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Summary 

Falls and fhll related injun*es present a serious challenge for both Fhmily members 

as weii as health care professionals. The consequences l?om tbis trama are quite 

signifiant rwlting in a deçrease of activities of daily living, fractures and in more 

serious cases, death. For these reasons, this subject matter deserves immediate attention. 

In the foiiowing manuscript, several intnnsic risk fixtors were evaluated between a 

population of geriatric fallers and non-fallers. The study allowed us to conclude that 

several risk factors were significant in the prediction of falls. In particular, fallers 

displayed slower reaction times and received highet man scores on the Berg Balance 

Scale and the ActivitiesSpecific Balance Confidence Scale. In t m ,  health care 

professionals could use these r a i t s  in the successful identification of fallers and 

subsequently enroll these individuals in a fa11 prevention program as well as monitor their 

progress on a monthly or yearly basis. 
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CHAPTEB I 

GENERAL INTRODUCTION 



Aging is an inevitable entity that will aBect mankind at one point or another 

during one's lifetime. These changes affect the aging individual psychologically, socially 

and, more importantly, physiologically resulting in significant changes to relatively al1 of 

the major body systems. Of interest to this study, the three main systems that help to 

maintain one's balance, namely the visual, vestibular and somatosensory systems are 

seriously compromised. With this reduction in balance ability, the elderly individual is 

more prone to sustainhg a fall or fall related injury. 

Falls have been described as a multifactorial entity in the sense that more than one 

system is considered as a causal factor. Generally speaking, researchers have identified 

both intrinsic and extrinsic variables in association with falling. Even though 

environmental factors play a role in the cause of falls, intrinsic variables seem to be more 

indicative of falls within comrnunity-dwelling elderly subjects (Nickens, 1985). 

The following study consists of evaluating the effect of specific intrinsic variables 

and their subsequent influence on the incidence rate of falls. This specific population bas 

suffiered h m  falls on at least one occasion as a result of intrinsic host variables. The 

information gathered with regards to the etiology of falls will rnost definitely be valuable 

in the prevention of future falls fiom occurring. 

The review of literature (Chapter Ii) of this manuscript deals with specific 

physiological risk factors and their relationship on the occurrence of fall status. The first 

section outhes the incidence rate and subsequent effects of falls in a geriatric population. 

The second section iiiustrates demographic statistics in relation to aging in the United 

States and Canada. The third section describes the mechanical pmperties of balance and 

how they are comprised by the aging process. The fourth section outlines the various 



functioaal indicators measuring fds. The fiflh section shows the more psychological 

indicators of f d s  and their relationship with faIl status. 

Chapter iII of this manuscript consists of a research study destined for publication 

in a scientific journal concerned with gerontological studies. It consists of methodology 

related to the present study, followed by the results and discussion of the findings. The 

final chapter consists of general conclusions of the present study. 





1.0 Incidence Rate and Effects of Faüa in The Elderiy Population 

Fails present a substantial health problem among the elderly population. 

Approximately one third of community dwelling people over 65 yem of age will 

experience one or more falls each year (Shumway-Cook et al., 1997; Tinetti et al., 1988; 

Powell & Myers, 1995; Stelmach & Woningham, 1985; Spirduso, 1995; Hausdorff et ai., 

1997). Subsequently, the kquency increases to nearly 40% for those individuals over 80 

years of age (Poweli & Myers, 1995) and affects women more than men (Nickens, 1985). 

In particular, Sheldon (1963) found that 24% of males and 44% of fernales aged 65 years 

and older had a history of falling. It is also interesting to note that men who fall, have 

higher rnortaiity rates when compared to women within the same category (Ochs et ai., 

1985). 

Fall related injuries are the leading cause of non-fatal injury. Nearly 40% of falls 

occurring in the 65 and over population are admitted to the hospital for some type of 

treatment (Tideiksaar, 1988; Shumway-Cook et al., 1997). In 15% of the cases, the 

injuries suffered include fractures, bruises, soft tissue injuries and loss of dependence 

(Powell & Myers, 1995). Serious injury occurs in 6% of the elderly population 

(Spirduso, 1995) resulting, in some instances, in accidental death (Baker et al., 1984). A 

study conducted by Alexander et al., (1992) found that the hospitalization rate for falls 

was fivefold the rate of any other trauma for individuals 65 years of age and older. In 

fact, it was found that approximately 6% of the initial $995,499,233 cost for hospital 

care in the 65 year and older population was due to f d  related injuries. Approximately 

40 to 50% of failers admitted to hospitals will be admitted to nursing homes (Tietti et 

al., 1988; Shumway-Cook et ai., 1997). Of those who did not suffer serious injury, many 

may experience significant restrictions in daiiy activities (Tietti et ai., 1988). As a 



result, the elderly population develop a fear of falling complex (Maki et al., 1991), a 

decrease in self confidence to accomplish normal activities of daily living and adopt a 

lifestyle of inactivity resulting in significant muscular atrophy, most noticeable in lower 

extremity strength (Tietti, 1987; Wolfson et al, 1995). 

2.0 Demography of Aging 

This serious health problem deserves inunediate attention due to the fact that 

human life expectancy has continually been increasing throughout history. In fact, it is in 

the present century that this increase has show a dramatic acceleration. In the United 

States, life expectancy has increased some 26 years fiom 1900 to1990 with women living 

approximately 6 years longer than the average male (Timiras, 1994). In large part, longer 

life expectancy could be due to medical advances as well as major improvements in 

living habits, socioeconomic status and sanitation conditions. It is not surprising that 

people are living longer, "but the aged also represent the most rapidly growing segment 

of the population in developed countries" (Tirniras, 1994, p.7). 

Canadian demographic statistics have shown severai similarities when compared 

to the life expectancy rates in the United States. In Canada, individuais 65 years and 

older represented approximately 12% of the population in 1996, and this percentage is 

expected to increase to nearly 16% by the year 2016. (Statistics Canada, 1996). This 

"graying" effect is also reflective in the population who are aged 75 years and older 

( T i ,  1994). This group also represents a fast growing portion of the total population 

increasing to an estimated 7 percent by the year 2016 (Statistics, Canada, 1996). 



The increases in both number and proportion of the elderly population wili have 

important influences on several aspects of society. As a group, the elderly will spend 

considerable amounts of money, voice more politicai power and require more services. 

Therefore, it is essential to understand these age-related changes if society is to adjust 

positively to this phenomenon (Digiovanna, 1994). In turn, health care professionais 

must address severai problems occurrhg within this particular population. One of the 

most important and common problems is related to falls (Baker et al., 1984). 

3.0 Mechanical Properties of Balance and Falls 

Many studies have focused on the possible risk factors associated with falling in 

the elderly population. (Robbins et al., 1989; Campbell et al., 1989; Tinetti et al., 1988; 

O'Loughlin et al., 1993; Myers et al., 1996; Nickens, 1985). Typically, these risk factors 

are categorized into two distinct groups: intiuisic and extrinsic. Intrinsic factors consist of 

those factors related to the physiological changes associated with aging whereas extrinsic 

or environmental factors are a direct result of one's environment such as improper 

footwear and unstable living conditions (Tideiksaar, 1997). Seeing that a large 

proportion of fdls are comprised of more than one likely cause, Rigler (1 999) postulates 

that clinicd assessments of falls should inchde both intriasic and extrinsic factors as it is 

believed that they have a close interaction on the incidence rate of fdls. This will ensure 

that health care professionals cover a wider range of etiologicai pathologies in identifying 

the Likely cause of each patient's fdl history. As a resuit, physiotherapists, nurses and 

medical doctors will be able to implement specific intervention strategies in pmventing 

future fds .  



3.1 Extrinsic Risk Factors 

Extrinsic factors have been found to have a profound impact on the incidence rate 

of falls in the elderly population. In fact, several researchers have found that they 

account for as much as 30 to 50% of faUs sufïered by the elderly (Hornbrook et al., 

1994). These results are consistent with the work of Hale et al., (1992) whom believe 

that these environmental factors c m  account for up to 55% of falis. Urton (1991) has 

identified five etiological factors related to environmental hazards. These settings are 

commonly identified as the bathroom, the bedroom, stairways, the dining room as well as 

the kitchen. These factors are consistent with the findings of Campbell et al., (1990) in 

which they found that falls were more likely to occur in the rooms that the residents 

utilized most ofien. It is worth noting that 21.4% of fails occurred in the bathroom, 

19.1% occurred in the kitchen area, whereas 27.4% occurred in the dining room. With 

respect to those individuais residing in nursing homes or senior residences, 64% of falls 

occurred in the resident's bedroom and 18.4% occurred in hallways or passageways. 

3.1 1 Modification of Home Hazards in Preventine Falls 

With a large proportion of falls occurriag in the home setting, home inspection 

programs have been developed in the hope of reducing fdls and fall related injuries. 

Cumrning et al., (1999) suggests that home assessments be conducted by occupational 

therapists as this will prove to be much more effective in the long run, as opposed to 

providing hazard checklists to the elderly homeowners. The researchers 6rtniy believe 

that the occupational therapists will be able to readily idente al1 potential hazards as this 

is their primary area of expertise. Tbrough the early identification and m o ~ c a t i o n  of 



these hazards, health care professionals c m  significaniiy reduce the likeiihood of tripping 

over these obstacles and, in tum, reduce the rate of fdls and fdi related injuries in the 

eldedy population. 

3.2 Intrinaic Rhk Factors 

Inûinsic dsk factors of falls are caused phariiy by those phy siological factors or 

systems affected due to the aging process, These systems play an important d e  in the 

integration of relevant spatial information needed to maintain balance and upright 

posture. These factors have k e n  identified as medication use (Blake et al., 1988; 

Spirduso, 1995), loss of balance (Overstall et al., 1977), syncope (Tinetti et al., 1988), 

postwal instability (Overstall et al., 1977; Okuzumi et al., 1996); visual impairment 

(Okuzumi et al,, 1996), neurological disabilities (Monis et d., 1987) muscle weakness 

(Whipple et al., 1987; Shumway-Cook et al., 1997) as well as sensorimotor deficiencies 

(Stelmach & Worringham, 1985). Work by Tinetti et al., (1988) has focused on the 

impact of these variables and theu subsequent relationship with falling in the etderly 

population. The results showed that the ükeiihood of f d h g  increased in a linear fashion 

with regards to the amount of risk factors, The cisk of falliig increased h m  8% when 

none of the risk factors were present to appmximately 80% when 4 or more risk factors 

were present, This is M e r  supporteci by Blake et ai., (1988). Nevertheless, several 

researcher's seem to believe that even though eKtrinsic and intrinsic variables have a 

somewhat combined effect on fall'mg, the latter would be more likely to have occurred as 

a result of intrinsic factors due to the physiological changes that occur as one ages 

(Nickens, 1985; Spirduso, 1995; Morfitt, 1983). 



3.21 Balance 

Balance or equiiibrium is defined as the abiiity to maintain one's center of gravity 

within the fiinctional base of support. Equilibrium is maintaineci primarily by two 

different types of balance systems. Static balance is the ability to maintain an upright 

stance position during quiet unpertwixd conditions (Spirduso, 1995). This task is 

accomplished by the saccule and utncle, anatomical structures located within the inner 

ear (Marieb, 1993). On the other band, dynamic balance is the ability to maintain upright 

stance under abnormal or perturbed conditions where subjects must recruit the 

appropriate muscle groups in order to avoid falling (Spirduso, 1995). In this case, the 

semicircular canais are responsible in the maintenance of this particular type of balance 

(Marieb, 1993). The balance system of the human body is a rather complicated one in 

that several sensory systems interact together alIowing individuals to maintain 

equilibrium. In the following section, we will briefly discuss each one of the systems 

and their relative importance in maintainhg balance stability. 

3.22 The Visual Svstem 

The visual system is one of the most elaborate receptors the human body relies 

upon in order to provide information regarding one's spatial environment (Marieb, 1993). 

Generally speaking, the visual system is organized into two distinct entities, each 

independent of the other. The peripheral visual field is responsible for the determination 

of "where" one's body is in relation to their spatiaI environment On the other hand, the 



foveal, or central visual field is ~sponsible for recognizing and identifying 'khat" we are 

l o o ~ g  at. 

The contribution of the visual system on maintaining balance has k e n  the focus 

of several researçh studies. In particular, Wwllacott et al., (1988) exarnined dynamic 

balance abiIity in young .and elderly cohort groups under various visual conditions 

(peripheral vs. centrai). The results from the study showed that the elderly expimental 

group relied primariiy on infiormation provided h m  the peripheral visual field. Also 

affected is the ability to distinguish between various colors as well as decreased abilities 

in making the transition between light tu dark visual occurrences (Lord et al., 1991). 

3.22 1 Visual Acuity 

Resemh trends have shown that visual acuity is significantly affected due to the 

aging prwess. Lord et al., (1991) reporteci that it can be reduced as much as 80% in 

those individual over 90 years of age. in fact, they found that "multiple fdlers had 

reduced vision, decreased peripheral sensation, siower reaction times and decreased 

stabdity compared with non-multiple failers" (Lord et al., 1991, p. 1 198). This visual 

impairment, in tum, affects contrast sensitiity, which is referred to as the ability to 

distinguish contrasts or the shapes of objects as they appear in one's spatial environment 

(Steinweg, 1997). Owen (1985), believes that this particular type of visual impairment is 

significantly associated with an increased rate of tripping in the elderly. 

Even though signiticant associations between the visual system and fds  have 

been found to exist, other research findings seem to indicate contradictory results (Lord et 

ai., 199 2). Findings by Brocklehirrst et ai., (1 982) elicited no interaction behileen visuai 

acuity and the likelihood of s u f f e ~ g  a fd in elderly individuais between the ages of 65- 



74,75-84 and the 85 years of age and older subjects (Brocklehurst et al., 1982 as cited in 

Lord et ai., 1991). This is in accord with published findings by Campbell et al., (1989) 

whom were unable to find any positive interaction between predicting fails and visual 

acuity. In light of this evidence, it is essential that M e r  research in this area be 

conducted in order to determine the effect visual acuity plays in predicting funve falls. 

3.23 The Vestibular Svstem 

The vestibular system is an important contributor to dynamic balance (Pozzo et 

al., 1991) in that it relays information about the various movements of the head 

(Spirduso, 1995). Physiologically speaking, the vestibular system is comprised of two 

structurai units, the otoliths and the semi-circular canals. These structures respond to 

changes of body position and gravity, stimulating impulses produced by the hair cells in 

order to maintain balance and equilibrium (Marieb, 1993). 

Deterioration of this system as a result of the aging process has been noted to 

occur as early as 40 years of age (Spirduso, 1995). According to Rosenhail & Rubh, 

(1975), those individuais over 70 years of age can lose up to 40% of vestibular function. 

Assessments of this system have been aimed at monitoring postural sway. Research in 

this area has overwhelmingly shown that elderly individuals sway at a higher rate when 

compared to younger subjects (Okunimi et al., 1996; Maki et ai., 1991). Keeping in 

mind that al1 three systerns intetact together as an entity in maintainhg balance, it is 

somewhat difncult to determine which of the lhree systems is the more afTected in 

balance deficiencies. 



3.24 The Sornatosensorv Svstem 

The somatosensory system is the third component that is responsible for the 

maintenance of balance and upright stance. This important system is composai of many 

sensory receptors responsible for touch, pressure, vibration as well as the many muscle 

receptors found throughout the human body (Marieb, 1993). The sensory receptors 

provide important information with respect to limb and body location (Spirduso, 1995). 

Research has suggested the occurrence of a gradua1 loss of sensitivity of these 

parîicular receptors as one ages (Whanger & Wang, 1974). In faci, studies have focussed 

on the vibratory mechanisms of the lower limbs as it has been suggested that the ability to 

sense vibration dramatically affects upright stance during posture evaluation 

(Brocklehurst et al., 1982). Even though significant changes have been confmed to 

occur in the aged vestibular, visuai and somatosensory systems, the underlying principle 

seems to suggest a curnuiative eRect of al1 three systems rather than of only one of the 

aforementioned systems. 

330 Intrinsic Versus Environmental Risk Factors in Predicting Falls 

As previously mentioned, many authors have generally classified fa11 causation as 

either intrinsic or exthsic in nature. This overwhelming body of literature has shified 

somewhat in that the new belief regarding the etiology of falls is presurned to be caused 

by inûinsic factors afliecting the physiologicai body systems of the aged (Nickens, 1985). 

Evidence suggests that postural instabiiity, balance deficiencies, vertigo and blackouts al1 

increase f d  risk dramatically as an individual ages (Overstall et al., 1977). This is 

supported by Fernie and colleagues whom found that the speed fiecpency in which one 

sways during mght stance is much faster for those with a previous history of fding 



(Fernie et al., 1982). A specific study conducted by Morfitt (1983) examined the 

difference between intrinsic and exthsic variables in predicting the opportunity of 

suiTering a fall. The results are consistent with the work of Overstall et al., (1977). 

Morfitt (1983) found a cutoff age of 75 allowing to distinguish between intrinsic and 

extrinsic factors responsible for falls. This seems to suggest that falls occurring to those 

below 75 years of age were more likely caused by envuonmentai factors whereas falls 

occurring to those aged over 75 years of age were caused primarily by intrinsic risk 

factors. These results were representative of the femaie subjects only inferring that 

results could not be extrapolated to a male population. in light of this evidence, it seems 

rather evident to study the more intrinsic risk factors and determine how they are linked 

to falls in the elderly population. 

4.0 Predicting Falls within a Geriatric Population 

4.1 Balance as an Indicator of Predicting the Occurrence of Falls 

Balance has been shown to be an important predictor of falls within the elderly 

population (Berg et al., 1992). It is a component that is needed to accomplish a wide 

variety of daily living activities such as gardening, reaching for items in a cupboard as 

well as walking. Recently, researcher's have found that balance can be altered by factors 

such as medication use (Blake et al., 1988; Spirduso, 1995), neurological disorders 

(Moms et ai., 1987) or even due to the normal physiological changes associated with 

aging (Berg et al., 1992). Throughout the years, several instruments have been developed 

as a m e m  of quantitatively measuring balance in the elderly population. These 

screening tools have been instrumentai in evaluating the abiüty to maintain balance and 



subsequentiy, in the identification of those individuals who present a substantial risk of 

falling in the very near fbture. The following discussion is a brief description of the 

various balance instruments used in distinguishing between a heaithy and fiail geriatric 

population. 

4.1 1 The Berg Balance Scale 

The Berg Balance Scaie was developed by Berg et al., (1989) as a means of 

assessing one's ability to perform a variety of balance specific activities of daily living 

(ADL's) (refer to Appendix 1). Subject's are evaluated on a 5 point system, (0-4). The 

scores indicate the individual's ability to maintain stable posture and balance throughout 

each activity. A score of O yields the inability to perfonn the task at hand whereas a 

score of 4 indicates near perfect ability to maintain balance and upright posture during the 

ADL's. The scores for each item are then added together and the score is ranked out of 

56 (perfect score for successfully completing al1 of the 14 items in the balance scale). 

4.12 Balance in the Elderl~ Patient: The Get-UD and Go Test 

This particular test measures balance mobility in an elderly cohort in order to 

monitor the incidence rate of fails. Subjects are required to rise fiom a chair (with an 

armrest and a seat height of approxirnately 46 cm), walk 3 meters, turn 180 degrees, 

retum to the am chair and sit dom. The activity is ranked on a five point scoring 

system (1-5) (Mathias & Nayak, 1986). 



4.13 The Tirned Up & Go Test: Test of Basic Functionai Mobilitv for Elderlv Persons 

Podsiadlo & Richardson (1991) argued that the s c o ~ g  system was not very 

accurate in explainhg the balance performance between obsewers. They found that, 

even though the extremes of the scale were relatively clear and easy to identiQ, the 

middle scores were ambiguous and rather difficult to score. For this reason, they 

proposed a similar mode1 to the "Get-Up and Go Test" proposed by Mathias & Nayak, 

(1986). Subjects are required to complete the same task as in the "Get-Up and Go Test" 

with the sole difference king that the ûids are timed allowing for more reliability and 

validity . 

4.14 Functionai Reach: A New Clinical Measure of Balance 

This particultir balance scale was developed by Duncan et al., (1990) with the 

underlying purpose of measuring dynamic balance as subject's perform functional reach 

trials. In this study, functional reach was defined as the W e s t  distance one can reach in 

the forward direction in a 90 degree shouider flexion starting point ail the while subject's 

maintained a fixed standing position on a force platform. The force platform ailowed the 

researcher to measure the center of pressure excursion (COPE) in relation to their base of 

support. Reaching distance was quantitatively measured by means of a "48 inch 

yardstick". 

4.1 5 The Influence of Sensorv Interaction on Balance 

This instrument was developed as a means of assessing the sensory modaiities and 

theY interaction with posturai swity during standing conditions. Subjects are required to 

complete 6 different experimental conditions upon which, the sensory modalities are 



modified during each condition. In particular, the conditions alter visual feedback 

mechanisms as well as the support surface on which the subject's are tested on. Results 

are analyzed by means of three different reporting systems. Postural sway is observed for 

a 30 second time period and the results are recorded by an ordinal ranking scale with a 

stopwatch in order to determine the duration subject's are able to maintain an upright 

standing position by means of a plumb line. This will allow the researcher to monitor 

body displacement during the experimental conditions (Shumway-Cook & Horak, 1986). 

4.16 Performance Oriented Assessment of Mobilitv Problems in Elderlv Patients 

This insûument, as developed by Tinetti (1986), consists of a 13-item 

performance oriented mobility scale measuring various activities of daily living. Each 

item is graded as either normal, adaptive or abnormai abilities in completing the task at 

hand. In addition, a 9-item performance based balance and gait assessrnent is included 

for this balance evaluation tool. These balance and gait parameters are categorized as 

either normal or abnormai findings. 

4.17 Balance insûuments: Determinine the Best Predictor for Falls in a Geriatric 
Po~ulation. 

A cecent study by Whitney et ai., (1998) reviewed a number of balance 

instruments that have been developed throughout the years as a means of identifjhg 

those individuals who present a high risk of falling in a geriatric cohort. Of interest to the 

present study, six balance instruments were evaiuated in terms of validity, reliability, 

equipment needed to evaluate balance performance, the length in which it takes to 



administer the test, the advantages and disadvantages of each instrument as well as the 

specific target population it was designed for. The six balance instruments evaiuated in 

the study were the Berg Balance Scale (Berg et ai., 1989), the Clhicai Test of Sensory 

Interaction and Balance (Shurnway-Cook & Horak, 1986), the Functional Reach Test 

(Duncan et al., 1990), the Tinetti Balance Test of the Performance Oriented Assessment 

of Mobility Problems (Tiietti, 1986), the Timed "Up & Go" Test (Podsiadlo & 

Richardson, 1991) and the Physical Performance Test (Reuben & Siu, 1990). 

In terms of administration time, results showed that ail six instruments could be 

completed in a very short and reasonable time frame, The fastest instrument was found 

to be the Functional Reach Test with an administration time of 1 to 2 minutes whereas the 

longest was found to be the Berg Balance Scale with a total tirne of 15 minutes. 

With respect to the equipment needed for each balance instrument, it was found 

that Podsiadlo and Richardson's T i e d  "Up & Go" test required the least amount of tools 

whereas the Berg Balance Scale and the Fhysicai Performance Test required the most. 

The tools required to perform the Berg Baiance Scale consisted of two chairs (one with 

an arrnrest and one without), a stop watch, a d e r  and a foot stool, items that are 

commonly found in a household or clinicai setting. 

It was found that the six balance instruments displayed respectable interrater 

reliability while the Berg, the Physical Performance and the Timed "Up & Go" 

demonstrated reasonable intrarater reiiibiiity. With respect to predictive vaiidity, it was 

determined the Functiond Reach Test, the Tinetti Baiance Scaie and the Berg Balance 

Scale aii have the ability to establish this parameter. Constnict vaiidity was applicable 



for three of the six instruments, namely the Clinical Test of Sensory Interaction and 

Balance, the Functional Reach Test and the Berg Balance Scale. 

Each instrument has certain advantages and disadvantages in tems of assessing 

balance performance. The Functional Reach Test was rather easy to administer and very 

precise in measuring balance abilities. The only drawback rests on the fact that the 

measurement is obtained only in the forward direction. The Tinetti Balance Scale was 

also easy to administer, provided measures for multiple factors of balance performance 

however, it lacks sensitivity with respect to variations in the various aspects of balance. 

The Berg Balance Scale measures multiple aspects of balance but requires the most time 

to administer. The Clinical Test of Sensory Interaction and Balance is also relatively 

easy to administer however it lacks the ability to evaluate al1 components of balance 

other than the sensory component. The Physical Performance Test is fairly easy to score 

and adrninister but it is the balance instrument that requires the most equipment. Lastly, 

the Timed "Up & Go" requires very Little equipment, takes very little time to complete 

but does not rneasure al1 aspects of balance. It was also found that the target population 

for each individual balance instrument is aimed towards a genatric population aged 65 

years of age and older. 

The detemination of the appropriate balance instrument will depend prirnarily on 

the specific aspect of balance that is king tested. It has been postulated that since 

balance consists of several systems interacting at one tirne, more than one balance 

instrument may be required to effectively predict falling. On a similar note, a study 

cond~cted by Berg et al., (1992) evaluated the effectiveness of these various tests in 

measuring balance in an elderly population. Results showed that the Timed up and go test 



as well as the Berg Balance Scale provided the most efficient balance measures and that 

the Berg Scale provided the best overall scores on balance performance. 

This is fiirther supported by Shumway-Cook et al., (1997). This study looked at 

eleven possible risk factors and their association with faliiig. in particular, age, gender, 

medications, mental status, the use of assistive devices, the Berg Balance Scale, the 

dynamic gait index, balance self-perceptions test, self-paced gait, fast-paced gait and 

history of imbalance were studied in relation to falls. The results showed only five of the 

eleven variables, narnely the Berg Balance Scale, use of assistive devices, the dynamic 

gait index, the balance self-perceptions test and history of irnbalance were identified as 

signifïcant risk factors in predicting the likelihaod of falls. It was shown that the Berg 

Balance Scaie was the single best predictor of falls. Moreover, it was detennined that a 

cutoff score of 49 out of a possible 56 provided sensitivity values of 77% and specificity 

values of 86%. This implies that a one-point decrease in balance scores results in a 6 to 

8% increase in fall risk. This percentage increases to 100% when a score below 36 is 

obtained. It seems rather evident that the Berg Balance Scale is one of the better 

instruments used to assess balance abilities in the elderly population due to the fact that it 

measures the more dynamic components of balance, activities that are encountered on a 

daily basis. In addition, it encompasses activities similar to the other balance instruments 

such as Functional Reach. Indeed, this makes the Berg Balance Scale much more 

versatile than the other fûnctional markers of balance. 



4 3  Cutoff Scores In Piedicting The Incidence Rate Of Falls 

Even though the Berg Balance Scale seems to be a very important predictor for 

fails, there is variability with regards to the cutoff scores as determined by logistic 

cegression anaiysis. As previously mentioned, Shumway-Cook et ai., (1997) found that a 

cutoff score of 49 was effective in predictiag fallers. However, in a similar study, Berg et 

ai., (1992) discovered that a cut-off score of 45 was statistically significant and 

subsequently successful in distinguishing between healthy ambulatory seniors and fiail 

individuals that requise adequate monitoring and supervision. Nonetheless, it is rather 

evident that there exists large discrepancies with regards to these values. As a result, 

more research within this particular area is warranted in order to establish some type of 

gold standard with the underlying purpose of identifjhg one cutoff point that can and 

will effectively distinguish healthy elderly h m  those who present a senous risk of 

falling. 

4.3 Sensorimotor Performance and the Aging Process 

As one ages towards senility, the neuromuscular system undergoes various 

changes influencing motor and cognitive abilities. One of the most noticeable changes is 

the increased time required to react to environmental stimuli as well as choosing the 

proper voluntary movement associated to îhis delayed reaction (Stelmach & 

Worringham, 1985). Several researchers have studied the effect of reaction tirne, or more 

specifically, sensorimotor performance and the aging process. Reaction tirne is defined 

as the length of time measured between the presentation of an unexpected stimulus and 

the omet of a response to that stimulus (Schmidt, 1993). Resemh within this area hm 

shown that reaction time responses seem to increase as one ages (Clarkson, 1978; 



Gottsdanker, 1982; Loveless, 1980; Pierson & Montoye, 1958). Throughout the years, 

many theocies have been developed in the hope of tentatively explainhg this age-related 

decrease in responses or reaction tirnes. More recentIy, Myerson et al., (1990) proposed a 

new model, the information loss model, that is more in agreement with the tentative 

explanation of the noticeable age-related changes in reaction tirne. Based on the 

foundation of this model, they believe that both young and old subjects alike, process and 

respond to extemal stimuli in a sequential order of steps, with each step lasting a precise 

amount of time. Myerson and coueagues stipulate that the subsequent duration of each 

step depends primarily on the inverse reiationship of the information available in the 

subject's environment. This would suggest tbat if very little information were available to 

the subject, the amount of tirne to process through each step would increase, whereas if 

more information were available the process would be significantly shorter. It  is 

hypothesized that normal aging has a profound effect on information processing 

(Haywood, 1993). As a result, older adults dtimately spend more time during each step 

when compared to younger subjects. This increase is even more noticeable when tasks 

become more attention demanding (Stelmach & Worringharn, 1985; Jordan, & Rabbitî, 

1977). When you couple these results with the notion that postural sway also increases 

with age, the combination effect can lead ta an increased likelihood of falls. If an older 

individual presents a very unstable posture, and does not choose the appropriate response 

in a timely manner, he will exceed the point where balance recovery is no longer an 

option and hence, must prepare himself for a Eall (Stelmach & Worringharn, 1985). 



4.4 Sensorimotor Responses and Falling 

Presently within the literature, several studies bave examined the relationship 

between simple reaction t h e  and the incidence rate of fdls. Tideiksaar stipulates that 

seniors are more apprehensive to an unfamiliar situation. This results in an increased 

time span when the elderly individual first perceives the stimulus to when an appropriate 

answer is delivered. In fact, Lord et al., (1999) found that elderly subjects with siower 

reaction times would be less likely to prepare themselves for the fall, d n g  a higher 

risk of fracturing a hip. This increase is not likely due to the slowing of neural conduction 

but rather due to limitations in the processing of information as outlined in the previous 

section (Haywood, 1993). The majority of the studies exarnining reaction time and 

fdling failed to create cutoff scores with regards to reaction times that would 

significantly differentiate between healthy elderly subjects and those who have a histoty 

of falling. It would be very interesting to produce such data, as it would provide a 

valuable tool to health care professionals as a way of monitoring patient's results with the 

hope of identifjing future fallers. 

4.5 Posture 

The ability to maintain upright posture is accompiished by aligning the various 

body segments one in relation to the other. This process, as with balance, is dso 

described in both static and dynamic entities. However, pariicular to posture, it is noticed 

that smaii body movements occur. This "swaying" is a type of corrective measure that is 

refecred to as posturai oscillation and dows an individuai to recmit the appropriate 

muscle groups needed in order to remah standing. 



Many studies have focussed on the effect of postural instability within the elderly 

population and ifs subsequent association with falling. Three common magaitudes of 

sway have been cited thoughout the Litetanire and consist of lateral, anterior-posterior 

and total sway. Tt has been well documented that the relative variance of sway, measured 

by means of a force platform, increases as one ages (Eckert, 1988; Sheldon, 1963; 

Overstall et al., 1977; Maki et al., 1991; Okuzurni et al., 1996). in particular, Okuzumi, 

et al., (1996) found that the magnitude of total sway for elderly subjects increased 

significantly. Moreover, the magnitude of lateral sway was found be to significantiy 

affectai by age whereas the magnitude of anterior-posterior sway showed no substantial 

increase as a result of aging. This would suggest that older subjects have more difficulty 

controllhg lateral than anterior-posterior sway. Other researchers, narneiy Buchner & 

Larson (1987) have found that the study of postural sway was indeed not a substantial 

predictor for balance ability and falls in an elderly population. Interestingly, Teasdale et 

al,, (1993) found that the more an individual displays eccentric sway patterns, the longer 

it takes to respond to the reaction time stimulus. With this in mind, by combining simple 

reaction time and postural sway, a more efficient fa11 predictor variable can be identified 

which will help idenw those at risk of falling. 

4.5 1 Postural Sww and Attentional Demands 

It has been documented that the ability to maintain a postural position or task 

involves additional attentional requirements (Marsh & Geel, 2000; Shumway-Cook & 

Woollacott, 1999; Lajoie et al., 1993; Lajoie et al., 1996). In fact, the attentional 

demands are subsequently increased in relation to the complexity of the task at hand. 



This notion is well suppocted by Lajoie et al., (1993). In this particular study, it was 

found that dynamic balance or, more specificaily, the ability to maintain an upright 

standing position is substantiaüy more attention demauding when compared to static 

equilibrium. It was further demonstrateci that reaction tirnes measured during these 

various attention demanding îasks illustrated higher measures in a broad support stance 

phase as opposed to a Sitting position in young adults. In a follow-up study by Lajoie et 

al., (1 W6), they found that healthy elderly subjects dispiayed significantiy siower 

reaction times in a narrow base of support standing position when compared to the 

younger experimental group. These results would imply that additional aîtentional 

tesources are required by the elderly population in order io maintain balance or an upright 

posture. It would be interesthg to investigate if any significant differences would arise in 

a geriatric population who have a previous history of failing and those individuals whom 

have not experienced a fall. 

5.0 Other Factors Affecting Balance Ability in the Aged 

5.1 Neurological Pathologies: Increased Risk Factor for Falling? 

It bas been well documented that cognitive impairment has been linked with an 

increased rate of fdls within the elderly @roller, 1995; Moms et al., 1987; Okunimi, 

1997; Isaacs, 1978). In a study conducted by Moms et ai., (1987), they examined the 

effect of Alzheimer's disease and it's relationship on falling. They found that from a 

logistic mode1 incorporating medication, neurological signs, systolic and diastolic blood 

pressure, ody the presence of dementia of the Alzheimer's type waç the single significant 

predictor for fds .  In fact, it was noted that the incidence rate of fdls was three times 

more ükely to occur to individuals d e r i n g  k m  Alzheimer's disease d e n  compared to 



the healthy elderly. They also found that the demented subjects presented similar 

characteristics to the control fallers in the study. They were predominately female and 

had no signjficant ditFerences with regards to blood pressure, medications, sensorimotor 

abilities, gait and posture. It was also found that dementia was indeed a crucial risk 

factor for falls when considered as a single entity. 

On a similar note, a study conducted by Franssen et al., (1999) examined 

equilibrium and specific limb coordination in subject's suffecing from dementia of the 

Alzheimer's type. After adjusting for age, it was found that those individuals who 

sufkred from mitd dementia scored significantly lower on equilibrium and limb 

coordination performance tests when compared to their healthy counterparts. These 

results would seem to imply that such measures could, most definitely, be used in 

assessing those individuals suffering fiom dementia and whom present a high incidence 

rate of falling. If this instrument proves accurate in doing so, health care professionals 

will be able to effectively identify those who have a high risk of falling and enroll them 

in a fa11 prevention program consisting of a gradual implementation of balance training 

exercises. 

This is M e r  supported by Okuzumi, (1997). In this particular study, postural 

control and locomotion was evaluated in patients suffering tkom vascular dementia and 

Alzheimer's disease. Lt was found that both types of dementias were associated with 

noticeable declines with respect to body sway and walking velocity. In particular, it was 

determined that demented patients had significantly slower walking patterns and 

displayed more eccenûic body sway patterns when compared to the normal healthy 

control group. 



It is rather evident that the resuits h m  the present studies seem to converge on a 

general consensus that patients suBering b m  dementia of the Alzheimer's type have 

predisposing factors that make them more vulnerable to falls when compared to non- 

fallers. It is for this reason, that it is important to screen fa11 subjects prior to testing. 

This wiü ensure that the sample population will be fiee fiom any type of cognitive 

impairment that could affect their balance perfomance during the testing sessions and 

will provide accurate data allowing researchers to generalize their findings to the general 

geriatric population. 

5.2 Fear of Falling 

Aside fiom the more prevalent physiological factors linked to fdling in the 

elderly population, research trends seem to have shifted their focus towards the 

psychological factors linked to f d s  (Wild et al., 1985; Wild et al., 1981). These factors 

are commonly referred to as "loss of confidence" in performing ADL's or the "fear of 

fdling" syndrome. interestingly enough, this fear of falling has been observed in healthy 

subjects as well as those individuais who have a previous fa11 history (Silverton & 

Tideiksaar, 1989). This syndrome has resulted in significant reductions of daily activities 

resulting in loss of independence. Veiias et al., (1987) studied the effects of falls on the 

restriction of daily activities. They found that subjects demonstrated a loss of 

independence with respect to three important factors. Firstiy, subjects has an increased 

rate of fear of falling leading to restrictions in activities resuiting in boredom and 

eventually, depression. Secondly, subjects demonstrated significantîy l e s  mobility and 

iastiy, they walked with altered gait patterns. 



5.21 Loss of Mobilitv 

It has been weU documentcd that falis generally result in loss of independence and 

inevitable dedines in fiinctionat ability required to perform activities of daily living 

(ûunn et al., 1992; Maki, 1997; Maki et al., 199 1; Kiel et al., 199 1). These restrictions 

result in signiiïcant decreases in muscle tone and subsequent muscle atrophy (Vellas et 

al., 1987). Gehlsen et al., (1990) examined lower limb strength in an elderly cohort 

popdation by means of an isokinetic Cybex machine. It was found that lower limb 

strength for the ankie, knee and hip joints were significantly stronger in heaithy men and 

women with no history of Fdls when compared to those with a prior history of failing. 

These results are in accord with the flndings of Wolfson et al., (1995). In this particular 

study, nursing home residents had significantly weaker lower limb strength than their 

non-falling counterparts within the same nursing home. It was noted that strength 

differences wete more noticeable at the ankle joint where subjects with a fa11 history 

demonstrated one tenth of tibialis anterior strength when compared to the control group. 

it seems rather evident that lower-Iimb muscle weakness is a very important indicator of 

balance and interventions should be geared towards strength training in these particular 

muscle groups (Wolfson et al., 1995; Tietti, 1987; Shumway-Cook et al., 1997; 

Province et al., 1995, Gabell, 1986). 

5.22 Gait Characteristics Associated to the "Fear of Falling" Svndrome 

It has been shown that those individuals suffering fiom this particular syndrome 

have altered their gait pattern in accordance to the f ez  of susbiaing a fdl. Maki (1997), 

has snidied the changing gait parameters as a result of the aging process. The results 



fiom the study seem to suggest that some gait parameters, namely shorter stride length, 

slower walking velocity as weil as increases in the duration of the double support walking 

phase were successful in identiijhg "fear of falling" whereas stride-to-stride variability 

was more indicative of predichg the likeliiood of future falls. Gelhsen et al. (1990) 

found differing results in that those subjects with a fdl history adopted a much wider 

base of support (distance measured between heels) than the control group. This would 

seem to imply a conscious awareness of balance instability resulting in a compensation 

mechanism during upright stance and during walking trials for those individual who have 

previously fallen. It is rather obvious that the study of "fear of falling" is of great 

importance as it dramatically reduces one's activities of daily living subsequently leading 

to physical inactivity and an increased likelihood of falling. Safety strategies and 

interventions should be implemented as a means of identifiing the individuals at risk in 

order to successfully reduce the incidence rate of falls before they occur. 

5.3 Psychological Instruments Used in the Measurement of Balance Confidence and 
"Fear of Falling" 

Generally speakhg, the "fear of faliing" syndrome has been measured as a 

dichotomous variable on a Yes/No scaie of measurernent. Within the past decade, two 

psychological tools have been developed with the h o p  of providing a more reliable way 

of monitoring and measinlng balance codidence, l m  of independence and "feu of 

fding". In the following section, these particular instruments will be described briefly. 

A review will then be presented to determine which one provides the best overall 

measurement outcomes of the psychological indicators for fdl  status. 



5.3 1 Tinetti's Falls Efficacv S d e  FES) 

This particular measurement scde was developed primarily to assess "fear of 

falling". The FES score is b a s 4  on the following operational definition: "iow perceived 

self-efficacy at avoiding falls during essentiai, non-hazardous activities of daily living" 

(Tiuetti, 1990, p.240). The instrument is a fairly reliable one wiîh a test-retest reliability 

of -71. Overall, this scale offers both a reliable and valid means of measuring fear of 

falling in the elderly (Tiaetti, 1990). 

5.32 The Activities-S-pecific Balance Confidence (ABC) Scale 

The ABC scale was developed by 15 clinicians and 12 senior out-patients with the 

purpose ofevaluating balance confidence. This 16-item sa le  is based on a replication of 

the FES scale (refer to Appendix 2). However, it differs h m  the FES in that it provides 

more activities of daily living that are considered more hazardous with a higher degree of 

difficulty. Powell and Myers (1995) believe hat this psychdogical tool will be more 

effective in measuring balance confidence due to the fact îhat it measures activities on ii 

more tùnctional basis. As a result, this instrument could indeed be utilized in assessing 

senior citizens with various functional levels. 

5.33 The ABC Scale and FES Scale: How to Determine the Best Outcome Measure for 
Balance Confidence 

Both psychologicai instniments are good indicators of the 'Year of falling" 

syndrome. Recent research has evaluated the reliability and validity of both tmls, 

Powell & Myers (1995) found that the ABC scale was statistically more retiable (r = .92) 



than the FES scaie (r = .71) over a two week intervd. la addition, the ABC scale tiad a 

higher intemal consistency. It was also found that even though both instruments were 

effective in discriminating between different mobility groups, the ABC was that much 

more effective with respect to the effect size. It has been suggested that the scores of 

these psychological instruments be comlated directly to various activities of daily living. 

It is our goal to assess the "fear of falling" syndrome in the present study by means of the 

ABC scaie. By combining the results from this psychological measure and the results 

h m  the Berg Balance Scale, we will indeed be able to effectively correlate both 

measures and determine their relationship 6 t h  fail status. 
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Abstract 

Simple reaction h e ,  the Berg Balance Scale, the ABC Scale and postural sway 

were studied in order to detennine cutoff scores of the aforementioned variables as well 

as develop a mode1 used in the prevention of fallers within the elderly comrnunity. One 

hundred and fBy fallers and one hundred and fifly non-fallers were evaluated throughout 

the study and results indicated that non-fallers have significantly faster reaction times, 

have higher scores on the Berg Balance Scale and the ABC Scale as well as sway at 

slower fkequencies when compared to fallers. Furthemore, al1 risk factors were 

subsequently entered into a logistic regression analysis and results showed that reaction 

tirne, the total Berg Score and the total ABC score contributed significantly to the 

prediction of falls with 91% sensitivity and 94% specificity. A second logistic regression 

was carried out with the same previous variables as well as al1 questions of the Berg and 

ABC Scale. Results fiom the regression analysis revealed that five variables were 

associated with fall status with 90% sensitivity and 93% specificity. Resuits fiom the 

following study would seem rather valuable as an assessment tool for health care 

professionals in the identification and monitoring of potential fallers within nursing 

homes and throughout the comrnunity. 



Introduction 

FaUs present a substantiai health problem among the elderly population. 

Approximately one third of community-dwelling people over 65 years of age will 

experience one or more falls each year (Shumway-Cook et al., 1997; Tinetti et al., 1988; 

Powell & Myers, 1995; Stelmach & Woningharn, 1985; Spirduso, 1995; Hausdorff et al., 

1997). Subsequently, the frequency increases to nearly 40% for those individuals over 80 

years of age (Powell & Myers, 1995) and affects women more than men (Nickens, 1985). 

Fall related injuries are the leadiig cause of non-fatal injury. Nearly 40% of falls 

occurring in the 65 and over population are admitted to the hospital for some type of 

treatment (Tideiksaar, 1988; Shumway-Cook et al., 1997). In 15% of the cases, the 

injuries suffered include fractures, bruises, sofi tissue injuries and loss of dependence 

(Powell & Myers, 1995). Serious injury occurs in 6% of the elderly population 

(Spirduso, 1995) resulting, in some instances, in accidentai death (Baker et al., 1984). 

Approximately 40 to 50% of fallers admitted to hospitals will be admitted to nwsing 

homes (Tinetti et al., 1988; Shumway-Cook et al., 1997). Of those who did not suffer 

senous injury, many may experience significant restrictions in daily activities (Tinetti et 

al., 1988). As a result, the elderly population develop a fea. of falling complex (Maki et 

al., 1991), a decrease in self confidence to accomplish normal activities of daily living 

and adopt a lifestyle of inactivity resulting in significant muscular atrophy, most 

noticeable in lower extremity strength (Tinetti, 1987; Wolfson et al, 1995). 

This serious health problem deserves immediate attention due to the fact that 

human tife expectan continuaiiy been increasing throughout history. In fact, it is in 

the present century that this increase has shown a dramatic acceleration. In Canada, 



individuals 65 years and older represented approximately 12% of the population in 1996, 

and this percentage is expected to increase to nearly 16% by the year 2016. (Statistics 

Canada, 1996). This "graying" effect is also refl ective in the population who are aged 75 

years and older (Tirniras, 1994). This group aiso represents a fast growing portion of the 

total population increasing to an estimated 7 % by the year 2016 (Statistics Canada, 

1996). In light of this increase, health care professionals must address several problems 

occurring within this particular population. One of the most important and common 

problems is related to falls (Baker et al., 1984). 

Many studies have focused on the possible risk factors associated with falling in 

the elderly population. (Robbins et al., 1989; Campbell et al., 1989; Tinetti et al., 1988; 

O'Loughlin et ai., 1993; Myers et ai., 1996; Nickens, 1985). Typicaily, these risk factors 

are categorized into two distinct groups: intrinsic and extrinsic. Extrinsic or 

environmental factors are a direct result of one's environment such as irnproper footwear 

and unstable living conditions (Tideiksaar, 1997) whereas intrinsic factors consist of 

those factors related to the physiological changes associated with aging. Throughout the 

past two decades, many researchers have identified several intrinsic factors that have 

been found to be rather successfÙi in the prediction of fails. These factors have been 

identified as medication use (Blake et ai., 1988; Spuduso, 1995), loss of balance 

(Overstall et ai., 1977), syncope (Tiietti et ai., 1988), postural instability (Overstall et al., 

1977; Okuzumi et ai., 1996); visual impairment (Okuzumi et ai., 1996), neurological 

disabilities (Morris et al., 1987) muscle weakness (Whipple et ai., 1987; Shumway-Cook 

et al., 1997) as well as sensorimotor deficiencies (Stehach & Worringham, 1985). 



Balance has been show to be an Unportant predictor of falls within the elderly 

population (Berg et al., 1992). It is a component that is needed to accomplish a wide 

variety of daily living activities such as gardening, reaching for items in a cupboard as 

well as walking. Throughout the years, severai instruments have been developed as a 

means of quantitatively measuring balance in the elderly population. These screening 

tools have been instrumental in evaluating the ability to maintain balance and 

subsequently, in the identification of those individuais who present a substantial risk of 

falling in the very near hture. In fact, Shumway-Cook et al., (1997) stated that of al1 the 

bctional tests, the Berg Balance Scale was, indeed, one of the most effective predictors 

for f d s  within community-dwelling adults. However, it has been reported that this tool 

is not entirely representative in relation to its predictability of completing more complex 

tasks or activities that are concemed with measuring steady-state postural control as well 

as anticipatory posturai adjustments (Shurnway-Cook & Woollacott, 2001). 

It has been docurnented that the ability to maintain balance or a postural task 

involves additional attentional requirements (Lajoie et al., 1993; Lajoie et al., 1996; 

Shumway-Cook & Woollacott, 1999; Marsh & Geel, 2000). In fact, the attentional 

demands are subsequently incnased in relation to the complexity of the task at hand. 

This notion is well supported by Lajoie et al., (1993) whom found that dynamic balance, 

or more specifically the ability to maintain an upright standing position, is substantially 

more attention demanding when compared to static equilibrium. It was M e r  

demonstrated that reaction times measured during these various attention demanding 

tasks illustrated higher measures in a broad support stance phase as opposed to a sitting 

position in a sarnple of young adults. In a follow-up study by Lajoie et al., (1996), they 



fouad that healthy elderly subjects displayed significantly slower reaction tirnes in a 

narrow base support standing position when compared to the younger experimental 

group. These results would imply that additional attentionai resources are required by the 

elderly population in order to maintain balance or an upright posture. It would be 

interesting to investigate if any s imcan t  dierences would arise in a geriatric 

population who have a previous history of falling and those individuab whom have not 

experienced a fall. 

Psychological factors, more commoniy referred to the "fear of fdling syndrome", 

have been linked to signXcant reductions of daily activities in fallers resulting in a loss 

of independence (Maki, 1991). Interestingly enough, this fear of failing has k e n  

obsewed in healthy subjects as well as those individuals who have a previous faIl history 

(Silverton & Tideiksaar, 1989). As a result, this functional tool would present rather 

confounding results when used as an independent measure of fail status. 

Reaction time has been studied extensively. Reaction time is defined as the length 

of tirne measured between the presentation of an unexpected stimulus and the onset of a 

response to that stimulus (Schmidt, 1993). Research within this uea has show that 

reaction time responses increase as one ages (Clarkson, 1978; Gottsdanker, 1982; 

Loveless, 1980; Pierson & Montoye, 1958). in fact, Birren et al., (1980) had stated that 

reaction tirne was one of the most sensitive markers of structural and functional 

deterioration in the aging central nervous system. This is a rather interesting factor 

because it has been hypothesized that the aged lose the ability to process relevant 

information when cornpared to younger subjects (Haywood, 1993). Based on the 

fondation of the "information loss model", Myerson and colleagues (1990) believe that 



both young and old subjects dike process and respond to extemal stimuli in a sequential 

order of steps, with each step lasting a precise amount of t h e  and dependent upon the 

inverse relationsbip of the information available in the subject's environment. This would 

suggest that if very littie idormation were available, the amount of t h e  to process 

through each step would increase, whereas if more information were availabk the 

process would be significantly shoner. As a result, older aduits would ultimately spend 

more t h e  during each step when comparai to younger subjects. This increase is even 

more noticeable when tasb become more attention demanding (Stelmach & 

Worringham, 1985; Jordan, & Rabbitt, 1977). In tight of this evidence, it would seem 

litting to study this parameter as a function of falls due to the fact that seniors must 

process many attention demanding factors when faced with the possibility of preventing a 

fall. By combining this factor with other well documented functional mesisures, namely 

the Berg Balance Scale, the ABC scale as well as postural sway, we believe to be 

focusing on the three entities that make up postural coatrol; steady-state, reactive and 

anticipatory responses (Shumway-Cook & Woollacott, 2001). 

The purpose of the present sîudy is to evaluate reaction tirne, the Berg Balance 

Scale, the Activities-Specifk Balance Confidence Scale as well as poshirai sway and to 

determine an effective mode1 with the underiying pwpose of predicting faIls in 

community-dwelling older adults. In addition, we would like to produce important cutoff 

scores with regards to the aforementioned variables in order to provide hedth care 

professionals wiîh a valuable tool allowing hem to successfully monitor fall status for 

the aged in the community and in senior midences. 



Met hods 

Subjects 

Three hundred subjects were tested during the course of this study d e r  giving 

Uiformed consent. Table 1 illustrates the descriptive statistics with regards to our study 

population. 

Insert Table 1 here 

The subject pool was subsequently divided into two equal groups of one hundred and 

fifty and categocized as fallers and non-fallers. Al1 participants were selected within the 

Sudbury community, the local YMCA, nursing homes and senior residences. Inclusion 

criteria for the fallers category consisted of one or more falls during the past year. 

For the present study, we have adopted the definition of a Ml as defined by the 

Kellogg international Work Group on the Prevention of Falls by the elderly (1987) and 

the World Heath Organization (WHO): "A fall is an event which results in a person 

coming to rest inadvertently on the ground or other lower level and oiher than as a 

consequence of a violent blow; loss of consciousness or sudden omet of pacaiysis". 

Cohorts in the falling category were rejected if they suffered from any type of 

neurological disorder or physical limitations that could affect thek ability to stand 

unsupported in an orthostatic position for four one-minute irials. As for the non-fdler 

expecimental group, they were accepted as eligible participants if they never sustained a 

fdl, and were able to walk without the dependence of a walking aid. None of the 

subjects were fkl iar with the purpose of the study and they were instnicted that they 

had the right to withdraw at any tirne during the testing triais. 



Task and Amaratus 

Al1 subjects were asked to complete five experimental tasks ranging fiom 

answering questionnaires to performing speciiïc balance and motor skills. Subjects were 

asked to complete two questionnaires, The EUst questionnaire consisted of a fa11 history 

and heaith status questionnaire. This provided us with important background information 

with regards to general heaith, history of failing, medication use and the activities of daily 

living of each participant. This information allowed us to establish heaith status among 

subjects in order to determine if they suffered from any type of serious medical problems 

that could significantly affect their performance in this study. At the end of the testing 

session, visual acuity was evaluated by means of a Snellen visual test in order to ensure 

subjects were able to participate in the testing sessions with normal or corrected vision. 

The second questionnaire consisted of the Activities-Specific Balance Confidence 

(ABC) Scaie. This item consisted of a 16-item subscaie where subjects were asked to 

rate their confidence levels when asked to complete a number of various activities. 

The next test the subject's were asked to complete was the Berg Baiance Scaie. 

This scale consisted of a 14-item balance specific activities ranging fiom sit to stand to 

standing on one leg. Participants are scored on a scale of O to 4 and ranked dependmg on 

their ability to successfully complete the tasks. 

The fourth component of the study consisted of evaluating postural sway and 

reaction the. Subjects were asked to remove their shoes and stand on a Kistler force 

platorm with their feet together, placed in an octhostatic position. Maintainhg this 

stance was the primary task. The secondary task involved recordhg simple reaction 

times as aü subjects were insüucted to respond verbally "top" as mon as the auditory 



stimulus is presented wbile keeping their posture as straight as possible on the Kistler 

pla$orm. The auditory stimulus was sampled at a rate of 5000 Hz and lasted 

approximately 50 ms. A microphone recorded the verbal cues and relayed the analog 

information to the computer system. Four one-minute trials were collected presenting 

approximately 7 to 8 auditory stimuli per experimental trial. Postural sway was 

monitored by means of an online digital computer program recording the center of 

pressure (COP) h m  the force plate during each trial. This parameter will be assessed 

through the interpretation of oscillation fiequency modes (with the mode being defined as 

the fiequency occuning the most fiequently as measured by a Fourier Anaiysis) for each 

experimental group, Reaction time was measured fiom the onset of the auditory beep to 

the beginning of the "top" response by the study participants 

Data Anaiysis 

Data analysis of the experimental data was made possible by means of the 

STATSOFT sofhvare program. Analysis of variance was used to test the statistical 

significance of mean differences between failers and non-failers with regards to reaction 

time, postural sway fiequency modes, total score of the Berg Balance Scale as well as the 

mean score of the ABC scale. A stepwise logistic regression was used in order to 

determine the best predictive model for falling in the elderly population. For this 

particuiar model, fall history was coded as 1 for non-fallers, 2 for fallers and was used as 

the dependent variable. 



Lady, a logistic cegression was then used to determine a cut-off score for the Berg scale, 

the ABC scale and simple reaction time in order to idente those individuals at risk of 

falling. 

Attentional Demands 

The mean and standard deviations of simple reaction time for healthy elderly and 

fallers are presented in Figure 1. A one-way Analysis of Variance revealed a significant 

(Group) difference (F(1,304 ) = 299.1 , pC.01). These results would seem to indicate that 

the healthy elderly group displayed significantly faster reaction times than the faller 

experimental group. 

Insert Figure 1 here 

Postural Swav 

The mean and standard deviations of postural sway fiequency modes for healthy 

elderly and fallers are presented in Figure 2. Postural oscillations for both experimental 

groups were measured by means of a Spectral Fourier Analysis for both anterior-posterior 

(AP) and lateral planes. A two-way ANûVA (Group X Oscillation plane) revealed a 

significant Group main effect with respect to kquency mode (F(1,304) = 13.9, pC.0 1). 

As a result, fders seem to oscillate at a higher fiequency when compared to the healthy 

elderly. It was also shown that postural oscillations were much more prevalent in the 



lateral plane (F(1,304) = 30.7, pC.01). However, the Group X Oscillation plane 

interaction was not statistically sigaifcant. 

Insert Figure 2 here 

Activities Swcific Balance Confidence (ABCI Scale 

The mean and standard deviations for total score on the ABC Scale for healthy 

elderly and failers are presented in Figure 3. A one-way Analysis of Variance was 

performed for the total score results of the ABC Scale. The results fiom the analysis 

showed that fallers had significantly lower overall scores than non-fallers (F(1,304) = 

323, p<.Ol). 

Insert Figure 3 here 

Berg Balance Scale 

The mean and standard deviations of the total Berg Balance Scale scores for 

healthy elderly and fallers are presented in Figure 4. A one-way Analysis of Variance 

was petformed for the total score results of the Berg Scale. The results fiom the analysis 

showed that fallers had significantly lower overall scores than the healthy elderly on the 

Berg Balance Scale (F(1,304) = 254, pc.0 1). 

Insert Figure 4 here 



Predictive Models with regards to Fall Statu in a Geriatric Po~ulation 

A forward Wald logistic regression was performed in order to produce a model 

with the underlying purpose of pcedicting those individuals at risk of falling. In the first 

logistic regression model, the predictors entered into the analysis were age, the total Berg 

Balance Score, the total ABC score, mean postural sway frequency modes and simple 

reaction time. The logistic regression analysis showed that three predictors contributed 

significantly to the prediction of falls. These included the total ABC score, simple 

reaction time as well as the total Berg Balance score. 

Table 2 displays the regression coefficients (B), the standard errors as well as the 

intercept (constant), for the significant predictor variables. The regression coefficients for 

the three predictors are significant at the .O1 significance level. 

insert Table 2 here 

Based on the results of the fint logistic regression, the final model for the 

prediction of falls is extcacted and is illustraied by the following equation: 

Likelihood of falling = 100% x exp(5.30 - ,040 (total ABC score) + .O14 (simple 
reaction tirne) - .235 (total Berg score) / (1 + exp (5.30 - .O40 (total ABC score) + 
.O14 (simple reaction t he )  - .235 (total Berg score)) 

In order to evaluate the relevance of the proposed model, we investigated both the 

sensitivity and specificity of senior f d  status and the results seem to indicate scores of 

9 1% and 94% respectively. 



Tntercorrelations of Fall Predictor variables 

Intercorrelations between predictor variables were analyzed in order to determine 

which variables were highly correlated. Table 3 displays the correlation coefficients of 

the risk factors studied that are significant at the .O5 level. The resdts illustrated that the 

total Berg Balance Scale Score and the total ABC Score had the highest correlation 

whereas frequency mode in the anteriorfposterior direction and the total Berg score was 

found to be not statisticdly significant. Due to the fact that many of the hctional 

balance tests have many similarities, it ww hypothesized that a second model might be 

more effective with the hope of eliminating any redundancies found within the Berg 

Balance scale and the ABC scaie. 

Insert Table 3 here 

For this particulas reason, a second logistic regression model was evaluated in 

order to determine if selected questions fiom the underlying balance and psychological 

meames were significant predictors in fa11 mus. For this model, the predictors entered 

into the analysis consisteci of age, the Berg Balance Scale (14 individual questions), the 

Activities-specific Balance Scale (16 individual questions), mean postural sway 

fkquency modes and mean simple reaction the .  The regression analysis showed that 

five predictors were significant contributors of fds.  Simple reaction tirne was the most 

si@cant ptedictor foliowed by question 12 of the Berg Scale (placing each foot 



alternately on the stool), question 14 of the Berg Balance Scale (standing on one leg), 

question 2 of the ABC Scale (walking up or down stairs), and question 14 of the ABC 

scale (step ont0 or off an escdator while holding ont0 a railing), 

Table 4 displays the regression coefficients (B), the standard errors as well as the 

interçept (constant), for the significant predictor variables. The regression coefficients for 

the five predictors are significant at the .OS significance level. 

Insert Table 4 here 

In light of the results from the second logistic regression, the final model for the 

prediction of falls is illustrated by the following equation: 

Likelihood of fdling = 100% x exp(-3.036 +.O15 (Reaction Tirne) - .673 (Berg 
12) - ,966 (Berg 14) - .O23 (ABC 2) - .O 19 (ABC 14) / { 1 + exp (-3 .O36 +.O1 5 
(Reaction Time) - .673 (Berg 12) - .966 (Berg 14) - ,023 (ABC 2) - .O19 (ABC 
14) 

A descriptive example of the model is illustrated by the following situation. The 

probability of predicting a fall for an elderly individual who recorded a simple reaction 

t h e  of 600 ms, scored 4 and 3 for Berg 12 and 14 respectively, 80 for ABC question 2 

and 70 for ABC question 14, would present a 6% chance of sustainhg a f d .  On the 

other band, if an individuai recorded a simple reaction tirne of 650 ms, scored 2 and 1 for 

Berg 12 and 14 respectively, 40 for ABC question 2 and 30 for ABC question 14, this 

particular individuai would be more Iikely to sustain a fall with a predicted probabiiity of 

94% based on the results of the logistic model. 



Sensitivity and specificity values were evaiuated for this particular model based 

on the assumption that a Ealler wiis identified with a value of 1.5 or above due to the fact 

that non-fallers were coded as 1 and fallers coded as 2 throughout the statistical analysis. 

Interestingly enough, the model is 90% sensitive and 93% specific with regards to its 

predicting power. 

Cutoff Scores in the Prediction of Genaûic Fallers 

The results fiom the Berg scale, the ABC scale and simple reaction tirne were 

further assessed in the hope of producing significant cutoff scores tbat will successfully 

classifj those at risk of falling. With regards to the Berg Balance Scale, a cutoff of 46 

and above was determined. With this cutoff, sensitivity and specificity values are 81 and 

83% respectively. 

Insert Figure 5 here 

Further analysis of the ABC scaie revealed a cutoff score of 66% and above. 

With this value, we are able to conectiy classi& 85% of those with a history of falls 

(sensitivity) and 85.5% of whom do not present a history of falling (specificity). 

Insert Figure 6 here 

Simple reaction time was the last variable to be assessed. it was found that a 

reaction time of 555 rns and above was the cutoff score that significantly classified 83% 



of those with a fa11 history as well as 84% of those individuais whom have yet to sustain a 

fall. 

Insert Figure 7 here 

Discussion 

The main purpose of this study was to evaluate severai risk factors linked to the 

phenornenon of fdiing and to produce a predictive mode1 in the hope of correctly 

identifying those individuals susceptible to failing. Several risk factors were evaluated as 

possible contributors to fail incidence in the elderly population. The risk factors included 

were the Berg Balance Scde, the Activities-Specific Balance Confidence (ABC) Scale, 

simple reaction t h e  and postural sway. Each factor was assessed individually in order to 

produce a fa11 prevention rnodel and subsequent cutoff scores as a rneans of 

differentiating fallers fiom non-fdlers. 

With respect to the Berg Balance Scale, it was found that fallers had significantly 

lower scores than non-fallers. In a similar study, Shurnway-Cook et ai., (1997) found a 

mean total Berg Score of 52.6 for non-fallers and 39.6 for fallers. However, these results 

are representative of community-dwelling elderly adults. in the present study, average 

total Berg scores were found to be 50 and 36.5 respectively for non-fdlen and fallers, 

results that include both community-dweiiing elderly and nursing home residents. It 

would seem that elderly individuals that score 50 on the Berg Balance Scale would 



present a 10 percent chance of sustainhg a fa11 whereas a score of 36 and lower would 

reflect a 90 percent chance of falling. Tbis data compares relatively well to tbat 

developed by other researchers (Shumway-Cook et 4,1997). 

Through M e r  investigation of the Berg Balance Scale, we proceeded to the 

determination of a cutoff score that would be statistically successfui in predicting elderly 

fallers b r n  non-fallers. Previous attempts in this field of study have suggested 

inconsistent findings. In one study, Berg et ai., (1992) found a cut-off of 45 with a 

population of 70 acute stroke patients. In another instance, Shumway-Cook et al., (1  997) 

determined a cutoff score of 49 based on a sample of 44 community-dwelling older 

adults. In the present snidy, we found tbat a cutoff score of 46 was statistically effective 

in predicting falls in the elderly community. Based on the data provided by Shumway- 

Cook et al. (1997) and the results h m  the present study, it seems rather evident that a 3- 

point cutoff differential would seem large enough to omit those potential individuals 

whom could present a serious risk of fdling. By adopting a new cutoff score, the 

sensitivity and specificity of correctly classieing fallers and non-fdlers is  81 and 83% 

respectively. 

Postural sway frequency modes were analyzed and even though no significant 

interaction was found, the results showed that fdlers had significdy higher oscillation 

fiwluency modes when compared to healthy elderly. Furthemore, it was determhed that 

the subsequent oscillations were more prevalent in the lateral plane, findings that are well 

supported by Okunimi et al., (1996). 

Reaction t h e  is a physioIogicai entiîy that has k e n  studied extensively in the 

research iiterature and has been linked as a causal factor in the incidence of fds in the 



elderly population. It is widely accepted that reaction tirne, or subsequently, general 

cognitive motor responses for that matter, al1 decline as one ages (Clarkson, 1978; 

Loveless, 1980). Several studies have been successful in proving that younger subjects 

react significantly faster to a simple reaction task when compared to older adults. More 

importantly, ment evidence has suggested that reaction time is a rather important entity 

used in distinguishing between fallers and non-fallers. This is in agreement with the 

findings of Lord et al., (1999). They believe that reaction time was one of the best 

predictors of postural sway in a geriatric population. Their findings showed that elderly 

individuals displayed increased sway patterns in the lateral plane during an upright 

tandem position. Those individuals whom were unable to hold the position required a 

forward step as a protective mechanism. When you couple this with the fact that reaction 

time has a tendency to decrease with age, the elderly individual may not have enough 

time to react in order to prevent the fall resuiting in serious injury. The results from the 

present study demonstrate that when subjects are presented with a narrow base of support 

in an upright postural task, non-fallers displayed faster reaction times than fdlers, 

recording reaction times of 468 ms compared to 728 ms for their falling counterparts. 

As a result, non-fallers seem to be more in measure of reacting in a timely matter in order 

to brace themselves for the fa11 or prevent it altogether. It is interesting to note that Lajoie 

et al., (1996) found comparatively similar results with healthy elderly subjects with 

average reaction times of 450 ms.. In light of this evidence, it seems evident that reaction 

time is a very important factor in the study of falis. Through M e r  investigation of 

reaction tirne, a cutoff score of 555 ms was detennined in the hope of distinguishing 

fders fiom non-fders. It seems rather evident that, in a similar testing protocol, elderly 



individuals whom score above a reaction t h e  of 555 ms presents a very high 

predisposition of sustaining a fall or a fall related injury. 

Psychological factors associated with fall risk have received important attention 

throughout the past decade. This fear of falling syndrome has significant implications on 

an elderly's independence level and results in a loss of confidence in perfoming 

activities of daily living. Evidence through the present study have suggested that fallers 

have a signif~cantly lower overall ABC score when compaced to their non-faller 

counterparts. As a result, those individuais with a fall history are more afFected by the 

fear of falling complex and seem to be those who are more restricted in their everyday 

activities. Similar results were found by Powell & Myers (1995) but the difference was 

not statistically significant. In fact, Myers et al., (1996) found that fallers obtained an 

overall score of 53.7 whereas non-fallers scored 67.4 but the results failed to reach any 

level of statistical significance. In the present study, a score of 83.5 and 47.3 were 

determined for non-fiillers and fdlers respectively and the latter results were indeed 

statistically significant. In a M e r  attempt to quant@ fear of falling, a cutoff mark was 

established in order to allow for the positive identification of elderly individuals who 

present a substantial cisk of falling. Redts showed that a score of 66% was indeed a 

reliable means of predicting a fùture fd .  In fact, this score was highly specific and 

sensitive with values of 85.5 and 85% respectively. 

Based on the sample size of the present study, two logistic regession equations 

were performed ia the hope of determining the best fall prevention model. In the f i t  

model, age, the total Berg Balance score, the total ABC score, simple reaction tirne and 

mean postural sway fiequency modes were entered into the analysis. In the second 



model, the entire 14 questions fiom the Berg Balance scaie, the 16 questions fiom the 

ABC scale, simple reaction time and postural sway fiequency modes were entered. Age 

was not entered into the second regression equation due to the fact that it was not a 

significant predictor in the first model even though age means diiered by 6 years 

between experimental groups. 

Interestingly enough, both models have somewhat identicai values with respect to 

sensitivity and specificity values. However, upon closer evaluation of the two predictive 

models, the second one seems the highly effective and somewhat more accurate with 

regards to it's prediction capabilities for the following reasons. In the first instance, by 

including al1 questions from the various fall predictors studied, we seem to have 

eliminated any redundancies found within the Berg and ABC scaies. Based on these 

results, we redized that several predictors were highly correlated due to the fact that vast 

majority of the questionnaires content measured, one way or another, a comrnon aspect of 

balance. In light of this evidence, we believe that the second predictive model provides 

more accuracy in monitoring falls by eliminating those redundancies. A second 

advantage with regard to the aforementioned model is its administration time. By 

eliminating al1 the questions that were not significant contributors in the second model, 

we have now developed a 5 item model that is 90% sensitive and 93% specific in it's 

predictability power. This would make for an important measurement tool used by 

various heaith care professionals in identifYing and monitoring those at risk of failing and 

subsequently injuring themselves. 



Conclusion 

The physical act of failing is a very common occurrence in the elderly population 

and one that presents a substantiai health problem among the elderly due to the 

overwhelming rise in human Me expectancy. The purpose of the following study was to 

develop a relatively simple f d  predictive mode1 that can be used by the vast majority of 

health care professionals, in various settings, with the hope of monitoring and preventing 

this terrible occurrence in îhe aged. This wodd allow nurses, physiotherapists, and other 

health care workers to identify those individuals who present a substantial risk for failing 

and perhaps enroll these seniors in a fall prevention strategy program. Such a strategy 

program would ensure additional safety measures to the elderly citizens whom cequire 

such attention and wuld indeed result in significantly lower incidences of falls. In tum, 

this would most definitely lead to reduced morbidity, mortality, and substantial lower 

health related costs to falls and fall related injuries. However, even though the resuits 

have shown this tool to be statistically effective in the prediction of falls, it would be of 

serious interest to validate this tool by means of a 6-month or a one-year follow-up study 

consisting of an elderly sample. 
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Table 1 
Descriptive Statistics of Expeerimental Groups 

Mean 

Age (years) 
Weight (ibs.) 
Eeinht km) 

1 Gender 
1 1 1 1 

1 50 1 100 1 49 1 101 1 

St. Dev Mean 

Males 

St. Dev 

80.85 
148.44 
64.77 

Females 

6.3 1 
29.89 
3.81 

7.38 
30.39 
3 -70 

Males 

74.57 
148.53 
63.99 

Fernales 
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Figure 1. Mean reaction time and standard deviations between fal1ers and non-fallers 
* Means are statistically significant between experimental groups at the .O1 levd. 
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Figure 2. Mean oscillation fiequeocy modes and standard deviations between fallers and 
non-fallers. 
*Faiiers millate at a higha tiequeacy when compared to healthy elderly at the .O1 level of 
significance. 

+Postural oscillations are mare prwalent in the lateral plane at the .O1 level of significance, 



Figure 3. Mean total ABC score and standard deviatious between fallers and non-fallers 
* Means are statisticaily significant between experimmial groups at the .O 1 level. 



Figure 4. Mean total Berg score and standard deviations between fallers and non-fallers 
* Means are gatistically Gguificant betweai experimental groups at the .O1 level. 



Table 2 
Fonvard Logistic Regression of Fall Predictor Variables on Fall Status in a Geriairic 

Population: First Predictive Model. 

S.E. 

.O138 
,0024 
,0526 

2.3029 

h 

Pdictor Variables 

Mean ABC Score 
Mean Reaction Time 
Mean Berg Score 

Constant 
** P < .O1 

B 

-.0402** 
.0136** 

-.2354** 

5.297 



Variables 

Berg Score 
ABC Score 
Reaction 
Tirne 
AntA'ost 
Sway 
Lateral Sway 

Pc.05 

Table 3 
Correlation among Predictor Vuriables. 

Berg ABC Reaction 
Scale Scale Time 
1 .O0 .70* -.54* 
.70* 1 .O0 -.62* 
-.54* -.62* 1 .O0 

AnüPost 
Sway 
-.O3 
-.21* 
.12* 

1 .O0 

.36* 

Lateral 

-.13* 
-.15* 

1 .O0 



Table 4 
Fonvard Logisric Regression of Fa11 Predictor Variables on Full Status in a Geriatric 

Population: Second Predictive Model. 

Preàictor Variables I B 1 S.E. 

Mean Reaction Time 
Berg Question 12 
Berg Question 14 
ABC Question 2 
ABC Question 14 

Constant 1 -3.036 
* Pc.05 



Berg Scate Total Score 

Figure 5 ,  Predicted probability of falls as a function of the Berg Balance Scale. 



ABC Scale Total Score 

Figure 6. Predicted probability of falls as a functioo of the ABC Scale. 



badion The (WB) 

Figure 7. Predicted probability of falls as a fùnction of reaction tirne. 



CHAPTER IV 

CONCLUSION 



Based on the results of the present study, it was determined that fallers scored 

lower on al1 of the risk factors evaluated when compared to non-faller elderly subjects. It 

was found that they acbieved overall lower scores on the Berg Balance Scale, the ABC 

Scale, and with regards to simple reaction time. Further analysis revealed significant 

cutoff predictors that could be used as successfut identiiïers for potential fallers. This 

valuable information could be used by nurses, physiotherapists, occupational therapists as 

well as family physicians for any elderly individual who presents a risk of falling. 

Even though many functiond tests have been developed with the h o p  of 

identifying potential fallers, these tests are, in most cases, rather long to administer and 

require specific instrumentation. With this in rnind, it was in the author's best interest to 

conduct a logistic regsession analysis in order to identi@ which Factors h m  specific 

functional balance tests could significatltly identify a faller. The results fiom the analysis 

uncovered five significant predictors that were highly sensitive and specific. This new 

prevention model would in fact be less time consuming and would provide rather 

accurate findings with respect to faü status. 

It would be of M e r  interest to continue this study in the sense of a validation 

measure with respect to this new model. This new study would consist of monitoring a 

sample of randomly selected elderly participants over a 6-month period. Al1 subjects 

would be called to be evaluated on the 5-items that were signüîcantiy identified in the 

prediction model. Results fiom this study would indeed provide a more diable 



functional tool, one that heaiîh care professionais could feel confident in using on a daily, 

monthly or yearly basis. 
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Appendu 1 

The Berg Balance Scale 



NOM: 
- 

AGE: 

Dcvciopcd in penial fulfilimcnt of Master of Science degrce. McGill University : K. Berg, 1988. 

hmQw 
Plcase strnd Up. Try not to use your hsnAa for support. 

GWING:  
( 1 

4 
able to 
sraud 
no haads 
and 
stabilizc 
indcp. 

IF SbiBIECT ABLE TO STAND 7 MIMITES SAFELY. SCORE FULL MARKS FOR SITTING 
UNSüPPûRTED. PRûCEED TO POSiTiON CHANGE STANDING TO SITIFIG 

able to sit aùk to sit able to sit abie to sit uaibk to 
safiiyand 2miu1it~~ 30 seconds 1 O d  sitwitbout 



4. -G - 
INltircrion: 
Please sit dom. 

GRADING: Please mark the lowcst catqory vuhich applies 
i ( 1 ( 1 ( ( 

4 3 2 1 O ( 1 
sis sakly controls ws backof sits usdcp. needs 
with minimal descent by legs against but has assistance 
use ofhnds usiag bands cbiirto  trollc cd to sit 

costrol dcsant 

-- 
S. li&@ms 

I~trU~t i0ns .~ 
Please move fom chait to chair and back again. One way toward a seat with arrnresu and 
one way towatd a scat without armrests. 

GRADMG: 
f )  

4 
able to 
ttansfn 
safély with 

Plcase mark the lowcst w o r y  which applies 
( ) 1 1 ( 1 

3 2 1 O ( i 

able to h i e  to one n d  two 
tmnsf~ musfer Prison people to 
safiily : withvcrbaI toassist assist or 
&finite cuing supervise 
med of &/or to be sak 
haads mpeMsion 

Close yout .es and stand still for 10 seconds 

GRADtNG: Pl- mark the lowest category which applies 
( i ( 1 ( ( 1 ( 1 

4 3 2 1 O ( ) 
able to able to abk to 



fnrmaciion: 
Place your f m  togeîhcr and siand without holding. 

GRADiNG: 
( 1 

4 
aMe to 
place fat 
rogctk 
indep. and 
stand 1 
minute 
siifcl y 

Pleuse marlc the lowest catcgay which appiics 
( 1 ( 1 ( 1 ( 1 

3 2 t O ( 1 
rblcto able to ncsds help ne& help 
p h  fut place feet to attain to attain 
toecther together position position 
m. and indep. but but able to and unable 
shd for 1 unable to stand 15 to hold for 
minute with hold for 30 seconds. 15 seconds 
supervision seconds feet togethcf 

I I~-  
Lift am to 90 degncs. Stetch out your fingcfs and mach fonivard as far as you can. 
(Examian pliiecs a ruler at end of fingenips wbea arm is at 90 dcgms. Fingers shouid not 
touch the NLer wtiile reacbiug forward. The recordcd masure is the distance forward that 
the hgm rraeh while the subject is in the most fomatd lem position.) 

cannaeh anrcach candnach rcwhes n d  hclp 
f o d  forwud forward forward to kecp fiom 
contidaittty > 5 i n c h  > 2  inches ùutneeds failing 
> 10 inck dcly safciy supervision 



Inrrruction= 
Pick up the shoe / slipper which is p l a d  in h n t  of your feet. 

la. ~ ~ ~ L K  B E H I F ~  ovrnL%iT*Ain, Sem SHOULDERS 
L!lmmQL 
T m  to Id bchind you ovet toward lefi shoulder. Repeat to the right. 

GRADING: Plcase mark the lowcst catcgory uhich applies 
i 1 ( ) ( { ( 1 

4 3 2 1 O ( ) 

laoks behind looks behind turns nads  INedS 
fromboth oneside sideways supervision assiato 
sides and d y  ; o k  only but when kccp h m  
wright si& shows maintains nunîng fdling 
shifîswell less weight balancc 

!5hift 

b l m ç t k  
T m  complctely muad in a fidi cirele. Pause. Thcn m a full circle in the other direction. 

GRADING: Pl- mark the lowest eatcgory which applics 
1 ( ) ( 1 ( 1 ) 

4 3 2 1 O ( ) 



In$- 
Place each fwt altematcly on the mol. Continue untiI caeh foot bas touchcd the stooi fou 
times. 

GRADMG: Plcase mark the lowest catcgw which appiies 
t 1 ( 1 ( 1 ( 1 ( 1 

4 3 2 1 O ( J 
able to abkto abkto abk to d 
stand indcp. sbnd indep. complcte 4 cornpletc >2 ashancc 
and safely and complctc s t q s  stcps ; nceds to kccp h m  
and 8 steps > 20 without aid minimal !àîîing / unable 
complete 8 seconds with assist t0 lry 
steps in 20 supervision 

Immcticm: ( DEMONSTRATE to rub jcet ) 
Place one foot directly in front of the otha. 1 f you fccl that you cannot place your foot 
dircctly in front, try ta stcp far enau& ahead so har the hcel of your forward foot is ahad 
of the tocs of the othcr foot. 

GRADMG: 
1 

1 
able to 
place foot 
tandem 
indcp. and 
hold 30 
seconds 

able to able to neais hclp loscs 
phcc fwt tak small to stcp but balance while 
a&ad of stcp indcp. can hold 1 5 stepping or 
otha indep. and bld seconds M g  
ad hold 30 30 seconds 
seconds 



Inrinicrion.. 
Stand on one k g  as long as y u  can ~ithout holding. 

GRADiNG: Please mark the lowcst category which applics 
( ) i 1 r ( 1 ( 

4 3 1 1 O ( 1 
able to lift abk ta lifi aMc to Mt aies to unable ta 
icg indcp. legindep. kg indep. rift Itg ; ~t ne& 
and hold and hold and hdd ' unable to assist to 
>lOsecon& 5-10 =or>:. hold 3 pteveat fa11 

seconds seconds seconds but 
runains 
standing 
inàcp. 

TOTAL SCORE: t ) 
MAXIMLM = 16 

aiiïmm: 
Comment on somc of balance proglem eg. mm. weakness. ccrcbellar deficits. ncglcct. 
gencral debiiity, posnual hypotension. me&. etc. 



Appendix 2 

Tbe ABC Scale 



For of the following acuvities. picase indicrtc your levei of self-contidence bu 
:hoosing a comsponding cumoer irom thc foltowing nung mie: 

"How confident are you that you will lose your ba&ance or bccome unstcady when 
vou. .* 

1 .. . . . w a k  around the house 7 9 
. - . ... w a k  up or down stars '! 
-, 
- .  ... bend over and pick up a slipper from the front of a cioset rloor '! 9 

-. . ..rcach for a smail cm off a shelf at eye ievei ? 

e -. ... stand on your tip tocs and reach for something above your hed  ? % 

. S. ... stand on a chair anci reach for somcihing 7 Oc - 
* .  ... sweep the floor ? % 

S. ... wallc outside the nouse CO a car parkcd in the driveway '? '3 

9. ...g et into or out of a car ? % 

I O. ... walk across a parking lot to the mal1 ? "c 

1. ... waik up or down a ramp ? % 

1 .  ... waik in a crowaed mail where people npidèly w a k  pxt  'ou 'I 8 

3. ... arc bumped into by people as you walk b u @  the mal1 ? c7c 

14. .sep onto or off of an escalator wttilc holding onto a raiiing ? % 

15. ... stcp ont0 or off an escalator while holding onto patccls such chat you canwt 

hold onto the raiiinp ? % 

16. ... waik outsidc on icy sidewalks ? 8 

' Poweii LE & Mycrs AM. Tht Activiti#-specific Bdancc Confidence (ABCI Scait. 
journal of Gemntoiogy Mal  Sci 1995 ; (1) : M28-34. 




