exhaustive list of all possible items was done through literature review,
input from experts and input from a sample of subjects for which the instrument was intended.
Instruments that have been developed specifically for the foot and ankle as well as those
developed for other regions of the lower extremity were reviewed to generate an initial list of
items. The instrument s reviewed included the OFAS Clinical Rating System48, AOSM, FFIB,
LEFS®, KOS®®, and the DASH®’. Expert clinicians that evaluate and manage individuals with

impairments of the foot and ankle interest were asked to contribute ideas, topics and items that
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they felt needed to be included on the instrument. Individuals with foot and ankle related
disorders were also asked to contribute ideas as well as critique possible items to make sure that
the FAAM addressed areas they felt should be included on the instrument.

Item generation produced 69 items. Experts to assist in selecting items were obtained
from a list of members from the American Physical Therapy Association (APTA) Foot and
Ankle Special Interest Group. Surveys were mailed to members of the APTA Foot and Ankle
Special Interest Group and they were asked to give their opinion on the relative importance of
the 69 potential items. The experts were asked to rate each item on a scale ranging from -2 (not
important) to +2 (very important). Items that attained a mean score of one or above were
included on the interim FAAM. The experts were also asked if they felt there should be two
scales, one for lower level every day activities and one for higher level sporting activities.

Twenty-nine out of 43(67.4%) surveys were returned. Ninety four percent of the
respondents felt there should be two separate scales, one for activities of daily living and one for
sports. The average rating for each potential items in seven categories are displayed in Tables Al
through A7. The seven categories included a miscellaneous functional limitation category (28
items) (Table Al). Four categories were more specific and assessed the ability to walk (11items)
(Table A2) negotiate stairs (six items) (Table A3), participate in sports (five items) (Table A4)
and do work (three items) (Table AS). The other two categories dealt with symptoms (13 items)
(Table A6) and nonspecific possible item of interest (four items) (Table A7)

The end result of the analysis was an interim FAAM that included two scales; an activity
of daily living scale that contained 26 items and a sports scale that contained eight items (see
appendix B). The symptom categories and psychological aspect were eliminated because the

purpose of the instrument was to measure functional ability. The only exception to this was the
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inclusion of pain. Pain was included on the interim FAAM because pain may be a patient’s
major complaint and most limiting factor. Walking distance could be measured by time or
distance. It was felt that time represented a more universally accepted way to assess walking
distance. The items related to the use of an assistive device, need for medication, cosmesis, and
ability to wear different shoes were all eliminated because of their inability to fit into the
question format (“How does your foot and ankle limit your ability to perform the following
activity?”) and the response pattern (severe, moderate, mild or no difficulty).

Construction of the FAAM included choosing the most suitable wording as well as organizing
the directions, the items, and the possible responses. The wording of the directions was done not
limit the subjects to either a performance or capacity bias.

Responses ranged from “no difficulty at all” to “unable to perform”. Responses to questions
were set up in a Likert format with five potential responses. Scoring of the FAAM was set up as
an ability scale with a higher score representing a higher degree of functioning.

Finally, field-testing was done with 20 patients to ensure the index was user friendly, for
both clinicians and patients. An effort was made to ensure the FAAM was easy to administer,

complete and score. This included making sure the directions were clear and easily read.
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Please answer every question with one response that most closely describes to your condition

within the past week.

If the activity in question is limited by something other than your foot or ankle mark not

applicable (N/A).

Standing
Walking on even ground

Walking on even ground
without shoes

Walking up hills

Walking down hills

Going up stairs

Going down stairs
Walking on uneven ground
Stepping up and down curbs
Squatting

Sleeping

Coming up on your toes
Walking initially

Walking 5 minutes or less

Walking approximately 10
minutes

Walking 15 minutes or
greater

Extreme

No Slight ~ Moderate
difficulty difficulty difficulty difficulty
U [l [l U
U N N U
U N N U
U [l [l U
U N N U
U N N U
0 [l [l 0
U [l [l U
U N N U
0 [l [l 0
U [l [l U
U N N U
U n n U
0 [ [ 0
U N N U

Unable
to do

0

[]

N/A

0



Because of your foot and ankle how much difficulty do you have with:

No
difficulty ~ Slight  Moderate

Extreme

atall  difficulty difficulty difficulty

Home Responsibilities 0 O 0
Activities of daily living O O 0
Personal care O 0 O
Light to moderate work 0 0 O

(standing, walking)

Heavy work (push/pulling, O O 0
climbing, carrying)

Recreational activities 0 O 0

Please rate your pain level as it relates to your foot and ankle:

None Mild Moderate
General level of pain O O O
At rest O O 0
During your normal activity O O U

First thing in the morning 0 0 0

0

[]

Severe
]
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Unable N/A
to do
[] [
[] ]
] ]
[] []
[] ]
[] []
Unbearable
]
[]
]
]



139

FAAM Sports Scale
Because of your foot and ankle how much difficulty do you have with:
No

difficulty  Slight Moderate Extreme  Unable N/A
at all difficulty difficulty difficulty  to do

Running 0 O 0 O O O
Jumping O O 0 O 0 0
Landing 0 O 0 O 0 0
Starting and  stopping 0 O 0 O 0 O
quickly

Cutting/lateral movements O O 0 O 0 O
Low impact activities 0 O M O O O
Ability to perform activity 0 0 0 0 0 0

with your normal technique

Ability to participate in your O O 0 O 0 O
desired sport as long as you
would like
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Appendix C
Item Characteristic Curves for the 22 Item ADL Subscale (Figure C)


martinr280
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Appendix D
Item Characteristic Curves for the Sports Subscale ( Figure D)
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APPENDIX E
Final Foot and Ankle Ability Measaure (FAAM)

Please answer every question with one response that most closely describes to your condition
within the past week.

If the activity in question is limited by something other than your foot or ankle mark not
applicable (N/A).

No Slight  Moderate Extreme  Unable N/A

difficulty difficulty difficulty difficulty to do
Standing O O O O O O
Walking on even ground 0 O 0 0 O O
Walking on even ground 0 O O 0 O O
without shoes
Walking up hills O O O O O O
Walking down hills O O O O O 0
Going up stairs O O O O 0 M
Going down stairs O 0 0 O O O
Walking on uneven ground 0 O O O O 0
Stepping up and down curbs O O O O O 0
Squatting O O O O O [
Coming up on your toes 0 0 O O O 0
Walking initially O O O O O O
Walking 5 minutes or less
Walking approximately 10 0 O O 0 O O
minutes
Walking 15 minutes or 0 0 O O O 0

greater
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Because of your foot and ankle how much difficulty do you have with:

No
difficulty ~ Slight  Moderate Extreme  Unable N/A
at all difficulty difficulty difficulty to do

Home Responsibilities O O O O O O
Activities of daily living O O 0 O 0 O
Personal care O O 0 0 0 O
Light to moderate work O O 0 O 0 0

(standing, walking)

Heavy work (push/pulling, O O 0 O 0 O
climbing, carrying)

Recreational activities 0 0 0 0 0 O

FAAM Sports Scale
Because of your foot and ankle how much difficulty do you have with:

No
difficulty = Slight = Moderate Extreme  Unable N/A
at all difficulty difficulty difficulty  todo

Running 0 O 0 O O O
Jumping 0 O 0 O O O
Landing O O 0 O 0 0
Starting and  stopping 0 O 0 O 0 0
quickly

Cutting/lateral movements O O 0 O O 0
Low impact activities 0 O 0 O 0 0
Ability to perform activity O 0 0 0 0 O

with your normal technique

Ability to participate in your 0 0 0 0 0 0
desired sport as long as you
would like
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