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Introduction

Outcomes management is the process of data collection, analy-
sis and interpretation of the efficiency and effectiveness of
patient treatment, with the intent of improving quality of care
and lowering health care costs (Dobrzykowski 1997), and is an
integral component of the process of care provided by physi-
cal therapists (American Physical Therapy Association 2001).
Outcomes data can be used to make patient management deci-
sions, assess clinician and organizational performance and to
provide evidence for the effectiveness of interventions provided
by physical therapists and other rehabilitation specialists. The
validity of the inferences made from outcomes data is depend-
ent on the outcome measures themselves and the circumstances
under which the data were collected.

A framework for assessing outcomes of sports physical ther-
apy is presented in Fig. 13.1. Important outcomes of sports
physical therapy include clinical outcomes, process outcomes,
patient satisFaction and costs (Irrgang 1996). Clinical outcomes
are usually the primary interest when attempting to demon-
strate effectiveness of rehabilitation and reflect the clinical
status of the patient. Disablement schemes, such as the Nagi
Disablement Model (Nagi 1991) and the recent International
Classification of Impairment, Disability and Health (ICIDH-2)
proposec by the World Health Organization (2001) provide
a useful framework for identifying relevant clinical outcome
measures and will be discussed in greater detail below.

Process outcomes represent the utilization of resources and
include measures such as the duration of care, number of visits
and number and type of interventions provided to the patient.
Evaluation of process outcomes can be used to answer the
question 'Did the intervention provided to the patient match
the patient's diagnosis (classification) based upon the findings
of the examination?' Selection of the most appropriate inter-
vention for a particular patient requires the ability of the clini-
cian to examine, evaluate and diagnose the condition in order
to select the most appropriate form of intervention. Achieving
optimal process outcomes requires application of the principles
of evidence-based practice (see Chapter 1). Evaluation of proc-
ess outcomes can be used to assess clinician and organizational
performance. Expert clinicians would be expected to choose
the most optimal interventions given a patient’s diagnosis.
Sources of process outcomes data may include scheduling and
billing databases and patient records.
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Figure 13.1 = Framework for assessing outcomes of sport physical therapy.

Patient satisfaction may also be an important outcome for
sports physical therapy. Aspects of patient satisfaction include
satisfaction with the caregiver, support staff and the clinical
result. Patient satisfaction is usually measured anonymously
using a written survey. Domains of patient satisfaction that
are commonly measured in rehabilitation include satisfaction
with access to care, physical environment, patient care, billing
issues and overall satisfaction with the experience during the
episode of care. Patient satisfaction instruments commonly use
Likert-type rating scales that reflect the degree of satisfaction
or dissatisfaction on a 5 to 7 point scale. Most patient satisfac-
tion instruments have been developed by the user and have
not undergone psychometric testing; however, Goldstein et al
(2000} developed and tested a 26-item patient satisfaction
survey to measure the outcome of physical therapy interven-
tion. Patient satisfaction data can be aggregated to compare the
levels of patient satisfaction achieved by individual clinicians or
facilities, and may be useful for quality improvement initiatives
to identify opportunities for improvement. Development and
use of a standardized patient satisfactjon instrument to meas-
ure the outcomes of sports physical therapy would be valuable
to permit benchmarking between providers and organizations.

The costs of care may also be an important outcome of
sports physical therapy. The total costs to an individual due
to an injury include the direct costs for medical care as well as
indirect costs. The direct costs for medical care for an injury
go beyond the costs for rehabilitation and include the costs
for diagnosis, medical/surgical management and any equip-
ment that may be necessary to facilitate recovery. The indirect
costs of an injury may be related to work time lost, decreased
productivity or cost related to assistance required to perform
activities of daily living or household activities. When discuss-
ing costs, one must be careful to distinguish costs from charges.
From the perspective of the provider of sports rehabilitation,
casts are the costs of providing a service including costs related
to manpower, space, equipment and supplies. From the per-
spective of the patient or payer, costs are the charges for the

services that are rendered. Charges are closely related to the
services (i.e. the process outcomes) that are provided during
the episode of care. Costs can be used to calculate the value
of sports physical therapy, which is defined as the ratio of the
benefit of care divided by the costs of providing that care. The
aim of sports physical therapy should be to provide high value,
which is of large benefit at a relatively low cost. An impor-
tant question that needs to be answered is ‘Does sports physi-
cal therapy reduce the total costs associated with an injury?”
The answer to this question requires detailed analyses and the
expertise of a medical economist.

While process outcomes, patient satisfaction and costs are
important outcomes of sports physical therapy to consider,
the remainder of this chapter will focus on clinical outcomes.
This will include a discussion of a framework for identify-
ing important clinical outcomes, considerations for selecting
outcome measures and collecting, analyzing and interpreting
outcomes data.

Framework for identifying clinical
outcomes

Disablement models provide a useful framework for identi-
fying relevant clinical outcomes of sports physical therapy.
Disablement models have been proposed by Nagi (1965,
1991}, the World Health Organization (1980, 2001}, and the
National Center for Medical Rehabilitation Research (National
Institutes of Health 1992). Disablement is the impact of injury
or illness on the function of specific body systems, on basic
human performance, and onan individual’s role in society (Jette
1994, Verbrugge & Jette 1994). While the terminology used by
the models differs somewhat, each of the models defines disa-
blement at the tissue/cellular level, organ/ body system level,
personal level and societal level {Table 13.1).

The Nagi scheme is the model of disablement accepted in
the Guide to Physical Therapist Practice (American Physical
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Therapy Association 2001). The Nagi disablement model
includes active pathology, impairment, functional limitations
and disability. Active pathology may result from infection,
trauma, metabolic imbalance and/or degenerative disease con-
ditions, and may interrupt or interfere with normal cellular
processes. Active pathology includes the simultaneous efforts
by the organism to regain homeostasis. hmpairment is a loss
or abnormality of an anatomical, mental or emotional nature
that results in loss or abnormal function at the organ or body
system fevel. Functional limitations refer to the manifestations
of pathology and impairment on the function of the individual
as a whole and may include limitation in physical or psychologi-
cal function. Disability refers to the Function of the individual
within socicty and is defined as ‘the inability or limitation expe-
rienced by the individual in performing socially delined roles
and tasks within the context of a socio-cultural and physical
environment’ (Nagi 1991). Disability may affect family and
other interpersonal interactions, work and other economic pur-
suits, education, recreation and/or self-care.

Recently, the World Health Organization {WHO) introduced
a revision of the International Classification of Impairments,
Disabilities and Handicaps (ICIDH), called the International
Classification of Functioning and Disability (ICF) (World
Health Organization 2001}, The ICF provides a unified and
standard language and Framework for the description of health
and health-related states that can be used as a framework to
measure health outcomes.

In the ICF, health domains are described from the body,
individual and societal perspectives in terms of (1) impair-
ment {i.e., to body structure and function}, (2) activity and
(3) participation. In the ICF, functioning is an umbrella term
that refers to all body Functions, activities and participation,
while disability is the umbrella termy for impairments, activ-
ity limitations and participation restrictions. Body structures
are the anatomical parts of the body, such as organs, limbs and
their components. Body function refers to the physiological
functions of the body systems including psychological func-
tion. Impairments are problems in body structure or function.
Activity is the execution of a task or action by an individual,
while participation is involvement in lite situations. Activity
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limitations are difficulties an individual may have in executing
activities, and participation restrictions are problems an indi-
vidual may experience in involvement in life situations. The
ICF model of functioning and disability provides a detailed
description of body structure and function, activity and par-
ticipation. For example, the activity and participation domain
includes learning and applying knowledge, general tasks and
demands, communication, mobility, self-care, domestic life,
interpersonal interactions and relationships, major life areas
and community, social and civic life.

The descriptions of body structure and function, activity
and participation provided by the ICF can be used to iden-
tify important clinical outcomes of sports physical therapy. To
illustrate this, consider an athlete with an acute knee sprain.
Impairment of body structure may include disruption of the
anterior cruciate ligament (ACL) or injury to the meniscus,
articular cartilage or subchondral bone. Clinical outcome meas-
ures to evaluate body structure may include radiographs and
magnetic resonance imaging. Impairment of body function
may include limited range of motion, weakness or laxity of the
knee. Measures of clinical outcome at the level of impairment
of body function for this individual may include goniometry to
measure the range of knee motion, isometric or isokinetic test-
ing to measure quadriceps performance, or use of the KT-1000
(MedMetric, San Diego, CA) to measure anterior tibial laxity.
Activity limitations experienced by this individual may include
difficulty walking, climbing stairs, running, jumping and land-
ing ar cutting and pivoting. The resulting participation restric-
tions may include the inability to participate in sports such as
foothall, soccer or baskethall. Clinical outcome in terms of
activity and participation can be measured by observing and
rating the performance of the individual while executing a vari-
ety of activities, or by the use of standardized self-reports of
activity limitations and participation restrictions. In summary,
clinical outcome measures of body structure and function may
include the results of diagnostic studies such as laboratory tests
and imaging studies, as well as the findings from clinical exami-
nation of the involved structure or region. Clinical outcome
measures of activity and participation may include observation
of the individual or use of standardized self-reports of activity
limitations and participation restrictions.

Hrealth~relrated quality of life

Health-related quality of life is an individual’s perception of
his or her health. Broadly, health-related quality of life encom-
passes an individual's perception of his or her physical, emo-
tional and social function. Health-related quality of life deals
with what people perceive their health condition to be and
the consequences of it; hence, it is the individual’s subjective
sense of wellbeing (World Health Organization 2001). Because
health-related quality of life encompasses an individual’s physi-
cal, emotional and social function, it overlaps with the activity
and participation domains of the ICF model. As such, health-
related quality of life measures can be used to measure the
individual’s perception of his or her activity and participation.



Framework for identifving clinical outo

o

Wlany health-related quality of life measures have heen devel-
oped. ? hese can be «f Eu:z a5 Uf-‘ﬁéi:l’i; or xpw ﬁu measures of

o]
"h
('I
o
o
“
L
;4
m
7
E
¢
W
o
e,
o
w
m
fet
=
;‘3“‘
o,
h»
S o

i):_ﬁ hr

quaht}; 5: e EL BDPMLL‘HL ICTOSS @ ThuD ?}Pz of
dicease prL H‘nn@m, and ac 43‘. maographic and
cultura ‘uboz'f’ups{ 5 veeney & Ureer }‘%L 3

=

clate é quaim’ of life instroments are designe
hensive and genersl overview of hﬁﬁi‘r h-rela
General health-relat d wality of life measures are uaaaﬁ*‘ I’HLi‘
tdimensional and scores can be obtained for sac
they can be combined to p*‘—f&*?lé-& an oversll measure. The mnst
widely known and accey "”ﬁL'i general measure of health-related
quality of life is the Medical Outcomes Study Short Form - 36
{alcHorney et ol 1993 1% 9-’% Ware & Sherbourne i:"HEL
salth-relered quality of hfe penmit
CmE W 1?31 f;}?ﬂf‘]’fr‘ health « aﬁé;tmrs
{reer 1995) fmd Are more
q {Kessler &
* oriant limi-

oo
'
5
=
=
ot
L‘u

v dimension, or

ﬂﬁﬂpmi TREASUD

:s'

§ ﬁz-rrjand qaaiﬂﬂ af iz}‘ easures is that
asures of health-
elat r’:ﬁ qua?:: y of life, 1o changes in health stavus (Guvatr ex al
433, Therefore, use of general health-rels tefd quality of life
asures mght maeke it more difficolt 1o deteor the effects of

an intervention for a specific {-mndith:s& General measures of

Tation nf gene; 3}
ti} y tend to he k:b. 5 responsive than speciic m

health-related guality of Jife sre susceptible 1o ceiling effects
The presence of ceiling f=f£35:f: iizm 5 the ability to detec ﬂ e

effects of intervention, sopecially when used by voung, healthy,
high-level functoning mmméiua%s such as athleres. Because gx.ﬁ-
eral measures of heslth-related guality of life measure a bread
range of health including emotional function, the content may
appear less relevant to patients and clinicians. Finally, general
measures of health-related quality of life tend to be longer and
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Specific health-related guality of life measures are designed
to focus on aspects of health that are specific to the primary
condition or population of interest, with the intent of creating a
more responsive measure (Guyatt et al 1993). Specific measures
of health-related quality of life have been developed for specific
diseases (e.g. osteoarthritis of the knee), specific populations of
patients (e.g. the frail elderly), specific functions (e.g. physical
function) or for symptoms {e.g. pain) (Guyatt et al 1993).

Specific measures of health-related quality of life are respon-
sive to small changes in the patient’s condition and are easy
to administer and interpret (McSweeney & Creer 1995). The
increased responsiveness of specific measures of health-related
quality of life stems from the fact that they include only those
important aspects of health-related quality of life that are rele-
vant to the condition or population being studied (Guyatt et al
1993). Specific health-related quality of life measures usually
relate closely to areas commonly assessed by clinicians, there-
fore they are more likely to be accepted by clinicians for routine
use. Since specific health-related quality of life measures relate
more closely to a particular condition, they are also more liKely
to be accepted by patients. Disadvantages of specific measures
of health-related quality of life are that they do not measure all
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Disabilities of the Arm Shoulder and Hand Index {DASH}
(Beaton et al 2001a) for the upper extremity

® American Shoulder and Elbow Surgeons Patient Self-
Evaluation Form (Richards et al 1994) for the shoulder

@ Simple Shoulder Test {Lippitt et al 1993) for the shoulder

@ QOswestry Low Back Pain Disability Questionnaire (Fairbank
et al 1980) for the lumbar spine

Quebec Back Pain Disability Scale (Kopec et al 1995) for
the lumbar spine

@ Lower Extremity Function Scale (Binkley et al 1899) for the
lower extremity

Knee Qutcome Survey for the knee (Irrgang et al 1998)

International Knee Documentation Committee Subjective
Knee Form (Irrgang et al 2001) for the knee

@ Foot and Ankle Ability Measure (Martin et al 2005} for the
foot and ankle.

Patient-specific measures of health-related guality of life are
defined by the patient. Patients are requested to provide a list
of three to five relevant activities that they are cither unable to
do or have difficulty doing as a result of their problem, and then
provide a rating of the difficulty they have doing each activity
on an 11-point scale that ranges from ‘unable to do’ to ‘able
to do at preinjury level’ (Stratford et al 1994, Westaway et al
1998). Patient-specific measures have been Lgswd for the low
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back (Stratford et al 1994), knee (Chatman et al 1997) and
cervical spine {Westaway et al 1998). Patient-specific measures
of health-related quality of fife are applicable to a large number
of clinical conditions, efficient and easy to administer and
record and have been found to have adequate psychometric
properties. While patient-specific measures of health-related
quality of life are responsive to within-subject change, between-
subject comparisons are not possible because the content of
cach is determined by each patient.

Clinical outcomes that shoulid be
measured

The most important clinical outcome of rehabilitation for ath-
letes is whether they can return to their prior level of activity
and participation with the same intensity, frequency, duration
and skill without symptoms and risk of reinjury. Furthermore,
this outcome should be achieved in the shortest period of time
possible. While on the surface this outcome appears easy to
determine, it is difficult to quantify due to the varying demands
of sports and levels of participation. Thus, function (i.e. the
activity and participation) of the athlete is an important clinical
outcome of sports physical therapy.

In addition to being an important outcome of treatment,
sports activity is also an important prognostic factor in the
sports medicine population because people who are very active
have different expectations and demands than those who are
active. In terms of outcome, it is important to know if a patient
has returned to his or her preinjury level of sports activity in
terms of the frequency, intensity and duration of participation
as well as the length of time needed to return to this level.
Defining outcome only in terms of absence of symptoms may
be misleading if the level of sports activity is not considered.
For example, the outcome would be considered suboptimal if
prior to injury, an athlete could participate in very strenuous
sports that require sprinting, cutting, pivoting, jumping and
landing with no symptoms, but alfter surgery and rehabilitation
can only return to moderate sports that involve running and
turning without symptoms.

Because the frequency, intensity and duration of sports par-
ticipation vary widely among patients, it is important for stud-
ies evaluating such individuals to clearly describe the patient’s
activity prohle. For example, a study describing a new surgical
technique for a knee disorder should document the patients’
activity level to ensure that the results can be applied to the
appropriate paticnt population. For studies comparing two
groups of patients, it is important for the activity levels of the
two groups to be similar in order to avoid a biased comparison.

In a systematic review (Marx et al 2001}, five activity level
rating scales that are potentially applicable to outcomes stud-
ies for knee injuries in sports medicine were identified (Daniel
etal 1994, Noyes et al 1989, Seto et al 1988, Straub & Hunter
1988, Tegner & Lysholm 1985). There were inherent problems
with each of the available instruments, which led to the con-
struction of a new rating scale for this purpose (Marx et al 2001).
This activity rating scale consists of four questions relating
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to the frequency with which the patient runs, cuts, pivots and
decelerates. It has been demonstrated to be reliable and valid
(Marx et al 2001). This scale is recommended in addition to a
knee-specific health-related quality of life instrument for the
evaluation of athletic patients with disorders of the knee. An
activity rating scale for the upper extremity has recently been
developed and has demonstrated acceptable levels of test re-
test reliability and validity (Brophy et al 2005).

Using the ICF model of functioning and disability, the range
of clinical outcome measures should include measures of body
structure and function, activity, and participation. Whyte (1994)
suggested that the level of outcome measurement should be at
or higher than the level of intervention. For example, the aim of
ACL reconstruction is to restore stability of the ACL deficient
knee. Thus an appropriate clinical outcome measure of ACL
reconstruction is anterior and rotational laxity of the knee. One
would expect that if surgery were successful, it would reduce
anterior tibial translation as measured with the KT-1000 and
eliminate the pivot shift. Also, restoring stability of the knee
should allow the athlete to return to running, jumping and land-
ing, cutting and pivoting, and ultimately to sports such as football,
soccer or basketball. Thus, potential clinical outcome measures
following ACL reconstruction include measurement at the levels
of body structure and function, activity, and participation.

As another example, consider an athlete with a grade Il pos-
terior cruciate ligament injury with 6 to I0mm of increased
posterior tibial translation compared to the non-involved knee.
Non-operative management for this individual may include
quadriceps strengthening and a functional exercise progression.
In this case, measurement of laxity would not be an appropriate
outcome measure for this intervention because the intervention
would not be expected to reduce posterior tibial translation.
Appropriate clinical outcome measures for this case include
strength testing of the quadriceps as well as the ability of the
athlete to return to sports activities and participation. Therefore,
clinical outcome measures should be thoughtfully selected and
be appropriate for the intervention that was provided.

In the past it was believed that there was a direct link between
impairment of body structure and function, activity limitations
and participation restrictions; however, there is a growing body
of literature to the contrary. For example, Snyder-Mackler et al
(1997) found no relationship between laxity measured with
the KT-1000 and activity and participation measured with the
Knee Qutcome Survey in ACL deficient copers and non-copers.
Pantano et al (2001) obtained similar results 3-5 years after
ACL reconstruction. Laxity, range of motion and isokinetic
quadriceps and hamstring strength were not significantly related
to function and disability as measured with the Knee Qutcome
Survey. Thus, at least for the knee, there does not appear to be
a direct relationship between impairment of body structure and
function and the resulting activity limitations and participation
restrictions.

This lack of a direct relationship between impairment of
body structure and function and activity and participation limi-
tations is inherent in the ICF model (Fig. 13.2). In this model,
disability is the outcome of a complex interaction between the
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World Healih Organization in the International Classification of
Functioning Disability and Heaith. (Reproduced with permission from
ICF — Internationat Glassification of Funclioning and Disability, World
Health Organization, 2001}

individual’s health condition and contextual factors {World
Health Organization 2001}, Contextual factors include envi-
ronmental and personal factors. Environmental factors are the
make up of the physical, social and attitudinal environment
in which individuals ive and conduct their lives. Personal fac-
tors include gender, race, age, other health conditions, fitness,
lifestyle, habits, upbringing, coping styles, social background,
education, profession, past and current experiences, overall
behavior pattern and character style, individual psychological
assets and other characteristics, all or any of which may play a
role in disability (World Health Organization 2001). Research
is needed to explore these complex interactions between
health conditions and contextual facters and the resulting
disability.

The lack of a direct relationship between impairment of body
structure and function and the resulting activity limitations and
participation restrictions implies that measures of impairment
should not be combined with measures of activity limitations
and participation restrictions into a single composite score.
Rather, reports of clinical outcome should include separate
summaries of relevant measures of impairment of body struc-
ture and function that are appropriate for the interventions that
were provided and valid measures of activity limitations and
participation restrictions. Furthermore, because the relation-
ship between impairment and the resulting activity limitations
and participation restrictions is not direct, and because activ-
ity limitations and participation restrictions are of the utmost
concern to the athlete, the primary clinical outcome should be
measures of activity limitations and participation restrictions.
Activity limitations and participation restrictions may be meas-
ured either through direct observation of performance or by
general or specific measures of health-related quality of life.

Selection of clinical cutcome
measures

When selecting clinical outcome measures, one must consider
the purpose for which the information will be used as well as
practical and psychometric considerations of the instrument.
Kirshner & Guyatt {1985) clussified healeh indices according to
their purpose as discriminative, predictive or evaluative meas-
ures of health. Discriminative health measures are those that
distinguish individuals or groups of individuals on an underly-
ing dimension when no external criterion is available for vali-
dating the measure. Predictive health indices are those which
attempt to classify individuals into a set of predefined catego-
ries when an external criterion messure exists concurrently or
in the future to determine if the individual has been correctly
classihed. Evaluative health indices are those that have been
developed to messure change within an individaal or of @ group
over time on the dimension of interest. To demonstrate the
effects of sports physical therapy, one is interested in measur-
ing change in body structure and function, activity and par-
ticipation over time. Thus, demonstration of clinical outcomes
requires the use of evaluative health indices.

Practical considerations for selection of chinical outcome
measures include ease of use, acceptance and costs [McSweency
% Creer 1995). Self-administered health-related quality of life
measures are attractive clinical outcome measures because
they require minimal resources For administration; however,
the reading level must be sppropriste for the intended audi-
ence. Fase of use of self-administered heslth-related quality of
life measures is determined by the time required for admin-
istration and scoring, as well as the effort required to inter-
pret and use the data. Costs for administrating and scoring a
measure of health-related quality of life will greatly influence
its acceptance in clinical practice and rescarch. Clinical out-
come measures that require special expertise or equipment for
administration, scoring and interpretation are likely to be more
costly and less readily accepted than self-administered health-
related quality of life measures that can be scored manually

{McSweeney & Creer 1995).

Psychometric considerations for selection
of a clinical outcome measure

A number of authors have discussed psychometric considera-
tions for selecting a clinical outcome measure (Guyatt et al
1993, Hoffman et al 1995, Kessler & Mroczek 1995, Kirshner &
Guyatt 1985, Lohr et al 1996, McSweeney & Creer 1995, Testa
& Nackley 1994, Testa & Simonson 1996). Important psycho-
metric considerations when selecting an cvaluative clinical out-
come measure include reliability, validity and responsiveness.
According to contemporary validity theory, in which validity is
defined as 'the degree to which empirical evidence and theo-
retical rationales support the adequacy and appropriateness of
the inferences and actions based on the tests scores’ (Messick
1989}, these psychometric considerations all fall within the
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realm of validity. Knowledge of the psychometric characteris-
tics of a clinical outcome measure allows one to interpret the
appropriatencss and usefulness of the inferences and actions
that are based on the scores from the measure. Furthermore,
the nature of the evidence that is required to interpret the
appropriateness and usefulness of scores from a particular clini-
cal outcome measure is dependent on the intended purpose
and/or use of the measure (Kirshner & Guyatt 1985). When
selecting a clinical outcome measure, one must consider the
psychometric evidence to support the validity of the inferences
that will be made and the actions that will be taken based upon
the clinical outcome measure.

Validity evidence to support use and interpretation of a
clinical outcome instrument to measure change should include
evidence that: the items are all related to the construct being
measured {i.c. the items are unidimensional), the score is
related to other measures of the construct and not unduly
related to other constructs (i.e. the score demonstrates conver-
gent and divergent evidence of validity), the score remains sta-
ble when the underlying condition measured by the outcome
instrument remains stable (i.e. the score demonstrates test
re-test reliability) and the score changes with improvement or
deterioration of the condition measured by the instrument (i.e.
the score is responsive). Among these, evidence for reliability
and responsiveness is most important and will be discussed in
greater detail below.

Reliability

Reliability of a clinical outcome measure implies consistency of
measurement. Measures of reliability include internal consise-
ency and test re-test relinbility. Internal consistency is applica-
ble to outcome measures such as measures of health-related
quality of life that consist of multiple items. Internal consist-
ency is the degree to which all items on the scale consistently
measure the underlying condition and is concerned with meas-
urement errors related to sampling of items that are included
on the instrument {Crocker & Algina 1986). Internal consist-
ency is most commonly estimated with coefficient alpha.

Test re-test reliability is the degree to which scores remain
stable when there is no change in the underlying construct that
is being measured. Test re-test reliability for a clinical outcome
measure is estimated by measuring individuals two or more
times over a period of umx_ when the individual's
expected to remain stable. The amount of time between repeat
measurements s an uupmumt issue when determining test
re-test reliabilivy (Marc et al 2003}, The length of time should
not be so short that memory or recall artificially inflates the
test re-test reliability estimate. Conversely, the length of time
between repeat administrations of the clinical outcome meas-
ure should not be oo long to aveid change in the condition
that is being mensured. In general, the length of time between
repeat administrations of the clinical outcome measure should
be relatively short {e.g. 1-3 days) when the condition being
measured is expected to change rapidly (e.g. patients within
the first 4 weeks after ACL reconstruction). The time between

condlition i3
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repeat administrations of the clinical outcome measure should
be longer (e.g. 4 weeks or more) when the condition is not
expected to change (e.g. individuals who are 3 to 5 years sta-
tus post-ACL reconstruction). Given this, it is evident that test
re-test reliability should not be considered a property of the
instrument itself, but rather the degree of consistency of meas-
urement when applied to certain populations under particular
measurement conditions (Streiner & Norman 1995).

The type of reliability coefhcient used to estimate test
re-test reliability is dependent on the nature of the data. Percent
agreement and Cohen's kappa statistic, which is the agreement
above chance agreement, are recommended for nominal or
ordinal level data, while the intraclass correlation coefficient
(Shrout & Fleiss 1979) is recommended for interval or ratio
level data. Because test re-test reliability is concerned not only
with the relative standing of individuals on repeated measure-
ment, but also the degree to which the repeated measurement
yields the same score, the intraclass correlation coefficient is
recommended over the Pearson correlation coefficient when
estimating test re-test reliability for continuous data.

The standard error of measurement can be used to interpret
estimates of internal consistency and test re-test reliability. The
standard error of measurement (SEM) is defined as:

SEM = o1 —7r

where o is the standard deviation of the scores and r is the reli-
ability coefficient. When coefficient alpha is used to determine
the standard error of measurement, the interpretation should
be limited to the error associated with a measure at a single
point in time. If one is concerned with error over repeated
measurements, the intraclass correlation coefhcient should be
used to determine the standard error of measurement. The
standard error of measurement can be used to determine a
confidence interval that can facilitate interpretation of a score.
For example, coefhcient alpha for the Activities of Daily Living
Scale of the Knee Outcome Survey was found toa be {192 in a
sample of 397 patients preseating For outpatient physical ther-
apy with a variety of knee impairments and the corresponding
standard error of meassurement was approximately 6 points on
the Activities of Daily Living Scale {Irrgang et al 1998). Thus,
the 353% conhidence interval {i.e. £1.96 SEM)] for an observed
score of 70 ranges from 58 to 82, This means that if an indi-
vidual has a true score of 70, 95 out of 100 times that the
individual is measured the individual would have an observed
score hetween 38 and 82,

When one is concerned about the magnitude of the expected
difference between scores on repeat testing, the intraclass
correlation coefficient should be used to calculste the SEM.
Furthermore, t}::e standard error of measurement should be
multiphied by |2 to take into account that there is error associ-
ated with both the first and second scores {Streiner & Norman
19951, To illustrate this, consider test re-test reliability of the
Iaternational Knee Documentation Committee Subjective Knee
Score, which was found to be .94 when estimated over an aver-
age interval of 30 days in 33 individuals who were participating
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in long-term outcome studies following ACL reconstruction,
meniscal replacement or proximal and distal realignment of the
knee extensor mechanism (Irrgang et al 2001). The standard
deviation of the scores for this data was 18. Given this, the 95%
confidence interval of the expected difference between the
scores was +12.2 points. Thus, a change in the score over a 7-
week interval greater than 12.2 points represents a true change
beyond measurement error, while a change less than 12.2 points
may occur due to chance alone because of the measurement
error at each point in time. The expected difference between
scores due to error associated with repeated testing is called the
minimal detectable change and is interpreted as the amount of
change that needs to be observed before it can be considered
beyond the bounds of measurement error for an instrument in
a particular application {Beaton 2000).

Responsiveness

Responsiveness is the degree to which a clinical outcome score
changes as the underlying condition that is measured by the
scale changes. A clinical outcome measure that is responsive
will reflect improvement as an individual's condition improves
and deterioration as the individual's condition worsens. Dem-
onstration of responsiveness for a clinical outcome measure
requires evidence that the measure accurately detects change
when change has occurred. Studies to demonstrate responsive-
ness of a clinical outcome measure should link the amount of
change in the outcome score to a construct of change. The con-
struct of change is the way that was used to demonstrate that
change has in fact occurred (Beaton 2000}. Examples of a con-
struct for change include change from before to after treatment
of a known efficacy or change in those deemed to be better or
worse, based on an external marker of change (Beaton 2000,
Stratford et al 1996).

Factors that will affect the magnitude of change for a given
instrument include the patient group under study, the type of
treatment being studied, timing of the data collection and the
construct for change (Beaton 200Q). For example, one would
expect greater change over a similar time frame for those with
an acute condition compared to those that have a chronic con-
dition. The patient group, type of treatment and timing of data
collection must be comparable before the results of a respon-
siveness study can be applied to a particular clinical setting or
used to judge the meaningfulness of a change score (Beaton
2000). The construct for change must also be considered when
interpreting the results of a responsiveness study. The construct
of change is defined by the answers to: {1} Who is the focus
of the analysis? (2) Which scores are being compared? and (3)
What kind of change or difference is being examined? (Beaton
2000, Beaton et al 2001b).

The focus of the analysis can be at the group or individual
level. When the focus of the analysis is at the group level, sum-
mary statistics, such as the mean, standard deviation, median
and range or combinations of these statistics in the form of an
effect size, standardized response mean or Guyatt’s responsive-
ness index are reported for the entire group or the subgroup of

individuals who improved (Beaton 2000). While these group
statistics provide useful information about what should be
expected for a group of individuals, they do not provide mean-
ingful information that can be used to interpret change of a
particular individual.

When the focus of analysis is at the individual level, receiver
operating characteristic curves are used to determine the cut-
off value for the change score that has the highest sensitivity
and specificity for change (Beaton 2000). Sensitivity of change
is the proportion of subjects that have improved according to
a criterion of change that have a change score above the cutoff
point. Specificity of change is the proportion of subjects that
have not improved according to a criterion measure of change
that have a change score below the cutoff point {Deyo & Centor
1986). When the focus of the analysis is at the individual level,
the challenge is to select the cutoff point in the change score
that best discriminates between those that have improved and
those that have not improved. The results of a responsiveness
study, where the focus of analysis has been at the individual
level, can be used to determine if a particular individual has
improved or not, given the similarities of other aspects of the
responsiveness study (e.g. patient group, type of treatment and
timing of data collection} (Beaton 2000).

The construct of change for a responsiveness study is also
defined by the scores that are being compared (Beaton 2000).
Passibilities include comparison of scores within subjects,
between subjects or between group differences of within-
subject change. A within-subjects comparison of scores is made
over time by comparing before and after scores within an indi-
vidual or group of individuals. A between-subjects comparison
entails a comparison of health states between persons at a single
point in time. Differences in the scores between pairs of sub-
jects, one of whons states he or she is healthier than the other,
can be used to determine minimally clinically important differ-
ences; however, it is doubtful that this construct for change is
comparable to constructs that link responsiveness to longitudi-
nal change over time (Beaton et al 2001b). A between-groups
difference of within-subject change compares the within-group
change over time between two or more groups. This compari-
son is concerned with the amount of change in one group over
time compared to the amount of change over the same period
of time in another group. An example of this is a clinical trial,
in which the within-subject change in the experimental group
is compared to the within-subject change in the control group.
Demonstration of responsiveness would entail demonstrating
that the within-subject change is greater in the experimental
group than in the controb group. In essence, this comparison
is a combination of a within-subjects and between-subjects
comparison.

The third determinant of the construct for change is what
kind of change is being quantified in the study to provide evi-
dence for responsiveness. The change that is being quantihed
can include: (1) change that is considered greater than meas-
urement error; (2) change that is observed over time before
and after a treatment; (3) change in those that have improved
according to a criterion measure of change; or (4) change in
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Estirnated change utilizes a criterion measure of change to
determine whether a change has occurred (Beaton 2000, Beaton
et al 2001b). The criterion measure of change is used to sepa-
rate a group of individuals into those that have improved and
those that have not improved. Many different criterion meas-
ures of change have been proposed from different perspectives
including the patient, clinician, payer or society (Beaton 2000).
The analysis involves contrasting the change score between
those that have improved and those that have not improved.
The estimated change provides an estimate of the magnitude
of the change score in individuals who improve, and because a
criterion measure of change is used, it provides an opportunity
to determine the best change score to use as a threshold for
improvement in similar individuals.

Important change is similar to estimated change; however,
it implies that not only has change occurred, but the change
that has occurred is important to the patient, clinician, payer or
society {Beaton 2000, Beaton et al 2001b). Important change is
often referred to as the minimum clinically important change.
It is determined by using a criterion measure that determines
that important change has occurred.

The above taxonomy developed by Beaton (Beaton 2000,
Beaton et al 2001b) can be used when judging the usefulness
of a clinical outcome measure to evaluate change over time.
When selecting an outcome instrument to measure change, one
should review the evidence to support its reliability and valid-
ity for a particular application. Ideally, the evidence to support
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Collecting, analyzing and
interpreting clinical outcome
measures

Qutcomes management requires collection, analysis and inter-
pretation of data to improve the quality of care that is provided
and to reduce health care costs. The ultimate aim of an outcomes
management system should be to increase value, which is defined
as the ratio of quality to costs. High value isachieved by maximiz-
ing improvements in quality while minimizing costs. Outcomes
data can be used to make patient management decisions, and to
provide evidence for the effectiveness of interventions provided
by physical therapists and other rehabilitation specialists. When
utilized as part of a quality improvement initiative, outcomes
data can be used to assess performance of individual clinicians
as well as of organizations as a whole. In addition to the quality
of the outcome measures, validity of the inferences made from
outcomes data is dependent on the circumstances under which
the data were collected and interpreted.

Collection of outcomes data

To minimize selection bias, outcomes data should be collected
from all individuals with the condition of interest. IF this is not
possible, then outcomes data should be collected from a repre-
sentative random sample of individuals. Selection bias in out-
comes data can arise when the sample is not representative of
the population of individuals that are of interest to the clinician.
For example, excluding individuals from the analysis with incom-
plete follow-up data due to individuals terminating treatment
before the course of care is complete may result in an overly
favorable outcome. While it is acknowledged that collection of
outcomes data from all individuals with the condition of inter-
est or collection of data from a truly random sample may not be
possible, attempts should be made to detect bias by determining
if the sample of individuals for whom outcomes data is complete
is different at the start of care from the sample of individuals
with incomplete outcomes data. This requires consistent collec-
tion of outcomes data from all individuals at the start of care.
An important concept in the {CF classification system is that
contextual factors interact with an individual's health condition
to determine the individual's level of functioning (i.e. the indi-
vidual’s activity and participation) (World Health Organization
2001). Contextual factors include both personal and environ-
mental factors. Personal factors include features of the individ-
ual that are not part of a health condition such as gender, race,
other health conditions, fitness, lifestyle, habits, upbringing,
coping styles, social background, education, profession, past
and current life experiences, character and psychological sta-
tus (World Health Organization 2001). Environmental factors
include the individual’s immediate environment, such as the
home, workplace ar school, as well as services and systems in
the community that can have an impact on the functioning of
the individual. Because an individuals level of function and dis-
ability are the result of an interaction between the individual’s

health condition with personal and environmental contextual
factors, attempts to describe the clinical outcome of care pro-
vided by the physical therapist should include collection of
information that may mediate or modify clinical outcome.
Thus, an outcomes data collection system should attempt to
capture personal and environmental factors that may impact
on clinical outcome.

To make valid inferences, the outcomes data collection sys-
tem should make use of valid {as broadly defined above) clinical
outcome measures. When selecting an outcome measure, use
of a ‘common currency” will facilitate the ability to compare
results between organizations as well as to data in the literature
for benchmarking purposes. Linking the outcomes data col-
lection system to scheduling and billing systems will facilitate
incorparation of process and cost outcomes. Procedures should
be established to facilitate systematic collection of outcomes
data to allow for assessment of the individual over time. These
procedures should minimize burden on stafl and patients
required to collect the outcomes data. The use of computer
technology can greatly facilitate this process.

Components of a comprehensive cutcomes data collection
system should inchude relevant clinical outcome measures.
This should include both general and specific health-related
quality of life measures to quantify disability in terms of
activity limitations and participation restrictions. A general
measure of health-related quality of life, such as the SF-36,
should be included to provide a comprehensive assessment of
health, including physical, emotional and social Tunctioning,
Additionally, a general measure of health-related quality of life
permits comparisons across populations with different health
conditions {Guyatt et al 1993, McSweeney & Creer 1993)
and is more likely to detect unexpected effects of interven-
tion {Kessler & Mroczek 1995, McSweeney & Creer 1995). A
specific measure of health status; such as the DASH for condi-
tions affecting the upper extremity or the Oswestry Low Back
Disability Questionnaire for conditions affecting the low back,
should be included to enhance detecting the effects of inter-
vention on an individual's level of function and disability.

As interventions provided by physical therapists are often
directed at impaired body structure and function, a comprehen-
sive outcomes data collection system may also include relevant
measures of impairment. Inclusion of impairment measures
will enable clinicians to determine if interventions directed at
impairments were effective at alleviating the impairment and
will allow for exploration of relationships between impairment,
activity limitations and participation restrictions. However, as
noted above, because the refationship between impairment and
disability is not direct, and because Function and disability are
of the utmost concern to the athlete, measures of impairment
should not be the only clinical outcome measure included in
the outcomes database.

To account for factors that may mediate or modify clini-
cal outcome, contextual factors including characteristics of the
individual as well as characteristics of the environment in which
the individual must function should be included in a compre-
hensive outcomes data collection system. Examples of personal
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factors that may be included are gender, age, level of educa-
tion and comorbidities. Environmental factors that may be
included in an outcomes data collection system are the nature
and demands imposed by work or the type of sports activi-
ties in which the individual is able to participate. To describe
process outcomes, the outcomes data collection system should
include information regarding the duration of care, number of
visits and type of procedures provided to the individual. This
information may be obtained from the scheduling and/or bill-
ing systems.

Systematic collection of outcomes data requires the devel-
opment of forms that are either completed by the patient or
clinician. These forms should be user-friendly and utilize a type
font size that is easy to read. The forms should include clear
instructions to Facilitate accurate completion and to minimize
the burden of administration. To minimize the burden of com-
pleting the form, the form should maximize the use of check
boxes. The form should be organized to facilitate scoring and
entry of data into a computerized database. Development of
forms that can be scanned or faxed into a computerized data-
base can facilitate data entry. Once in a database, routines can
be written to automatically score the data and to store it for
analysis at a later time.

An alternative to the use of paper forms to collect outcomes
data is the use of computers with user-friendly interfaces.
Advances in computer technology including the use of touch
screens, wireless networks and the internet have opened new
avenues for collection of outcomes data.

In the future, it is envisioned that computerized data col-
lection systems that are internet compatible will be available
to collect patient-reported outcomes data during an office
visit or from the patient’s home. In the clinic, the system will
make use of touch screen tablet computers that are wirelessly
connected to a local server to efficiently and effectively col-
tect clinical outcomes data. Using a computerized system to
collect patient-reported outcomes data while the patient is in
the clinic takes advantage of unutilized patient time, helps to
increase operational efficiency, and provides the clinician and
patient with an instantaneous summary of the patient’s status.
Providing a summary of the patient-oriented data to the clini-
cian at the time of the encounter should facilitate the encounter
and should improve the clinician’s efficiency. At home, patients
could log-on to a secure website to provide patient-reported
outcomes data. Being able to collect patient-reported outcomes
data from home simplifies data collection and enhances patient
follow-up. Clinical data could be input directly into the system
using computers located throughout the clinic. This allows for
elficient recording of findings from the physical examination as
well as the treatment that was provided.

To facilitate efficient longitudinal data collection, the system
should make use of condition-, time- and/or protocol-specific
algorithms to determine the data that needs to be collected
and/or updated at any given encounter. The system should also
be able to accommodate algorithms to administer unique ques-
tions based upon responses to prior questions. This will allow
the data collection process to be tailored to the unique responses
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from the patient or clinician, which improves efficiency of data
capture. These algorithms should be easily adjustable to tailor
the data collection process to unique clinical populations.
Finally, the system should be designed to meet all HIPAA
regulations. As such, each patient should be assigned a unique
identification number that allows linking of data from multiple
encounters and all data should be encrypted when transmitted
over the internet.

Outcomes data should be collected at the initiation of care,
at regular intervals during the course of care and at the con-
clusion of care. Data that should be collected at the initiation
of care include general and specific measures of health-related
quality of life, as well as personal and environmental factors
that may mediate or moderate the outcome of care. To measure
the response to intervention during the course of care, specific
measures of health-related quality of life should be collected on
a regular basis (e.g. every 1-2 weeks) during the course of care.
Collection of specific measures of health-related quality of life
at regular intervals during the course of care will also ensure that
some follow-up outcomes data is available for analysis should
an individual terminate care before the episode of care is com-
pleted. At the conclusion of care, general and specific measures
of health-related quality of life, as well as a measure of patient
satisfaction, should be collected. To assess the lasting effects
of intervention after the course of care is completed, efforts
should be made to collect follow-up data, including general and
specific measures of health-related quality of life. Alternatives
to having an individual return to the clinic to collect this data
include the use of telephone or mailed surveys that may include
the use of electronic mail and the world wide web.

Analyzing and interpreting clinical
outcomes data

Clinical outcomes data can be analyzed and interpreted at
either the individual or group level. At the individual level,
clinical outcomes data can be used to determine if a particular
individual is better, worse or unchanged as a result of interven-
tion. This entails calculation of a change score, which is the dif-
ference in the clinical outcome measure from initiation of care
to follow-up. To determine if the individual is better, worse or
unchanged, the change score can be compared to either the
minimum detectable change or minimal clinically important
difference. If the change score exceeds the minimal detectable
change, then one can be confident that the amount of change
as measured by the clinical outcome instrument exceeds the
bounds of measurement error for the instrument in a par-
ticular application. If the change score exceeds the minimal
clinically important difference, then we can be confident that
the change, as measured by the clinical cutcome instrument,
exceeds the amount of change described by other similar indi-
viduals as being an important amount of change. The validity
of the decisions made at the individual level is dependent on
how well the evidence for interpretation of the change score
matches the condition under which the decision is applied. As
discussed in the above section on responsiveness, application of
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evidence supporting responsiveness of a clinical outcome meas-
ure should consider the degree to which the patient group,
type of treatment, timing of data collection and construct for
change used to provide evidence of responsiveness for the clini-
cal outcome measure matches the patient group, type of treat-
ment, timing of data collection and construct for change under
which the evidence will be applied.

Measures of central tendency and dispersion are used to
summarize data at the group level. Measures of central ten-
dency include the mean, median and mode. The mean is the
average score Tor the group. The median is the middle score or
the score at the 50th percentile. The most frequent score is the
mode. When data are skewed, such as when there are a few
extreme scores, the median will provide a better representa-
tion of the entire group than will the mean. This is because the
few extreme scores affect the mean, while the median will not
be affected as much.

Measures of dispersion include the range, standard deviation
and variance. The range is the distance between the highest and
lowest score for the entire group. The standard deviation is the
square root of the variance. The variance is equal to the average
squared distance between each individual score and the group
average as given by the following formula:

n
2ok —x)?
52 = =1
n

In this formula o7 is the variance, x; is the score of the i-th indi-
vidual from 1 to n, ¥ is the group average and n is the number
of individuals in the sample. Scores that are spread over a larger
range will have a larger variance and standard deviation, while
scores that are very closely distributed to the group mean will
have a smaller variance and standard deviation.

A number of indices have been developed to summarize
change in the clinical outcome measure over time. These include
a change score, effect size, standardized response mean and
Guyatt’s responsiveness index. A complete description and use
of these statistics can be found in Stratford et al (1996); how-
ever, the effect size and standardized response mean deserve
additional comment. The effect size (ES) is calculated as:

_ Average change
Standard deviation of initial scores

and the standardized response mean (SRM) is calculated as:

Average change
Standard deviation of change scores

SRM =

Both the ES and SRM relate the average change in the clini-
cal outcome score from the initial to follow-up measure to the
variability of the scores. The ES relates the average change to
the variability of the initial measures, while the SRM relates
the average change to the variability of the change scores. The
resulting statistics interpret the magnitude of change in terms
of the variability of the scores. For example, an ES of 0.5 is

interpreted to mean that the average change from the initial to
follow-up measure is equal to one-half of 2 standard deviation
of the initial scores. Cohen (1969) provides guidelines for inter-
preting the ES: an ES greater than or equal to 0.8 is considered
large, 0.5 is considered medium and 0.2 is considered small,
Use of an ES to describe clinical outcomes data is described
in Fig. 13.3. This figure is a radar graph that displays the ES
over the episode of care for patients with a variety of knee
impairments. Each axis of the graph represents the ES for one
of the 8 scales of the SF-36. Graphs such as this can be used
to benchmark {i.e. compare) the performance of an individual
or organization against data from an external organization. For
example, in Fig. 13.3, the effect of physical therapy interven-
tion provided by a large outpatient rehabilitation organization
ir the Pittsburgh, PA, region is compared to data published by
Jette & lette {1996). On average, the improvement in physical
function achieved by the outpatient rehabilitation organization
in Pittshurgh is approximately 0.1 of a standard deviation larger
than that reported by Jette & Jette (199G), and the improvement
in social function is approximately 0.3 of a standard deviation
larger. While this implies that individuals with knee impair-
ments treated in Pittsburgh may experience slightly better

1.2 PF

RE

e—e Pittshurgh region

Jette & Jette 1996

Figure 13.3 = Radar graph of the effect size of each of the 8 scales
of the SF-36 following a course of physical therapy in patients with
a variety of knee impairments. Data frorn palients receiving physical
therapy from a large multicenter nonprofit outpatient physical
therapy organization in the Pittsburgh, PA, region are benchrarked
against data reported by Jette & Jette (1996). Each of the axes
represents a scale of the SF-36. PF = Physical Function Scale.

RP = Role Limitations Due to Physical Function. BP = Bodily Pain.
GH = General Health. VT = Vitality. SF = Social Function, RE =
Role Limitations Due to Emotional Health. MH = Mental Health.
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improvement from a course of physical therapy in health-
related quality of life as measured by the SF-36, the results
must be interpreted carefully because the validity of this infer-
ence is dependent on a number of factors including differences
in patient and therapist characteristics, medical diagnosis and
length of care between the two samples.

Several statistics can be calculated to determine if the
change over time, either within or between groups of individu-
als, is statistically different from zero. The paired t-test can be
used to answer the question ‘Is the magnitude of change within
a group over time significantly different from 07, while the
independent t-test of change scores can be used to answer the
question ‘Is the magnitude of change over time in one group
larger than the magnitude of change for another group?” The
statistical significance of these comparisons is largely depend-

ent on the sample size. A large change may not be significant
if the sample size is too small, and a small change may be sta-
tistically significant but not clinically meaningful if the sample
size is large. Therefore, the significance of any statistical results
must be interpreted clinically.

Summary

Clinical outcomes data can be used to facilitate patient man-
agement decisions, to assess clinician and organizational per-
formance and to provide evidence for the effectiveness of
interventions provided by physical therapists and other reha-
hilitation specialists. The validity of the inferences made from
outcomes data is dependent on the validity of the outcome
measures themselves and the orommstances v
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