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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 c1inical 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 as~xiated 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 internai

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 c1inical practice and research.

i i



• En Résumé

Cette étude a pour objectif d'examiner les propriétés de l'échelle d'équilihre.

Deux études longitudinales ayant pour but d'évaluer deux groupes de sujets ont ét.:'

répétées 4 fois pendant une période ct'un an chez 1D personnes âgées, et 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 l'échelle d'équilibre sont associés aux

chutes futures et aux jugements cliniques d'équilibre, et pourraient discriminer les sujets

quant à l'usage d'aides à la mobilité et le lieu où se fera le suivi. Les scores d'équilihre

enregistrés durant les 12 semaines sont fortement associés aux mesures de hc.~oins

fonctionnels et de performance motrice chez les patients ayants subi un ACV. D'ailleurs,

les changements de l'échelle d'équilibre ont pu refléter les changements dans les besoins

fonctionnels des patients ACV, De plus, une étude de fiabilité démontre que la fiabilité

et la cohérence interne de l'échelle d'équilibre sont excellentes, En général, les résultats

indiquent que l'échelle d'équilibre comporte de bonnes propriétés de mesure et pourrait

être utilisée en pratique clinique et en recherche,

i i i
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PREFACE

Balance, as discussed in this thesis, refers to the ability to control upright posture

unJer a variety of conditions and situations. It is not an isolated ability but rather one

that is c10sely 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 essel'tial to safe mobility and the performance of daily

activities.

Various biomechanicaI, sensory and motor impairments can adversely influence

the ability to balance. In the elderly, such deficits are prevalent because of age-related

changes and sequelae of injuries and diseases. The impairments are not always

remediable, but neither do they necessarily 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

psychometrie properties that is a?!:lropriate for the elderly. SpecificaIly, in the cHnic, we

need to evaluate.the patient's ability to 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 bala.....ce 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 weIl

as to guide daily c1Ïi1ÏcaI decisions. This research also requires a quantitative and valid

measure of balance.

Measurement is the procedure of applying a standard scaIe 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 ofboth definitions suggests that

iv



• the measurement of anything is theoretical1y possible provided th::rc is a g(l(ld set oi rules

to be fol1owed (Kerlinger 1986). We are not rcstricted 10 me'lsuring only observable

physical propérties such as joint range of motion. but wc C'lO assess more abstract but

important concepts related to health status such as functional performance and balance.

Consequentiy. between 1985 and 1987, a performance-based mcasure of balance

was developed for use as an outcome measure in research and c1inical practice (Berg ct

aL 1989). The desired characteristics of the instrument were that it be: c.1.sy to use.

portable, quantitative, comprehensive, reliable, valid and responsive to changes in c1inic.1.1

status in elderly subjects. The preliminary study used three different panels 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 (lCC =0.98 tor each). The cross-s<.'Ctional

design did not permit an evaluation of all the desired properties, but did encourage the

further lCSting of the psychometrie properties of the scale.

Developing measures of abstract concepts and testing thcir performance is an

extensive process. Il is, however, important in epidemiology bccause measurement error

cao 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 c1inical practice.

Use of the same measures in both areas would encourage a continuity of information

between c1inicians and researchers. This information cao 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 effons should be focused. Given the

importance of balance to independence and saie 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

v



•
propcrtics ·)f the Balance ScaJe. assessing Î's performance in situations that closely

rcsemble clinical reality. The information is accrued in three inter-related studies using

rcsidents 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 Sca1e: what was known from the preliminary study and what had

to he 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 Sca1e.

The second chapter is a literature review of the concept of balance, with specifie

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 ail

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 1 examines the concurrent and predictive

criterion validity of the Balance Sca1e in a residence for the elderly. Validity Study II

investigates the construct validity of the Balance Sca1e and its ability to monitor changes

in the status of patients with acute stroke. The third sub-study assesses the reliability of

the Balance Sca1e when used with the elderly residents and stroke patients.

The fourth chapter presents the results of the three inter-related studies. Each

section inc\udes a description of the participants. In Validity Study l, the results describe

the association between scores on the Balance Sca1e and each of the criterian 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 Sca1e scores, the Fugl-Meyer Motor Performance Sca1e and the

Barthel Index scores for the stroke patients during the 12 weeks of follow-up. The

magnitude of the change in Balance Sca1e scores is compared 10 the Barthel Index 10

assess if the responsiveness of the Balance Sca1e is equivalent to that of the Barthel

vi



• Index. In addition. the association between stroJœ patit:nts' place (If n:~idenCC' at the time

of each follow-up assessment and the Balanec Scale scores is presenled as evidence of

"known groups" concurrent criterion validity. The Rc1iabilily Study presents the results

of the inter and intra-rater reproducibility of the Balance Scale ..;~ weH as its internal

consistency.

In chapter five the results are discussed relative to the evidence supporting ilS use

as a clin:cal and research tool. The strength of the €.vidence of reliability and each 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 advant.1.gcs and

suggested uses of the Balance Scale are presented.

vi i
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STATEMENT OF ORIGINALITY

The development of the Balance Scale represents original work that was begun

10 fulfil the requirements of a Masler of Science in Rehabilitation. At the time, balance

was rr.easureè cl in icaliY as global ratings or with single-item tests such as standing on

one leg. In the laboratory. balance was studicd in terms of postural sway,

eleclromyography and/ or kinemaùc 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

conlent development. This process was bascd on the judgemeilts of professionals and the

performances of geriatric subjects. Although other measures have becn introduccd in the

intervening years, the present invesùgaùon has uscd a more comprehensive approach to

further lesùng. The reliability has been assesscd in situaùons that are found in daily

pracùce. The criterion and construct validity have becn assesscd relaùve to a variety of

exlernal criteria 2I1d other constructs that should show a reIaùonship to balance. The

approach has becn to apply psychometric theory to the development of an instrument

suitable for research and cIinical pracùce. At present, the information on properties of

the Balance Scale excecds that of the other measures and provides a substantial amount

of information for potential users.

vi i i
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Chapter 1 BACKGROUND AJI,'O RATIONALE

"Any strategy for altering the health status of the eiderly requires a technology

for jirst assessing th..t health status and then detecting increments ofprogress" (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 case 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

psychometrie 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 c1inical practice and research.

Standards for judging measures differ in specifie situations. Therefore the

purposes of measurement and their neœssary 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

ln 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 case of administration and lower costs. This trade-off must he examined to
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assure that users do not sacrifice propenies essential to their nœds. Examining the

propenies specifie to distinct purposes is also a useful exercise for instrument de\'c1opcrs

both during content development and later when testing to assess the extent to which the

measure can serve multiple purposes.

Severa! authors have proposed guidelines for potential users with sugg<.'Sled

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 di ffer<.'Ilt

purposes, depending on the panicular 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 spt.'Ci fic groups. to

describe the extent of certain problems in a 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 sarne descriptive measures in research and clinical practice would facilitatc

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

funher 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 10 develop an appropriate treatrnent plan. The amount of precision required

of the instrument may differ. At times, it is only necessary 10 classify subjects into two

groups, normal and abnormal. For other situations, it is essential 10 detect very small
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but c1inically 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 seores 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 c1inical trial want

to determine if the patients receiving the treatment have shown greater improvement than

the control group. An outcome measure in a c1inical trial must be able to detect small

differences between subjects as weil 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 diseussed 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 diseharged home is presumed to be able to

manage safely in that environment.

Due to considerations of cost and time, measures generally undergo cross­

sectional te5ting of their properties before assessing their ability to predict or to monitor

changes in c1inical 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.

Psychometrie properties

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 he tested. In addition, responsiveness, or

ability to detect elinically meaningful changes in status, is diseussed as an essential



•

•

criterion for an outcome measure. The rationale for further testing of each property is

addressed at the end of each section.

1.2.1. Reliability

The first essential property of good measurement is reliability. also rderred 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 betwcen subje..'cts.

Clinicians must have confidence that a change in score represents a truc change in the

status of the patient and that score differences between subjects reflect the truc diversily

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 di fferent raters, instruments should

be assessed for inter-rater reliability or the agreement in scoring among diffcrent 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 (lCC = .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 (lCC =.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 aIso advisable to assess how the individuaI items relate to each other and to

the total score. Tnis type of reliability is tenned internaI consistency. Each item within

a scaIe is considered to be a single measure of the common underlying concept. Thus,

summing the items provides more infonnation and gives a more reliable estimate of the

true score. In the preliminary study, the high internaI consistency (Cronbach's aIpha .96)

indicated that the scaIe was measuring one underlying dimension. This characteristic

facilitates the interpretation of the test results but is not essentiaI 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 individuaIs based on repeated testing (Helmstadter 1964; NunnaIly 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 substantiaIly aIter the interpretation of the score and lead to erroneous decisions or

inappropriate interventions. Group measurements in research aIso 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 aIlow better generaIizability of the results to clinical practice.

Although this further testing would incorporate more sources of potentiaI error, estimates

derived from this assessment offer more infonnation ta potentiaI 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 samc r.1tcr at two points in timl',

The additional sources of error that must be censidcrl'd arc whethcr dift<.'fl'nl r.Ul'rs will

administer the Balance Sca1e consistentlv, whether familiaritv with thl' patient will. .
influence the scoring, and whether the patients' performances arc st.1blc across diffcrent

testing situations.

In the c1inic, assessment of inter-rater reliability requires that the 5;.une suhjects

be independently evaIuated by IWO or more raters. Similarly, for intra-rater rcliahility the

test must be repeated by the same rater with a sufficient time interval te minimize the

probability that the rater will remember the previous score but not 50 long as te h;lVe a

true change in the subject.

To further facilitate the generalizability of the testing, raters should include the

independent evaluators and heaith care professionaIs who know the patients. They should

represent different professions and Ievels of experience and should not receive extensive

training in the administration of the instrument. Patients should aIso reflect a range of

baIancing abiIity 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 c1inical or

home environments.

1.2.2. Validity

VaIidity expresses the degree to which an instrument measures what it purports

to measure (Last 1988). An instrument may be vaIid to varying degrees and vaIid for

specifie situations. When discussing vaIidity, it is aIways important to consider the

intended purpose of the measurement.

Measurement theory defines vaIidity as the proportion of the variance of a

measure that is shared by IWO or more tests. This common factor variance contains

neither error variance nor variance that is specifie only to that one instrument (Kerlinger

1986). Reliability therefore is a necessary but not sufficient condition for vaIidity.

Scores may show consistency and still not be measuring the intended concept or attribute.

While the measurement of any attribute is theoretica11y possible, there is greater
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complexity involved in the measurement of a behaviour or an abstract concept than

measuring a physical propeny. In panicular, the challenge lies in demonstrating its

validity because this quality must be considered relative to a panicular purpos~.

Validation of an instrument requires the use of severa! 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 is 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 inc1ude a systematic

questioning of expens or individuals working in the area (Spitzer et al. 1981; Wood­

Dauphinee et al. 1987). The Lirge pool of potential items is gradually narrowed to

produce a scale that is sufficiently comprehensive and of an appropriate iength te: be

practical.

The content of the Balance Scale was developed in three phases, with a different

panel of geriatric patients and health care professionals panicipating in each stage. The

elderly panicipants 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,

turning, 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, severa! different strategies had to be considered. While

there is sorne controversy on the names given to these types of validity, the genera!

objective remains the same: 10 assess the degree 10 which an instrument performs reJ:<tive
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to other measures or in situations that are consistent with theoretical exp.:ctations. 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 to show a strong correlation between the scores on that instrumt:nt

and scores on an existing gold standard, a universaily accepted valid measure. If 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 choosc a criterion

variable that identifies different levels of status or impairment that are relevant 10 the

construct being assessed. The distinguishing feature of this type of criterion validity is

that the external criterion is categoricai rather than continuous (Speclor 1992). This

method of assessing validity is also referred to as "kIlown groups" technique (Bohrnsledl

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 cailed predictive criterion validity and is an important

property for health status assessments because many decisions in c1inicai practice are

based on prognostic assumptions.

Whereas all validation procedures involve the assessment of the instrument's

performance, construct validation is specificaily concerned with testing the theoreticai

framework underlying the scale (Carmines and Zeller 1979; K"'I"linger 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 construCt5 and assessing the degree to which its performance is consistent

with expectations stated apriori. For exarnple, 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 c1inical

judgments. In the c1inical 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 vaIidity.

Another criterion associated with balance is the use of mobility aids such as canes

or waIkers. A waIker 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 waIker

but do compensate for minor postural instability. It is not uncommon for individuaIs to

use a cane only outdoors due to the greater uncertainty of environmental conditions and

the fear of being jostied by a crowd. On average, elderly individuaIs who waIk without

an aid may be assumed to have better ability. Physical capability is not the only

determinant of the use of a waIking 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 vaIidity.

In the early recovery period, stroke patients remain in general hospitaIs, 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 influence<! by the availability of bl.-ds.

the resolution of any acute medica\ problems. and is contingent on the patient

demonstrating a potential for discharge. The remaining patients undergo trcatment in the

general hospital. Sorne spend years in extended-care wards awaiting placement in

nursing homes. Hence. the location of cach follow-up evaluation of strokc p.1lienl~ 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 Sca\e.

The most pertinent criterion relative to the elderly population is the occurrence

of falls. Whereas it need not predict ail falls. it is logica\ 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 carc. The latter requirement facilitatcs

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

of falls.

Constroct validity

Patients with sttoke often display impairment in balance, motor performance and

their ability to carry out basic activities of daily living. Although not ail patients will

improve, those who do demonstrate the greatest gains in the first few weeks. The

expected changes in performance make this population an idea1 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 parailel 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 weIl developed sca1es that assess motor and functional performance.
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1.2.3. Responsiveness

Rcsponsivencss has becn defined as the ability of an instrument to detcct clinically

important changes in the status of the subjccts, even if they are of a small magnitude.

The property is considered essential to measures used to evaluate the effcctiveness of

interventions (Guyatt et al. 1987). When considered as a requirement for an outcome

measure, responsiveness al50 incorporates the ability to discriminate small but meaningful

differenccs among subjccts. For example, in a clinical trial, an outcome measure must

be able to delCCt improvements in the status of the treated patients that are greater than

the changes in the control group. An instrument that cao more efficiently detcct small

changes and discriminate small clinically relevant differences among subjccts is a more

responsive instrument and a better choice as an outcome measure (Kaz~s et al. 1989;

Liang et al. 1990; Norman 1989; Tuley et al. 1991).

The rcsponsiveness of severa! outcome measures in a study can be compared

using effcct size, a standardized measure of group differenccs or rcsponses to change

(Cohen 1977; Kazis et al. 1989; Liang et al. 1990). The instrument with a large effcct

size is more efficient in terms of the power of the study and sample size requirements

than one with a smaller effcct size. Variations exist in the computation of the effect size.

To adequately address the variability of rcsponse to treatment, it is preferred to use a

formula that uses the standard deviation of differenccs or changes rather than a baseline

or pre-treatment standard deviation as the denominator (Liang et al. 1990). Similarly,

the effcct 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 rcsponsiveness 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 sca!es have al.5O becn compared ta existing

physiological and clinical tests known ta 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 becn used (Deyo and Centor 1986; Deyo

and Innui 1984; MacKenzie et al. 1986).

The above approaches are unrealistic for the present study for severa! re;1.sons.

Firstiy, the present study has no p!anned intervention. Most strategies require ar.

intervention, preferably of known efficacy. The use of sensitivity and sp..'Citicity

presupposes that a change can be identified with certainty. ln the absence of a go!d

standard and a treatment of known efficacy, the decision appears subjective and

unreliable. This method alse requires a dichotomous outcome, change or no change,

resulting in a Ioss 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 carly 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 ."ssessing responsiveness first

addresses whether the Balance Scale can deteet changes in the status of the acute stroke

patients over the 12 week follow-up period. The .,ext step is to compare the magnitude

of the changes in the Balance Scale scores to an extemal 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-eare and basic mobility skills, factors that are expected to show marked

improvement in the carly 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. ln addition, the Barthel Index has been

shown te be more efficient in demonstrating a treatment effeet in acute stroke patients

as compared to the Fugl-Meyer Moter 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

ln summary, the Balance ScaIe is a performance based measure that is portable,

takes 10-15 minutes to administer and is feasible for use in a wide variety of tesùng

situaùons. 115 measurement properties showed promise in preliminary testing but required

further investigation to assess the usefulness of the measure as a clinicaI and research

too1. In particular, use of the Balance ScaIe to monitor the status of patients and evaluate

the effectiveness of treatmen15 requires that the measure detect clinicaIly meaningful

changes and meet high standards of reliability.

Measurement theory describes several types ofvalidity and how they are assessed.

Each can be used to accrue evidence for the validity of the Balance ScaIe using criteria

relevant to balance such as clinicaI judgmen15 of balancing ability, occurrence of faIls,

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 perîocl provides a theoreticaI 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 meri15 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 ScaIe.
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2.0. Overview of the chapter

When studying balance and its measure, it is important to understand the intend.'d

concept and to have knowledge of alternative tests or instruments. The tirs! part l,f the

chapter explores the concept of balance and considers the requirements for normal

postural control. This knowledge provides a rationale for measuring 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 contributions relative to posture by Magnus (1926). By

stimulating specific sensory systems in decorticated animais, they elicited stereotyped

responses or reflexes. This research became the basis for a model of motor control that

believed that reflexes were fundamental to ail human movement. Under this model, the

basis of postural control was be1ieved 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 hierarchica1 model of motor control has been criticized on the basis

of studies demonstrating that reflexes cao be modified by learning, that coordinated

movement cao occur in the absence of intact sensory systems, and that movements cao

be initiated before any sensory stimuli (Belenkii et al. 1967; Horak 1991; Polit and Bizzi

1979; Thelen et al. 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 fJnctionai contexts rather than how they re..ï>Ond

to artificial situations. This recommendation is compatible with c1inicians' judgments on

the necessary components of a balance scale (Berg et al. 1989) and the trend toward

performanee-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 external 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; impainnents 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 ofgravity 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 s'lfdy

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 correcùve action. a loss of balance or a fall wouId

occur.

When standing with an ideai "normal" posture. a verticalline. drawn through the

body's centre of mass at the level of the second sacral vertebra. can be viewed l'rom the

side to fall 5 cenùmetres 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 ideai body posture reduces the

amount of muscle work required to stand sÙll (Basmajian and Deluca 1985). Howcvcr.

there is always a subtle amount of movement or postural sway due to the altemating

acùon of antagonisùc muscle groups and the effects of gravity, resulùng in conÙnuous

minor weight shifts and changes in body alignment. Shifts also occur l'rom side to side.

altemating the main support from one leg to another. This constant shifting of the body's

centre of gravity helps prevent faùgue and assists in venous retum (Galley and Forster

1987).

The amount of postural sway exhibited by an individuai has becn 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

extemal disturbance, the more stable is the individuai (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 inseeurity 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 strategy requires kinematic information

to be collected in conjunction with EMG and force plate analysis (patla et al. 1990).

Additionally, when the perturbation has been toc fast or large, or if the ankle or hip

Strategy could not be used in sufficient time, the subject may take a step te 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 te a particular pattern of response. While

there may be a Iimited number of response synergies, it is not c1ear that ail normal

subjects respond to the same stimuli in the same way. A limiting factor te the
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generalizability of the findings of Nashner (1976; 1977) was that ail study particip;mts had

to demonstrate a strong response of the ankle strategy. Individuals exclu(kd from the

study may have demonstrated greater variability in response patterns.

Funher research is needed to assess the acceptable range of variability in postural

responses in different funcùonal contexts. This information may permit earlier

idenùfication of impairment and lead to more appropriate intervention strategies.

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 suppon 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 individuai (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 visua! field, such as passing traffic. When

functionally appropriate, the vestibular-ocular and optokinetic responses can be

suppressed to allow the eyes to fixate and traek moving objects (Leibowitz and Shupen

1985).

Visuai inputs can be e!iminated 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 visuai 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 visuai input and inaccurate information is !hat postural control may be
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differentially affected by the two situations.

Under usual sen50ry conditions, vision and 5Omatosensory information dominate

the control of orientation and balance. However, it is the vestibular system that is

essential for resolving conflicting sen50ry information. (Black et al. 1983; Nashner et al.

1982). It provides input conceming 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 :ndividuals with known vestibular deficiencies

(Black et al. 1983) and in experiments that provide inaccurate visual and somatosen5Ory

inputs to normal subjects (Nashner 1971; Woollacott et al. 1986).

2.2.4. 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 ofanother body segment 50 that the body's centre ofgravity stays close

to the centre of the base. The functional significance of this shift may be to minimize

energy expenditure, to increase the mechanical efficiency of th.e main movement or to

prevent an actualloss of balance due to the movement of the whole body or a major body

part (Gahery 1987). ln fact, postural adjustrnents occur in advance of, during and

following a voluntary movement (Gahery 1987).

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 extemal support is given, the responses ane

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 he evaluated by

observing the ease and safety with which subjects perform movements common to

everyday life: standing up from sitting, tuming, and picking up an object from the floor.
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Ease and safety can be scored relative to time requirements or tll the degrt'C of

supervision or assistance needed for the subjcct to complt:te the l1lovement. This type of

assessment is not only functionally relevant, it is consistent with current tht'l)ries and

practice. Because the efficiency of these postural adjustments are intluenCt'G by

oiomechanical, motor and sensory changes, these factors are indircctly evaluatt'd in the

assessment.

Summary

Postural control has been studied by biol1lechanists. kinesiologists.

neurophysiologists and others. They have examined subjects' ability to maintain uprighl

postures, remain stable while moving and react to extemal 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.

Balance in the elderly

Falling, a functional problem of balance

Balance is of special concem 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 sereen 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;

Tinetti et al. 1988) and in cross-sectional studies comparing elderly individuals with a

history offalls 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 (Femie et al. 1982; Gabell

et al. 1985). Other studies did not measure balance but included factors that can be

considered as proxies or variables c10sely 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 measun; ~r 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 falis. Certain individuals

may leam to compensate for deficits while others push themselves to the limits of their

capability or take greater risks relative to their lever 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 suppon 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 leam the limits of their ability. Adults, engaging in

sports such as skiing, voluntarily displace their centre of mass closer ta the edges of the

base of suppon; thus, often approaching the critical limits of stability and sometimes

falling. Falls bccome 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 ta greater impairment through

disuse, and ultimately to functional dependence.
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Any disease. injury. or age-related change that affects the coordination. timing

or force of the muscular responses or the ability to utilize sensory in formation will

adversely affect balance and may predispose the individual to falling. The evidence

presented in this review cornes from cross sectional studies that have compared e1derly

persons with or without a history of falls, and young and old subjects, as weil as a few

longitudinal studies of older adults. It is not c1ear whether the documented changes occur

as a direct result of aging, sub-elinical manifestations of diseases. or disuse related

changes. Irrespective of cause, there are differences in the elderly that contributc to thcir

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 areas 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 helieved

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, arthritic 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 he compromised. Additionally, the relative position of the

vertical projection of the centre of gravity may he altered, decreasing the functional area

of the base of support. This situation may require greater or more frequent postural

adjustments instead of the subtle agonistl 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 invo1ves bath treatment of the underlying biomechanical

constraints and adapti'le 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 irreversib1e 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 1eam compensatory strategies. Without this additional

training, the leve1 of activity of older individuals may be curtai1ed because they cannot

adjust to their own age-re1ated changes.

2.3.2.2. Differences in motor responses among the elderly

There are indications that deficits in strength contribute to fal1ing in the e1derly.

Three cross sectional studies found that persons with a history of fal1s had diminished

lower extremity strength when compared with simi1ar e1der1y subjects who had not fal1en

(Gehlsen and Whaley 1990; Studenski et al. 1991; Whipp1e et al. 1987).

Assessment of the association between balance and strength is difficu1t to quantify

due to the differing methods of assessment within the studies. Geh1sen and Whaley

(1990) operational1y defined balance as the ability to stand on one 1eg with eyes open and

c10sed and the number of missteps while walking backward on an eight foot Hne.

Studenski et al. (1991) assessed balance by asking subjects to stand up, tum around,

stand on one leg and react to a backward perturbation at the hips (Wo1fson 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

e1der1y population.

ln ail three studies, the fact that the strength measurements were taken after the

fal1, makes it difficult to c1ear1y establish whether strength 10ss occurred prior or
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subsequent to the faH. In sorne cases. the testing was performed many months after a

faH (Gehlsen and Whaley 1990; Studenski et al. 1991; Whipplc et al. 1987). Subj~'Cts

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 faH.

Evidence for musculoskeletal impairment preceding disability in the cld~'rly cornes

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 demonsttated that progression of impairment was related to increasing

difficulty in physical performance and disability. Moreover, the type of disability was

related to specifie 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 anatomie and

physiological changes as weil 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 te, during, or in response te a perturbation, efficient

postural adjustment requires muscular responses appropriate te the situation. Any

changes in the elderly that influence the timing and onset or the response or the strength

of the muscles may adverseJy 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 synergie grouping, and more likely to

demonstrate a hip strategy than younger subjects in the same situation (Woollacotl 1982;

1990). Older subjects al50 demonstrated a prolonged latency for the onset of the postural

response particularly in the tibialis anterior muscle (Woollacotl 1990; Manchester et al.

1989).

The co-contraction of agonist and antagonist cou1d he explained as a stiffening

strategy tÏlat makes it easier to maintain balance by reducing the movement options of

the muscu10ske1etal system (Woollacotl 1990). Stiffening has been observed during

laboratory tests of sway (Maki et al. 1991) and during the acquisition phase of 1earning

a new motor skill (Higgins 1991).

Inglin and Woollacotl (1988) studied the anticipatory activation of postural

muscles in advance of reaction-time arm movements. They found that older subjects

demonstrated longer 1atencies in postural and vo1untarj muscle activation when asked to

push or pull a handle. The authors hypothesized that either the vo1untary 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 he 50

variable in the e1derly that they cannot he a good indicator of the degree of impairment.

Despite discernib1e differences in clinical tests of balance, strength and range of motion,

Studenski and colleagues (1991) were unab1e to differentiate hetween fallers and non­

fal1ers on the basis of postural response strategy. Additional1y, Duncan and associates

(1990) found different muscle response latencies and patterns e1icited 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.
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2.3.2.3. Sensory contributions to loss of balance

There is anatomical and physiologie evidenee of changes in the thrœ scnsory

systems in the elderly. Horak and eolleagues (1989) carefully reviewcd the eommon

organ pathologies affecting the sensory systems of this age group. The somatosensory

system shows losses in vibration, eutaneous and joint position sense in the ankles (Potvin

et al. 1980; Stelmaeh and Worrington 1985; Wanger and Wang 1974). Anatomie.\!

studies of the vestibular system have notcd degenerative changes with age (Horak et al.

1989; Rosenhall1973; Rosenhall and Rubin 1975). Age-relatcd losses in visual aeuity,

depth perception, contrast sensitivity, and impaircd ·pursuit eye movements· have also

been documented (Cohn and Lasley 1985; Horak et al. 1989). Opthalmalogie diagnoses

frequently found in the elderly include chronie glaucoma, cataraets, and maeular

degeneration.

Visual disturbances are partieulary important when observing a moving object or

during dynamic postural stabilization (Isaacs 1985; Woollaeott 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

identified 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

altercd 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 altercd 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 encountercd by individuals with visual impairments such

as cataraets 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 sorne

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 fulls.

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. Wc 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 j~ldgment, alertness and performance.

Cogm'.ive changes can occur in the elderly and have been linked to increased

incidence of ''ails (Tinetti et al. 1988; V1ahov et al. 1990). Depending on the severity,

cognitive changes may drastical1y affect the functional status of the individual or cause

a deterioration in the performance of comp1ex tasks. Specifical1y related to balance,

cognitive impairment may cloud judgment about safe behaviors. It may also he a

limiting factor in the ability to compensate for a deficit or to re1eam motor skills, that

have deteriorated through injury or disease.

Depression, anxiety and fear are other emotional variables that may indirectly

influence activity 1eve1 and motor performance. Similar1y, distraeting factors such as

pain, being startled or conversations may hinder an appropriate response. Fear of falling

(Maki et al. 1991) and inattentior. (Ste1mach et al. 1990) have been associated with
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poorer performance in balance tests.

Finally, certain medications. in panicular psychotrophic dmgs. haw lx.'cn

associated with a gre:lter risk of falling in the elderly (Grisso et al. 1991; Ray and Grimn

1990; Tinetti et al. 1988). There may be several mechanisms explaining the effL'Ct of

medications on the incidence of falling. For example, sedatives and tranquillizers.

particularly those that remain in the blood stream for long periods, may dL'CTC.1SC

awareness of potential hazards or slow the individual's motor responsc. Haldol, a

phenothiazine and a very potent tranquillizer, has motor side effccts similar to

Parkinson's Disease, and has been associated with the risk 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 fal1s. 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; Tinetti

et al. 1986).

Summary

Falls are of concern in the elderly due to the risk of serious injury and the

possibility of an associated dccline in physical functioni'lg. At present it is difficult to

compare across studies due to differences in subjccts, methods and measurements.

Balance has been consistently identified as a risk factor for falls. ln 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 weil to provide a good assessment, to plan appropriate

interventions and to evaluate the outeome.

Assessment of balance

Laboratory measures of balance

Postural sway has been measured by using simple swaymeters attaehed to the

shoulders (Sheldon 1963) or waist (Overstall et al. 1977), as weil 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 I-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.

Sorne evidence of validity is provided by studies showing a moderate association between

postural sway and c1inical tests of balance (Berg et al. 1992; Lichtenstein et al. 1990).

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 habituaI (l month 10 15 years)

sedative users (Swift 1984). The absence of a relationship may reflect the ability of

individuals to adapt 10 longterm use or that amplitude of postural sway is 100 insensitive

a measure to deteet subtle chronic changes whereas they could detect acute responses 10

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 evaluaüng the effects of exercise (Crilly

et al. 1989; Lichtenstein et al. 1989). il is worthwhile to examine the underlying

assumpüons 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 themsel...es

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 ièg (Goldie et al. 1989; Lichtenstein et al. 1989). This

solution may not be practica\ for evaiuating 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 sarne 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), Femie

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

Sca\e and was the only Iaboratory 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 ScaIe 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 c10ser

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. 1987).

Duncan and associates (1990) assessed reliability of voluntary centre of pressure

excursions in a forward direction. Measures were taken when subjects werc 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 c1ass 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 symmetricaI stance.

The disadvantages of the laboratory measures are the expense of the equipment,

the need for weil trained personnel, and the questionable functional relevance of the tests.

Standing for a prolonged perïod 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 c1inical scales are available and used to varying d.:gr~'Cs in

c1inical practice and research.

2.4.2.1. Fugl-Meyer Balance Sub-Scale

Descriptive methocls to denote the presence or abse:nce of equilibrium reactions

and the quality of postural symmetty have been advocated for patients with n.:urological

disorders (Bobath 1965; 1970). This approach was moclified by Brunnstrom (1970),

expanded by Fugl-Meyer et al. (1975) and incorporated as part of a quantitativ.:

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 St:Ction has not becn

tested or usc:d independently. This St:Ction of the Fugl-Meyer instrument grades se:ven

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 cach task. The subject

is timed while standing on two feet, while on cach foot a1one, and while sitting

unsupported. In addition, the examiner pushes the subject from side to side to obse:rve

the postural reactions in the sitting position. Clinically it seems unlikely that this scale

is sufficiently se:nsitive 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 usc:d 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 =nds with eyes c10sc:d without any mechanical aid and

with one foot directly in front cf 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 tum his head, and to tum 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 sitùng posiùon and stand sùll for twenty seconds.

Rather than give a cumulaùve score, an aggregate profile is given which categorizes the

patient.

There has been little documentaùon of the measurement properùes of the scale;

however, it is among the first to concentrate on problems specifie to the elderly.

Moreover, the mean scores did show a gradient from low to high for geriatric in-paùents,

geriatric out-paùents, 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

•

Tinetù 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 incorporaùng measures of gait and balance (Tinetti 1986). The balance

secùon contains thirteen manoeuvres of which some are graded dichotomously,

can/cannot perform. The other items are scored 0, 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 predietor of recurrent falling (Tinetti et al. 1986).

Similarly selected items from the mobility scale were included in the final mathematical

model predicùng 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 persan at two points

in time has not yet been assessed.
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2.4.2.5. (Timed) Get Up and Go

Mathias and associates (1986) have devise<! a "Get Up and Go" test. also baSl.'l!

on functional performance. Subjects are asked to rise from a chair. st;md still

momentarily, walk toward a wall, turn and then return to the chair. They n:ccive a score

based on the quality of their movements. It is a practical and simple tcst but by no

means a comprehensive measure of balance. Individuals are given only a subj~'Ctive

global rating ranging from 1 (normal) to 5 (abnormal). Because of its global seoring

system, this test cao likely only he use<! to sereen patients to determine if they n~'<.'d

closer attention. It would not he suitable to monitor patients over time or to dett.'Ct small

changes in their status.

Podsiadl0 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 a

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 (lCC .98 for each).

The change in the seoring method also cause<! 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 a

pulley weight system to deliver a backward pull on the hips while the subject is standing.

The videotaped performance of the patient's response te three different weights is scored

based on the sequence and type of response to each weight. The test was able te

differentiate among three groups known to differ: young subjects, hea1thy elderly and

elderly subjects with a history of faIls. 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 "maxii;;::! !<:!:id" test (Lee et al. 1988) requires subjects to maintain a standing

position against statie loads applied at the waist from behind. Maximal loads are

recorded as a percentagc of body weight at the point where the subject can no longer

hold the initial s~ding position.

Limitations of the "maximal Joad" and "po:itural stress" tests are the need for

equipment, the laek of portability and the questionable appropriateness of suer.

destabilizing forces. They do not replicate a funetional situation. Given the evidellee

that balance responses may be specifie to the methods of jr.Tturbations (Duncan et al.

1990) and the low correlation of the "maximal load" test vlÎt'l c1inical assessment (Lee

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

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

A new approaeh 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 systematie c1inical evaluation. Subjects are

asked to stand for 30 seconds on li 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 external forces a.'1d during voluntary arm Taises, are observed.

The observations and data from this test bring elinical practice parallel to

laboratory researeh. Clinieians 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 disposai and what factors may account for the absence of an

effective strategy. For exarnple, the ankle strategy will he ineffective if there is a

diminished passive range of motion at the anlde.

A limitation of the CTSIT is that there is no global score that describes the

subject's ability. It is a comprehensive assessment in that it seeks the origin of the

problem and assesses the components of various systems. To date, it bas not been used



• 36

as an outcome measure. Further work is needed before c1inicians can delermine when

normal variability becomes an abnormal strategy and funclionally ineffectiVt:.

2.4.2.8. Functional reach

•

Duncan and colleagues (1990) have suggested functional reach as a new c1inical

measure of balance. This single test refers to the distance a subject can reach his or her

arm forward while standing. It is conceptually simiiar 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

heighl. The coefficients for test retest and inter-rater reliability of the c1inical yardstick

measurements were .92 (lCC 1,3) and .98 (lCC 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 conceming its

measurement properties.



• 37

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 faH

or limits their functional performance. We need a measure of balance with good

measurement properties to describe the extent ofdysfunction 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 c1inical 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 inc1ude 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 formai

content development and testing of its internai consistency. Although not yet tested, the

independenee- 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 Sca1e requires testing of its re1iability in

rea1istic 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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THE MEASUREMENT STUDY

Objectives

The genera! objective of this thesis is to examine the mcasurcmcnt propcrties of

the Balance Scale, a measure which has demonstrated excellent reliability and content

validity in preliminary testing, but which requires more extensive testing to asscss its

performance. Severa! strategies to examine the performance of this scale wcrc devcl0p':d

and tested in two groups of subjects: residents of a home for the elderly and patients

admitted to genera! hospital with acute stroke. The present measurement study has threc

components: Validity Study I, Validity Study II and the Reliability Study. Validity Study

I 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 onsct 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.

Chapter 3

3.1.•

3.1.1.

1.

2.

3.

Specifie objectives of Validity Study I

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).

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).

To assess the association between Balance Scale scores and the occurrence of falls

in the following year (predictive criterion validity).

•
3.1.2.

1.

Specifie objectives of Validity Study 11

To assess the degree of association between Balance Scale scores and motor

performance and functional status scores al various points in the recovery of

stroke patients (construet validity).
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3.

3.1.3.

1.

2.

3.
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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).

To determine whether Balance Scale scores are able to discriminate between

groups of stroke patients defined by where they are residing at the lime of the

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

Specifie objectives of the Reliability Study

To assess the inter-rater reliability between pairs ofobservers independently raling

the same subject.

To assess the intra-rater reliability of the same observer raling the same subject

at two points in time.

To assess the internai 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 ScaIe are expIained

separately for each of the three sub-studies. Validity Study 1 describes the methods used

in the home for the elderly to examine the criterion vaIidity of the ScaIe. Validity Study

II, outlines the approaches emplcyed 10 assess the criterion and construct validity and

responsiveness of the instrument in stroke patients. TIie Reliability Study p·..esents the

methods of assessing reliability. Although il is a prerequisite to validity, reliability is

addressed Iasl because subjects in this section represenl sub-groups of the eIderly and the

stroke patients in the two validation studies.

3.2.1. Validity Study 1

The three specific objectives of Validity Study 1 address criterion validity. The

first two, as examples of concurrent criterion validity, examine the association between

Balance Scale scores and waIking aids and clinicians' global j udgments of balance (good,

fair, poor) al a given point in time. However, a longitudinal design was required to

assess predictive criterion vaIidity as determined by the relationship of Balance Scale
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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 degrt.'e of rt.'quired

assistance or supervision. While there is an overlap in ability. rt.'sidents of the

McConnell are considered to be the most acùve and independent. Their outside activities

vary from short ouùngs accompanied by family or friends to unrestricted use of public

transportaùon 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 McConnel1 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 1I1ain dining rooms. In addition, the

residence has an infirmary for residents requiring nursing care and a recently established

special care unit for individuals with cogniùve impairment.

There are no physical or occupaùonal therapists employed at the Residence, but

the Women's Auxiliary and the recreaùonal therapist plan a variety of diversional

activities. The residents are acùve in their own affairs with a Resident's Council that has

representation from all sections. Col1aboration 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. .le

Griffith, the McConnell and the Annex and fol1owed 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 fol1ow-up.

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

reports of fal1s in the residence for the years 1986-87 and statistics stating that one-third
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10 om:-half of ail per50ns age 65 and older fall al leasl once a year (Kellogg Inlernational

Work Group 1987; Nickens 1985), il was estimated that 30 to 50 individuals out of 100

wouId fall in the year of follow-up. Therefore, a sample size of 100 would be sufficient

10 permit a compari5On 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 50 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

3OCiodemogaphic and clinical information from the resident and the chan, 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 (Foistein et al. 1975), a screening

1001 which has been used in geriatric populations. A copy of the test is included in

Appendix 2. The Il 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 McIntyre 1992). AlI 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 al50 administered the Barthel Index ofDaily Living (Mahoney

and Barthel 1965). The Index measures functional levels of independence by assessing

15 items related te self-eare and mobility (Granger et al. 1976; 1977; 1979; 1979). Each
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item is scored by determining whether the patient can perform the œquesled activil)'

independently, with assistance or supelVision, or not at ..11. The scores for ~\ch ilem arc

summed and the total can range from zero (complete dependency) to 100 (independencc

in .~rms of personal care). The Index can also he considered in terms of its two sub­

scales, Self-Care (Q-S3) and Mobility (Q-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 Il. in which

it selVes as the criterion measure. In Validity Study l, 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,

three, 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 whieh they reviewed the items and had an opportunity to praetiee on each other. They

came to the Residence for specifie 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 Iastly, requires a quad

cane, walker or wheelehair to get around.

To address the second type of concurrent eriterion validity, the researeh 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 consisteney 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 researeh assistants when they had a fall. Details

of the fall were obtained during a private interview with the resident. Reminders to

report a fall were given at Resident's Council meetings periodically throughout the two-
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year study period. Addiùonally, 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. ail charts and incident reports were reviewed.

3.2.1.3. Analysis

The accuracy of the coded infonnaùon was assessed in severa! ways. The paùo::nt

profile sheets were compared to the original documents in a sarnple of 20 charts selected

using a table of random num\>ers. Once entered into the computer. ail files were checked

against the profile sheets. Finally. descriptive statisùcs were used to verify that the range

of scores were consistent with the expected values.

Descriptive statistics aise provided infonnation on the socioeconomic and baseline

clinical characteristics of the subjects \>efore proceeding to addre'lS the three specific

objectives.

The first objective was to detennine 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 ofaids and the mean Balance Scale scores for each level

of aid w~re 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 pennitted an assessment of a linear relationship \>etween 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 aise 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

statistica1ly significant.

The second objective was to detennine the degree to which Balance Sca1e scores

were related to the clinicians' concurrent global ratings ofbalancing ability. A frequency

distribution of the global ratings (good, fair, poor) and the mean Balance Sca1e scores

for each global rating category were examined at each evaluation point. A one-way
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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 each

category, coded as: good (3), fair (2) and poor (1). ln addition, given that the global

ratings may reflect the functional status or age of the subject rather than balanœ, the:

mean differen= 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 each 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 leveis of self ratings were good, fair, poor.

The third objective was to determine the relationship between Ealance 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

perrnitted 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 deterrnined 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 tViO or more times

compared to once or not at ail. 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 c1inical 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 falis 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 falI/O falls, alternately

with 2 or more falls/O 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

variables made a useful contribution to the mode!.

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 te compare the

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

3.2.2. Validity Study n
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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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 extemal 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 foIlow-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 McGili 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

Depanment of Physical Therapy. The Depanment at the RVH serves both the RVH and

the MNI. The MGH has its own Depanment 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 Jewish Rehabilitation

Hospital. Collaborative agreements were made with each institution whereby a specific

individuai, designated as the liaison for the study by the Director of the institution, was

approached at the time ofa follow-up assessment. Appropriate arrangements were made

with that individuai and the patient to schedule and complete the follow-up visit.

In addition to these institutions, patients were followed at Centre Hospitalier Côte

des Neiges, L'Hôpital Marie Clarac, as well as in their ho'lles. In these situations,

specific agreement was negotiated for each individuai 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 hospitai with an acute stroke of less than

14 days duration, showed evidence of motor impairment, and lived in the greater

Montreal area. Exclusion criteria 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. If 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 1. The

baseline evaluations were completed 2 weeks post onset of stToke. At 4, 6, and 12

weeks post stroke. More frequent evaluations were made in the fust six weeks because

this is the period in which stroke patients should show the greatest change. The research

assistants retained responsibility for ail scheduling of appointments throughout the study

period; however, the Project Director completed the repeat assessments of the Barthel

Index anei the Fugl-Meyer Motor Performance Scale once the patient was discharged
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from the general hospital.

3.2.2.3. Instrumentation

Functional status

The Banhel Index has been described briefly in the previous S<.'Ction (Validit)'

Study 1). Although il 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 bL'Cn

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-DauphinL'C et al.

1990).

Granger and associates (1979) reported that 60 represents a eut-off betwL'Cn

dependence and assisted independence, 40 signifies dependence, and 20 total dependence.

The self-care section is scon:"ô 0-53; 20 of these points are awarded if the subjcct is

continent. The other 33 points pertain to eating, drinking, dressing and grooming. The

mobility section is scored from 047. The items include toiletting, transferring, gelling

in and out of a bathtub or shower, stairs and waiking. Although essential to independent

living, the items address ten very basic activities and thus do not discriminate weil in

high level subjeets.

Barthel scores have predictive validity in terms of survival (Wylie et al.

1964;1967), 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 improvemcnt (Wylie 1967). Dettmann and colleagues (1987)

determined that :;cores on the Barthel Index are related to seleeted 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 Banhel Index

demonstrated a larger effeet size for detecting a treatment effeet in acute stroke patients

than measures of neurologie 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 functionil'l:~ subjects because it addresses only basic ac~vities of daily

living. Given the wide range of ability expected in the present study, this limitation is

l'lot of concem.

Motor Performance

Fugl-Meyer and associates (1975) have developed an assessment tocl which

quantifies recovery of motor performance post stroke. The instrument was constructed

under the assumption that recovery of motor function follows a stereotyped sequence of

motor events. A 3-point scale is applied to cach item with a 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 aise be ca1culated.

The balance section grades seven tasks, three in sitting and four in standing.

Subjects are assessed for their ability tC' sit unsupported and react appropriately when the

examiner pushes them side to side while sitting. In the standing position subjects must

be able to stand supported, unsupported and on cach leg alone. Although, they contain

three similar tasks, the Bala.'lce Sca1e and the Fugl-Meyer sub-scale score cach

differently.

The overa11 concurrent validity (Fugl-Meyer 1976; Kuseffsky et al. 1982, Wood­

Dauphinee et aI.1990), the predictive validity of the lower extremity stag!llg 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 a:::ceptable limits for use in a

c1inica1 study. In addition, the instrument is responsive to fairly sma11 changes in patient

status (Fugl-Meyer 1976). Badke and Duncan (1983) aise determined that the lower

extremity subscale reflected proportional electromyographic activity when hemiplegic

subjects were asked te balance on a moving platform. The instrument is easy to

adl!'.i:;ister by trained personnel and requir<:s no complicated equipment. A copy of the

B::\ance, Arm and Leg sub-scales is inc1uded in Appendix 2.
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3.2.2.4. Analysis

To assess the accuracy of the information entered in the computer files. each tilt:

was checked against the patient profile sheets by two pcrsons. In addition. descriptivc

statistics were examined to verify that the raJ'lge of scorcs was consistent with thc

expected values.

Descriptive information on the sociodemographic and baseline clinical

characteristics of the sample- was examined before proceeding to the thrœ spt.'Ci fic

objectives in Validity Study n. The first objective was to assess the degrec of association

between the Baï'lnce Scale and the motor performance and functional status scores at

various points in the recovery of stroke patients. Pearson's Correlation coefficient was

used to assess the str~ngth 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 wceks 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 c1inical 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 c1inical 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 variatil'n over time was used to verify that the Barthel Index was able to detect

a change in the s:atus of the subjects over the l2-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 I2-week period, the third step was to
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delermine 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 to a score

out oi !00. The absence ofany effect of time on the difference score would indicate that

the changes in the two measures were of the same magnitude, and that the Bal:-.nce Scale

was '1t 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 extemal criterion, the

Barthel Index.

In addition, these analyses were repeated in three clinical sub-groups of the stroke

population based on their Barthel Index scores at entry and at the ~nd of the study. The

wb-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 demonstIate the greatest rate of change but that within each sub-group at each

point the c _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 bcen 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 wOi:!â be differences in ability between individuals living at home,

<:'1 a rehabilitation hospital, and in the general hospital. A one-way analysis of variance

WdS performed to test whether the differences in mean scores was greater than expected

by chance at each of the follow-up evaluations.
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3.2.3. Reliability Study

As a prerequisite to validity. reliability was assessed in the preliminary study of

the Balance Sca!e (Berg et al. 1989). In the present measurement stlldy. it was examined

using subjects fr0::\ :-'oth validity studies. Conseqllently. to avoid repetition of the

methods. the re!iability 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 Sca!e to residents with whom they were familiar. wi:hin one

week of the corresponding assessment of the independent evaluators. To assess intra­

rater reliability, the Balance Sca!e 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 50 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.

ln the stroke study, nurses, and occupational and physica! therapists were asked

to administer the Balance Sca!e 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 clinica! and sociodemographic characteristics were compared between the

sub-group of the elderly residents and stroke patients in the reliability st~d:,· and those in

Validity Studies 1 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 quanùfied with the intraclass

correlation coefficient (ICC) (Ebel 1951; Fleiss 1986) which has a range of 0 to 1

(perfect agreement). The ICC estimates the magnitude of true variation between subjects

relative to the total variaùon in scores. The esùmates 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 ùme 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 Iimits for the ICC ·....ere performed for ail

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. Internai consistency

Methods and Analysis

The assessment of the third type of reliability, internai 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 frequC:1cy

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 of each item with every other item in the Balance Scale were

e::amined ir. a correlational matrix. The inlëmal consistency was tested by Cronbach's

Alpha (Cronbach 1951) for each evaluation time. The underly:ng assumption of this

statistic is that each item is consideree:. to be measuring the same common concept and

thus the sum is Iikely to give a better estimate than any single item. The more the items
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Standardized item alpha refers to the alpha value that would be obtained if alJ the items

are standardized to have a variance of 1. In that case, Cronbach's Alpha can be bascd

on the average correlation of items in a scale. Cronbach's Alpha is regarded as high if

greater than .80. An item-to-tota! correlation shows the degree of association betw~'Cn

each individual item and the tota! score of the other items in the scale. An item-to-to!.·l1

correlation is considered adequate if it is above 0.4.

To assess the consistency of the findings each aspect of the analysis was repcated

at each evaluation point for the wo study populations, the elderly residents and the

patients with a diagnosis of stroke.

3.3. Summary

Severa! strategies were developed to further assess the measurement properties

of the Balance Sca1e. Validity Study 1 examines the criterion validity of the Scale

relative to clinica1 judgments of balance, use of mobility aids and the occurrence of

subsequent faIls in the elderly residents. Validity Study II assesses construct validity

based on the hypothesi7ed relationship beween balance, functional status and motor

performance in the early recovery of slroke patients. The ability of the Balance Sca1e

to monitor changes in the status of slroke patients is assessed relative to the Barthel

Index. In addition, the criterion validity of the Balance Sca1e is examined by comparing

slroke patients by their place of residence at the time of each evaluation. Lastly, the

Reiiability Study assesses the inter and intra-rater reliability and internai consistency in

elderly residents and slroke patients.
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RFSULTS OF THE MEASUREMENT STUDY

Introduction

The results of the validation procedures follow tlle same sequence as the

presentation of the methods. Validity Study 1 addresses the three objectives se! forth

within the study of elderly .-esidents. 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.

Chapter 4

4.0.•

4.1. Validity Study 1

ln 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 first evaluation and another

almost immediately left the residence to live with her brother. Both have been excIuded

from the analysis, leaving 113 subjects at entry.

•

4.1.1. Characteristics of the subjects

Table 4.1 displays the sociodemographic and cIinical 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 cIassified according to system

impairment. In this sample, the most common conditions were cardiovascular diseases

(55.8%), hypertension (52.2%) and rheumatic diseases (43.4%). Not ail 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 (SO 1.4) associated conditions for which they lOOk, on average, 3.9 (SO 2.0)

medications.

Overall, sutjects were quite independent in the basic activities ofdaily living with

a mean Barthel Index score of 98.3 (SO 4.2). The mean Balance ScaIe score was 46.8

(SO 6.6) and the average Mini-Mental State Examination score (Folstein et al 1975) was
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Sociodemographic Mean (SD) Clinical Mean (SD)
Characteristics Nurnber (percent) CharaCleristics Numoer (percent)

Age (years) 83.5 (5.3) Medical Problerns
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 Il (9.7)
Marital Status Rheurnatic 49 (43.4)

Married Il (9.7) Visual 45 (39.8)
Never Married 29 (25.7) Hypertension 59 (52.2)
Fonnerly 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) ùther 58 (51.3)
Other 1 (0.9)

Mean # Diagnoses 3.9 ( 1.4)
Education (years) 12.6 (3.9)

Mental Status (MMSE) 27.9 (2.7)
Usual Occupation

Professional 45 '39.8) 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)

AntiplateletJcoagulant 28 (24.8)
Antidepressant 10 ( 8.8)
Antihypertensive 51 (45.1)
Cardiac 48 ( 2.5)
Antiinflarnmatory 36 (31.9)
Other 85 (75.2)

Mean # Medications ~.9 (M)

•
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within the normal range for this age group, 27.9 (SO 2.7) out of a possible 30 points.

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

Over half of subjects lived in the McConnell, ~!'le third in the Griffith (31.9%)

and the remaining (12.4%) were in the Annex at the ùme of their first evaluation. These

percentages are approximately in proportion to the numbers of residents living in each

secùon, indicaùng recruitment was fairly balanced by site. In fact, the number of

residents from each secùon that participated in the study corresponded to 44%, 35% and

34% of available beds in the McConnell, the Griffith and the Annex secùons

respecùvely. Ouring 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 c1inical and functional scores of subjects 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 clepending on wh~re the resident lived within the Griffith-McConnell at the time

of the balieIine evaluation. The participants from the Annex had the lowest mean scores

for each measure. As previously mentioned, the residents in the Mat:)( receive

compulsory supervisiC\1l for bathing and have the option ofassistance in other areas. The

distinction between the level of functioning in basic activities of daily living was not 50

c1ear between the residents of the McConneli and the Griffith 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 sorne

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 a permanent withdrawal occurred and, in the case of individuals

missing o<:cal.ional 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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TABLE 4.2.1 Reasons ~Ol" a permanent withdrawal from the study during the )'~r (N = 12)

TIME OF WITHDRAWAL

Three-Month Six-Month Nine-Month
Evaluation Evaluation Evaluation

Death 1 2

Stroke 0 0

Fracture of lower extremity 1 3

Voluntary refusai to continue 0 0 2*

TABLE 4.2.2 Reasons fOI" missed Balance Sale evaluation.~ during the y~r (N=9)**

T1ME OF MISSED EVALUATIONS

Voluntary refusai

II1ness

Vacation

Three-MO'1th
Evaluation

4*

1

o

Six-Month
Evaluation

3

o

Nine-Month
Evaluation

2

•

* One of the residents rnissed the 3-rnonth and withdrew from the slUdy 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. AIl but one returned to the residence within the

year of follow-up.

A resident who fractured her arm ;s considered to have had a temporary illness

at the 6-month evaluation because, in contrast, to the residents with Iower 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 Iower extremity

following the 9-month Balance Scale assessment.

Ali reported falls were consistent with the definition suggested by the Kellogg

International Work Group (1987): "A fall is an event which results in li persen coming

to rest inadvertently on the ground or other lower Ievel and other than a consequence of

sustaining a severe blow, loss of consciousness, sudden paralysis, as in stroke, or an

epileptic seizure". The occurrence of faIIs for aIl subjects was ascertained through

interviews with the residents, staff reports and official records. Thus, although complete

balance evaluations were available for onIy 93 residents, the analysis examining the

relationship between the Balance 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 an..:! the t)'pe of mobilit)' aid

(criterion validity)

The relatively high level of functior.ing of the residents is further retlected in the

use of walking aids. Seventy-five residents did not use any mobility aids to walk indoors

but, of these, 26 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 persans using

no walking aids (38 SD 6.7) was notably !ower in the five subjects with MMSE scores

be10w 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 arnong subjects grouped by the level of walking

aid.

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



•

•

TABLE 4.3

Balance Scale means and 95% confidence 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 (47.9 - 51.1)

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)

F... ,.,.. 29.6
Test for linear effect

p<.OOOI

61
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walking aids ....'aS also examined by the Spearman Rank Order Correlation Cocfticient.

The magnitude of the coefficient was moderately strong (rho -.56) and in the eXIX"Cted

direction, namely, the lower the Balance Scale score the greater the need for support.

When the 9 subjects with suspected cognitive impairment were omittt'~ from the analysis.

the correlation coefficient assessing the strength of the relationship betwt:en 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 rdtings

(concurrent criteri()n 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 farniliar with the residents. Figure 4.1 demonstrates the

distribution of the Balance Scale scores within each category al 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 evaiuation points in the study ranged from .50

to .62, indicating a moderately strong positive relationship.

At each evaiuation, 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 individuais raled as poor at that

evaiuation displayed greater variability and had mean scores mat 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 expecled by chance alone.

There was a Iinear 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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ability and the Balance Scale scores were somewhat lowel" (.43 to .49) but still of

moderate magnitude and in the expected direction.

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

The third objective was to assess the relationship between the Balanel' Se,lie

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 IWO or more falls in the year. There is a gradient in mean initial balance

scores of 48.8 (SO 4.4), 46.8 (SO 7.6), 42.8 (SO 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), suggcsting that other factors

contribute to the occurrence of falls.

The clinica1 and functional characteristics of residents were compared across three

groups having none, one and muïtipie 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-sca\e and the average number of

medications. The gradients in the mean scores of the Barthel Index and the Balance

Scale =res were in the expected direction, narnely, 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 sarne pattern. Non-fallers took the greatest number of

medications (mean 4.3, SO 1.8). Furthermore, residents who fell once had the lowest

mean for medications (3.2, SO 1.8) and number of diagnoses (304, SO lA). Oetails on

the functional and clinica1 characteristics are included in Appendix 4.2.

The distribution of cardiovascular disea.~ 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 Icss

cardiovasc-ular disease compared 10 the other groups whereas multiple time fallers had

higher frequency of visual deficits. This finding rein'forced the decision to consider visual

cleficits as a risk factor for falls.



•

•

65

''Je 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 c',)mplete information. A

repeated measures analysis examining within subject changes for the four evaluations

during the 9-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 thrcùghout the year.

The relative risk of falling during the year was 1.5 (95% CI 1.0-2.3) for the 31

subjects scoring below 45 at the initial evaluation comparee! to those with higher scores.

Forty-five was chosen as a cut-off based on verbal reports from c!inicians 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 compar~ to residents with scores of 45 and above.

Eight residents suffered a fall-related fracture d:Jring 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 :::; ~'!e!! :iS orthopaedic

and rheumatic diagnoses were considered as potential variables in the models. Barthel

Index and Barthel mobility sub-scale score:; were not incIuded in the same models due

to their high inter-correl..tion. Balance ScaI,; ~res showed low to moderate correlations

with these variables (.03 to .57). The other variables were poorly intercorrelated.

Balance Scale scores and the variable reIatirl~ to the fact that the patient had fallen during

the three months prior to the onset of the study were the only variabîes 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 fall~ in the )'ear (N = 113)
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TABLE 4.4.1 Logistic regression model predicting at leasl one fall compan'l! 10 no fall,
ameng the elderly residenl~

Variables Beta Standard Signi:icance Adjusled 95%
Cc;efficient Error Level Odd~ Ratio CI

-Initial Balance Scale -.11 .04 .005 .90 .8310 .97
Scores

History of falls in ,Jast 1.62 .70 .021 5.04 1.2810 19.90
3 mOllths

Constant 4.86 1.87 .010

TABLE 4.4.2 Logistic regression model predicting multiple fall~ compared to single or no
falls

Variables beta Standard Significance Adjusted 95%
Coefficient Error Level Odds Ratio CI

·Initial Balance Scale -.11 .04 .006 .90 .83 to .97
Scores

HislOry of falIs in past 1.75 .64 .007 5.74 1.63 to 20.25
3 months

Visual Deficits 1.03 .50 .039 2.80 1.05 to 7.44

Constant 3.83 1.75 .03

• ln each analysis, ".'le odds ratio refers to the change in the odds of falling with a change of one pilint
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 t';;,;ling 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 fulling with each single point of the

Scale. Hence, the odds of fulling increases threefold (95% CI 1.4-6.7) with every drop

of 10 points on the Balance Scale, if all other factors remain the sarne.

The consistency of the contribution of impai:-ed balance to the occurrence of fulls

is further iIIustrated by comparing the mean Balance Scale of subjects who either did not

fall, had a single full or had two or more falls in each 3-month interval. The intervals

were considercd s::parately, with subjects potentially classified differently within each

interval. As shown in Table 4.5, the gradient in mean scores found in the initial Balane:

Scale scores remained fairly consistent within each interval.

The relationship between Balance Scale scores and fulls at each interval, the

elevated relative r:::;k of falling associated with a score below 45 and the co~tribution of

the initial Balance Scale score to the occurrence of falls in the logistic regression model

are finding~ chat support the predictive validity of the Balance Scale.

Summary of Validity Study 1

Balance Scale scores were assessed relative to three exterrtal criteria: use of

mobility aids, c1inical 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 (rho .50 to .62) with c1inical judgments at each of the four

evaluation points. Lastly, the Balance Scale scores showed an association with the

occurrence of falls in severa! analyses: Spearman's rho correlation (-.36), relative risk
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Means and standard deviations (SD) of the Balance Scale Scores of the
elderly residents grouped by whether or nol they fell in the subsequent
interval
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NO FALLS SINGLE FALL MULTIPLE FALLS
INTERVAL within interval within interval within interval

Mean (SO) Mean (SO) Mean (SO)

Base1ine .. 3 months 47.2 ( 6.2) 0 38.8 ( 9.8)
N=107 N=S

3 months .. 6 months 47.5 (6.6) 43.3 (7.7) 43.3 (7.6)
N=81 N=17 N=8

6 months .. 9 monlhs 47.7 (6.5) 42.4 ( 9.1) 33.3 (7.7)
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

------- -_._.._.__............

Base1ine .. 1 year 48.8 ( 4.5)
N=6C

46.8 (7.6)
N=24

42.S (7.7)
N=29

The number of falls t.'y an individual subject is counted separately for each interval. A given individual
cao appear in a differ~nt column at each interval.
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elevaled for individuals wilh Balan..... Scale scores bel:lw 45 (RR 2.7 for multiple falls;

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

logistic regression model (adjusled odds ratio .90).

4.2 Validity Study II

Three specifie 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 IWO weeks of stroke onset and Te­

assessed at 4, 6 and 12 weeks.

4.2.1 Reasons for non-response or exclusion

ln 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-MN! Complex

and Montreal General Hospital, respectively. The reasons for exclusion are listed in

Table 4.6. The IWO most common factors ma1àng patients Ineligible were iack of motor

or sensory deficits and an unstable medical condition. Information conceming the

eligibilityof 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 Charaeteristics of the subjects

Table 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 t()(\k Cil 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 b)' hospital of admi....~ion

Ressons Royal Victoria Montreal General Hospital
MNI Complex

N=120 N=48

No motorlsensory problems 27 3

Medically unstable 19 13

Information unavailable 19 7

Idencified more !han 2 weeks 9 2
post onset of slroke

Speaks neither English nor 7 7
French

No Medicare 3

Resides outside boundary 5

Diagnosis other than stroke 1 0

Age less than 40 years 4 0

Died before evaluation II

Co-morbidity prohibm 7 2
rehabilitation

Patient refused participation 6 4

Consent refused/family 2 7

70
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Sociodemographic and clinical characteristics of the stroke patients at
enrolment (N=70)
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Sociodemographic
Cha-acteristics

Age (years)

Sex
Male
Female

Marital Status
Married
Never Married
Formerly Married

Language
French
English
Other

Usual Living
Arrangements

Home Alone
Family
Residence
Institution

Employment Status
Full-time
Retired
Unemployed
Housewife

Usual Occupation
Professional
Clerical
Sales
Service
Transportation
Production
Labourer
Housewife

Education (years)

Mean (SO)
Number (percent)

71.6 (10.1)

36 (51.4)
34 (48.6)

41 (58.6)
9 (12.9)

20 (28.6)

22 (31.4)
28 (40.0)
20 (28.6)

21 (30.0)
46 (65.7)

2 (2.9)
1 ( 1.4)

4 (5.7)
49 (70.0)

2 (2.9)
13 (18.6)

Il (15.7)
6 ( 8.6)
4 (5.7)
5 (7.1)
6 (8.6)
8 (11.4)

11 (15.7)
19 (27.1)

8.6 (3.5)

Clinical
Characteristics

Side of weakness
Right
Left

Comorbidity
Neurological
Cardiovascular
Pulmonary
Diabetes
Peripberal Vascular
Rheumatic
Visual
Hypertension
Renal
Gastrointestinal
Genitourinary
Neoplasm
Orthopaedic
Other

Mean # Co-morbid
Conditions

Medications
Sedatives
Antiplateletlcoagulant
Antidepressant
Antihypertensive
Cardiac
Antiinflammatory
Other

Mean # Medications

Mean (SO)
Number (percent)

38 (54.3)
32 (47.7)

Il (15.7)
40 (57.1)

8 (11.4)
22 (32.9)

8 (11.4)
4 (5.7)
5 (7.1)

46 (65.7)
4 (5.7)

11 (15.7)
6 ( 8.6)
1 ( 1.4)
4 ( 5.7)
9 (12.9)

2.6( 1.4)

9 (12.9)
54 (77.1)

2 (2.90
36 (51.4)
35 (50.0)

5 ( 7.1)
46 (65.7)

3.8 ( 1.9)
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subjects who were foIlowed for 3 months. When compared to those who completed aIl

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 dcath. Eight patients died

during the 3-month foIlow-up period. Two did not complete the study because they wcre

no longer permitted to bear weight on their lower extremities: one developt.'d gangrene

and another fractured his hip. Further details on the sociodemographic and medical

characteristics of the subjects who did not complete the study are included in Appendix

4.3.

V"lues were imputed for five subjects with missing information at one evaluation.

The imputed values were selected by the study tcam, 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, il 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 cach, 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. AIl subsequent evaluations were completed. A score of 22

was imputed for the Balance Scale based on the pat;~nt'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 10 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 rehabiE:ation 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. Overa!l, 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 ail activities and were still in the genera! 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 v-..Iues reflected the reality of C\inical investigations conducted over

Lme in severa! settings. Fortunately, they were relatively few in mlmber. 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.

4.2.4. Relatiooship between the Balance Scale scores and functional status

and motor performance (constroct validity)

The first objective was to assess the degree of association between the Balance

Sea1e and the motor performance and functional status scores at various points in the

reco..ery of stroke patients. Table 4.8 prese::ts the Product Moment Correlations

between the Balance Scale, the Barthel Index and the Fugl-Meyer Scale and t!leir

respective subscales at each evaluation point for the 60 patients who completed the study.

Correlauons are ail 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,

c:hers who have a high level of function initiaIly that is maintained, and those who star!

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 c\assified as the "Iow functioning

group". Patients entering the study with a score of 60 and maintaining that level were

inc\uded 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 $lroke patients at each evaluation point (N=60)·

BALANCE SCALE

Initial 4-Week 6-Week 12-Wtock
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 .77 .77 .82
Arm Subscale .62 .69 .69 .76
Leg Subscale .71 .80 .76 .79
Balance Subscale .84 .87 .88 .94

* Ali subjects who finished the study

74
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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 Index

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 parailel 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

the results of the 60 subjects who completed the study, was used.

First, a repeated measures analysis of var'.ance 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. Sc:cond, a similar analysis

determined that the Balance Scale alse had a strong linear effect showing improvement

in scores over the l2-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 perjod, 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 evalllation and using the difference between the Ba.-thel Index and the

Balance Scale scores for each subject as the dependent variable.

In contraSt, Figure 4.3 shows that the difference scores between the Bart.'1el 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-M~yer Ann & Leg Sub-Scale
for each c1inical perfonnanc:e sub-group (N=60)*

Ali Subjecls Low Group With Hi~h

With Functioning Greatest Functionin~

Complete Scores Group Functional Chan~e Group

N=60 N=15 N=32 N=13

Mean (SO) Mean (SO) Mean (SO) Mean (SO)
Barthel Index
(0-100)

Initial 33.8 (30.5) 4.0 ( 5.9) 28.4 (16.7) 81.5 (13.2)
4 Weeks 48.5 (34.1) 8.6 (10.6) 5U (26.0) 88.0 (11.5)
6Weeks 55.5 (35.1) 10.8 (11.5) 61.0 (25.7) 93.4 ( 8.3)
12 Weeks 64.4 (34.9) 12.1 (12.3) 76.8 (18.6) 94.0 (11.3)

Balance
(0-100)

Initial 17.7 (29.9) 1.7 ( 2.3) 21.3 (18.9) 73.6 (14.4)
4 Weeks 42.7 (35.8) 3.6 ( 3.5) 45.0 (29.9) 82.3 (18.8)
6Weeks 47.4 (36.5) 4.5 ( 6.4) 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
Mm and Leg
(0-100)

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 (31.5) 81.8 (19.0)
6 Weeks 61.6 (33.0) 24.3 (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)

* Ali subjects who finished the study
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Mean Balance Scale. Barthel Index :::nd Fugl-Meyer Arro and ~ Sub-sClle score;
oC the stroke patients at each evaluation G'i = (0)
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Mean differences between tbe Barthel Index :md tbe Balance Scale scores
and tbe Barthel Index and tbe 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

evaiuation bisects the line. showing no differenct' in scores at that !X'int. This tinding is

supported by Figures 4.2.1-4 showing the higher mean scores initially and lhe tlattening

of the siope as the rate of change slows and approximates the Barthel Index scores. The

repeated measures anaiysis aiso confirmed the Iinear 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 Banhel Index.

Similarly, the Balance sub-section of the Fugl-Meyer showed that il was able to

detect a 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 Banhel 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 thrcc-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 mcasure

should show the greatest increase in scores in the group demonstrating the most

functionai improvement and should remain relatively stable in the group expected to

change little (low functioning group). 80th Table 4.9 and Figure 4.2 are consistent with

this expectation.

Additionai evidence of the responsiveness of the Balance Scale is that cach item

of the sca\e showed a higher mean score at cach subsequent evaiuation. 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 aiso 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 evaiuation. 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 generai hospitai at each
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TABLE 4.10

Mean scores for cach item of the Balance Scale for stroke patients at cach
evaluation (N =57)*

Sca le 1l~'I1I Two Wecks Four Wecks Six Weeks Twelve Wecks
Mean (SO) Mean (S!» Mean (SO) Mean (SO)

Sil to Stand 1.21 (1.46) 2.04 (1.59) 2.35 (1.64) 2.61 (1.61)

Standin~ 1.53 (1.62) 2.09 (1.84) 2.39 (1.74) 2.77 (1.72)

Sillin~ 2.63 (1.58) 3.21 (1.36) 3.35 (1.33) 3.54 (1.07)

Stand 10 Sit 1.39 (1.62) 2.02 (1.67) 2.26 (1.72) 2.61 (1.58)

Transrcr 1.39 (1.42) 2.16 (1.42) 2.32 (1.57) 2.71 (1.37)

Stand Eycs Closed 1.49 (1.66) 2.04 (1.87) 2.30 (1.80) 2.70 (1.75)

Stand Feet To~ether 0.93 (1.41) 1.54 (1.75) 1.86 (1.83) 2.25 (1.78)

Arm Reachin~ 1.07 (1.45) 1.60 (1.57) 1.73 (1.59) 2.07 (1.55)

Objccl Pick Up 1.11 (1.63) 1.84 (1.79) 2.01 (1.81) 2.51 (1.73)

Twistin~ 1.21 (1.59) 1.91 (1.81) 1.91 (1.75) 2.35 (1.71)

Tum 360° 0.72 (1.22) 1.26 (1.61) 1.47 (1.75) 2.02 (1.83)

Stcp on stool 0.40 (0.88) 1.00 (1.48) 1.21 (1.63) 1.60 (1.77)

Tandem Standin~ 0.51 (0.95) 1.12 (1.36) 1.09 (1.48) 1.54 (1.46)

One~ Standing 0.32 (ü.66) 0.82 (1.23) 0.95 (1.39) 1.35 (1.58)

* Only patienl~ with complele Balane" ScaJe scores were used in this an:ilysis. Item values were not
impuled unless total Balance Scal" score was zero.
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TABLE 4.11

Means and 95% conndence lnlervals ror Ihe melln or Ihe Balance Seule scures or Ihe slroke patients grouped hy Ihe luclItiun
or cach rolloll'onp evaluallon (N=60)

--
AI 4 Weeks AI 6 Weeks AI 12 Weeks

N Melin (95% CI) N Mean (95% CI) N ~I~II \95~~ CI)

General Hospital 47 19.5 (13.8 - 25.2) 30 16.1 (9.0 0 23.2) 14 8.1 ( 1.8 14.5)

Rehabilitation Centre 4 27.3 ( 1.0 53.5) 13 32.9 (21.7 44.2) 20 31.1 (21.6 40.5)

Home/Commnnity 9 45.3 (38.8 - 51.9) 17 40.1 (32.7 - 47.4) 26 45.0 (40.6 - 49.3)

r,,,.SI 7.76 r" l.SI 11.05 r'''.lJ 28.67
p < .001 p<.OOI p< .001

<'--
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asscssment. 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 their mean Balance Scale score remained

40 or above at each subsequent <:valuation. The mean for the patients at the

Rehabilitation centres was intermejiate, 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.

Surnmary of Validity Study II

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 exarnined

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 internai consistency of the Balance

Scale. This analysis was performed on ail available subjects at each evaluation point

within both study populations separately.



•

•

83

4.3.1 Characteristics of the subjects participating in the reliabilit), ~1ud)'

The 31 elderly residents and the 36 stroke patients who participated in the inter

and intra-rater reliability study were similar in terms of sœiodemographic and basdine

clinical characterisùcs to the total sample from which they were chosen. Oel.'\ils 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 strokc

paùents 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 ail the subjects

covered the enùre range (0-56) of the scale and had a mean of 37.1 (SO 17.2), avel':lged

over both raùngs.

Figure 4.4 shows the pairs of raùngs for each of the 28 elderly residents. The

scores ranged from 25 to 55. The paired raùngs 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 quanù fy the agreement

between the raters. This statistic estimates the true variance between subjects relative

to the total observed variance in scores. Variance esùmates 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 respecùve ICCs

were .92 (95% CI lower bound .85) and .98 (95% 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
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patients) twice. one week apan. The range of Balance Scale scores was fwm 4-)b with

an average of 46.0 (SD 11.0) over both ratings. The jJ.lirs of ratings an: prescntcd 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 for ail suhjccts was

.97 (95% CI .93 -.99); when= elderly residents showed an ICC of .91 (.80 -.96) and

slroke patients an ICC of .99 (CI .94 -.999).

4.3.4 Internai consistency

Internai consistency analyses were performed on the data from both stroke patients

and elderly residents at each evaluation point. The correlation matrices including ail

items, except sitting unsupported, are displayed in Table 4.12. Because ail dder;y

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 sca1e is measuring one underlying

concept and that ail the items are contributing to the overa11 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 slrongly related to scores for the remaining

items. However, because these same items worked wen for slroke patients and for the

other two evaluation points, it was decided to retain them.

The internai consistency of the Balance Sca1e 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 ail 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 te oblain a high coefficient for a correlation between

two variables.
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Paired Balance Scale ratings oC the eIderly residents and stroke patients in
tlie intra-rater reIiability study (N=24)
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Inter-item cOl'fclRlions of Ihc BRIRnce SCRle at Ihe lnilial evalualion

ELDERLY SUBJECTS

sir· SrANI> SrANI>· TRANS sne 5TH ARM 11rK lWIST TURN snp TANI>Uf
STANI> sir REArl! IIP TURN >GO' STool.

Standing .36
Stand 10 Sil .69 .31
Transfer .68 .21 .64
Stand E)'es Closed .56 .54 .54 041
Sland Feet Togelher AS .t9 044 .36 .33
Arm Reachlng AI 044 At .28 .22 .11
Obj""l l'ick Up .36 044 .28 .34 .23 .15 .28
1\.111 Tllrn .56 .32 .52 049 .62 .31 .27 042
Turn 360· 044 .20 042 040 047 .10 .3t 049 .54
Siep on Slool .36 .15 .39 AI .28 .30 .35 .38 .31 AS
Tandem Standing .15 .10 .22 .20 .09 .25 .21 .28 .18 .26 .35
One I.<g Slanding .24 .14 .20 .22 .25 .14 .24 .24 .32 .31 040 .21

AI.I'IIA = .83 anrage r minimum muimum percent btlow .3
STANI),\RllIZEIl ITEM AI.I'IIA = .87 .34 .09 .69 41%

STROKE PATIENTS

SIT· STAND sir STAND· TR..\SS sn:c sTn ARM PlrK N1ST TI1R.'; 5TU" IMan:.....'
STANI> SIT REArl! IIP TURN >/Il' ST<J{JI.

Standing .88
Sil .68 .73
Stand 10 Sil .88 .90 .66
Transfer .90 .89 .71 .83
Stand Eres Cloled .83 .92 .69 .86 .87
Sland Fed Tog.'lher .82 .81 .58 .79 .81 .78
Arm Reachlng .88 .87 .62 .87 .88 .81 .89
Ohj""l l'ick Up .16 .82 .55 .83 .79 .77 .80 .79
T\\isl Turn .84 .88 .63 .89 .86 .85 .88 .92 .90
Turn 360· .14 .77 .50 .74 .80 .16 .81 81 87 .86
Slep on Sloo\ .63 .65 040 .65 .67 .60 .72 .68 .77 .73 .78
Tandem Standing .65 .70 046 .70 .74 .71 .80 .76 .77 .78 .77 .73

"'-
One I.<g Standing .51 .60 040 .62 .63 60 .61 .69 .72 .74 66 .70 75 ....
AI.I'IIA = .97 annge r :!1ini'DUnJ maximum pt"rctnl btl~'J" .J
S L\NIlARIlIHIlITEM ,\1.1'11.\ = .98 .75 .40 .92 ûl\
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Th.: mean scores for each item pcrformed by the elderly residents remained

rclativcly stable over four evaluations (Appcndix 4.8). The hierarchy for item difficulty

is similar to that found in the stroke sample. ln both samples. the magnitude cf the intra

c1ass correlation coefficients and Cronbach's alpha are considered to be high.

Summary for Reliability Study

The results showed excellent agreement for both inter and intra-rater reliability

with intrac1ass correlation coefficients of .98 and .97, respectively. ln addition,

standardized Cronbach's alpha estimates were high in bath elderly residents (.87) and

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

4.4 Chapter Summary

Tables 4.13 and 4.14 summarize the measurement propcrties of the Balance Sca1e

as accrued from the preliminary study that developed the content of the scale (Berg et

al. 1989), from the study that compared clinica1 and laboratory measures of balance

(Berg et al. 1992) and from the present measurement study.

The present investigation examined the measurement propcrties of the Balance

Sca1e in three inter-related studies. Evidence for the criterion valiaity of the sca1e is

provided by the moclerate association with clinica1 global ratings of balance, the

relationship between Balance Sca1e scores and falling in the study periocl, and the ability

of the Balance Sca1e 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 Sca1e is supported by the covariation over the four evaluations of the Balance

Sca1e scores with measures of functional status and motor performance in stroke patients.

The similarity between the Balance Sca1e and the Barthel Index in deteeting changes in

the status of the stroke patients in the l2-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 internai consistency
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of the scale was stmng, suggesting it mt:asured one underlying dim,:nsi,'n .
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TAnLE 4.13

SlIlIIlIIary of ,'alldity assesslllcnis of Ihc Balance Scale as lesled by Ihe alllhor

e

STUDY

and Suhjecls

Berg et al. 1989
• 32 professionals
• 38 geriatric subjects

Berg et al. 1992
Cross-sectional comparisons of
clinical and lab measures of 31
elderly suhjects

Present Measuremenl Study

One-year longitudinal study of
113 elderly residents

Twelve-week longitudinal
study of 60 stroke patients

Conlenl

•Formally developed using 3
panels of geriatric subjecls and
bealth professionals

VALIDITY

Crilerinn

• High correlation with
Tinelli Ilalance Suh-scale

• Moderate correlations with
postural sway measures

• Moderate correlation with
glohal c1inical judgements of
halance

• Predictive of future falls
by the elderly residents in lhe
year of the study

• Ahle ln t!iscriminate
groups hy:
- type of walking aid uset! hy
the elt!erly residenls, and

- location of the fnllow-up
evalualion of stroke palients

Conslrucl

• Strong a~sociation wilh
measures of functional slalUS and
motor performance in slrnke
patients over the 12-wcck period

~
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SUllllllary of rellahllily und rcsJlllnsi\'Cnl'Ss l\'ililllall\'i as (l'SIed hy Ihe uulhor

•
STUDY REUADJUTV RESI'ONSIVENESS

und Snhjeds Inler-roler Inlrn-ruler Inlernal conslslency

Berc el al. 1989
Raters: 10 professionals tCC = .98 tcc = .98 Cronhaeh's Ct = .96
SlIbjeels: 14 gerialric snhjccls on

videotaJ1e

Berc et al. IQn
Raters: 2 p~,ysieallherapisls ICC = .98
SlIbjeels: 10 geriatric sllhjeels on

vidl'otape

Cross-seelional eomparisons of 31 • Ilalanee Seale showcd largesl
subjeets performing c1inieal and effeel size in diseriminating
lahoralory tests of balance among subjeels by their use of

walking aids

Present Measnremen! Sllldy
Raters: 32 professionals and ICC = .98 ICC = .97 Cronbaeb's Ct

para-proti.·ssionals • ('iJerly rcsidcnts = .87

Subjecls: 31 elderly residenls 1 slrokc palients = .98

36 slroke patients

Subjecls ti)r assessing • Able to detecl changes of
responsi\'Cness were 60 stroke same magnitude as Harthel Inde~

palients who compleled sllldy

-.0
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DISCUSSIOl'i

Introduction

Three inter-related studies contributed informNion on how the Balance Scale

pcrformed 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

studyassessed three aspects ofreliability: inter-rater, intra-rater and internal consistency.

This chapter summarizes the results and discusses their implications relative to

the essential measurement propcrties of reliability, validity and responsiveness. The

accrued information on the Balance Scale is also compared to what is known of the

propcrties of other balance measures. Finally, the chapter discusses the limitations of

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

Chapter 5

5.0.•

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 fir.dings and considers the minor differences observed in

the results 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 generaIly

precludes further testing or requires a revision of the instrument. In addition, without

excelIent reliability an instrument is unlikely to be responsive to small yet cIinically

important changes in status. Therefore reliability coefficients above .94 or .98 are

recommended for instruments used to make decisions about indivicluals over two or more

evaluations (Helmstadter 1964; Nunnally 1978).

•
5.I.1. Inter and intra rater reliability

The results showed excelIent agreement in the pajred ratings of the Balance Scale

scores with intra cIass correlation coefficients for inter and intra-rater reliability of .98
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and .97. respectively. The inter-rater assessment compan:d 63 pair~'d ratings by 32

different raters who were nurses. senior matrons. physical or occllpational therapists.

Subjects included 3S stroke patients and 28 elderly residents. In addition. 24 sllb.i~'Cts

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 e."Ich

other; whereas, paired ratings of the elderly residents were made within one weck.

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 error can be

addressed through fairly controlled testing conditions or by having raters evaluate

videotaped performances where no aetual 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 environmenta1 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 fumishings and other environmenta1

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 Sca\e 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

differenccs 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 doser the ratio will be to 1. Given equal error

variance, the intra class correlation will aise be larger when there is greater variation

between subjects.

lt is aise 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 bath inter-rater anà 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% cr 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 % cr .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 an: awardcd the same scores with

repeatcd tests because they clearly fail or cannot try difficult tasks. In contrast. elderly

residents could attempt ail tasks.

The plots of the paircd ratings in stroke patients suggest that grcater discrepancies

in scores occurred in the middle ranges of ability. This finding may reflect an inhcrent

inconsistency in the performances of sorne patients during the carly 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 noticc<'\ble

for patients who can attempt ail items but vary in the degree to which they can mect the

scoring criteria. A better estimate 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 retestcd 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. Internai consistency

The Balance Scale shows high internai consistency with Cronbach's alpha

averaging .87 for the elderly residents and and .98 for the stroke patients. Assessment

of internai consistency was made separately for the stroke patients and elderly residents

at each evaluation using ail ay-..ilable subjects. This strong internai consistency facilitates

the interpretation of scores but it is not essential for good measurement. It is possible

to have a multi-dimensional scaIe that is reproducible and valid for different purposes.

The primary advantage of having multiple homogeneous items in the Balance Scale is that

it provides a basis for a more consistent estimate of the ability of individuals to balance.

Cronbach's alpha was developed as a reIiabiIity estimate for multi-item tests or

indices. The assumption underlying testing of reliability bascd on a single administration

of the test is that each item may be considered a single measure of a cornmon 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 internai 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 ane parallel, having

equal means and variances and equal correlat;:>ns witt a third variable (Bravo and Potvin

1991). Given the stringent definition ofparallel items, it is expected that the correlation

between the same test administered at IWO separate occasions in the absence of true

change should be higher than among multiple items in a scale.

The results of this study ane consistent with that expectation; the intra class

correlation coefficients ane higher than the Cronbach's alpha's in each situation.

However for each group, elderly residents and stroke patients, the estimates of internai

consistency ane 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 IWO 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 internally 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 contras!, 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 aIse useful to examine how well

each item correlates with the sum of the scores of the remaining items in the sc.1.1e. In

the data pertaining to the stroke patients, ail the item-to-total correlations were above .63.

The item-to-total correlations were aise 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

comparee! 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 shou1d be applicable to most clinical situations. The generalizability

of the results is strengthened by the varied clinical characterisûcs 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 leve1s ofexperience. Sorne 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

cal1ed senior matrons participated in the study. The raters received no formai training

in the administration of the Balance Scale but they were asked to read through ail the

items and ask questions as necessary. A1though 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 c1inical rea1ity supports

its use in c1inical practice and research. Paired tests were made at different times of the

day, often in two separate locations with different fumishings and noise levels or other

distractions. Despite the possible sources of variation, the Balance Scale demonstrated

high reliability. Discrepancies of possible concem 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, extemal 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 fulls, 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 :he 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 earegivers 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 n~'Cd for

more objective quantitative methods to assess the effectivenes:, of interventions and

monitor the status of patients is becoming more evident.

The importance of showing this association over-shadowed conecrns 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.

malàng it difficult to identify small differences between subjects and improvements in

ability over time. It is doubtful that they can be easily compared hetwecn professionals

or institutions with different patient populations because the raters can use 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 betwcen the Balanec

Scale scores and the global ratings is likely an underestimate of the true rclationship

between the variables.

The comparison between Balance Scale scores and global ratings was also limited

by the ra.'ge of ability of the subjects. At baseline no sl:bject 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 variability 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 tha.t 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 faIls

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 straightfc,rward 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 whcreby knowledge of Balance Scale

scores would improve the prediction of fulls.

The results demonstrated that poorer Balance Scale scores were associated with

falling. There was a weak to moderate (rho=-.36) negative correlation between Balance

Scale scores at baseline and full status as defined by no fulls, a single full and two or

more falls in the year of follow-up. The risk of fulling 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 fulling. 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 fulls 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 a cornmunity 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 findings (Gryfe 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 et al.

1988), has previously becn reported as a risk factor for falling.

The presence of visual deficits and history of falls were also identilied as risk

factors for more than one fall in the year of study. Each has becn associated with risk

of fractures or falls in previous research (Felson et al. 1989; Mayo et al 1989; Morse et

al. 1987). 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 l'ails that were known

to have occurred outside of that period were not counted.

Severa! other variables have becn reported to be risk factors for falls in the

elderly. They include medications (Grisso et al. 1991; Rayet al. 1987; Tinetti et al.

1988), cognitive impairment (Morse et al. 1987; Tinetti et al. 1988), age (Campbell et

al. 1990; Vlahov et al. 1990), and specifie 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 IWO 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 sare 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 IWO important extemal 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 generai hospitai to which they wcre 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 Sca\e 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 Sca\e because the difference in the mean Balance Sca\e 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 medica\ly 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 concems 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 clinica\ly significant differences required

greater precision on the part of the Balance Sca\e, 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 weIl a patient can stand up. tum around. and lransfer. An ad\'ant;l~~ of lh~ Balan(~

Scale is that it is COlllposed of clinically rek"ant items.

5.2.4. Perfonnance of the Balance Seale in mOllilorin~ thl' ~1atlls of strokl'

patif:nts

Acute stroke paùents with motor and functional deticits are gener.\lly eXpl'Cled to

improve and thus, provide an ideal population in which to asscss the performance of th~

Balance Scale. At each of the four evaluations, balance scores were highly correlak'd

with measures of funcùonal status and motor performance. Spl.'cifically. correlalions

between Balance Scale and total Barthel Index scores varied l'rom .87 10 .93 over the

fOIlT evaluaùons, whereas correlations between the Balance Scale scores and tOlal Fugl­

Meyer scores were .70 to .82. It is anùcipated that the association with motor

performance would be lower because paùents can have movement without having

sufficient postural control to use it functionally. This fact is illustrated 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 I2-week

evaluation. The lowest was with the Fugl-Meyer Arm sub-scale (.62) at entry to the

study. The relationship may be weakest iniùally because subjects have not yet leamcd

to adapt their postural control to the stroke-related deficits. ln addiùon, the component

tasks of the arm sub-secùon 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 te 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 wcakness and diminished coordinaùon on the ability to balance. However,

given that none of the lower extremity tests of the Fugl-Meyer require that the subject

stand unsupponed, balance dysfuncùon does not unduly influence the scores.

The pattern of covariation of the scores of balance, functional status and motor

performance suppons the longitudinal conslruct validity of the Balance Scale and

provides initial evidence of its suitability in monitoring the clinical status of the patients

over time. Funher 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 ;;ample as the Barthel Index. In

contrast, a1though able tll 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 I2-week study periocl.

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 tteatment

effect in acute sttoke patients. The Barthel Index showed the largest effect size, an

indication of its superior responsiveness.

In acute sttoke patients, the Barthel Index is a good criterion measure of

responsiveness. The Index is widely used and recently was recommended as the best

measure of activiti~ of daily living (Wade 1992). Funhermore, 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 sttoke patients in the early recovery periocl.
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Although not previously tested. the responsiveness of the Balance Scale was

considered during the phases of content development. Professionals were a.~ked 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 10

perform the task independently within a certain time allottment. Progressively fewer

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 each item in

subsequent evaluations of the stroke patients suggest that each item is able to contribute

to monitoring the status of the patients.

It is also encouraging !hat the Balance Scale does not show c1uslering at the 10p

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. suggcsting

there is room for continued improvement in scores. Further studies arc nccessary to

determine its ability to monitor change in other groups and to discriminatc diffcrences

in change scores be(Ween a treatment and control group in a c1inical 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 c1inical 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 (Wo 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 10 which
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they arc similar to the elderly 2.t large. Their faH Statistics are compatible with previous

studies (Gryfe ct 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 c1inical practice and research. While not ail questions concerning its

measurement properties for different situations have becn 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 fuct 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 asscssment 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

is the case and, if necessary, asSCSS the number of tests that must be averaged to give a

reliable result (Fleiss 1986).

However, the primary limitations te the present study are fundamental te the on­

going process of instrument validation in the absence of a gold stanàard. 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 impol1al1t for showing that c1inical judgmc:nts arc:

consistent with scores on the Balance Scale. Falling is a multi-làctorial prob1c:m 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 influenœd by

other factors. Similarly, examining the evidence of construct validity requires a

judgment as to the nature of the expected relationship between balanœ 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 deteet change in the patienrs status with n:pcated

administrations, discriminate small but c1inically meaningful changes, and that it be able

to discern a beneficial effeet of treatment in a c1inical 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 deterrnine its ability to monitor changes in other subjeets or to deteet a treatment effeet

in a c1inical 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.

5.4. Summary of the comparisons with other measures of balance

The Balance Scale was developed for use with individuals who have a degree of

impairrnent. 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 subjeets

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. 1990; Horak and Shumway-Cook

1986; Maki et al. 1987; Wolfson et al. 1986), subjeets do not have to be able to stand
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indcpendently to score above zero. In addition, the Balance Scale showed differences

in scores among eldcrly 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-sca\e 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 (Gabeli 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 performanee-based sca\e 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 McColium 1991).

More is known of the measurement properties of the Balance Scale, the Tinetti

Balance Sub-sca\e (Tinetti 1986) and the measure of Functional Reach (Duncan et al.

1990). Ali three measures have demonstrated concurrent criterion va1idity relative to

laboratory measures and predictive validity as regards falls in the elderly. Direct

comparison between the Balance Scale and the Tinetti Balance Sub-sca\e 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-sca\e has weak
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TABLE 4.15

Scoring II\clhods and l'cllablllly asscssmcnls of clinlcal II\casnres of balance

RHLlABILITV

Scorlng I\Iclhod of Suhjccls Inler-raler Inlra-raler Inlernal
(range of scort\'l) ASSCSSl\lclI1 Conslslency

Balance Scale 14 items Respoose categories • Gerialric suhjecls Yes Ves Yes
• Berg et al. 1989 (0-56) based on lime, (in-patienls 10
• Berg et al. 1992 distance ami level of communily dwelling)
• Present Study supervision in • Stroke patients

performing lask

Funcljonal Reach Single item Average of 3 tests • Community- Ves Yes Yes
• Duncan et al. 1990 of reaching while dwelling elderly
• Duncan el al. 1992 standing. Yardslick

attached to wall at
shoulder height.

TineU; nalance Sub- 13 items Responsive • Residents of Yes No No
Scale of Mobilill' Score (0-24) categories hased on intermediate care (sparse)
• TineUi 1986 suhject ive facilities
• Tinetti el al. 1986 observations • Community-
• Tinetti el al. 1988 dwelling elderly
• Lichtenstein el al.

1990

CISIT No lotal score Ohservat ions of • Nol actually tested No No No
• Shumway-Cook & postural slVay while hut recommended for
Horak 1986 standing 30 sec in rehahilitation patients
• Horak 1987 six sensory

conditions

Balance Coding Alphanumeric 6 hierarchical • Geriatrie subjecls No No No
Gahell and Simms profile slanding tasks and 3 (in-patients 10 -
1982 (maximum dicholOmously communily-dwelling) ~

6 ABX) graded tasks
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TABLE 4.16

Criteria \Ised to assess valldily of cllnlcal measnres of balance

•
VALIDITV RESPONSIVENESS

Conlenl Crllerlon Conslrucl

Concurrenl Prediclive

Balance Scale Yes • Global clinical judgemcnls Fails • Covariation wilh • Changes comparcd 10
• Berg et al. 1989 • LahoralUry measures of funclional status and Barlhel Index
• Berg el al. 1992 sway molor performance in • Effect size when
• Present Study • Tinelli Balance Sub-Scale slroke patients discriminating subjecls by

• Use of mohility aids use of walking aids
• Localion of foilow-up
evaluation of slroke patients

Funclional Reacb NIA Lahoralory measurll of centrll Fails No • Changes in male
• Duncan et al. 1990 of pressure excursion veterans foilowing
• Duncan el al. 1992 rehabililation
• Weiner el al. 1991
(abslracl)

Tjnelli Balance Sub-Seale No • Lahoralory mcasures of Fails No No
of Mobilily Score postural sway
• Tinelli 1986 • Balancll Scalll
• Tinelli el al. 1986
• Tinelli el al. 1988
• Lichlensleln el al.
1990

CTSIT No No No No No
• Shumway-Cook &
Horak 1986 '-'

'-'
• Horak 1987 0

Balance Coding No • Differenliales helween No No No
Gabeil & Sillll11S 1982 in-palienls and tlul-patienls

._-----_.__._---~---
~-~
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evidence of inter-rater reliability and lacks information on intra-rater re1iahility and

internai consistency. Il was primarily developed to predict l'ails and thus has not ht.-en

encouraged as a descriptive measure or an outcome measure. Moroo\'er. it was shown

to have a smaller effect size relative to the Balance Sca\e when discriminating hetwcen

groups of elderly individuals using no walking aids. a cane or walkers (Berg et al. 199~).

A larger effect size is an indicator of grcater power in detecting a true difference. This

greater efficiency of the Balance Sca\e. 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 discon tinuous

steps when turning in a circle. In contrast, the same item in the Balance Scale has live

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 dctect

change in male veterans undergoing rehabilitation (Weiner et al. 1991). As in the case

of the Balance Sca\e, 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 he very useful as a screening measure for individuals

at high risk of fa1ls.

Functional reach has recently becn 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 a 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 offorward reach in the Balance Sca\e. 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 Sca\e score.
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A single item test, however, is unlikely to adequately assess a concept (Nunnally

1978). The advantages of mulù-item tests are that they offer a more comprehensive

assessment of the concept, improve reliabi1ity and allow for greater distinction between

subjects (Bravo and Potvin 1992; Nunnally 1978).

On occasion, it is tempùng to use only selected items from scales. This pracùce

seems to someùmes occur if there is a specific pUl-pose to the measurement. For

example, Tinetù 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 severa!

potential problems with this approach. The selected items may not be the most

appropriate for ail 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 intemally 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 c1inicians, the Balance Scale

offers a quantitative assessment of movements or functional tasks previously evaluated

subjectively. With regular use, c1inicians 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 10 other team members. Balance

Scale scores may also be useful for signalling potential problems or risky behavior when,

for example, individuals use insufficient waIking aids for their IeveI of ability.

Wider use will provide more evidence on how weil it performs in different patient

populations. Further tests of c1inical usefuIness may incIude the assessment of how weil

it can aid in prospective c1inical decisions such as lime of discharge or need for mobiIity
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aids. These decisions are based in pan on safety considerations, an issue related to

balance. The CUITent measurement propenies of the Balanec Scalc arc suftïcient to

encourage use of the instrument in daily practice.

The standards of measurement demonstrated by the Balance Sc.île aise make the

instrument appropriate for research. Use of the same measure in c1inical 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 iIlustrating 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 elderly

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 alse relevant for falls research to identify individuals at risk

of injury, to prevent functional decline, and evaluate interventions that inc1ude an

exercise component. In addition, falls research requires a measure of balance that can

describe the status of the subjects.

At present, :t 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 te fall is useful for planning interventions.

Use of balance as an outcome measure in intervention studies alse 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 ofa 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 slroke

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 comparison with the Tinetti Balance sub-scale showej 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 stalUs 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 evaiuating 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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BALANCE VALIDATION STUDY
BALANCE SCALE WORK SHEET
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Name of subject:

Location:

Date:

Evaluation: initial_ 2

ReliabilitY : inter _ intra

ITEM

3 4

Study number:

Room number:

Name of Rater:

DESCRIPTION SCORE (0-4)

•

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Sitting to standing
Standing unsupported
Sitting unsupported
Standing to sitting
Transfers
Standing with eyes c10sed
Standing with feet together
Reaching forward with outstretched arm
Retrieving object from f100r
Turning to look behind
Turning 360 degrees
Placing alternate foot on stool
Standing with one foot in front
Standing on one foot
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BALANCE SCALE developed in partial fui filment 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
able to
stand
no hands
and
stabilize
indep

( )

3
able to
stand
indep
using
hands

( ) ( )

2
able to
stand
using hands
alter
several tries

1
needs
minimal
aid
to stand
or to

stabilize

( )

o
needs
moderate
or maximal
assist to
stand

( )

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

GRADING: Please mark the lowest category which applies.
() () () (l ()
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 unass:sted
2 min with stand 30 sec

supervision unsupported

IF SUBJECT ABLE TO STAND 2 MIN SAFELY. SCORE FULL MARKS FOR
SITTING UNSUPPORTED. PROCEED TO PosmON 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
able to sit
safelyand
securely
2 minutes

( )

3
able to sit
2 minutes
under
supervision

( )

2
able to sit
30 seconds

( )

1
able to sit
10 seconds

( )

o
unable
to sit
without
support
10 sec



• 4 STANDING TO SITTING
INSTRUCTION: Please sit down.

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

4
sits
safely
with
minimal
use of
hands

( )

3
controls
descent
by
using
hands

( )

2
uses back

of legs
against
chair to
control
descent

( )

1
sits
indep
but has
uncontrolled
descent

( )

o
needs
assistance
to sit

( )

5 TRANSFERS
INSTRUCTION: Please move from chair to bed and back again. One way

toward a seat with armrests and one way toward a seat
without armrests.

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

4
able te.
transfer
safely
with minor
use of hands

( l
3
able to
transfer
safely
definite
need of
hands

( l
2
able to
transfer
with verbal
cuing and/or
supervision

( l
1
needs one
person to
assist

( )

o
needs two
people to
assist or
supervise
to be safe

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

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

4 3 2 1 0 ( )

able to able to able to unable needs help
stand stand stand to keep to keep
10 sec 10 sec 3 sec eyes c10sed from
safely with 3 sec but falling

supervision stays steady
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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.
( )

4
able to
place feet
together
indep and
stand 1 min
safely

( )

3
able to
place feet
together
indep and
stand for
1 min with
supervision

( )

2
able to
place feet
together
indep but
unable to
hold for
30 sec

( )

1
needs help
to attain
position
but able
to stand
15 sec feet
together

( )

o
needs help
to attain
position
and unable
to hold for
15 sec

8 REACHING FORWARD WITH OUTSTRETCHED ARM WHILE STANDING
INSTRUCTIONS: Lift arm to 90 degrees. Stretch out your fingers and reach forward as far

as vou cano (Examiner places a ruler at end of fingertips when arm is at 90 degrees. Fingers
should not touch the ruler while 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
can reach
forward
confidently
> 10 inches

( )

3
can reach
forward
>5 inches
safely

( )

2
can reach
forward
>2 inches
safely

( )

1
reaches
forward
but needs
supervision

( )

o
needs help
to keep w

from
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
able to
pick up
slipper
safelyand
easily

( )

3
able to
pick up
slipper
but needs
supervision

( )

2
unable to pick
up but reaches
1-2 inches
from slipper
and keeps
balance indep

( ),
unable
to pick up
and needs
supervision
while
trying

( )

o
unable
to tryl
needs
assist
to keep
from
falling



• WHllE STANDING UNSUPPORTED
10 TURNING TO lOOK BEHIND OVER lEFT AND RIGHT SHOUlDERS

INSTRUCTION: Turn to look behind vou over toward left shoulder.
Repeat to the right.

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

4 3
looks behind looks behind
from both one side only
sides and other side
weight shows less
shifts weil weight shift

( )

2
turns
sideways
only but
maintains
balance

( )

1
needs
supervision
when
turning

( )

o
needs
assist
to keep
from
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 0
able to able to able to needs close needs
turn 360 turn 360 turn 360 supervision assistance
safely in safelyone safely or verbal while
< 4 sec side only but cuing turning
each side < 4 sec slowly

12. DYNAMIC WEIGHT SHIFTING WHllE STANDING UNSUPPORTED
NUMBER OF TIMES AlTERNATE FOOT TOUCHES STOOl (7·S" 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 a~

•

( )

4
able to
stand
indep and
safelyand
complete
8 steps
in 20 sec

( )

3
able to
stand
indep and
complete
8 steps
> 20 sec

( )

2
able to
complete
4 steps
without
aid
with
supervision

( )

1
able to
complete
>2 steps
needs
minimal
assist

l ,

o
needs
assistance
to keep
from
fallingl
unable to

try



• 13 STANDING UNSUPPORTED ONE FOOT IN FRONT
INSTRUCTION: (DEMONSTRATE ta subjectl

Place one foot directly in front of the other. If vou feel
that vou cannat place your foot directly in front. try ta
step far enough 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.
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( ) ( )

4 3
able ta able ta
place foot place foot
tandem indep ahead of
and hold other
30 sec indep and

hold 30 sec

( )

2
able ta
take small
step indep
and hold
30 sec

( )

1
needs help
ta step but
can hold
15 sec

( )

o
loses
balance
while
stepping
or
standing

14 STANDING ON ONE LEG
INSTRUCTION: Stand on one leg as long as vou can without holding.

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

4
able ta
lift leg
indep
and hold
> 10 sec

( )

3
able ta
lift leg
indep
and hold
5-10 sec

( )

2
able ta
lift leg
indep
and hold
=or>3 sec

( ) ( )

1 0
tries ta unable ta try
lift leg or needs
unable ta assist ta
hold 3 sec prevent fall
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 Examinaùon (MMSE)
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BARTHEL SCALE
140• Patlent Name: Study li:

Locatlon: Room:

Date: Examiner:

Evaluatlon: Initial 2 . 3 . 4-_. --' -'

Seme Can't
SEL F CAR E Self Aid Do Score Sub-total

1 • Drmks fram cup 4 D 0 1
1

2. Eatlng 6 3 D 1
1

3. Dress upper body 5 3 0 l•
1 A. D. L.•

4. Dress lower body 7 4 0
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Guide to scoring BARTHEL INDEX

sclrCarc
1. Drinks from cup
Ind '* Drink.... l'mm a cup: pours liq,uiùs ami orens ;1 milk ~;lnnn

Help 0

Null 0

2. Eating
Ind 6

Drinks and swallows hUl fl'quires the prc....cncc or hc1p l'rom SOUK'OIle: cise for
supervision. cudog. coa:üng or ph)'sica1 aS..'\istancc ùurin~ the :u:tivity.

Cannot drink bUI must rely al lc..'lSl in {Xlf1 on fluid int=.lkc tbrough other nluh:s su\.'h :L'
parenteral or gastrostomy feedings.

Eat..... (rom a di.<;,h on a tr..lY or tahle a.... customanl)' prep;.lfCù ami scr\'(,,"(j: cul... mcal ,uul
bUllers brcad. May use adaplive or assislive dcvices.

Help

Null

3

o

Takes full mcal< by mouth (je ebews and swallows) bUl requin:.< Ule presence or help fmm
som(,.~nc cIse for supervision. cucing. coa.'ting or physical ;lS..·\is~UlCC dUrillg the ;ll.:tivity.
Dacs nol rely on alimenmlion througb other routes sueb as p:lI'Cnlcr.li or g:L<tm<tlllny
fecdings.

Cannol !ake full mcals by mouth bUl mUSl rely on aliment:llion UJrllUgb oU,er mnles sueb
as parenteral or gaslroslomy fœdings.

3. Ores< upper body
Ind 5 Dres.'Cs and unlires.'CS upper body: able 10 bandle bm. slip. pull·over garment :md frolll'

opening garment: able 10 manage zippcrs. bUllons and ""'.ps. Maru.ges in reasonable
lime.

Help 3

Null 0

Performs al loasl half the effon bimself bUl necds belp in pUlling on and rcmoving or
fastening.

Dacs nol assiSl or dressing is nol pcrformed.

4. Ores< lower body
Ind 7 Dresses and undresses lower body. able ta bandle underpanl'. slaeks. .-kin. bell.

slockings. :md sbocs. ablc 10 manage zippers. bUllons. snaps. and gancrs. May use
special c1osure.

Help 4

Null 0

Performs al loasl half the effon bimsclf. but ncells belp in puuing on or removing or
fastening.

Dacs not assiSl or dressing is nol pcrformed.

5. Put on brace
Ind 0 Dons prescribed sling. splint. brace. onhosis. eorsel or prosthesis with reasonable lime.

Help

Null

-2

o

Necds partial or complele as.,ist:lllcc ta don brace. onhosis or pmsthesis.

Docs nol bave brace. onhosis or prosthesis.



• 6. GroomioJ:
Ind 5

lIc1p 0

Null ()

7. Wash
Ind 5

Ilclp 0

Null 0

142

Clcan... tl..:cLh or dentures. combs and brushcs hair. sha\'cs. appHes makc·llp. including .111
prcpar.Jlinns.

A'\sîslancc. supervision or cudog gi\'cn for activity.

Ducs not pcrfonn gnxlming aClivilies: complete a.,,,istancc gi",cn.

Washes and dries face and elllirc body (exeept shampooing baïr). including taking water
if balb is taken away from lbe sink or tub. May use adaptive or assistive devices.

A.,-,l,~'U1CC. supcrvl,ion. cucing. coaxing given in w:lSbing and drying and inspecting skin
of body.

Does not wasb and dry and inspect skin of body. or complete assistance is givco.

Continence
Il. madder continence
Ind 10 Has control of bladder (no accidents)

Help 5

Null 0

Needs assistance wilb c.~tcrnal device. or bas occasional accidcots: or cannot wait to get
10 bcd pan or lbc toilet in time: anolber persan is rcquircd to belp in maintaining a
voiding or excrction pattern or cise lbe individual bas occasional spbineter accidents but
not on a daily basis.

Is l'rcquently wet duc 10 incontinence dcspite aids or assistance. Dcspite aids or belp from
anolber person. The individual is wet on a frcquent or aimost daily basis. This migbt
necc.,sitate lbe wcaring of diapers or olber absorbent pads. This dacs not inelude lbe
simple prc..cnce of a calbeter or oSlomy device providcd lbat it is weB maintaincd sucb
lIlat wetting of skin. clolbing or bcdding docs not occur.

9.Bowel continence
Ind 10 Has control of bowels (no accidents)

•

Help 5

Null 0

Necds assistance using suppository or taking an enema or bas occasional accidents;
anolber persan is rcquircd to belp in maintaining an excrction pattern or cise lbe
individual bas occasional sphincter accidents but not on a daily basis.

Is frequently soilcd due to incontinence despite aids or assistance. Dcspite aids or belp
l'rom anolber persan. lbe individual is soiled on a frequent or aimost daily basis. This
might ncccssilale lbe wcaring of diapcrs or olber absorbent pads. This docs nol include
lbc simple presence of an ostomy device providcd lbal il is weil maïntaincd sucb lbat
soiling of skin. elolbing or bcdding dacs nol occur•
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l\1obilit)·

10.
Ind

Trans!er chair
15 Approachcs. Sil" ùown or gel" up from a rc~ular chair safdy: if in wlu..-ckhair. ahll: III

approach a hcd or anolhcr ch:lir. lock hmkcs. lift foot rcst. :11\<1 s:.t"c!y peff',"lI cilbcr a
standing pivot or sliding tr.U\sfcr: able to rctum sardy. changin~ me positiun or the \\'h,-~l

chair if tu.:cc.....sary: ahle to rcmo\'c and rcpL.11,,"C arrD resl if nCl"Cs.~'.

Hclp 7

Null 0

Minimal lifting rcquircd and/or supervision. cucing. cO'I.~ing.

Hcavy lifting i< rcquircd: complctc assistancc is gi\'Cn.

11. Tr..nsfer toilet
Ind 6 Pcrforms as in tr:\Ilsfcrring to and from a chair wilh safcty 10 loilet wiU, lixcd plumhillg.

May use an as....isti\'c dcvicc.

Hclp 3

Null 0

Ncce.ls as.....istaIlcc for balancing 3.";' in adjusting clothc...;,. minimal 3 .........istancc nf liftin~ is
n:quircd.

Hcavy lifting i< fI.'quircù. complcte assi<umcc is givcll.

12. Tub or bath
Ind 1 Enter.< and lcavcs a tub or showcr tall indcpendcnUy and safdy. May use 'I.<-<istive

dcviccs.

Hc!;> 0

Null 0

Assistancc. supervision. cueing given; minimal lifting involvcd.

Hcavy lifting rcquircd. complctc assismcc givcn.

13. Walks 50 yards
1nd 15 Walks at I=t 50 yards; may use brace. cane. crotches. walkcr or special shocs.

Hclp 10

Null 0

14. Stairs
1nd 10

Walks at l=t 50 yards wilh assistance or supcrvi'ion for safcly.

Dues not waIk 50 yards

Goes up and down at l=t onc flight of sUlir.< wilhout using any type of suppon and wilh
safcty. May wear brace.

Hclp

Null

5

o

Goes up and down at I=t onc flight of sUlir.< but nccù., assistance or supcrve<inn for
safcty.

Dues not go up onc fIight of sUlirs; or is carricd.
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15. WhcclinJ: if nul watkinJ:
Ind ~ Propels wheelchair independenlly for alleaSl 50 yards: must he ahle 10 SO around corners.

turn arouml. m~Ulcu\'cr on rugs. Q\'cr ùoorsills. etc

Hclp

Null

o

()

News 'lssistance in propelling or maneuvring wheelchair.

Wheclch"ir is nUl ordinarily used for locomotion.

•

kcy: Ind - Independcm
Hclp - Helper
Null - Null or unahle 10 pcrfonn



FGGL-;\IE'r"ER ASSESSMENT

• UPPER E:\"TRE:'>IITY

1. Reflex Acthiry ~F1exors

·E:<tensors
--/':.
-_/:

P:ltic:::t :-'::lmc: _

LOWER E:\"TRE~I\TY

1. Reflex Ac:i\iry: Kn~c:

Adùlles

Shoulde.: Ret.action
Elevation
Abduetion
E:<t. Rotation

Elbow Fie:oon
Foroarm Supination

Should... Add., lnt. Rot.
Elbow E:<tension
Fore= Pronation

3. H:u>d to lumbar spine
Saoulde. Fle..cion to 90'
P.on/Supination. E!bow @ 90'

/':.-r-
r­
r­

-/2

-12

_r­
/2
r-

_/2
__/2
--/':.

Hip Fie.'<Îon (Abd.. E:<t. Ror.)
Kaee Fie.'CÎon
Ankle Dorsifle.'CÎon

Exren:c:nr Svru=rf!V

Hip E.-a:ension
Hip Adduction
Kae: E.-a::nsion
Ankle Plantarfle.'CÎon

3. Kae: fle.'CÎon > 90'
Ankle Dorsifle.'CÎon

-1. Kae: Fie.'CÎon. Hip @ 90'
Ankle Dorsifle.'CÎon

__r~

--'-,­
I-

I­
1---,­__,-

-/':.1­__,-

1-__,-

4. Should•• Abduction to 90"
Saoulde. Fie.'<Îon l'rom 90' to ISO'
Pron/Supination. Elbow @ 0"

5. ~ormo.l R~:1:."tes: bic:p~ triceps
Fmge. fle.~ors

/2
-/2
=/2

__/2

5. Normal R:fle.~es: Kae: flexors. e:<tensors
Aehilles

Tremo.
Dysmetria
Spe:d

-/':.

-/':.
-_/':.
-/':.

Elbow O' • "'Tist stable
Elbow O' • ",Tist fie.~/e.'Ct

Elbow 90' . wmt stable
Elbow 90' . wrist fle.~/o.-:r
Circumduction

Mass finge fle.'CÎon
Mass finge. e:<tension
MC? e:<tension • Distal fle:cion
Thumb adduction
Thumb opposition
Cylindrical grasp
Spherîcal grasp

_/2
_/2
-12
_/2

/2
-12
_/2

LOWER E.TIREMITY TOTAL

BALANCE

Sitting unsupported
Protective re:lction: 1= affected side
Protective reaction: more affected side
Supported st:u>ding
Unsupported standing
St:lIlding: 1= affected leg
St:lIlding: more :Ufected leg

BALANCE TOTAL

/3~

--/':.
_/2
__/2
__/2
_/2
__/2
_/2

_/1-1

Tremor
Dysmt::rb
Spced

UPPER EXTRE~l1TY TOTAL

_/2
__/2
_/2

_/66

The SENSATION and PASSrvE R.O.M. :ca/e: of
clIC original Fug/·MI!')er a:sc::ment Ira"e 1I0r becll
reprintec1 here. They have been shawll 10 be (00
wlfe/iab/e for useftl/ clinica/ meo::urc:. alld circ." Ilre
infrequent/y used.
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1
1
1
1
1

STUDY NUMBER:

SCORE

Ye:>r?
5=a?
Date?
Day'!
Moath?

L Wh3t is the

Qrie:'lra~ ......m

DATE:

M!NT-MENTAL STATE EXAMINATI0tf•
:. '9Jbc:c are wc? Coantrv?

"--~- ••?
nu.wC::.
City?
Building?
Flocr?

1
1
l
1
1

RettismtiQn

3. :-<"atae three objeas, t:ùcing oae secoad to s:lY e:..:!1_ The:1 3Sk the patiC:1J:
ail three mer yeu h:lve s:ùd them. Give one point for e:lc!l correct
:mswe:. Repc::lt the =wc:s unti1 the patient 1= :ill threc. 3

Arre:1rinn )nd C.1iÇ".rl;ujon

4. Se:ia! seve= Give oae point for e:lc.:. correct:mswc:. Stop mer
live:mswe.-s. Altenmre spc-U WOllO badcwards. 5

5. As.!< for =cs of thrce objects l=ed in Q"cstil1a 3. Give oae
point for cac.:. corree: :mswc:. 3

6. l'oint to " pend ""d "·""'t6.. Have the patient =e th= :lS :IOU point.

,. H"ve the patient repcat ":-10 ifs, ""ds or buts:

S. H"ve the patient foUow " 3-s~ COmm:lud: "Takc a pape: in yeur right
h:lad. Fold the pape: in h~lf. Put the pape: on the f1ocr:

9. Have the patient re:ld ""d olley the following:: a.OSE YOUR EYES
(Write in large lett=)

1

3

1

10. Have the patÎe:1t W1'Ïte a sentenc:: of bis or !1er c!lo;,;:. (The
=c:: should coDtain a subjee: and "" objee:, and should malce
s.:=. Ignore speIling crrors whc:1 seoring.

11. EnIargc me design prir~d bclow to L5 cm per sicle, ""d h:lve the
patient copy it. Give: oae poin:: if :ill sicles and :>agies arc
preserved :1IId if the int=cting sidas form " quadr:mglc.)

l

1

TOTAL 30
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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 sh...'cls
are included. (Evaluations 2, 3 and 4 were identical to 1.)

FaU incident report sheet specifie 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 includ..'d in the
Appendix.
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School of Physlcal and Occupa~ional Therapy

McGill University

Griffith-McConnell Residence

agree to participate in

this research study on balance.

The purpQse 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.

l understand that l 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, l will be asked about my ability to do

self-care activities such as dressing. The length of the

in~erv;~w will be approximately 15 minutes on one day, and 15 the

following day, depending on each perso~'s ability and the number

~f rests reQuired. l understand that l may rest at any time and

that l may end the interview at any time. My refusal to

participate or to con~inue the testing will not affect any other

treatments l receive. l understand that the measurements will be

repeated on three occasions over a nine month period to check for

~ changes in balancing scores. These visits will be made wherever

l am residing at that point in time.
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All informatl0n will be kept confidentlal and the results

known only to the investigators. l have been told that thlS

study has been approved by the Ethics Review Committees of MCGlll

University and the Griffith-McConnell Residence. The rlsk

involved is no greater than th~ risk associated with my

activities of daily living. The possible benefit of my

participation is that the scale will eventually be useful for

other elderly persons. l understand that any enQuiries l may

have about this study will be answered. l can dlrect my

questions to:

Ms Kathy Berg or Dr. Sharon wocd-Dauphinee

phone: 398-4500 or 398-4523

School of Physical and Occupational Therapy

McGill University

3654 Drummond

Montreal, Quebec

Date: _ Si gnature : _

As research assistant, l declare that l have fully explained th~

objectives of the study and the extent of involvement reQuested

of the resident.
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SCHOOL OF PHYSICAL AND OCCUPATIONAL THER-\PY
McGILL UNIVERSITY

GRIFFITH-MCCONNELL RESIDENCE

Researchers at the School of Physical and Occupational Therapy at McGiIl

University in collaboration with the Griffith McConnell Residence are conducting a study

designed to test a scale that measures a persan's ability to balance.

Because your relative is at this time unable to fully undersr:.nci 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 hislher level of ability. These movements include tuming,

reaching forward and changing foot positions. In addition, helshe will be asked to do

simple exercises with hislher arm and leg, and discuss hislher ability to do self-care

activith.s such as dressing. The length of the test will be approximately 15 minutes,

depending on each person's ability. Your relative may rest at any time, and helshe may

end the interview at any time, Your relative's refusa! to participate or to continue the

testing will not affect any other treatments helshe rxeives, The measurements will be

repeated on three occasions over a I-year period to check for changes in balance scores.

Ail information obtained from the resident ~r 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 Griffith

McConm 11 "Residence. The risk involved is no greater than the risk associated with your

relative's activities of daily living. The possible benefit of hislher participation is that
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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

McGiIl University

3654 Drummond

Montreal, Quebec

H3G lY5
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School or Physical and Occupational Therapy
McGiII Univedty

Montreal General Hospital

1 agree to panicipate 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 perfonn movements common in everyclay

lire. Your participation in the study will help us detennine if this is a good scale to

measure the ability of older peoille to maintain their balance while perfonning nonnal

activities.

1understand that 1will be asked to perfonn movements while sitting and standing

according to my lever of ability. These movements include turning, reaching forward

and changing foot positions. ln addition, 1 will be asked to do simple exercises with my

arm and leg, and discuss my ability to do self-eare activities such as dressing. The

length of the test will be approximately 30 minutes on one clay, and 15 the following clay,

depending on each per'iOn's ability and the number of rests required. 1 understand that

1 may rest a~ any time and that 1 may end the interview at any time. My refusai to

panicipate or to continue the testing will not affect any other treatments 1 receive. 1

understand that the measurements will be repeated on Lhree occasions over a three month

period to check for changes in balancing scores. These visits will be made wherever 1

am residing at that point in time.

Ali infonnation obtained from the patients or from the charts will be kept

confidential and the results known only to the investigators. 1 have been told that this

study has been approved by the Ethics Review Committees of McGiII 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. 1 understand that any enquiries 1 may have

about this study will be answered. 1 cao direct my questions to:

Ms Katherine Berg or Dr. Sharon Wood-Dauphinee



•

or

phone: 398-4500 or 398-4523

Schocl of Physical and Occupational Therapy

McGill University

3654 Drummond

Montreal, Quebec

Mrs Jacqueline Harvey

Physiotherapy Department : 937-6011 local 2900

Montreal General Hospitai

153

Date: Signature: _

Witness: _
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Ecole de physiothérapie et d'ergothérapie

Université McGiII

Hôpital Général de Montréal

Je, sousigné(e),

l'équilibre,

__________ accepte de participer à l'étude sur

•

Cette étude vise à évaluer une échelle de mesure de l'aptitude d'une personne à

l'équilibre. Cette échel1e permettra d'évaluer l'équilibre chez des personnes à qui on

demande d'effectuer les mouvements qu'elles exécutent da:-;~ 1'1 vie courante. Ma

participation à l'étude aidera à déterminer la valeur de cette échelle pour mésurer

l'aptitude de personnes agées à maintenir l'équilibre lors d'activités de la vie quotidienne.

Je comprends qu'on me demandera d'effectuer des mouvements, en position assise

et e, position debout, selon mon niveau d'aptitude. Ces mouvements comprendront:

rotation, étin;ment 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 à prendre en charge mes soins personnels, tel m'habiller. L'entrevue durera

environ 30 minutes la première journée et 15 minutes la suivante, selon l'aptitude de

chacune des personnes. On m'a affirmé que je pourrais me reposer ou mettre fin à

l'entrevue à tout moment. Mon refus de participer ou de poursuivre l'évaluation

n'affectera en rien les autres traitements. Les mesures pourront être répétées

subséquemment à trois reprises au cours des trois prochains mois, afin de vérifier si des

changements surviennent dans l'aptitude à l'équilibre.

Tous les renseignements personnels obtenus du patient ou de son dossier

demeureront confidentiels. On m'a affirmé que cette étude avait reçu l'approbation du

comité d'éthique de l'université McGil1 et l'hôpital Général de Montréal. Les risques

que comporte cette étude sont du même ordre que les risques que je cours

quotidiennement. L'avantage possible de ma participation est que cette échelle servira
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éventuellement à d'autres malades et permettra aux professionnels de la S;lnt~ d'~valuer

objectivement diverses techniques de traitement. Il est entendu qu'on r~pondra à tl'utes

les quesüons que j'aurai au sujet de l'étude. que je peux adresser directement au

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

Ecole de physiothérapie et d'ergothérapie: 398-4500 ou 398-4514

Université McGill, 3654 rue Drummond, Montréal, PQ H3G 1Y5

ou

Mme Jacqueline Harvey

Département de physiothérapie :937-6011 poste 2900

Hôpital Général de Montréal

Date: Signature: _

•

Témoin: _
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SCHOOL OF PHYSICAL Al'.'D OCCUPATI0NAL THERAPY

McGILL UNIVERSITY

ROYAL VICTORIA HOSPITAL and the MONTREAL NEUROLOGICAL

HOSPITAL

Researchers at the School of Physical and Occupational Therapy at McGiIl 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.

Beca"se your relative is at this time unable to fully understand the purpose oi the

study, we are asking you to sign this aw:rreness 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 he asked to perform

movements while sitting and standing according to his/her ability. These movements

include tuming, reaching forward and changing foot positions. In addition, he/she will

be asked to do simple exercices with his/her arm and Ieg, and discuss his/her ability to

do self-eare 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

abilityand 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

t'le testing will not affect any other treatments he/she receives. The measurements will

he repeated on three occasions over a three-month period to check for changes in

balancing scores. These visits will he made wherever your relative is residing at that
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point in time.

Ail information obtained from the patient or from the charts will he kept

confidential and the results known only to the investigalors. This sludy has h~"t:n

approved by the Ethics Review Committees of McGiI! University, the Royal Victoria

Hospital and the Montreal Neurological Hospital. The risk invoi\'ed is no grealer than

the risk associated with your relative's activities of daily living. The possible bendit of

hislher participation is that the scale will eventually be useful for olher 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

McGiIl University

3654 Drummond

Montreal, Quebec

or Dr. David Gayton

phone: 842-1231, local 4677

Royal Victoria Hospital

Date: Sig!1ature _

Witness: _
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UNIVERSITÉ McGILL

École de Physiothérallie et d'Ergothérapie

L'Hôpital Général de Montréal

Des chercheurs de l'École de physiothérapie et d'ergothérapie de l'Université McGiII en

collaboration avec le département de physiothérapie de l' Hôpital Général de Montréal sont

impliqués dans une étude qui vise à évaluer une échelle de mesure de l'aptitude d'une personne

à l'&{uilibre.

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 pns

connaissance des buts de l'étude et vous serez conscient que Monsieur ou Madame y participe.

Si la personne participe à celte 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, l'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 à prendre en charge ses soins personnels, tel s'!tabiller.

L'entrevue durera environ 30 minutes la première journée et 15 minutes la suivante, selon

l'aptitude de chacune des personnes et les périodes de repos qui seront prises. La personne

concernée pourra se reposer ou mettre fin à l'entrevue à tout moment.

Le refus de cette personne de participer ou de poursuivre l'évaluation n'affectera en rien

ses autres traitements. Les mesures seront répétées subséquemment à trois reprises au cours des

trois prochains mois, afin de vérifier si des changements surviennent dans l'aptitude à

l'équilibre. Ces visites s'effectueront au lieu de résidence de la personne.
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Tous les renseignements personnels obtenus du patient ou de son dossier "emeufllnt

confidentiels et les résultats seront dévoilés aux chercheurs seulement. Cette ':tude a reçu

l';,.?probativn du Comité d'éthique de l'Université McGill, et de l'Hôpital de Montr':',1. Les

risques que comporte celte étude sont du même ordre que les risques qu'une personne court

quotidiennement. L'avantage possible de la participation de celle persflnne <-'St que celle <-'chelle

servira éventuellement à d'autres patients. Pour plus de rense:gnements sur cette étude. veuillez

vous adresser directement à:

Mlle Katherine Berg ou Dr. Sharon Wood-Dauphinee au:

398-4500

École de physiothérapie

et d'ergothérapie

Université McGill

3654 rue Drummond

Montréal, PQ H3G 1Y5

Date:

Témoin:

Signature: . _
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Scrcx:ning numbe:r

160

SURNAME:

TELEPHONE:

LOCATION:

SEX:

Fon:name:

ROOM N'jMBER:

AGE:

CRITERIA

AGE>= 60

HAS DEGREE OF INDEPENDENT MOBILITY
·tL'.;ually walks without aids
-uses cane whc:n outdoors
-uses cane: indoors
-uses walker usually
-needs assist of a person
but can n:ach toilet unassisted
with a W IC or mobility aids

IS MEDICALLY STABLE

NO

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 bas a MiniMenlal Score of__ •

Name of next of kin:

IF NO CONSENT. REASON:

ADMIT TO STUDY:

family aware

Telephone:

DATE:



vcrify following information:

•
Patic::nt narne::
ho~-pital numbe:r:
ward:
ago:
Pbysician:

room:
sc:x:

R\t1-MNI SCREENING

1

1
1

1
1

1
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SCREENING NUl\1BER:

DATE OF STROKE COMPLETION:

CRITERIA

AGE => 40

0- 14 DAYS POST SYMPTOM ONSET

EUGIBLE FOR MEDICARE

FOLLOW UP VISIT POSSIBLE
(lives in Monln:a\, or will he bore
for 3 monlhs)

MEDICALLY STABLE
- a1lowed 10 sil up as lolora!ed

PRESENCE MEDICAL PROBLEMS THAT MAY

lNTEIlFERE wrrH REHABILITATION
- A1zheimer's, legal blindnoss, amputee

func;ionally dependenl hefore CVA, Barthel <40

CUNICAL DlAGNOSIS STROKE

REFERRAL SENT TO PT

YES NO
,---,
L.-...J

,---,
L.-...J

,---,
L.-...J

,---,
L.-...J

,---,
L.-...J

,---,
L.-...J

,---,
, 1

IF ALL 8 BOXES ARE CHECKED, PATIENT IS EUGIBLE FOR THE STUDY.

INFORMED CONSENT
Patient understands lbe objC:Clives of study and bas signed COllSCDt fonn__

yeso no
If no, awarenoss fonn signed by noxl of kin: (yes,no)

•
Dame of noXl of kin:

If no, =n:

ADMIT TO STUDY:

telcpbone:

DATE:
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PROFILE SHEETS

Ycs· 1; No· 2

1 1 47-::------
d m y

S7"u'DY!'oü"MBER

Soc/c""ic.J

S1ü'DY SECI10N:

P,edictive
Const,uet
Reli~bility

CoIIC".JrrQt

Age(yrs)

Sc::r:: =lc: 1; fcm:ùc: 2

t.:mgu:lgc: F=clI: 1; Eng.: 2; Othe:: 3

Montai = Marricd: 1; N= marricd: 2;
Fo=c:ly I:Wried: 3

Living =g== :UOllc,l; f:unily'::;
rc:;ici:::c: 3; institutioa,4; other 5

1·3

4

S
6
7
8

9-10

11

14

Mcds: No • 0; if ycs ....nte il'
ul:= il> c::ltC3ory

M~jor tr:!nquilj"-
Mi:lor =qum-"
A:lIi-pl:1telet/Anti-ec~guJ:mt
A:lIi-dcp=ts
A:lIi-hypc:t=ivcs
Tsche:nic: he:u't dise:1se
A:lIi.inf1:llZlll:3!Ory
Othe::

Completcd study:
ycs 1.110 2;
If 110, l'C:lSOII:

I=tpacit3!ing :.;: : 1. inc::lpaèt:llÏllg
disc= 2, volW1Qr)' withdr:lw.1l 3, dicd 4

Date dc3!h or.
p=Dlc

37
38
39
40
41
41
43
44

45

OC:-~p~ÙOII (::::Un ciurillg lifeWne)
prof/m~~gc~ 1; c:!c.-iCl!= 2; s:l!= 3;
sC:"'.ric:/rcc: 4; :::msport:lti...."'J1/commun.: 5;
=its/p,ociuctioll: 6; !:Ibo",.::: 7;
stuc:e::t.: S; !:ouscwifc: 9; 110= 10 .J...

......

Sicle of wnkrcss
R-l;L=2;Botb..:.3 59

__'-_L_
d m y

Use :::obiiitv aids:
usu:illy uscs" 110 mobiiity aid (1)
usu:illy uscs = outdoors (2)
usu:illy USCS = indoors (3)
usu:illy uscs qU3d = or wall= (4)
rcquircs assistallt ta walk (S)
indcpCllC!= with. wbcc1eba;r (6) 60

Mi:li-mcnt:l1 = .J... 61-6:

c=strolce cpisodc
date symptom omet

34
3S
36

17

13-19

::D
21
21
23
24
2S
26
'Il
28
29
30
31
32
33

15·161

Ycs· 1. No· 2

y= of s600lillg

E::1ployc= cmploycd FT: 1.;
?art·ti..clc: :!.; :-etircd: 3; unc:npioyed: 4;
aousC"NÎÎc: 5; NA; 9

CVA
P:lrlcillsoll
Other =logic::l1
Clrdiov:lSCl!:lr
Pulmocary
Di~bctcs

Peripa vase clisc:Ise (Amp)
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• Study number

Initial Evaluation lnfo

Location:
GMeC l, RVH·MNJ 2, home 3,
eo,,,,alescent 4, other 5

Fall : yes l, ~" 2

with injury
no i~jury

Total falls
in interva!

1-3

5

6
7

8-9

Profes....ïon of care~\'cr

Nurse = 1
PT = 1
OT = 3

Nursing asst = 4
NIA = 9

Self perception patient
Poor = 1
Fair = 1
Good = 3

Not given = 9
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Date balance
evaiuation

Indep rater #

Balance 1

__1__1__ 10-15
d m yr

16-17

Fugl.meyer 1
Arm
Leg
Balanec

';7-18
49-50
51-52

sit to stand
stand
sit
stand to sit
transfer
stand EC
stand FT
arm reach
piek up
twist turn
turn 360
stool step
tandem
oneleg

1
2
3
4
5
6
7
8
9
10
11
12
13
14

18
19
20
21
22
23
24
25
26
27
28
29
30
31

Date initial assessment
of Barthel

__1__1_ _ 32-37
d m yr

BARTHEL
Mobilily ...L 38-39
ADL ...L 40-41
Cont ...L 4243

Global rating 44
poor = 1
fair = 2
good = 3

not given = 4
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• Study number --- 1-3
Indep rater Balance Scores

Inter- Reliability study --!Î.. 4
sit ta stand 1 41

LoCition: stand 2 42
GMcC 1. RVH-MNI 2, borne 3, sit 3 43
convalescent 4, other 5 5 stand ta sit 4 44

transfer 5 45
FaU: ycs l, no 2 stand EC 6 46

stand FT 7 47
wilh injury 6 anD reaeb 8 48
no injury 7 pick up 9 49

twist tum la 50
tum 360 11 51

Talai falls stool step 12 52
in inlcrvai -- 8-9 tandem 13 53

one leg 14 54

Date reliability balance
cvaIuation

__1-_1_- 10-15
d m yr

Raler Il -- 16-17

Caregivcr Balance Scores

Sil to stalld 1 18
stand 2 19
sit 3 20
stand to sit 4 21
lransfer 5 22
stand EC 6 23
sland FT 7 24
arm rcach 8 25
pick up 9 26
twist lurn la 27
turn 360 11 :zs
staal slep 12 29
landem 13 30
one leg 14 31

Profession of caregiver 32
Nurse = 1
PT =2
OT =3

Nursing asst =4
NIA =9

Date corresponding balance
cvaluation __'-_1__ 33-38

d m yr

• Rater # -- 39-40
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• Intra: Rcliability study ...2. 4

Location:
GMcC l, RVH-MNI ~. homc 3,
convalescent 4, 0&.-·. 5 5

Fall : yes 1, ne, 2
with injury 6
no injury 7
Total falls
in interva! -- 8-9

Datc rcpeat balance
evaluation

_-1--1-- 10-15
d m yr

Rater # -- 16-17

Rcpeat Balance Scores
sit ta stand 1 18
stand 2 19
sit 3 20
stand ta sit 4 21
transfcr 5 22
stand EC 6 23
stand FT 7 24
arm rcaeh 8 25
piel: up 9 26
twist turn 10 27
turn 360 11 2S
stool stcp 12 29
tandcm 13 30
one leg 14 31

Date corresponding balance
evaluation

--1--1-- 32-37
d m yr

Rater # -- 38-39

Indep rater Balance Scores

sit ta stand 1 40
stand 2 41
sit 3 42
stand ta sit 4 43
transfer 5 44
stand EC 6 45
stand FT 7 46
arm reaeh 8 47
pick up 9 48
twist turn la 49
turn 360 11 50
stoo! step 12 51
tandem 13 52
one leg 14 53



• FALL INCIDEN1 REPORT

DATE OF FALL:

PLEASE DESCRIBE THE CIRCUMSTANCES OF THE FALL:
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If they have not already given the following information, ask

What were you doing when you fell ( eg going ta the bathroom,
hanging clothes)

Where were you?

In ·own room
In ha1lway
In bathroom
Outdaors
other

( eg outside shopping, in the dining room)

..

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

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

usua1 walking shoe
sl ipper
winter boots
bare feet

Height of heel of usual shoe

Were you using your usual walking aid?

Your usual mobility aid is: Cane
walker
Quad cane
wheel chai r__

does not use an aid

yes __ no

e,
."

Were you in a hurry, or were you startled or distracted?'

Was there any obstac)e or external disturbance



• •
AI'I'EN[)IX 4.1

Means and standlll'd devilltions (SD) of the IJlllance SCille Scores of the eldcriy residents wlthin each category
of global ratlng at eaeh evalna'lion point

EVALUATION l'OINTS

Glollal Rotlng AI cutry 3 lIIonllls 6 lIIontlls 9 lIIontlls
N IIIcan (SI» N lllean (SD) N lllean (SD) N lllean (SU)

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)

l'OOR 10 40.8 (7.50) 1! 38.0 (9.85) Il 33.5 (8.24) 9 39.5 (11.39)

rllo = .61 rho = .50 rho = .62 rho = .52

Fm •II.27.8 Fm.IOJ 19.4 F"" .. 39.7 Fm.., 17.3
p<.OOOI p< ,0001 p< .0001 p< .0001

-~
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• Sociodemo~raphic and functional characteristics of the residents at baseline
~rouped by their fall status at the end of the year (N= 113)

Non Fallcrs Single Fallers Multiple Fallers
N=6O N=24 N=29

Mean (SD) or Mean (50) or Mean (50) 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) 27.9 (2.7) 27.5 ( 2.7)

Barthel Mobility 46.5( 1.5) 46.1 (2.5) 44.5 ( 4.2)'"

Ralance 48.8( 4.4) 46.8 (7.6) 42.8 ( 7.7)'"

History of falls in past 3 ( 5.0) 3 (12.5) 10 (34.5)"""
three months

Mean # Conditions 3.8 ( 1.4) 3.4 (1.3) 4.3 ( 1.4)
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) 1 ( 4.2) 5 (17.2)
pvn 8 (13.3) 2 ( 8.3) 1 ( 3.4)
Rheumatic 24 (40.0) 12 (50.0) 13 (44.8)
VisuaJ 21 (35.0) Î ~28.2) 17 (58.6)"""
Hypertension 3: ( 5.7) II (45.8) 17 (58.6)
GastrointestinaJ 11 (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 (50.0) 12 (50.0) 16 (55.2)

Mean # Medications 4.3 ( 1.8) 3.2 ( 1.8) 3.6 ( 2.2)
Tranquiliz;:rs 4 ( 6.7) 0 ( 0) 2 ( 6.9)
Sedatives 2S (41.7) II (45.8) 6 (20.7)
Antiplatelet 17 (28.3) 5 (20.8) 6 (20.7)
Antidepressant 6 (10.0) ( 4.2) 3 (10.3)
Antihypertensive 32 (53.3) 7 (29.2) 12 (41.4)
Cardiac 28 (46.7) 6 (25.0) 14 (48.3)
Antiinfiammatory 20 (50.0) 3 (12.5) 13 (44.8)"""
Other 40 (78.3) 18 (75.0) 20 (69.0)

• '" F..... p<.OI

"""
,

p<.05x-
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• Sociodemographic and medical characterb.1ics of stroke patients who did llnd
did not complete the stlldy (N = 70)

Cornl'Ieted Study N= 60 Diù N,ll C<lml'lcte Stuùy N~ 10

Mean (SO) 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 ~., (53.3) 6 (60.0)~-

LeCt 28 (46.7) 4 (40.0)

Usual Living Arrangements
A10ne 18 (30.0) 3 (30.0)
Family 40 (66.7) 6 (60.0)
Residence 1 ( 1.7) 1 (10.0)
Institution 1 ( 1.7) 0

Language
French 19 (31.7) 3 (30.0)
English 22 (36.7) 6 (60.0)
Other 19 (31.7) 1 (10.0)

Education 8.5 ( 3.6) 8.8 ( 2.6)

Mean # Conditions 2.7 ( 1.4) 2.1 ( 1.2)
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 (11.7) 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)
GerJtourinary 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) 3.8 ( 2.4)
Sedatives 7 (11.7) 2 (20.0)
AntiplateletlAnticoagulant 45 (75.0) 9 (90.0)
Antidepressant 1 ( 1.7) 1 (10.0)

• Antihypertensive 30 (50.0) 6 (60.0)
Cardiac 31 (51.7) 4 (40.0)
Antiinflammatory 4 ( 6.7) 1 (10.0)
Other 41 (68.3) 5 (50.0)



• API'ENDIX 4.4

Sociodemographic and clinical characteristics of the elderly residents in the
reliability study (N=31)

170

•

Sociodemographic Mean (SO) Clinical Mean (SO)
Characteristics Number (percent) Characteristics Number (percent)

Age 84.4 ( 5.0) Medical Problems
Neuroh:.gical 13 (41.9)

Sex Cardiovascular 15 (48.4)
Male 8 (25.8) Pulmonary 8 (25.8)
Female 23 (74.2) Diabetes 4 (12.9)

Peripheral Vascular 5 (16.1)
Marital Status Rheumatic 13 (41.9)

Married 5 (16.1) Visual 12 (38.7)
Never Married 8 (25.8) Hypertension 18 (58.1)
Formerly Married 18(58.1) Gastrointestinal 5 (16.1)

Genitourinary 2 ( 6.5)
Language Neoplasm 2 (6.5)

French 1 (3.2) Orthopaedic 3 ( 9.7)
En~lish 30 (96.8) Other 18 (58.1)

Usual Living Mean # Diagnoses 3.lI ( 1.2)
Arrangements

Residence 31 (100.0) Mental Status (MMSE) 27.5 ( 2.9)

Usual Occupation Mobility Aids
Professional 16 (51.6' None 17 (54.8)
Clerical 10 (32.3) Cane cutdoors 7 (22.6)
Sales 1 (3.2) Cane illdoors 7 (22.6)
Transportation 1 ( 3.2)
Production 1 ( 3.2) Medications
Labourer 1 (3.2) Major tranquilizers 2 (6.5)
Housewife 4 ( 3.2) Sedatives \0 ç.2.3)

Antiplatelet1coagulant 7 (22.6)
Education (years) 12.5 ( 3.3) Antidepressant 3 (9.7)

Antihypertensive 16 (51.6)
Cardiac 12 (38.7)
Antiinflammatory 9 (29.0)
Other 24 (77.4)

Mean # Medications 4.0 (2.2)
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• Sociodemographic and c1inical characterb1ics of the stroke patients in thl'
reliability stud)' (N =36)

Sociodemographic Mean (SD) Cliniol 1\I.':ln (SD)
CharaCleristics Numher (percent) Characteristics Number (Percent)

Age (years) 72.4 ( 9.1) Side l'c" stroke
Right 15 (·H .7)

Sex Left 11 (58.3)
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) Comorhidity
Forrnerly Married 12 (33.3) Neurological 8 (22.2)

Cardiovascular 19 (52.8)
Language Pulmonary 5 (13.9)

French 12 (33.3) Diabetcs 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 i-Iypertension 23 (63.9)
Arrangements Renal 1 ( 2.8)

Home Alone 13 (36.1) Gastrointcstinal 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 2.9 ( 1.6»
Full-time 1 (2.8) Conditions
Retired 30 \~3.3)

Housewife 5 (13.9) Medications
Major tranquilizers 1 (2.8)

Usuai Occupation Sedatives 6 (16.7)
Professional 8 (22.9) Antiplateletlcoagulan' 25 (55.6)
Clerical 3 ( 8.6) Antidepressant 2 ( 5.6)
Sales 2 (5.7) Antihypertensive 17 (47.2)
Service ! (2.9) Cardiac 19 (52.8)
Transportation 2 ( 5.7) Antiillflammatory 5 (13.9)
Production 5 (14.3) o.;.l.r 25 (69.4)
Labourer 4 (11.4)
Housewife 9 (25.7) Mean # Medications 3.9 ( 2.0)
None 1 (2.8)

Education (years) 10.1 (3.3)



•
APPENDIX 4.6

Correctl-d Item-to-Toml Correlations and Internai consistency estimates for elderl)"
residenLs atross the evaluation po'nLs
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•

EVALUATION POINTS

$cale Itl'fll Baseline 3 Months 6 Months 9 Month.s
N=1I3 N=106 N=lOI N=99

Sitto Smnd .641 .484 .564 .673

Smndin~ .405 .560 .604 .729

Smnd to Sit .630 .488 .640 .719

Tr.lIlsfer .600 .610 .595 .749

Smnd Eyes Closed .555 .490 .452 .704

Smnd Feet To~ether .398 .572 .618 .522

Arro Reachin~ .460 .527 .606 .629

Object Pick Up .525 .468 .564 .729

Twistin~ .624 .412 .506 .630

Turn 360· .602 .633 .705 .683

Steppin~ .592 .620 .623 .591

Tandem Smnding .378 .426 .501 .238

One Leg Slandin~ .437 .363 .438 .389

Cnmbach's Alpha .830 .839 .860 .836

Smndardized Item .871 .859 .889 .907
Alpha

* One item was removed from this analysis. Sitting balance was scoreà as normal in ail residents;
therefore could not be included.



•
APPEI'."DIX 4.7

Corrected Item-to-Total Correlations and Internai consi..;tel\c~· <"-1imall'" for
stroke patients across the evaluation points

EVALUATION POINTS

$cale Item Baseline 4 Weel;., 6 Wl'CI;., 12 Wl'CI;.,
N=69 N=66 N=64 N=S9

Sit 10 Stand .894- .940 .882 .<J31

Standing .933 .950 .928 .926

Sitting .674- .652 .626 .645

Stand to Sil .911 .937 .929 .903

Transfer .923 .932 .918 .927

Stand Eyes Closed .894- .935 .900 .922

Stand Feet Together .886 .901 .919 .924-

Arm Re:.:ching .923 .942 .926 .888

Object Pick Up .884 .944 .945 .951

Twisting .949 .932 .910 .910

Turn 360° .859 .845 .878 .896

Stepping .741 .771 .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

17.'



• APPENDIX 4.8

Means and standard deviations of the item scores of thl' e1derl~' rt-sidenls at
each l'valuation
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Sede Item Raseline Three Month.' Six Month., Ninl' Monlll'
Mean (50) Mean (SO) Mean (SO) M....U1 (SO)

Sit 10 Stand 3.56 (0.65) 3.66 (0.53) 3.64 (0.61) 3.66 (0.66)

Standing 3.91 (0.37) 3.84 (0.66) 3.93 (0.29) 3.S7 (0.57)

Sitting 4.00 (0.00) 4.00 (0.00) 4.00 (0.00) 4.00 (0.00)

Stand 10 Sil 3.73 \0.55) 3.69 (0.67) 3.66 (0.59) 3.71 (0.52)

Transfer 3.75 (0.49) 3.76 (0.54) 3.70 (0.59) 3.73 (0.44)

Stand Eyes Closed 3.94 (0.24) 3.81 (0.69) 3.85 (0.55) 3.S6 (0.57)

Stand Feel Togelher 3.67 (0.75) 3.66 (0.85) 3.51 (1.11) 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)

Tum 360° 3.46 (1.04) 3.42 (1.09) 3.29 (1.18) 3.34 (1.11)

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=1l3 N=I06 N= 101 N=98




