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SHORT THESIS TITLE:

VALIDATION OF A MEASURE OF BALANCE



ABSTRACT

The objective of this study was to examine the measurement properties of the
Balance Scale. In two longitudinal studies, 113 elderly subjects and 70 acute stroke
patients were monitored on 4 occasions during periods of one year and 12 weeks,
respectively.  Results showed that Balance Scale scores were associated with the
occurrence of subsequent falls and clinical judgments of balance, and could discriminate
subjects by their use of mobility aids and the location of their follow-up evaluation.
Balance scores were strongly associated with measures of functional status and motor
performance in stroke patients over the 12 weeks. Moreover, changes in the Balance
Scale were able to mirror changes in the functional status of stroke patients. In addition,
the Reliability Study showed excellent inter and intra-rater reliability and internal
consistency of the Balance Scale when used with elderly residents and stroke patients.
Overall, the results indicate that the Balance Scale has good measurement properties and

is ready for use in clinical practice and research.



En Résumé

Cette étude a pour objectif d'examiner les propriétés de I'échelle d°équilibre.
Deux €tudes longitudinales ayant pour but d'évaluer deux groupes de sujets ont éid
répétées 4 fois pendant une période d’un an cirez 113 personnes dgdes, ot pendant une
période de 12 semaines chez 70 patients ayant subi un accident cérébro-vasculaire (ACV)
aigu. Les résultats ont montré que les scores de 1'échelle d équilibre sont associds aux
chutes futures et aux jugements cliniques d’équilibre, et pourraient discriminer les sujets
quant 2 I'usage d’aides 2 la mobilité et le lieu ol se fera le suivi. Les scores d’équilibre
enregistrés durant les 12 semaines sont fortement associés aux mesures de besoins
fonctionnels et de performance motrice chez les patients ayants subi un ACV. D'ailleurs,
les changements de 1’échelle d'équilibre ont pu refléter les changements dans les besoins
fonctionnels des patients ACV. De plus, une étude de fiabilit¢ démontre que la fiabilité
et la cohérence interne de I'échelle d’équilibre sont excellentes. En général, les résultats
indiquent que I'échelle d’équilibre comporte de bonnes propriétés de mesure et pourrait

étre utilisée en pratique clinique et en recherche.



PREFACE

Balance, as discussed in this thesis, refers to the ability to control upright posture
under a variety of conditions and situations. It is not an isolated ability but rather one
that is closely integrated with movement. To balance, individuals must be able to
maintain certain postures, make appropriate adjustments for voluntary movements and
respond to external forces. These three requirements can be considered the dimensions
of functional balance. They are essential to safe mobility and the performance of daily
activities.

Various biomechanical, sensory and motor impairments can adversely influence
the ability to balance. In the elderly, such deficits are prevalent because of age-related
changes and sequelée of injuries and diseases. The impairments are not always
remediable, but neither do they necessanly lead to disability. Individuals may be taught
to adapt and compensate for their impairments. One aspect of this functional adaptation
involves relearning postural control within the constraints of the impairments that have
occurred.

Given the close relationship between balance and safe mobility and the prevalence
of impairments in this population, it is important to have a measure of balance with good
psychometric properties that is apprepriate for the elderly. Specifically, in the clinic, we
need to evaluate the patient’s ability o balance and, when indicated, use this information
to plan treatments. We also need a measure of balance to monitor the course of the
patient, and assess the final outcome in terms of the effectiveness of treatment. In
addition, research is needed to describe the changes in balance associated with specific
conditions and determine the optimal timing, content and duration of treatments. The
evidence gathered from such research can be used to justify the expansion of existing
programmes, to establish new services, to make better use of available resources, as well
as to guide daily clinical decisions. This research also requires a quantitative and valid
measure of balance.

Measurement 1s the procedure of applying a standard scale to a variable or set of
values (Last 1988). It has also been defined as the assignment of numerals to objects or
events according to rules (Stevens 1951). The broadness of both definitions suggests that
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the measurement of anything is theoretically possible provided there s a good set of rules
to be followed (Kerlinger 1986). We are not restricted to measuring only observable
physical properties such as joint range of motion, but we can assess more abstract but
important concepts related to health status such as functional performance and balance,

Consequently, between 1985 and 1987, a performance-based measure of balance
was developed for use as an outcome measure in research and clinical practice (Berg ¢t
al. 1989). The desired characteristics of the instrument were that it be: easy to use,
portable, quantitative, comprehensive, reliable, valid and responsive to changes in clinical
status in elderly subjects. The preliminary study used three different pancls of patients
and professionals to develop the content and examine the reliability of the Balance Scale
(Berg et al. 1989). The results were promising, with good consensus about the content
and excellent intra and inter-rater reliability (ICC=0.98 tor each). The cross-sectional
design did not permit an evaluation of all the desired properties, but did encourage the
further testing of the psychometric properties of the scale.

Developing measures of abstract concepts and testing their performance is an
extensive process. Itis, however, important in epidemiology because measurement error
can both introduce bias and adversely affect the precision and efficiency of study designs.
Whereas a certain amount of error is to be expected in any measurement process,
potential users should have adequate knowledge of the magnitude of expected error to
assist them in judging and controlling the impact on their results (Kelsey et al. 1986).

Good measurement is essential not only in research but also in clinical practice.
Use of the same measures in both areas would encourage a continuity of information
between clinicians and researchers. This information can be used to describe the extent
of dysfunction in various sub-groups, to assist in setting priorities for investigation, to
identify where preventative and rehabilitation efforts should be focused. Given the
importance of balance to independence and salc mobility, the Balance Scale could be a
valuable adjunct to building this knowledge base in a variety of patient populations.
Before advocating its use, further assessment of the extent to which the Balance Scale
meets the standards of measurement for clinical practice and research was needed.

Therefore the objective of the present study is to investigate the measurement
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properties of the Balance Scale, assessing i's performance in situations that closely
resemble clinical reality. The information is accrued in three inter-related studics using
residents of a home for the elderly and acute stroke patients admitted to general hospitals
as the subjects.

The thesis is presented in five chapters. The first reviews measurement theory
and the essential criteria necessary for good measurement. These criteria are considered
relative to the Balance Scale: what was known from the preliminary study and what had
to be addressed in the present study. This information leads to the rationale for the
strategies used to accrue evidence about the measurement properties of the Balance Scale.

The second chapter is a literature review of the concept of balance, with specific
emphasis on its impairment in the elderly. This chapter provides a rationale for the
content of balance measures, showing the evolution of balance from an isolated sensori-
motor concept to an integral part of motor performance. Various methods of assessing
balance are described, but there is no one measure of balance that has demonstrated all
the required properties of an outcome measure.

The third chapter presents the specific objectives and the methods used in the
three inter-related studies. Validity Study I examines the concurrent and predictive
criterion validity of the Balance Scale in a residence for the elderly. Validity Study II
investigates the construct validity of the Balance Scale and its ability to monitor changes
in the status of patients with acute stroke. The third sub-study assesses the reliability of
the Balance Scale when used with the elderly residents and stroke patients.

The fourth chapter presents the results of the three inter-related studies. Each
section includes a description of the participants. In Validity Study I, the results describe
the association between scores on the Balance Scale and each of the criterion measures,
clinicians’ global judgments of balance, type of mobility aid employed and occurrence
of falls during the study period. Validity Study II presents the results of the covariation
among the Balance Scale scores, the Fugl-Meyer Motor Performance Scale and the
Barthel Index scores for the stroke patients during the 12 weeks of follow-up. The
magnitude of the change in Balance Scale scores is compared to the Barthel Index to
assess if the responsiveness of the Balance Scale is equivalent to that of the Barthel
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Index. In addition, the association between stroke patients® place of residence at the time
of each follow-up assessment and the Balance Scale scores is presented as evidence of
"known groups” concurrent criterion validity. The Reliability Study presents the results
of the inter and intra-rater reproducibility of the Balance Scale s well as its internal
consistency.

In chapter five the results are discussed relative to the evidence supporting its use
as a clinical and research tool. The strength of the evidence of reliability and cach type
of validity is considered along with the generalizability of the findings. The known
properties of the instrument are then summarized with regard to the characteristics of
other balance measures. Lastly, the limitations of the study and the advantages and
suggested uses of the Balance Scale are presented.



STATEMENT GF ORIGINALITY

The development of the Balance Scale represents original work that was begun
to fulfil the requirements of a Master of Science in Rehabilitation. At the time, balance
was measured clinically as global ratings or with single-item tests such as standing on
one leg. In the laboratory, balance was studied in terms of postural sway,
electromyography and/ or kinematic analysis. There was little consistency in assessing
balance in either clinical or laboratory measurements.

The Balance Scale is the first measure of balance to have undergone a formal
content development. This process was based on the judgemeats of professionals and the
performances of geriatric subjects. Although other measures have been introduced in the
intervening years, the present investigation has used 2 more comprehensive approach to
further testing. The reliability has been assessed in situations that are found in daily
practice. The criterion and construct validity have been assessed relative to a variety of
external criteria and other constructs that should show a relationship to balance. The
approach has been to apply psychometric theory to the development of an instrument
suitable for research and clinical practice. At present, the information on properties of
the Balance Scale exceeds that of the other measures and provides a substantial amount

of information for potential users.
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Chapter 1 BACKGROUND AND RATIONALE

"Any strategy for altering the health status of the elderly requires a technology
Sor first assessing th.t health status and then detecting increments of progress " (Kane and
Kane 1981).

1.0. Introduction

This chapter reviews the basic considerations involved in judging measures -
knowledge that is important for both developers of instruments and potential users. The
assessment process requires consideration of the technical requirements of good
measurement as well as the feasibility of using an instrument for a given purpose.
Feasibility relates to how long it takes to administer the test, the ease of scoring,
equipment expense, portability, training requirements of the raters, and whether the scale
is acceptable to the subjects being tested. The technical questions centre on the
psychometric properties of the instrument such as reliability and validity. These are
discussed relative to what was demonstrated in the preliminary study and what should be
examined in the present study to further investigate the usefulness of the Balance Scale
in clinical practice and research.

Standards for judging measures differ in specific situations. Therefore the
purposes of measurement and their necessary characteristics are briefly reviewed at the
beginning of the chapter. Potentially, the Scale could be used for providing a
comprehensive description of balancing ability, assessing the extent of the problem to
determine a suitable intervention, monitoring the status of patients over time, and
evaluating the effectiveness of treatments. These intended uses and the theory underlying
instrument development provide a guide and a rationale for the strategies chosen to
further assess the performance of the Balance Scale.

1.1. Purposes of measurement
In general, comprehensive measures that meet high technical standards are more
likely to serve multiple purposes. However, users must balance the detail of the measure

with the ease of administration and lower costs. This trade-off must be examined to



2
assure that users do not sacrifice properties essential to their needs. Examining the
properties specific to distinct purposes is also a usetul exercise for instrument developers
both during content development and later when testing to assess the extent to which the
measure can serve multiple purposes.

Several authors have proposed guidelines for potential users with suggested
characteristics for each purpose (Feinstein 1987; Kane and Kane 1981; Kirshner and
Guyatt 1985). There is a considerable overlap in the classification systems. In addition,
issues relating to comprehensiveness and precision of the measure vary across different
purposes, depending on the particular target population and specific situation.

At any given time, measures are needed to describe the status of an individual or
group. This information may be used to develop normative data on specific groups, to
describe the extent of certain problems in 2 community or as a baseline measure for
future comparisons. When selecting patients for the study, when stratifying them, or
when measuring confounding variables and assessing the relationship between the
variables of interest, researchers require instruments to discriminate between subjects.
Use of the same descriptive measures in research and clinical practice would facilitate
communication and develop a stronger knowledge base.

To be useful in any given situation, the intended instrument must have sufficient
range to describe the target population and sufficient precision or detaii to discriminate
clinically relevant differences. In addition, the length and comprehensiveness of the
instrument must be judged relative to the complexity of the concept being measured.

Screening individuals for disease or risk of an adverse event such as a fall
requires a quick, efficient way of classifying subjects who are, and are not in need of
further testing or intervention. The cut-off point on the scale is selected to minimize the
misclassification of subjects. Therefore screening instruments need not be detailed or
comprehensive.

Measuring instruments are also needed to diagnose and assess the extent of the
problem and to develop an appropriate treatment plan. The amount of precision required
of the instrument may differ. At times, it is only necessary to classify subjects into two

groups, normal and abnormal. For other situations, it is essential to detect very small
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but clinically significant differences between subjects. The latter is particularly true when
the assessment forms the basis for future comparison of progress or deterioration in
status.

Identifying true changes in scores over time is important to monitor the status of
patients and to evaluate the effectiveness of treatments. Clinicians want to know if the
treatment has improved the status of their patient. Researchers in a clinical trial want
to determine if the patients receiving the treatment have shown greater improvement than
the control group. An outcome measure in a clinical trial must be able to detect small
differences between subjects as well as within a subject over time. The greater its
efficiency in demonstrating the differences, the greater the power of the study.

The last purpose to be discussed is prediction of future outcomes based on current
measurements. Many decisions made in clinical practice are founded on such prognostic
assumptions. For example, a patient who is discharged home 1s presumed to be able to
manage safely in that environment.

Due to considerations of cost and time, measures generally undergo cross-
sectional testing of their properties before assessing their ability to predict or to monitor
changes in clinical status. At the beginning of this study, we knew that the Balance Scale
was easy to administer and was portable, requiring only a stopwatch and ruler as
equipment. Initial testing of the reliability and validity of the Balance Scale was
promising but more extensive assessment was needed before promoting its use in clinical
practice and research. Specifically, the following sections review the properties of the
Balance Scale assessed in the preliminary study and consider the rationale for further
testing of each property.

1.2. Psychometric properties
1.2.0. Introduction

Reliability and validity are two fundamental criteria of a good measure. These
two requirements are presented in the context of how they have been addressed in the
preliminary study and what still needs to be tested. In addition, responsiveness, or
ability to detect clinically meaningful changes in status, is discussed as an essential
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criterion for an outcome measure. The rationale for further testing of each property 1s

addressed at the end of each section.

1.2.1. Reliability

The first essential property of good measurement is reliability, also referred to
as reproducibility or consistency. Measurement theory states that observed scores contain
both real variation between subjects and error. Reliability is the proportion of the
observed variance that is attributable to the true score differences between subjects.
Clinicians must have confidence that a change in score represents a true change in the
status of the patient and that score differences between subjects reflect the true diversity
between patients and not variation due to observers or random error. This consistency
in scoring is also very important in research as any excess variation in scores will lead
to an increase in variance, which affects the required sample size and cost of a study.

To permit comparisons between the scores of different raters, instruments should
be assessed for inter-rater reliability or the agreement in scoring among different raters
measuring the same property. In addition, it is important to assess whether the same
rater will obtain the same score at two points in time in the absence of true change. This
latter quality is termed intra-rater reliability. The reproducibility of equipment or self-
administered tests is termed test-retest reliability.

It is common for preliminary studies to examine reliability under controlled
conditions. For example, the Balance Scale was initially assessed by having raters score
the videotaped performances of 14 patients (Berg et al 1989). The results showed
excellent agreement (ICC =.98) among five physical therapists, three occupational
therapists and two nurses, despite minimal training in the use of the instrument. The
raters also demonstrated consistency within themselves when assessing the same subjects
on videotapes at least one week later ICC =.98).

Videotaping is, however, an artificial situation that eliminates several factors
occurring in clinical situations. Only one performance of each subject is videotaped.
There is no possibility of inconsistencies in the performance of the subjects with repeated

testing because of fatigue, improvement with practice, or lack of motivation. Similarly,
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videotapes eliminate any differences in the administration of the test because of imprecise
instructions, inattentive scoring by the raters, or environmental distractions. Hence, it
is important to repeat the assessment of inter and intra-rater reliability in less controlled
conditions.

For a test in which multiple items are scored and summed, such as the Balance
Scale, it is also advisable to assess how the individual items relate to each other and to
the total score. This type of reliability is termed internal consistency. Each item within
a scale is considered to be a single measure of the common underlying concept. Thus,
summing the items provides more information and gives a more reliable estimate of the
true score. In the preliminary study, the high internal consistency (Cronbach’s alpha .96)
indicated that the scale was measuring one underlying dimension. This characteristic
facilitates the interpretation of the test results but is not essential for a measuring
instrument.

The high standards achieved in the preliminary study are consistent with the levels
of reliability (.98 and .95) recommended for instruments that will be used to make
decisions about individuals based on repeated testing (Helmstadter 1964; Nunnally 1978).
The higher standards are needed because measuring errors occur with each testing.
Excessive fluctuations in the scores may mask a true change in the status of the patient
and substantially alter the interpretation of the score and lead to erroneous decisions or
inappropriate interventions. Group measurements in research also benefit from
instruments with the highest reliability because a lack of precision will increase the
variance and decrease the power of the study.

Before advocating its use, the reliability of the Balance Scale had to be assessed
in situations that would allow better generalizability of the results to clinical practice.
Although this further testing would incorporate more sources of potential error, estimates
derived from this assessment offer more information to potential users on how to control
and interpret results.

1.2.1.1. Rationale for further testing of reliability
The results of the preliminary testing showed that the Balance Scale can be scored
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consistently by multiple independent raters and by the same riter at two points in time.
The additional sources of error that must be considered are whether difterent rters will
administer the Balance Scale consistently, whether familianity with the patient will
influence the scoring, and whether the patients’ performances are stable across different
testing situations.

In the clinic, assessment of inter-rater reliability requires that the same subjects
be independently evaluated by two or more raters. Similarly, for intra-rater reliability the
test must be repeated by the same rater with a sufficient time tnterval to minimize the
probability that the rater will remember the previous score but not so long as to have a
true change in the subject.

To further facilitate the generalizability of the testing, raters should include the
independent evaluators and health care professionals who know the patients. They should
represent different professions and levels of experience and should not receive extensive
training in the administration of the instrument. Patients should also reflect a range of
balancing ability and have diverse characteristics to improve the generalizability of the
results because it is expected that the reliablity of a measure varies according to the

population being tested. Lastly, the testing should be performed in typical clinical or
home environments.

1.2.2. Validity

Validity expresses the degree to which an instrument measures what it purports
to measure (Last 1988). An instrument may be valid to varying degrees and valid for
specific situations. When discussing validity, it is always important to consider the
intended purpose of the measurement.

Measurement theory defines validity as the proportion of the variance of a
measure that is shared by two or more tests. This common factor variance contains
neither error variance nor variance that is specific only to that one instrument (Kerlinger
1986). Reliability therefore is a necessary but not sufficient condition for validity.
Scores may show consistency and still not be measuring the intended concept or attribute.

While the measurement of any attribute is theoretically possible, there is greater
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complexity involved in the measurement of a behaviour or an abstract concept than
measuring a physical property. In particular, the challenge lies in demonstrating its
validity because this quality must be considered relative to a particular purpose.
Validation of an instrument requires the use of several strategies to examine whether the
scale is performing to expectation. The three major types of validity are: content,
criterion and construct.

Content validity refers to whether the items in the scale adequately represent the
dimensions and domain of the concept of interest.  The decision s basically a
judgmental one, but the plan and procedures of instrument construction help to assure its
validity (Nunnally 1978). Defining the domains and dimensions of the concept begins
with a thorough search of the literature. The process may also include a systematic
questioning of experts or individuals working in the area (Spitzer et al. 1981; Wood-
Dauphines et al. 1987). The lurge pool of potential items is gradually narrowed to
produce a scale that is sufficiently comprehensive and of an appropriate iength & be
practical.

The content of the Balance Scale was developed in three phases, with a different
panel of geriatric patients and health care professionals participating in each stage. The
elderly participants had either fallen recently or were receiving physical or occupational
therapy treatments. Following assessment of internal consistency, two questionable items
were dropped, leaving 14 items each scored on a five point scale. The remaining items
are movements or tasks common to everyday life such as standing up from a chair,
tuming, and picking up an object from the floor. The scoring is based on an
independence-dependence continuum in addition to specific time and distance
requirements. A copy of the Balance Scale is included in Appendix 1.

At this stage, there was reasonable evidence for the content validity of the Balance
Scale for geriatric subjects. Beyond content development, it was necessary to further
demonstrate the extent to which this scale measured balance. In the absence of a gold
standard for assessing balance, several different strategies had to be considered. While
there is some controversy on the names given to these types of validity, the general

objective remains the same: to assess the degree to which an instrument performs relative
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to other measures or in situations that are consistent with theoretical expectations. The
nomenclature used in this thesis is outlined in the following paragraphs.

The first major category, criterion validity, can be sub-divided into two types:
concurrent and predictive. The most convincing evidence of the validity of a new
instrument would be 1o show a strong correlation between the scores on that instrument
and scores on an existing gold standard, a universally accepted valid measure. 1f the two
measures are obtained at essentially the same time, it is called concurrent criterion
validity. Given the rarity of a gold standard, correlations are often made against other
existing measures. These correlations are limited by the validity of the comparison
measure but do comprise an acceptable and realistic approach to assessing validity.

Another way of assessing concurrent criterion validity is to choose a criterion
variable that identifies different levels of status or impairment that are relevant to the
construct being assessed. The distinguishing feature of this type of criterion validity is
that the external criterion is categorical rather than continuous (Spector 1992). This
method of assessing validity is also referred to as "known groups” technique (Bohrnstedt
1983; Spector 1992).

The second type of criterion validity examines scores on a scale in relation to the
occurrence of a future event. It is called predictive criterion validity and is an important
property for health status assessments because many decisions in clinical practice are
based on prognostic assumptions.

Whereas all validation procedures involve the assessment of the instrument’s
performance, construct validation is specifically concerned with testing the theoretical
framework underlying the scale (Carmines and Zeller 1979; Kerlinger 1986; Nunnally
1978). One aspect of construct validity addresses the meaning of the test scores and
what factor or factors can account for the variance of the test scores. Factor analysis and
item-to-total scores can assist in assessing the relationships between items in a scale and
what proportion of the variance can be explained by different factors. The other
approach to construct validity involves generating hypotheses about how the construct
relates to other constructs and assessing the degree to which its performance is consistent

with expectations stated apriori. For example, it is reasonable to expect that scores on
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a balance measure should demonstrate an association with reiated constructs such as

mobility, functional status, and motor performance.

1.2.2.1. Rationale for further testing of validity

Criterion validity

Often, the first comparison for a new scale examines its relationship with clinical
judgments. In the clinical setting, an individual’s ability to balance is commonly
described as good, fair or poor. Such global ratings are prone to subjectivity as each
rater uses his or her own reference point. Nonetheless, these judgments are used in
practice, and should demonstrate a relationship with scores on the Balance Scale,
providing evidence of concurrent criterion validity.

Another criterion associated with balance is the use of mobility aids such as canes
or walkers. A walker is an aluminum frame that is used to reduce the amount of
weightbearing through the lower extremity by allowing some weight to be distributed
through the arms. Walkers are also used to compensate for impaired balance by enlarging
the base of support. They are most often used indoors, but can have wheels and/or be
collapsible for easy storage and transportation. Canes offer less support than a walker
but do compensate for minor postural instability. It is not uncommon for individuals to
use a cane only outdoors due to the greater uncertainty of environmental conditions and
the fear of being jostled by a crowd. On average, elderly individuals who walk without
an aid may be assumed to have better ability. Physical capability is not the only
determinant of the use of a walking aid. The decision may be influenced by other factors
such as cognitive impairment, poor judgment, or vanity. Nonetheless, a Balance Scale
that is able to discriminate among subjects by their use of mobility aids would
demonstrate the "known groups” type of concurrent criterion validity.

In the early recovery period, stroke patients remain in general hospitals, are sent
to a rehabilitation centre or are discharged home. The criteria for discharge vary
according to the availability of community support but, on average, those discharged
home have a higher level of functioning and are considered to be able to manage their
daily activities safely. Patients transferred to a rehabilitation setting remain for a two to
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three month period. The timing of the transfer is influenced by the availability of beds,
the resolution of any acute medical problems, and is contingent on the patient
demonstrating a potential for discharge. The remaining patients undergo treatment in the
general hospital. Some spend years in extended-care wards awaiting placement in
nursing homes, Hence, the location of each follow-up evaluation of stroke patients is an
indicator of differing levels of ability and can also be used to assess the "known groups”
type of concurrent criterion validity of the Balance Scale.

The most pertinent criterion relative to the elderly population is the occurrence
of falls. Whereas it need not predict ali falls, it is logical to expect a relationship
between balance and the future occurrence of falls. To assess this relationship it is
helpful to have subjects who are independently mobile, have a wide range of ability and
live in a defined area such as residential care. The latter requirement facilitates

recruitment and evaluation of subjects, and improves the probability of accurate reporting
of falls.

Construct validity

Patients with stroke often display impairment in balance, motor performance and
their ability to carry out basic activities of daily living. Although not all patients will
improve, those who do demonstrate the greatest gains in the first few weeks. The
expected changes in performance make this population an ideal group to assess both
validity and responsiveness to changes in status.

When considering the balancing ability of stroke patients with motor impairment,
it can be hypothesized that any changes in balance would parallel changes in motor
performance and function. The interrelationships between balance, motor performance
and functional status provide a rationale for expecting covariation between these measures
over time. The feasibility of this strategy for construct validity is facilitated by the

availability of well developed scales that assess motor and functional performance.



11

1.2.3. Responsiveness

Responsiveness has been defined as the ability of an instrument to detect clinically
important changes in the status of the subjects, even if they are of a small magnitude.
The property is considered essential to measures used to evaluate the effectiveness of
interventions (Guyatt et al. 1987). When considered as a requirement for an outcome
measure, responsiveness also incorporates the ability to discriminate small but meaningful
differences among subjects. For example, in a clinical trial, an outcome measure must
be able to detect improvements in the status of the treated patients that are greater than
the changes in the control group. An instrument that can more efficiently detect small
changes and discriminate small clinically relevant differences among subjects is a more
responsive instrument and a better choice as an outcome measure (Kazis et al. 1989;
Liang et al. 1990; Norman 1989; Tuley et al. 1991).

The responsiveness of several outcome measures in a study can be compared
using effect size, a standardized measure of group differences or responses to change
(Cohen 1977; Kazis et al. 1989; Liang et al. 1990). The instrument with a large effect
size is more efficient in terms of the power of the study and sample size requirements
than one with a smaller effect size. Variations exist in the computation of the effect size.
To adequately address the variability of response to treatment, it is preferred to use a
formula that uses the standard deviation of differences or changes rather than a baseline
or pre-treatment standard deviation as the denominator (Liang et al. 1990). Similarly,
the effect size is preferred to the Index of Responsiveness suggested by Guyatt and
associates (1987) because the latter only considers the amount of clinically meaningful
change relative to the variability in a stable control group and therefore, is likely to
underestimate the variability of scores in a clinical trial (Norman 1989; Tuley et al.
1991).

Other methods of assessing responsiveness include a statistic based on the t-test
that examines the relative efficiency of any two measures in evaluating a treatment of
known efficacy (Liang et al. 1985). New scales have also been compared to existing
physiological and clinical tests known to change with a treatment of known efficacy
(Meenan et al. 1984). Additionally, the sensitivity and specificity of identifying true
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change, an analogy with diagnostic tests, has been used (Deyo and Centor 1986; Deyo
and Innui 1984; MacKenzie et al. 1986).

The above approaches are unrealistic for the present study for several reasons.
Firstly, the present study has no planned intervention. Most strategies require ar
intervention, preferably of known efficacy. The use of sensitivity and specificity
presupposes that a change can be identified with certainty. In the absence of a gold
standard and a treatment of known efficacy, the decision appears subjective and
unreliable. This method also requires a dichotomous outcome, change or no change,

resulting in a loss of information for a continuous variable such as the Balance Scale.

1.2.3.1. Rationale for assessing responsiveness

Stroke patients can undergo marked changes in status during the early recovery
period. The present study examines the changes in balance occurring in stroke patients
at 2, 4, 6 and 12 weeks post onset. The strategy for assessing responsiveness first
addresses whether the Balance Scale can detect changes in the status of the acute stroke
patients over the 12 week follow-up period. The aext step is to compare the magnitude
of the changes in the Balance Scale scores to an external criterion recognized as an
outcome measure in stroke rehabiliation.

The Barthel Index (Mahoney and Barthel 1965) is chosen as the criterion measure.
It assesses self-care and basic mobility skills, factors that are expected to show marked
improvement in the early recovery period. Moreover, it has good measurement
properties and is widely used in stroke outcome research (Chino 1990; Hewer 1990;
Granger et al. 1988; 1989; Reding 1990). Wade and Collin (1988) advocate its use as
a standard index in clinical practice and research. In addition, the Barthel Index has been
shown to be more efficient in demonstrating a treatment effect in acute stroke patients
as compared to the Fugl-Meyer Motor Performance Scale (Fugl-Meyer et al. 1975) and
measures of neurological status and stroke severity (Wood-Dauphinee et al. 1990). A

copy of the Barthel Index is included in Appendix 2 and the properties are further
discussed in later chapters.
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1.3. Summary

In summary, the Balance Scale is a performance based measure that is portable,
takes 10-15 minutes to administer and is feasible for use in a wide variety of testing
situations. Its measurement properties showed promise in preliminary testing but required
further investigation to assess the usefulness of the measure as a clinical and research
tool. In particular, use of the Balance Scale to monitor the status of patients and evaluate
the effectiveness of treatments requires that the measure detect clinically meaningful
changes and meet high standards of reliability.

Measurement theory describes several types of validity and how they are assessed.
Each can be used to accrue evidence for the validity of the Balance Scale using criteria
relevant to balance such as clinical judgments of balancing ability, occurrence of falls,
use of mobility aids, and location of follow-up evaluations. In addition, the expected
covariation between balance, motor capacity, and functional performance in stroke
patients during the early recovery period provides a theoretical basis for evaluating
construct validity. It also allows an estimate of the ability of the scale to monitor
changes in the status of the stroke patients relative to the Barthel Index, an instrument
commonly used as an outcome measure in this population.

The merits of a measure will become better known as it becomes more widely
used. The test developers must, however, accumulate a certain body of information
before encouraging the use of a new measure. The present study addresses these issues

in examining the Balance Scale.



14

Chapter 2 LITERATURE REVIEW
2.0. Overview of the chapter

When studying balance and its measure, it is important to understand the intended
concept and to have knowledge of alternative tests or instruments. The first part of the
chapter explores the concept of balance and considers the requirements for normal
postural control. This knowledge provides a rationale for measunng balance. The
second section will review the changes that interfere with postural control and make
impairment of balance a source of concern in the elderly. Lastly, the measurement
properties of existing balance tests will be discussed. This information provides further
justification for the continued testing of the Balance Scale.

2.1 Concept of Balance

Balance in its broadest sense includes the capability to control upright posture
under a variety of conditions and situations and the ability of an individual to sense his
or her limitations of stability. This definition allows for the close interaction of
movement and postural control, and represents a progression from the earlier models of
motor control that considered balance to be an isolated sensorimotor concept.

The early work on the function of the sensory systems was performed by
Sherrington (1947) with specific contnbutions relative to posture by Magnus (1926). By
stimulating specific sensory systems In decorticated animals, they elicited stereotyped
responses or reflexes. This research became the basis for a model of motor control that
believed that reflexes were fundamental to all human movement. Under this model, the
basis of postural control was believed to be a chain of reflexes which contributed to
maintaining posture and orienting the body as dictated by situations from the outside
world. Hence, sensory inputs were considered essential for motor outputs.

This reflex hierarchical model of motor control has been criticized on the basis
of studies demonstrating that reflexes can be modified by learning, that coordinated
movement can occur in the absence of intact sensory systems, and that movements can

be initiated before any sensory stimuli (Belenkii et al. 1967; Horak 1991; Polit and Bizzi
1979; Thelen et 2. 1987).
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Currently, postural control, movement, coordination and skill development are
being studied under the more global sphere of motor control. More recent models of
motor control have been proposed (Bernstein 1967; Horak and Nashner 1986; Nashner
and McCollum 1985; Reed 1982; Thelen et al. 1987) to allow for greater flexibility in
studying the complex interactions of various neural, mechanical, and behavioral factors
that influence motor development and postural control.

Reed (1989) proposed that future studies should be directed at assessing how
humans perform tasks under a variety of functional contexts rather than how they recpond
to artificial situations. This recommendation is compatible with clinicians’ judgments on
the necessary components of a balance scale (Berg et al. 1989) and the trend toward
performance-oriented tests in the evaluation of the elderly (Canadian Task Force on the
Periodic Health Exam 1979). Given the ultimate goal of improving the functional status
of the client, it appears most useful to define the dimensions of the concept of balance
as three basic functional requirements: maintaining a given position, remaining stable
while moving voluntarily and being able to adjust to extermal disturbances or
irregularities in the environment. Ideas for assessing each dimension can be gained from

examining how balance has been studied in a variety of disciplines.

2.2, Rationale for the content of balance measures

Normal postural control involves several factors; impairments in any one area
may adversely affect the efficiency of postural adjustments. To better understand the
requirements of normal postural control it is useful to review how balance has been
studied in terms of biomechanics, motor responses, sensory systems and the relationship
of voluntary movements and postural control.

2.2.1. Biomechanical considerations

Maintaining upright posture can be considered in terms of simple biomechanics.
A stationary body is most stable when a vertical projection from its centre of gravity falls
in the middle of its base of support. Greater relative stability is achieved by increasing

the area of the base of support or lowering the centre of gravity; hence, sitting is more
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stable than standing. Similarly, activities such as reaching forward or putting on a
sweater are easier while sitting than standing because the larger base of support safely
permits greater displacement of the vertical projection of the centre of gravity before it
reaches a critical boundary at the periphery of the base of support. Once such a critical
point is reached without appropriate corrective action, a loss of balance or a fall would
occur.

When standing with an ideal "normal” posture, a vertical line, drawn through the
body’s centre of mass at the level of the second sacral vertebra, can be viewed from the
side to fall 5 centimetres in front of the ankle joint, just in front of the centre of the knee
joint, through or just posterior to the hip joint, in front of the shoulder joint, and through
the mastoid process (Galley and Forster 1987). Such an ideal body posture reduces the
amount of muscle work required to stand still (Basmajian and Deluca 1985). However,
there is always a subtle amount of movement or postural sway due to the alternating
action of antagonistic muscie groups and the effects of gravity, resulting in continuous
minor weight shifts and changes in body alignment. Shifts also occur from side to side,
alternating the main support from one leg to another. This constant shifting of the body’s
centre of gravity helps prevent fatigue and assists in venous return (Gailey and Forster
1987).

The amount of postural sway exhibited by an individual has been used to indicate
stability while maintaining a standing position or in response to the movement of a
supporting platform. It is assumed that persons who sway less are more stable because
the projection of the centre of gravity stays closer to the middle of the base of support
(Hasselkus and Shambes 1975). Similarly, the less the postural sway in response to an
external disturbance, the more stable is the individual (Maki et al. 1990).

Clinical tests commonly incorporate the principles of biomechanics to assess the
ability to maintain positions of increasing difficulty by altering the base of support. For
example, subjects may be timed while standing on one leg or with one foot directly in
front of the other.
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2.2.2. Pattern and sequencing of motor responses

A necessary component of balance is the ability to make the appropriate postural
adjustments or responses. Muscle weakness or paralysis can severely limit this
capability. Performance-based measures indirectly assess strength when they evaluate
the degree to which the task was accomplished and the insecurity associated with the
movement. Balancing tasks perceived as being more difficult often also require greater
strength. For example, ankle evertors and invertors must work harder to offset the
biomechanical disadvantage of standing cn one leg instead of two. In addition to the
ability to generate and maintain sufficient muscular force, effective postural adjustments
require muscles to respond in a sequence and pattern that is efficient for the task at hand.

Nashner and colleagues (1976; 1977; 1979) developed an apparatus able to give
both translational and rotational perturbations. Using electromyography, they studied the
onset and sequencing of muscle responses of subjects following such perturbations. They
identified two primary strategies. The most common pattern of response to the platform
movements, termed the ankle strategy, involves shifts of the centre of body mass as a
rotation about the ankle joint with little or no movement of the hips (Nashner et al.
1977;1979;1987). The other response sequence, the hip strategy, shifts the centre of
body mass by flexing or extending at the hips.

Nashner and colleagues (1985) later indicated that subjects may mix strategies and
that certain subjects may bend their knees for greater stability, a tactic referred to as the
suspensory strategy. Detection of this alternative sirategy requires kinematic information
to be collected in conjunction with EMG and force plate analysis (Patla et al. 1990).
Additionally, when the perturbation has been too fast or large, or if the ankle or hip
strategy could not be used in sufficient time, the subject may take a step to keep or bring
the centre of gravity within the base of support (Horak 1987; Shumway-Cook and Horak
1986).

The size of the perturbation, the type of support surface, and length of the support
surface are other factors that have been linked to a particular pattern of response. While
there may be a limited number of response synergies, it is not clear that all normal
subjects respond to the same stimuli in the same way. A limiting factor to the
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generalizability of the findings of Nashner (1976:1977) was that all study participants had
to demonstrate a strong response of the ankle strategy. Individuals excluded from the
study may have demonstrated greater variability in responsc patterns.

Further research is needed to assess the acceptable range of variability in postural
responses in different functional contexts. This information may permit carlier

identification of impairment and lead to more appropriate intervention strategics.

2.2.3. Influences of the three sensory systems on postural control

Balance has also been studied in terms of the relative contribution of each of the
three sensory systems involved in postural control: somatosensory, visual and vestibular.
Information concerning the movement of body segments with reference to each other and
to the support surface is given by the somatosensory system. The contributions of this
system have been studied by asking subjects to stand on surfaces that do not provide
accurate somatosensory feedback. For example, they have been asked to stand on thick
foam (Horak 1987; Shumway-Cook and Horak 1986) or on a platform that is oscillating
at the same frequency as the postural sway of an individval (Nashner et al. 1982).

The visual system provides information about the body’s position relative to the
environment. It also works in combination with the vestibular system to stabilize gaze
when movement occurs, a function important for spatial orientation. Individuals must be
able to stabilize their gaze while moving their head or body, and when there is a
movement of a large portion of the visual field, such as passing traffic. When
functionally appropriate, the vestibular-ocular and optokinetic responses can be
suppressed to allow the eyes to fixate and track moving objects (Leibowitz and Shupert
1985).

Visual inputs can be eliminated by asking subjects to close their eyes or wear a
blindfold (Berg et al. 1989; Dornan et al. 1978; Maki et al. 1987; 1988). The effects
of inaccurate visual inputs may be studied using enclosures or domes that move at the
same frequency as the postural sway of the subject (Horak 1987; Nashner et al. 1982;
Shumway-Cook and Horak 1986; Woollacott et al. 1982). The rationale for testing both

the absence of visual input and inaccurate information is that postural control may be
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differentially affected by the two situations.

Under usual sensory conditions, vision and somatosensory information dominate
the control of orientation and balance. However, it is the vestibular system that is
essential for resolving conflicting sensory information. (Black et al. 1983; Nashner et al.
1982). It provides input concerning the position of the head in relation to gravity, and
during movement, the linear and angular acceleration of the head. The role of the
vestibular system has been studied in individuals with known vestibular deficiencies
(Black et al. 1983) and in experiments that provide inaccurate visual and somatosensory
inputs to normal subjects (Nashner 1971; Woollacott et al. 1986).

224, Relationship between voluntary movement and balance

Basically, any movement of the body will potentially cause a shift in the centre
of gravity, but this movement is usually accompanied or preceded by the
counterbalancing of another body segment so that the body’s centre of gravity stays close
1o the centre of the base. The functional significance of this shift may be to minimize
energy expenditure, to increase the mechanical efficiency of the main movement or to
prevent an actual loss of balance due to the movement of the whole body or a major body
part (Gahery 1987). In fact, postural adjustments occur in advance of, during and
following a voluntary movement (Gahery 1587).

The close association beween postural adjustments and voluntary movement has
been studied using electromyography, force plates and kinematics (Belenkii et al. 1967;
Cordo and Nashner 1982; Hayes and Riach 1989; Horak et al. 1984). The postural
responses occurring prior to the movement can be predicted based on the starting
position, the trajectory, and the velocity of the movements (Bouisset and Zattara 1987;
1981; Hayes and Riach 1989). However, if external support is given, the responses are
diminished or extinguished (Cordo and Nashner 1982).

Given the importance of this relationship, one important dimension of balance is
remaining stable while moving voluntarily. Therefore, balance can be evaluated by
observing the ease and safety with which subjects perform movements common to

everyday life: standing up from sitting, turning, and picking up an object from the floor.
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Ease and safety can be scored relative to time requirements or to the degree of
supervision or assistance needed for the subject to complete the movement. This type of
assessment is not only functionally relevant, it is consistent with current theories and
practice. Because the efficiency of these postural adjustments are influenced by

diomechanical, motor and sensory changes, these factors are indirectly cvaluated in the

assessment.

Summary

Postural control has been studied by biomechanists, Kkinesiologists,
neurophysiologists and others. They have examined subjects’ ability to maintain upright
postures, remain stable while moving ard react to external forces. No one discipline
offers a comprehensive approach to measuring the concept of balance, but together, the
studies have helped define the domains of balance. Moreover, the close links found
between postural control and movement provide a rationale for clinical evaluations of

balance based on the performance of movements.

2.3. Balance in the elderly
2.3.1. Falling, a functional problem of balance

Balance is of special concern in the elderly due to its relationship with mobility
and functional independence. Given an aging population and the rising costs of medical
care, it is important to examine methods of preventing or slowing the decline of postural
control in the elderly and treating dysfunction associated with diseases, such as stroke,
which are common in this age group.

A substantial amount of research has been done to identify the risk factors for
falls in the elderly and to screen for individuals who require intervention. It is difficult
to compare the results across the studies due to differences in the populations, methods
and measurement procedures. Nonetheless, impaired balance has been identified as a
risk factor for falling, both in prospective studies (Campbell 1989; Tinetti et al. 1986,
Tinett et al. 1988) and in cross-sectional studies comparing elderly individuals with a
history of falls to those who have not fallen (Chandler et al. 1990; Lipshitz et al. 1991;
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Wolfson et al. 1986).

Consistency of findings is present despite differences in the operational definitions
of balance which range from performance-based tests (Tinetti et al. 1986: Tinetti et al.
1988) to the ability to withstand a mechanical force pulling backward at the hips
(Chandler et al. 1990; Wolfson et al. 1986) to postural sway (Fernie et al. 1982; Gabel!
et al. 1985). Other studies did not measure balance but included factors that can be
considered as proxies or variables closely related to balance. Examples include lower
extremity dysfunction, impaired gait, and use of mobility aids (Campbell et al. 1990;
Grisso et al. 1991; Morse et al. 1987; Prudham and Grimley Evans 1981). Additionally,
in the absence of a direct measurc or balance, diagnoses such as stroke, arthritis and
Parkinsons’s disease have been identified as risk factors for falling (Grisso et al. 1991;
Mayo et al. 1989).

There are many factors, other than balance, involved in falls. Certain individuals
may learn to compensate for deficits while others push themselves to the limits of their
capability or take greater risks relative to their level of ability. To date, there is no good
way of evaluating the amount of risk an individual takes within his or her daily activities.

Regardless of other predisposing factors, a fall results from a loss of balance.
Technically, the vertical projection from the centre of mass of the body reaches a critical
point at the limits of the base of support without a corresponding postural adjustment.
Avoiding a fall requires a timely and coordinated response of appropriate magnitude as
well as an accurate self perception of the limits of stability.

Falls do not always result in a major incident. Errors in movement or postural
adjustments are expected when acquiring new skills. Young children frequently fall as
they explore the environment and learn the limits of their ability. Adults, engaging in
sports such as skiing, voluntarily displace their centre of mass closer to the edges of the
base of support; thus, often approaching the critical limits of stability and sometimes
falling. Falls become worrisome when they occur during activities that were previously
performed safely. Individuals who feel vulnerable and unsteady may compensate by
restricting their activities. This restriction may lead to greater impairment through
disuse, and ultimately to functional dependence.



27

Any disease, injury, or age-related change that affects the coordination, timing
or force of the muscular responses or the ability to utilize sensory information will
adversely affect balance and may predispose the individual to falling. The evidence
presented in this review comes from cross sectional studies that have compared elderly
persons with or without 2 history of falls, and young and old subjects, as well as a few
longitudinal studies of older adults. Itis not clear whether the documented changes occur
as a direct result of aging, sub-clinical manifestations of diseases, or disuse related
changes. Irrespective of cause, there are differences in the elderly that contribute to their
vulnerability to falls. The information is grouped under similar headings to the prior
review of the ways in which balance has been studied: biomechanical, muscle responses,
sensory systems and other factors. Impairment in any of these arcas have the potential

to affect the efficiency of postural responses.

2.3.2. Factors influencing balance in the elderly
2.3.2.1. Biomechanical considerations in the elderly

Deviations from the ideal normal postural alignment are recognized to occur with
advancing age. One or more of the following changes in the axial skeleton are believed
to be present in most persons over the age of 60: a head forward position, a thoracic
kyphosis, and flattening of the lumbar spine (Kauffman 1990). Muscular contractures and
diminished | .'nt range of motion may occur from changes in the connective tissue of
aging muscle and the cross-linking of collagen (Kauffman 1990) or from acquired leg
length discrepancies or joint degenerative changes. Additionally, arthntic conditions,
among others, are associated with joint pain and/or swelling, factors which may have an
independent effect on postural alignment.

As a result of such biomechanical changes, the optimal length or angle of pull
of the postural muscles may be compromised. Additionally, the relative position of the
vertical projection of the centre of gravity may be altered, decreasing the functional area
of the base of support. This situation may require greater or more frequent postural
adjustments instead of the subtle agonist/ antagonist contractions associated with postural
sway in younger or more fit subjects.
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Irrespective of cause, studies have shown that the elderly tend to have greater
amplitudes of postural sway than younger adults (Overstall et al. 1977; Sheldon 1963;).
At least one biomechanical factor, presence of a scoliosis or curvature of the spine has
been associated with increased postural sway (Brocklehurst et al. 1982).

Retraining balance involves both treatment of the underlying biomechanical
constraints and adaptive training under a variety of conditions. There is evidence that
flexibility and range of motion can be improved in the elderly who undertake exercise
programmes (Hopkins et al. 1990; Morey et al. 1991; Raab et al. 1988). Other changes
in body alignment may be irreversible but need not lead to disability. Rehabilitation and
appropriately structured practice may play a role in teaching individuals to adapt to their
new body configuration or to learn compensatory strategies. Without this additional
training, the level of activity of older individuals may be curtailed because they cannot

adjust to their own age-related changes.

2.3.2.2. Differences in motor responses among the elderly

There are indications that deficits in strength contribute to falling in the elderly.
Three cross sectional studies found that persons with a history of falls had diminished
lower extremity strength when compared with similar elderly subjects who had not fallen
(Gehlsen and Whaley 1990; Studenski et al. 1991; Whipple et al. 1987).

Assessment of the association between balance and strength is difficult to quantify
due to the differing methods of assessment within the studies. Gehlsen and Whaley
(1990) operationally defined balance as the ability to stand on one leg with eyes open and
closed and the number of missteps while walking backward on an eight foot line.
Studenski et al. (1991) assessed balance by asking subjects to stand up, tumn around,
stand on one leg and react to a backward perturbation at the hips (Wolfson et al. 1986).
Despite the differences in measuring procedures, the findings are in agreement and point
to the need for studies to examine an intervention of both strength and balance in an
elderly population.

In all three studies, the fact that the strength measurements were taken after the
fall, makes it difficult to clearly establish whether strength loss occurred prior or
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subsequent to the fall. In some cases, the testing was performed many months after a
fall (Gehlsen and Whaley 1990; Studenski et al. 1991; Whipple et al. 1987). Subjects
may have limited their activity level to lower their risk of another fall. This decrease in
physical activity could have contributed to a loss of strength post fall.

Evidence for musculoskeletal impairment preceding disability in the elderly comes
from a longitudinal population based study (Jette et al. 1990). The Massachusetts Health
Care Panel Study surveyed 1,625 persons aged 65 and over on four occasions over a 10-
year period but included an evaluation of physical impairment only at six and ten years
(Jette et al. 1990). Impairment was assessed as subjects performed 10 body movements.
The degree of disability was represented as dependency in basic and instrumental
activities of daily living (ADL) items and difficulty in selected physical performance
items.

The results demonstrated that progression of impairment was related to increasing
difficulty in physical performance and disability. Moreover, the type of disability was
related to specific impairment. For example, hand impairment was associated with
disability in basic ADL functions such as dressing and feeding; whereas lower extremity
impairment was linked to deficits in instrumental ADL, which included shopping and
banking. Lower extremity impairment was most common in women and participants
aged 80 and over.

The reason for diminished strength in the elderly is likely due to anatomic and
physiological changes as well as a reduction in physical activity. Age-related changes
include a decrease in the number of muscle fibres, a reduction in total muscle mass, and
a diminished cross sectional area of Type II muscle fibres (Grimby 1990). This loss of
Type II fibres is not uniform throughout the body, leading to the hypothesis that altered
physical activation patterns may contribute to the observed changes.

Whether occurring prior to, during, or in response to a perturbation, efficient
postural adjustment requires muscular responses appropriate to the situation. Any
changes in the elderly that influence the timing and onset or the response or the strength
of the muscles may adversely affect balance.

Woollacott and associates (1982;1986) compared the sequence and timing of
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motor responses of young and old healthy subjects. The elderly subjects were more
prone to demonstrate antagonist muscle activation, more variable in the amplitudes and
sequencing of muscle responses within each synergic grouping, and more likely to
demonstrate a hip strategy than younger subjects in the same situation (Woollacott 1982;
1990). Older subjects also demonstrated a prolonged latency for the onset of the postural
response particularly in the tibialis anterior muscle (Woollacott 1990; Manchester et al.
1989).

The co-contraction of agonist and antagonist could be explained as a stiffening
strategy that makes it easier to maintain balance by reducing the movement options of
the musculoskeletal system (Woollacott 1990). Stiffening has been observed during
laboratory tests of sway (Maki et al. 1991) and during the acquisition phase of learning
a new motor skill (Higgins 1991).

Inglin and Woollacott (1988) studied the anticipatory activation of postural
muscles in advance of reaction-time arm movements, They found that older subjects
demonstrated longer latencies in postural and voluntary muscle activation when asked to
push or pull a handle. The authors hypothesized that either the voluntary control system
slows with age, limiting the speed of voluntary movement, or the deterioration of the
postural control system limits the speed of the movement.

The pattern and sequencing of the postural responses have been found to be so
variable in the elderly that they cannot be a good indicator of the degree of impairment.
Despite discernible differences in clinical tests of balance, strength and range of motion,
Studenski and colleagues (1991) were unable to differentiate between failers and non-
fallers on the basis of postural response strategy. Additionally, Duncan and associates
(1990) found different muscle response latencies and patterns elicited in the same subjects
with changes in the type of perturbation.

Clearly, the pattern and sequencing of responses differ across individuals and
within the same individual in different contexts. More information is required to assess
when individuals exceed the range of normal variability, and how to retrain them to have
more efficient and safer responses.



2.3.2.3. Sensory contributions to loss of balance

There is anatomical and physiologic evidence of changes in the three sensory
systems in the elderly. Horak and colleagues (1989) carefully reviewed the common
organ pathologies affecting the sensory systems of this age group. The somatosensory
system shows losses in vibration, cutaneous and joint position sense in the ankles (Potvin
et al. 1980; Stelmach and Worrington 1985; Wanger and Wang 1974). Anatomical
studies of the vestibular system have noted degenerative changes with age (Horak et al.
1989; Rosenhall 1973; Rosenhall and Rubin 1975). Age-related losses in visual acuity,
depth perception, contrast sensitivity, and impaired “pursuit eye movements" have also
been documented (Cohn and Lasley 1985; Horak et al. 1989). Opthalmalogic diagnoses
frequently found in the elderly include chronic glaucoma, cataracts, and macular
degeneration.

Visual disturbances are particulary important when observing a moving object or
during dynamic postural stabilization (Isaacs 1985; Woollacott et al. 1982). For
example, elderly subjects may have difficulty orienting themselves with the environment
if they cannot perceive slowly moving objects or if passing images persist too long.
These factors may explain why visual impairment, in one or both eyes, has been
1dentified as a risk factor for hip fracture secondary to a fall (Felson et al. 1989; Grisso
et al. 1991).

Manchester and colleagues (1989) studied the differences in the pattern and
sequencing of motor responses between young and old subjects under conditions of
altered sensory inputs using an experimental paradigm similar to previous studies
(Woollacott et al. 1982; Nashner et al. 1982). The somatosensory inputs were
manipulated to provide inappropriate information for maintaining balance by setting the
frequency of platform sway to correspond to the subject’s own sway, and by keeping the
ankles at a 90 degree angle. Visual information was not altered by an enclosure.
Instead, the visual field was manipulated with the use of different types of goggles;
translucent, peripheral vision occluded and foveal vision occluded. These visual
conditions simulate the problems encountered by individuals with visual impairments such
as cataracts and glaucoma.
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The results demonstrated differences in muscle sequencing and agonist-antagonist
co-contraction. Additionally, losses of balance occurred when both somatosensory and
vision were simultaneously giving inaccurate information. Most commonly, the elderly
subjects lost their balance when their peripheral vision was occluded and if some
evidence of underlying pathology was found in the clinical screening tests.

Warren and associates (1989) noted age differences in the ability to perceive the
direction of self-motion from optical flow. They did not find evidence for differences
in strategies but rather a general decline in the ability to detect and localize global optical
flow patterns, which may have implications for high speed locomotion and falls.

Any degeneration or pathology present in the sensory systems can potentially
interfere with efficient postural control. Fortunately, under normal circumstances there
is redundant information available. We are aware of the need to assess the impact of a
major disease or injury; however, to date little is known about the cumulative effects of

minor multisensory deficits associated with a single diagnosis such as diabetes.

2.3.2.4. Other factors related to balance

The capacity to adapt to changing internal or external situations is essential to
balancing ability. Medications, emotional factors and cognitive ability can adversely
influence judgment, alertness and performance.

Cognitive changes can occur in the elderly and have been linked to increased
incidence of ‘alls (Tinetti et al. 1988; Vlahov et al. 1990). Depending on the severity,
cognitive changes may drastically affect the functional status of the individual or cause
a deterioration in the performance of complex tasks. Specifically related to balance,
cognitive impairment may cloud judgment about safe behaviors. It may also be 2
limiting factor in the ability to compensate for a deficit or to relearn motor skills, that
have deteriorated through injury or disease.

Depression, anxiety and fear are other emotional variables that may indirectly
influence activity level and motor performance. Similarly, distracting factors such as
pain, being startled or conversations may hinder an appropriate response. Fear of falling
(Maki et al. 1991) and inattention (Stelmach et al. 1990) have been associated with



poorer performance in balance tests.

Finally, certain medications, in particular psychotrophic drugs., have been
associated with a greater risk of falling in the elderly (Grisso et al. 1991; Ray and Griffin
1990; Tinetti et al. 1988). There may be several mechanisms explaining the effect of
medications on the incidence of falling. For example, sedatives and tranquillizers,
particularly those that remain in the blood stream for long periods, may decrease
awareness of potential hazards or slow the individual's motor response. Haldol, a
phenothiazine and a very potent tranquillizer, has motor side effects similar to
Parkinson’s Disease, and has been associated with the nisk of falling. Patients taking
medications for pain, hypotension or cardiac disease may demonstrate an increased risk
of falling because the underlying pathology predisposes them to falls. Additionally, the
total number of drugs is considered a risk factor for falls, as it likely represents a proxy
for the poorer health status of fallers relative to non-fallers (Lipshitz et al. 1991; Tinett
et al. 1986).

Summary

Falls are of concern in the elderly due to the risk of serious injury and the
possibility of an associated decline in physical functioning. At present it is difficult to
compare across studies due to differences in subjects, methods and measurements.
Balance has been consistently identified as a risk factor for falls. In addition, there is
evidence for biomechanical, motor, sensory and cognitive changes in the elderly that
occur as a result of disease or aging. Any of these factors singly or in combination can
adversely affect postural control. Therefore, balance is an important issue in the elderly
and must be measured well to provide a good assessment, to plan appropriate

interventions and to evaluate the outcome.

24. Assessment of balance
2.4.1. Laboratory measures of balance

Postural sway has been measured by using simple swaymeters attached to the
shoulders (Sheldon 1963) or waist (Overstall et al. 1977), as well as by sophisticated
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laboratory equipment that measure excursions of the centre of pressure with force plates.
The centre of pressure, that is the centre of the distribution of the total force applied to
the supporting surface, moves according to the excursion of the centre of gravity of the
body and the distribution of muscle forces required to control or produce the movement.
Measurements can be made of the amplitude of sway or speed of the centre of pressure
excursions; or they may be expressed as force measurements which include an
assessment of the acceleration of the centre of gravity.

The accuracy of the centre of pressure displacements is considered to be high.
Few studies have examined the stability of subjects’ performance. Holliday and Fernie
(1979) measured the spontaneous postural sway of 29 normal healthy adult subjects, aged
22 to 64, on 15 consecutive days. The value of the speed of sway for each day
represented the average of four 1-minute recording periods. Despite the use of this daily
average, there was a marked learning effect from repeated testing corresponding to a
31% reduction in the mean speed of sway during 15 sessions.

The precision of force plates in measuring postural sway is relatively easy to
establish. It is more difficult to examine the validity of the test as a measure of balance.
Some evidence of validity is provided by studies showing a moderate association between
postural sway and clinical tests of balance (Berg et al. 1992; Lichtenstein et al. 1950).
A stronger correlation is not expected because the clinical tests primarily address postural
adjustments to voluntary movements whereas the laboratory measures examine the ability
to maintain a position or adjust to external disturbances.

Further evidence of validity is provided by a study in which a swaymeter was able
to detect changes in amplitude of postural sway in accordance with the expected pattern,
duration and dosage of the administration of a sedative in healthy young and elderly
volunteers (Swift 1984). However, in a separate comparison, there was no correlation
between drug plasma concentrations and postural sway in habitual (1 month to 15 years)
sedative users (Swift 1984). The absence of a relationship may reflect the ability of
individuals to adapt to longterm use or that amplitude of postural sway 1is too insensitive
a measure to detect subtle chronic changes whereas they could detect acute responses to
the medications.
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In examining possible reasons for the inability of postural sway to differentiate
between treatment and control groups in studies evaluating the effects of exercise (Crilly
et al. 1989; Lichtenstein et al. 1989), it is worthwhile to examine the underlying
assumptions of measures of postural sway.

The first assumption is that a greater amplitude of sway is indicative of less ability
to maintain balance. This hypothesis is not necessarily correct. Gauthier-Gagnon and
colleagues (1986) found that amputees recently fitted with a prosthesis swayed less than
normal subjects. As suggested by the authors, subjects may have compensated for the
change in proprioceptive input by fixating visually or by stiffening their posture while
concentrating on the task of standing. The normal subjects may have allowed themselves
to relax and sway over a greater amplitude because they found the task to be very easy.

In an effort to better discriminate between subjects of varying ability, researchers
have recorded sway of subjects while in positions of increasing difficulty: stepping with
one foot ahead of the other; standing with one foot directly in front of the other
(tandem); and standing on one icg (Goldie et al. 1989; Lichtenstein et al. 1989). This
solution may not be practical for evaluating geriatric subjects as the ability to hold the
positions, in particular one legged stance, has been shown to decline with age (Era and
Heikkonnen 1985; Potvin et al. 1980).

The second basic assumption of postural sway measures is that subjects with a
faster speed of sway have greater balancing difficulty. Hence, when two individuals
have the same amplitude of sway, the one with the faster speed is working harder to
maintain his or her posture. In contrast to the study which compared amputees and
normal subjects on the basis of amplitude of sway (Gauthier-Gagnon et al. 1986), Fernie
and Holliday (1978) were able to demonstrate that amputees had more difficulty with
balance on the basis of a faster speed of sway.

In a cross sectional study of 31 elderly subjects, Berg and associates (1992) found
that speed of sway during quiet standing showed the highest correlation with the Balance
Scale and was the only laboratory measure to discriminate between groups based on their
use of a walking aid. A multiple regression analysis showed that inclusion of both
amplitude and speed of sway in response to the pseudorandom movements of the platform
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explained more of the variance in the Balance Scale scores than did either parameter
alone. Moreover, there was little relationship within each subject between the amplitude
and speed of sway in response to the perturbations.

Force plates are also used to map the base of stability by asking the subject to
lean as far as possible forward or backward (Dettmann et al. 1987; Murray et al. 1975).
A larger area indicates greater balancing ability because it brings the individual closer
to the edges of the base of support and requires greater effort to prevent a loss of
balance. A larger area also represents a subject who can control his or her centre of
gravity within a greater diameter. This method of assessment incorporates the subject’s
self perception of how far it is possible to lean safely. As could be expected, the area
of stability of stroke patients is related to their motor performance and functional status,
and is smaller for hemiplegic patients when compared to normal subjects (Dettmann et
al. 19§7).

Duncan and associates (1990) assessed reliability of voluntary centre of pressure
excursions in a forward direction. Measures were taken when subjects were asked to
reach forward with their arms. The test-retest reproducibility of the performances of 14
elderly subjects tested one week apart was .52 as estimated by the intra class correlation
coefficient (ICC).

This type of test has lead to commercial equipment which provide visual feedback
to subjects wanting to learn how to control their centre of gravity, to reduce sway, or to
assume a more symmetrical stance.

The disadvantages of the laboratory measures are the expense of the equipment,
the need for well trained personnel, and the questionable functional relevance of the tests.
Standing for a prolonged period and travelling to a laboratory may also represent an
unnecessary burden on an elderly subject.

2.4.2. Clinical measures of balance

The evaluation of balance in the clinical setting is generally subjective. To grade a
patient’s balancing ability a professional may give a global rating of poor, fair or good.
Progress may be noted by stating the level of assistance or supervision required for a
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specific activity. Several clinical scales are available and used to varying degrees in

clinical practice and research.

2.4.2.1. Fugl-Meyer Balance Sub-Scale

Descriptive methods to denote the presence or absence of equilibrium rc;ictions
and the quality of postural symmetry have been advocated for patients with neurological
disorders (Bobath 1965; 1670). This approach was modified by Brunnstrom (1970),
expanded by Fugi-Meyer et al. (1975) and incorporated as part of a quantitative
assessment of physical performance for patients with cerebrovascular accidents (CVA).
The validity of the instrument as a whole has been tested only on the stroke population
(Duncan et al. 1983; Fugl-Meyer 1975). Moreover the balance section has not been
tested or used independently. This section of the Fugl-Meyer instrument grades seven
tasks, three in sitting and four in standing. A three point ordinal scale ranging from 0,
cannot be performed, to 2, can be fully performed, is applied to each task. The subject
is timed while standing on two feet, while on each foot alone, and while sitting
unsupported. In addition, the examiner pushes the subject from side to side to observe
the postural reactions in the sitting position. Clinically it seems unlikely that this scale
is sufficiently sensitive for use as a measure of progress or deterioration. In particular,
there may be a large delay between mastery of the easier items and the ability to stand

on one leg. During this time, actual changes in status are likely left undetected.

2.4.2.2. Balance Coding

A more comprehensive indicator of balance was developed by Gabell and Simons
(1982). They used a code to designate a geriatric patient’s ability to withstand static,
sagittal and rotational stresses and thus show his or her level of competence. Static stress
has six levels ranging from 0, for unsafe in sitting, to the maximum of 6, when the
subject can stand steadily 20 seconds with eyes closed without any mechanical aid and
with one foot directly in front ¢f the other. The levels follow the principles of body
mechanics by asking the subjects to gradually diminish the base of support. Rotational
stress is applied by asking the patient to turn his head, and to turn his body 360 degrees.
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Each of these tasks is graded independently, A and B. Finally an X is awarded to the
person who can safely stand up from a sitting position and stand still for twenty seconds.
Rather than give a cumulative score, an aggregate profile is given which categorizes the
patient.

There has been little documentation of the measurement properties of the scale;
however, it is among the first to concentrate on problems specific to the elderly.
Moreover, the mean scores did show a gradient from low to high for geriatric in-patients,
geriatric out-patients, and normal healthy elderly. This finding may be interpreted as

evidence for the "known groups" type of criterion validity.

2.4.2.3. Tinetti Balance Sub-scale

Tinetti and associates (1986) developed a Fall Risk Index to identify individuals
with a propensity for falling. Within this Fall Risk Index, the single best predictor was
a mobility score incorporating measures of gait and balance (Tinetti 1986). The balance
section contains thirteen manoeuvres of which some are graded dichotomously,
can/cannot perform. The other items are scored O, 1 or 2 to denote quality of
performance. The total score can range from 0 to 24 points.

Some data for reliability of the mobility score are available. Inter-rater reliability,
as scored by a physician and nurse simultaneously, showed agreement on 85% of the
items and a total score that differed by less than 10%. Information for test-retest
reliability has yet to be documented.

Evidence for concurrent criterion validity is the association demonstrated between
the Balance subsection of the mobility scale and laboratory measures of postural sway
(Lichtenstein et al. 1990). A prospective study on falls in the elderly showed that this
mobility score was the best single predictor of recurrent falling (Tinetti et al. 1986).
Similarly selected items from the mobility scale were included in the final mathematical
model predicting falls in a community based study (Tinetti et al. 1988). Given the
emphasis on predicting the occurrence of falls, the precision of the instrument in
discriminating differences between individuals or within the same person at two points
in time has not yet been assessed.



2.4.2.5. (Timed) Get Up and Go

Mathias and associates (1986) have devised a "Get Up and Go™ test, also based
on functional performance. Subjects are asked to rise from a chair, stand still
momentarily, walk toward a wall, tum and then return to the chair. They receive a score
based on the quality of their movements. It is a practical and simple test but by no
means a comprehensive measure of balance. Individuals are given only a subjective
global rating ranging from 1 (normal) to 5 (abnormal). Because of its global scoring
system, this test can likely only be used to screen patients to determine if they need
closer attention. It would not be suitable to monitor patients over time or to detect small
changes in their status.

Podsiadlo and Richardson (1991) have used the same manoeuvres but record only
the time to complete the test. The total scores have shown a strong association with 2
subjects’ functional status as measured by the Barthel Index of Daily Living (1965) and
balancing ability (Berg et al. 1989). The reliability was excellent for inter and intra-rater
agreement (ICC .98 for each).

The change in the scoring method also caused a rethinking of the underlying
concept. Currently the test is considered a test of basic functional mobility rather than
a measure of balance (Podsiadlo and Richardson 1991).

2.4.2.6. Postural Stress Test and Maximal Load Test

A quantitative method suggested for assessing the ability to respond to external
forces is the "postural stress test” (Wolfson et al. 1986). This test involves using 2
pulley weight system to deliver 2 backward pull on the hips while the subject is standing.
The videotaped performance of the patient’s response to three different weights is scored
based on the sequence and type of response to each weight. The test was able to
differentiate among three groups known to differ: young subjects, healthy elderly and
elderly subjects with a history of falls. Inter rater reliability was reported to be .99, but
as this estimate was based on Cronbach’s alpha, it is difficult to interpret the finding.
When the test was repeated on consecutive days, the ICC was .83 showing moderately
high reproducibility (Hill et al. 1990).
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The "maximal load” test (Lee et al. 1988) requires subjects to maintain a standing
position against static ioads applied at the waist from behind. Maximal loads are
recorded as a percentage of body weight at the point where the subject can no longer
hold the initial standing postiion.

Limitations of the "maximal load" and “postural stress” tests are the need for
squipment, the lack of portability and the questionable appropriateness of such
deswbilizing forces. They do not repiicate a functional situation. Given the evidence
that balance responses may be specific to the methods of pcrturbations (Duncan et al.
1990) and the low correlation of the "maximal load” test with clinical assessment (Lee

et al. 1988), it may be advisable to test in more functional ways.

2.4.2.7. Clinical Test for Sensory Interaction and Balance (CTSIT)

A new approach to evaluating balance has been suggested by Shumway-Cook and
associates (1986;1991; Horak 1987). They have incorporated the laboratory methods of
Nashner and associates (1982;1987) into a systematic clinical evaluation. Subjects are
asked to stand for 30 seconds on a firm surface with eyes open, blindfolded, and wearing
a head dome to give inaccurate visual information. This sequence is repeated with the
subject standing on a piece of foam to give inaccurate somatosensory inputs. Any sway
is assessed on a subjective rating scale. In addition, the patients’ movement strategies,
in response 0 extemnal forces and during voluntary arm raises, are observed.

The observations and data from this test bring clinical practice parallel to
laboratory research. Clinicians are encouraged to test patients for the use of ankle, hip
or stepping strategies. While it is not yet known what constitutes a normal range of
effective strategies for every situation, it is helpful to determine if subjects have a range
of strategies at their disposal and what factors may account for the absence of an
effective strategy. For example, the ankle strategy will be ineffective if there is a
diminished passive range of motion at the ankle.

A limitation of the CTSIT is that there is no global score that describes the
subject’s ability. It is 2 comprehensive assessment in that it seeks the origin of the

problem and assesses the comporents of various systems. To date, it has not been used
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as an outcome measure. Further work is needed before clinicians can determine when

normal variability becomes an abnormal strategy and functionally ineffective,

2.4.2.8. Functional reach

Duncan and colleagues (1990) have suggested functional reach as a new clinical
measure of balance. This single test refers to the distance a subject can reach his or her
arm forward while standing. It is conceptually similar to laboratory tests of the
excursion of the centre of pressure while subjects voluntarily lean forward. The same
task is included in the Balance Scale (Berg et al. 1989) except it is scored differently and
the distance reached is measured with a normal ruler. Functional reach is assessed as
the average of three measurements using a level yardstick secured to the wall at shoulder
height. The coefficients for test retest and inter-rater reliability of the clinical yardstick
measurements were .92 (ICC 1,3) and .98 (ICC 1,3), respectively.

The validity of the test was assessed through comparisons with the electronic
yardstick and the centre of pressure excursions while subjects leaned forward (Duncan
et al. 1990). Both variables showed a moderately high association with the clinical
yardstick measure. The distance reached was also related to age and anthropometric
body measurements.

This test is simple, easily transportable, and has demonstrated good measurement
properties to date. Given that it is a single test, it may not be sufficiently comprehensive
to be used as a descriptive measure. In addition, the relationship between functional

reach and more global performance has not been carefully explored.

Summary

There is little consistency in the use of measures of balance in clinical practice
or research. Laboratory measures are expensive, require specialized equipment, and do
-~ not directly relate to functional ability. Clinical measures have become more

quantitative, but each has limiting features and unanswered questions concerning its

measurement properties.
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2.5. Chapter Summary

Balance is an integral component of motor control and movement. There are
many reasons for its impairment in the elderly which predisposes this population to fall
or limits their functional performance. We need a measure of balance with good
measurement properties to describe the extent of dysfunction in various sub-groups, assist
in setting priorities for prevention, develop intervention strategies and assess their
effectiveness. A performance-based measure of balance that meets multiple requirements
of clinical practice and research would promote a continuity of information and
contribute to developing a greater depth of knowledge in the area.

The existing scales have not as yet demonstrated the necessary requirements.
Relative to the other measures, the Balance Scale shows greater promise of serving
multiple purposes. It is portable, easy to administer, requires only a ruler and stopwatch
as equipment and takes only 10-15 minutes to complete. In fact, administering the scale
does not take additional time because clinicians include the items in their routine
evaluations. The Balance Scale gives them the opportunity to quantify their observations.
Moreover, the Balance Scale is the only measure of balance to have undergone formal
content development and testing of its internal consistency. Although not yet tested, the
independence- dependence continuum of the response choices for each item should permit
a fairly precise discrimination between subjects of varying ability and within subjects
changing over time. These qualities are important for an outcome measure.

Before advocating its use, the Balance Scale requires testing of its reliability in
realistic clinical situations and further evidence of its validity. The specific objectives
and methods used to assess the performance of the Balance Scale are presented in the
next chapter.
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Chapter 3 THE MEASUREMENT STUDY
3.1. Objectives
The general objective of this thesis is to examine the measurement properties of
the Balance Scale, 2 measure which has demonstrated excellent reliability and content
validity in preliminary testing, but which requires more extensive testing to assess its
performance. Several strategies to examine the performance of this scale were developed
and tested in two groups of subjects: residents of a home for the eiderly and patients
admitted to general hospital with acute stroke. The present measurement study has three
components: Validity Study I, Validity Study II and the Reliability Study. Validity Study
1 examines the concurrent and predictive criterion validity of the Balance Scale in the
group of elderly residents. Validity Study II examines the construct validity and ability
of the Balance Scale to monitor changes in the status of patients following the onset of
stroke. The third component assesses the reliability using both elderly residents and

acute stroke patients. The specific objectives are grouped to correspond with the three
inter-related studies.

3.1.1. Specific objectives of Validity Study 1
1. To determine if Balance Scale scores can differentiate among groups of elderly
individuals on the basis of the type of mobility aid used
("known groups” technique of concurrent criterion validity).
2. To determine the degree of association between Balance Scale scores and the
global ratings of good, fair and poor balance given by clinicians
(concurrent criterion validity).
3. To assess the association between Balance Scale scores and the occurrence of falls

in the following year (predictive criterion validity).

3.1.2. Specific objectives of Validity Study XI

1. To assess the degree of association between Balance Scale scores and motor
performance and functional status scores at various points in the recovery of
stroke patients (construct validity).
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2. To determine if Balance Scale scores are able to detect changes in the status of
stroke patients to the same degree as the Barthel Index (responsiveness).

3. To determine whether Balance Scale scores are able to discriminate between
groups of stroke patients defined by where they are residing at the time of the

evaluation ("known groups” type of concurrent criterion validity).

3.1.3. Specific objectives of the Reliability Study

1. To assess the inter-rater reliability between pairs of observers independently rating
the same subject.

2. To assess the intra-rater reliability of the same observer rating the same subject
at two points in time.

3. To assess the internal consistency of the Balance Scale when used with elderly
residents and the acute stroke patients.

3.2. Methods

The strategies used to examine the performance of the Balance Scale are explained
separately for each of the three sub-studies. Validity Study I describes the methods used
in the home for the elderly to examine the criterion validity of the Scale. Validity Study
II, outlines the approaches emplcyed to assess the criterion and construct validity and
responsiveness of the instrument in stroke patients. The Reliability Study presents the
methods of assessing reliability. Although it is a prerequisite to validity, reliability is
addressed last because subjects in this section represent sub-groups of the elderly and the
stroke patients in the two validation studies.

3.2.1. Validity Study I

The three specific objectives of Validity Study I address criterion validity. The
first two, as examples of concurrent criterion validity, examine the association between
Balance Scale scores and walking aids and clinicians’ global judgments of balance (good,
fair, poor) at a given point in time. However, a longitudinal design was required to
assess predictive criterion validity as determined by the relationship of Balance Scale



scores with future falls in the elderly population.

3.2.1.1. Locus of the study

The Griffith-McConnell Residence in Montreal is a home for 350 senior citizens.
It is divided into sections based on level of independence and degree of required
assistance or supervision. While there is an overlap in ability, residents of the
McConnell are considered to be the most active and independent. Their outside activities
vary from short outings accompanied by family or friends to unrestricted use of public
transportation in the city and travel outside the province. Residents in the Griffith tend
to be independent indoors but require accompaniment when outdoors. Residents in both
the McConnell and Griffith sections attend their respective dining rooms for meals. The
Annex offers greater nursing supervision and assistance with bathing. Residents in this
area are independently mobile but do not attend the wain dining rooms. In addition, the
residence has an infirmary for residents requiring nursing care and a recently established
special care unit for individuals with cognitive impairment.

There are no physical or occupational therapists employed at the Residence, but
the Women’s Auxiliary and the recreational therapist plan a variety of diversional
activities. The residents are active in their own affairs with a Resident’s Council that has
representation from all sections. Collaboration for this study was obtained both from the
Ethics Committee of the Board and the Residents’ Council (Appendix 3).

3.2.1.2. Subjects and methods

A longitudinal study was conducted, wherein residents were recruite. ae
Griffith, the McConnell and the Annex and followed for one year. The eligibility criteria
were: age 60 years and older, medically stable, independently mobile with or without a
walking aid, and willing to participate in the study. Medically stable referred to the
absence of a known medical problem that would interfere in the subject’s ability to
complete the year of follow-up.

A formal sample size calculation was not made. However, based on incident

reports of falls in the residence for the years 1986-87 and statistics stating that one-third
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to one-half of all persons age 65 and older fall at least once a year (Kellogg International
Work Group 1987; Nickens 1985), it was estimated that 30 to 50 individuals out of 100
would fall in the year of follow-up. Therefore, a sample size of 100 would be sufficient
to permit a comparison between fallers and non-fallers. In addition, because of a
mortality rate of 16% in the previous year at the Residence, it was deemed necessary to
recruit 115 persons.

Efforts at recruitment began at the Resident’s Council Meeting and with posters
strategically located around the residence. Two part-time research assistants, both
registered nurses, scheduled their time so that one or both were on site at least four days
of the week. Their continuing presence and the central location of the office space
allotted to the study permitted close contact with staff and residents, who then
encouraged others to join the study.

One research assistant met with each potential participant to explain the purpose
and procedures of the study. After obtaining informed consent, she recorded baseline
sociodemogaphic and clinical information from the resident and the chart, and asked
about current medications, presence of medical conditions, and history of falls in the
previous three months. The documentation pertaining to screening procedures, informed
consent and patient profile forms are included in Appendix 3.

She administered the Mini-Mental State Exam (Folstein et al.1975), a screening
tool which has been used in geriatric populations. A copy of the test is included in
Appendix 2. The 11 questions on the Mini Mental State Exam (MMSE) address
orientation, memory, language, calculation, attention and spatial ability. Total scores
range from 0-30. A score below 18 indicates definite impairment whereas a score
between 23 and 18 is suggestive of mild cognitive dysfunction (Bleecker et al. 1988;
Tombaugh and Mclntyre 1992). All subjects signed the consent form; however, an
additional form explaining the subject’s participation in the study was sent to a family
member if the subject scored less than 24 on the MMSE.

A research assistant also administered the Barthel Index of Daily Living (Mahoney
and Barthel 1965). The Index measures functional levels of independence by assessing
15 items related to self-care and mobility (Granger et al. 1976; 1977; 1979; 1979). Each
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item 1s scored by determining whether the patient can perform the requested activity
independently, with assistance or supervision, or not at all. The scores for cach item are
summed and the total can range from zero (complete dependency) to 100 (independence
in .crms of personal care). The Index can also be considered in terms of its two sub-
scales, Self-Care (0-53) and Mobility (0-47).

A copy of the Barthel Index is included in Appendix 2. In addition, the Index is
discussed in greater detail in the instrumentation section of Validity Study 1I, in which
it serves as the criterion measure. In Validity Study I, both the Mini-Mental State Exam
and the Barthel Index were primarily used as descriptive measures.

Balance Scale evaluations were performed by independent evaluators at baseline,
thres, six and nine months following entry to the study. The independent evaluators
were either occupational or physical therapists. They were given a brief training session
in which they reviewed the items and had an opportunity to practice on each other. They
came to the Residence for specific appointments, scheduled by the research assistants.

In addition, at entry to the study all subjects were asked about the type of walking
assistance they generally used. The four levels of ability were defined as independent
without any aid, uses a cane when outdoors only, uses a cane and lastly, requires a quad
cane, walker or wheelchair to get around.

To address the second type of concurrent criterion validity, the research assistant
asked a staff member familiar with the patient, but blind to the results of the other
measures, to rate the subject’s balancing ability as good, fair or poor. This rating was
obtained within 24 hours of the independent evaluator’s assessment of balance. This
procedure was repeated at three, six and nine months to assess the consistency of the
relationship. At each time, the residents were also asked to judge their ability to balance
as good, fair or poor.

Falls were ascertained through verbal reports from the staff and other residents,
official incident reports, the medical charts, and self reports from each subject.
Participants were asked to inform the research assistants when they had a fall. Details
of the fall were obtained during a private interview with the resident. Reminders to

report a fall werc given at Resident’s Council meetings periodically throughout the two-
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year study period. Additionally, each participant was asked about falls at each three-

month evaluation and upon completion of the year's follow-up. Finally, at the end of the

study, all charts and incident reports were reviewed.

3.2.1.3. Analysis

The accuracy of the coded information was assessed in several ways. The patient
profile sheets were compared to the original documents in a sample of 20 charts selected
using a table of random numbers. Once entered into the computer, all files were checked
against the profile sheets. Finally, descriptive statistics were used to verify that the range
of scores were consistent with the expected values.

Descriptive statistics also provided information on the socioeconomic and baseline
clinical characteristics of the subjects before proceeding to address the three specific
objectives.

The first objective was to determine if Balance Scale scores could discriminate
among groups known to differ in the use of walking aids at entry to the study. A
frequency distribution of the use of aids and the mean Balance Scale scores for each level
of aid wzre examined. A one-way analysis of variance was used to compare the mean
Balance Scale scores for each group. In addition, an analysis of variance using
polynomial contrasts permitted an assessment of a linear relationship between the Balance
Scale and the levels of aids, coded: no aids (1), cane outdoors only (2), cane (3) and
walker (4).

Other factors potentially influencing the use of mobility aids were also examined.
They included mental status, Barthel mobility sub-scale, age, orthopaedic, neurological
and rheumatological diagnoses. An analysis of variance using these covariates was
employed to assess whether the difference in mean Balance Scale scores remained
statistically significant.

The second objective was to determine the degree to which Balance Scale scores
were related to the clinicians’ concurrent global ratings of balancing ability. A frequency
distribution of the global ratings (good, fair, poor) and the mean Balance Scale scores

for each global rating category were examined at each evaluation point. A one-way
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analysis of variance was performed to assess whether the observed differences in means
between the three categories were greater than expected by chance alone. Polynomial
contrasts were used to assess the presence of a linear trend in the means for cach
category, coded as: good (3), fair (2) and poor (1). In addition, given that the global
ratings may reflect the functional status or age of the subject rather than balance, the
mean differences in Balance Scale scores between the groups were examined using
Barthel Index scores and age as covariates.

The strength of the relationship between the Balance Scale scores and the global
judgments was tested using Spearman Rank Order Correlation Coefficent (rho). The
consistency of the association was verified by repeating the analysis for cach pair of
ratings (3, 6 and 9 months). Correlation coefficients were also used to assess the
relationship between Balance Scale and the self report of balancing ability at each point
in time. The levels of self ratings were good, fair, poor.

The third objective was to determine the relationship between Balance Scale
scores and the occurrence of falls in the year of follow-up. The clinical and functional
characteristics of the subjects at entry to the study were examined relative to their fall
status at the end of the study: non-faller, single and multiple time faller. This comparison
permitted an inspection of variables potentially influencing the relationship between
balance and falling.

The stability of the Balance Scale and Barthel scores for elderly residents during
the study was assessed by a repeated measures analysis of variance examining within
subject differences over the four evaluations.

The relative risk of falling at any point in the year was determined by using a
score of below 45 on the Balance Scale at the baseline evaluation as the risk factor. This
cut-off was based on the experiences of clinicians familiar with the Scale who believed
that patients scoring below 45 required greater assistance or supervision than those
scoring 45 and above.

This analysis was repeated comparing the risk of falling two or more times
compared to once or not at all. It was expected that the relationship between multiple
falls and balancing ability would be stronger than for a single fall. Previous work (Berg
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et a'. 1992) had indicated that single fallers and multiple fallers were different in terms
of baseline clinical and functional characteristics.

The strength of the association between the initial Balance Scale scores and the
fall status at the end of the year was also assessed by the Spearman’s Rank Order
Correlation Coefficient. Fall status was ranked as 0, 1 or 2 or more falls within the
year.

Logistic regression was used to assess whether the Balance Scale scores can be
useful in combination with other variables in predicting falls. Variables were considered
for inclusion in the model based on factors associated with falls in previous studies or
if indicated by the comparison of the baseline clinical and functional variables between
the fall status groups. Potential variables were age, history of falls in the past three
months, cognitive impairment, number of diagnoses, current use of medications and
visual impairment. The equations were formulated using at least 1 fall/0 falls, alternately
with 2 or more falls/Q or 1 fall, as the dichotomous outcome variables. Variables were
entered into the model based on the clinical rationale, avoiding any combination of
variables that were strongly intercorrelated. Logistic regression using stepwise backward
procedures and the log likelihood ratio test were used to determine which potential
vanables made a useful contribution to the model.

Additionally, mean Balance Scale scores at the beginning of each interval were
examined among non-fallers, single fallers and multiple fallers. It was expected that the
number of individuals falling in every three month period would be relatively small and
not amenable to logistic regression. Moreover, considering each interval separately
would not be an independent analysis. Nonetheless, there should be a trend of higher
scores in the non-fallers and lower scores in the recurrent fallers that remains relatively
consistent during the intervals. A one-way analysis of variance was used to compare the

mean Balance Scale scores of the non-fallers, single and multiple fallers.

3.2.2. Validity Study II
The objective of this part of the measurement study was to assess the validity of

the Balance Scale in a population of acute stroke patients. Three different strategies were
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used to assess how well the scale performed in clinical sitvations. The relationship
between balance and functional status and motor performance was explored as a method
of construct validation. The responsiveness of the scale was examined using the Barthel
Index as the external criterion denoting a change in clinical status. Concurrent criterion
validity was assessed by comparing mean balance scores of groups determined by the
location of the follow-up evaluation.

3.2.2.1. Locus of the study

The Royal Victoria Hospital (RVH) and the Montreal General Hospital (MGH)
are large acute care institutions situated in central Montreal. They are both affiliated
with McGill University, active in teaching and research and offer most medical and
surgical specialities. The RVH is closely associated with the Montreal Neurological
Institute (MNI), a combined care and research centre specializing in neurological
conditions. Stroke patients are admitted to these institutions for acute care, after which
they may be referred to a convalescent hospital for rehabilitation, or in the case of the
RVH transferred to the Geriatric ward. Each institution receives services from a
Department of Physical Therapy. The Department at the RVH serves both the RVH and
the MNI. The MGH has its own Department of Physical Therapy.

Secondary institutions to which stroke patients are referred for rehabilitative
services include the Julius Richardson Convalescent Hospital, the Catherine Booth
Hospital Centre, the Montreal Convalescent Hospital Centre and the Jewisk Rehabilitation
Hospital. Collaborative agreements were made with each institution whereby a specific
individual, designated as the liaison for the study by the Director of the institution, was
approached at the time of a follow-up assessment. Appropriate arrangements were made
with that individual and the patient to schedule and complete the follow-up visit.

In addition to these institutions, patients were foliowed at Centre Hospitalier Cote
des Neiges, L'Hopital Marie Clarac, as well as in their homes. In these situations,

specific agreement was negotiated for each individual patient.
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3.2.2.2. Subjects and methods

A longitudinal study was conducted, wherein stroke patients were recruited from
the general hospitais and followed for 12 weeks. The eligibility criteria were: age 40
years and older, medically stable, admitted to hospital with an acute stroke of less than
14 days duration, showed evidence of motor impairment, and lived in the greater
Montreal area. Exclusion criteriza included medical factors that could interfere with
rehabilitation such as blindness, lower extremity amputation, advanced Alzheimers
disease and history of functional dependency prior to the onset of stroke. An estimate
of the subject’s previous level of functioning was obtained from the admission notes or
from family members. Based on this information, a pre-admission Barthel Index score
was estimated, and subjects with scores below 40 were excluded from the study.
Documentation concerning the screening process, consent forms, and patient profile
sheets is included in Appendix 3.

Three physical therapists acted as part-time research assistants within their own
institution. They were responsible for determining the eligibility of subjects referred by
other rehabilitation staff, assuring the consent of attending medical staff, explaining the
study to the potential subjects, and cbtaining informed consent. 1If there were possible
comprehension or speech problems, the patient’s family was asked to sign a form stating
that they were aware of the patient’s participation in the study.

The research assistants collected baseline sociodemographic and clinical data from
the patients’ charts or through a brief interview. They were also trained to administer
the Barthel Index and the Fugl-Meyer Motor Performance Scale (Fugl-Meyer et al.
1975). They performed these measures within 24 hours of the Balance Scale assessments
made by the same independent evaluators, who participated in Validity Study I. The
baseline evaluations were completed 2 weeks post onset of stroke. At 4, 6, and 12
weeks post stroke. More frequent evaluations were made in the first six weeks because
this is the period in which stroke patients should show the greatest change. The research
assistants retained responsibility for all scheduling of appointments throughout the study
period; however, the Project Director completed the repeat assessments of the Barthel
Index and the Fugl-Meyer Motor Performance Scale once the patient was discharged



from the general hospital.

3.2.2.3. Instrumentation

Functional status

The Barthel Index has been described briefly in the previous section (Validity
Study I). Although it was used to assess the residents of the home for the elderly, it is
more widely recognized as a measure of functional status in stroke patients and has been
used internationally in a wide variety of studies of both acute and chronic stroke patients
(Chino 1990; Granger et al. 1988; Hewer 1990; Reding 1990; Wood-Dauphinee et al.
1990).

Granger and associates (1979) reported that 60 represents a cut-off between
dependence and assisted independence, 40 signifies dependence, and 20 total dependence.
The self-care section is scortd 0-53; 20 of these points are awarded if the subject is
continent. The other 33 points pertain to eating, drinking, dressing and grooming. The
mobility section is scored from 0-47. The items include toiletting, transferring, getting
in and out of a bathtub or shower, stairs and walking. Although essential to independent
living, the items address ten very basic activities and thus do not discriminate well in
high level subjects.

Barthel scores have predictive validity in terms of survival (Wylie et al.
1964;15967), functional recovery (Granger et al.1975;1977;1979; Wylie 1967; Hertanu
et al.1984) and discharge (Granger et al.1977). Barthel scores correlate highly with
other daily living indices (Donaldson et al.1973; Gresham et al.1980) and medical
assessment of clinical improvement (Wylie 1967). Dettmann and colleagues (1987)
determined that scores on the Barthel Index are related to selected laboratory measures
of postural sway and stability. It has demonstrated a test-retest reliability of 0.89 and
an interrater reliability of 0.95 (Gresham et al.1980).

The Barthel Index is moderately sensitive to changes In a patient’s status
(Donaldson et al.1973). As further evidence of responsiveness, the Barthel Index
demonstrated a larger effect size for detecting a treatment effect in acute stroke patients

than measures of neurologic status, stroke severity and motor performance (Wood-
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Dauphinee et al. 1990). It may, however, have limited responsiveness for discriminating
changes in high functionin:; subjects because it addresses only basic activities of daily
living. Given the wide range of ability expected in the present study, this limitation is

not of concemn.

Motor Performance

Fugl-Meyer and associates (1975) have developed an assessment tool which
quantifies recovery of motor performance post stroke. The insirument was constructed
under the assumption that recovery of motor function follows 2 stereotyped sequence of
motor events. A 3-point scale is applied to each item with 2 maximum score for all
components of 226. Sub-scale scores for the lower extremity, the upper extremity,
balance ability, sensation and range of motion may also be calculated.

The balance section grades seven tasks, three in sitting and four in standing.
Subjects are assessed for their ability to sit unsupported and react appropriately when the
cxaminer pushes them side to side while sitting. In the standing position subjects must
be able to stand supported, unsupported and on each leg alone. Although, they contain
three similar tasks, the Balatice Scale and the Fugl-Meyer sub-scale score each
differently.

The overall concurrent validity (Fugl-Meyer 1976; Kusoffsky et al. 1982, Wood-
Dauphinee et al.1990), the predictive validity of the lower extremity staging system
(Clarke et al.1983) as well as intra-rater and inter-rater reliability (Duncan et al.1983)
of the scoring system have been established to be within acceptable limits for use in a
clinical study. In addition, the instrument is responsive to fairly small changes in patient
status (Fugl-Meyer 1976). Badke and Duncan (1983) also determined that the lower
extremity subscale reflected proportional electromyographic activity when hemiplegic
subjects were asked to balance on a moving platform. The instrument i5 easy to
administer by trained personnel and requires no complicated equipment. A copy of the
Balance, Arm and Leg sub-scales is included in Appendix 2.



3.2.2.4. Analysis

To assess the accuracy of the information entered in the computer files, cach file
was checked against the patient profile sheets by two persons. In addition, descriptive
statistics were examined to verify that the range of scores was consistent with the
expected values.

Descriptive information on the sociodemographic and baseline climical
characteristics of the sample was examined before proceeding to the three specific
objectives in Validity Study Il. The first objective was to assess the degree of association
between the Baiance Scale and the motor performance and functional status scores at
various points in the recovery of stroke patients. Pearson's Correlation cocfficient was
used to assess the strength of the linear relationship between the Balance Scale and the
Barthel Index and the Fugl-Meyer Scale at entry to the study, 4, 6 and 12 weeks post
onset of stroke. Additionally, the pattern of change in the Balance Scale, the Barthel
Index and the Fugl-Meyer Motor Performance Scale were examined graphically at each
evaluation point.

The covariation of the three measures also relates to the second objective
concerning the responsiveness of the Balance Scale to clinical change in status. Similar
profiles of change among the three measures would provide indications of the
responsiveness of the instrument, as the Fugl-Meyer Scale and to a greater degree the
Barthel Index have both been shown to be sensitive to clinical changes (Fugl-Meyer et
al. 1975; Wood-Dauphinee et al. 1990; Wylie 1969).

A three step procedure was used to compare the responsiveness of the Balance
Scale relative to the Barthel Index. First, an analysis of variance examining within
subject variation over time was used to verify that the Barthel Index was able to detect
a change in the status of the subjects over the 12-week follow-up period. Polynomial
contrasts were used to assess whether the trend in time was linear, quadratic or cubic.
Second, this analysis wds repeated in the same patients using the Balance Scale as the
dependent variable.

once it was demonstrated that both the Barthel Index and the Balance Scale were
able to detect an alteration in status over the 12-week period, the thiid step was to
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determine if the changes in the Balance Scale were of the samc magnitude as that of the
Barthel Index. To address this question, a repeated measures analysis of variance
examining within subject changes over time was performed using the difference between
the Barthel and the Balance Scale scores for each subject at each evaluation point as the
dependent variable. For this analysis the Balance Scale scores were converted 1o a score
out of !00. The absence of any effect of time on the difference score would indicate that
the changes in the two measures were of the same magnitude, and that the Balance Scale
was at least as sensitive as the Barthel Index to detecting change in the status of stroke
patients,

This same three step procedure was repeated to examine the responsiveness of the
Fugl-Meyer Arm and Leg and Balance Sub-scales relative to the external criterion, the
Barthel Index.

In addition, these analyses were repeated in three clinical sub-groups of the stroke
nopulation based on their Barthel Index scores at entry and at the <nd of the study. The
sub-groups were defined prior to the analyses. The low and high functioning groups
were defined as individuals with Barthel Index scores below 40 and above 60,
respectively, both at entry to the study and at the end of 12 weeks. The middle group
included the rest of the 60 patients in the study.

The response to change within these clinically defined sub-groups was examined
in the same manner as for the whole population. It was expected that the middle group
would demonstrate the greatest rate of change but that within each sub-group at each
point the ¢ _variation between the Balance Scale, Barthel Index and the Fugl-Meyer Scale
would remain high.

The third specified objective was to compare mean Balance Scale scores between
groups that had been formed according to the location of the follow-up evaluation.
While other factors may influence discharge home or to rehabilitation facilities, it is
assumed that there wouki be differences in ability between individuals living at home,
21 a rehabilitation hospital, and in the general hospital. A one-way analysis of variance
was performed to test whether the differences in mean scores was greater than expected

by chance at each of the follow-up evaluations.



3.2.3. Reliability Study

As a prerequisite to validity, reliability was assessed in the preliminary study of
the Balance Scale (Berg et al. 1989). In the present measurement study, it was examined
using subjects frem both validity studies. Consequently, to avoid repetition of the
methods, the reiiability study is presented last.

3.2.3.1. Inter and intra rater reliability
Subjects and methods

The senior matrons and nurses at the Griffith-McConnell Residence were invited
to participate in the reliability study. To examine inter-rater reliability, they were asked
to administer the Balance Scale to residents with whom they were familiar, within one
week of the corresponding assessment of the independent evaluators. To assess intra-
rater reliability, the Balance Scale was administered twice by the same person, at lcast
one week apart. The residents were asked to perform these additional tests toward the
end of the study period so as not to compromise their participation in the scheduled
evaluations. Additionally, we did not wish the knowledge of the Balance Scale to
influence the global judgments of balance made by the staff.

In the stroke study, nurses, and occupational and physical therapists were asked
to administer the Balance Scale within 24 hours of the independent evaluator. The
evaluations were carried out in both the general hospital and in the rehabilitation
facilities.

Analysis
To assess the accuracy of the computer files, the information entered into the
computer was checked against the patient profile forms. Additionally, descriptive
statistics were examined to verify that the range of scores were consistent with expected
values.
Baseline clinical and sociodemographic characteristics were compared between the
sub-group of the elderly residents and stroke patients in the reliability study and those in

Validity Studies I and II. In addition, the mean and range of values of each pair of
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ratings was examined within each sub-group.

Inter observer and intra observer agreement were quantified with the intraclass
correlation coefficient (ICC) (Ebel 1951; Fleiss 1986) which has a range of 0 to |
(perfect agreement). The ICC estimates the magnitude of true variation between subjects
relative to the total variation in scores. The estimates for the variance are derived from
the analysis of variance. As the inter-rater reliability assessment included different pairs
of ratings for each subject, the variance was obtained from a one-way analysis of
variance. However, when considering the intra-rater reliability, the variance estimates
were derived from a two way analysis of variance, using subjects and time as the factors.
Time was included to examine whether the sequence of evaluation systematically
influenced the scores. For example, within a given pair, did the second test score tend
to be higher than the first?

The reliability estimates and confidence limits for the ICC were performed for all
subjects and separately for each longitudinal study. Reliability coefficients of .80 and
above are generally considered high, but, when making decisions about individuals, more

stringent criteria are recommended (Helmstadter 1964; Nunnally 1978).

3.3.3. Internal consistency
Methods and Analysis

The assessment of the third type of reliability, internal consistency was based on
Balance Scale scores given by the independent evaluators separately within each
longitudinal study.

The descriptive statistics for the items in the Balance Scale included the {regue:cy
distribution of scores for each of the five response categories, the mean score for each
item and the item-to-total correlations. The magnitude and direction of the Pearson’s
correlation coefficents ol each item with every other item in the Balance Scale were
examined ir. a correlational matrix. The internal consistency was tested by Cronbach’s
Alpha (Cronbach 1951) for each evaluation time. The underlying assumption of this
statistic is that each item is considered to be measuring the same common concept and

thus the sum is likely to give a better estimate than any single item. The more the items
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covary relative to the sum of their variance the higher the Cronbach’s Alpha.
Standardized item alpha refers to the alpha value that would be obtained if all the items
are standardized to have a variance of 1. In that case, Cronbach's Alpha can be based
on the average correlation of items in a scale. Cronbach’s Alpha is regarded as high if
greater than .80. An item-to-total correlation shows the degree of association between
each individual item and the total score of the other items in the scale. An item-to-total
correlation is considered adequate if it is above 0.4,

To assess the consistency of the findings each aspect of the analysis was repeated
at each evaluation point for the two study populations, the elderly residents and the

patients with a diagnosis of stroke.

3.3. Summary

Several strategies were developed to further assess the measurement properties
of the Balance Scale. Validity Study I examines the criterion validity of the Scale
relative to clinical judgments of balance, use of mobility aids and the occurrence of
subsequent falis in the elderly residents. Validity Study II assesses construct validity
based on the hypothesized relationship between balance, functional status and motor
performance in the early recovery of stroke patients. The ability of the Balance Scale
to monitor changes in the status of stroke patients is assessed relative to the Barthel
Index. In addition, the criterion validity of the Balance Scale is examined by comparing
stroke patients by their place of residence at the time of each evaluation. Lastly, the
Reiiability Study assesses the inter and intra-rater reliability and internal consistency in

elderly residents and stroke patients.
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Chapter 4 RESULTS OF THE MEASUREMENT STUDY
4.0. Introduction

The results of the validation procedures follow ihe same sequence as the
presentation of the methods. Validity Study 1 addresses the three objectives set forth
within the study of elderly residents. Validity Study II reports the results for the stroke
population. The last part presents the findings of the reliability study which used both
elderly residents and stroke patients as subjects.

4.1. Validity Study I

In total, 115 residents of the home for the elderly volunteered to participate in the
study. Of these, one withdrew from the study prior to the {irst evaluation and another
almost immediately left the residence to live with her brother. Both have been excluded

from the analysis, leaving 113 subjects at entry.

4.1.1. Characteristics of the subjects

Table 4.1 displays the sociodemographic and clinical characteristics of residents
at entry to the study. The residents were predominantly female (82%), English speaking
(90.3%) and well-educated with an average of 12.6 years of schooling. Their average
age (83.5 years) was slightly below the cverall mean of 86.6 years of all residents at the
Griffith-McConnell Residence.

The medical diagnoses of subjects were classified according to system
impairment. In this sample, the most common conditicns were cardiovascular diseases
(55.8%), hypertension (52.2%) and rheumatic diseases (43.4%). Not all systems were
represented on the coding sheets. The most frequently occurring conditions in the
"other” category were depression, hypothyroidism and anemia. Residents had a mean
of 3.9 (SD 1.4) associated conditions for which they took, on average, 3.9 (SD 2.0)
medications.

Overall, subjects were quite independent in the basic activities of daily living with
a mean Barthel Index score of 98.3 (SD 4.2). The mean Balance Scale score was 46.8
(SD 6.6) and the average Mini-Mental State Examination score (Folstein et al 1975) was



TABLE 4.1

Sociodemographic and clinical cliaracteristics of elderly residents at entry 1o

the study (N=113)

Sociodemographic Mean (SD) Clinical Mean (SD)
Characteristics Number (percent) Characteristics Number (percent)
Age (years) 83,5 (5.3 Medical Problems
Neurological 46 (40.7)
Sex Cardiovascular 63 (55.8)
Male 20 (18.0) Pulmonary 16 (14.2)
Female 93 (82.0) Diabetes 9 ( 8.0)
Peripheral Vascular 11(9.7
Marital Status Rheumatic 19 (43.4)
Married 11 (9.7) Visual 45 (39.8)
Never Married 29 25.7) Hypertension 59 (52.2
Formerly Married 73 (64.6) Gastrointestinal 26 (23.0)
Genitourinary 9(8.0)
Language Neoplasm 16 (14.2)
French 10 ( 8.8) Orthopaedic 28 (24.8)
English 102 (90.3) Other 58 (51.3)
Other 1(0.9)
Mean # Diagnoses 3.9 (1.49)
Education (years) 12.6 (3.9)
Mental Status (MMSE) 27.9(2.7
Usual Occupation
Professional 45 739.8) Mobility Aids
Clerical 31 (27.4) None 49 (43.4
Sales 5(4.4) Cane outdoors 26 (23.0)
Service 3(2.7) Cane indoors 29 (25.7)
Transportation 2(1.8) Walker 9 (8.0)
Crafts 3(2.7)
Labourer 1(0.9 Medications
Housewife 21 (18.6) Major tranquilizers 6(5.3)
No occupation 2(1.8) Sedatives 42 (37.2)
Antiplatelet/coagulant 28 (24.8)
Antidepressant 10 ( 8.8)
Antihypertensive 51 (45.1)
Cardiac 48 (2.5)
Antiinflammatory 36 (31.9)
Other 85 (75.2)
Mean # Medications 29 (2.0)
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within the normal range for this age group, 27.9 (SD 2.7) out of a possible 30 points.

Only 9 residents scored below 24, indicating possible cognitive impairment.

Over half of subjects lived in the McConnell, one third in the Griffith (31.9%)
and the remaining (12.4%) were in the Annex at the time of their first evaluation. These
percentages are approximately in proportion to the numbers of residents living in each
section, indicating recruitment was fairly balanced by site. In fact, the number of
residents from each section that participated in the study corresponded to 44 %, 35% and
34% of available beds in the McConnell, the Griffith and the Annex sections
respectively. During the year of follow-up, certain subjects moved to a more deper.dent
area permanently or temporarily due to illness but none were recruited from the
infirmary or the special care unit.

The clinical and functional scores of subiects within each section were consistent
with their expected level of physical activity and functional independence. There were
gradients in scores for the Barthel Index, the Mini-Mental State, and the Balance Scale
scores depending on whare the resident lived within the Griffith-McConnell at the time
of the baseline evaluation. The participants from the Annex had the lowest mean scores
for each measure. As previously mentioned, the residents in the Arnex receive
compulsory supervision for bathing and have the option of assistance in other areas. The
distinction between the level of functioning in basic activities of daily living was not so
clear between the residents of the McConneli and the Gnffith as both scored at the top
of the Index.

4.1.2. Handling of missing data

Each follow-up evaluation point during the year has information missing for some
subjects. No data were imputed for the missing values. Table 4.2 describes the study
losses in relation to whether or not we were able to obtain the Balance Scale score. The
table shows the time a2 permanent withdrawal occurred and, in the case of individuals
missing occasional information, it lists the total number of subjects who did not perform
a Balance Scale assessment at each evaluation point.

Five subjects missed one evaluation due to illness, travel, or unwillingness to
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Reasons for missed evaluations during the year

TABLE 4.2.1 Reasons {or a permanent withdrawzl from the study during the year (N=12)
TIME OF WITHDRAWAL
Three-Month Six-Month Nine-Month
Evaluation Evaluation Evalusation
Death 1 2 1
Stroke 0 I 0
Fracture of lower extremity 1 3 1
Voluntary refusal to continue 0 0 2%
TABLE 4.2.2 Reasons for missed Balance Scale evaluations during the year (N=9)**

TIME OF MISSED EVALUATIONS

Three-Month Six-Month Nine-Month

Evaluation Evaluation Evaluation
Voluntary refusal 4= 3 2
Hlness 1 1 1
Vacation 0 0 i

* One of the residents missed the 3-month and withdrew from the study at the 9-month evaluation.

** Three residents missed more than one evaluation.
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comply with an assessment at the prescribed interval. Three subjects missed more than
one balance evaluation, but of these, two completed the corresponding Barthel Index,
self-rating and the fall interim report. One subject missed only the 3-month Balance
evaluation, completed all aspects of the 6-month and then withdrew from the study at 9
months. He is included both ir the temporarily missed evaluations and as one of the two
voluntary withdrawals at 9 months.

The permanent losses to the study included four individuals who died, five with
lower extremity fractures, and one who suffered a stroke. The latter six residents were
excluded from subsequent analyses because of the restrictions placed on their mobility
and ability to bear weight through their legs. They required a period of hospitalization
for medical or rehabilitation services. All but one returned to the residence within the
year of follow-up.

A resident who fractured her arm is considered to have had a temporary illness
at the 6-month evaluation because, in contrast, to the residents with lower extremity
fractures, she did not leave the residence and had no restriction placed on her ability to
bear weight on her lower extremities. Another resident with an upper extremity fracture
completed all four evaluations. Similarly, a resident fractured her lower extremity
following the 9-month Balance Scale assessment.

All reported falls were consistent with the definition suggested by the Kellogg
International Work Group (1987): "A fall is an event which results in a person coming
to rest inadvertently on the ground or other lower level and other than a conseguence of
sustaining a severe blow, loss of consciousness, sudden paralysis, as in stroke, or an
epileptic seizure”. The occurrence of falls for all subjects was ascertained through
interviews with the residents, staff reports and official records. Thus, although complete
balance evaluations were available for only 93 residents, the analysis examining the
relationship between the Ralance Scale scores and the occurrence of falls within the year
includes all subjects entered into the study. The number of subjects in the analysis are
contained within each table or figure.
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4.1.3 Relationship of Balance Scale scores and the type of mobility aid
(criterion validity)

The relatively high level of functioring of the residents is further reflected in the
use of walking aids. Seventy-five residents did not use any mobility aids to walk indoors
but, of these, 2€ residents used a cane outdoors. Nine residents required a walker and
29 routinely used a cane.

The first objective was to determine if Balance Scale scores could discriminate
between these groups using mobility aids that offer different amounts of support. As
demonstrated in Table 4.3 mean Balance Scale scores showed a gradient from the high
to low for the four groups: no aids (49.5), cane outdoors (48.3), cane (45.3) and walker
(33.1). Despite an overlap in the distributions, the difference in means was greater than
expected by chance alone when tested in a one-way analysis of variance. In addition,
polynomial contrasts confirmed the linear relationship (p<.0001) observed in the
gradient of mean scores.

The initial inspection indicated that the relationship between balance and use of
mobility aids differed according to the MMSE scores of the residents. Mental status can
influence a subject’s self-perception of the need for extra support and whether he or she
remembers to use an appropriate aid. The mean Balance Scale scores for persons using
no walking aids (38 SD 6.7) was notably lower in the five subjects with MMSE scores
below 24 than those with MMSE scores of 24 and above (50.8 SD 3.7).

Other factors potentially influencing the use of mobility aids were examined and
considered as covariates in an analysis of variance, This analysis was restricted to the
104 subjects with MMSE scores of 24 and above. The inclusion of Barthel mobility
scores, age and the presence of an orthopaedic diagnosis or previous fracture as
covariates did not result in marked changes in the adjusted means, and the observed
differences in mean Balance Scale scores remained greater than expected by chance
alone. A neurological or rheumatological diagnosis was not helpful in explaining more
of the variation in Balance Scale scores among subjects grouped by the level of walking
aid.

The strength of the relationship between Balance Scale scores and the use of



TABLE 4.3 61

. Balance Scale means and 95% ccafidence intervals for the mean of the
elderly residents grouped by use of walking aids (N=113})

BALANCE SCALE SCORES

N Mean 95% CI)
No Walking Aids 49 49.5 479 - 5..1)
Cane Outdoors Only 26 48.3 47.0 - 49.6)
Cane 29 45.3 (44.0 - 46.6)
Walker 9 33.1 (26.7 - 39.6)
Firai 29.6
Test for linear effect
p<.0001
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walking aids was also examined by the Spearman Rank Order Correlation Coetlicient.
The magnitude of the coefficient was moderately strong (rho -.56) and in the expected
direction, namely, the lower the Balance Scale score the greater the need for support.
When the 9 subjects with suspected cognitive impairment were omitted from the analysis,
the correlation coefficient assessing the strength of the relationship between the Balance

Scale scores and the use of mobility aids increased to rho= -.67.

4.1.4. The relationship between Balance Scale scores and global ratings
(concurrent criterion validity)

The second objective was to determine the degree to which Balance Scale scores
were related to concurrent global ratings of good, fair or poor balance given by the
senior matrons or nurses familiar with the residents. Figure 4.1 demonstrates the
distribution of the Balance Scale scores within each category at each evaluation point.
The percentage of residents in the good, fair and poor categories were on average 55%,
35% and 10% respectively.

The primary analysis tested the strength of the relationship between Balance Scale
scores and global ratings. The Spearman’s Rank Order correlation coefficients between
the two assessments at each of the four evaluation points in the study ranged from .50
to .62, indicating a moderately strong positive relationship.

At each evaluation, the residents judged to have good balance at that point in time
had mean Balance Scale scores that remained at a similar level (49.5 to 50.2), as did
those judged as fair (43.1 to 44.7). In contrast, the individuals rated as poor at that
evaluation displayed greater variability and had mean scores that ranged from 33.5 to
40.8. When assessed by a one-way analysis of variance, the difference in means between
the three categories at each evaluation point was greater than expected by chance alone.
There was a linear gradient (p<.0001) of the mean scores. In addition, the difference
in Balance Scale means between the good, fair and poor categories remained after using
the Barthel Index scores and age as covariates in the model. Details of the mean scores
for each category of rating are included in Appendix 4.1.

Spearman’s Rank Order correlations between the subject’s self-rating of his or her
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Balance Scale scores for good, fair and poor global judgments at each evaluation of the
eiderly residents
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ability and the Balance Scale scores were somewhat lower (.43 to .49) but still of

moderate magnitude and in the expected direction.

4.1.5. Relationship of Balance Scale scores and falls (predictive validity)

The third objective was to assess the relationship between the Balance Scale
scores and falls in the year of follow-up. Falls were ascertained through self-reports of
the residents, verbal reports by staff, official incident reports and chart information.
Sixty (53.1%) study participants did not fall, 24 (21.2%) participants fell once and 29
(25.7%) had two or more falls in the year. There is a gradient in mean initial balance
scores of 48.8 (SD 4.4), 46.8 (SD 7.6), 42.8 (SD 7.7) for non-fallers, one-time and
multiple-time fallers respectively. However, the association with fall status (0, 1 and 2
or more falls) remains quite low (rho -.36; p<.01), suggesting that other factors
contribute to the occurrence of falls.

The clinical and functional characteristics of residents were compared across three
groups having none, one and muitipie falls in the year of follow-up. A one-way analysis
of variance showed that the observed differences in means were greater than expected
by chance for Balance, Barthel mobility sub-scale and the average number of
medications. The gradients in the mean scores of the Barthel Index and the Balance
Scale scores were in the expected direction, namely, the non-fallers had the highest
scores and the multiple fallers has the lowest. The mean number of medications and
diagnoses did not show the same pattern. Non-fallers took the greatest number of
medications (mean 4.3, SD 1.8). Furthermore, residents who fell once had the lowest
mezn for medications (3.2, SD 1.8) and number of diagnoses (3.4, SD 1.4). Details on
the functional and clinical characteristics are included in Appendix 4.2.

The distribution of cardiovascular disease and visual deficits showed marked
differences across the three groups (chi square p <.05). Neither showed a gradient
effect from non-fallers to multiple fallers. Individuals who had one fall reported less
cardiovascular disease compared to the other groups whereas multiple time fallers had
higher frequency of visual deficits. This finding reinforced the decision to consider visual
asficits as a risk factor for falls.
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The mean Balance Scale (range 46.9-47.7) and Barthel Index (range 97.5-98.5)

scores remained stable throughout the year for subjects with complete information. A
repeated measures analysis examining within subject changes for the four evaluaiions
during the S-month period did not demonstrate a difference in either the Balance Scale
or Barthel Index scores. The relative stability of the scores during the year justified the
use of the initial Balance Scale score as a risk factor for falls throughout the year.

The relative risk of falling during the year was 1.5 (85% CI 1.0-2.3) for the 31
subjects scoring below 45 at the initial evaluation compared to those with higher scores.
Forty-five was chosen as a cut-off based on verbal reports from clinicians familiar with
the Balance Scale. The relative risk was higher, 2.7 (95% CI 1.5-4.9), when multiple
falls was the outcome of interest. Thus, subjects with scores below 45 are 2.7 times as
likely to fall more than once comparad to residents with scores of 45 and above.

Eight residents suffered a fall-related fracture d-ring the study. The initial Balance
Scale scores of the subjects with subsequent fractures were on average 38.9 (SD 12.2).

Logistic regression was used to determine which variables were predictors of
falling at least once during the year. Age, cognitive impairment, Barthel Index and its
mobility sub-scale, visual impairment, total number of diagnoses as well z5 orthopaedic
and rheumatic diagnoses were considered as potential variables in the models. Barthel
Index and Barthel mobility sub-scale scores were not included in the same models due
to their high inter-correlation. Balance Scale: scores showed low to moderat2 correlations
with these variables (.03 to .57). The other variables were poorly intercorrelated.
Balance Scale scores and the variable relating o the fact that the patient had fallen during
the three months prior to the onset of the study were the only variabies to enter the
regression model at the 0.05 level (Table 4.4.1).

Given the apparent differences between single and multiple time fallers, the
analysis was repeated using multiple falls as the outcome. The results are presented in
Table 4.4.2. Balance Scale scores and history of falling remained useful predictors of
falls. Additionally, the presence of visual deficits emerged as a risk factor for multiple
falls, The other potential variables did not contribute additional information about the
risk of falling in this population.
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Logistic regression models predicting falls in the year (N=113)

TABLE 4.4.1 Logistic regression model predicting at least one {all compared to no falls
amoeng the elderly residents

Variables Beta Standard  Signidicance  Adjusted 95%
CeefTicient Error Level Odds Ratio C1
*Initial Balance Scale =11 04 005 .90 83w 97
Scores
History of falls in past 1.62 .70 021 5.04 1.28 to 19.90
3 months
Constant 4.86 1.87 .010
TABLE 4.4.2 Logistic regression mode! predicting multiple falls compared to single or no
falls
Variables beta Standard  Significance Adjusted 95%
Coefficient Error Level Odds Ratio Cl
*Initial Balance Scale -.11 04 .006 50 83t .97
Scores
History of falls in past 1.75 64 .007 5.74 1.63 to 20.25
3 months
Visual Deficits 1.03 .50 .039 2.80 1.05t0 7.44
Constant 3.83 1.75 .03

— —— e e —— —

* In each analysis, the odds ratio refers to the change in the odds of falling with a change of one point
in the Balance Scale given that all other factors remain the same.
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The negative beta coefficient shown in Table 4.4.2 for the Balance Scale indicates
a protective effect for individuals with higher Balance Scale scores (adjusted-odds ratio
.90). In contrast, having a visual deficit {adjusted odds ratio 2.8) or having experienced
a recent fall (adjusted odds ratio 5.8) increase the odds of tiiling more than once. When
comparing the magnitude of the odds ratios of the three variables it is important to
consider that history of falls and presence of visual deficits are dichotomous variables,
whereas the Balance Scale scores are continuous. Therefore the odds ratio for the
Balance Scale represents a change in the odds of falling with each single point of the
Scale. Hence, the odds of falling increases threefold (95% CI 1.4-6.7) with every drop
of 10 points on the Balance Scale, if all other factors remain the same.

The consistency of the contribution of impaired balance to the occurrence of falls
is further illustrated by comparing the mean Balance Scale of subjects who either did not
fall, had a single fall or had two or more falls in each 3-month interval. The intervals
were considercd saparately, with subjects potentially classified differently within each
interval. As shown in Table 4.5, the gradient in mean scores found in the initial Balance
Scale scores remained fairly consistent within each interval,

The relationship between Balance Scale scores and falls at each interval, the
elevated relative 1isk of falling associated with a score below 45 and the contribution of
the initial Balance Scale score to the occurrence of falls in the logistic regression model

are finding. that support the predictive validity of the Balance Scale.

Summary of Validity Study I

Balance Scale scores were assessed relative to three external criteria: use of
mobility «ids, clinical judgments of balance and occurrence of future falls. The results
of each analysis provided support for the validity of the measure. Balance Scale scores
showed a linear gradient in scores from high to low for the four groups: no aids (49.5),
cane outdoors, (48.3), cane (45.3) and walker (33.1). They showed a moderately strong
positive relationship (tho .50 to .62) with clinical judgments at each of the four
evaluation points. Lastly, the Balance Scale scores showed an association with the
occurrence of falls in several analyses: Spearman’s rho correlation (-.36), relative risk



TABLE 4.5

Means and standard deviations (SD) of the Balance Scale Scores of the
elderly residents grouped by whether or not they fell in the subsequent

interval
NO FALLS SINGLE FALL MULTIPLE FALLS
INTERVAL within interval within interval within interval
Mean {SD) Mean (SD) Mean (SD)
Baseline - 3 months 47.2(6.2) 0 38.8(9.8)
N=107 N=5
3 months — 6 months 47.5 ( 6.6) 433(71.7D 43.3(7.6)
N=81 N=17 N=§
6 months — 9 months 47.7 (6.5) 42.4 (9.1) 33.3(7.D
N=78 N=19 N=4
9 months — 1 year 47.3 (6.5) 46.7 (5.4) 36.7 (11.6)
N=79 N=15 N=3
Baseline —- 1 year 488 (4.5 46.8 (7.6) 425(7.D
N=60 N=24 " N=29

The number of falls by an individual subject is counted separately for each interval. A given individual

can appear in a differzni column at each interval.
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elevated for individuals with Balan.. Scale scores below 45 (RR 2.7 for multiple falls;

RR 1.5 for at least one fall), and Balance Scale scores were a useful predictor in the

logistic regression model (adjusted odds ratio .50).

4.2 Validity Study 11

Three specific objectives were formulated to assess construct validity,
responsiveness and concurrent criterion validity of the Balance Scale in acute stroke
patieats. Seventy stroke patients met the entry criteria and consented to join the study.
Patients were recruited in the general hospital within two weeks of stroke onset and re-
assessed at 4, 6 and 12 weeks.

4.2.1 Reasons for non-response or exclusion

In total, 238 subjects were screened, 89 considered eligible and 70 enrolled in the
study. Of the non-participants, 120 and 48 came from the Royal Victoria-MNI Complex
and Montreal General Hospital, respectively. The reasons for exclusion are listed in
Table 4.6. The two most common factors making patients ineligible were iack of motor
or sensory deficits and an unstable medical condition. Information concemning the
eligibility of 15% of the subjects was unclear due to communication difficulties with the

subject and the absence of responsible family member or friend.

4.2.2 Characteristics of the subjects

Tabie 4.7 displays the sociodemographic and medical characteristics of the 70
stroke patients at entry to the study. The mean age of the subjects was 71.6 years. The
majority (95.7%) lived at home prior to the onset of the stroke, but only 5.7% were
working full-time. The proportion of males (51.4%) to females was approximately
equal, as was the side of impairment. Patients had a mean of 2.6 (SD 1.4) associated
medical conditions for which they tock ¢ average 3.8 (SD 1.9) medications.

4.2.3 Handling of missing data
The analysis of the data for stroke patients is based on information about 60



TABLE 4.6

Reasons for exclusion of stroke patients by hospital of admission

Reasons Royal Victoria  Montreal General Hospital

MNI Complex

N=120 N=48

No motor/sensory problems 27 3
Medically unstabie 19 I3
Information unavailable 19 7
Idericified more than 2 weeks 9 2
post onset of stroke
Speaks neither English nor 7 7
French
No Medicare 3 1
Resides outside boundary 5 1
Diagnosis other than stroke 1 0
Age less than 40 years 4 0
Died before evaluation 11 1
Co-morbidity prohibns 7 2
rehabilitation
Patient refused participation 6 4
Consemt réfusedlfamily 2 7

————————————————————— e—
— e —
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Sociodemographic and clinical characteristics of the stroke patients at
enrolment (N=70)

Mean (SD) Clinical
Number (percent) Characteristics

Mean (SD)
Number (percent)

Sociodemographic
Characteristics

Age (years) 71.6 (10.1) Side of weakness
Right 38 (54.3)
Sex Left 32 47.7)
Male 36 (51.4)
Female 34 (48.6) Comorbidity
Neurological 11 (15.7)
Marital Status Cardiovascular 40 (57.1)
Married 41 (58.6) Pulmonary 8(11.4)
Never Married 9(12.9) Diabetes 22 (32.9)
Formerly Married 20 (28.6) Peripheral Vascular 8(11.4)
Rheumatic 4(5.7D
Language Visual 5(7.D)
French 22 (31.4) Hypertension 46 (65.7)
English 28 (40.0) Renal 4(5.7D
Other 20 (28.6) Gastrointestinal 11 (15.7)
Genitourinary 6 (8.6
Usual Living Neoplasm 1(1.49)
Arrangements Orthopaedic 4 (5.7
Home Alone 21 (30.0) Other 9 (12.9)
Family 46 (65.7)
Residence 2(2.9) Mean # Co-morbid 2.6(1.49)
Institution 1(1.4) Conditions
Employment Status Medications
Full-time 4(57 Sedatives 9 (12.9)
Retired 49 (70.0) Antiplatelet/coagulant 54 (77.1)
Unemployed 2(2.9) Antidepressant 2(290
Housewife 13 (18.6) Antihypertensive 36 (51.4)
Cardiac 35 (50.0)
Usual Occupation Antiinflammatory 5(7.1)
Professional 11 (15.7) Other 46 (65.7)
Clerical 6 (8.6)
Sales 4(57 Mean # Medications 3.8 (1.9
Service 5(7.1)
Transportation 6(8.6)
Production 8(11.4)
Labourer 11 (15.7)
Housewife 19 (27.1)
Education (years) 8.6 (3.5
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subjects who were followed for 3 months. When compared to those who completed all
assessments, the ten patients who did not complete the study were on average older (76.6
years), had lower scores on the Balance Scale (7.2), the Arm and Leg sub-scales of the
Fugl-Meyer (26.9), and the Barthel Index (13.5). The latter measure was the only one
to show a difference that was greater than expected by chance alone (p <.05). The most
common reason for a permanent loss from the study was death. Eight patients died
during the 3-month follow-up period. Two did not complete the study because they were
no longer permitted to bear weight on their lower extremities; one developed gangrene
and another fractured his hip. Further details on the sociodemographic and medical
charactenistics of the subjects who did not complete the study are includerd in Appendix
4.3,

Values were imputed for five subjects with missing informatica at one evaluation.
The imputed values were selected by the study team, based on the patient’s performance
at other assessment points. The reasons for the missing information varied. One man
consented, was entered into the study but had an emergency transfer to the intensive care
unit before the first evaluation could be done. At the time of his scheduled 4-week
evaluation, he was on the ward and willing to continue in the study. Given the paucity
of stroke patients, it was decided to retain him. Balance Scale and Barthel Index scores
were imputed as zero, the same score as on the three subsequent assessments. The Fugl-
Meyer motor performance for the arm and leg were imputed as 2 for each, whereas the
Fugl-Meyer balance component was scored as 1. These values correspond to the scores
for both the 4 and 6-week evaluations.

One other patient had a missing value for the initial Balance score. Her Fugl-
Meyer Scale and Barthel assessments were complete. The balance evaluation was not
completed due to a scheduling error that could not be corrected without violating the time
constraints of the protocol. All subsequent evaluations were completed. A score of 22
was 1mputed for the Balance Scale based on the patient’s other assessments and the
scores of patients with similar profiles.

At six weeks, one man was assessed on the Barthel Index and the Balance Scale
but refused to cooperate with the Fugl-Meyer assessment. During this period, he was
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still in the general hospital and not participating in any rehabilization program.  The
imputed scores for the Fugl-Meyer arm, leg, and balance sections were 10, 13 and 4.
The scores are intermediate to the values he received at four and 12 weeks. Overall, this
man showed little recovery in the three months of the study.

The other two patients refused to participate in the final evaluation. They both
required help in all activities and were still in the general hospital three months after
their stroke. Given the lack of documented progress, scores equivalent to the 6-week
evaluation were imputed for the 2 subjects for the 12-week assessment.

The missing values reflected the reality of clinical investigations conducted over
time in several settings. Fortunately, they were relatively few in number. Values were
imputed only for subjects whose status was observed at the end of three months. The
imputed values were individualized based on available information and careful
deliberation by the study team. It is unlikely that use of the imputed values altered any
results obtained.

4.24. Relationship between the Balance Scale scores and functional status
and motor performance (construct validity)

The first objective was to assess the degree of association between the Balance
Scale and the motor performance and functional status scores at various points in the
recovery of stroke patients. Table 4.8 presexts the Product Moment Correlations
between the Balance Scale, the Barthel Index and the Fugl-Meyer Scale and their
respective subscales at each evaluation point for the 60 patients who completed the study.
Correlations are all moderately-strong to strong and in the expected direction.

As indicated in the methcds, it is clinically recognized that stroke patients fall into
three categories: those who initially have a low level of function and show little recovery,
cthers who have a high level of function initially that is maintained, and those who start
low and make significant improvement in function. Patients with a Barthel Index score
below 40 at entry and at the end of three months were classified as the "low functioning
group”. Patients entering the study with a score of 60 and maintaining that level were
included in the "high functioning group”. The remaining 32 subjects were placed in the
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TABLE 4.8

Product-Moment correlations of the Balance Scale with the Barthel Index and
Fugl-Meyer Scores for stroke patients at each evaluation point (N=60)*

BALANCE SCALE

Initial 4Week 6-Week 12-Week
Evaluation Evaluation Evaluation Evaluation
Barthel Index .90 .87 90 93
ADL Subscale .81 .80 82 .86
Mobility Subscale 92 .85 92 94
Fugl-Meyer Scale .70 a7 7 82
Arm Subscale .62 .69 .69 .76
Leg Subscale a1 .80 76 79
Balance Subscale .84 .87 .88 94

* All subjects who finished the study



75

group showing major improvement in functional ability. Table 4.9 shows mean scores
on the three clinical measures for all subjects and by clinical sub-groups.

Figures 4.2.1-4 illustrate the covariation of the Balance Scale, the Barthel Jndex
and the Fugl-Meyer scale measuring the motor performance of the arm and leg at the
four evaluation points. The changes in the mean Balance Scale scores parallel those of
the Barthel Index both in the total sample and in the three sub-groups. The relationship

among the three measures remains consistent within the three sub-groups.

4.2.5. Monitoring the status of stroke patients: comparison of the Balance
Scale scores to Barthel Index scores (responsiveness)

The similar pattern of improvement in mean scores of the Balance Scale and the
Barthel Index over the 12-week period suggests that the Balance Scale is sensitive to
changes in status. To quantitatively assess this property, a three-step procedure based on
ihe results of the 60 subjecis who completed the study, was used.

First, a repeated measures analysis of variance using polynomial contrasts was
performed to examine within subject changes in the Barthel Index over the 12 week
period. The results indicated a strong linear effect. Second, a similar analysis
determined that the Balance Scale also had 2 strong linear effect showing improvement
in scores over the 12-week period.

The third step examined whether the magnitude of the changes in the Balance
Scale corresponded to those in the Barthel Index for the same patients. As shown in
Figure 4.3, the mean differences between the Balance Scale and the Barthel Index
remained relatively constant over the 12-week period, suggesting it is at least as good at
monitoring the status of stroke patients as the Barthel Index. This observation was
confirmed by a repeated measures analysis of variance examining the within subject
changes at each evaluation and using the difference between the Barthel Index and the
Balahce Scale scores for each subject as the dependent variable.

In contrast, Figure 4.3 shows that the difference scores between the Barthel Index
and the Fugl-Meyer Arm and Leg Sub-scales follow a linear pattern. The values for the
first three evaluations below the zero line indicate that the combined Fugl-Meyer Arm



TABLE 4.9

Mean Barthel Index, Balance Scale and Fugl-Meyer Arm & Leg Sub-Scale
for each clinical performnance sub-group (N=60)*
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All Subjects Low Group With High
With Functioning Greatest Functioning
Complete Scores Group Functional Change Group
N=60 N=15 N=32 N=13
Mean (SD) Mean (SD) Mean (8D) Mean  (SD)
Barthel Index
(0-100)
Initial 33.8 (30.5) 4.0 (5.9 284 (16.7) 815 (i3.2)
4 Weeks 48.5 (34.1) 8.6 (10.6) S5L.1 (26.0) 88.0 (11.5)
6 Weeks 55.5 (35.1} 10.8 (11.5) 61.0 (25.7) 93.4 (8.3
12 Weeks 644 (34.9) 12.1 (12.3) 76.8 (18.6) 94.0 (11.3)
Balance
(0-100)
Initial 21.7 (29.9) 1.7 (2.3) 21.3 (18.9) 73.6 (148
4 Weeks 42.7 (35.8) 3.6 (3.5 450 (29.9) 82.3 (18.8)
6 Weeks 47.4 (36.5) 45 (64) 52.4 (29.8) 84.5 (19.5)
12 Weeks 56.7 (36.5) 7.9 (12.5) 66.7 (26.7) 88.2 (14.0)
Fugl-Meyer
Arm and Leg
(0-1090)
Initial 47.3 (35.2) 16.6 (19.5) 48.8 (33.5) 79.2 (21.2)
4 Weeks 56.7 (35.0) 19.3 (21.2) 64.0 (3L.5) 81.8 (19.0)
6 Weeks 61.6 (33.0) 243 (21.3) 69.7 (28.3) 84.6 (17.0)
12 Weeks 64.6 (32.7) 26.0 (23.6) 73.5 (26.6) 87.1 (12.6)

* All subjects who finished the study
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Difference scores

FIGURE 4.3

Mean differences between the Barthel Index and the Balance Scale scores
and the Barthel Index and the Fugl-Meyer Scale scores for stroke patients
at each evaluation (N=60)
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and Leg sub-scale scores were higher than the Barthel Index scores. The fourth
evaluation bisects the line, showing no difference in scores at that point. This finding ix
supported by Figures 4.2.1-4 showing the higher mean scores mitially and the flattening
of the slope as the rate of change slows and approximates the Barthel Index scores. The
repeated measures analysis also confirmed the lincar effect of the change scores over
time, suggesting that the Fugl-Meyer Arm and Leg Sub-scales are not as sensitive in
detecting change as the Barthel Index.

Similarly, the Balance sub-section of the Fugl-Meyer showed that it was able to
detect 2 linear effect for the within person changes over time, but that the magnitude of
change over the study period was less then that seen in the Barthel Index.

Each of the performance sub-groups showed patterns and magnitude of change
that paralleled those of the Barthel Index when assessed with the same three-step
procedure as above. In addition, the comparison among the clinically defined sub-groups
was consistent with the expectation of a responsive measure. A responsive measure
should show the greatest increase in scores in the group demonstrating the most
functional improvement and should remain relatively stable in the group expected to
change little (low functioning group). Both Table 4.9 and Figure 4.2 are consistent with
this expectation.

Additional evidence of the responsiveness of the Balance Scale is that each item
of the scale showed a higher mean score at each subsequent evaluation. Only two items
did not show improvement from 4 to 6 weeks. Table 4.10 shows the trend of improving
mean scores over time. The magnitude of the item means also illustrates the hierarchy

or degree of difficulty of the items in the scale.

4.2.6. Relationship between the Balance Scale scores and the place of
residence at each follow-up evaluation (concurrent criterion validity)

The mean Balance Scale scores at 4, 6 and 12 weeks were compared across
groups defined by where they lived at the time of the follow-up evaluation. As shown
in Table 4.11, there was a gradient in mean scores from high to low for the subjects
living at home, in a rehabilitation setting, and those still in the general hospital at each



TABLE 4.10

Mean scores for each item of the Balance Scale for stroke patients at each
evaluation (N=57)*
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Scale Item Two Weeks Four Weeks Six Weeks Twelve Weeks
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Sit to Stand 1.21 (1.46) 2.04 (1.59) 2.35 (1.69) 2,61 (1.61)
Standing 1.53 (1.62) 2.09 (1.84) 2.39 (1.74) 2.77(1.72)
Sitting 2.63 (1.58) 3.21 (1.36) 3.35 (1.33) 3.54 (1.07)
Stand to Sit 1.39 (1.62) 2.02 (1.67) 2.26 (1.72) 2.61 (1.58)
Transfer 1.39 (1.42) 2,16 (1.42) 2.32 (1.57) 2.71 (1.37)
Stand Eyes Closed 1.49 (1.66) 2.04 (1.87) 2.30 (1.80) 2.70 (1.75)
Stand Feet Together 0.93 (1.41) 1.54 (1.75) 1.86 (1.83) 2.25(1.78)
Arm Reaching 1.07 (1.45) 1.60 (1.57) 1.73 (1.59) 2.07 (1.55)
Object Pick Up 1.11 (1.63) 1.84 (1.79) 2.01 (1.81) 2.51 (1.73)
Twisting 1.21 (1.59) 1.91 (1.81) 1.91 (1.75) 235 (1.71)
Turn 360° 0.72 (1.22) 1.26 (1.61) 1.47 (1.75) 2.02 (1.83)
Step on stool 0.40 (0.88) 1.00 (1.48) 1.21 (1.63) 1.60 (1.77)
Tandem Standing 0.51 (0.95) 1.12 (1.36) 1.09 (1.48) 1.54 (1.46)
One Leg Standing 0.52 (0.66) 0.82 (1.23) 0.95 (1.39) 1.35 (1.58)

* Only patients with complete Balance Scale scores were used in this analysis. Item values were not

imputed unless total Balance Scale score was zero.



TABLE 4.11

Means and 95% confidence intervals for the mean of (he Balance Scale scores of the siroke patients grouped by (he location
of ench follow-up evalvation (N=60)

At 4 Weeks
Mean (95% Cl)

Al 6 Weeks
Mean (95% CI)

At 12 Weeks

Mcan (557 CI)

General Hospital
Rehabilitation Centre

Home/Community

47

19.5 (13.8 - 25.2)
27.3 (1.0 - 53.5)
45.3 (38.8 - 51.9)

Fy 5 7.76
p<.00}

30
i3
17

16.1 (9.0 - 23.2)
32.9 (21.7 - 44.2)
40.1 (32.7 - 47.4)

Fyas 11.05
p<.001

20
26

8.1 (1.8 - 14.5)
3.1 21.6 - 40.5)
45.0 (40.6 - 49.3)

p<.001

oL
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assessment.  As expected, the number of patients still in the general hospital became
smaller and their mean score became lower at each subsequent evaluation. At 12 weeks,
the average Balance Scale score of the remaining 14 patients was 8.1, reflecting the fact
that they are the most severely involved. Conversely, the number of subjects discharged
to the community increased progressively and thetr mean Balance Scale score remained
40 or above at each subsequent cvaluation. The mean for the patients at the
Rehabilitation centres was intermediate, varying from 27.3 to 32.9.

A one-way analysis of variance performed at each evaluation demonstrated that
the observed mean differences between subjects living at home, in a rehabilitation centre
and in a general hospital were greater than expected by chance alone. This ability of the
Balance Scale to discriminate between the mean Balance Scale scores of the groups

provides evidence of concurrent criterion validity.

Summary of Validity Study I

The correlations between the Balance Scale and measures of functional status and
motor performance were high (.70 -.93) at each evaluation. Moreover, the changes in
the Balance Scale scores mirrored those of the Barthel Index in each of the clinical sub-
groups and their magnitude was equivalent to the changes detected by the Barthel Index
over the same period. Lastly, there was a linear gradient in mean Balance Scale scores
for patients discharged home (range 45.3-45.0), discharged to a rehabilitation hospital
(range 27.3-32.9) and still in the general hospital (19.5-8.1) for the follow-up
evaluations.

4.3. Reliability Study

Three objectives were formulated to assess reliability. The first two examined
the inter and intra-rater reliability of the Balance Scale in groups of elderly residents and
stroke patients. The third objective was to assess the internal consistency of the Balance
Scale. This analysis was performed on all available subjects at each evaluation point
within both study populations separately.
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4.3.1 Characteristics of the subjects participating in the reliability study
The 31 elderly residents and the 36 stroke patients who participated in the inter
and intra-rater reliability study were similar in terms of sociodemographic and bascline
clinical characteristics to the total sample from which they were chosen. Details of the
comparison are included in Appendix 4.4 and 4.5.

4.3.2 Inter-rater reliability

In total, 32 individual raters (1 nurse, 21 physical therapists, 6 occupational
therapists, 2 senior matrons and 2 physical therapy students) were used to rate 35 stroke
patients and 28 elderly residents in the inter-rater reliability study. Each patient was
evaluated twice, by random pairs of raters. The Balance Scale scores for all the subjects
covered the entire range (0-56) of the scale and had a mean of 37.1 (SD 17.2), averaged
over both ratings.

Figure 4.4 shows the pairs of ratings for each of the 28 elderly residents. The
scores ranged from 25 to 55. The paired ratings appear consistent with most ratings
within a few points of each other. The worst case showed a difference of 8 points.

Figure 4.5 presents the paired scores for the 35 stroke patients whose scores
encompassed the entire range of the Balance Scale (0-56). The scores demonstrate
generally good agreement, but there are occasional differences in certain subjects.

The intraclass correlation coefficient (ICC) was used to quantify the agreement
between the raters. This statistic estimates the true variance between subjects relative
to the total observed variance in scores. Varnance estimates are obtained from the one-
way analysis of variance. Overall, when all subjects were included, the ICC was .98
(95% CI lower bound .97) indicating excellent agreement. When the analysis was
restricted to elderly residents and then repeated for stroke patients the respective ICCs
were .92 (95% CI lower bound .85) and .98 (5% CI lower bound .96).

4.3.3. Intra-rater reliability
To assess intra-rater reliability, seven raters (5 physical therapists, 1 occupational
therapist and 1 nurse), evaluated 24 stable subjects (18 elderly residents and 6 stroke



FIGURE 4.4

Paired Balance Scale ratings for subjects in the inter-rater reliability study (IN=63) 84
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patients) twice, one week apart. The range of Balance Scale scores was from 4-560 with
an average of 46.0 (SD 11.0) over both ratings. The pairs of ratings are presented in
Figure 4.5.

The ICC was used to assess the level of agreement using information from a two-
way analysis of variance with subjects and time as factors. The ICC tor all subjects was
97 (95% CI .93 -.99); wheress elderly residents showed an ICC of .91 (.80 -.96) and
stroke patients an ICC of .99 (CI .94 -.999).

4.3.4 Internal consistency

Internal consistency analyses were performed on the data from both stroke patients
and elderly residents at each evaluation point. The correlation matrices including all
items, except sitiing unsupported, are displayed in Table 4.12. Because all clderiy
residents could sit unsupported, the relationship of this item to each of the others and the
total score could not be tested.

Cronbach’s Alpha and Standardized Item Alpha values were above .83 and .85,
respectively, at each evaluation, suggesting that the scale is measuring one underlying
concept and that all the items are contributing to the overall score. The item-to-total
correlations for each of the four evaluations of elderly residents are shown in Appendix
4.6. Tandem standing and standing on one leg demonstrate item-to-total correlations
below .4 on two occasions. This means that in the sample of elderly residents, a
subject’s performance on these items is not strongly related to scores for the remaining
items. However, because these same items worked well for stroke patients and for the
other two evaluation points, it was decided to retain them.

The internal consistency of the Balance Scale in the stroke population was even
higher than in elderly residents. Cronbach’s Alpha and Standardized Item Alpha values
were consistent (.97 to .98) at each evaluation and all item-to-total correlations were
above .62 (Appendix 4.7). The higher correlations in this population may be partially
explained by the greater intersubject variability in performance. Uniformity of scores

across subjects makes it difficult to obtain a high coefficient for a correlation between
two variables,
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_ FIGURE 4.5

Paired Balance Scale ratings of the elderly residents and stroke patients in
the intra-rater reliability study (N=24)
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TABLE 4.12

Inter-item correlations of the Balance Scale at the initial evaluation

ELDERLY SUBJECTS

SIT- STAND S5TAND- TRANS STIC STFT ARM PICK TWIST TURH STEP TAKNDEM
STAND SIT REACH up TURN 10* STOOL
Standing a6
Stand to Sit .69 a7
Trausfer 68 27 64
Stand Eyes Closed .56 54 .54 A7
Stand Feet Together A5 .19 Ad .36 33
Arm Reaching 4 A4 Al .28 22 A7
Object Fick Up .36 Ad ,28 .34 .23 15 28
Twist Tuen .56 32 .52 49 .62 a7 21 42
Turn 360° A4 .20 42 A0 47 10 31 A9 54
Step on Stool 6 15 39 Al 28 30 a5 .38 a7 A5
‘Tandem Standing 15 .10 2 .20 09 25 21 .28 .18 26 a5
QOne Leg Standing .24 4 .20 22 a5 14 24 24 32 a7 40 23
ALPHA = 83 average r minimum maximum percent below .3
STANDARDIZED I'TEM ALPUA = .87 34 .09 69 41%
STROKE PATIENTS
SIT- STAND SIT STAXRD- TRANS STIEC STFT ARM YICK TWIST TURN S1EP TANBEM
STAND SIT REACH uUp TURN 340 ST
Standing 88
Sit .68 X
Stand to Sit .88 90 66
Transfer 90 .89 71 83
Stand Eyes Closed 83 92 .69 .86 87
Stand Fed Together .82 .81 .58 19 .81 .78
Arm Reaching .88 87 62 87 88 81 89
Object Pick Up .76 .82 55 83 7 77 80 719
Twist Turo 84 .88 63 .89 86 .85 88 92 .90
Turn 160° T4 7 .50 .14 .80 .76 .81 81 87 86
Step on Stool 63 65 40 65 67 60 72 68 77 73 78
Tandem Standing .65 .10 46 .70 T 7 .80 76 .77 78 77 73 -
Qaoe Leg Standing 51 .60 40 .62 63 60 62 69 72 714 &b .70 75 ~1
ALPIA = 97 averager minimum maximum percent helow 3
STANDARDIZED FFEM ALPIIA = 98 75 40 92 0%
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The mean scores for each item performed by the elderly residents remained
refatively stable over four evaluations (Appendix 4.8). The hierarchy for item difficulty
is similar to that found in the stroke sample. In both sampies, the magnitude cf the intra

class correlation coefficients and Cronbach’s alpha are considered 1o be high.

Summary for Reliability Study

The results showed excellent agreement for both inter and intra-rater reliability
with intraclass correlation coefficients of .98 and .97, respectively. Jn addition,
standardized Cronbach’s alpha estimates were high in both elderly residents (.87) and

stroke patients (.98), indicating strong internal consistency.

4.4  Chapter Summary

Tables 4.13 and 4,14 summarize the measurement properties of the Balance Scale
as accrued from the preliminary study that developed the content of the scale (Berg et
al. 1989), from the study that compared clinical and laboratory measures of balance
(Berg et al. 1992) and from the present measurement study.

The present investigation examined the measurement properties of the Balance
Scale in three inter-related studies. Evidence for the criterion valiaity of the scale is
provided by the moderate association with clinical global ratings of balance, the
relationship between Balance Scale scores and falling in the study period, and the ability
of the Balance Scale to differentiate between groups on the basis of type of walking aid
and location of the follow-up evaluation for stroke patients. The construct validity of the
Balance Scale is supported by the covariation over the four evaluations of the Balance
Scale scores with measures of functional status and motor performance in stroke patients.
The similarity between the Balance Scale and the Barthel Index in detecting changes in
the status of the stroke patients in the 12-week study period presents evidence of the
instrument’s responsiveness.

The third study assessed reliability, a prerequisite to both validity and greater
responsiveness. Results demonstrated excellent agreement for both inter and intra-rater

reliability in elderly residents and stroke patients. In addition, the internal consistency
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. of the scale was strong, suggesting it measured one underlyving dimenston.



TABLE 4,13

Summary of validity assessments of the Balance Scale as tested by the author

STUDY VALIDITY
and Suhjects Content Criterion Conslruct
B 989

+ 32 professionals
« 38 geriatric subjects

[ 92
Cross-sectional comparisons of
clinical and lab measures of 31
elderly subjects

S surem d

One-year longitudinal study of
113 elderly residents

Twelve-week longitudinal
study of 60 stroke patients

* Formally developed using 3
panels of geriatric subjects and
health professionals

« High correlation with
Tinetti Balance Sub-scale

» Moderate correlations with
postural sway measures

+ Moderate correlation with
global clinical judgements of
balance

+ Predictive of future falls

by the elderly residents in the

year of the study

« Able to discriminate
groups by:

- type of walking aid used by
the elderly residents, and

- location of the follow-up
evaluation of stroke patients

« Strong association with
measures of functional status and
motor performance in stroke
patients over the 12-week period




TABLE 4.14

Summary of relinbility snd responsiveness estimates as tested hy the author

STUDY

and Subjects

RELIABILITY

RESPONSIVENESS

Infer-rater

Intra-rater Internal consistency

Berg et al, 1989

Raters: 10 professionals
Subjects: 14 geriatric subjects on
videotape

Berg et al, 1992

Raters: 2 physical therapists

Subjects: 10 geriatric subjects on
videotape

Cross-sectional comparisons of 31
subjects performing clinical and
laboratory tests of balance

§ urement Stud
Raters: 32 professionals and
para-professionals
Subjects: 31 elderly residents
36 stroke patients

Subjects for assessing
responsiveness were 60 siroke
patients who completed study

ICC = .98

ICC = .98

ICC = .98

ICC = 98 Cronbach’s & = 96

ICC = 97 Cronbach’s «
¢ clderly residents = .87
* siroke patients = 9B

+ Balance Scale showed largest
effect size in discriminating
among subjects by their use of
walking aids

+ Able to detect changes of
same magnitude as Barthel Index

I6



Chapter 5 DISCUSSION
5.0. Introduction
Three inter-related studies contributed information on how the Balance Scale
performed in real life situations. The first two examined evidence of the validity of the
instrument in terms of both criterion-related and construct validation strategies. The third
study assessed three aspects of reliability: inter-rater, intra-rater and internal consistency.
This chapter summarizes the results and discusses their implications relative to
the essential measurement properties of reliability, validity and responsiveness. The
accrued information on the Balance Scale is also compared to what is known of the
properties of other balance measures. Finally, the chapter discusses the limitations of

the thesis work and suggests future directions for research and clinical practice.

5.1. Reliability

The discussion of reliability examines the evidence of inter and intra-rater
reproducibility and internal consistency of the Balance Scale separately. Each section
discusses the relevance of the firdings and considers the minor differences observed in
the resuits of two samples, elderly residents and stroke patients. Lastly, the
generalizability of the reliability results is discussed.

Reliability is discussed first because it is a prerequisite to both validity and
responsiveness. Validity coefficients cannot be interpreted without an estimate of the
magnitude of the measurement error. Consequently, inadequate reliability generally
precludes further testing or requires a revision of the instrument. In addition, without
excellent reliability an instrument is unlikely to be responsive to small yet clinically
important changes in status. Therefore reliability coefficients above .94 or .98 are
recommended for instruments used to make decisions about individuals over two or more
evaluations (Helmstadter 1964; Nunnally 1978).

5.1.1. Inter and intra rater reliability
The results showed excellent agreement in the paired ratings of the Balance Scale

scores with intra class correlation coefficients for inter and intra-rater reliability of .98
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and .97, respectively. The inter-rater assessment compared 63 paired matings by 32
different raters who were nurses, senior matrons, physical or occupational therapists.
Subjects included 35 stroke patients and 28 elderly residents. In addition, 24 subjects
were evaluated at two points in time by seven different raters to assess intra-rater
reliability. Each rating was made independently at time intervals that varied according
to the stability of the status of the subjects. For example, the paired ratings for
evaluating inter-rater agreement in stroke patients were made within 24 hours of each
other; whereas, paired ratings of the eiderly residents were made within one week.

Various sources of error can influence the reproducibility of scores. One of the
first aspects examined is whether the scale itself may be poorly constructed and
ambiguous, allowing subjectivity in scoring by the raters. This source of ¢rror can be
addressed through fairly controlled testing conditions or by having raters cvaluate
videotaped performances where no actual changes can occur in the administration of the
test or in the patient’s performance.

In real life when an instrument is administered independently on two or more
occasions, raters, patients and environmental conditions may be potential sources of
error. Raters may differ in how closely they follow the written instructions. Caregivers
may give higher marks than independent evaluators because they know the patient did
the task well on a previous occasion. Patients may not perform the same way because
of fear, fatigue, cognitive impairment or lack of motivation. A subject’s performance
may also differ depending on the evaluator. For example, they may perform better and
feel more secure with someone they know as opposed to an independent evaluator. In
addition, noise, visual distractions, unsuitable furnishings and other environmental
conditions may contribute to measurement error in a performance-based instrument. The
estimates of reliability from this study are more impressive because they include errors
from a variety of sources that occur in real life.

The reliability of the Balance Scale is summarized by the intra class correlation
coefficient. Measurement theory states that observed scores contain both real
differences between subjects and random variation. Reliability is the proportion of the

observed variance that is attributable to the true score differences between subjects. The
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intra class correlation coefficient measures this relative magnitude of inter-subject
differences to the total variation in scores using estimates of variance derived from an
analysis of variance. The smaller the error variance, the more the denominator will
approximate the numerator and the closer the ratio will be to 1. Given equal error
variance, the intra class correlation will also be larger when there is greater variation
between subjects.

It is also helpful to verify the results with plots of the paired ratings, examination
of the size of the mean square error, and the range of ability of the subjects. Using this
verification approach, the high reliability coefficients appear justified. The plots of the
paired ratings indicate good agreement on average. In addition, the magnitude of the
error variance was small in both inter-rater and intra-rater analyses.

There were, however, minor differences in the estimates of reliability between the
analyses of elderly residents and stroke patients. The estimates of inter-rater reliability
of stroke patients were higher with an ICC of .98 (95% CI lower bound .96) relative to
an ICC of .92 (95% CI lower bound .85) for the elderly residents. Similarly, intra-rater
reliability estimates were an ICC of .99 (95% CI .94 - [99) for stroke patients and .91
(95% CI .80 - .96) for elderly residents. The variation may be explained by the
difference in the range of ability in the two groups. Although the impact on the results
in this study was minor because the range in the elderly was sufficient to be
representative of this group, it illustrates a drawback of the ICC as a statistic for
assessing reliability.

Close examination of the paired ratings and the magnitude of the error variance
does not support greater reliability in the ratings of stroke patients. There were more
numerous and larger discrepancies in the paired ratings of stroke patients, and the mean
square error estimates were larger than the similar analyses of elderly residents, In each
instance, however, elderly residents showed a narrower range of Balance Scale scores,
indicating less variation between the subjects, a factor that decreases the numerator and
the overall intra class correlation coefficient.

Another reason for higher estimates in the stroke population may be the multiple

zeroes in the scores of low level patients. A rating of zero leaves less opportunity for
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error in the retest situation. Low functioning subjects are awarded the same scores with
repeated tests because they clearly fail or cannot try difficult tasks. In contrast, elderly
residents could attempt all tasks.

The plots of the paired ratings in stroke patients suggest that greater discrepancies
in scores occurred in the middle ranges of ability. This finding may reflect an inherent
inconsistency in the performances of some patients during the early recovery period.
Stroke patients must adjust to their deficits and relearn basic motor skills, a process that
is associated with variability in performance. This variability may be more noticeable
for patients who can attempt all items but vary in the degree to which they can meet the
scoring criteria. A better esimate of their ability would be the average of two or more
tests.

Instability in performance may also explain why it was difficult to identify stroke
patients in the middle range of ability who were sufficiently stable to be retested in a
week. Consequently, subjects in the intra-rater study do not represent the full range of
scores on the Balance Scale. Further testing should make a greater effort to include

patients in the middle to lower end of the range of the Balance Scale.

5.1.2, Internal consistency

The Balance Scale shows high internal consistency with Cronbach’s alpha
averaging .87 for the elderly residents and and .98 for the stroke patients. Assessment
of internal consistency was made separately for the stroke patients and elderly residents
at each evaluation using all available subjects. This strong internal consistency facilitates
the interpretation of scores but it is not essential for good measurement. It is possible
to have a multi-dimensional scale that is reproducible and valid for different purposes.
The primary advantage of having muitiple homogeneous items in the Balance Scale is that
it provides a basis for 2 more consistent estimate of the ability of individuals to balance.

Cronbach’s alpha was developed as a reliability estimate for multi-item tests or
indices. The assumption underlying testing of reliability based on a single administration
of the test is that each item may be considered a single measure of 2 common underlying

characteristic, and the sum of these related items should be more reliable than any item
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individually (Bravo and Potvin 1991). Because the items should be correlated with each
other and with the total score to capture the concept of interest, this form of reliability
is called internal consistency.

The greater the number of items and the more the items covary relative to the
sum of their variance, the higher will be the Cronbach’s alpha. Cronbach’s alpha is
considered a lower bound of reliability unless the items in the scale are parallel, having
equal means and variances and equal correlations witk. a third variable (Bravo and Potvin
1991). Given the stringent definition of parallel items, it is expected that the correlation
between the same test administered at two separate occasions in the absence of true
change should be higher than among multiple items in a scale.

The results of this study are consistent with that expectation; the intra class
correlation coefficients are higher than the Cronbach’s alpha’s in each situation.
However for each group, elderly residents and stroke patients, the estimates of internal
consistency are within the 95% confidence interval of the inter and intra-rater reliability
estimates. The overlapping of the confidence interval is indicative of the shared
assumptions of the two types of reliability coefficients, both being based on the same
measurement model and the same definition of reliability (Bravo and Potvin 1991).

The variation in magnitude of the inter-item correlations within each sub-study
illustrates the importance of testing an instrument in diverse populations. At entry to the
study, the inter-item correlations for stroke patients ranged from .40 to .92 whereas those
in the elderly residents ranged from .09 to .69. Although the data for the elderly
residents showed much lower inter-item correlations, the Cronbach’s alpha remained high
(.87), indicating that each item was contributing additional information to the
measurement of the concept and that the group of items was intemnally consistent. Based
solely on data from the stroke patients, certain items with inter-item correlations greater
than .90 could be deleted from the scale as they offer redundant information.

The greater internal consistency estimates in the study of stroke patients may also
be related to the wider range of ability in this group. The scoring of most items used
each of the five response categories. In contrast, the frequency distribution and the mean
scores for each item indicated that most residents scored in the higher response categories
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on the majority of items. This lack of range within each item may have masked the true
relationship between items and thus, artificially lowered the Cronbach’s alpha.

When verifying the composition of a scale, it is also usetul to examine how well
each item correlates with the sum of the scores of the remaining items in the scale. In
the data pertaining to the stroke patients, all the item-to-total correlations were above .63,
The item-to-total correlations were also satisfactory in the study of the elderly residents
except for two items which had estimates hovering arcund .40, the criterion
recommended for retaining items. The items required subjects to stand on one leg and
stand with one leg in front of the other. Judging by the mean scores for each item, these
were the most difficult tasks to perform. The lack of a strong association with the total
of the remaining items may relate to the sharp increase in the degree of difficulty, when
compared to the other tasks, rather than their inappropriateness as items of balance.
Both single leg and tandem stance are widely used as tests of balance in research and
clinical practice (Bohannon 1984; Briggs et al. 1989; Goldie et al 1989; Heitman et al.
1989; Lichtenstein et al 1989).

5.1.3. Generalizability of the reliability results

The findings should be applicable to most clinical situations. The generalizability
of the results is strengthened by the varied clinical characteristics of the subjects, the
diversity and lack of training of the raters, and the lack of control of the test conditions.

The majority of caregivers participating in the study were physical therapists,
66% and 71% of the raters in the inter and intra-rater reliability studies, respectively.
They reflected diverse levels of experience. Some were student therapists and others had
been working more than 30 years. The other professionals were either nurses or
occupational therapists. In addition, at the home for the elderly, two paraprofessionals
called senior matrons participated in the study. The raters received no formal tramning
in the administration of the Balance Scale but they were asked to read through all the
items and ask questions as necessary. Although the random pairing of the raters did not
permit a separate estimation of rater influences or variance due to a particular profession,
this variation is included as part of the error mean square.
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Testing of the Balance Scale in conditions that simulated clinical reality supports
its use in clinical practice and research. Paired tests were made at different times of the
day, often in two separate locations with different furnishings and noise levels or other
distractions. Despite the possible sources of variation, the Balance Scale demonstrated
high reliability, Discrepancies of possible concern to clinicians were few in number but
could be addressed in the future by repeating the test and averaging the results whenever

an inconsistent performance is suspected.

5.2. Evidence of the validity of the Balance Scale

Four measures, external to the Balance Scale, were used to examine its criterion
validity. The scores on the Balance Scale were compared to global judgments of
balance, the occurrence of falls, use of mobility aids, and the location of the follow-up
evaluation of the stroke patients. Each criterion is related to the concept of balance and
together, the associations accrue evidence for the validity of the scale.

In addition, the evidence for the construct validity and responsiveness of the
Balance Scale is discussed in the context of the performance of the Balance Scale in
monitoring the status of stroke patients. The theoretical basis underlying the use of
construct validity was the expected covariation among measures of motor performance,
functional status and balance in patients following an acute stroke. The anticipated
changes in the status of the patients in the 12 week period also provided the opportunity
to examine the responsiveness of the Balance Scale.

The generalizability of the validity testing is discussed at the end of the section.

5.2.1. Relationship of Balance Scale scores to global judgments of caregivers

Balance Scale scores were compared at baseline, 3, 6 and 9 months to concurrent
global ratings of balance given by caregivers. The judgments of the caregivers were
made within 48 hours of the independent evaluator’s rating of the Balance Scale. The
correlations between the two evaluation methods ranged from .50 to .62. The
moderately high correlation with global ratings showed that the scores on the Balance

Scale were in agreement with the judgments of clinicians, the potential users of this
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scale. The use of global ratings is common in clinical practice, although the need for
more objective quantitative methods to assess the effectiveness of interventions and
monitor the status of patients is becoming more evident.

The importance of showing this association over-shadowed concerns about the
measurement properties of this criterion. Little is known of the reliability and validity
of global ratings. They lack precision, having only three options, good, fair and poor,
making it difficult to identify small differences between subjects and improvements in
ability over time. It is doubtful that they can be easily compared between professionals
or institutions with different patient populations because the raters can usc different
reference criteria to assign categories. This lack of information on the magnitude of
measurement error makes it difficult to interpret validity coefficients because unreliability
attenuates the correlation. Therefore, the moderate association between the Balance
Scale scores and the global ratings is likely an underestimate of the true relationship
between the variables.

The comparison between Balance Scale scores and global ratings was also limited
by the range of ability of the subjects. At baseline no subject scored below 23 on the
Balance Scale and only 10 (8.8%) of the residents were rated as having poor balance.
The small numbers within the poor category at any given time also contributed to the
fluctuations in the mean scores of this group and the wide vanability at each evaluation.
The present study is, however, reflective of evaluations made in the community on
subjects who are reasonably independent in the basic activities of daily living and free
of acute illnesses.

The moderately high correlations found between Balance Scale scores and
caregivers’ global judgments are consistent with the process of content development in
which three panels of clinicians and patients participated (Berg et al. 1989). Items were
chosen for their relevance to balance and the subsequent evidence of reliability. Global
judgments are likely based on the observations of the performance of similar items.
Every day, the caregivers saw the residents going to meals, manoeuvring around the
tables in the dining area, and standing up and sitting down for meals.

The evidence in favour of a positive association is strengthened by the consistency
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of the correlation coefficients at subsequent evaluations. It is also supported by the
gradient of mean Balance Scale scores in the good, fair and poor categories that remained
greater than expected by chance when the Barthel Index scores and age of the subjects
were used as covariates. Nonetheless, the association with global ratings of balance
cannot stand alone as evidence of the validity of the Balance Scale. Comparisons must
be made with other measures of balance. Further information on what is known relative

to other tests is discussed in a later section of the chapter.

5.2.2. Relationship of the Balance Scale to the occurrence of falls

Falling was selected as an external criterion because it is an objective sign of loss
of balance and is of itself an area of concern in geriatrics. However, it was recognized
that falling and balance do not have a straightferward relationship. Falls are a
multifactorial problem and should not be predictable on the basis of a balance score
alone. Nevertheless, there should be an association whereby knowledge of Balance Scale
scores would improve the prediction of falls.

The results demonstrated that poorer Balance Scale scores were associated with
falling. There was a weak to moderate (tho=-.36) negative correlation between Balance
Scale scores at baseline and fall status as defined by no falls, a single fall and two or
more falls in the year of follow-up. The risk of falling was also increased in individuals
with Balance Scale scores under 45 compared to those with scores of 45 and greater (RR
one fall 1.5; RR two or more falls 2.7). In addition, the Balance Scale scores were an
important contribution to predicting falls in the logistic regression. The three methods
used in the analysis are complementary and support the predictive validity of the Balance
Scale in terms of forecasting falls.

The present study, however, was not primarily designed to identify the risk
factors of falling. Repeated tests of balance were performed at 3-month intervals, too
long a period in most cases to assess the effect of changes occurring immediately prior
to a fall. Nonetheless, the repetitions did permit a verification of the stability of the
Balance Scale scores in most subjects over the year of follow-up.

The report on falls in the present study is consistent with statistics reported in the
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literature. The proportion of individuals falling in the year was 47%, higher than the
32% reported in 2 community based study (Tinetti et al. 1988), but close to the 45%
figure found in a similar residential care facility (Gryfe et al. 1977). The proportion of
falls that resulted in a fracture was 6%, consistent with previous {indings (Gryte et
al.1977; Tinetti et al. 1988). Furthermore, balance, when measured by Functional Reach
(Duncan et al. 1992) and when assessed as a performance-based scale (Tinetti ot al.
1988), has previously been reported as a risk factor for falling.

The presence of visual deficits and history of falls were also identified as risk
factors for more than one fall in the year of study. Each has been associated with risk
of fractures or falls in previous research (Felson et al. 1989; Mayo et al 1989; Morse ct
al. 1997). The history of falls was also determined by self-report and considered only
relative to the three months prior to enrolment in the study. Any falls that were known
ic have occurred outside of that period were not counted.

Several other variables have been reported to be risk factors for falls in the
elderly. They include medications (Grisso et al. 1991; Ray et al. 1987; Tinetti et al.
1988), cognitive impairment (Morse et al. 1987; Tinetti et al. 1988), age (Campbell et
al. 1990; Viahov et al. 1990), and specific diagnosis (Grisso et al. 1991; Lipshitz et al.
1991; Mayo et al. 1989). Each of these variables was measured in the present study but
did not contribute to the prediction of falls.

5.2.3. Relationship to other external indicators of balance

The two most commonly asked questions by clinicians are whether Balance Scale
scores can help them reach decisions about the most suitable mobility aid and the most
timely date for a safe discharge home. Future research will determine whether the
Balance Scale can be effectively used to make clinical decisions. The cross-sectional
portion of the analysis, however, focused on the ability of the Scale to discriminate
among groups expected to differ on these two important external criteria: use of mobility
aids and location of the evaluation following an acute stroke. The latter is essentially a
measure of whether the subjects had already been discharged home, to a rehabilitation
centre or remained confined to the general hospital to which they were admitted for their
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stroke.

The results of both comparisons showed that the mean scores showed a linear
trend in the expected direction, indicating that the Scale could differentiate groups
according to their use of mobility aids and the location of their follow-up evaluation. Of
the two, discriminating between the types of mobility aid was a greater challenge to the
Balance Scale because the difference in the mean Balance Scale scores between the
groups using no aids (49.5), canes outdoors only (48.3), canes (45.3) and walkers (33.1)
was smaller than in the comparison with the different locations of the evaluation. The
elderly residents were all medically stable and independently mobile at entry to the study.
Their use of mobility aids was likely voluntary, based on recommendations of staff or
on their own concerns about safety. In addition, the association with the use of a
mobility aid could be obscured if individuals did not use prescribed walking aids or had
ones that were inappropriate for their level of ability. No efforts were made to determine
why they used the aids or to verify reported use. Regardless, the mean scores showed
the expected linear trend and the difference in mean scores remained after Barthel Index
mobility scores, age and orthopeadic diagnosis were taken into account in the analysis.
Discriminating among the groups with small yet clinically significant differences required
greater precision on the part of the Balance Scale, a quality that is advantageous for an
outcome measure.

At each follow-up evaluation there were marked differences in mean scores based
on the location of the assessment. The patients discharged home had mean scores of 40
or above each time. Those in a rehabilitation centre had mean scores that ranged from
27.3 to 32.9. Hospitalized patients at 4 weeks had a mean of 19.5, but, by 12 weeks,
those still in general hospital had a mean score of only 8.1. Earlier in the recovery
period other factors such as living arrangements, associated medical conditions, and
occupancy levels at rehabilitation hospitals may have slowed their release. By 12 weeks,
only patients identified as poor rehabilitation candidates are left in general hospital.

Whether or not the Balance Scale total scores prove useful in making predictions
about safe mobility and safe return home for an individual patient, the component items

are those that currently help clinicians to make their decisions. It is important to know
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how well a patient can stand up. turn around, and transfer. An advantage of the Balance
Scale is that it is composed of clinically relevant items.
5.2.4. Performance of the Balance Scale in monitoring the status of stroke
patients

Acute stroke patients with motor and functional deficits are generally expected to
improve and thus, provide an ideal population in which to assess the performance of the
Balance Scale. At each of the four evaluations, balance scores were highly correlated
with measures of functional status and motor performance.  Specifically, correlations
between Balance Scale and total Barthel Index scores varied from .87 to .93 over the
four evaluations, whereas correlations between the Balance Scale scores and total Fugl-
Meyer scores were .70 to .82. It is anticipated that the association with motor
performance would be lower because patients can have movement without having
sufficient postural control to use it functionally. This fact is tllustrated by the higher
mean scores for all stroke patients on the Arm and Leg sub-scales of the Fugl-Meyer
(47.3) relative to either the Barthel Index score (33.8) or the Balance Scale score (27.7)
when each measure is scored out of 100.

The relationship between the measures was strengthened by the way the Balance
Scale scores correlated with the sub-scales of the Barthel Index and Fugl-Meyer Scale.
The strongest associations were found between the Balance Scale and the Barthel Index
mobility section (.94) and the Fugl-Meyer Balance sub-scale (.94) at the 12-week
evaluation. The lowest was with the Fugl-Meyer Arm sub-scale (.62) at entry to the
study. The relationship may be weakest initially because subjects have not yet learned
to adapt their postural control to the stroke-related deficits. In addition, the component
tasks of the arm sub-section are performed while sitting, a position with a broad base of
support that requires less postural control. Nonetheless, there should be a relationship
between Balance Scale scores and the Fugl-Meyer arm sub-scale because postural
adjustments are needed for any voluntary movement.

The correlations between the Balance Scale and the lower extremity portion of the

Fugl-Meyer Scale at each evaluation were intermediate to the upper extremity sub-scale
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and the balance sub-scale. This finding is consistent with the expected impact of lower
extremity weakness and diminished coordination on the ability to balance. However,
given that none of the lower extremity tests of the Fugl-Meyer require that the subject
stand unsupported, balance dysfunction does not unduly influence the scores.

The pattern of covariation of the scores of balance, functional status and motor
performance supports the longitudinal construct validity of the Balance Scale and
provides initial evidence of its suitability in monitoring the clinical status of the patients
over time. Further evidence is provided by the direct comparison of the magnitude of
change shown by the Balance Scale and Barthel Index scores over the course of the
study. This analysis involved computing the difference between the Barthel Index and
Balance Scale scores for each subject, and testing whether this difference score remained
constant over the four evaluations. The results indicate that the Balance Scale is at least
as sensitive in detecting changes over time in this sample as the Barthel Index. In
contrast, although able 10 show changes over time, neither the combined Arm and Leg
sub-scales of the Fugl-Meyer or the Fugl-Meyer Balance Sub-scale were able to detect
the same magnitude of change in subjects in the 12-week study period.

In addition, the greater responsiveness of the Barthel Index relative to the Fugl-
Meyer Motor Performance Scale is consistent with previous studies. Wood-Dauphinee
and associates (1990) compared a neurological assessment measure, a stroke severity
scale, the Fugl-Meyer Scale and the Barthel Index in their ability to detect a treatment
effect in acute stroke patients. The Barthel Index showed the largest effect size, an
indication of its superior responsiveness.

In acuie stroke patients, the Barthel Index is a2 good criterion measure of
responsiveness. The Index is widely used and recently was recommended as the best
measure of activitizs of daily living (Wade 1992). Furthermore, an examination of its
content shows how pertinent the items of the Barthel Index are to an acute, dependent
group of subjects such as the participants of this study at baseline. To achieve a degree
of independence at the end of 12 weeks, the subjects had to show improvement in tasks
that are critical to independent function and are important markers for the improvement

of stroke patients in the early recovery period.
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Although not previously tested, the responsiveness of the Balance Scale was
considered during the phases of content development.  Professionals were asked to
suggest response categories that were clinically relevant. The gradations in responses,
included in the final version of the instrument, were based on the independence-
dependence continuum. For example, subjects are awarded full marks if they are able to
perform the task independently wititin a certain time allottment. Progressively tewer
points are awarded if time constraints are not met or if greater supervision, cueing, or
assistance is required. The improvements seen in the mean scores of cach item in
subsequent evaluations of the stroke patients suggest that each item is able to contribute
to monitonng the status of the patients.

It is also encouraging that the Balance Scale does not show clustering at the top
of the scale. It was able to detect changes of the same magnitude as the Barthel Index
but the Balance Scale scores were proportionally lower at each evaluation, suggesting
there is room for continued improvement in scores. Further studies are necessary to
determine its ability to monitor change in other groups and to discriminate differences

in change scores between a treatment and control group in a clinical trial.

5.2.5. Generalizability of the results of the validation studies

The use of different subjects and strategies to assess the validity of the Balance
Scale has provided a substantial amount of information on its performance. Balance
Scale scores are compatible with clinical judgements. Additionally, they are associated
with an elevated risk of falling, use of mobility aids and discharge location in the
recovery period of stroke patients. Balance Scale scores also show a strong relationship
to two related constructs, motor performance and functional status. The covariation of
the three measures over the study period provides evidence of construct validity. Lastly,
the Balance Scale is able to monitor changes in the status of stroke patients to the same
degree as the Barthel Index.

Overall, the subjects in the validation studies representated a wide range of
ability, a variety of medical conditions and an age spread from 44 to 97. Elderly subjects
appeared representative of their institution but it is difficult to judge the extent to which
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they are similar to the elderly at large. Their fall statistics are compatible with previous
studies (Gryfe et al. 1987; Tinetti et al. 1988). The characteristics of the stroke patients
suggest that they are similar to patients with motor and functional deficits who are
referred to rehabilitation. Moreover, there were few inclusion or exclusion criteria to
bias the samples.

The Balance Scale has performed to expectation in each aspect of its testing and
is ready for use in clinical practice and research. While not all questions concerning its
measurement properties for different situations have been answered, the consistency of

the findings support its use and its generalizability.

5.3. Limitations of the study

The assessment of reliability showed excellent agreement using patients with
varied characteristics and raters with diverse professional backgrounds. The
professionals received little training in the administration of the instrument, a fact that
strengthened the generalizability of the findings. However, most raters were physical or
occupational therapists. The small numbers who were nurses or para-professionals and
the study design did not permit an assessment of the variation specific to the profession.
In addition, researchers have inquired about using the Balance Scale in community-based
research where it could be administered by non-professionals. We do not yet know how
much training may be required for non-professionals.

As previously mentioned, there may be greater inconsistencies in the performance
of patients in the middle ranges of ability. Further investigation can examine whether this
1s the case and, if necessary, assess the number of tests that must be averaged to give a
reliable result (Fleiss 1986).

However, the primary limitations to the present study are fundamental to the on-
going process of instrument validation in the absence of a gold standard. Assessment of
validity involves judgments about which criteria are relevant to the concept and what
magnitude of correlation is required to support the validity of the instrument.

There are problems associated with each of the criteria employed in the present

study. Global ratings are subjective and have no documentation of their reliability or
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validity. Nonetheless, they are important for showing that clinical judgments are
consistent with scores on the Balance Scale. Falling is a multi-factonial problem that is
unquestionably related to balance but the relationship is not straightforward. Individuals
may compensate for their balance deficits with the use of mobility aids or by restricting
their opportunity to fall. In addition, use of mobility aids and location of the follow-up
evaluations are indicators of different levels of ability but they are also influenced by
other factors. Similarly, examining the evidence of construct validity requires a
judgment as to the nature of the expected relationship between balance and functional
status and motor performance in stroke patients.

The suitability of the Balance Scale as an outcome measure requires that it
demonstrate an ability to detect change in the patient’s status with repeated
administrations, discriminate small but clinically meaningful changes, and that it be able
to discern a beneficial effect of treatment in a clinical trial. To date the Balance Scale has
been able to discriminate between groups in the use of mobility aids and monitor changes
in stroke patients to the same degree as the Barthel Index. Further information is needed
to determine its ability to monitor changes in other subjects or to detect a treatment effect
in a clinical trial.

While none of the strategies for examining validity can stand alone, together they
are convincing of the validity of the Balance Scale in describing and discriminating
subjects of varying degrees of balance dysfunction, assessing individuals for appropriate

interventions and monitoring their status over time,

54. Summary of the comparisons with other measures of balance

The Balance Scale was developed for use with individuals who have a degree of
impairment. The results to date have confirmed that there is sufficient range in the Scale
to assess most patients undergoing rehabilitation. For example, acute stroke patients
scored along the full available range (0-56). Hence, the scale could evaluate subjects
from the earliest days of recovery to the time when they are living independently in the
community. In contrast to other tests (Duncan et al. 1950; Horak and Shumway-Cook
1986; Maki et al. 1987; Wolfson et al. 1986), subjects do not have to be able to stand
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independently to score above zero. In addition, the Balance Scale showed differences
in scores among elderly residents who were independent in functional status and had
Barthel Index scores of 100.

Tables 4.15 and 4.16 compare the test properties of clinical measures of balance.
To assess their validity, clinical measures have been compared to laboratory tests of sway
(Berg et al.1992; Dettman et al. 1987; Duncan et al. 1990; Lichtenstein et al. 1990).
Laboratory measures, however, are not included in Table 4.13 because of their restricted
appplicability. Postural sway tests generally require expensive equipment and trained
personnel, making them impractical for use in clinical practice and many research
projects. The Postural Stress Test (Wolfson et al. 1987) also requires equipment, lacks
portability and, like the tests of postural sway, has questionable functional relevance.
The Fugl-Meyer Balance sub-scale was omitted from the table because it has only been
tested in the stroke population.

Although included in Tables 4.15 and 4.16, the Balance Coding (Gabell and
Simons 1982) and the CTSIT (Horak 1987; Shumway-Cook 1986) have limited
information of their measurement properties and neither is summed to provide a total
score. The Balance Coding was the first performance-based scale but there are no
published reports of its use in other settings. The CTSIT is recommended as a clinical
assessment of the sensory constraints contributing to postural instability (Shumway-Cook
and McCollum 1991).

More is known of the measurement properties of the Balance Scale, the Tinetti
Balance Sub-scale (Tinetti 1986) and the measure of Functional Reach (Duncan et al.
1990). Al three measures have demonstrated concurrent criterion validity relative to
laboratory measures and predictive validity as regards falls in the elderly. Direct
comparison between the Balance Scale and the Tinetti Balance Sub-scale showed a strong
correlation (.91), indicating that at any one point in time they are providing similar
information (Berg et al. 1992). Scores on the Balance Scale and the measure of
Functional Reach have not yet been compared, but this item is included in the content
of the Balance Scale.

When compared to the Balance Scale, the Tinetti Balance Sub-scale has weak



TABLE 4.15

Scoring methods and reliability assessments of clinical measures of balance

Balance Scale
+ Berg et al. 1989

+ Berg et al. 1992
« Present Study

inetio C
» Duncan et al. 1990
» Duncan et al, 1992

Tinetti Balance Sub-

Scale of Mohility Score

+ Tinelti 1986

+ Tinetti et al. 1986

« Tinetti et al. 1988

« Lichtenstein et al,
1990

CTSIT
+ Shumway-Cook &

Horak 1986
» Horak 1987

Balance Coding
Gabell and Simms
1982

Scoring
(range of scores)

Mcthod of
Assessmentd

Subjects

14 items
(0-56)

Single item

13 items
(0-24)

No total score

Alphanumeric
profile
(maximum

6 ABX)

Respense categories
based on time,
distance and level of
supervision in
performing task

Average of 3 tests
of reaching while
standing. Yardstick
attached to wall at
shoulder height.

Responsive
categories based on
subjective
observations

Observations of
postural sway while
standing 30 sec in
six sensory
conditions

6 hierarchical
standing tasks and 3
dichotomously
graded tasks

+ Geriatric subjects
(in-patients to
community dwelling)
+ Stroke patients

» Community-
dwelling elderly

+ Residents of
intermediate care
facilities

« Community-
dwelling elderly

+ Not actually tested
but recommended for
rehabilitation patients

+ Geriatric subjects
(in-patients 10
community-dwelling)

RELIABILITY
Inter-rater Intra-rater Internal
Consistency
Yes Yes Yes
Yes Yes Yes
Yes No No
(sparse)
No No N
No No No

601



TABLE 4.16

Criteria used to assess validity of clinical measures of balance

Balance Scale
« Berg et al. 1989

+ Berg et al. 1992
* Present Study

Functional Reach

* Duncan et al. 1990
» Duncan et al, 1992
« Weiner et al. 1991
(abstract)

Tinetti Balance Sub-Scate
of Maobility Score

+ Tinetti 1986

+ Tinetti et al. 1986

+ Tinetti et al. 1988

+ Lichtenstein et al.
1990

CTSIT
+ Shumway-Cook &

Horak 1986
+ Horak 1987

Balance Coding
Gabell & Simms (982

VALIDITY RESPCNSIVENESS
Content Criterion Construct
Concurreni Predictive
Yes + Global clinical judgements  Falls + Covariation with + Changes compared to
+ Laboratory measures of functional status and Barthel Index
sway motor performance in + Effect size when
+ Tinetti Balance Sub-Scale stroke patients discriminating subjects by
+ Use of mobility aids use of walking aids
« Location of follow-up
evaluation of stroke patients
N/A Laboratory measure of centre  Falls No + Changes in male
of pressure excursion veterans following
rehabilitation
No + Laboratory measures of Falls No No
postural sway
+ Balance Scale
No No No No No
No + Differentiates between No No No

in-patients and out-patients

1193
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evidence of inter-rater reliability and lacks information on intra-rater reliability and
internal consistency. It was primarily developed to predict falls and thus has not been
encouraged as a descriptive measure or an outcome measure.  Moreover, it was shown
to have a smaller effect size relative to the Balance Scale when discriminating between
groups of elderly individuals using no walking aids, a cane or walkers (Berg etal. 1992).
A larger effect size is an indicator of greater power in detecting a true difference. This
greater efficiency of the Balance Scale, as regards sample size, supports its potential as
an outcome measure.

The lesser precision of the Tinetti Balance Sub-scale may be explained by its more
limited scoring categories. For example, the responses in the Tinetti Balance Sub-scale
consist of two or three choices that are descriptive in nature, such as taking discontinuous
steps when turping in a circle. In contrast, the same item in the Balance Scale has five
response categories, scored relative to time standards and level of supervison required
for safety.

There are indications that the measure of Functional Reach is able to detect
change in male veterans undergoing rehabilitation (Weiner et al. 1991). As in the case
of the Balance Scale, the degree to which it can discriminate degrees of change between
a treatment group and comparable control group has yet to be shown. One potential
problem is that increasing reach by a couple of inches has little direct functional
relevance. While it is unlikely that this test is sufficiently meaningful to be the principle
outcome measure of a study, it may be very useful as a screening measure for individuals
at high risk of falls.

Functional reach has recently been assessed for its ability to predict recurrent falls
(Duncan et al. 1992). Relative to subjects who could reach forward 10 or more inches,
individuals unable to stand independently had an adjusted odds ratio of 8.07 (2.8-23.7)
for having recurrent falls in 2 six month follow-up period. Comparisons with the present
study are limited by slight differences in the ordinal scoring of forward reach relative to
the gradations of forward reach in the Balance Scale. Duncan and associates (1992) also
included subjects with much lower levels of ability. Future examinations can more

carefully compare the single item versus the total Balance Scale score.
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A single item test, however, is unlikely to adequately assess a concept (Nunnally
1978). The advantages of multi-item tests are that they offer a more comprehensive
assessment of the concept, improve reliability and allow for greater distinction between
subjects (Bravo and Potvin 1992; Nunnally 1978).

On occasion, it is tempting to use only selected items from scales. This practice
seems to sometimes occur if there is a specific purpose to the measurement. For
example, Tinetti and associates (1988) chose four of the 13 items in the Balance Sub-
scale as the best predictors of falling in community dwelling elderly. There are several
potential problems with this approach. The selected items may not be the most
appropriate for all groups. There may be a marked drop in the measurement properties.
Most importantly, there is a loss in ability to describe and communicate the
characteristics of the subjects to other professionals and researchers. The Balance Scale
has been shown to be internally consistent and to have good measurement properties for
the total score. Its use by institutions across Canada and other countries helps facilitate

communication.

5.5. Future directions for research and practice

The Balance Scale was developed with input from health care professionals and
geriatric subjects. The measure appears acceptable to both groups. Patients are willing
to perform the items and have sometimes continued trying to improve their performance
on an item long after the score has been recorded. For clinicians, the Balance Scale
offers a quantitative assessment of movements or functional tasks previously evaluated
subjectively. With regular use, clinicians have said that they can more easily describe
their patients to colleagues, objectively evaluate the progress or deterioration in their
patients, and report those changes in quantitative terms to other team members. Balance
Scale scores may also be useful for signalling potential problems or risky behavior when,
for example, individuals use insufficient walking aids for their level of ability.

Wider use will provide more evidence on how well it performs in different patient
populations. Further tests of clinical usefulness may include the assessment of how well

it can aid in prospective clinical decisions such as time of discharge or need for mobility
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aids. These decisions are based in part on safety considerations, an issue related to
balance. The current measurement properties of the Balance Scale are sufficient to
encourage use of the instrument in daily practce.

The standards of measurement demonstrated by the Balance Scale also make the
instrument appropriate for research. Use of the same measure in clinical practice and
research would facilitate an exchange of information and advance our knowledge in the
area of balance. Specifically, we need more information on the extent of the problem
in various groups and more research on how best to prevent dysfunction, and once
impairment of balance occurs, how to retrain it. There are data illustrating the benefits
of exercise in the elderly on cardiorespiratory endurance, flexibility, and strength
(Hopkins et al 1990; Morey et al 1991). In addition, there is evidence that the clderly
can improve with practice, and that overall physical conditioning helps ensure a high
level of motor performance in terms of speed and consistency (Light 1990). We need
to further examine the amount and type of practise required to prevent dysfunction and
improve balance, safe mobility and independent function. This information is important
for determining policies on health promotion, allocating services and targeting groups in
need of interventions. It is also relevant for falls research to identify individuals at risk
of injury, to prevent functional decline, and evaluate interventions that include an
exercise component. In addition, falls research requires a measure of balance that can
describe the status of the subjects.

At present, it is difficult to compare the findings of studies due to differences in
populations, methods and measurements. By definition, a fall is a loss of balance. Thus,
a measure of balance must be incorporated into studies researching the risk factors for
falls. Balance is, however, not directly related to falls because individuals may
compensate for their lack of balance by being more careful, using more aids and
restricting their level of activity. This view of falls as an interaction of ability and
opportunity to fall is useful for planning interventions.

Use of balance as an outcome measure in intervention studies also offers a more
positive approach than assessing the prevention of falls. Interventions can be targeted

at increasing ability, offering compensations to improve safety and/or making the
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environment and level of activity more appropriate to the individual's level of ability.
Other variables can be examined as to how they affect either the ability or the
opportunity to fall.

An advantage of a performance-based measure is that it allows comparisons across
diagnostic categories. This property is particularly useful in the elderly who commonly
have multi-system impairments. Additionally, certain diagnoses such as stroke
incorporate such a wide range of symptoms and functional deficits that it is impractical
to differentiate patients solely on the basis of a diagnosis. Moreover, balance represents
a characteristic that can be improved, as demonstrated in stroke patients one year post
onset of stroke (Tangeman et al. 1991). In contrast, age or diagnosis cannot be
changed.

The Balance Scale appears to have good potential as an outcome measure, As
mentioned, a direct companison with the Tinetti Balance sub-scale showed that the
Balance Scale discriminated more efficiently among groups of elderly subjects using
different mobility aids. In addition, the only other measure to demonstrate the ability to
monitor change in status was the measure of Functional Reach, which is a component
item of the Balance Scale.

In conclusion, the Balance Scale has continued to perform well relative to other
measures. The results of the present study have contributed to the information on its
measurement properties. The final acid test for an instrument is its use as an outcome
measure In a clinical trial evaluating the effectiveness of treatments. Such trials are
expensive and cannot afford poor choices in measuring instruments. The current

knowledge of the properties of the Balance Scale suggests it is ready for this test.
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APPENDIX 1

BALANCE VALIDATION STUDY
BALANCE SCALE WORK SHEET

Name of subject: Study number:

Location: Room number:

Date: Name of Rater:

Evaluation: initial__ 2 __ 3 __ 4 __

Reliability : inter __  intra __

ITEM DESCRIPTION SCORE (0-4)
1 Sitting to standing —_
2 Standing unsupported -
3 Sitting unsupported -
4 Standing to sitting _
5 Transfers —_
6 Standing with eyes closed -
7 Standing with feet together _
8 Reaching forward with outstretched arm -
9 Retrieving object from floor -
10 Turning to look behind -
11 Turning 360 degrees -
12 Placing alternate foct on stool -
13 Standing with one foot in front -
14 Standing on one foot —_
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BALANCE SCALE developed in partial fulfiment of Master of Science degree McGill
University: K Berg 1988

1 SITTING TO STANDING
INSTRUCTION: Please stand up. Try not to use your hands for support.

GRADING: Please mark the lowest category which applies.
() () {) () {} { )

4 3 2 1 0

able to able to able to needs needs
stand stand stand minimal moderate
no hands indep using hands aid or maximal
and using after to stand assist to
stabilize hands several tries  or to stand
indep stabilize

2 STANDING UNSUPPORTED
INSTRUCTION: Stand for two minutes without holding.

GRADING: Please mark the lowest category which applies.
() () () () {)

4 3 2 1 0 { )
able to able to able to stand needs unable to
stand stand 30 seconds several stand 30 sec
safely 2 min unsupported tries to unassisted
2 min with stand 30 sec
supervision unsupported

IF SUBJECT ABLE TO STAND 2 MIN SAFELY, SCORE FULL MARKS FOR
SITTING UNSUPPORTED. PROCEED TO POSITION CHANGE STANDING
TO SITTING.

3 Sitting unsupported feet on floor
INSTRUCTION: Sit with arms folded for two minutes.

GRADING: Please mark the lowest category which applies.
() {) () () ()
4 3 2 1 0 {( )
able to sit able to sit able to sit able to sit unable
safely and 2 minutes 30 seconds 10 seconds to sit
securely under without
2 minutes supervision support
10 sec



4 STANDING TO SITTING
INSTRUCTION:

Please sit down.

GRADING: Please mark the lowest category which applies.

() ()

4 3
sits controls
safely descent
with by
minimal using
use of hands
hands

5 TRANSFERS
INSTRUCTION:

GRADING: Please mark the
() ()

4 3

able to able to

transfer transfer

safely safely

with minor  definite

use of hands need of
hands

()

2

uses back
of legs
against
chair to
control
descent

()

1

sits

indep

but has
uncontrolled
descent

()

0 { )
needs

assistance

10 sit

Piease move from chair to bed and back again. One way
toward a seat with armrests and one way toward a seat
without armrests.

lowest category which applies.

()

2

able to
transfer
with verbal
cuing and/or
supervision

()

1

needs one
person to
assist

6 STANDING UNSUPPORTED WITH EYES CLOSED
Close your eyes and stand still for 10 seconds.

INSTRUCTION:

{)

0 { )
needs two

people to

assist or

supervise

to be safe

GRADING: Please mark the lowest category which applies.

() ()

4 3

able to able to

stand stand

10 sec 10 sec

safely with
supervision

()

2

able to
stand
3 sec

()

1

unable

to keep
eyes closed
3 sec but
stays steady

()}

0 ()
needs help

to keep

from

falling
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. 7 STANDING UNSUPPORTED WITH FEET TOGETHER
INSTRUCTION: Place your feet together and stand without holding.

GRADING: Please mark the lowest category which applies.
() () (} () (1}

4 3 2 1 0 ()
able to able to able to needs help needs help
place feet place feet place feet to attain to attain
together together together position position
indep and indep and indep but but able and unable
stand 1 min stand for unable to to stand to hold for
safely 1 min with  hold for 15 sec feet 15 sec
supervision 30 sec together

8 REACHING FORWARD WITH OQUTSTRETCHED ARM WHILE STANDING
INSTRUCTIONS: Lift arm to 90 degrees. Stretch out your fingers and reach forward as far
as you can. (Examiner places a ruler at end of fingertips when arm is at 90 degrees. Fingers
should not touch the ruler whilie reaching forward. The recorded measure is the distance
forward that the fingers reach while the subject is in the most forward lean position.)

GRADING: Please mark the lowest category which applies.
() () () () ()

4 3 2 1 0 ( )
can reach can reach can reach reaches needs help

forward forward forward forward to keep ~

confidently >5inches >2inches but needs from

>10 inches safely safely supervision falling

9 PICK UP OBJECT FROM THE FLOOR FROM A STANDING POSITION
INSTRUCTION: Pick up the shoe/slipper which is placed in front of your feet.

GRADING: Please mark the lowest category which applies.
{) () () () { )

4 3 2 1 0 ()
able to able to unable to pick unable unable
pick up pick up up but reaches to pick up to try/
slipper slipper 1-2 inches and needs needs
safely and but needs from slipper supervision  assist
easily supervision and keeps whiie to keep
balance indep trying from
falling



WHILE STANDING UNSUPPORTED
10 TURNING TO LOOK BEHIND OVER LEFT AND RIGHT SHOULDERS
INSTRUCTION: Turn to look behind you over toward ieft shoulder.
Repeat to the right.

GRADING: Please mark the lowest category which applies.
() {) () () (1}

4 3 2 1 0

looks behind looks behind turns ngeds needs
from both  one side only sideways supervision  assist
sides and  other side only but when to keep
weight shows less maintains turning from
shifts well weight shift balance falling

11 TURN 360 DEGREES
INSTRUCTION: Turn completely around in a full circle. Pause. Then
turn a full circle in the other direction.

GRADING: Please mark the lowest category which applies.
() () () () ()

4 3 2 1 o}

able to able to able to needs close needs
turn 360 turn 360 turn 360 supervision  assistance
safely in safely one safely or verbal while

< 4 sec side only but cuing turning
each side < 4 sec slowly

12. DYNAMIC WEIGHT SHIFTING WHILE STANDING UNSUPPORTED
NUMBER OF TIMES ALTERNATE FOOT TOUCHES STOOL (7-8" high
INSTRUCTION: Place each foot alternately on the stool. Continue until
each foot has touched the stool four times.

GRADING: Please mark the lowest category which ap
() () {) () L)

4 3 2 1 0

able to able to able to able to needs
stand stand complete complete assistance
indep and indep and 4 steps > 2 steps to keep
safely and complete without needs from
complete B steps aid minimal falling/

8 steps > 20 sec with assist unable to

in 20 sec supervision try
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13 STANDING UNSUPPORTED ONE FOOT IN FRONT
INSTRUCTION: (DEMONSTRATE to subject)
Place one foot directly in front of the other. If you feel
that you cannot place your foot directly in front, try to
step far enocugh ahead that the heel of your forward foot is
ahead of the toes of the other foot.

GRADING: Please mark the lowest category which applies.
(1} () () () ()

4 3 2 1 0
able to able to able to needs help loses
place foot place foot take small to step but  balance
tandem indep ahead of stepindep can hold while
and hold other and hold 15 sec stepping
30 sec indep and 30 sec or

hold 30 sec standing

14 STANDING ON ONE LEG

INSTRUCTION: Stand on one leg as long as you can without holding.

GRADING: Please mark the lowest category which applies.
() {) {) () ()

4 3 2 1 0

able to able to able to tries to unable to try
lift leg lift leg lift leg lift leg or needs
indep indep indep unable to assist to
and hold and hold and hold hold 3 sec  prevent fall
>10 sec 5-10 sec =or>3 sec but remains

standing indep

TOTAL SCORE ( )
maximum = 56

TOTAL
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Contents;

Barthel Index
Barthel Index instructions for scoring

Fugl-Meyer Motor Performance Scale
(Arm, Leg and Balance Sub-scales)

Mini-Mental State Examination (MMSE)
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walking

Patient Name: Study #:
Location: Room:
Date: Examiner:
Evaluation: Initial : ;3 ; 4
Some Can’t
SELF CARE Self Ald Do Sub—-total
1. Drinks from cup 4 0 0 i i
i i
2. Fating 6 3 0 { 3
! i
3. Dress upper body 5 3 0 H !
! ] A.D.L.
4, Dress lower body 7 4 0 i i
i i i
t i i
i oy
5. Put on brace 0 -2 0 ; !
i t
6. Grooming 8 0 0 i !
i p
7. Washing 6 0 0 i !
i Il
4 4
CONTINENCE { t CONTINENCE
i i
8. Bladder control 10 5 0 i P i
: b H
9. Bowel controil 10 5 0 i i i1
i {
MOBILITY 3 !
i i
10.Transfer chair 15 7 0 i {
i i MOBILITY
11.Transfer toilet 6 3 0 i i
! P i
12.Tub or shower 1 0 0 § i i
] I {
H i
13.Walks 50 yds. 15 10 0 i |
' i
14.5tairs 10 5 0 $ !
! i
15.Wheeling if not 5 ¢! 0 i i
i i
; i

TOTAL (100)
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Guidc to scoring BARTHEL INDEX

Self Care
1. Drinks from cup
Ind 4 Drinks from a cup: pours hiquids and opens a milk canton
Help O Drinks and swallows but requires the presence or help from someone clse for

supervision, cueing, coaxing or physical assistance during the activiry.,

Null 0 Cannot drink but must rely at least in part on fluid intake through other routes such as
parcnieral or gastrostomy feedings.

2. Eating

ind 6 Eats from a dish on 2 tray or table as customarily prepared and served: cuts meat amd
butters bread. May use adaptive or assistive devices,

Help 3 Takes full meals by mouth (ie chews and swallows) but reguires the presence or help trom
someone ¢lse for supervision, cucing. coaxing or physical assistance during the activity,
Does not rely on alimentation through other routes such as parenteral or gastrostomy
feedings.

Nul O Cannot take full meals by mouth but must rely on alimentation through other routes such

as parenteral or gastrostomy feedings,

3. Dress upper body

Ind 5 Dresses and undresses upper body; able to handle bra, slip. pull-over garment and front-
opening garment; able to manage zippers, buttons and snaps. Manages in reasonable
time,

Help 3 Performs at least half the effort himself but needs help in pulting on and removing or
fastening.

Null 0 Does not assist or dressing is not performed.

4. Dress lower body

Ind 7 Dresses and undresses Jower body, able to handle underpants, slacks, skirt, bell,
stockings, and shoes, able to manage zippers, buttons, snaps, and garters, May usc
special closure.

Help 4 Performs at least half the effort himself, but needs help in putting on or removing or
fastening,

Null O Doces not assist or dressing is not performed.

5. Put on brace

ind 0 Dons prescribed sling, splint, brace, orthosis, corset or prosthesis with reasonable time,

Help -2 Needs partial or complete assistance to don brace, orthosis or prosthesis,

Nul O Does not have brace, orthosis or prosthesis,
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6. Grooming

Ind 5 Cleans weth or dentures, combs and brushes hair, shaves, applics make-up, including 211
prepartions,

Hetp 0 Assistance, supervision or cueing given for activity.

Null 0O Does not perform grooming activities; complete assistance given.

7. Wash

Indt 5 Washes and dries face and entire body (except shampooing hair), including taking water
if bath is taken away from the sink or tub. May use adaptive or assistive devices.

Help O Assistance, supervision, cucing, coaxing given in washing and drying and inspecting skin
of body.

Null @ Does not wash and dry and inspect skin of body, or complete assistance is given,

Continence

8. Bladder continence

ind 10 Has control of bladder (no accidents)

Help § Needs assistance with external device, or has occasional accidents; or cannot wait to get

to bed pan or the toilet in time; another person is required 1o help in maintaining a
voiding or excretion pattern or else the individual has occasional sphincter accidents but
not on a daily basis.

Null 0 Is frequently wet due to incontinence despite aids or assistance. Despite aids or belp from
another person. The individual is wet on a frequent or almost daily basis. This might
necessitate the wearing of diapers or other absorbent pads. This does not inciude the
simple presence of 2 catheter or ostomy device provided that it is well maintained such
that wetting of skin, clothing or bedding does not occur.

9.Bowel continence
Ind 10 Has control of bowels (ro accidents)

Help 5 Needs assistance using suppository or taking an enema or has occasional accidents;
another person is required 10 help in maintaining an excretion patiern or else the
individual has occasional sphincter accidents but not on 2 daily basis.

Null O Is frequently soiled due to incontinence despite aids or assistance. Despite aids or help
from another person, the individual is soiled on a frequent or almost daily basis. This
might necessitate the wearing of diapers or other absorbent pads. This does not include
the simple presence of an ostomy device provided that it is well maintzined such that
soiling of skin, clothing or bedding does not occur.
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Mobility

10. Transfer chair

Ind 15 Approaches, sits down or gets up from a regular chair safely: i in wheelehair, able o
approach a bed or anather chair, lock brakes, lift foot rest, and safely perform either o
standing pivot or sliding ranster; able to teturn safely. changing the position of the wheel
chair if necessary: able 1o remove and replace arm rest iU necessary.

Help 7 Mimmal liftng required and/or supervision, cueing, coaxing.
Null 0 Heavy lifting is required: complete assistance is given.
11. Transfer toilet

Ind 6 Performs as in transferring to and from a chair with safety to toilet with Lixed plumbing,
May use an assistive  device,

Help 3 Needs assistance for balancing as in adjusting clothes, minimal assistanee or lifting is
required.
Null O Heavy lifting is required, complete assistance is given.

12. Tub or bath

Ind 1 Enters and leaves a tub or shower tall independently and safely. May use assistive
devices.

Help O Assistance, supervision, cueing given; minimal lifting involved.

Noll O Heavy lifting required, complete assisinee given.

13. Walks 50 yards
Ind 15 Walks at least 50 yards; may use brace, cane, crutches, walker or special shoes,

Help 10 Walks at least 50 yards with assistance or supervision for safety.

Noll O Does not walk 50 yards
14. Stairs
Ind 10 Goes up and down at lcast one flight of stairs without using any type of support and with

safety. May wear brace.

Help 5 Goes up and down at least one flight of stairs but needs assistance or supervision for
safety.

Null 0 Does not go up one flight of stairs; or is carricd.



144

15. Wheeling if not walking
Ind 5 Propels wheelchair independenty for at least 50 yards: must be able to go around comers,
tum around. mancuver on rugs, over doorsills, et

Help 0 Needs assistance in propelling or mancuvring wheelchair,

Nul} 0 Wheelchair is not ordinarily used for locomotion.

key: ind - Indcpendent
Help - Helper
Null - Null or unable to perform



FUGL-MEYER ASSESSMENT

UPPER EXTREMITY

1. Reflex Acuvity -Flexors
-Extensors

2, Fiexor Swnerov

Shouldern: Retraction
Elevation
Abduction
Ext. Rotation
Elbow Fiexdon

Forearm Supination

Extensor synerav

Shoulder Add., Int. Rot.
Etbow Exteasion
Forearm Pronation

L)

. Hand to lumbar spine
Shoulder Flexion to 90°
Pron/Supination, Elbow @ 90°

. Skouldsr Abduction to S0O°
Shoulder Fiexdon from 90° to 180°
Pron/Supinztion, Elbow @ 0°

4a

n

. Normai Ra:laxes: bicsps, triceps
Finger flexors

Elbow 0° - wrist stable
Elbow 0° - wrist {lex/ext
Eibow 90° - wrist stable
Elbow 90° - wrist flex/ex
Circumduction

Mass finger flexion

Mass finger exteasion

MCP exteasion - Distal flexion
Thumb adducticn

Thumb opposition

Cvlindrical grasp

Spherical grasp

Tremor
Dysmetriz
Spred

UPPER EXTREMITY TOTAL

Patient Name

LOWER EXTREMITY

1. Reflex Acuvity: Koee
Achilles

2. Flexor Svnergy
Hip Flexion (Abd., Ext. Rot.)
Knee Flexdon
Ankle Dorsiflexion

Extensor Svnerov

Hip Extension

Hip Adduction
Kaes Extension
Axnkle Plantarflexon

Ul

. Knee fledon > 90°
Anile Dorsiflexon

+. Knes Flexion, Hip @ 90°
Axkle Dorstllexon

130

13l

~~—

3. Normal Reflexes: Knes flexors, extensors
Achiiles /2
Tremor s
Dvsmetria /2
Spezd __ /=
LOWER EXTREMITY TOTAL /34
BALANCE
Sitting uasupported M
Protective reaction: less affected side 2
Protective reaction: more affecied side __ /2
Supported standing 2
Unsupported standing 2
Standing: less affected leg 2
Standing: more affected leg 2
BALANCE TOTAL /13

The SENSATION and PASSIVE R.OM. zcales of
the onginal Fugl-Meyer assessment have not been
reprinted here. They have been shown to be too
unreliable for useful clinical measures, and they are

infrequently used



NAME-: DATE:
MINT-MENTAL STATE EXAMINATION
QOrigatprim
1  What is the Year?
Season?
Date?
Day?
Month?
2. Where are we? Country?
Provines?
Building?
Floor?

Registrati

3. Name three objects, taking one second to say cach. Thea ask the patienr
all three after vou have said them. Give one point for =ach correct
answer. Repeat the apswers untl the patent learns ail three.

Atteation and Caleuiation

4. Serial sevens. Give onc point for zack correct answer. Stop after
five answers. Altgrmate spell WORLD backwards.

Reeall

5. Ask for aames of thres objects learned in Questdon 3. Give one
point for exch corrmes answes,

nmil
6. Point to 2 peac and 2 watcd. Have the patient aame them as vou point.
7. Have the patiear repeat “No ifs, ands or buts.”

8. Have the patieat follow a 3-stage command: “Take a paper in vour right
hand. Fold the paper in h~If. Put the paper on the foor.”

9. Have the patieat read aed obey the following: CLOSE YOUR EYES
(Write in large lefters)

10. Have the patient write a seateacs of hus or ber chowes. (The
seateacs should contain a subject 2nd an object, and should maks
sense. Ignore spelling errors when scoring

11. Enlarge the design pricecd below to 1.5 cm per side, and have the

parient copy it Give one point if ail sides and angjes are
preserved and if the intersecting sides form 2 quadracgie.)

TOTAL
o (3

STUDY NUMEER:

TG

R e e

o

uy [ ]

LV

12

V3]
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APPENDIX 3

Contents:

Consent form for elderly residents (English)
Awareness form for family of the elderly residents

Consent form for stroke patients (English)
Consent form for stroke patients (French)
Awareness form for family (English)
Awareness form for family (French)

Screening forms for the Griffith-McConnell Residence
Screening forms for the stroke patients

Profile sheets: Baseline information, first evaluation and reliability coding sheets
are included. (Evaluations 2, 3 and 4 were identical to 1.)

Fall incident report sheet specific to the study
Note: Separate consent and screening forms were used for the Montreal General

and the Royal Victoria/MNI but only one sample is included in the
Appendix.
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School! of Physical and COccupational Therapy
McGill University

Griffith-McConnell Residence

I agree to participate in

this research study on balance.

The purpose of this study is to test a scale that measures a
person’s balance ability. This scale will judge balance by
asking you to perform movements common 1in everyday life. Your
participation in the study will help us determine if this 1is a
good scale to measure the ability of older people to maintain
their balance while performing normal activities.

I understand that I will be asked to perform movements while
sitting and standing according to my 1level of ability. These
movements include turning, reaching forward and changing foot
positions. In addition, I will be asked about my ability to do
self-care activities such as dressing. The 1length of the
intervicw will be approximately 15 minutes on one day, and 15 the
following day, depending on each person’s ability and the number
of rests required. I understand that I may rest at any time and
that I may end the dinterview at any time. My refusal to
participate or to continue the testing will not affect any other
treatments I receive. I understand that the measurements will be
repeated on three occasions over a nine month period te check for
changes in balancing scores. These visits will be made wherever

I am residing at that point in time.



149

A

A1l information will be kept confidential ancd the results
known only to the investigators. I have been told that this
study has been approved by the Ethics_Review Committees of McGi111
University and the Griffith-McConnell Residence. The risk
.inv01ved is no greater than the risk associated with my
activities of daily living. The possible benefit of my
participation is that the scale will eventually be useful for
other e]derlg persons. I understand that any enquiries I may
have about this study will be answered. I cz2n direct my
guestions to:

Ms Kathy Berg or Dr. Sharon Wocd-Dauphinee

phone: 398-4500 or 398-4523

School of Physical and Qccupational Therapy

McGill University

3654 Drummond

Montreal, Quebec

Date: Signature:

As research assistant, I deciare that I have fully explained the
objectives of the study and the extent of invoivement requested

of the resident.
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SCHOOL OF PHYSICAL AND OCCUPATIONAL THERAPY

McGILL UNIVERSITY
GRIFFITH-MCCONNELL RESIDENCE

Researchers at the School of Physical and Occupational Therapy at McGill
University in coliaboration with the Griffith McConnell Residence are conducting a study
designed to test a scale that measures a person’s ability to balance.

Because your relative is at this time unable to fully understand ihe purpose of the
study, we are asking you to sign this awareness which essentially states that you are
aware of the study and of your relative’s participation in it.

In this study, your relative will be asked to perform movements while sitting and
standing according to his/her level of ability. These movements include turning,
reaching forward and changing foot positions. In addition, he/she will be asked to do
simple exercises with his/her arm and leg, and discuss his/her ability to do self-care
activitics such as dressing. The length of the test will be approximately 15 minutes,
depending on each person’s ability. Your relative mzay rest at any time, and he/she may
end the interview at any time, Your relative’s refusa! to participate or to continue the
testing will not affect any other treatments he/she r=ceives, The measurements will be
repeated on three occasions over a 1-year period 1o check for changes in balance scores.

All information obtained from the resident or from the charts will be kept
confidential and the results known only to the investigators. This study has been
approved by the Ethics Review Committees of McGill University and the Grffith
McConnd 'l Residence. The risk involved is no greater than the risk associated with your

relative’s activities of daily living. The possible benefit of his/her participation is that



the scale will eventually be useful for other patients.

Date: Signature;

Witness:

Enquiries about this study can be directed to:
Katherine Berg or Dr Sharon Wood-Dauphinee
Phone: 398-4500

School of Physical and Occupational Therapy
McGill University

3654 Drummond

Montreal, Quebec

H3G 1Y5

151



152

School of Physical and Occupational Therapy
McGill Univer:ity
Montreal General Hospital

I agree to participate in this research study on
balance.

The purpose of this study is to test a scale that measures a person’s balance ability.
This scale will judge balance by asking you to perform movements common in everyday
life. Your participation in the study will help us determine if this is a good scale to
measure the ability of older people to maintain their balance while performing normal
activities.

I understand that 1 will be asked to perform movements while sitting and standing
according to my level of ability. These movements include turning, reaching forward
and changing foot positions. In addition, I will be asked to do simple exercises with my
arm and leg, and discuss my ability to do self-care activities such as dressing. The
length of the test will be approximately 30 minutes on one day, and 15 the following day,
depending on each person’s ability and the number of rests required. I understand that
I may rest at any time and that I may end the interview at any time. My refusal to
participate or to continue the testing will not affect any other treatments I receive. I
understand that the measurements will be repeated on ihree occasions over a three month
period to check for changes in balancing scores. These visits will be made wherever I
am residing at that point in time.

All information obtained from the patients or from the charts will be kept
confidential and the results known only to the investigators. I have been told that this
study has been approved by the Ethics Review Committees of McGill University and the
Montreal General Hospital. The risk involved is no greater than the risk associated with
my activities of daily living. The possible benefit of my participation is that the scale
will eventually be useful for other patients. [ understand that any enquiries I may have
about this study will be answered. I can direct my questions to:

Ms Katherine Berg or Dr. Sharon Wood-Dauphinee



phone; 398-4500 or 398-4523

School of Physical and Occupational Therapy
McGill University

3654 Drummond

Montreal, Quebec

or  Mrs Jacqueline Harvey

Physiotherapy Department : 937-6011 local 2900
Montreal General Hospital

Date: Signature:

Witness:

Y
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Ecole de physiothérapie et d’ergothérapie
Université McGill
Hopital Général de Montréal

Je, sousigné(e), _ accepte de participer a |’étude sur
I'équilibre.

Cette étude vise A évaluer une échelle de mesure de 1'aptitude d’une personne 2
I"équilibre. Cette échelle permettra d'évaluer I'équilibre chez des personnes & qui on
demande d’effectuer les mouvements qu'elles exécutent daw=s !a vie courante. Ma
participation 2 1'étude aidera 3 déterminer la valeur de cette échelle pour mésurer
1'aptitude de personnes agées a maintenir 1’équilibre lors d’activités de la vie quotidienne.

Je comprends qu’on me demandera d’effectuer des mouvements, en position assise
et en position debout, selon mon niveau d’aptitude. Ces mouvements comprendront:
rotation, €tircment et changement de position des pieds. De plus, on me demandera
d’exécuter des exercises simples, des jambes et et des bras, et on discutera avec moi de
mon aptitude & prendre en charge mes soins personnels, tel m’habiller. L’entrevue durera
environ 30 minutes la premiere journée et 15 minutes la suivante, selon I’aptitude de
chacune des personnes. On m’a affirmé que je pourrais me reposer ou mettre fin &
I'entrevue 2 tout moment. Mon refus de participer ou de poursuivre 1’évaluation
n'affectera en rien les autres traitements. Les mesures pourront étre r1épétées
subséquemment 2 trois reprises au cours des trois prochains mois, afin de vérifier si des
changements surviennent dans I’aptitude a 1’équilibre.

Tous les renseignements personnels obtenus du patient ou de son dossier
demeureront confidentiels. On m’a affirmé que cette étude avait regu 1’approbation du
comité d’éthique de I'université McGill et I’hdpital Général de Montréal. Les risques
que comporte cette étude sont du méme ordre que les risques que je cours

quotidiennement. L'avantage possible de ma participation est que cette échelle servira
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éventuellement A d'autres malades et permettra aux professionnels de la santé d'évaluer
objectivement diverses techniques de traitement. 1l est entendu qu'on répondra A toutes

les questions que j'aurai au sujet de I*¢tude, que je peux adresser directement au

Dr. Sharon Wood-Dauphinée ou a2 Mlle Katherine Berg:

Ecole de phystothérapie et d’ergothérapie: 398-4500 ou 398-4514
Université McGill, 3654 rue Drummond, Montréal, PQ H3G 1YS
ou

Mme Jacqueline Harvey

Département de physiothérapie :937-6011 poste 2900

Hopital Général de Montréal

Date: Signature:

Témoin:
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SCHOOL OF PHYSICAL AND OCCUPATIONAL THERAPY

McGILL UNIVERSITY
ROYAL VICTORIA HOSPITAL and the MONTREAL NEUROLOGICAL

HOSPITAL

Researchers at the School of Physical and Occupational Therapy at McGill in
collaboration with the Physiotherapy Department of the RVH and MNH are conducting
a study designed to test a scale that measures a person’s balance ability.

Because your relative is at this time unable to fully understand the purpose of the
study, we are asking you to sign this awareness form which essentially states that you
are aware of the study and of your relative’s participation in it.

If he/she participates in this study your relative will be asked to perform
movements while sitting and standing according to his/her ability. These movements
include turning, reaching forward and changing foot positions. In addition, he/she will
be asked to do simple exercices with his/her arm and leg, and discuss his/her ability to
do self-care activities such as dressing. The length of the test will be approximately 30
minutes on one day, and 15 minutes the following day, depending on each person’s
ability and the number of rests required. Your relative may rest at any time, and he/she
may end the interview at any time. Your relative’s refusal to participate or to continue
the testing will not affect any other treatments he/she receives. The ;n@asurements will
be repeated on three occasions over a three-month period to check for changes in

balancing scores. These visits will be made wherever your relative is residing at that



point in time.

All information obtained from the patient or from the charts will be kept
confidential and the results known only to th2 investigators. This study has been
approved by the Ethics Review Committees of McGil! University, the Royal Victoria
Hospital and the Montreal Neurolegical Hospital. The risk invoived is no greater than
the risk associated with your relative’s activities of daily living. The possible benefit of
his/her participation is that the scale will eventually be useful for other patients.
Enquiries about this study can be directed to:

Ms Kathy Berg or Dr. Sharon Wood-Dauphinee
phone: 398-4500 or 398-4523

School of Physical and Occupational Therapy
McGill University

3654 Drummond

Montreal, Quebec
or Dr. David Gayton
phone: 842-1231, local 4677

Royal Victoria Hospital

Date: - Signature

Witness:
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UNIVERSITE McGILL
Ecole de Physiothéranie et d’Ergothérapie
L'Hopital Général de Montréal

Des chercheurs de 1'Ecole de physiothérapie et d’ergothérapie de 1'Universits McGill en
collaboration avec le département de physiothérapie de 1'Hopital Général de Montréal sont
impliqués dans une étude qui vise a évaluer une échelle de mesure de 1'aptitude d’une personne
a ’équilibre.

Parce que Monsieur ou Madame n’est pas en mesure de comprendre le but de cette étude,
nous vous demandons de signer cette formule. En apposant votre signature, vous aurez pris
connaissance des buts de I'étude et vous serez conscient que Monsieur ou Madame y participe.

Si la personne participe & cette étude, il lui sera demandé d’effectuer des mouvements,
en position assise et en position debout, selon son niveau d’aptitude. Ces mouvements
comprendront: la rotation, 1’étirement et un changement de position des pieds. De plus, il/elle
devra exécuter des exercices simples, des jambes et des bras, et on discutera avec cette personne
de son aptitude 3 prendre en charge ses soins personnels, tel s*habiller.

L’entrevue durera environ 30 minutes la premiere journée et 15 minutes la suivante, selon
I"aptitude de chacune des personnes et les périodes de repos qui seront prises. La personne
concernée pourra se reposer ou mettre fin 3 I’entrevue 3 tout moment.

Le refus de cette personne de participer ou de poursuivre 1’évaluation n’affectera en rien
ses autres traitements. Les mesures seront répétées subséquemment 2 trois reprises au cours des
trois prochains mois, afin de vérifier si des changements surviennent dans 1’aptitude 2

I’équilibre. Ces visites s’effectueront au lieu de résidence de la personne.
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. Tous les renseignements personnels obtenus du pauent ou de son dossier demeuront
confidentiels et les résultats seront dévoildés aux chercheurs seulement.  Cette dude a requ
I’anprobation du Comité d’éthique de I'Université McGill, et de I"'Hopital de Montréal.  Les

risques que comporte cette étude sont du meéme ordre que les risques quune personne court
quotidiennement. L'avantage possible de la participation de cette personne est que cette dchetle

servira éventuellement a d’autres patients. Pour plus de renseignements sur cette ¢tude, veuillez

vous adresser directement a:

Mile Katherine Berg ou Dr. Sharon Wood-Dauphinee au:
398-4500

Ecole de physiothérapie

et d’ergothérapie

Université McGill

3654 rue Drummond

Montréal, PQ H3G 1Y5

Date: Signature:

Témoin:
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GRIFFITH MCCONNELL SCREENING

Screening number

SURNAME: Forename:
TELEPHONE:
LOCATION: ROOM NUMBER:
SEX: AGE:
CRITERIA YES NO

| —
AGE>= 60 et _

| an— |
HAS DEGREE OF INDEPENDENT MOBILITY e —

-usually walks without aids
-uses cane when outdoors
-uses cane indoors

-uses walker usually

-needs assist of a person

but can reach toilet unassisted
with a W/C or mobility aids

NEEN

IS MEDICALLY STABLE —

IF ALL THREE BOXES ARE CHECKED, PATIENT IS ELIGIBLE FOR THE STUDY.

INFORMED CONSENT
Resident understands objectives of the study and has signed consent form
(yes, no)
If no:
Resident has 2 MiniMental Score of ______ ; family aware
Name of next of kin: Telephone:

IF NO CONSENT, REASON:

ADMIT TO STUDY: DATE:



RVH-MNI SCREENING

verify following mformation:

Patient name:
hospital number:

ward: room:
age: Sex:
Physician:

DATE OF STROKE COMPLETION:
CRITERIA

AGE => 40

0- 14 DAYS POST SYMPTOM ONSET
ELIGIBLE FOR MEDICARE
FOLLOW UP VISIT POSSIBLE

(lives in Montreal, or will be here

for 3 months)

MEDICALLY STABLE
- allowed to sit up as tolerated

PRESENCE MEDICAL PROBLEMS THAT MAY
INTERFERE WITH REHABILITATION
- Alzheimer's, legal blindness, amputee

funciionally dependent before CVA, Barthel <40

CLINICAL DIAGNOSIS STROKE

REFERKAL SENT TO PT

IF ALL 8 BOXES ARE CHECKED, PATIENT IS ELIGIBLE FCOR THE STUDY.

INFORMED CONSENT
Patient understands the objectives of study and has signed consent form

If no, awareness form signed by next of kin:

name of next of kin:
If no, reason:

ADMIT TO STUDY:

|
l
I
!
I
|

SCREENING NUMBER: ___

YES

yes, no

— (yes,no)

telephone:

NO
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STUDY NUMEER

— 1.3
Soc/clinical 1 4
STUDY SeECTION: Yes = L;No=2
Predictive -_ S5
Canstruct -— 6
Reiability _ 7
Cuncurrent - 8
Age(yss) ~ %0
Sex male: 1; female: 2 - pa ]
Ianguage: Freach: 1; Eng: 2y Othern 3 ___ piv)
Maritai stae Married: 1; Never married: 2;
Formesly married: 3 — 13
Living arrangement alone,1; family,2; .
residencs 3; insticutond; other 5 — 14
Years of schacling L 1516
EZaploymens emploved FT: L;
tart-ume: ; retired: 3; unemployed: 4;
bousewiie: 5: NA: 8 — 17
Cezupation (main during hfetime)
prof/manages: 1; derdenl 2 saless 3;
servics/res 4 Tamsportatan/commaun: 5
creits/produciion: 6; laboren: 7;
stuceat: $; bousewifes 9 poae: 10 A 18-19

Diagnosis: Yes =1, No=2
Cva

Parkincon

Qther aearclogical
Cardiovascalar

Pulmonary

Diabetes

Periph vase disease (Amp)
Rbeumatic disease

Visual problems
Hypertension

Renal discase
Gastrointestinal
Genirourinary

Neoplastic

LETEEEErreErid

uRy BURSERRBREEEREY
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PROFILE SHEETS

Meds: No = ; if yes write #

takea iz category

Major tranquilizer

Mizor traoquilizes
Antd.platelet/Anti-coaguiant
Anti-depressants
Anti-hypertensives

Tsehemie beort disease
Arnfi-inflammatory

Otbex:

Completed study:

yslLno2;

If no, reason:

Incapacitating .. - 1, incapadtzting
diszase 2, volunrary withdrawal 3, died &

Date death or.
prematurs Dle

SN R N

d m ¥

Curreat stroke spisode
date symplom OBS&l
' —l

d o ¥

Side of weakzess
R=LL=2Bctha3

Use mobiity aids:

usually uses no mobiiity ad (1)
usuaily uses cane outdoors (2)
usually uses cane indoors (3)

usually uses quad cane or walker (4)
reguires assistant to walk {5)
mdependenr with wheelchajr (6)

Mini-mental state £ .

RSBRE8BHY

as

61-6



Study number

Initial Evaluation Info

Location:

GMceC 1, RVH-MNI 2, home 3,
convalescent 4, other 5

Fall: yesl, ™2

with injury
no injury

Total falls
in interval

Date balance
evaijuation

Indep rater #
Balance 1

sit to stand
stand

sit

stand to sit
transfer
stand EC
stand FT
arm reach
pick up
twist turn
turn 360
stool step
tandem
one leg

Date initial assessment

m

of Barthel

BARTHEL

C;BEEWOO-JO\M&WNH

14

d

Mobility

ADL
Cont

Global rating
poor
fair
good

not given

LoV N S

s

——

1-3 Profession of caregiver ___
Nurse =1
4 : PT =2
OoT =3
Nursing asst = 4
N/A =9
5
Scif perception patient  __
Poor =1
Fuar =2
6 Good =3
7 Not given = 9
89
Fugl-meyer 1
Arm —_—
Leg —_
10-15 Balance -
16-17
18
19
20
21
22
3
24
25
26
27
28
29
30
31
32-37
3839
40-41
4243
L«

F
n

+7-48
49-50
51-52
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Study number

Inter- Reliability study

Location:

GMcC 1, RVH-MNI 2, home 3,

convalesceat 4, other 5

Fall : yes l,no 2

with injury
no injury

Total falls
in interval

Date reliability balance

cvaluation

Rater #

t

Carcgiver Balance Scores

sit to stand
stand

sit

stand to sit
transfer
stand EC
stand FT
arm reach
pick up
Iwist turn
turn 360
stool step
tandem
one leg

S\OCO--JO\M&WIJH

=
[

12
k)
14

Profession of caregiver

Nurse
PT
oT
Nursing asst
N/A

1
2
3
4
9

PEETEEEEETEEL

Daic corresponding balance

cvaluation

Rater #

Indep raier Balance Scores

1.3

4
sit to stand
stand
sit

5 stand to sit
transfer
stand EC
stand FT

6 arm reach

7 pick up
twist turn
turn 360
stool step

8-9 tandem
onc leg

10-15

16-17

1

19

20

21

prd

23

24

25

26

27

28

29

30

31

32

33-38

= - RN A N N
ptﬁﬁuc‘o“’



Study number

Intra- Reliability study 3

Location:

GMcC 1, RVH-MNI 7, home 3,

convalescent 4, otk- . 3

Fall: yes1,noc2
with injury

nO injury —
Total falls

in interval —_
Date repeat balance
evaluation

d m

Rater #

Repeat Balance Scores
sit to stand
stand

sit

stand to sit
transfer
stand EC
stand FT
arm reach
pick up
twist turn
turn 360
stool step
tandem
one leg

[V} ]

RERRERRRREEEE

Date corresponding balance
evaluation

Rater #

Indep rater Balance Scores

sit to stand 1 _
stand 2 —
sit 3 -
stand tosit 4 —
transfer 5 -
stand EC 6 —
stand FT 7 -
arm reach 8 —
pick up 9 —
twist turn 10 —
turn 360 11 .
stool step 12 _
tandem 13 —

one leg 14

1-3

8-9

10-15
16-17

wEBRY

32-37
38-39



FALL INCIDENY REPORT 166

DATE OF FALL:

PLEASE DESCRIBE THiz CIRCUMSTANCES OF THE FALL:

If they have not already given the following information, ask

what were you doing when you fell ( eg going to the bathroom,
hanging clothes)

wWhere were you? ( eg outside shopping, in the dining room)

In own room
In hallway
In bathroom
Outdoors
other

1]

What time of day was it? ( record approximate time in 24 hour)

What kind of shoes or boots were you wearing at the time?

usual walking shoe Height of heel of usual shoe
slipper
winter boots -
bare feet _
Were you using your usual walking aid? yes no ____
Your usual mobility aid is: Cane

walker

quad cane
wheelchair
does not use an aid

Were you in & hurry, or were you startled or distracted?’

Was there any obstacle or external disturbance



APPENDIX 4.1

Means and standard deviations (SD) of the Balance Scale Scores of the elderly residents within each category
of global rating at each evaluation point

EVALUATION POINTS

Global Rafing At entry 3 Months 6 Months 9 Months
N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD)
GOOD 63 50.2 (3.47) 55 49.4 (4.31) 55 49.8 (4.70) 53 49.7 (3.53)
FAIR 40 43.1 (7.08) 39 44,7 (6.80) 34 44.6 (6.21) 33 44.1 { 6.64)
POOR 10 40.8 (7.50) 1! 38.0 (9.85) 11 31,5 (8.24) 9 39.5(11.39)
tho = .61 rho = .5() rho = .62 rho = .52
Finne 27.8 Finin 19.4 Fino 39.7 Fupn 17.3
p <.000! p<.0001 p <.0001 p < .0001

L91



APPENDIX 4.2 168

Sociodemographic and functional characteristics of the residents at baseline
grouped by their fall status at the end of the year (N=113)

Non Fallers Single Fallers Multiple Fallers
N=60 N=24 N=29
Mean (SD) or Mean (SD) or Mean (SD) or

Number (percent)

Number (percent)

Number (percent)

Age 82.8(5.2) 83.3 (4.9) 85.1 (5.1)
Sex
Female 49 (81.7) 20 (83.3) 24 (82.8)
Mental Status MMSE 28.1(2.7) 279 (2.1 27.5 (2.7)
Barthel Mobility 46.5(1.5) 46.1 (2.5 4.5 (4.2)*
Ralance 48.8( 4.9) 46.8 (7.6) 42.8 (7.D*
History of falls in past 3 (5.0 3 (125 10 (34.5)**
three months
Mean # Conditions 3.8(1.49) 34 (1.3) 43 (1.9
Neurological 26 (43.3) 10 (41.7) 10 (34.5)
CVD 36 (60.0) 8 (33.3) 19  (65.5)**
Pulmonary 9 (15.0) 5 (20.8) 2 (6.9
Diabetes 3 (5.0 I (4.2) 5 (17.2)
PVD 8 (13.3) 2 (8.3 1 (34
Rheumatic 24 (40.0) 12 (50.0) 13 (44.8)
Visual 21 (35.0) T28.2) 17 (58.6)**
Hypertension 31 (5.7 11  (45.8) 17 (58.6)
Gastrointestinal 1t (18.3) 9 (37.5) 6 (20.7)
Genitourinary 4 (6.7 2 (8.3 3 (10.3)
Neoplasm 9 (15.0) 1 (4.2) 6 (20.7)
Orthopaedic 16 (26.7) 2 (8.3 10 (34.5)
Other 30 (50.00 12 (50.0) 16 (55.2)
Mean # Medications 4.3 (1.8) 3.2 (1.8) 36 (2.2)
Tranquilizers 4 (6.7 0 (0 2 (6.9
Sedatives 25 (41.7) 11 (45.8) 6 (20.7)
Antiplatelet 17 (28.3) 5 (20.8) 6 (20.7)
Antidepressant 6 (10.0) 1 (4.2) 3 (10.3)
Antihypertensive 32 (53.3) 7 (29.2) 12 (4149
Cardiac 28 (46.7) 6 (25.0) 14 (48.3)
Antiinflammatory 20 (50.0) 3 (12.5) 13 (44.8)**
Other 40 (78.3) 18 (75.0) 20  (69.0)
* Fo.. p<.01

*> x* p<.05



Sociodemographic and medical characteristics of stroke patients who did and

APPENDIX 4.3

did not complete the study (N=70)
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Completed Study N=60

Did Not Complete Study N= 10

Mean (SD) Mean (SD)
Number (percent) Number (percent)
Age 70.8 (9.8) 76.6 (10.5)
Sex
Female 29  (51.7) 5 (50.0
Side of Stroke
Right 32 (53.3) 6 (60.0)
Leaft 28 (46.7) 4 0.0
Usual Living Arrangements
Alone 18 (30.0) 3 (30.0y
Family 40 (66.7) 6 (60.0)
Residence 1 (1.7 1 (10.0y
Institution 1 (1.7 0
Language
French 19  @3L7 3 (30.0y
English 22 (36.7) 6 (60.0)
Other 19 @GLD I (10.0)
Education 8.5 (3.6) 8.8 (2.6)
Mean # Conditdons 2.7 (1.4 2.1 (1Y)
Neurological 9 (15.0) 2 (20.0)
Cardiovascular 35 (58.3) 5 (50.0)
Pulmonary 8 (13.3) 0 (0.0)
Diabetes 20 (33.3) 2 (20.0)
Peripheral vascular 7 (L7 1 (10.0)
Rheumatic 4 (6.7) 0 (0.0
Visual 5 (8.3) 0 (0.0)
Hypertension 39  (65.0) 7 (70.0)
Renal 2 (3.3 2 (20.0)
Gastrointestinal 10 (16.7) 1 (10.0
Genitourinary 6 (10.0) 0 (0.0
Orthopaedic 4 (6.7) 0 (0.0)
Other 9 (15.0) 0 ( 0.0)
Mean # Medications 3.8 (1.8) 38 (2.4
Sedatives 7 (L7 2 (20.0)
Antiplatelet/ Anticoagulant 45 (75.0) 9 (90.0)
Antidepressant 1 (L7 1 (10.0)
Antihypertensive 30 (50.0) 6 (060.0)
Cardiac 31 (5LD 4 (40.0)
Antiinflammatory 4 (6.7 1 (10.0)
Other 41  (68.3) S (50.0)

e e e el e —
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Sociodemographic and clinical characteristics of the elderly residents in the

reliability study (N=31)
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Soctodemographic Mean (SD)

Characteristics

Number (percent)

Clinical
Characteristics

Mean (SD)
Number (percent)

Age 84.4 (5.0)
Sex
Male 8 (25.8)
Female 23 (74.2)

Marital Status

Married 5 (16.1)
Never Married 8 (25.3)
Formerly Married 18 (58.1)
Language
French (3.2)
Enzlish 30 (96.8)
Usual Living
Arrangements
Residence 31 (100.00
Usual Occupation
Professional 16 (51.6)
Clerical 10 (32.3)
Sales 1{3.2)
Transportation 1(3.2)
Production 1(3.2)
Labourer 1(3.2)
Housewife 4(3.2)
Education (years) 12.5 (3.3)

Medical Problems
Neurological
Cardiovascular
Pulmonary
Diabetes
Peripheral Vascular
Rheumatic
Visual
Hypertension
Gastrointestinal
Genitourinary
Neoplasm
Orthopaedic
Other

Mean # Diagnoses
Mental Status (MMSE)

Mobility Aids
None
Cane cutdoors
Cane 1doors

Medications
Major tranquilizers
Sedatives
Antiplatelet/coagulant
Antidepressant
Antihypertensive
Cardiac
Antiinflammatory
Other

Mean # Medications

13 (41.9)
15 (48.4)
8 (25.8)
4 (12.9)
5 (16.1)
13 (41.9)
12 (38.7)
18 (58.1)
5 (16.1)
2 (6.5)
2 (6.5)
3(9.7)
18 (58.1)

3.5 (12)

27.5(2.9)

17 (54.8)
7 (22.6)
7 (22.6)

2 { 6.5)
i0 (32.3)
7 (22.6)
3(9.7)
16 (51.6)
12 (38.7)
9 (29.0)
24 (77.4)

4.0 (22)




APPENDIX 4.5

Sociodemographic and clinical characteristics of the stroke patients in the
reliability study (N=36)

Sociodemographic Mean (SD) Clinical Mean (SD)
Characteristics Number (Percent) Characteristics Number (Percent)
Age (years) 72.4(9.1) Side of stroke
Right 15 (1.7
Sex Left 21 (38.3)
Male 18 (50.0)
Female 18 (50.0) Sex
Male 18 (50.0)
Marital Status Female 18 (50.0)
Married 20 (55.6)
Never Married 4 (11.1) Comorbidity
Formerly Married 12 (33.3) Neurological 8 (222
Cardiovascular 19 (52.8)
Language Pulmonary 5(13.9)
French 12 (33.3) Diabetes 10 (27.8)
English 15 (41.7) Peripheral Vascular 7 (19.4)
Other 9 (25.0) Rheumatic 4(11.1)
Visual 5(13.9)
Usual Living rypertension 23 (63.9)
Arrangements Renal 1(2.8)
Home Alone 13 (36.1) Gastrointestinal 7(19.4)
Family 20 (55.6) Genitourinary 8(22.2)
Residence 2 (5.6) Orthopaedic 1(2.8)
Institution 1(2.8) Other 5(13.9)
Employment Status Mean # Co-morbid 29(1.6)
Full-time 1(2.8) Conditions
Retired 30 #3.3)
Housewife 5(13.9) Medications
Major tranquilizers 1(2.8)
Usual Occupation Sedatives 6(16.7)
Professional 8 (22.9) Antiplatelet/coagulan’ 25 (55.6)
Clerical 3(8.5) Antidepressant 2(5.6)
Sales 2(5.7 Antihypertensive 17 (47.2)
Service 1(2.9) Cardiac 19 (52.8)
Transportation 2(57 Antiirflammatory 5(13.9)
Production 5(14.3) Ouser 25 (69.4)
Labourer 4(11.4)
Housewife 9 (25.7) Mean # Medications 39(2.0)
None 1(2.8)
Education (years) 10.1 ( 3.3)
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Corrected Item-to-Total Correlations and Internal consistency estimates for elderly
residents across the evaluation points

172

EVALUATICN POINTS

Scale Item Baseline 3 Months 6 Months 9 Months
N=113 N=106 N=101 N=99
Sit to Stand 641 484 S64 673
Standing 405 560 604 729
Stand to Sit .630 488 640 719
TFransfer .600 610 595 749
Stand Eyes Closed 555 490 452 704
Stand Feet Together .398 S72 618 522
Arm Reaching 460 527 606 .629
Object Pick Up .525 468 564 729
Twisting 624 412 .506 630
Turn 360° .602 .633 .705 .683
Stepping 592 620 .623 591
Tandem Standing 378 426 .501 238
One Leg Standing 437 .363 438 .389
Cronbach’s Alpha .830 .839 .860 .836
Standardized Item 871 .859 .88% 907

Alpha

* One item was removed from this analysis. Sitting balance was scored as normal in all residents;

therefore could not be included.



APPENDIX 4.7

Corrected Item-to-Total Correlations and Internal consistency estimates for
stroke patients across the evaluation points

Scale Item

EVALUATION POINTS

Baseline 4 Weeks 6 Weeks 12 Weeks
N=69 N=66 N=64 N=59
Sit to Stand .894 540 .882 A31
Standing 933 950 928 926
Sitting 674 652 626 645
Stand to Sit 911 937 929 .903
Transfer 923 932 918 927
Stand Eyes Closed .894 935 900 922
Stand Feet Together .886 501 919 924
Arm Rexching 923 942 926 .888
Object Pick Up .884 944 945 951
Twisting 949 932 910 910
Turn 360° 859 .845 878 .896
Stepping 741 71 .801 792
Tandem Standing .800 854 .801 .813
One Leg Standing 703 748 754 765
Cronbach’s Alpha 973 981 979 980
Standardized Item 977 981 978 980

Alpha
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Means and standard deviations of the item scores of the elderly residents at

each evaluation
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Scale Item Baseline Three Months Six Months Nine Months
Mean (SD) Mean (SD) Mean (5D Mean (SD)
Sit to Stand 3.56 (0.65) 3.66 (0.53) 364 (0.6 3.66 (0.66)
Standing 3.91 (0.37) 3.84 (0.66) 3.93 (0.2%9) 3.87 (0.57
Sitting 4.00 (0.00) 4.00 (0.00} 4.00 (0.00) 4.00 (0.00)
Stand to Sit 3.73 {0.55) 3.69 (0.67) 3.66 (0.59) 371 (0.50)
Transfer 3.75 (0.49) 3.76 (0.54) 3.70 (0.59) 373 (0.49)
Stand Eyes Closed 3.94 (0.29) 3.81 (0.69) 3.85 (0.55) 3.86 (0.57)
Stand Feet Together 3.67 (0.79 3.66 (0.85) 351 (1D 3.66 (0.86)
Arm Reaching 2.90 (0.88) 3.08 (0.94) 3.20 (0.86) 3.43 (0.67)
Object Pick Up 3.75 (0.85) 3.72 (0.86) 3.63 (1.01) 3.73 (0.87)
Twisting 3.59 (0.84) 3.47 (0.97) 3.63 (0.78) 3.47 (0.92)
Turn 360° 3.46 (1.04) 3.42 (1.09) 3.29 (1.18) 3.34 (11D
Step on stool 2.62 (1.49) 2.63 (1.40) 2.51 (1.59) 2,71 (1.42)
Tandem Standing 2.29 (1.22) 2.30 (1.21) 2.33 (1.20) 2.21(1.19)
One Leg Standing 1.66 (1.13) 1.46 (1.13) 1.42 (1.17) 1.45 (1.04)
N=113 N=106 N=101 N=98






