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Preface

In the last two decades of the twentieth century there was an enormous amount of
work published in the international literature on risk factors for falling in older
people and falls prevention strategies. The aim of this book is to review the mater-
ial that has been published in specific journal articles to provide health care workers
with a means for gaining access to contemporary findings. In doing so, we hope to
bridge the gap between highly specialized journal articles and the often sketchy and
superficial chapters on this topic that appear in many textbooks.

As suggested by the title, the book has two major themes: falls risk factors and
falls prevention strategies. Part I includes an initial chapter on the epidemiology of
falls and fall-related injuries in older people. Chapters 2 to 6 present critical
appraisals of the many posited falls risk factors, addressed under the headings of
postural stability, sensory and neuromuscular risk factors, medical risk factors,
medications as risk factors, and environmental risk factors. In Chapter 7, the
importance of the risk factors in each of the above domains is weighed as weak,
moderate or strong, using evidence from published studies.

Part IT addresses falls prevention strategies. An introductory overview outlines
falls prevention strategies which address the multitude of falls risk factors. Chapters
8 to 11 examine the role of specific intervention strategies such as exercise, envi-
ronmental modifications and the use of safe footwear, aids and appliances for pre-
venting falls and falls injury. In Chapter 12, suggested strategies for preventing falls
in institutions are summarized and discussed. Chapters 13 and 14 present clear
guidelines for a systematic approach to the medical management of older persons
at risk of falling, including management of medication use. The final two chapters
of Part II focus on falls prevention strategies tailored to an individual’s require-
ments. Chapter 15 summarizes the studies of targeted falls prevention strategies.
Chapter 16 describes a novel profile system for quantifying an individual’s risk of
falling and targeting intervention strategies. Part III contains a single chapter which
reviews the research issues that still need to be addressed in this field.

In each chapter we have attempted to be analytical in nature. Thus, we have not
simply presented lists of the many and varied factors that have been suggested as
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possible but unproven risk factors for falls and the suggested but untested falls pre-
vention strategies. Instead, we have attempted to evaluate the evidence for each
factor implicated with falls to determine whether they constitute important areas
for consideration and intervention. For example, we present arguments that chal-
lenge some traditional approaches to the management of older persons at risk of
falls. We question the utility of falls risk assessment based solely on diagnoses of
disease processes and the value of standard clinical tests of vision, sensation,
strength and balance. We also discuss the role of particular medications in predis-
posing older people to falls and why factors such as alcohol use, vestibular disor-
ders and postural hypotension (which are considered important risk factors in
clinical practice) have not been demonstrated to be significant risk factors for falls
in well-planned epidemiological studies. With regard to interventions, we examine
the effectiveness of suggested strategies for preventing falls and question the value
of interventions which do not take participant compliance issues into account.

As neurophysiological factors have been found to be key elements in the predic-
tion and prevention of falls, this book places a major emphasis on these. Findings
from our own studies have highlighted tests that have great utility in that they are
reliable and highly predictive of falls. As outlined in Chapter 16, these tests can be
used in a ‘profile’-based approach to falls risk which is aimed at identifying specific
impairments in the major sensorimotor systems that contribute to balance, i.e.
vision, peripheral sensation, vestibular function, strength and reaction time as well
as measures of sway and stability. This enables intervention strategies to be tailored
to address an individual’s specific deficits.

The length of the chapters in this book varies considerably. The longer chapters
are in the areas in which there is a greater amount of available evidence on which
to base falls risk factor assessment and the development of prevention strategies.

We hope this book will be of interest to medical and allied health care under-
graduate and postgraduate students, medical practitioners, nurses, physiothera-
pists, occupational therapists, podiatrists, research workers in the fields of
gerontology and geriatrics, health service managers, scientists and health care
workers in the disciplines of public health, injury and occupational health. We feel
that this book is of relevance to those working in community, hospital, and resi-
dential aged care settings.
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Epidemiology of falls and fall-related injuries

In this chapter, we examine the epidemiology of falls in older people. We review the
major studies that have described the incidence of falls, the locations where falls
occur and falls sequelae. We also examine the costs and services required to treat
and manage falls injuries. Before looking at the above, however, it is helpful to
discuss briefly two important methodological considerations that are pertinent to
all research studies of falls in older people. First, how falls are defined, and second,
how falls are counted.

The definition of a fall

In 1987 the Kellogg International Working Group on the prevention of falls in the
elderly defined a fall as ‘unintentionally coming to the ground or some lower level
and other than as a consequence of sustaining a violent blow, loss of consciousness,
sudden onset of paralysis as in stroke or an epileptic seizure’ [1]. Since then, many
researchers have used this or very similar definitions of a fall. Depending on the
focus of study, however, some researchers have used a broader definition of falls to
include those that occur as a result of dizziness and syncope. The Kellogg definition
is appropriate for studies aimed at identifying factors that impair sensorimotor
function and balance control, whereas the broader definition is appropriate for
studies that also address cardiovascular causes of falls such as postural hypotension
and transient ischaemic attacks.

Although falls are often referred to as accidents, it has been shown statistically
that falls incidence differs significantly from a Poisson distribution [2]. This implies
that causal processes are involved in falls and that they are not merely random
events.

Falls ascertainment

The earliest published studies on falls were retrospective in design in that they asked
subjects whether and/or how many times they fell in a past period — usually 12
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months. This approach has limitations because subjects have only limited accuracy
in remembering falls over such a long period [3]. More recent studies have used
prospective designs, in which subjects are followed up for a period, again usually
12 months, to determine more accurately the incidence of falling. Not surprisingly,
these studies have usually reported higher rates of falling. In community studies,
the only feasible method of ascertaining falls is by self-report and a number of
methods have been used to record falls in prospective follow-up periods. These
include monthly or bi-monthly mail-out questionnaires [4, 5], weekly [6] or
monthly falls calendars [7], and monthly telephone interviews [8].

Each method has advantages and disadvantages in terms of accuracy, cost and
researcher time commitment. Calendars have an advantage in that subjects are
requested to indicate daily whether or not they have fallen. However, specific details
about the circumstances of any falls cannot be ascertained until the diary is
returned at the end of the month. Monthly questionnaires have an advantage in
that all relevant details can be gained from a single form. A sample of a monthly
questionnaire is shown in Figure 1.1. Telephone interviews gain the same informa-
tion as mail-out questionnaires, but may require many calls to contact active older
people. However, even with the most rigorous reporting methodology, it is quite
likely that falls are underreported and that circumstances surrounding falls are
sometimes incomplete or inaccurate. After a fall, older people are often shocked
and distressed and may not remember the predisposing factors that led to the fall.
Denial is also a factor in underreporting, as it is common for older people to lay the
blame on external factors for their fall, and not count it as a ‘true’ one. Simply for-
getting falls leads to further underreporting, especially in those with cognitive
impairments.

In institutional settings, the use of falls record books maintained by nursing staff
can provide an ancillary method for improving the accuracy of recording falls. In
a study of intermediate care (hostel) residents in Sydney, we found that systematic
recording of falls by nurses increased the number of falls reported by 32% [4].

The incidence of falls in older people

Community-dwellers

In 1977, Exton-Smith examined the incidence of falls in 963 people over the age of
65 years. He found that in women, the proportion who fell increased with age from
about 30% in the 65-69 year age group to over 50% in those over the age of 85 years.
In men, the proportion who fell increased from 13% in the 65-69 year age group
to levels of approximately 30% in those aged 80 years and over [9].

Retrospective community studies undertaken since Exton-Smith’s work have
reported similar findings: that about 30% of older persons experience one or more



Fig. 1.1.

Incidence of falls in older people

FALLS STUDY OCTOBER FOLLOW-UP
1. HAVE YOU HAD ANY FALLS IN THE MONTH OF OCTOBER?

| have not fallen [1]
Once [1]
Twice [1]
Three or more times [1]

If you have had no falls please stop here, otherwise please continue

2. WHERE HAVE YOU FALLEN?

Inside:
On the one level Yes [] No []
Getting out of bed Yes [ ] No []
Getting out of a chair Yes [] No []
Using the shower/bath Yes [ ] No []
Using the toilet Yes [ ] No []
Walking up or down stairs Yes [ ] No [1]
Home entrances or in the garden:
Walking up or down a step/stairs
On the one level (e.g. pathway) Yes [] No []
In the garden Yes [ ] No []
Away from home:
On the footpath Yes [ ] No []
On a kerb / gutter Yes [] No []
In a public building Yes [ ] No []
Getting out of a vehicle Yes [ ] No []
In another person’s home Yes [ ] No T[]
e (

Falls not described above (Please specify)

3. HOW DID YOU FALL?

(Tick more than one if necessary)
| tripped

| slipped

I lost my balance

My legs gave way

| felt faint

I felt giddy / dizzy

I am not sure

4. AS A RESULT OF THIS FALL OR FALLS DID YOU SUFFER ANY INJURIES?
Yes|[ } No[ ]

5. IF YES WHAT TYPE OF INJURIES DID YOU SUFFER?
Bruises
Cuts/grazes
Broken wrist
Broken hip
Broken ribs
Back pain

,_,__.,_.q,_,,_,,_,_,

,_,,_,_.,_,,_,,_,
— e et

Thank you very much for your co-operation. Please return the questionnaire
to us by using the enclosed envelope

Example of a monthly falls questionnaire.
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falls per year [10-12]. For example, Campbell et al. [10] analysed a stratified
population sample of 533 subjects aged 65 years and over and found that 33% expe-
rienced one or more falls in the past year. Blake et al. [12] reported a similar inci-
dence (35%) in their study of 1042 subjects aged 65 years and over. In a large study
of 2793 subjects aged 65 years and over, Prudham and Evans [11] estimated an
annual incidence for accidental falls of 28%, a figure identical to that found in the
Dubbo osteoporosis epidemiology study of 1762 older people aged 60 years and
over [13].

More recent prospective studies undertaken in community settings have found
slightly higher falls incidence rates. In the Randwick falls and fractures study con-
ducted in Australia, we found that 39% of 341 community-dwelling women
reported one or more falls in a 1-year follow-up period [14]. In a large study of 761
subjects aged 70 years and over undertaken in New Zealand, Campbell et al. [15]
found that 40% of 465 women and 28% of 296 men fell at least once in the study
period of 1 year, an overall incidence rate of 35%.

In the USA, Tinetti et al. [7] found an incidence rate of one or more falls of 32%
in 336 subjects aged 75 years and over. Similar rates have been reported in Canada
by O’Loughlin et al. [8] in a 48-week prospective study of a random sample of 409
community-dwelling people aged 65+ years (29%), and in Finland by Luukinen et
al. [16] in 833 community-dwelling people aged 70+ years from five rural districts
(30%). Falling rates also increase beyond the age of 65 years. Figure 1.2 shows the
proportion of women who took part in the Randwick falls and fractures study [14]
who reported falling, once, twice, or three or more times in a 12-month period.

The prospective studies that have reported the incidence of multiple or recurrent
falls are also in good agreement. The reported rates from five studies for two or
more falls in follow-up year average 15% and range from 11% to 21%. The three
studies that report data for three or more falls all report an incidence of 8%.

Residents of long-term care institutions
Studies on the prevalence of falls have also been conducted in institutions, where
the reported frequency of falling is considerably higher than among those living in
their own homes. For example, Luukinen et al. [17] estimate that among people
aged 70 and over in Finland, the rate of falling in the institutionalized population
is three times higher than that among those living independently in the commu-
nity.

The prospective studies conducted in nursing homes have found 12-month falls
incidence rates ranging from 30% to 56%. In an early study, Fernie et al. [18]
studied 205 nursing home residents for 12 months and found 30% of the men and
42% of the women had one or more falls. More recently, two studies have reported
higher falls incidence rates in institutionalized older people. Lipsitz et al. [19] found



Fig. 1.2.

Incidence of falls in older people

45— [ 13+ falls
40— 12 falls
35 I 1 fall
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Proportion of older women who took part in the Randwick Falls and Fractures Study who
reported falling, once, twice or three or more times in a 12-month period. Diagram
adapted from: Lord SR, Ward JA, Williams P, Anstey KJ. An epidemiological study of falls in
older community-dwelling women: the Randwick falls and fractures study. Australian
Journal of Public Health 1993;17(3):240-5.

that 40% of 901 ambulatory nursing home residents fell two or more times in
6 months and Yip and Cumming [20] found that 56% of 126 nursing home resi-
dents fell at least once in a year.

Two other studies have calculated falls incidence rates across a number of
nursing homes. Rubenstein et al. [21] summarized the findings from five published
and two unpublished studies on the incidence of falls in long-term care institu-
tions. They calculated that the incidence rate ranged between 60% to 290% per bed,
with a mean fall incidence rate of 170% or 1.7 falls per person per year. Thapa et al.
[22] conducted a 12-month prospective study in 12 nursing homes involving 1228
residents. They reported that during the 1003 person-years of follow-up, 548 resi-
dents suffered 1585 falls.

Falling rates are also high in residents living in intermediate (hostel) care institu-
tions and retirement villages. We found a yearly falls incidence rate for one or more
falls of 52%, and for two or more falls of 39% in a hostel population of older people
[4]. Tinetti et al. [23] also found a high incidence of falling in 79 persons admitted
consecutively to intermediate care facilities: 32% fell two or more times in a 3-
month period. In the one study that has been conducted in a retirement village to
date, Liu et al. [24] found that 61% of 96 subjects fell over a 12-month period.
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Particular groups

Older people who have suffered a fall are at increased risk of falling again. In a
prospective study of 325 community-dwelling persons who had fallen in the pre-
vious year, Nevitt et al. [6] found that 57% experienced at least one fall in a 12-
month follow-up period and 31% had two or more falls. Not surprisingly, falling
is also more prevalent in frailer older people than vigorous ones, in those who have
difficulties undertaking activities of daily living, and in those with particular
medical conditions that affect posture, balance and gait. Northridge et al. [25]
reported that when community-dwelling persons were classified as either frail or
vigorous, frailer people were more than twice as likely to fall as vigorous people.
Similarly, Speechley and Tinetti [26] reported 52% of a frail group fell in a 1-year
prospective period compared with only 17% of a vigorous group.

With regard to medical conditions, Mahoney et al. [27] found that 14% of older
patients fell in the first month after discharge from hospital following a medical
illness. Falling rates are also increased in those with stroke and Parkinson’s disease.
Forster and Young [28] found that 73% of elderly stroke patients fell within 6
months after hospital discharge. Koller et al. [29] and Paulson et al. [30] report
falling yearly incidence rates of 38% and 53% respectively in elderly people with
idiopathic Parkinson’s disease. Kroller et al. [29] also noted that very frequent
falling was a problem in this group, with 13% reporting falling more than once a
week. Falls incidence is also high in older people following lower limb amputation.
Kulkarni [31] found that 58% of people with a unilateral amputation had at least
one fall within a 12-month period before their survey.

Increased falls incidence is also evident in persons with cognitive impairments
and other neurological conditions, arthritis and diabetes, although few studies have
reported specific falls incidence rates in these groups. In one study that examined
falls incidence in persons with Alzheimer’s disease, only 17% were reported to fall
within a prospective period of 3 years [32]. This would appear to be an under-
estimate, as cognitive impairment has been found to be an independent risk factor
for falling in many subsequent prospective studies (see Chapter 4).

Falls location

In independent older community-dwelling people, about 50% of falls occur within
their homes and immediate home surroundings (Figure 1.3) [16, 33]. Most falls
occur on level surfaces within commonly used rooms such as the bedroom, living-
room and kitchen. Comparatively few falls occur in the bathroom, on stairs or from
ladders and stools. While a proportion of falls involve a hazard such as a loose rug
or a slippery floor, many do not involve obvious environmental hazards [33]. The
remaining falls occur in public places and other people’s homes. Commonly
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Consequences of falls
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Location of falls. 56% of falls occur outside the home (in the garden, street, footpath or
shops), with the remainder (44%) occurring at various locations in the home. Adapted
from: Lord SR, Ward JA, Williams P, Anstey KJ. Physiological factors associated with falls in
older community-dwelling women. Australian Journal of Public Health 1993;17(3):240-5.

reported environmental factors involved in falls in public places include pavement
cracks and misalignments, gutters, steps, construction works, uneven ground and
slippery surfaces.

The location of falls is related to age, sex and frailty. In community-dwelling
older women, we found that the number of falls occurring outside the home
decreased with age, with a corresponding increase in the number of falls occurring
inside the home on a level surface (Figure 1.4) [14]. Campbell et al. [33] found that
fewer men than women fell inside the home (44% versus 65%) and more men fell
in the garden (25% versus 11%). Also as would be expected, frailer groups with
limited mobility suffer most falls within the home. These findings indicate that the
occurrence of falls is strongly related to exposure, that is, they occur in situations
where older people are undertaking their usual daily activities. Furthermore, most
falls occur during periods of maximum activity in the morning or afternoon, and
only about 20% occur between 9 p.m. and 7 a.m. [33].

Consequences of falls

Falls are the leading cause of injury-related hospitalization in persons aged 65 years
and over, and account for 4% of all hospital admissions in this age group [34]. In
Australia we found that hospital admissions resulting from falls are uncommon in
young adulthood but with advancing age, the incidence of fall-related admissions
increases at an exponential rate. Beyond 40 years, the admission rate due to falls
increases consistently by 4.5% per year for men (doubling every 15.7 years) and by
7.9% per year for women (doubling every 9.1 years) [35] (Figure 1.5). In those aged
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Indoor falls location according to age. Adapted from: Lord SR, Ward JA, Williams P, Anstey
KJ. An epidemiological study of falls in older community-dwelling women: the Randwick
falls and fractures study. Australian Journal of Public Health 1993;17(3):240-5.

85 years and over, the levels have reached 4% per annum in men and 7% per annum
in women. Falls also account for 40% of injury-related deaths, and 1% of total
deaths in this age group [36].

Depending on the population under study, between 22% and 60% of older
people suffer injuries from falls, 10—15% suffer serious injuries, 2-6% suffer frac-
tures and 0.2—1.5% suffer hip fractures. The most commonly self-reported injuries
include superficial cuts and abrasions, bruises and sprains. The most common
injuries that require hospitalization comprise femoral neck fractures, other frac-
tures of the leg, fractures of radius, ulna and other bones in the arm and fractures
of the neck and trunk [1, 26, 35].

In terms of morbidity and mortality, the most serious of these fall-related
injuries is fracture of the hip. Elderly people recover slowly from hip fractures and
are vulnerable to postoperative complications. In many cases, hip fractures result
in death and of those who survive, many never regain complete mobility. Marottoli
etal. [37] analysed the outcomes of 120 patients from a cohort study who suffered
a hip fracture over a 6-year period. They found that before their fractures, 86%
could dress independently, 75% could walk independently and 63% could climb a
flight of stairs. Six months after their injuries, these percentages had fallen to 49%,
15% and 8%, respectively.

Another consequence of falling is the ‘long lie} i.e. remaining on the ground
or floor for more than an hour after a fall. The long lie is a marker of weakness,
illness and social isolation and is associated with high mortality rates among the
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Fig. 1.5. Hospital admissions for falls according to age and gender. Adapted from: Lord SR. Falls in

the elderly: admissions, bed use, outcome and projections. Medical Journal of Australia
1990;153:117-18.
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elderly. Time spent on the floor is associated with fear of falling, muscle damage,
pneumonia, pressure sores, dehydration and hypothermia [6, 38, 39]. Wild et al.
[40] found that half of those who lie on the floor for an hour or longer die within
6 months, even if there is no direct injury from the fall. Vellas [41] suggests that
long lies are not uncommon. He found that more than 20% of patients admitted
to hospital because of a fall had been on the ground for an hour or more. Such a
figure could be expected as Tinetti et al. [42] found that up to 47% of non-injured
fallers are unable to get up off the floor without assistance.

Falls can result in restriction of activity and fear of falling, reduced quality of life
and independence. Even falls that do not result in physical injuries can result in the
‘post-fall syndrome’; a loss of confidence, hesitancy, tentativeness, with resultant
loss of mobility and independence. It has been found that after falling, 48% of older
people report a fear of falling and 25% report curtailing activities [6, 43]. Tinetti et
al. [43] have also found that 15% of nonfallers also report avoiding activities due
to a fear of falling.

Finally, falls can also lead to disability and decreased mobility which often results
in increased dependency on others and hence an increased probability of being
admitted to an institution. Falls are commonly cited as a contributing reason for an
older person requiring admission to a nursing home [42, 44].

The cost of falls

Asindicated above, falls in older people are common and can lead to numerous dis-
abling conditions, extensive hospital stays and death. It is not at all surprising, then,
that falls constitute a significant health care cost. Fall-related costs can include the
direct costs, which include doctor visits, acute hospital and nursing home care, out-
patient clinics, rehabilitation stays, diagnostic tests, medications, home care, home
modifications, equipment and institutional care. Indirect costs include carer and
patient morbidity and mortality costs. The literature on the total cost of falls is
scarce, however, as there are many difficulties and limitations involved in estimat-
ing the economic cost of any disease or condition. Problems exist because cost data
are only estimates, and many costs are only relevant to the country in which they
are incurred. Furthermore, because of inflation and other economic and health
care factors, costs are outdated soon after they are published.

A number of researchers have estimated the hospital costs of an injurious fall in
absolute terms and as a proportion of health budgets [35, 45-49]. In a detailed
report to the US Congress in 1989, Rice and MacKenzie [48] calculated thatin 1985,
nearly $10 billion of the $158 billion or 6% of the lifetime economic cost of injury
in the United States was attributable to falls in older people. Furthermore, falls
account for 70% of all injury-related costs in elderly people. The cost per injured
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person in 1985 was $4226, which was nearly double that of the average cost per
injured person for all age groups. Englander et al. [49] updated the costs of falls as
presented by Rice and MacKenzie [48] from 1985 US dollars to 1994 US dollars.
They projected the cost of falls in 1994 to total $20.2 billion, with a cost per injured
person being $7399. The authors further extrapolated these figures to the year 2020
and estimated the cost of falls injuries at $32.4 billion.

Conclusion

Despite the disparate methodologies of falls ascertainment used in the above
studies, the incidence rates reported are remarkably similar. Approximately one
third of older people living in the community fall at least once a year, with many
suffering multiple falls. Falling rates are higher in older women (40%) than in older
men (28%) and continue to increase with age above 65 years. The incidence of falls
is increased in people living in retirement villages, hostels and nursing homes, in
those who have fallen in the past year and in those with particular medical condi-
tions that affect posture, balance and gait. In community-dwelling older people,
about 50% of falls occur within their homes and 50% in public places. Falls
account for 4% of hospital admissions, 40% of injury-related deaths and 1% of
total deaths in persons aged 65 years and over. The major injuries that result from
falls include fractures of the wrist, neck, trunk and hip. Falls can also result in dis-
ability, restriction of activity and fear of falling, which can reduce quality of life and
independence and contribute to an older person being admitted to a nursing home.
Finally, as many fall-related injuries require medical treatment including hospital-
ization, falls constitute a condition requiring considerable health care expenditure.
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Postural stability and falls

Postural stability can be defined as the ability of an individual to maintain the posi-
tion of the body, or more specifically, its centre of mass, within specific boundaries
of space, referred to as stability limits. Stability limits are boundaries in which the
body can maintain its position without changing the base of support [1]. This
definition of postural stability is useful as it highlights the need to discuss stability
in the context of a particular task or activity. For example, the stability limit of
normal relaxed standing is the area bounded by the two feet on the ground, whereas
the stability limit of unipedal stance is reduced to the area covered by the single foot
in contact with the ground. Due to this reduction in the size of the stability limit,
unipedal stance is an inherently more challenging task requiring greater postural
control.

Regardless of the task being performed, maintaining postural stability requires
the complex integration of sensory information regarding the position of the body
relative to the surroundings, and the ability to generate forces to control body
movement. Thus, postural stability requires the interaction of musculoskeletal and
sensory systems. The musculoskeletal component of postural stability encom-
passes the biomechanical properties of body segments, muscles and joints. The
sensory components include vision, vestibular function and somatosensation
which act to inform the brain of the position and movement of the body in three-
dimensional space. Linking these two components together are the higher-level
neurological processes enabling anticipatory mechanisms responsible for planning
amovement, and adaptive mechanisms responsible for the ability to react to chang-
ing demands of the particular task [1].

Normal ageing is associated with changes in function of each of the sub-
components of musculoskeletal and sensory systems which contribute to postural
stability [2-5]. Consequently ageing may manifest as a measurable deficit in any
task involving maintaining postural stability. This chapter reviews the available lit-
erature regarding age-associated changes in postural stability for a number of
specific tasks.
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Postural stability when standing

Normal relaxed standing is characterized by small amounts of postural sway (also
referred to as body sway), which has been defined by Sheldon as ‘the constant small
deviations from the vertical and their subsequent correction to which all human
beings are subject when standing upright’ [6]. Control of postural sway when
standing involves continual muscle activity (primarily of the calf muscles) and
requires an integrated reflex response to visual, vestibular and somatosensory
inputs [7]. The significance of each of these systems has been determined by experi-
mentally blocking each of these inputs and assessing subsequent postural sway. The
role of vision has been assessed by simply asking the subjects to close their eyes,
vestibular input has been minimized by tilting the head [8] or assessing the ability
of subjects to balance an equivalent mechanical body [9], and somatosensory input
has been blocked by ischaemia [7], standing on compliant surfaces [10, 11] and
immersing the feet in cold water [12—14]. Numerous investigations have revealed
thatif any of these inputs are removed, postural sway increases. Although the extent
to which one input can compensate for the loss of another is unclear, there is some
evidence that peripheral sensation is the most important sensory system in the
regulation of standing balance in older adults [11].

The generalized decline in sensory functions due to normal ageing and its
contribution to increased postural sway have been widely evaluated in the litera-
ture. Although interest in the measurement of sway dates back to the classic studies
on tabes dorsalis by Romberg in 1853 [15], the first attempt to assess age-related
changes in postural sway was conducted by Hellebrandt and Braun in 1939 [16],
who measured subjects aged from 3 to 86 years. The results showed that the mag-
nitude of sway was largest in the very young and very old subjects. A similar study
by Boman and Jalavisto [17] measured sway with an overhead camera in subjects
aged 18-30 and 61-88 years, and reported that sway was greater in the elderly
group, particularly in those aged over 80 years.

Since these early investigations, a large number of studies have reported age-
associated increases in standing postural sway after the age of 30 years using various
sway meters, optical systems and force platforms, particularly when subjects close
their eyes [5, 6, 18—40]. There is no clear consensus in the literature regarding
gender differences in sway; although some studies report higher postural sway
values in women compared with men in all age groups [18, 21, 24], other authors
have reported no significant differences [27, 29, 35, 41].

Factors found to be highly correlated with increased sway include reduced lower
extremity muscle strength [11, 42-44], reduced peripheral sensation [22, 23,
45-48], poor near visual acuity [11, 49] and slowed reaction time [11, 50]. We have
previously found that while reaction time is not associated with sway when stand-
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ing on a firm surface, when subjects stand on a compliant foam rubber surface a
significant association between sway and reaction time is evident [11]. This sug-
gests that subjects can perceive large amounts of sway and therefore consciously
react to control their body movements. Smaller associations between vestibular
function and sway have been reported [8, 11, 22, 51]. The role of these physiolog-
ical systems in contributing to falls is further discussed in Chapter 3.

Body morphology and alignment have not been widely evaluated. Danis et al.
[52] reported that skeletal alignment was not closely associated with postural sway
on a force plate, however Lichtenstein et al. [49] and Era et al. [43] reported that
low body mass is associated with greater sway in both men and women.

Measurement of postural sway when standing has been reported to be a useful
predictor of falls in older people. These investigations have taken two forms: cross-
sectional studies, which classify subjects as ‘fallers’ or ‘nonfallers’ based on self-
reported previous history of experiencing a fall, and prospective studies, which
measure balance variables among a group of subjects and then follow them over a
period of time to delineate fallers from nonfallers. A number of cross-sectional
studies have reported significantly greater sway in subjects with a history of falling
compared to nonfallers [21, 41, 53, 54]. Similarly, prospective studies have revealed
that the measurement of an individual’s sway is a useful predictor of the risk of
falling during follow-up periods [55-59].

In our studies we have found that fallers show greater sway in four test condi-
tions: standing on a firm base with the eyes open; standing on a firm base with the
eyes closed; standing on 15-cm-thick medium-density foam rubber with the eyes
open; and standing on the foam rubber with the eyes closed [55, 60—62]. In each of
these studies, we have used a specially designed, portable sway-meter which records
the displacements of the body at the level of the waist (see Figure 2.1). We have also
noted that an inability to maintain balance on the foam at all is associated with
falling.

In addition to the investigation of standing postural sway, a number of other
standing tests have been developed which provide a greater challenge to the pos-
tural control system. One technique for further challenging the postural control
system is simply to alter foot position, thereby decreasing the size of the stability
limit. This concept was first explored by Romberg [15], who assessed balance by
observing the ability of patients to stand with their feet together. The effect of foot
position on sway has more recently been evaluated in detail by numerous authors
[63—-66], who evaluated postural stability on a force plate with subjects standing
with their feet in varying positions (i.e.: toe-in, toe-out, variations in space between
the heels and tandem stance). Increased sway was apparent with the more chal-
lenging conditions due to the reduction in the size of the stability limit. In accor-
dance with investigations into normal bipedal standing, ageing is also associated
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sway meter

adjustable height table

The portable ‘sway meter’ used to measure body displacements at the level of the waist.

with poorer performance in tandem standing [44, 67-71] and unipedal stance [18,
23, 24, 68-70, 72-76]. In a recently completed study, we found that older people
with a history of falls had increased lateral sway with the eyes open and closed when
undertaking a near-tandem stability test. The fallers were also significantly more
likely to take a protective step when undertaking the test with the eyes closed [77].
Similarly, three studies have reported that performance in the unipedal standing
test is also capable of predicting falls in older people [72, 76, 78].

Postural stability during leaning tasks

An alternative approach to challenge postural control is to measure sway when the
subject is placed at the perimeter of their stability limit, or to measure the dimen-
sions of the stability limit itself. Hasselkus and Shambes [20] assessed postural sway
in young and older women in normal relaxed stance and when the subjects leaned
forward at the waist approximately 45 degrees. The results revealed that sway was
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greater in the older group in both conditions, but particularly so when leaning
forward, suggesting that the older women were less able to stabilize their posture
when approaching the perimeter of their stability limit. King et al. [79] evaluated
the ability of women aged 20-91 years to reach as far forward and backward as pos-
sible when standing, in order to establish age-related differences in functional base
of support. Decreased functional base of support was evident after the age of 60
years, and declined 16% per decade thereafter.

A similar technique is the functional reach test, which involves the measurement
of a subject’s ability to reach forward as far as possible with the arm positioned at
90 degrees of shoulder flexion. This test was first described by Duncan et al. [80],
who evaluated subjects aged 21-87 years and reported a significant age-related
decline in functional reach. Similar results were reported by Hagemon [35], who
reported that older subjects exhibited a smaller mean reach than younger subjects.
Subsequent investigations of functional reach have shown the test to be correlated
with performance in activities of daily living [81], a predictor of falls [82], and sen-
sitive to improvements in function following rehabilitation [83]. However, a recent
investigation by Wernick-Robin et al. [84] suggested that functional reach is not a
valid indicator of dynamic balance, due to the variety of strategies that can be used
to extend the arm from the shoulder. A different technique was employed by Thelen
et al. [85] in which young and older subjects were held in a harness in a forward-
leaning position and their responses to the release of the harness support observed.
Older subjects could only regain balance from relatively small initial leaning posi-
tions compared with the younger subjects, further suggesting that the ability to
control the centre of mass diminishes with age.

We have developed two additional standing tests as measures of postural stabil-
ity [86]. The maximum balance range test involves the subject leaning forward and
backward from the ankles as far as possible (without moving their feet or bending
at the hips). Maximal anteroposterior distance moved is measured using a pen
attached to a rod extending anteriorly from the subject’s waist. This technique pro-
vides some benefits over the functional reach test, as it avoids problems associated
with variations in shoulder movement when extending the arm. The pen records
the anterior and posterior movements of the subject on a sheet of graph paper
which is fastened to the top of an adjustable height table. Using a similar apparatus,
an additional test of coordinated stability can be performed in which the subject is
asked to adjust body position by bending or rotating the body without moving the
feet so that the pen on the end of the rod follows and remains within a convoluted
track marked on a piece of paper attached to the top of an adjustable height table.
To complete the test without errors, subjects have to remain within the track, which
is 1.5 cm wide, and be capable of adjusting the position of the pen 29 cm laterally
and 18 cm in the anteroposterior plane. A total error score is calculated by summing
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the number of occasions that the pen on the sway meter fails to stay within the path.
Both the maximal balance range and coordinated stability tests have been found to
be reliable and sensitive to improvement following exercise intervention in older
people [86]. An example of the coordinated stability test is shown in Figure 2.2.

Responses to external perturbations

Although evaluation of standing sway and reach has provided useful information
regarding the interaction of musculoskeletal and sensory components of postural
stability, it can only provide limited information regarding the ability to react to
changing demands of a particular task. To assess this component of postural stabil-
ity more closely, a number of investigations have been performed in which the
subject is mechanically perturbed by applying a direct force to their body, or by
tilting or translating the surface upon which they stand. These techniques are
thought to provide useful information regarding how effectively the subject’s
sensory and motor systems respond to external stimuli, and are also capable of pre-
dicting falls.

Perhaps the simplest technique for assessing postural responses to perturbation
is by applying a direct force to the subject’s body, and measuring the ability of the
subject to regain stability. This technique, sometimes referred to as the postural
stress test, was first described by Wolfson et al. [87] and involves a simple pulley and
weight apparatus which displaces the centre of mass behind the subject’s stability
limit. Performance on this task is rated on a nine-point ordinal scale which ranges
from ‘covert reactions’ (score 9), in which the subject remains stable with little
observable body displacement, and ‘absent reactions’ (score 0) in which the subject
experiences a backwards fall. Wolfson et al. [87] reported that older nursing home-
dwelling subjects scored much lower scores on the postural stress test than younger
subjects, and that elderly fallers performed significantly worse on the test than
nonfallers. Subsequent investigations by Chandler et al. [88] and Studenski et al.
[78] achieved similar results in community-dwelling individuals with respect to
fallers versus nonfallers; however, the Chandler et al. study reported no significant
age-related differences between healthy young and older adults.

More recent investigations into responses to perturbation have utilized special-
ized platforms which translate in the anteroposterior and mediolateral planes or
rotate coaxially with the subjects’ ankle joints. The use of platform rotation as a
postural perturbation was first described by Nashner [89], and was subsequently
developed into the sensory organization test. This technique involves the
modification of visual and support surface conditions; for the visual perturbation,
the enclosure in which the subject is tested is rotated, while for the support surface
perturbation, the platform upon which the subject stands is rotated according to
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Fig. 2.2. The coordinated stability test, in which the subject is asked to adjust body position by
bending or rotating the body without moving the feet so that the pen on the end of the
rod follows and remains within a convoluted track which is marked on a piece of paper
attached to the top of an adjustable height table. Leaving the track scores one error point,
while failing to navigate a corner scores five error points. In the top diagram, the error
score is 4, while in the bottom diagram the error score is 16.
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the degree of the subject’s postural sway [90]. Numerous investigations utilizing
this technique have reported that older subjects are less able to compensate for the
altered visual and support surface conditions compared with younger adults
[90-92]. This has been explained by the observation that older people have
significantly slower lower-limb muscle reflex responses to rotational perturbation
[90, 93, 94].

In addition to rotational perturbation, a number of authors have assessed age-
related changes in response to unexpected anteroposterior and mediolateral trans-
lation of the supporting surface. Pioneering work into translational postural
perturbations was undertaken by Nashner and colleagues [95-97], who established
normal electromyographic responses to perturbation referred to as muscle syn-
ergies, in addition to describing three stereotypical postural strategies to compen-
sate for different velocity perturbations. The ankle strategy, thought to be the most
common response to standing perturbation, describes the reaction in which the
subject leans forward from the ankle in response to small anteroposterior transla-
tions of the supporting surface, while the hip strategy involves forward trunk
leaning at the level of the hip joint and occurs in response to larger perturbations.
A further strategy, the stepping strategy, is characterized by rapid steps, hops or
stumbles which occur in order to shift the base of support under the falling centre
of mass when the ankle or hip strategies have failed to compensate for very large or
rapid perturbations [98].

As with rotational perturbation, older people are less able to maintain stability
in response to translational perturbation compared with younger adults [26, 50, 56,
99-101]. This has been explained by the observation that older people have slower
muscle reflex responses to translational perturbation [38, 102], slower choice reac-
tion time [103], and also that older people tend to utilize the hip strategy rather
than the ankle strategy to maintain balance [100, 104]. Due to the increased chal-
lenge to the postural control system, translational perturbation reveals more pro-
nounced age-related differences than unperturbed postural sway [26]. However,
although differences in responses to translational perturbation have also been used
to predict falls in older people [26, 56, 103], two investigations have revealed that
measures of unperturbed sway may be better able to distinguish fallers from
nonfallers than measures of response to perturbation [26, 56].

Recently, the stepping strategy has been investigated in more detail, based on the
suggestion that the ability to control the centre of mass when the stability limit is
moved is likely to be quite distinct from the ability to maintain balance within a sta-
tionary stability limit, and may also be a better representation of a true falling event
[105]. Luchies et al. [106] assessed the responses of young and older adults when
they were subjected to sudden backwards pull at the waist. Young subjects
responded to the perturbation by taking a single step, while older subjects took
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multiple shorter steps, suggesting a decreased ability to re-establish postural stabil-
ity in response to centre of mass displacement.

Similarly, Mcllroy and Maki [107] assessed stepping responses in five young and
nine older subjects when an anteroposterior perturbation was applied to the plat-
form on which they stood. Although both groups of subjects performed similarly
with regard to the characteristics of the first step, older subjects were twice as likely
to take additional steps to maintain stability. Furthermore, the additional steps in
older subjects were laterally directed in 30% of cases, suggesting the need to control
for lateral instability arising after the first compensatory stepping manoeuvre.

Voluntary stepping

To avoid a fall, a three-stage response is required [103, 108]. This involves (i) per-
ception of a postural threat, (ii) selection of an appropriate corrective response
and (iii) proper response execution. To gain a single measure of this complex,
multisystem response, our group has devised a test of choice reaction time that
requires subjects to perform quick, correctly targeted steps in response to visual
cues.

We have used this test in a recently completed study involving 510 retirement
village residents aged 6295 years [109]. These subjects stood on the choice step-
ping reaction time apparatus, which comprised a 0.8 m? nonslip black platform
containing four white rectangular panels (32 cm X 13 cm). Two panels were situ-
ated in front of the subject (one in front of each foot), and one panel was situated
on each side of the subject (adjacent to each foot). Participants were given practice
trials where they were instructed to step on to the two left panels (front and side)
with the left foot only and the two right panels (front and side) with the right foot
only. The panels were then illuminated in a random order, and subjects were
instructed to step on to the panel which was illuminated as quickly as possible but
in a safe manner so as not to lose balance. Twenty trials were conducted with five
trials for each of the four stepping responses. This choice stepping reaction time
test is shown in Figure 2.3.

Each subject also underwent assessments of visual contrast sensitivity, lower
limb proprioception, lower limb strength, simple reaction time, standing balance
(postural sway) and leaning balance (maximal balance range) [55, 58, 60-62, 86,
110] and completed a questionnaire on falls in the past year.

We found that those with a history of falls had significantly increased choice
reaction stepping times compared with those who reported no falls. Furthermore,
ability to perform this test well was dependent upon adequate visual contrast
sensitivity, lower limb extension strength, simple reaction time, and standing
and leaning balance control. These measures, which have all been shown to be
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The choice reaction time stepping test.

important risk factors for falls in previous studies [55, 58, 60-62, 86, 110],
accounted for much of the variance in choice stepping reaction time (multiple r? =
0.42). This suggests that this new test may provide a composite measure of falls risk
in older people.

Normal walking

The maintenance of balance during walking represents a considerable challenge to
the postural control system. Locomotion can be regarded as consisting of four main
subtasks: (i) the generation of continuous movement to progress towards a destina-
tion, (ii) maintenance of equilibrium during progression, (iii) adaptability to meet
any changes in the environment, and (iv) the initiation and termination of loco-
motor movements [111]. Each of these tasks is heavily reliant on both the ability to
generate force, and the appropriate integration of afferent input from the extrem-
ities [112, 113]. Given that ageing is associated with declines in both sensory func-
tion and muscle strength, it is clear that gait patterns will change with age and may
be associated with postural instability and falling [114, 115].
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A number of kinematic and kinetic studies have been undertaken to evaluate
differences in gait patterns between young people and older people. The most con-
sistent finding of these studies is that older people walk more slowly than young
adults [31, 57, 116—-130], which has been found to be a function of both a shorter
step length [57,116-118,122, 123,126,127, 129, 131-133] and increased time spent
in double limb support [57, 117, 118, 132, 133]. These temporospatial differences
would appear to be a direct result of variation in self-selected walking speed, as when
healthy older people and young people are instructed to walk at a specified fixed
velocity, no significant differences are apparent [134]. Other gait alterations appar-
ent in older people include reduced hip motion [117, 123, 131, 135], reduced ankle
power [132, 135, 136] and range of motion [122], smaller vertical and lateral oscilla-
tions of the head [117], increased anterior pelvic tilt [132, 135] and reduced medial
toe pressure [137]. Studies which have assessed foot placement have also reported
that older people walk with a larger degree of out-toeing [116, 117, 132].

Age-related changes in walking patterns have generally been interpreted as indi-
cating the adoption of a more conservative, or less destabilizing gait [111, 115, 138,
139]. However, the interpretation of gait variables in the context of postural stabil-
ity is difficult, as measures of dynamic balance during gait are still being developed
[140]. Winter et al. [132] have proposed an ‘index of dynamic balance’ to describe
balance control during walking, based on the suggestion that the generation of
force at the knee joint in the sagittal plane should be approximately equal to the
generation of force at the hip joint if the head and trunk are to remain stable during
gait. A comparison of young and older adults revealed that older subjects had a
smaller index of dynamic balance and were therefore less able to control dynam-
ically the displacement of the upper body when walking. However, the authors con-
ceded that the functional significance of this observed difference was yet to be
established.

Nevertheless, a number of investigations have revealed that certain changes in
gait patterns may be predictive of falling in older people. Gait velocity, considered
by some authors to be a valid measure of postural stability, has been reported to
differentiate between subjects with a history of falling and those without, with
fallers walking significantly slower than nonfallers [53, 54, 119, 141-144]. In addi-
tion to decreased velocity, Woolley et al. [53] also reported that fallers exhibited a
significantly larger degree of out-toeing foot placement and ankle plantarflexion at
heel contact. However, many of these studies have been cross-sectional, so it is pos-
sible that fallers exhibited reduced gait velocity as a result of injuries sustained
from, or anxiety following, their fall. A large prospective study of 183 community-
dwelling women by our group did find, however, that slow gait velocity predicts
falls [57].

The functional importance and predictive value of step width measurement is
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unclear. In a comparative study of young and older men, Murray et al. [117]
reported that step width increases significantly with normal ageing, however Gabell
and Nayak [145] found no significant differences in mean step width between
young and older adults. Guimaraes and Isaacs [141] and Weller et al. [146] both
reported that older people with a history of falling walked with a significantly nar-
rower step width than age-matched controls. However, these results are contra-
dicted by similar investigations which reported no difference in step width [69] or
an increased step width [147] in fallers compared with nonfallers. The lack of
agreement as to whether fallers walk with a more narrow or more broad step width
could be partly explained by the retrospective method used in these investigations,
i.e.: it is impossible to determine whether the observed changes were a cause or a
result of the fall. Furthermore, given that women tend to have narrower step widths
than men [117], differences in the gender balance of the sample groups may explain
some of these contradictory findings.

An alternative approach to assess gait changes associated with impaired postural
control is to measure the variability of a particular gait component, rather than
simply compare the mean value between fallers and nonfallers. This approach is
based on the assumption that an increased variability in walking patterns is indica-
tive of impaired motor control. Gabell and Nayak [145] evaluated gait patterns in
young and older adults, and reported that although no significant differences
existed between the two groups, step width and double support time values were
more variable than step length and step time in both groups. This lead the authors
to suggest that step length and step time are relatively stable parameters which
determine the basic gait pattern, while step width and double support time may
be the parameters most involved with dynamic balance control as they vary
significantly from step to step.

Consistent with the suggestion that increased gait variability may represent
impaired postural control, a number of studies have found that increased variabil-
ity in certain gait parameters is predictive of falls in older people. A retrospective
investigation by Hausdorff et al. [148] assessed gait patterns of community-
dwelling older people (mean age 82 years), 18 of whom had suffered a fall in the
past 5 years. Fallers walked with significantly greater variability in stride time,
stance time and swing time, despite the walking speed being similar to the nonfall-
ers. Our prospective study of 183 women [57] found that those who fell on two or
more occasions in a 1-year period had a more variable cadence (stepping rate) than
those who did not fall or fell on one occasion only.

Similarly, a prospective study of 75 older adults by Maki [149] reported that
while mean differences in stride length, speed and double support time were not
predictors of falls risk, stride-to-stride variability in these parameters were inde-
pendent risk factors for falling over the 1-year follow-up period. Interestingly, this
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study also assessed the subjects’ ‘fear of falling’ and reported that this was associ-
ated with reduced stride length, reduced speed and increased double support time.
This finding suggests that these variables may be stabilizing adaptations related to
fear of falling, rather than risk factors for falling, as previously thought. However,
the interaction between fear of falling, gait alterations and falls makes it difficult to
establish such a cause and effect relationship.

Tandem walking

Evaluation of an individual’s ability to ‘tandem walk’ is a commonly used test in
neurological examinations. Tandem walking is defined as walking with the feet
placed in the tandem position (one foot directly in front of the other) during the
double support period of the gait cycle. The constraint placed on foot position pre-
sents a further challenge to the postural control system, as the base of dynamic
support is significantly reduced, leading to a reduction in mediolateral stability.
This test was initially used to assess vestibular function; however, more recently it
has also been adopted to assess age-related differences in lateral stability [71].

The first study to assess age-associated changes in tandem walking was con-
ducted by Graybiel and Fregly [150], who evaluated the ability of men and women
aged 13 to 50 years to walk along a range of beams of varying widths. Results
revealed age to be significantly associated with beam walking performance, with
older subjects less able to maintain balance on the thinner beams. More recently, a
similar study by Speers et al. [71] assessed the abilities of young and older women
to tandem stand and walk along beams varying in width from 2.5 cm to 15 cm. The
older group performed significantly worse than the younger group, particularly on
the narrowest beams. These results suggest that ageing is associated with a
decreased ability to maintain balance when mediolateral stability is threatened, and
that the use of beams may provide further insight into dynamic control of balance
in older people.

Ability in navigating obstacles

A relatively new approach for the assessment of postural stability in older people is
the evaluation of older subjects’ ability to step over or avoid obstacles. The ratio-
nale behind this approach is that a large proportion of falls are related to tripping
[21, 151, 152] and thus assessment of level walking may provide only limited
information regarding an individual’s ability to navigate around potentially haz-
ardous environments. Furthermore, the assessment of obstacle avoidance provides
further insight into the role of the ‘adaptive’ component of postural control [153].

The first comparative study of obstacle avoidance in young and older adults
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was conducted by Chen et al. [154], who assessed lower extremity kinematics
when young and old subjects stepped over obstacles of 0, 25, 51 and 152 mm in
height, with a 4 m approach distance. Older adults employed a more ‘conserva-
tive’ strategy when stepping over obstacles, exhibiting a slower ‘crossing speed),
shorter step length, and a smaller distance between the obstacle and the sub-
sequent heel strike. Although none of the older subjects tripped over the obsta-
cles, 25% stepped onto the obstacle itself, suggesting that age is associated with an
increased risk of obstacle contact when walking. A subsequent study by these
authors utilized ‘virtual’ obstacles (bands of light which fall across the path), and
reported that older people require a greater response time to successfully navigate
the obstacle [155].

Since the publication of the studies by Chen et al., a number of other investiga-
tors have reported similar age-associated changes in the ability to avoid obstacles,
using a variety of techniques. Cao et al. [156] assessed the ability of young and older
subjects to suddenly turn 90 degrees when presented with a visual stimulus along
a walkway, and reported that older subjects were less able to complete the turn
when provided with smaller response times. A similar study by Gilchrist [157]
assessed the ability of young and older women to side step to the left or right when
walking after they were presented with a visual stimulus at the end of a walkway.
Fifty-eight percent of young subjects could perform the task with a single sideways
step, compared with only 26% of the older subjects. In addition, older subjects’
walking speed decreased significantly after the side step manoeuvre, suggesting that
even when avoidance of an obstacle is successful, the older subjects were less able
to incorporate the manoeuvre into their normal walking pattern.

Postural control when performing multiple tasks

A relatively recent approach to postural stability research has been to assess balance
when performing cognitive tasks, based on the suggestion that dividing attention
may impair postural responses to perturbation or interfere with normal gait stabil-
ity. Chen et al. [158] found that older adults were more likely to step on obstacles
in their path when asked to respond verbally to a visual stimulus, suggesting that
older people have an increased risk of tripping when their attention is directed away
from the walking task itself. Similarly, Shumway-Cook et al. [159] found that
standing balance was impaired in older people when they were asked to complete
a sentence and complete a visual perception matching task. In one particularly
interesting recent study, Lundin-Olsson et al. [160] reported that older adults who
stop walking when talking have a higher risk of falling than those who can perform
both tasks simultaneously. These results suggest that falls may be more likely to
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occur when older adults’ attention is divided between performing simple cognitive

tasks and maintaining balance.

Conclusion

The maintenance of postural stability is a highly complex skill which is dependent

on the coordination of a vast number of neurophysiological and biomechanical

variables. Normal ageing is associated with decreased ability to maintain postural

stability in standing (both bipedally and unipedally), when responding to unex-

pected perturbations, during normal gait and tandem gait, and when avoiding

obstacles. This decrease in postural stability in older people may be explained by

deficits in muscle strength, peripheral sensation, visual acuity, vestibular function

and central processing of afferent inputs. Impaired postural stability, as measured

by several tests of standing, leaning, stepping and walking, has consistently been

shown to be a useful predictor of falls risk in older people.
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Sensory and neuromuscular risk factors for
falls

As discussed in Chapter 2, human balance depends on the interaction of multiple
sensory, motor and integrative systems. In this chapter we review the studies which
have dealt with (i) age-related changes in the sensory and motor factors that are
involved in balance control and (ii) associations between these sensory and motor
factors and falls in older people. Specific areas reviewed include: visual acuity,
visual contrast sensitivity, visual field dependence, proprioception, tactile sensitiv-
ity, vibration sense, vestibular sense, muscle strength, neuromuscular control and
reaction time.

Age-related changes in sensorimotor function

40

Figure 3.1 shows the physiological systems that are the primary contributors to
stability. There is a growing body of evidence that indicates that functioning of
these sensory, motor and integration systems declines significantly with age and
that impairment in these systems is associated with falling in elderly persons. In
fact, researchers have noted many people experience age-related declines in senso-
rimotor function, even in the absence of any documented disease. We have also
found that many older people with a history of falls have no identifiable neurolog-
ical or musculoskeletal disease yet perform poorly in tests of sensorimotor func-
tion. As shown in Figure 3.2, these people mostly cite trips, slips, loss of balance and
muscle weakness as the causes of their falls.

Figure 3.3 shows a theoretical representation of the ‘normal’ age-related decline
in function in a sensorimotor system that contributes to stability. The figure shows
that until age 55 years there is little change in function, but beyond this age there is
a progressive decline. This decline occurs in all persons but the variability in func-
tion becomes greater as age increases. If the criterion level for a loss of balance and
subsequent fall is 50 units, it can be seen that persons on the lower band reach this
level by age 65 whereas those toward the upper band are still above the criterion
level at 80 years of age. The figure also depicts a situation in which the onset of
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Fig. 3.1.
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disease, such as a stroke, can rapidly change functional performance and result in
performance levels below the criterion level at any age.

Many researchers have found that various visual functions including visual acuity,
contrast sensitivity, glare sensitivity, dark adaptation, accommodation and depth
perception decline significantly with age, especially beyond 40 years [1]. The visual
function given most attention in relation to falls and falls-related injury has been
visual acuity, where the published findings have been inconsistent.

In a large cross-sectional survey of eye disease with retrospective collection of
falls data, Ivers et al. found that impaired visual acuity was associated with a history
of recurrent falls [2]. Similarly, Nevitt et al. also found that poor visual acuity was
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Fig. 3.2.

Sensory and neuromuscular risk factors
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epidemiological study of falls in older community-dwelling women: the Randwick Falls
and Fractures Study. Australian Journal of Public Health 1993;17:240-5.

arisk factor for recurrent falls in a prospective cohort study [3]. Further, they found
that depth perception was similarly impaired and suggested that the association
between poor visual acuity and falls may be partly indirect, as reduced visual acuity
impairs depth perception. Two large prospective studies have also found that
reduced visual acuity is a risk factor for hip fractures — a common consequence of
falls in elderly persons [4, 5]. In one of these studies, it was noted that those with
moderately good vision in one eye and good vision in the other had elevated frac-
ture risk, indicating that poor depth perception may increase falls risk [4].

In contrast, Brocklehurst et al. [6] and Robbins et al. [7] found no associations
between visual acuity and falls in age-groups above 65 years. Campbell et al. found
a significant association between visual acuity and falls in a large sample of com-
munity-dwelling older people, but this association was lost when adjusting for age
[8]. In one study conducted in an intermediate care facility, Tinetti et al. found an
association between distant acuity loss and falls, yet in another larger study con-
ducted in the community, such an association was not apparent although there was
a significant association between near visual acuity loss and falls [9, 10].

In our studies, we have found contrast sensitivity (the detection of large visual
stimuli under low-contrast conditions) to be more important than visual acuity
(discrimination of fine detail) in predicting fallers [11, 12]. This finding was repli-
cated in the Blue Mountains eye study, which compared the predictive power of a
range of visual tests including visual acuity and visual field size [2]. Owen has
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suggested that age-related loss in contrast sensitivity, particularly to low and inter-
mediate spatial frequencies, is likely to impair an older person’s ability to detect and
discriminate objects in a naturally cluttered environment [13]. As a consequence,
it could be expected that an impairment in the ability to perceive edges in the
environment — such as steps, gutters, tree roots and pavement cracks and misalign-
ments could contribute to trips in older people.

Visual field dependence

In spite of the demonstrated deterioration of vision with age, it has been suggested
that old people may place greater reliance on the spatial framework provided by
vision in an attempt to compensate for reduced vestibular and peripheral sensation
[14]. Thus in situations where minimal, ambiguous or misleading spatial informa-
tion is provided by vision, body position may be wrongly determined and a fall may
result. In test situations which place visual and postural cues in conflict (i.e. expos-
ing older people to tilted or rolling visual stimuli) it has been found that older
fallers are more reliant on the visual spatial framework (that is they are more field
dependent) than older nonfallers [12, 15, 16].

As these studies have been undertaken in artificial situations, the findings may
only partly generalize to real-world situations. The implications, however, are that
tilted, moving or rolling visual stimuli, such as tilted forms and landmarks, con-
gested pedestrian or vehicular traffic, moving vehicles, structures and shadows may
contribute to falls in older people with impaired postural control.

Peripheral sensation

Scientific interest in peripheral sensation dates back to 1830 when Mueller men-
tioned vibration sense briefly in a textbook of physiology [17]. At the turn of the
century, a number of clinicians noted that vibration sense of older persons was
inferior to that of younger ones. It was not until 1928, however, that Pearson clearly
demonstrated that vibration sense decreased with age [18]. Since then many inves-
tigators, using numerous vibrating stimuli, placed on various parts of the body,
have consistently found age-related declines in vibration sense to all vibration fre-
quencies greater than 50 Hz [19-33]. It has also been found that vibration sense is
poorer in the lower limb compared with the upper limb at all ages and shows a
greater age-related decline [21-25, 30, 32].

Scientific interest in tactile sensitivity also dates back to the nineteenth century,
although there have been comparatively few studies on the effect of age on this
sensory modality. Like vibration sense, most reports indicate that tactile sensitiv-
ity, as measured by aesthesiometers or by two-point discrimination, decreases
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significantly with age [32, 34-39] and is reduced in the lower limb compared with
the upper limb [32, 35, 38, 40].

Even fewer studies have been undertaken on the effect of age on joint position
sense. Laidlaw and Hamilton were the first researchers to demonstrate an age-
related decline in joint position sense [41]. They found that subjects aged 17 to 35
years had lower thresholds and superior ability to detect direction of joint move-
ments of the hip, knee and ankle than subjects aged 50 to 85 years. Since then,
further studies have found significant age-related declines in position sense of the
knee joint [42—45], metacarpophalangeal joint [46] and metatarsophalangeal joint
[47]. However, clinical studies which have investigated whether there is a decline in
joint position sense beyond 65 years of age have produced inconsistent results. This
may be due at least in part to the imprecision of the tests used, which have been
based on subjects’ ability to identify experimenter-induced movements of body
parts [6, 47, 48].

It has also been pointed out that caution should be used in assessing joint posi-
tion sense when assessments are made while subjects are in the seated position [49],
as is the case in all of the above studies. This is because thresholds in the ankle may
be as much as 10 times lower when measured in the standing, weight-bearing posi-
tion [50], where engagement of the leg muscles is greatly increased [51].

However, recent investigations assessing position sense of the ankle joint when
weight bearing have also reported increased thresholds with age. For example,
Thelen et al. [52] compared the ability of young and older women to detect
dorsiflexion and plantarflexion movements of the foot when weightbearing on a
moveable platform, and reported that the threshold for movement detection was
3—4 times larger in the older group. High detection thresholds for inversion and
eversion movements of the ankle when standing either unipedally or bipedally on
a rotating platform have also been found in older people [53] and in people with
neuropathy [54]. Finally, Blaszczyk et al. [55] have reported that older subjects are
significantly worse than young subjects in reproducing ankle joint positions when
standing on a rotating platform.

It is surprising then that reduced peripheral sensation or neuropathy has been
rarely mentioned as a cause of instability or falls. Robbins et al. found that lower
extremity ‘sensory abnormalities’ were associated with falls in one of two popula-
tions studied [7] and Buchner et al. reported peripheral neuropathy to be a cause
of falls in patients with Alzheimer’s disease [56]. Brocklehurst et al, however,
reported a significant association between impaired proprioception in the ankle
and/or great toe in only one of three age-groups (75-84 years) above 65 years of age
[6], whilst Nevitt et al., Wolfson et al. and Grisso et al. found no significant associa-
tions between crude measures of impaired peripheral sense and falling in their
studies [3, 57, 58].
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In contrast, a recent study by Richardson et al. found a strong association
between electromyographically documented polyneuropathy involving the lower
extremities and falls [59]. In a related study, our group has found that in both men
and women, elderly subjects with diabetes performed significantly worse in tests of
body sway on firm and compliant surfaces compared with the nondiabetic subjects
[60]. Richardson et al. suggested that the failure to find a relationship between
peripheral neuropathy and falling in previous reports may be due to the limited
accuracy of clinical examinations in diagnosing neuropathy.

In all of our studies, which have been undertaken both in community and
institutionalized settings, we have found that tactile sensitivity at the lateral malle-
olus is inferior in fallers compared with nonfallers [11, 12, 61, 62]. In a large
prospective community study, we have also found that fallers demonstrate reduced
vibration sense at the tibial tuberosity and impaired lower limb proprioception
compared with nonfallers [62]. Impaired lower limb proprioception was also asso-
ciated with multiple falls in elderly people in hostel care [11].

Thus it seems that reduced peripheral sensation is associated with falls, but that
such an association only emerges when the measures of peripheral sensation are
accurately and quantitatively ascertained.

Vestibular sense

The vestibular system contributes to posture by maintaining the reflex arc keeping
the head and neck in the vertical position and by corrective movements elicited
through the vestibulo-ocular and vestibulospinal pathways [49]. Some investiga-
tors have reported disturbed vestibular reflexes in about one-third of old people,
and reduced reactivity to caloric and rotational stimulation with age beyond 60
years has been reported by a number of investigators [63, 64].

In spite of this apparent age-related decline in function, no reports have docu-
mented associations between impaired vestibular function and either instability or
falls in older people. Nashner [65] found that the otoliths play no role in the initial
detection of body sway, and Brocklehurst et al. [6] reported no correlation between
vestibular sense as measured by response to a slow tilt and sway or falls. We also
have found that vestibular function, as measured by Fukuda’s vertical writing and
stepping tests, or by a test of vestibulo-ocular stability is not related to stability [66,
67] or falls [62]. However, it is acknowledged that in our assessments the elderly
subjects with very poor balance could not perform two of the tests, as they were
incapable of walking on a treadmill or walking unsupported on the spot with the
eyes closed for 1 minute.

These assessments of vestibular function have been indirect and possibly too
insensitive to be able to detect subtle yet significant impairments in vestibular func-
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tion. Vestibular function is less amenable to measurement or intervention than
vision or peripheral sensation, and further research is required to elucidate the
significance of vestibular input, and in particular otolithic functioning, to balance
control.

Muscle strength

There are numerous reports of loss of isometric and dynamic muscle strength
with age. In men, muscle strength appears to decrease only marginally between 20
and 40 years, but beyond 40 years declines at an accelerated pace, so that hand
grip strength is reduced by 16% and leg strength by 28% in men aged 60-69 years
compared with men aged 20-29 years [68-70]. In women, muscle strength
appears to decline from an earlier age and at a greater rate, so that over the same
age range, hand grip strength declines by 20% and leg strength by 38%. It has also
been shown that muscle strength continues to decline significantly beyond the
sixties in both sexes [71]. In studies that have used both men and women, it has
been found that muscle strength in women is about 60-70% of that in men
[6870].

Leg extensor power (the product of force and the rate of force generation)
appears to decline at an even greater rate with age than does isometric strength. In
a cross-sectional study of 100 men and women aged 65—89 years, Skelton et al. [72]
found a loss of isometric strength of 1-2% per annum, whereas the loss of leg
extensor power was around 3.5% per annum. Increased age is also associated with
a deterioration of muscle elastic behaviour and reflex potentiation [73].

Muscle weakness in the lower limbs has serious practical implications for older
persons. Pearson et al. [74] found that in 14% of women aged 75 years and over
living in the community the calf muscle was not able to exert sufficient force to
support the body weight. This indicates that these women would be at risk of falling
in situations where they place their total body weight on one leg only, i.e. when
undertaking everyday activities like stepping up a stair. Vandervoort and Hayes [75]
found impaired ankle plantarflexor muscle force and power in residents of geriatric
care facilities who were capable of independently performing activities of daily
living. They found that the ankle plantarflexor muscles in these women exhibited
considerable impairment in ability to generate stabilizing torques about the ankle
joint. Reduced strength is also reflected in a difficulty in rising from a chair without
the use of the hands, and it has been found that an inability to undertake this task
is a significant risk factor for falls in both community [3, 8] and institutional groups
of older people [76].

Strength in specific lower-limb muscle groups has also been found to be inferior
in fallers compared with non-fallers. In large prospective community studies, our
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group has found that reduced quadriceps strength increases the risk of both falls
and fractures [61, 62].

Lower limb muscle weakness has also been found to be associated with falls in
nursing home and hostel residents. Whipple et al. [77] and Studenski et al. [78]
both compared the strength of four lower-limb muscle groups: knee extensors,
knee flexors, ankle plantarflexors and ankle dorsiflexors in residents of nursing
homes with and without a history of falls. Both studies found that fallers were
weaker than nonfallers in all four muscle groups, with ankle muscle weakness par-
ticularly evident in the faller groups. These findings are in accord with other studies
which have also found that decreased ankle dorsiflexion [61], quadriceps [79] and
hip [7] strength increase the risk of falls in residents of aged-care institutions. The
consistency of these findings indicates that lower limb muscle weakness is a major
risk factor for falling in older people.

Reaction time

Of all the studies on age-related changes in neurological and sensorimotor systems,
reaction time has possibly been studied more than any other factor. Welford [80]
has summarized the findings of 21 studies on the effect of age on reaction time and
found a median increase of 26% in reaction time from the twenties to the sixties.
Even allowing for factors such as the amount of practice, length of preparatory
interval, physical health, mode of response and level of motivation, it has been con-
sistently found that reaction time declines with age.

In many of our studies, we have used a simple reaction time paradigm, with a
simple motor response, i.e. pressing a switch, so as to emphasize the decision time
component of the task. We found that in elderly community-dwelling women and
elderly persons living in hostel care, increased reaction time was an independent
risk factor for multiple falls [11]. Grabiner and Jahnigen [81] have also found that
fallers record significantly slower reaction times than nonfallers in both simple and
choice reaction time tests that involve more complicated motor responses, i.e.
extending and flexing the knee. Adelsberg et al. [82] have also found that choice
reaction time in those who have suffered a fracture of the lower limb is slower than
in aged-matched controls.

Reaction time has been found to be independent of body sway when subjects are
standing on firm surfaces after confounding effects such as age are adjusted for [66,
81]. We have noted, however, that when subjects are standing on a compliant (foam
rubber) surface, reaction time is moderately associated with body sway [66, 67].
Under these conditions sway is greatly exaggerated and subjects report that they
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detect their body movement. Thus it seems that individuals with slow reaction time
may be susceptible to falls as a result of an inability to correct postural imbalances.

Integration, interaction and summation

The above studies indicate that impairment in a number of the primary physiolog-
ical systems that contribute to stability is associated with falls in older people. With
such an array of inputs there is also no doubt interactions occur between the
various stages in the processing of a response to a fall, i.e. sensory input and feed-
forward, response selection and response execution [49, 81]. For example, much
work has shown that vision can compensate for diminished peripheral input, when
either experimentally induced or as a result of disease or trauma [5, 49, 83].

Our analysis suggests that while a marked impairment in just one of the physio-
logical systems that contribute to stability is sufficient to increase the risk of falls,
multiple impairments of only moderate severity are also associated with increased
falls risk. For example in the case of a trip, reduced vision and slow reaction times
may both be necessary for a fall to occur. Thus it seems that adequate vision and
peripheral sensation allow the detection of environmental hazards, while adequate
reaction time, strength and stability permit appropriate corrections to postural
imbalance.

Conclusion

There is considerable evidence that the sensorimotor factors which contribute to
balance control show age-related declines, and many studies have shown that over
and above the effect of ageing, older people who fall demonstrate impaired func-
tioning in these measures compared with age- and sex-matched nonfallers.
Physiological systems identified as impaired in older fallers include visual functions
such as contrast sensitivity and depth perception, visual field dependence, periph-
eral sensation, strength in the lower limb muscle groups and reaction time. The role
of vestibular sense in balance and falls requires further investigation, as the tests
currently used appear to be too insensitive to detect subtle deficits in vestibular
function, particularly otolithic functioning.
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Medical risk factors for falls

It has long been recognized that frail, older people with multiple chronic illnesses
experience higher rates of falls than active, healthy older people [1]. This observa-
tion suggests that rather than being a nonspecific accompaniment of ageing, many
falls may occur as a result of clinically identifiable causes. Thus, differentiating the
relative contribution of pre-existing disease to risk of falling is an important com-
ponent of a falls prevention programme, as it enables clinicians involved in the
management of older people to determine when it is appropriate to intervene med-
ically. In this chapter, we discuss the contribution of common medical conditions
(including neurological problems, cardiovascular problems, visual problems, lower
extremity problems, urinary incontinence and psychological and cognitive prob-
lems) to risk of falling in older people.

Neurological problems

Stroke

55

Cerebrovascular accidents are common in older people, and have been associated
with a two to sixfold increased risk of falling by a number of prospective investiga-
tions [2—8]. Following a stroke, many people have an inability to generate sufficient
amounts of force in lower limb musculature, or to coordinate the actions of
different muscle groups [9]. This may result in a decreased ability to maintain the
leg extended during the stance phase of walking and decreased foot clearance
during the swing phase which may result in tripping [10]. People with impaired gait
following a stroke may also have difficulty adapting to challenging environments
(e.g. uneven ground, obstacles).

In addition, brainstem and cerebellar strokes may cause damage to areas in the
brain closely associated with balance, while sensory and visual inattention when
recovering from a stroke may produce a tendency to bump into environmental
hazards. Parietal lobe damage may impair the planning and execution of locomotor
activities, and in cases where the frontal lobes are damaged, there is the possibility
that judgement may be affected, causing the older person to take risks when
navigating obstacles in the environment [10].
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Parkinson'’s disease

Parkinson’s disease is characterized by bradykinesia, tremor and muscular rigidity,
and is known to affect approximately 2% of people over the age of 65 years [11].
Older people with Parkinson’s disease often exhibit a flexed posture of both the
trunk and limbs, and impaired postural equilibrium. The characteristic gait of the
parkinsonian patient exhibits short, shuffling steps, lack of arm swing, loss of trunk
movements, decreased foot clearance, and festination (fast, short steps) [12]. These
changes, while not associated with increased sway when standing [13—15], are asso-
ciated with impaired responses to external perturbations [16], and increased vari-
ability in stride length when walking [17-20].

Due to their rigid posture, gait, and impaired ability to respond to external per-
turbations, many older people with Parkinson’s disease suffer from frequent falls
[21-23]. These falls may result from episodes of ‘freezing), in which the older person
attempts to overcome an inability to initiate movement and subsequently loses
balance, or from muscle shortening as a result of decreased levels of activity.
Paulson et al. [21] reported that 53% of 211 subjects with Parkinson’s disease
suffered from frequent falls, while a study of 100 subjects with idiopathic
Parkinson’s disease by Koller et al. [22] reported that 38% had experienced falls,
with 13% falling more than once per week. Parkinson’s disease has also been found
to be a strong independent risk factor for falling in epidemiological studies, in both
institutionalized [24] and community-dwelling (3, 4, 25, 26] older people.

Myelopathy

Degenerative changes in the cervical spine (often referred to as cervical spondylo-
sis) are a common finding in older people. With advancing age, the spinal canal in
the cervical region of the spine becomes increasingly narrow due to ligamentous
hypertrophy, intervertebral disc herniation and formation of osteophytes on cervi-
cal vertebral processes. The narrowing of the spinal canal may lead to mechanical
spinal cord impingement and associated postural dysfunction referred to as
myelopathy [27]. Myelopathy is commonly associated with subjective reports of
clumsiness, difficulty climbing stairs and experiences of the legs ‘giving way’, while
objective findings include standing imbalance and ataxic gait. These changes have
been suggested to be associated with falls; however, no studies have reported
myelopathy to be a prospective risk factor in a large sample of older people.
Nevertheless, it has been suggested that myelopathy may be under-diagnosed by
clinicians, and as such, may be a more common cause of falls than is generally rec-
ognized [28].

Cerebellar disorders

The vestibulocerebellum and spinocerebellum regions of the brain are of particu-
lar importance to the maintenance of postural stability. Lesions in these regions as
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a result of alcoholism, degeneration, ischaemia or haemorrhage have been shown
to increase sway when standing [29-32]. Cerebellar lesions may also affect gait pat-
terns by altering normal limb kinematics and interlimb coordination. Older people
with cerebellar disorders tend to have trunk instability, a wide-based gait and irreg-
ular step lengths [33]. Although few authors have reported cerebellar dysfunction
to be a risk factor for falls per se [1, 34], two of the characteristic gait variables asso-
ciated with these syndromes — wide-based gait [35, 36] and irregular step lengths
[37-39] — have been found to increase the risk of falling.

Vestibular pathology

Although it is well recognized that maintaining postural stability relies on the
integration of visual, somatosensory and vestibular inputs, the role of the vestibu-
lar system in falls in older people still remains obscure, as do the relative contribu-
tions of the otoliths and semicircular canals which comprise the vestibular
apparatus. However, the presence of severe vestibular pathology (such as Meniére’s
disease) produces obvious impairments in posture and gait which may place the
older person at an increased risk of recurrent falls.

Vestibular pathology is one of the most common causes of persistent and recur-
rent symptoms of dizziness in older people [40], and is classically characterized by
marked postural instability when standing and a broad-based, staggering gait
pattern with unsteady turns [41]. However, in cases of long-term total vestibular
loss, gait may appear normal and deficits will only become apparent when the
subject stands in the tandem position with eyes closed (the ‘sharpened Romberg’
position). This suggests that visual and somatosensory inputs may be able to com-
pensate for absence of vestibular input, and that vestibular loss may only produce
overt postural instability if vision and peripheral sensation are also impaired.

Due to the complexity of the interaction between these three systems, it has been
difficult to ascertain the significance of vestibular dysfunction for falls in older
people. As outlined in Chapter 3, we have not found the vestibular stepping test,
the vestibular optical stability test or the vertical writing test to be strong predictors
of falls in our prospective studies [42, 43]. However, the vertical writing test did
predict variability in gait patterns in our study of 183 community-dwelling women
[37], and performance in tests of dependence on visual-field cues was significantly
worse in subjects with a history of falls compared with nonfallers [44].

Although vestibular function tests may not be strong predictors of falls, vestibu-
lar dysfunction should be considered a significant differential diagnosis in patients
who have recurrent unexpected falls without loss of consciousness, paresis, sensory
loss, or cerebellar deficits [45]. A recent prospective study of 50 older people com-
plaining of dizziness found that 18% had a previously undiagnosed vestibular
pathology [46], suggesting that investigation of vestibular function may explain
many apparently ‘idiopathic’ recurrent falls.
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Peripheral neuropathy

The normal ageing process is associated with reduced peripheral sensation, and
numerous prospective investigations into falls in older people have found that sub-
jects who experienced falls performed worse in tests of lower limb proprioception
[42, 47—49], vibration sense [50-52] and tactile sensitivity [37, 48]. In addition to
normal ageing, peripheral neuropathy can result from a wide range of causes,
including diabetes mellitus, alcohol abuse, vitamin B12 deficiency, chemotherapy,
and overdose of pyridoxine or nitric oxide [53]. Of these, the most common cause
of peripheral neuropathy is diabetes mellitus. Peripheral nerve damage occurs in
up to 25% of patients with diabetes mellitus after 10 years of being diagnosed with
the disease, and in up to 50% of patients after 20 years disease duration [54]. People
with diabetic neuropathy have impaired standing stability compared with age-
matched controls [55-57] and perform worse in tests of foot position sense [58,
59]. The presence of diabetic neuropathy has also been found to increase the risk
of fall-related injury by up to 15 times [60—62]. The available evidence therefore
suggests that peripheral neuropathy, by affecting the ability of an older person to
perceive the orientation and movements of the limbs, is a significant risk factor for
falls and fall-related injuries.

Cardiovascular problems resulting in neural failure of postural control

Orthostatic hypotension

Orthostatic hypotension, also known as postural hypotension, refers to the drop in
blood pressure which occurs when transferring from a supine to a standing posi-
tion. Two broad categories are recognized. Asymptomatic orthostatic hypotension
is a drop in systolic pressure of 20 mmHg or diastolic pressure of 10 mmHg or more
at 1-5 minutes after moving from the supine to the standing position without
symptoms. Symptomatic orthostatic hypotension results in subjects reporting
dizziness, lightheadedness or faintness to the extent that the procedure of measur-
ing standing blood pressure must be aborted [63, 64].

The reported prevalence of orthostatic hypotension in older people ranges from
6% to 33% [65-75]. This large variation can be attributed to variations in the
sample assessed, the technique of blood pressure measurement performed, and the
definitions employed [63, 67, 70]. A major limitation of many of these studies is
that they have not excluded subjects with chronic diseases or those taking medica-
tions known to cause orthostatic hypotension. Thus, the prevalence reported may
overestimate the true prevalence in healthy, community-dwelling older people.
When confounding variables are adjusted for, prevalence of orthostatic hypoten-
sion in community-dwelling older people is approximately 6% [75, 76]. These
results suggest that orthostatic hypotension is relatively uncommon in community-
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dwelling healthy older people, and tends to be associated with pre-existing disease
or use of medications which have antihypertensive effects.

The most common cause of orthostatic hypotension is the failure of the auto-
nomic nervous system to react to the body’s change in posture [77, 78]. However,
numerous diseases have also been found to be associated with an increased risk of
developing orthostatic hypotension, including heart failure, diabetes mellitus,
Parkinson’s disease, stroke, dementia and depression [76, 79, 80]. Drugs known to
induce orthostatic hypotension include antihypertensives, anti-Parkinsonian
drugs, antidepressants, antipsychotics and diuretics [81, 82]. After controlling for
disease states and medication use, there does not appear to be a significant associa-
tion with advancing age [76], nor are there consistent gender differences. However,
given the increased prevalence of both disease and medication risk factors with
advancing age, it is not surprising that prevalence of orthostatic hypotension has
been found to increase with age when these variables are not controlled for [63, 66,
83].

The association between orthostatic hypotension and falls dates back to
Sheldon’s 1960 study, in which 4% of 500 falls in 202 older people were attributed
to ‘abnormal blood pressure homeostasis’ [84]. Numerous retrospective studies
have since provided further evidence to support a relationship between orthostatic
hypotension and falls [47, 85-88]. Brocklehurst et al. have also suggested that 20%
of hospital admissions for hip fracture could be attributed to hypotension-related
loss of consciousness [89]. In contrast to these findings, a post-fall assessment study
conducted by Kirshen et al. [90] reported that none of the falls reported in two res-
idential care facilities could be attributed to orthostatic hypotension, and Salgado
et al. [5] did not find any difference in prevalence of orthostatic hypotension in
older people who had and had not fallen while in hospital.

The validity of the results of these studies is limited by the retrospective design
employed, and no prospective investigations have reported orthostatic hypoten-
sion as a strong risk factor for falls. Studies conducted by our research group have
failed to show orthostatic hypotension to be a strong risk factor for falling. A 12-
month prospective study of 81 hostel residents revealed that antihypertensive med-
ications were not a risk factor for falls, and none of the subjects exhibited
orthostatic hypotension when blood pressure was measured in supine and stand-
ing positions [91]. Similarly, investigations of 414 community-dwelling older
women aged 65 to 99 years [92] and 81 hostel-dwelling older people [93] found
that orthostatic hypotension was not a risk factor for falling in the 12-month
follow-up period. Similar results were reported in a recent prospective study by Liu
et al. [94], who found no association between falls and orthostatic hypotension or
use of diuretic medications.

Delineating the role of orthostatic hypotension in falls is inherently difficult due
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to (i) differences in the way blood pressure has been measured; (ii) the normal vari-
ations in blood pressure from day to day and following meals; (iii) the weak correla-
tion between subjective reporting of dizziness and objective measures of blood
pressure; and (iv) the fact that even transient illness may cause a drop in blood pres-
sure. Differences in blood pressure protocols are a significant concern when inter-
preting the results of studies on orthostatic hypotension and falls. While standard
definitions and measurement techniques for orthostatic hypotension have now
been documented [95], earlier investigations have utilized different protocols
which may not produce equivalent values. In particular, the time period between
supine measurement and standing measurement has varied from 1 [76] to 5
minutes [96]. Figure 4.1 shows a plot of postural drop in blood pressure in 67 older
people, measured with a finger blood pressure cuff immediately after standing and
then 3 minutes later. As can be seen from the graph, there is little association
between the two measures. Clearly, values obtained using different measurement
protocols cannot be directly compared.

Blood pressure has been found to vary considerably both during the day and
from one day to the next in older people [97] and, as such, orthostatic hypotension
measurement has been found to have poor reproducibility [98]. One major cause
of this variation is blood pressure reduction following consumption of food (post-
prandial hypotension) [99, 100], which commonly occurs in active and well older
people [101]. There is only weak evidence that the drop in blood pressure follow-
ing consumption of food could be associated with falling. Two retrospective studies
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(88, 102] have reported that post-prandial hypotension is more marked in older
people with a history of falling, although no prospective evidence exists. These
results suggest that assessing the contribution of orthostatic hypotension to risk of
falling is a ‘hit and miss’ affair, as the effects are transient, and the results of falls
investigations could vary considerably depending on when blood pressure
measurements are performed.

A final limitation of the literature pertaining to orthostatic hypotension and falls
relates to the fact that only weak correlations have been reported between objec-
tively measured orthostatic hypotension and subjective reports of dizziness [76, 85,
103-105]. This explains why orthostatic symptoms can exist without the presence
of objectively measured orthostatic hypotension [96] and why individuals with
orthostatic hypotension do not always exhibit symptoms [104]. Interestingly, a
cross-sectional study by Ensrud et al. [104] reported that only 23% of subjects diag-
nosed with orthostatic hypotension experienced feelings of dizziness. In addition,
although measurement of orthostatic hypotension was only weakly associated with
falls, self-reported ‘dizziness’ was significantly associated with increased falls risk.
This suggests that symptoms of dizziness, rather than objective measurement of
orthostatic hypotension, may be a more accurate predictor of falls, and that reports
of dizziness should not be interpreted as diagnostic of orthostatic hypotension.

The confusion in the literature pertaining to dizziness in older people was the
subject of a recent editorial in the Journal of the American Geriatrics Society [106].
The authors suggested that, due to the variety of ways causes of dizziness have been
classified in the literature, the results of various studies are analogous to the story
of the blind men and the elephant. In this story, three blind men each feel a different
part of the elephant’s body, and each observation provides accurate but biased
information as to what the elephant is like.

Drop attacks

The term ‘drop attack’ was first used by Sheldon [84], and refers to a sudden, unex-
pected fall to the ground preceded by turning of the head or tilting of the neck. The
victim of a drop attack does not experience any loss of consciousness; however,
there is often a transient loss of strength in the legs and trunk [107]. Since this early
description, the term ‘drop attack’ has been variably applied to a range of neuro-
logical phenomena associated with falls, and in common usage is a blanket term
covering unexpected falls without a loss of consciousness.

The causative mechanism of a drop attack is still poorly understood, and indeed
in many cases no cause can be identified [108]. Sheldon’s original description sug-
gested that the ‘sudden loss of postural alertness’ associated with the condition
could be attributed to brainstem dysfunction [84], while more recent studies have
implicated vertebral-basilar artery insufficiency [109-113], structural lesions of
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the cervical spine [114, 115], and carotid sinus hypersensitivity [116-119]. While
drop attacks can occur in otherwise healthy individuals, they are also commonly
associated with neurological conditions including Meniere’s disease [120, 121] and
epilepsy [122, 123].

Drop attacks have been reported as the cause of between 2% and 25 % of falls
(84, 85, 89, 124—126], but the definition of a drop attack and the population studied
varies considerably in the literature. Sheldon’s study attributed 25% of the 500 falls
in community-dwelling women to a drop attack [84], while Clark [124], using the
same definition, found that 16% of 431 fall-related hip fractures in women could
be attributed to drop attacks, with an increasing prevalence of drop attacks with
advancing age. Campbell et al. [85] also noted an increased prevalence of drop
attacks with advancing age, but reported a smaller overall prevalence of 16% of all
falls. An investigation of fall-related hip fractures in hospital reported that 20% of
the 348 falls were due to drop attacks; however, the definition of a drop attack also
included ‘giddiness’ and vertigo [89]. These results would seem to suggest that drop
attacks are a common cause of falls in older people.

More recent investigations have tended to focus on developing multiple sensory
and motor risk factors for falls, and as a result, drop attacks have not received the
same focus as earlier studies. Nevertheless, it is possible that carotid sinus hyper-
sensitivity, often cited as a cause of drop attacks, may be responsible for some pro-
portion of the ‘unexplained’ falls in these investigations. A retrospective study of
200 fallers admitted to a hospital emergency department found that 30% were
unable to recall a reason for their fall, and of these, 73% exhibited carotid sinus
hypersensitivity [127]. Similarly, Richardson et al. [128] found that 23% of older
people presenting to an accident and emergency department with ‘unexplained’ or
‘recurrent’ falls exhibited carotid sinus hypersensitivity. However, it is also possible
that older people with poor vision, reduced sensation and slowed reaction time
may fall as a result of a trip or slip, but be unaware as to why they fell, and sub-
sequently be diagnosed with a drop attack.

In summary, it would appear that drop attacks may be responsible for a number
of falls that cannot to be explained by multiple sensory and motor risk factor
assessments. However, the evidence for drop attacks as a cause of falls is primarily
retrospective, and is marred by the use of inconsistent definitions across the liter-
ature. Furthermore, given that carotid sinus hypersensitivity is common in older
people [129], a strong causal relationship with falling has been difficult to estab-
lish. It could therefore be argued that the prevalence of drop attacks may be over-
estimated, and it is possible that if thorough sensorimotor assessments were
conducted on older people diagnosed with a drop attack, factors such as reaction
time, poor vision, increased sway and visual field dependence could explain a
considerable number of these falls. Nevertheless, there would appear to be some
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merit in the suggestion that older people with recurrent, unexplained falls be
assessed for carotid sinus hypersensitivity, as it is amenable to treatment with
cardiac pacemakers. However, carotid sinus massage is potentially harmful and
must be carefully performed by cardiologists only in very select circumstances
[118].

One of the ‘grey’ areas in the falls literature is the role of loss of consciousness. A
myriad of cardiac, haemodynamic, metabolic and psychiatric factors may cause a
loss of consciousness, and invariably this will cause the older person to fall.
However, falls researchers have approached the role of loss of consciousness in
different ways; some have differentiated ‘multifactorial’ falls from those caused by
an obvious loss of consciousness, while others have included these types of falls in
their analysis. Consequently, the literature pertaining to falls and loss of conscious-
ness is somewhat perplexing.

Syncope can be defined as a temporary loss of consciousness with spontaneous
recovery, and occurs when there is a transient decrease in cerebral blood flow. This
can be caused by several cardiac and haemodynamic factors, including orthostatic
hypotension, vasovagal attacks, transient ischaemic attacks, carotid sinus hyper-
sensitivity, cardiac arrhythmia, and aortic stenosis. However, the cause of syncope
cannot be determined in up to 50% of cases [130, 131]. Post-prandial hypotension
is also often cited as a cause of syncope in older people, although it would appear
that the drop in blood pressure following a meal will only cause the subject to lose
consciousness in the presence of antihypertensive medication usage [132],
Parkinson’s disease [133] or autonomic dysfunction [134]. A recent study of 33
patients with ‘unexplained’ syncope reported that 36% could be attributed to vaso-
vagal attacks, 15% to cardiac arrhythmia, 9% to antihypertensive medications, 6%
to orthostatic hypotension, and in one case, hyperventilation due to anxiety [135].
The relationship between cardiovascular dysfunction and syncope has also been
highlighted in a recent study by Lawson et al. [136], who reported that the presence
of syncope in patients who report severe dizziness is an accurate predictor of an
eventual cardiovascular diagnosis.

The significance of syncope in elderly falls, however, is very difficult to deter-
mine, as loss of consciousness is often associated with amnesia, making retrospec-
tive assessments difficult. In addition, many studies consider falls and syncope to
be two separate diagnoses with two separate sets of aetiologies, rather than viewing
syncope as a precursor of falling [137]. This may explain why syncope has been
reported as the cause of only 3% of falls in both nursing home [47, 87] and com-
munity-dwelling [34, 84, 89] populations. However, there is some evidence that
falls caused by syncope may be more likely to cause serious injury than falls without
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a loss of consciousness [138], presumably because the older person is unable to
make any postural adjustments to minimize the impact of the fall.

The major limitation of the literature on syncope and falls, however, is the confu-
sion caused by the interchangeable use of the terms syncope and drop attack, in
addition to their ‘shared” suspected aetiologies (orthostatic hypotension, post-
prandial hypotension, carotid sinus hypersensitivity, etc.). For example, some
studies record syncope as a cause of drop attacks [119], and both syncope and drop
attacks may be caused by carotid sinus hypersensitivity. This confusing use of ter-
minology and complex causal inter-relationships may be primarily responsible for
the limited understanding of the significance of syncope in falls in older people.

Visual problems

Cataracts

With ageing, the eye undergoes numerous physiological changes associated with
the inevitable decline in visual acuity with advancing age [139, 140]. As outlined in
Chapter 3, many authors have reported visual impairment, including poor contrast
sensitivity [141, 142], poor visual acuity [93, 143], impaired depth perception [4]
and self-reported poor vision [144] to be a strong risk factor for falls in older
people. In addition to normal age-related visual decline, older people are also par-
ticularly susceptible to developing visual deficits from common eye pathologies
such as cataracts, macular degeneration or glaucoma. However, the contribution of
these pathologies to risk of falling is difficult to ascertain, as many studies use visual
acuity tests as measures of visual impairment rather than relying on previous diag-
noses of eye disease. Nevertheless, although there is relatively little evidence asso-
ciating falls risk with specific diagnoses, it is clear that eye diseases exacerbate
age-related visual loss and thereby increase falls risk.

The term ‘cataract’ refers to an increase in the opacity of the lens, leading to smoky,
cloudy or hazy vision. Although cataracts are predominantly a disease of old age,
the changes in the molecular structure of the lens due to the ageing process itself
do not fully explain the production of cataracts. There is a general consensus that
cataracts form as a result of complex biochemical reactions which eventually lead
to oxidation of the lens, membrane breakdown and eventual opacity, while ageing
increases the susceptibility of the lens to the detrimental effects of these oxidative
agents [145]. Cataracts affect approximately 16% of people over the age of 65 [146],
and are a common cause of impaired vision in older people.

A small number of studies have found cataracts to be associated with increased
risk of falling. A 10-year prospective study of 2633 older people by Felson et al.
[147] reported that 18% of hip fractures in the follow-up period were associated
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with visual impairment, with cataracts being the most common cause. Similarly,
Jack et al. [143] reported that older people admitted to hospital for a fall were more
likely to have visual impairment than those admitted for other reasons, and 37% of
these patients had cataracts. More recently, cataracts were found to be an inde-
pendent risk factor for falls in 465 community-dwelling older people [7], while a
large cross-sectional study of 3299 people over the age of 49 years in Australia
reported that the presence of cataracts was significantly associated with increased
risk of suffering two or more falls in the previous 12 months [148]. These results
indicate that cataracts are associated with an increased risk of falling in older
people.

Macular degeneration

Glaucoma

Several disorders can lead to degenerative lesions of the macular region of the
retina. Age-related macular degeneration is the most common and serious form,
affecting approximately 9% of older people aged over 65 years [146], and up to 19%
of people over 85 years of age [149]. Age-related macular degeneration is recog-
nized as the leading cause of blindness among older people in industrialized coun-
tries [150]. Despite the recognition of macular degeneration as a common and
serious eye disease, few studies have assessed the role of macular degeneration as a
risk factor for falls. The Blue Mountains eye study in Australia found that the pres-
ence of macular degeneration was not a statistically significant risk factor for falls
in their sample of 3299 older people, but only a small number of subjects in the
sample had the condition [148]. Further studies therefore need to be undertaken
in large samples of older people with macular degeneration to determine its
contribution to falls risk.

Glaucoma is the name given to the group of eye diseases characterized by an
increase in intraocular pressure, which causes pathological changes in the optic
disk and associated visual field defects. Glaucoma is a common cause of blindness
in older people and affects approximately 3% of people over the age of 65 [146].
The presence of glaucoma has been reported to be associated with an increased risk
of falling in both retrospective [26] and prospective investigations [148]. Topical
treatments for glaucoma may also increase falls risk. Glynn et al. [151] reported
that the use of pupil-constricting eye medications was associated with a threefold
increased risk of falling in 489 patients with glaucoma, compared with those
patients not using these medications.

Few investigations have been performed to determine the mechanisms under-
lying eye diseases and falls. It is assumed that the deficits in visual acuity, depth per-
ception and contrast sensitivity and reductions in the size of the visual field
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associated with these conditions lead to impaired visual judgements of the sur-
rounding environment, making the older person more susceptible to tripping over
obstacles. Impaired vision has also been associated with slowed gait velocity [152],
which is in itself a falls risk factor [153—155]. Furthermore, there is some evidence
to suggest that older people rely on visual cues (particularly contrast sensitivity)
more than younger people to maintain standing posture [156]. With regard to
glaucoma, it has been demonstrated that intraocular pressure increases when
transferring from a supine to sitting position, and that this postural change is asso-
ciated with further short-term visual impairment [157]. This suggests that older
people with glaucoma may be at particular risk of falling when rising from bed.

Lower extremity problems

Osteoarthritis

Osteoarthritis is a common degenerative disease of articular cartilage which pri-
marily affects the major weight-bearing joints of the lower limb, leading to struc-
tural deformity, decreased range of motion, and pain. A recent epidemiological
study in Australia found osteoarthritis to be the commonest cause of muscu-
loskeletal disability among older people [158]. Older people with knee and hip
osteoarthritis often suffer wasting of associated muscle groups and have difficulty
rising from a chair and performing daily tasks, and tend to walk more slowly than
older people without the condition [159,160]. There is also evidence to suggest that
the presence of osteoarthritis impairs standing balance [161] and joint position
sense [162]. It has previously been shown that adequate joint range of motion in
the lower limbs is essential to respond adequately to unexpected postural perturba-
tions [163, 164], while the presence of pain in lower limb joints may be a source of
postural disturbance during voluntary movements. Thus it is clear that osteoarthri-
tis, by reducing joint range of motion, reducing muscle strength and causing pain
in lower limb joints, will have a detrimental effect on postural stability in older
people. A medical history of osteoarthritis has been found to be a significant risk
factor for falling by several prospective investigations [1, 3, 4, 26, 34, 165-167],
while self-reported symptoms commonly associated with the condition, such as
pain or reduced range of motion in the knees and hips, are also associated with
increased falls risk [3, 4, 86].

Foot problems

Foot problems are common in older people, affecting at least one in three com-
munity-dwelling people over the age of 65 years [168—170], and up to 85% of older
people in long-term care facilities [171, 172]. Foot problems may result from
osteoarthritic decreases in joint range of motion [173, 174], dermatological condi-
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tions [175], detrimental effects of footwear [176—179], and systemic diseases such
as peripheral vascular disease [180], diabetes mellitus [181-183] and osteoarthri-
tis [184, 185]. The most commonly reported foot problems in older people are
painful corns and calluses, hallux valgus (‘bunions’), and hammertoes. Women
report a higher prevalence of foot problems than men. The influence of fashion
footwear has been found to contribute to foot problems due to the detrimental
effect of high heels and a narrow toe-box [176-179, 186].

Foot problems are well recognized as a contributing factor to mobility impair-
ment in older people. Older people with foot pain walk more slowly than those
without, and have more difficulty performing daily household tasks [187, 188].
Twenty per cent of older people who are housebound attribute their impaired
mobility to foot problems [167], and there is some evidence that assessment of
impaired foot and leg function can provide an accurate indicator of overall func-
tional capability, and predict risk of nursing home admission [187].

As the foot provides the structural foundation for both static support and pro-
gression of the body during locomotion, it is plausible that foot problems could
increase the risk of falling [189, 190]. However, few studies have directly investi-
gated the role of foot problems in postural stability and falls. Two retrospective
studies suggested that undefined foot problems were more common in older people
who had fallen [86, 191], whereas results from prospective studies have found foot
problems (including bunions, hammertoes and ulcers) to only moderately increase
risk of falling [26, 52, 164, 192, 193]. One of the limitations with the available evi-
dence is that foot problems are generally poorly defined in epidemiological falls
studies, in many cases being coded as a single variable (i.e. presence or absence) or
clustered together with other leg problems. This makes it difficult to delineate the
contribution of specific foot conditions to falls. Additional research is required to
clarify whether specific foot conditions affect balance ability in older people, and
whether treatment of foot problems can decrease risk of falling [194].

Urinary incontinence

Incontinence is an extremely common problem in older people, particularly older
women. In industrialized societies, up to 34% of older men and 55% of older
women suffer from an inability to control urinary functions [195]. Risk factors for
incontinence include multiparity, older age, obesity, previous surgery for inconti-
nence, and neurological disorders [196]. Both retrospective and prospective falls
investigations have consistently reported urinary incontinence to be a strong risk
factor for falls in community-dwelling [4, 34, 192, 197-201] and institutionalized
[1, 202, 203] older people.

Falls related to incontinence are generally thought to result from loss of balance
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when rushing to the toilet or an increased likelihood of slipping on urine. However,
there is some question as to whether incontinence is a primary cause of falls, or
whether it is simply a marker of generalized physical frailty. While numerous falls
in long-term care facilities occur when going to, or returning from the toilet [204],
few falls in community-dwelling older people involve toileting. The close associa-
tions reported between incontinence, depression, falls and level of mobility sug-
gests that these ‘geriatric symptoms’ may have shared risk factors rather than causal
connections [205].

Psychological and cognitive factors

The role of psychological factors in the predisposition to falls has received compar-
atively little attention in comparison with common medical problems or sensory
and motor function. Perhaps the most widely accepted psychological risk factor for
falls is dementia, which affects approximately 6-10% of community-dwelling older
people [206] and has been reported as a strong risk factor by numerous investiga-
tors [165, 207-212]. Falls related to dementia are of particular concern in long-
term care facilities, as cognitive impairment is one of the most common reasons for
initial nursing home admission [213]. Furthermore, it has been reported that older
people with dementia have a fourfold increased risk of suffering a hip fracture as a
result of a fall [165], and a threefold increase in 6-month mortality rate following
hip fracture compared with older people without dementia [214].

Cognitive impairment associated with dementia and acute confusional states
may increase risk of falling by directly influencing the older person’s ability to deal
appropriately with environmental hazards, increasing the tendency of an older
person to wander [215], and altering gait patterns [216]. In a study of 60 older
women with Alzheimer’s disease, Brody et al. [217] reported that risk of falling was
greatest in those who had previously been vigorous, but had experienced marked
decline over recent months. The tendency of dementia sufferers to wander is of par-
ticular concern in nursing home residents who are relocated, as it has been shown
that fall rates may double when residents are relocated to a new facility [218].

Depression has also been implicated as a falls risk factor. Fifteen per cent of com-
munity-dwelling older people show significant depressive symptoms, with 1-2%
exhibiting major depressive disorders [219]. In nursing homes, the prevalence of
depression can be as high as 25% [220]. Numerous studies have reported an
association between depression and falls. Tinetti et al. [192] found depression to be
linked to increased risk of falling in community-dwelling older people, as did
Nevitt et al. [4], who reported that severe depression was associated with an
increased risk of experiencing multiple falls. Subsequent investigations support
these early observations, suggesting that the presence of depression is associated
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with an odds ratio of up to 7.5 for experiencing a fall [24, 94, 199, 221, 222].
Furthermore, the use of antidepressant medications has also been reported to
be a risk factor in community-dwelling and institutionalized older people (see
Chapter 5).

The mechanisms underlying depressive symptoms and falls risk have not been
fully assessed; however, it has been suggested that older people who suffer from
depression are less likely to be involved in physical activity, and are therefore at
greater risk of falls due to reduced muscle strength, coordination and balance [1].
A recent prospective study of 7414 older women reported that those with depres-
sion exhibited significantly poorer self-reported health and functional status than
those without, and exhibited a higher risk of hip fracture [222].

Conclusion

In this chapter we have briefly discussed medical conditions most commonly asso-
ciated with falls in older people. It is evident that although many conditions have
been suggested to increase risk of falling in older people, the literature is somewhat
equivocal as to the relative importance of each of these conditions. This highlights
the benefits of a functional rather than a purely disease-oriented approach to pre-
dicting falls. Attributing a degree of falls risk to a specific medical diagnosis has
limitations, because the relative severity of the condition may vary considerably
between individuals. Furthermore, deficits in sensory and motor function may be
evident in many older people with no recorded medical illnesses. As such, the func-
tional approach to falls risk assessment, which involves direct measurement of
physical and mental capabilities, would appear to be a useful and complementary
approach to assessing risk of falling.
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Medications as risk factors for falls

By Beth Matters, Hylton B. Menz, Catherine Sherrington and
Stephen R. Lord

In the USA and Europe it has been estimated that the aged population account for
25-50% of expenditure on medications [1] with 85% of older people taking at least
one medication, and 48% taking three or more [2]. Older people are particularly
responsive to the effects of pharmacological treatment, which makes them espe-
cially vulnerable to the adverse reactions of many medications [3-5]. It has been
well documented that the greater the number of medications taken, the greater the
risk of falling [2, 6-16]. Cumming et al. [2] reported that the relative risk of expe-
riencing a fall when using one medication is 1.4, two medications 2.2, and three or
more medications 2.4. Although multiple drug use may be partly a proxy measure
for poor health, there is increasing evidence that multiple medication use may lead
to falls as a result of adverse reactions to one or more medication, detrimental drug
interactions, and/or incorrect use [17].

While the relationship between polypharmacy and falls is well established, the
relationship between specific classes of drugs and risk of falling is not as clear. The
following drug groups have most commonly been implicated in the aetiology of
falls: psychoactive medications (including hypnotics and anxiolytics, antidepress-
ants and antipsychotics), cardiovascular medications (including antihypertensives,
diuretics and vasodilators), analgesics and anti-inflammatories [4]. However,
before reviewing the studies that have looked for possible causal relationships
between each of the above medication classes and falls, it is worth examining the
study design issues and other limiting factors which make this area of study notori-
ously difficult.

Design issues and limiting factors
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Limitations observed in most current study designs include confounding by indica-
tion, small sample sizes and questionable reliability and validity. Confounding by
indication makes it impossible to ascertain whether the relationship between falls
and medication is due to the actual drugs, or the indications for their use. Such
confounders include disease, depression, anxiety and impaired cognitive status.
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While early studies failed to address possible confounding factors, more recent
studies have taken this into account [2]. Due to small sample sizes, many studies
have been unable to explore the effects of individual medications grouped within
drug classes [11, 17, 18]. Retrospective studies have come under criticism for their
lack of reliability and validity. Many involve the subjective recall of a falls event,
which is questionable as up to one-third of older people forget about experiencing
a fall 3 months to 1 year later [19]. Furthermore, drug use may change over time,
and a fall may lead to a change in the older person’s medication [17, 20].

Despite these considerable impediments, many studies have now been under-
taken in this area and patterns of evidence are emerging which indicate that some
drug classes are indeed implicated in increasing falls risk in older people, whereas
others are not. The following sections review this material.

Drug classes implicated in falls in older people

Psychoactive medications

Many epidemiological studies have examined the association between the use of
any psychoactive medication and falls and falls injuries in older people. These
studies indicate that there is a two- to threefold increased risk of falling when using
psychoactive medications [9, 21-26], and a twofold increased risk of experiencing
a hip fracture [27]. The use of multiple psychoactive medications also has an addi-
tive effect on falls risk. For example, Weiner et al. [28] have found that the odds
ratio of experiencing a fall for community-dwelling older people taking one
psychoactive medication was 1.5, while in those taking two or more of these drugs
the odds ratio increased to 2.4.

Not all psychoactive medication subclasses are equally implicated in falls,
however. The following section explores the evidence for the major psychoactive
drug groups (hypnotics and anxiolytics, antidepressants and antipsychotics) as risk
factors for falls.

Hypnotics and anxiolytics

The findings regarding the association between hypnotics and anxiolytics and falls
are somewhat contradictory. Two case-control studies have reported no increased
risk of falling for users of hypnotics and anxiolytics among older nursing home res-
idents [21], and in a retrospective cohort community study, Prudham and Evans
[29] found no difference in the use of hypnotics and anxiolytics between fallers and
nonfallers. However, prospective studies have reported that hypnotics and
anxiolytics carry a two- to fourfold increase in the risk of falling in institutional-
ized [11, 26, 30], and community-dwelling [31, 32] older people. To confuse
matters further, there is some suggestion that, by reducing anxiety and depression,
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hypnotic and anxiolytic drugs may have beneficial effects in preventing falls [18].
These apparently discrepant results may be explained by differences in drug
classification systems used in these studies [17], and by the finding that the actual
dosage of the medication may be the important factor, rather than simply whether
the drug is being taken or not [33].

When assessing the effects of hypnotics and anxiolytics, most studies explore the
effects of benzodiazepines. These drugs are generally used for the treatment of
anxiety and sleep disturbances [1]. Results regarding the specific subclass of ben-
zodiazepines are more consistent, with several reporting a relationship between
their use and increased falls risk [2, 33—36]. It has also been shown that the dura-
tion of use and gender may influence the extent of adverse outcomes. Neutel et al.
[36] examined the relationship between the duration of benzodiazepine use and
falls risk in older community residents, and reported that the greatest risk for falls
injury was within 15 days of filling the prescription. With respect to gender
differences, Trewin et al. [37] discovered that only lorazepam prescribed to women
and nitrazepam prescribed to men were significantly associated with an increased
falls risk, raising the possibility that males and females may have differing sensitiv-
ity to specific classes of benzodiazepines.

The differential effects of short- and long-acting benzodiazepines are unclear.
Some studies have reported that long-acting benzodiazepines increase risk of
falling [2, 38] and hip fracture [39] more so than short-acting drugs; however,
other studies have found no significant differences between the two [21, 23]. An
explanation for this discrepancy could be that dosage is more important than drug
type. Recently, Herings et al. [33] reported that subjects taking more than the rec-
ommended dose had double the risk of hip fracture regardless of the actual type of
benzodiazepine they had been prescribed.

Antidepressants

Antidepressants include the drug groupings of selective seratonin re-uptake
inhibitors (SSRIs), tetracyclics, monamine oxidase inhibitors, and tricyclic antide-
pressants. The most commonly used antidepressants in long-term care facilities are
SSRIs [40]. Evidence for the association between antidepressant use and falls risk
seems to be divided with results both for [12, 16, 21, 30, 31, 34, 38, 41, 42] and
against [2, 8, 11, 29]. These discrepant findings may be attributable, in part, to
differing methodologies utilized. Overall, prospective designs have tended to report
a significant association, whereas retrospective studies have not. The relationship
between antidepressants and falls has been frequently observed even when con-
trolling for variables such as medical conditions, dementia, functional status, age
and body mass.

Specific classes of antidepressants and their effect on falls have also been investi-
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gated. Ray et al. [41] concluded that current users of tricyclic antidepressants had
a significantly increased risk of hip fracture, while Ruthazer and Lipsitz [40] dis-
covered that falls risk was greatest among women using SSRIs and tricyclic antide-
pressants. However, both Tinetti et al. [43] and Ebly et al. [16] found that no
individual drug within the antidepressant group was clearly associated with falling.
The significance of trends observed between different classes of antidepressants is
limited by the small numbers of people taking these medications in the study
samples.

Antipsychotics

Antipsychotics encapsulate a broad range of drug classes. Their primary objective
is to reduce the symptoms of psychosis such as anxiety, acute agitation, hallucina-
tions, delusions and delirium. In older people they are primarily prescribed to treat
agitation in those with dementia. Work conducted among nursing home residents
by Yip and Cumming [21] has found the most resounding support for the associa-
tion between falls and antipsychotics. After adjusting for potential confounders, it
was reported that residents using antipsychotic medications were four times more
likely to fall than nonusers. This risk was also linearly related to increasing dosage.
Similarly, case—control studies of hospitalized older people [44, 45] and nursing
home residents [18, 26] have reported that the use of antipsychotic drugs is associ-
ated with a significant increased risk of experiencing an injurious fall. Whether this
finding represents an inappropriate use of antipsychotics cannot be ascertained;
however, it is interesting to note that one study has reported that the use of these
drugs in patients with severe psychiatric illness actually decreases the risk of falling
[46].

In contrast to the general consensus of antipsychotic drugs contributing to falls
in long-term care facilities, studies involving community or intermediate care
samples have generally not found antipsychotic drugs to be a risk factor for falls [2,
8, 38]. These findings can be interpreted in two ways. First, community dwellers
using antipsychotic drugs may not comprise sufficient numbers to detect a
significant relationship. Second, the predisposing effects of antipsychotics on falls
may be more pronounced in long-term care residents where the prevalence of
frailty, cognitive impairment and immobility are higher.

Pooling the data: meta-analysis findings for the relationship between psychoactive medications

and falls

In a recently published systematic review, Leipzig et al. included data from much
of the above literature in a meta-analysis to examine the relationship between
psychoactive medications and falls in older people [47]. Significantly, only 40
studies were considered of a high enough quality to meet the authors’ inclusion
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Table 5.1. Pooled odds ratios for falling associated with psychoactive medication classes

Drug class Number of studies Pooled odds ratio
Sedatives / hypnotics 10 1.25 (0.98-1.60)
Benzodiazepines 8 1.40 (1.11-1.76)
Antipsychotics 9 1.90 (1.35-2.67)
Antidepressants 11 1.62 (1.23-2.14)
Tricyclic antidepressants 8 1.40 (0.96-2.02)
Any psychoactive medication 11 1.66 (1.40-1.97)

Source: Adapted from Leipzig et al. [47].

criteria, and none of these were randomized controlled trials. By pooling the odds
ratios from the raw data of these studies, they found that psychotropic drugs were
weakly but significantly associated with falls risk. These results are summarized in
Table 5.1.

Cardiovascular system medications

Investigation of a relationship between cardiovascular medications and falls is
meagre compared with studies exploring psychoactive medications and falls. Very
few studies specifically explore cardiovascular medications, choosing instead to
view them concurrently with other medications. Furthermore, there are problems
associated with the classification of drugs studied. In some studies, diuretics are
classified as antihypertensives, while other studies choose to investigate them as a
separate entity. Results from studies that group cardiovascular classes into ‘cardiac
drugs’ have been inconsistent [17]. The following cardiovascular medication
groups: antihypertensive agents, diuretics and vasodilators/digoxin will each be
considered in turn.

Antihypertensive agents

Angiotensin-converting enzyme (ACE) inhibitors, beta blockers and calcium
channel blockers are the largest groups of antihypertensive drugs. These drugs are
used in the management of angina pectoris and hypertension. There has been little
support for an association between antihypertensives and falls. While some studies
have reported that the use of antihypertensives is associated with a moderately
increased risk of falling [8, 31, 32, 48] most studies have found a nonsignificant
relationship for both older community [2, 29, 31, 34, 38, 49, 50] and long-term care
residents [11, 51, 52]. The only prospective, randomized controlled trial on hyper-
tensive use found no difference in falls prevalence between subjects taking the med-
ication and those taking a placebo [53]. Given that the evidence for a relationship
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between the use of antihypertensive drugs and falling is weak, and that the risk of
morbidity due to hypertension is high, it would appear that discontinuing the use
of antihypertensive medications to prevent falls is not warranted in most cases [51].

Diuretics include drugs such as amiloride, thiazide and frusemide. These drugs are
primarily used in the treatment of cardiac failure, hypertension, glaucoma and
fluid retention. As with antihypertensives, there are few studies that report a
significant relationship between the use of these medications and falls. While a
small number of studies have found that fallers are more likely to be users of diuret-
ics than nonfallers [2, 7], most studies fail to report any significance of diuretic use
in terms of falls risk [4, 17, 20, 54]. Interestingly, there is some evidence that thi-
azide diuretics, by decreasing excretion of calcium in the urine, may have positive
effects on bone density, thereby decreasing the risk of hip fracture [55].

Other cardiovascular system medications

Other cardiovascular medications that have come under investigation for their
contributory role in falls risk include vasodilators and digoxin. Results are incon-
clusive, with some studies indicating a significant relationship [2, 30, 32, 35] and
others showing no association [11, 14] between vasodilators and falls risk.

Digoxin is a cardiotonic drug used to strengthen weak heart muscle and to
correct some forms of arrythmia. Gales and Mernard [23] reported that digoxin
use increased falls risk in older people by 90% in an acute hospital setting, while a
prospective study by Koski et al. [32] reported that the use of digoxin was associ-
ated with an increased risk of experiencing a fall-related minor injury for men, but
not women. However, in each of these studies it is possible that the use of digoxin
is simply a marker of physical frailty rather than a cause of falls.

Anti-inflammatories and analgesics

Anti-inflammatories include corticosteroids and nonsteroidal anti-inflammatory
drugs (NSAIDs). These are primarily used to treat joint pain, stiffness,
inflammation, gout and swelling associated with arthritis. Most epidemiological
studies of anti-inflammatory medications and falls have only been concerned with
NSAIDs. Results have again been mixed, with one report suggesting a relationship
between NSAID use and falls in institutionalized older people [13], and others
reporting no relationship [11, 38]. Interestingly, Yip and Cummings [21] found
that while NSAID use did not reach statistical significance for two or more falls, it
was an independent risk factor for four or more falls. This could be interpreted as
suggesting that NSAIDs are only problematic for high-risk fallers; however, this
finding needs to be treated with caution as the confounding variable of arthritis was
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not controlled for in the analysis. When the existence of arthritis is controlled for,
odds ratios for falling are markedly reduced [2].

Narcotic analgesics (e.g. codeine and propoxyphene) have been found to
produce psychomotor impairment, and in one study were significantly associated
with hip fracture [56]. However, no relationship has been reported between nar-
cotic analgesics and falls [23, 44]. The fundamental limitation in clarifying whether
narcotics are related to falls is simply that there are only small numbers of older
people taking these medications in the samples studied.

Pooling the data: meta-analysis findings for the relationship between cardiac and analgesic

medications and falls

In the companion study to their work on psychoactive medications, Leipzig et al.
conducted a systematic review and meta-analysis of the available research regard-
ing cardiac and analgesic drugs [57] and falls in older people. As with the psycho-
active review, only a minority of papers met the study’s inclusion criteria, and again
none were randomized controlled trials. By pooling the odds ratios from the raw
data of these studies, it was concluded that digoxin, type IA antiarrythmic drugs
are only weakly associated with falls risk, while no significant association was found
for other cardiac drugs or analgesics. The results of this meta-analysis are summar-
ized in Table 5.2.

Physiological mechanisms underlying the association between medications

and falls

As indicated earlier, much of the research on medications and falls has focused on
epidemiological designs establishing medications as falls risk factors, rather than
delineating the possible mechanisms underlying the relationship. The complex
nature of falls aetiology has made it difficult to make causal connections between
medications and falls incidence. Knowledge of such issues may become somewhat
clearer when investigations are undertaken on the physiological mechanisms by
which certain medications predispose older persons to fall.

The main mechanism by which medications increase risk of falling may lie in the
commonly encountered side effects they produce [58]. Reduced mental alertness,
slowed transmission within the central nervous system, sedation, blurred vision,
confusion, neuromuscular incoordination, impaired balance and drug-induced
parkinsonism are all potential mechanisms by which some medications predispose
older people to fall [20, 38].

Drug-induced postural hypotension may also be a potential contributor to
falling. This is a common side effect of antidepressants, antipsychotics and diuret-
ics/antihypertensives [21, 59]. In a large prospective study of community-dwelling
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Table 5.2. Pooled odds ratios for falling associated with cardiac and analgesic medications

Drug class Number of studies Pooled odds ratio
NSAIDs 13 1.16 (0.97-1.38)
Aspirin 9 1.12 (0.80-1.57)
Nonnarcotic analgesics 9 1.09 (0.88-1.34)
Narcotic analgesics 13 0.97 (0.78-1.20)
Any diuretic 9 1.05 (0.96-1.14)
Thiazide diuretics 12 1.06 (0.97-1.16)
Loop diuretics 11 0.90 (0.73-1.12)
ACE inhibitors 10 1.20 (0.92-1.58)
Beta blockers 18 0.93 (0.77-1.11)
Calcium channel blockers 13 0.94 (0.77-1.14)
Centrally acting antihypertensives 11 1.16 (0.87-1.55)
Nitrates 14 1.13 (0.95-1.36)
Digoxin 17 1.22 (1.05-1.42)
Type la antiarrythmics 10 1.59 (1.02-2.48)
Notes:

NSAIDS, nonsteroidal anti-inflammatory drugs; ACE, angiotensin-converting enzyme.

Source: Adapted from Leipzig et al. [57].

women, we found a significant association between psychoactive medication use
and postural hypotension [38]. However, evidence linking postural hypotension
and falls is less convincing. While Davie et al. [6] found that systolic hypotension
contributed independently to dizziness and falls, other studies have not reported
such a relationship [38, 60, 61].

In addition to the potential impairments produced by medications in general,
specific classes of drugs have been found to produce characteristic impairments
in the sensory systems which contribute to balance and coordination.
Benzodiazepines have been found to impair reaction time and increase postural
sway in older people [59, 62—65], and an association has been reported between
continuous benzodiazepine use and decreased position sense in the toes [59].

In a case—control study of factors associated with injurious falls, we have found
associations between psychoactive medication use, quadriceps strength, and mea-
sures of standing balance [66], which suggests that benzodiazepines impair balance
function both centrally and peripherally. Figure 5.1 shows a path analytic model for
the relationship between psychoactive medication use and falls, derived from the
Randwick falls and fractures study [38]. This analysis reveals that after adjusting for
other interrelated and confounding factors (increased age, postural hypotension
and inactivity), the association between psychoactive medication use and falls is



20

Fig. 5.1.

Medications as risk factors for falls

> Poor balance
control

Psychoactives 0.16

-0.22

0.4

e

-0.15

A path analytical model for the relationship between psychoactive medication use and
falls. The standardized relative strengths of the effects (similar to correlation coefficients)
are indicated by the numerals near the path arrows. This model indicates that, after
adjusting for age and activity levels, approximately half of the association between
psychoactive medication and falls is mediated via reduced stability. (Psychoactives: nil,
one or two. Activity: hours per week. Age: age in years. Poor balance control: a composite
measure incorporating measures of tactile sensitivity, vibration sense, quadriceps strength,
reaction time, sway and clinical stability. Falls: two or more falls versus nil or one. Postural
hypotension was found to be a statistically insignificant variable in the development of the
final model.) Adapted from Lord et al. [38].

mediated, in large part, through poor balance control (as measured by a compos-
ite measure of sensory, motor, speed and stability variables). The remaining direct
effect is likely to be due to other postulated side effects of these medications such
as increased sedation and reduced mental alertness.

The mechanism by which NSAIDs may increase risk of falling is unclear, partic-
ularly given the problem of controlling for the confounding variable of osteoarthri-
tis, itself a risk factor for falling [31, 67]. However, NSAIDs have been reported to
produce central nervous system side effects such as impaired cognition, which may
play a role in increasing falls risk [17].

Conclusion

Older people’s use of and sensitivity to medications, combined with their suscep-
tibility to fall, has ensured the importance of investigating the association between
medications and falls. Most of the research to date has focused on the effects of
psychoactive medication and falls risk in older people, and has found benzodi-
azepines, antipsychotic and antidepressant drugs to be significantly associated with
increased falls risk. However, the relationship between antipsychotics and falls
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appears to be more pronounced for older residents in long-term care, and is likely
to be confounded by the presence of dementia.

The research on cardiovascular medications is limited. There has been little
support for an association between falls and various cardiac drugs such as anti-
hypertensives. In addition, results indicate that nonsteroidal anti-inflammatories
do not appear to be an independent risk factor for falls once the confounding vari-
able of arthritis is taken into account.

Methodological limitations and the multifactorial nature of falls aetiology have
made it difficult to make causal connections between medications and falls risk.
Nevertheless, our knowledge of this complex issue is furthered by investigations
exploring the physiological mechanisms by which certain medications or combina-
tions of medications predispose older persons to fall. Physiological mechanisms
purported to mediate the association between falls and medication use include
changes in the central nervous system, postural hypotension, neuromuscular inco-
ordination and impaired balance. Epidemiological research needs to be comple-
mented by other forms of research focusing on psychomotor performance and
fall-related parameters. In addition, further randomized controlled trials exploring
the effects of interventions such as drug counselling and staged drug withdrawal
need to be conducted.
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Environmental risk factors for falls

Environmental factors have been said to contribute to falls for many years [1-3].
This chapter assesses the importance of a range of environmental factors in pre-
dicting falls. This involves discussion of the proportion of falls which may involve
environmental factors, aspects of indoor and outdoor environments which have
been suggested to contribute to falls, the strength of the evidence for the role of
these factors in falling and the interaction between the environment and the older
person’s physical capabilities. Chapter 9 in the second part of this book will outline
and examine the effectiveness of strategies to address potential environmental
hazards.

Proportion of falls involving environmental factors

96

One method for assessing the contribution of various environmental factors to
falling is to analyse the location and cause of falls. As discussed in Chapter 1, around
half of all falls experienced by healthy community-dwellers occur within the
person’s own home [4-7]. Campbell et al. [6] found that 16% of falls occurred in
the person’s own garden, 21% in a bedroom, 19% in the kitchen and 27% in the
lounge/dining room. Our group found 6% of falls occurred while using the shower
or bath, 3% off a chair or ladder, 6% on stairs and 26% while walking on a level
surface [7]. This indicates that many falls occur while the person is carrying out
ordinary tasks. These figures also highlight the potential influence of environ-
mental factors in gardens, public places and in other people’s homes, in addition to
those within the person’s own home.

The location of falls varies for people of different ages and for men and women.
With increasing age more falls occur inside the home on level surfaces [7]. Women
are more likely to fall within their usual residence, while men are more likely to fall
in their own garden [6]. Similarly, men are more likely to suffer a hip fracture out-
doors [8].

In investigating the role of environmental risk factors we also need to consider
the reported causes of falls. It would seem that falls related to trips and slips would
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be most likely to be related to environmental causes. Studies have found that
between 21% [6] and 53% [7] of falls are attributed to these causes. While up to
14% of people are unable to identify the cause of their fall, 21% report losing their
balance and 6% report their legs giving way [7]. These falls seem to be primarily
‘intrinsic’ (caused by factors within the person such as decreased muscle strength
and poor balance) rather than ‘extrinsic’ (caused by external factors).

Some investigators have asked fallers directly whether the fall was associated with
an environmental factor. Among community-dwellers this figure has been reported
to be around 45% [5, 9, 10]. The role of environmental factors is less clear for falls
causing a hip fracture. One study [11] found that 25% of these falls were associated
with an environmental hazard, while another found this figure to be 58% [12].
These differences are probably due to variations in definitions and coding pro-
cedures. Therefore, environmental factors seem to play an important but not exclu-
sive role in falling.

Suggested environmental risk factors

A number of authors have suggested that various environmental risk factors are
associated with falling. These factors are usually identified from reports of fallers
and observation of environments [3, 11, 13-21]. Posited environmental risk factors
for falling are summarized in Table 6.1. Suggested measures to address each risk
factor are outlined in Table 9.1.

Evidence regarding environmental risk factors

Private residences

As with other risk factors, it should be remembered that stronger evidence about
the importance of an environmental risk factor is provided from prospective
cohort studies, which assess environmental factors first and then monitor fall rates
over a period of time. The next best evidence comes from case—control studies
which involve assessment of environmental hazards among people who have and
have not fallen. Weaker evidence comes from surveys where authors ask people who
have fallen whether environmental factors were involved [22].

Several prospective cohort studies have now been conducted in this area. One of
these showed some association between environmental risk factors and falling [5].
This study involved 325 older people who had suffered a fall in the previous year.
Subjects completed a take-home questionnaire to assess structural hazards, trip-
ping and slipping hazards, safety awareness and habits, and environmental obsta-
cles. A subset of 70 subjects also had a nurse practitioner survey their home using
the same questionnaire. None of the individual items or composite scores were
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Table 6.1. Posited environmental risk factors

General

Slippery floor surfaces

Loose rugs

Upended carpet edges

Raised door sills

Obstructed walkways

Cord across walkways

Shelves or cupboards too high or too low
Spilt liquids

Pets

Furniture

Low chairs

Low or elevated bed height
Unstable furniture

Use of ladders and step ladders

Bathroom/toilet/laundry

Lack of grab rails shower/ bathtub/ toilet
Hob on shower recess

Low toilet seat

Outdoor toilet

Slippery surfaces

Use of bath oils

Stairs

No or inadequate handrails
Noncontrasting steps

Stairs too steep, tread too narrow
Distracting surroundings

Unmodifiable stairs or individual unable to manage stairs

Outdoors

Sloping, slippery, obstructed or uneven pathways, ramps and stairways
Brief cycles in traffic lights

Crowds

Certain weather conditions (leaves, snow, ice, rain)

Lack of places to rest

Unsafe garbage bin use
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significantly associated with the risk of falls during the one-year study period.
However, there was an increased risk of multiple falls among people who reported
that one or more environmental factors (such as poor lighting or low seats) inter-
fered with their ability to carry out activities of daily living in the home. This
association remained significant after multivariate adjustment for a number of
other variables. This implies that the role of the environment was more important
in those with particular physical disabilities.

From the same study, Northridge et al. [23] classified subjects as either vigorous
or frail. Not surprisingly, they found that the frail group suffered more frequent
falls. However, they also found that, while there was no effect of environmental
hazards on fall rates among frail people, there was some indication that vigorous
people living with more environmental hazards were more likely to fall. For this
group, a four-point increase on a seven-point composite home hazard scale was
associated with a threefold increase in the odds of falling. This suggests that the role
of environmental factors is less important among frailer people. While this seems
to be counter-intuitive, it is probably the case that frailer people (who are likely to
be weaker and have poorer balance) are more likely to fall regardless of environ-
mental factors. In contrast, particular hazards are required for more vigorous
people to fall.

Three other large prospective cohort studies have failed to show a clear relation-
ship between environmental risk factors and falling. Two of these studies involved
a home assessment by a health professional. Tinetti et al. [10] conducted a cohort
study of 336 people aged 75 and older. A home assessment was conducted by the
nurse-researcher at baseline using a standardized 30-point checklist to identify
hazards such as obstacles and poor lighting. The number of environmental hazards
identified was not significantly associated with falling. However, further analysis of
the data also revealed a similar finding to that made by Northridge et al. [23], that
is, vigorous older people were more likely to have a fall associated with an environ-
mental hazard (53%) than either transitional (36%), or frail (29%) people [24].

Campbell et al. [6] conducted a 12-month prospective study of falling among
761 people aged 70 and older. An occupational therapist conducted a home assess-
ment at baseline. During the follow-up period, the majority of trip and slip falls
occurred over normal household objects in an uncluttered environment. These
objects had not been identified as hazards. The authors concluded that generalized
home hazard assessment and modification is not appropriate as a public health
measure, but may have a role to play among people with a disability. Although this
recommendation appears to be inconsistent with the findings of Northridge et al.
[23] and Speechley et al. [24], it may be that as well as having a greater relative
importance among vigorous people who fall less frequently, environmental
factors are also important in people with particular disabilities (such as following
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amputation or stroke) who require particular environmental modifications to
function independently and safely.

The third study [25] involved a telephone interview to identify two commonly
suggested home hazards: the presence of loose rugs and the absence of non-slip
strips in the bath or shower. Neither of these factors was predictive of falling in 586
subjects assessed 1 year later.

None of three recent case—control studies, which have compared the homes of
fallers with those of nonfallers, have found extensive associations between environ-
mental hazards and falling. Sattin et al. [26] conducted standardized assessments
of the homes of 270 older people who had recently sought treatment for fall-related
injuries, and 691 sex- and age-matched control subjects. They did not find
significantly more hazards among the fallers. In fact, a commonly postulated
hazard, the presence of throw rugs, was associated with a decreased risk of an
injurious fall (except among those aged 85 and older).

In a case—control study, McLean and Lord [27] assessed the homes of 50 older
people who had recently been admitted to hospital as a result of a fall and 45 age-
and sex-matched community-living nonfallers. Fallers were further distinguished
on the basis of whether they fell in the home or outside. Home hazard scores did
not differ between home fallers, outside fallers and nonfallers.

The homes of older people who had been referred to an occupational therapist
were assessed for hazards by Clemson et al. [28]. Subjects were 52 people with a
recent hip fracture, 43 fallers and 157 nonfallers. The results indicated that the
homes of fallers were no more hazardous than the homes of non-fallers. However,
it was found that fallers with a cognitive impairment had more home hazards than
fallers with no cognitive impairments and that a wide range of hazards was associ-
ated with hip fractures. Although the authors suggest that these results be inter-
preted carefully (as the assessors were not blind to fracture status), they highlight
the need for further investigation of the relationship between home hazards and
fractures.

Tinetti et al. [29] present further evidence of the relationship between environ-
mental factors and the extent of injury suffered. From a nested cohort study they
report that of 568 people who fell in a 36-month period, 69 suffered a serious injury
(defined as a fracture, joint dislocation or head injury) during their first reported
fall. A fall on stairs was independently associated with suffering a twofold increased
risk of serious injury.

Temporary hazards and hazards within other people’s homes may also contrib-
ute to falls. However, neither of these will be identified in studies involving home
assessment. After conducting in-depth interviews with 15 people who had fallen,
Connell and Wolf [30] found that temporary hazards played a role in a number of
these falls. In addition, people may actually be more at risk from environmental
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hazards in other people’s homes, as they may be unfamiliar with potential hazards,
whereas in their own homes they may be better able to avoid them.

Residential aged care facilities

Residents of aged care facilities (hostels and nursing homes) are generally frailer
than those living in private homes. It is therefore likely that in these settings, the
person’s physical impairments will play a relatively greater role in their risk of
falling. In other words, these people may fall in the absence of any environmental
hazard. In addition, these environments are often designed to minimize environ-
mental hazards (e.g. absence of steps, wide corridors, presence of grab rails).
Despite this, falls in residential care settings have also been found to involve
environmental hazards. Therefore, even among frailer people, some falls have the
potential to be prevented by environmental interventions.

Fleming and Pendergast [31] surveyed 294 fall incident reports for 95 residents
of an adult care facility and found that 50% of the descriptions implicated an
environmental factor, with pieces of furniture being the most common, followed
by walking aids. Fifty-seven per cent of falls occurred in the residents’ rooms.
Similarly, Tinetti et al. [32] found that of 25 recurrent fallers, no falls were entirely
explained by an environmental hazard. However, at least one fall for 23 of the 25
incidents involved an object (e.g. missing a chair while sitting down, falling while
getting off the toilet). In a detailed review of falls in a nursing home setting,
Rubenstein et al. [33] note that continence problems have been suggested to play
an important role in nursing home falls, due to the need for repeated visits to the
toilet during the day and at night. He suggests that environmental factors contrib-
uting to this problem are wet floors due to incontinence, poor lighting, bedrails and
inappropriate bed height.

While recently built residential aged care facilities should be designed to maxi-
mize safety, it also seems to be important that the environment is well adapted to
the individual (i.e. correct bed and chair heights) and that obvious risks (such as
wet floors and clutter) are minimized [18, 33].

Public places

The issue of falls in public places is a vital one for public authorities. Over 10 000
claims for compensation for injuries sustained as a direct result of tripping over
broken, uneven, or loose paving stones are made against local authorities in
England and Wales annually [34]. Despite this, the issue of environmental risk
factors in public places has been given little attention in the literature.

Reports from fallers indicate that environmental factors may have a greater role
to play in outdoor falls than in indoor falls. Nevitt et al. [5] report that environ-
mental factors (stairs or tripping and slipping hazards) were associated with 61%
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of falls that occurred away from home and 33% of those that occurred at home.
Norton et al. [11] report similar results for those who have suffered a hip fracture:
environmental hazards were involved in 25% of falls at home, and in 56% of falls
occurring away from home. In a study of 237 Accident and Emergency patients
who had fallen in public places, two-thirds fell on pavements, 11% when crossing
the road and 9% in shops [35].

The STEPS project [36] was a participatory research project where people were
encouraged to report falls in public places to a telephone hotline. Of the 533 callers,
35% had some type of physical disability. Eighty-five per cent of incidents (falls and
missteps) were in outdoor locations and the majority were on the footpath (side-
walk), an uneven surface or on a concrete surface. The authors call for ongoing
community monitoring of falls hazards.

It is likely that the type of surface on which one falls affects the chance of
suffering an injury. In their prospective study [37], Nevitt et al. report trends indi-
cating an increased risk of injury with falls on hard surfaces such as pavement or
concrete, but note than an earlier study [38] failed to find such an association. In a
later case—control study, Nevitt and Cummings [39] found the risk of hip fracture
to be significantly increased with falls on hard surfaces. However, two other
case—control studies have not found such an association [40, 41].

The interaction between the individual and the environment

While it is evident from the studies outlined above that environmental factors are
not the major cause of the majority of falls, interaction between an environmental
hazard (or extrinsic factor) and the person’s physical abilities (intrinsic factors)
seems to play an important role in falls. Lawton [42] describes a model of the inter-
action between an older person’s competence and the demands of the environ-
ment. A person must have a high competence level to cope effectively in an
environment with high demands, while a person with a low competence level will
be able to cope with an environment with low demands. As shown in Figure 6.1,
we have adapted this model to describe the interaction between physical ability,
environmental demand and the resultant risk of falling. Those with high physical
abilities can withstand a range of environmental challenges without falling, yet
when faced with an extreme challenge (e.g. a patch of ice) they may still fall. Those
with lower physical abilities can generally cope well in an environment that offers
few challenges (e.g. by staying indoors), yet when these abilities are very poor, a fall
will be experienced regardless of the safety of the environment (e.g. a fall while
walking on a level surface in a bathroom with rails installed). For example, if a more
able person trips on a cracked footpath, they may have the ability to recover from
this and avoid a fall. Yet a person with impairments in proprioception, reaction
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Fig. 6.1

Interaction between individual and environment

Physical ability

Environmental demand

>

Interaction between physical ability and environmental demand. The shaded area
represents an increased risk of falling.

time and/or muscle strength may not be able to recover in this way. This model is
helpful in understanding the findings of studies outlined above. The frail people
described by Northridge et al. [23] were probably falling in large part regardless of
their environment, while the more vigorous people fell when challenged by the
environment, thus environmental hazards played a more important role in their
falls.

Results reported by several other authors are consistent with this model. In a
study of over 1400 community-dwellers, Weinberg and Strain [43] found that those
with better self-rated health and those falling outdoors were more likely to attrib-
ute this fall to the surroundings. Those with poorer self-rated health and those who
reported having dexterity difficulties were more likely to attribute their falls to their
own limitations.

Studenski et al. [44] used a mobility screen to classify 306 people aged 70 years
and older as being at low (immobile, or mobile and stable) or high (mobile and
unstable) risk of falling. Being classified as high risk was strongly predictive of expe-
riencing recurrent falls during the 6-month follow-up period. Among those
classified as high risk, an elevated risk score on a standardized environmental home
assessment was predictive of recurrent falls. A 10-point increase in environmental
risk score (out of a total 100) was associated with a 23% increase in fall risk. It seems
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that those at low risk of falling were either better able to withstand environmental
challenges or were not as challenged by their environments as the high-risk people.

The type of environmental challenges that an older person chooses to expose
themself to, or in other words, the extent of a person’s risk-taking behaviour would
be expected to be an important part of the interaction between the person and their
environment. Indeed, a person’s attitude to risk (on a three-point scale) has been
found to be associated with increased falls [44].

Conclusion

Identifiable environmental hazards have not been found to be major risk factors for
falling among older people as a whole. This is particularly the case for older people’s
own homes. However, the interaction between an older person’s physical abilities
and exposure to environmental stressors does appear to be central to their risk of
falling. Although falling rates are lower in vigorous older people than in their frailer
counterparts, environmental hazards have a higher contribution to falls in this
group. This appears to be due to increased exposure to higher risk activities as well
as environments. There is also some evidence that the type of surface on which an
older person falls affects the chance of suffering an injury.
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The relative importance of falls risk factors:
an evidence-based summary

In this chapter, we have pooled the findings from published studies on falls risk
factors reviewed in Chapters 1 to 6. However, rather than simply listing the many
and varied psychosocial, demographic, physiological, health and environmental
factors that have been posited as important falls risk factors, we have rated each
factor according to the strength of the published evidence for each factor actually
being associated with falls. To do this we have using the following star rating system:
** strong evidence (consistently found in good studies),
** moderate evidence (usually but not always found),

*  weak evidence (occasionally but not usually found) and

— little or no evidence (not found in published studies despite research to

examine the issue).

The factors have been classified into areas that were covered in turn by the first six
chapters from Part 1 of this book: psychosocial and demographic factors, postural
stability factors, sensory and neuromuscular factors, medical factors, medication

factors and environmental factors.

Psychosocial and demographic Factors

107

Table 7.1 shows that a number of psychosocial and demographic factors have been
systematically studied as potential risk factors for falls. As falls are generally con-
sidered to be a marker of frailty and immobility it is not surprising that falls are
associated with advanced age and activities of daily living (ADL) limitations. The
finding that a history of falling is associated with future falls is also not surprising.
Most studies undertaken in community settings have shown a higher incidence of
falls in women. This may be due to reduced strength and increased visual field
dependence in women [1]. In a recent study, our group has also found that older
women are worse than older men in executing fast and accurate steps in a choice
reaction stepping time task that required whole body movement [2]. However in
hospitals and institutions, where the inpatient populations are subject to sub-
stantial selection biases (based on ill health, frailty, immobility, etc.), the reported
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Table 7.1. Psychosocial and demographic factors associated with falls

Factor Strength of association
Advanced age ook

Female gender *x

Living alone bl

History of falls ook

Inactivity b

ADL limitations o

Alcohol consumption -

Notes:
*** Strong evidence; ** moderate evidence; * weak evidence; — no

evidence. ADL, activities of daily living.

incidence of falling is similar for men and women. The finding that living alone is
a risk factor for falls is most likely confounded by gender and by age, in that elderly
women comprise the majority of this group.

As is described in Chapter 8, physical activity can improve strength, balance and
functional abilities in older people [3] and can prevent falls [4]. However, being
more physically active does not always prevent falls [5]. This is probably because
the more physically active older person takes part in activities which increase expo-
sure to falls risk situations. Clearly, this risk should be balanced against the benefits
of increased physical functioning and independence that exercise brings.

The most surprising finding regarding associations between psychosocial factors
and falls is that alcohol consumption has not been shown to be a falls risk factor.
Despite examining the issue, no significant associations have been found between
alcohol use and falls in several large-scale studies [6-11]. In fact, most of these
studies have found that those who are current drinkers have fewer falls, than those
who abstain [6, 7, 8, 10]. Campbell et al. [6] have suggested that this unexpected
negative association may be due to alcohol use being lowest in those with poor
physical health or those taking psychoactive drugs, although this was not the case
in our community study [8]. It may also be the case that the lack of a positive
association between alcohol use and falls is due to response and selection biases, in
that heavy alcohol consumers may underreport their drinking levels or simply
decline participation in research studies. However, despite the lack of an associa-
tion between current alcohol use and falls, there is strong evidence that long-term
high alcohol intake can lead to impaired health and cognitive impairment, and can
exacerbate such conditions in older people [12].
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Table 7.2. Balance and mobility factors associated with falls

Factor Strength of association

Impaired stability when standing b

Impaired stability when leaning and reaching o

Inadequate responses to external perturbations *
Slow voluntary stepping *x
Impaired gait and mobility ek

%

Impaired ability in standing up

Impaired ability with transfers b

Notes:

*** Strong evidence; ** moderate evidence; * weak evidence; — no evidence.

Postural instability

Table 7.2 summarizes the results of the many investigations performed to assess
whether various measures of postural stability are associated with increased falls
risk. Generally speaking, the more challenging the stability task is, the stronger its
evidence as a falls risk factor. For example, while impaired stability when standing
and during leaning tasks are moderate risk factors, measures of gait, transfers and
standing from a sitting position are consistently reported as strong risk factors in
well-designed studies.

Although many studies have been performed to evaluate age-related differences
in responding to platform perturbation, performance on these tests is only weakly
associated with falls. There are two possible reasons for this. First, few large
prospective studies have employed the mechanical perturbation model as it gener-
ally requires specialized equipment, and is therefore restricted to testing of smaller
numbers of subjects in a balance laboratory. Second, the artificial perturbations
induced by platform tests are quite dissimilar to those that would lead to a fall in
an older person’s daily environment. Interestingly, a recent prospective study by
Maki et al. [13] found that while standing sway in the mediolateral direction pre-
dicted falls, performance on tests of mediolateral and anteroposterior platform
perturbation were not able to discriminate between fallers and nonfallers. It would
therefore appear that measures of postural stability will only be able to predict falls
if the tests used challenge balance in a realistic manner that represents the context
of the specific task being performed.
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Table 7.3. Sensory and neuromuscular factors associated with falls

Factor Strength of association

Visual acuity b

Visual contrast sensitivity
Visual field dependence
Reduced peripheral sensation ok
Reduced vestibular function -

Muscle weakness ot

Poor reaction time ek

Notes:
*** Strong evidence; ** moderate evidence; * weak evidence; — no

evidence.

Sensory and neuromuscular factors associated with falls

As indicated in Chapter 3, there is general agreement that postural control is a
complex process, which involves many body systems. Table 7.3 shows that reduced
functioning in peripheral sensation, strength and reaction time — major contribu-
tors to balance control — are strongly associated with falls. Impaired vision is also
likely to be a strong falls risk factor, and the fact that it has been found to be only
moderately associated with falls appears to be due to the use of a suboptimal test,
i.e. high-contrast letter charts. These charts measure discrimination of fine detail,
whereas the detection of larger visual stimuli under low-contrast conditions has
been found to be a more pertinent visual function for avoiding hazards and thus
falls [14].

Vestibular function is the only physiological domain that has not been found to
be associated with falls in older people. It may be that older people with adequate
peripheral sensation and/or vision, can compensate for reduced vestibular func-
tioning. However, as indicated in Chapter 3, the screening assessments used to
measure vestibular function in the epidemiological studies of falls undertaken to
date have been indirect and possibly too insensitive to be able to detect subtle yet
significant impairments in vestibular function. Further research is required in this
area.

In our studies, we have found that measurements of vision, peripheral sensation,
strength, reaction time and balance significantly and independently contribute to
the discrimination between fallers and nonfallers in multivariate analyses [15, 16].
This suggests that poor functioning in any of these physiological domains predis-
poses older people to falls, and that multiple impairments greatly increase falls risk.
However, when the standardized weightings of each measure are compared, it is
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Table 7.4. Medical factors associated with falls

Factor Strength of association

Impaired cognition ok

Depression e
Abnormal neurological signs >
Stroke ot
Incontinence h
Acute illness a

Parkinson’s disease ek

Vestibular disorders -

Arthritis o
Foot problems o
Dizziness *

Orthostatic hypotension -

Notes:
*** Strong evidence; ** moderate evidence; * weak evidence;

—no evidence.

apparent that they do not contribute equally to the prediction of falls. Slow reac-
tion time and increased sway (particularly when challenged by having subjects
close their eyes or stand on a compliant surface) appear to be particularly strong
physiological risk factors for falls [15, 16].

Medical factors

A number of researchers have now identified a range of medical factors that are
associated with an increased risk of falls [6, 8-10, 17-20]. These include the pres-
ence of stroke or Parkinson’s disease, acute illness, arthritis, foot problems, depres-
sion, impaired cognition, incontinence and abnormal neurological signs. These
conditions have been shown to be risk factors for falls in both community and
institutional settings, although the importance of some of these such as inconti-
nence and impaired cognition (with associated antipsychotic drug use) may be
more important in institutions. The distinction between strong and moderate evi-
dence as indicated in Table 7.4 for these factors relates to some extent to the
difficulty in rigorously measuring some of these conditions. This has meant that
fewer studies have addressed these factors or that crude measures (with resultant
imprecision) have been used as substitutes. This is particularly the case for neuro-
logical conditions, arthritis and foot problems. However, as also shown in Table 7.4,
certain conditions commonly thought to be strong risk factors for falls, such as
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vestibular disorders and orthostatic hypotension, have not been found to be impor-
tant risk factors in research studies.

The lack of reported associations between vestibular disorders and dizziness on
the one hand and falls on the other appears paradoxical, as such disorders have
marked effects on balance. Three factors could account for the lack of association.
First, increased age results in a loss of vestibular functioning, not an increase in
aberrant vestibular information, as is the case with vestibular disease. As indicated
above, older people with adequate peripheral sensation and/or vision may be able
to compensate for reduced vestibular functioning. Second, anecdotal evidence
indicates that vestibular disorders (as opposed to diminished vestibular function)
do have a marked effect on balance in older people, an effect that is patently clear
to the sufferers and as a result they take steps to avoid falling — quite often by liter-
ally lying down. The final factor may relate to study limitations in that assessment
measures for accurately measuring vestibular functioning have not been carried
out in large prospective studies on falls.

As indicated in Chapter 4, orthostatic hypotension, whether idiopathic or due to
a side effect of antihypertensive use, has not generally been found to increase the
risk of falling in older people. This indicates that in comparison with impairments
of sensorimotor function, balance and gait, orthostatic hypotension is a relatively
unimportant or rare cause of falls. As is the case with vestibular disorders, the lack
of a demonstrated link between orthostatic hypotension and falls may be due to
study limitations. Most studies have tested for orthostatic hypotension on a single
occasion, usually when the older subject visits a clinic or laboratory. These subjects
are then followed up in prospective studies to determine falling rates. It is possible
that as orthostatic hypotension can be of an intermittent nature, subjects may test
negatively on the baseline testing day, but suffer postural blood pressure drops and
falls on one or more occasions in the follow-up period.

Medication use

Table 7.5 outlines medications that have been implicated in falls in older people.
Both community and institutional studies have consistently reported significant
associations between falls and psychoactive and multiple drug use. Studies of non-
steroidal anti-inflammatory drug (NSAID) use indicate that this medication does
not appear to be an independent risk factor for falls once the confounding variable
of arthritis is taken into account.

In contrast with the few studies that have made direct assessments of orthosta-
tic hypotension, many studies have examined antihypertensive use as a possible
falls risk factor. Here the findings have been inconsistent and a recent meta-analysis
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Table 7.5. Medication factors associated with falls

Factor Strength of association
Psychoactive medication use ek

Antihypertensive use *

NSAIDs -

Use of more than 4 medications A

Notes:

** Strong evidence; ** moderate evidence; * weak evidence; —

no evidence. NSAIDS, nonsteroidal anti-inflammatory drugs.

Table 7.6. Environmental factors associated with falls

Factor Strength of association

Poor footwear *

Inappropriate spectacles *
Home hazards -

External hazards -

Notes:
% Strong evidence; ** moderate evidence; * weak

evidence; — no evidence.

of the available published data concluded that there was little support for an
association between antihypertensive use and falls [21].

Environmental factors

In contrast to psychosocial, demographic, medical and physiological factors, Table
7.6 shows there is little evidence that environmental factors are primary risk factors
for falling. For example, it has not been found that older people who live in haz-
ardous homes have more falls than those who live in safe homes. The lack of
associations may reflect, at least in part, the difficulty of studying transient or inter-
mittent risk factors. However, as many falls do involve environmental factors, it
seems that the interaction between the older person’s physical abilities and the
environment is a crucial factor in determining whether a fall will occur.

Although no studies have reported direct relationships between poor footwear
or inappropriate spectacles and falls, both of these factors have been found to affect
important falls risk factors. For example, high-heeled shoes impair balance [22]
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and bifocal spectacles impair depth perception and contrast sensitivity at critical
distances required for detecting obstacles in the environment [23].

Conclusion

Many psychosocial and medical conditions and impairments of sensorimotor
function, balance and gait have been shown in large epidemiological studies to be
strongly associated with falls. The lack of significant associations for other posited
risk factors may indicate that these are relatively unimportant causes of falls or that
these issues have not been subject to appropriate study. The risk factors that are of
an intermittent nature have been especially difficult to study.

The above summaries have listed risk factors in isolation and have used a simple
classification scheme. Many of the risk factors are interrelated, as preliminary path
analytical models have shown [24]. Further the intrinsic/extrinsic distinction is an
oversimplification, and a better understanding of falls is usually obtained when
taking a ecological perspective, that is, examining the person in association with
environmental factors [25]. Finally, the above summaries, by definition, were based
on findings from population studies. Clearly, in clinical practice many medical
conditions and disorders in addition to those listed above as important risk factors
may well be the cause of falls in individual patients and require investigation.
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Strategies for prevention






Overview: Falls prevention

Risk factors for falling have been described in detail in the first part of this book
and summarized in Chapter 7. The identification of risk factors is the first step in
falls prevention. It is then necessary to establish which risk factors are potentially
modifiable, so that relevant and appropriate intervention strategies aimed at pre-
venting falls can be designed, implemented and evaluated [1].

The table lists the falls risk factors which we rated as either ‘strongly’ or ‘moder-
ately’ associated with falls in published studies in Chapter 7. In addition, we have
included certain other risk factors that are likely to be important but have yet to be
shown to be so due to methodological difficulties. The table shows the extent to
which these risk factors are modifiable and suggests broad intervention strategies
for each.

It is evident from the table that some important risk factors are not modifiable.
Nevertheless, an understanding of the causes and predisposing factors of falls can
provide information for targeting prevention strategies and awareness-raising pro-
grammes.

The table also shows that many falls risk factors have considerable potential for
intervention. These strategies are described in the remainder of this book. Chapters
8 to 14 review the studies that have examined the effects of particular behavioural
and/or environmental interventions. Chapter 15 evaluates the effectiveness of tar-
geted multifaceted falls prevention programmes and Chapter 16 outlines a physio-
logical profile assessment approach that enables intervention programmes to be
individually tailored to those most at risk.
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Overview: Falls prevention

Falls risk factors: ability to be modified and intervention strategies

Risk Factor Able to be modified?  Intervention strategies

Advanced age No Discussion of increased risk

Female No Discussion of increased risk

Living alone Possibly Discussion of increased risk and possible
change of living arrangements

Inactivity Yes Exercise, education

Activities of daily living Yes Exercise, motor training, use of aids,

(ADL) limitations provision of assistance with ADL

History of falls No Discussion of increased risk

Medical factors Possibly Appropriate medical or surgical
intervention

Medications Possibly Medication withdrawal, investigation of
alternative strategies

Poor vision Possibly Use of appropriate spectacles,
appropriate medical/surgical
intervention, discussion of increased
risk

Reduced peripheral No Discussion of increased risk and

sensation compensatory strategies

Muscle weakness Yes Strength training

Poor reaction time Yes Exercise/training of fast, coordinated
responses, €.g. exercise to music

Impaired balance Yes Exercise/training involving control of
movements of centre of mass

Impaired gait Yes Exercise/training targeting causes,
consider use of aids and appliances

Footwear Yes Advice re appropriate footwear

Environmental hazards Yes Installation of safety features,

(home, institution,

public place)

correction/removal of hazards




Exercise interventions to prevent falls

Exercise has a major role to play in modifying key falls risk factors and preventing
falls among older adults. There are, however, many different types of exercise, some
of which are likely to result in greater reductions in falls risk than others. Therefore,
health professionals can do better than merely suggest that older people should
exercise. As Hadley [1] states ‘telling an older person that “exercise” could help
prevent falls is not much better than telling them that “antibiotics” could help cure
an infection: although true, the advice would be much more useful if it were more
specific’ (p. 1382).

To optimize the prescription of exercise to prevent an older person falling, the
health professional can assess the person’s performance on key physical measures
of falls risk. The most appropriate form of exercise to address individual deficits
found can then be determined. Possible exercise settings can then be discussed with
the client. A range of other factors may also need to be considered when deciding
on the most appropriate exercise for an individual. Among these are: financial
status, carer responsibilities, availability of transport and personal preferences.

This chapter aims to assist the health professional to prescribe exercise by out-
lining different exercise forms and settings for older people and summarizing the
evidence for their effects on falls and fall risk factors.

Exercise and falls

121

For several years now, it has been clear that exercise among older people can modify
key falls risk factors such as decreased muscle strength and poor balance. However,
until very recently, there has not been the evidence that exercise can actually reduce
the incidence of falls. This may be partly because large sample sizes are required to
investigate the effect of exercise on falls incidence rates, and because many studies
of exercise do not measure falls. However, a number of recent studies have found a
reduction in falls rates with several different forms of exercise.

The FICSIT (frailty and injuries: cooperative studies of intervention techniques)
trials recently conducted in the USA have provided crucial information. These
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seven independent randomized controlled trials included an exercise component
for 10-36 weeks. The nature of this intervention varied between trials. The pre-
planned meta-analysis [2] of all seven trials included a total of 2328 older people.
The adjusted fall incidence ratio for the treatment arms including general exercise
was 0.90 (95% confidence interval 0.81-0.99) and for those including balance
training it was 0.83 (95% CI 0.70-0.98). In other words, the incidence of falls was
probably reduced by about 10% in those undertaking any exercise and by about
17% in those undertaking balance exercise.

Two individual FICSIT trials also found an effect of exercise alone on falling.
From their randomized clinical trial of Tai Chi, computerized balance training and
education, Wolf et al. [3] reported that the rate of falls was substantially (47.5%)
reduced in the subjects who had participated in the 15-week Tai Chi programme.

In the Seattle FICSIT study, Buchner et al. [4] found thatamong 105 older people
with at least mild deficits in strength and balance, exercise had a protective effect
on risk of falling (relative hazard = 0.53, 95% CI 0.30-0.91). This study was
a randomized trial of supervised strength and/or endurance training (1-hour
sessions, three per week, for 24-26 weeks), followed by self-supervised exercise.
Interestingly, exercise did not actually reduce fall rates in the intervention group,
rather, fall rates increased in the control group. It seems, as the authors suggest, that
exercise played a role in preventing deterioration.

The Yale FICSIT study found targeted multifaceted interventions to reduce falls
incidence significantly [5]. One of the interventions used was a home exercise pro-
gramme. However, this study design makes it difficult to assess the effectiveness of
exercise as an individual component.

Another recent study has also shown an effect of exercise on falling. A random-
ized controlled trial by Campbell et al. [6] in New Zealand showed a reduction in
falls rate and falls injuries with a home exercise programme (among 232 women
aged 80 and over). The home exercise programme was established in four visits
from a physiotherapist, while the control group received the same number of social
visits. The relative hazard for the first four falls in the exercise group compared with
the control group was 0.61 (95% CI 0.52-0.90).

However, not all studies in this area have found that exercise prevents falls. The
FICSIT meta-analysis [2] found that interventions classified as resistance,
endurance or flexibility training did not significantly affect fall rates. The Cochrane
Collaboration systematic review [7], which involved pooling data from four ran-
domized controlled trials involving exercise alone, did not find a significant effect
on fall rates. However, as this review did not include two of the more recent studies
outlined above, this conclusion may well be changed when the review is next
updated.
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Exercise options, falls and falls risk factors

There is ample evidence from many studies for the positive effects of various forms
of exercise on key falls risk factors and functional abilities among older people. In
this section, various forms of exercise will be discussed in terms of their back-
ground, effects on falls and falls risk and effects on functional abilities. In the back-
ground section, the aims, methods and prescription principles of each exercise
intervention will be briefly outlined. The falls and falls risk section will consist of
an overview of the results of randomized controlled trials investigating the effect of
the particular exercise on falls incidence and on key risk factors for falls (such as
strength, balance and gait). The functional abilities section will discuss the demon-
strated and postulated effects of the intervention on an individual’s ability to
perform tasks central to independent daily living. As discussed previously, many
measures of falls risk are also a reflection of the person’s functional abilities. The
final section of this chapter considers where exercise can be undertaken and the
advantages and disadvantages of different settings.

Resistance training

Background

Resistance training aims to increase the ability of a muscle or group of muscles to
generate force. It is based on the overload principle first described by Roux and
Lange in the early twentiethth century, who suggested that performance of work of
an intensity beyond its accustomed load would cause a muscle to grow in size and
strength [8]. Progressive resistance training regimes for a range of patient groups
were described by DeLorme and Watkins in the 1940s and 1950s [9]. Patients per-
formed three sets of 10 repetitions at increasing proportions of a weight that could
only be lifted 10 times (10 repetition maximum or 10RM), with the last set being
at a 10RM intensity. In DeLorme’s protocol, the 10RM was assessed weekly so that
as the person became stronger, the load lifted was increased.

While the popular perception of resistance training continues largely to involve
muscle-bound sweaty young men, a large number of controlled trials have now
found resistance training to be safe and effective among older adults [10]. Several
popular books aimed at older people outline practical aspects of strength training
programmes for this age group [11, 12].

The American College of Sports Medicine [13] recommends that healthy seden-
tary adults undertake a strength training programme involving one set of 8—12RM
of 8-10 different exercises twice weekly. It also recommends that older adults and
people with cardiac disease carry out similar programmes at a slightly lower inten-
sity (10-15RM) to decrease the risk of musculoskeletal injury and cardiac
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complications [14, 15]. While few studies have compared strength training at
different intensities for older people, there is some evidence for a greater relative
effectiveness of lower-intensity programmes compared with higher-intensity pro-
grammes than in younger people [16, 17]. To decrease the risk of injury, it is
common for strength training programmes for older people to include a warm-up
set at a lower intensity [10].

Older people with various medical conditions may still be able to benefit from a
strength training programme. For example, resistance training has been shown to
reduce physical disability and pain among older people with osteoarthritis [18].
High-intensity strength training (80% of 1RM) has been found to be safe and
effective among aerobically trained cardiac patients [19].

However, the risk of a cardiovascular event occurring during exercise is sub-
stantially increased among those with cardiac disease. Guidelines published by
the American College of Sports Medicine (ACSM) and the American Heart
Association (AHA) [20] suggest that cardiovascular screening be undertaken
before a person of any age commences a moderate to high intensity exercise pro-
gramme. Two screening tools are suggested, the Revised Physical activity readiness
questionnaire (PAR-Q) and the AHA/ACSM Health/fitness facility preparticipation
screening questionnaire. If potential risk is identified on these brief questionnaires,
the person is advised to contact their doctor for possible further investigation.
These people should also exercise in a setting where medical or professional super-
vision is available.

Effects on falls and falls risk

Epidemiological studies have shown that muscle strength decreases with increased
age [21], and that reduced muscle strength is one of the major risk factors for falling
[22, 23]. Exercise interventions aimed at improving muscle strength have been
widely identified as a key strategy for reducing frailty [24] and maintaining func-
tion [15] in old age.

It is now clear from a number of randomized controlled trials that resistance
training can substantially increase muscle strength among community-dwelling
older people [4, 25-31]. A typical programme would involve the person lifting a
weight of 50-80% of their IRM (the weight they are able to lift only once) using an
exercise machine, two or three times weekly.

Resistance-training programmes have also been investigated among people
living in supported accommodation. In a randomized controlled trial of a 10-week
resistance exercise programme among 100 frail nursing home residents, Fiatarone
et al. [32] demonstrated significant increases in muscle strength, gait velocity,
stair-climbing power and level of spontaneous physical activity in the exercisers
compared with the controls. Several other noncontrolled studies have also demon-
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strated the feasibility of this type of approach among nursing home residents [33,
34].

Effects on functional abilities
While some authors argue that improved strength in older people will result in aug-
mented functional ability [15], other evidence suggests that this may not necessar-
ily be the case.

It has been found that a nonlinear relationship exists between strength and func-
tion among older people [35]. Buchner et al. reported than among weaker people,
leg strength and gait speed were associated, whereas among stronger people there
was no relationship between the variables. It appears that the stronger people were
able to generate sufficient levels of muscle tension to successfully carry out the task,
while the weaker people’s lack of strength impaired performance of the task [35].
Thelevel of strength required for a particular task has been referred to as the thresh-
old value [36]. Threshold values have been identified for various tasks [37-39].

It seems likely that for people below this critical level of strength, strength train-
ing will lead to improved functional abilities [40]. However, among stronger people
(who already have sufficient strength for functional tasks), an increase in strength
will not improve functional performance.

Studies among younger people have shown that the greatest improvements in
muscle strength occur for the muscle action which has been trained and that
carry-over to other muscle actions is limited [8, 41]. This principle of specificity
of training has been shown to apply to the task trained [42], the velocity of
contractions [43], and the angle of isometric contractions [44]. This means that
strength training for isolated muscle groups in positions and velocities not rele-
vant to the everyday tasks may not be the most effective way to increase functional
ability. In other words, seated resistance training may improve the ability to lift a
weight using the quadriceps muscle in sitting, but may not improve stair-climb-
ing ability. As Rutherford [45] suggests ‘rather than using conventional exercises
to strengthen individual muscle groups it may be more advantageous to identify
particular functional deficits and then repeatedly practise these with or without
added resistance’ (p. 201). While this approach is yet to be investigated among
older people it seems that task-related resistance training could have a greater
effect on functional abilities than more traditional nonweight-bearing resistance
training.

Unfortunately, many strength training studies do not measure functional abil-
ities so do not offer additional information on this question. Several studies of
nonweight-bearing strength training have not shown any improvement in func-
tional ability [4, 46] or have shown improvement on only one or two of a number
of functional measures [31, 47]. Two studies have shown improved functional
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abilities with strength training for very high level tasks (backward tandem walk [27]
and stair-climbing endurance [48]).

The other studies which have shown functional improvements from nonweight-
bearing strength training programmes have tended to be on weaker or less active
people. The study which has shown the most substantial functional effect of
strength training [32] was among frail nursing home residents. Other studies have
been among the functionally impaired [36] and older people with osteoarthritis
and physical disability [18]. It therefore appears that these people were below
threshold levels of strength prior to the intervention.

Functional benefits have been demonstrated when strength training is under-
taken in combination with other types of training. One such study of both strength
and endurance training [49] was conducted in a nursing home setting, where par-
ticipants are likely to have also had low initial levels of both strength and endurance.
Work by Judge et al. showed that a programme of strength training combined with
endurance and balance training improved balance [50] and gait velocity [25]
among community dwellers. However, the relative benefits of the different inter-
ventions could not be assessed with this study design.

Rooks et al. [51], have tried to apply the principles of strength training to prac-
tice of everyday tasks among healthy older people. In addition to seated knee exten-
sion exercise, subjects carried out weighted stair-climbing and resisted plantar
flexion exercises. This lead to increased strength as well as improved performance
on a number of weight-bearing tasks (stair-climbing, single leg balance and ability
to reach down to the floor in standing). Interestingly, improved balance and stair-
climbing were also noted in a walking-trained group. This suggests that other forms
of task-related practice may be as effective as resistance training in improving func-
tional abilities. Similarly, Shaw et al. [52] had subjects carry out weight-bearing
exercises with weight vests to provide resistance. This led to significant increases in
lower limb strength and subjective reports of enhanced functional abilities among
the intervention group.

The data reviewed above suggest that weaker older people can show improved
functional abilities following traditional nonweight-bearing strength training pro-
grammes. However, older people with greater initial muscle strength do not show
such a carry-over. These individuals may have the capacity to improve functional
ability with strength training in weight bearing or skill training. Thus, the princi-
ples of specificity of training may be most important among stronger older
adults. However, older people with less muscle strength may also derive greater
benefit from training programmes designed around these principles, than
from nonweight-bearing resistance training. This issue requires further investiga-
tion.
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Endurance training

Background

Endurance training it is not commonly discussed as a falls prevention strategy.
However, a loss of aerobic capacity is associated with increased age [15], and
difficulty performing activities of daily living and difficulties in walking and trans-
ferring (e.g. from bed to chair) have been consistently associated with an increased
risk of falling.

Even seemingly simple physical activities such as walking across a room, getting
dressed or climbing stairs have energy requirements associated with them.
Therefore, a certain level of cardiovascular fitness is required to successfully under-
take such activities. In fact, Morey et al. have found that individuals with a
peak oxygen uptake of less that 18 ml/kg per minute report significantly more
difficulties performing daily tasks [53]. If a person’s cardiovascular system is unable
to meet the energy requirements of these simple tasks, functional ability and inde-
pendence will be severely impaired. Such a person is then likely to become increas-
ingly less active. This lack of activity associated with such low levels of functional
ability will in turn contribute to greater losses in cardiovascular fitness and also
muscle strength.

Other older people may be able to carry out daily activities successfully, yet they
may have a reduced physiological reserve and be operating close to their maximum
aerobic capacity [24, 54]. When faced with a task with higher demands (e.g. a flight
of stairs) they are unable to meet these energy needs and their poor fitness becomes
apparent. Reduced reserve may also become apparent if the person suffers an acute
illness followed by a further loss of fitness.

It has now been shown that older people can benefit from fitness training [15,
55]. From their review of 22 studies investigating the effects of aerobic training
among older adults, Buchner et al. [40] concluded that 3—12 months of exercise
improves aerobic capacity by between 5% and 20%. From their meta-analysis of 29
studies of endurance training among older people, Green et al. [56] found an
average increase in maximum oxygen consumption of around 23%. These
improvements may well be enough to lead to improved functional abilities and
therefore decrease the person’s risk of falling. Endurance training also has the
potential to improve general health among older people [57-59].

Studies have now established the feasibility of endurance training among
community-dwelling older people [55, 60, 61], those requiring institutional care
[62], and among people with peripheral vascular disease [63—65], stroke [66], coro-
nary artery disease [67], arthritis [18, 68-70], chronic airflow limitation [71]
and following lower limb amputation [72]. One study found that 10 years after a
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randomized controlled trial of an intervention to encourage walking, people in the
walking group still reported more frequent walking for exercise [73].

The most recent American College of Sports Medicine position on exercise for
older adults [15] recommends that older adults with sufficient strength and balance
should undertake an aerobic exercise programme. Such a programme should first
target frequency (at least 3 days per week), then duration (at least 20 minutes) and
finally appropriate intensity (40-60% of heart rate reserve or 11-13 on the Borg
scale of perceived exertion [74]).

The optimal intensity at which older people should undertake endurance train-
ing requires further investigation. While moderate- to high-intensity exercise is
recommended to increase fitness [15], light- to moderate-intensity physical activ-
ity has been associated with a range of other health benefits [58, 59]. There is also
some evidence that fitness benefits can also be obtained among older people from
lower intensity (30—45% heart rate reserve) endurance training [75].

However, endurance exercise will not be effective in all settings. Daltroy et al.
[76] found a 3-month trial of exercise on a stationary bicycle programme did not
significantly improve aerobic capacity among people with rheumatoid disease. In
a randomized controlled trial of aerobic exercise in cardiac rehabilitation, a super-
vised programme involving a combination of centre-based and home-based exer-
cise had a greater effect on fitness than an unsupervised home programme [77].
Despite this, King et al. [78] found that home-based endurance exercise was as
effective as group-based exercise and 12-month adherence rates were higher in the
home-based groups in a randomized controlled trial.

A range of endurance training strategies are available for older people. These
include; group exercise classes, walking programmes, treadmill walking or
running, stationary cycles and arm cranking. Strategies need to be appropriate for
individuals and will depend in part on their level of fitness and skill.

Although in the general aged population the risks associated with inactivity are
probably greater than those associated with physical activity [15], endurance train-
ing is contraindicated in some individuals. As for strength training, it is important
that proper screening takes place before aerobic exercise programmes are under-
taken [15, 79-82].

Effects on falls and falls risk

Several randomized trials have evaluated the effects of endurance training on falls
and falls risk. One of the studies which found an effect of exercise on falls rates
included endurance training [4]. This study found that both endurance training
and a combination of strength and endurance training led to increased aerobic
capacity, but neither intervention led to improved balance or gait.

Falls risk factors can be modified by endurance training. Rooks et al. [51] found
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a walking programme conducted in a group setting led to improved tandem and
single-leg stance and improved stair-climbing speed. Buchner et al. [83] compared
three different endurance training programmes, and found that leg strength was
improved by walking, use of a stationary cycle and an ‘aerobics’ class. Gait speed
and self-reported physical ability were also improved in the walking group. In a
study of 100 people with rheumatoid arthritis, van den Ende et al. [69] found
greater improvements in aerobic capacity, strength and joint mobility with 12
weeks of aerobic (weight-bearing exercise and stationary cycle at 70-85% HRmax)
training compared with isometric and range-of-motion exercises (group, individ-
ual and home).

Effects on functional abilities
Although endurance training has the potential to lead to improvements in func-
tional abilities, most studies of aerobic training have not measured these abilities.
As with muscle strength, it is likely that there is a nonlinear relationship between
fitness and functional ability, and that threshold levels of fitness are required for
particular tasks. It would be reasonable to expect aerobic training to have a greater
effect on the functional abilities of deconditioned people, than on those who had
sufficient aerobic fitness to complete the task in question, prior to the intervention.
In one of the few studies designed to address this question, Ettinger et al. [18]
compared both aerobic (group exercise 50-70% of HRR) and resistance training
(10RM) with health education, among 439 older people with osteoarthritic knees
causing pain and disability. The participants attended 3 months of group exercise
then completed a 15-month home programme. When compared with health
education, both aerobic and resistance training led to decreased pain and disabil-
ity, and improved 6-minute walk distance, stair-climbing ability, performance of a
lift-and-carry task, and the time taken to get out of a car. Only aerobic training led
to an increased aerobic capacity, and neither intervention increased strength.

Individual physiotherapy intervention

Background

Everyday tasks (such as standing up from a seated position, remaining balanced
while standing and walking) can be considered to be motor skills. Among older
people, performance of these tasks may be hampered by a range of physical impair-
ments. As well as increasing the risk of falling, this suboptimal motor performance
may reduce a person’s independence and thus quality of life. As with any other skill,
performance of functional tasks may be improved with motor training and prac-
tice.

In recent years, many physiotherapists have adopted a motor learning model of
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rehabilitation [84, 85] in which the client becomes the learner and the therapist the
movement coach. This differs from more traditional models in which the patient
is the passive recipient of a therapy [86]. In this model, practice, feedback and the
environmental context are seen as crucial to the acquisition of motor skills. To
properly assess the effects of the intervention, objective measures of motor per-
formance (e.g. lowest height chair from which a person can stand up, time to walk
10 m) must be used. When faced with an older person with impaired motor skills,
the role of the physiotherapist is to assess motor performance, analyse the cause of
any movement problems, develop an intervention programme tailored to these
problems, and assess the effects of this intervention programme [84, 85].

Potential causes for observed gait problems among people following stroke are
well summarized by a group of Sydney physiotherapists [87, 88]. These have been
divided into stance and swing phase problems and describe the inability to gener-
ate sufficient muscle force or the production of excessive muscle force at particular
points of the gait cycle, and tissue changes preventing normal joint angle at partic-
ular points in the gait cycle. For example, increased knee flexion in stance phase
could be caused by an inability to produce sufficient active tension with the knee
extensor muscles, production of excessive active tension with the knee flexor
muscles, or shortening of the knee flexor muscles or decreases in compliance of
other tissues on the flexor aspect of the knee. Similar causes may impair walking
among the general frail aged population.

Practice is a vital component of motor learning. A relationship between the
amount of practice undertaken and the outcome achieved has been demonstrated
in several noncontrolled studies of people following stroke [89, 90]. As the type of
practice done is probably important to skill learning, practice should be relevant to
the particular task being trained [85]. The learner’s ongoing motivation is likely to
affect the amount of practice done and they are likely to carry out a greater volume
of practice if this is seen as relevant to the goal (e.g. better ability to balance in
standing) [91].

In order to identify and address particular motor problems, older people at high
risk of falling may benefit from this individualized approach rather than a more
general exercise programme. In addition, physiotherapists have an important role
to play in teaching older people to get up from the floor after having fallen [92],
and in prescribing the other types of exercise described in this chapter.

Effects on falls and falls risk

Research is yet to look at the effect of individual (one-on-one) training on falls.
However, studies have shown improvements in a number of functional abilities
which have also been identified as falls risk factors.
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Effects on functional abilities

Randomized trials have evaluated various types of individualized motor training.
Among people following stroke, Dean and Shepherd [93] showed an improvement
in lower limb force generation and standing-up ability following motor training
and supervised practice of reaching in sitting. Richards et al. [94] showed increased
gait velocity with intensive task-specific training when compared with other
approaches to stroke rehabilitation. In general, randomized controlled trials have
found additional benefits from more intensive physiotherapy and/or occupational
therapy intervention among people following stroke [95, 96].

Two studies have looked at individual balance training. Wolfson et al. [31]
reported that balance training (involving various conditions with a computerized
platform with feedback, in standing, while sitting on a balance ball and while
walking on foam and on a narrow beam) led to improved balance (as measured by
the sensory organization test, single stance time, and voluntary limits of stability).
This study also involved strength training, which did not have such a positive effect
on measures of balance. Hu and Woollacott [97, 98] conducted a randomized con-
trolled trial among 26 active people aged 65-90. Intervention subjects practised
standing with eyes open or closed, head neutral or extended, and on a firm or foam
support surface. This training had the effect of improving stability in five of the
eight training conditions, with some differences between the groups persisting 4
weeks after the intervention.

In an 8-month randomized trial of physiotherapy intervention (which included
balance and coordination training as well as more general exercise) among 194 frail
nursing home residents, Mulrow et al. [99] found no change in balance per-
formance (Physical Disability Index subscale) but an increase in independent
mobility among the intervention group.

Other noncontrolled studies have also found benefits of individual training tar-
geting impairments identified on assessment of the person’s physical abilities. Such
benefits have been found among older people following hip fracture [100] and
among younger people following traumatic brain injury [101]. Another non-
controlled study suggests that a greater volume of physical therapy input is associ-
ated with enhanced functional outcomes among people with acute orthopaedic
problems [102].

Several of the studies have found improved functional abilities following this
approach. Future research could compare the effect of individual motor training
on functional abilities with the effects of other strategies, such as strength training.
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Background
This section examines other exercise programmes which aim to reduce falls risk
and improve motor function among older people yet do not comply with the pre-
scription principles outlined above for strength or endurance training. These
strategies are discussed in terms of group exercise and unsupervised home exercise.

Effects on falls and falls risk: group exercise

Our group has designed a group exercise programme which is effective in improv-
ing performance on a number of measures of fall risk [103—105]. In a 12-month
randomized controlled trial of this exercise programme in 197 women, improve-
ments were evident in lower limb strength (ankle dorsiflexion, knee flexion and
extension, and hip flexion and extension), reaction time, neuromuscular control,
postural sway, maximal balance range and coordinated stability in the exercise
group. The exercise subjects also showed significantly increased walking speed,
cadence, stride length and decreased stride times. The intervention involved twice-
weekly one-hour group exercise classes. These included warm-up, conditioning
(aerobic exercises, strengthening exercises and activities for balance, flexibility,
endurance and coordination), stretching and relaxation components.

As discussed previously, Tai Chi conducted in a group setting has been shown to
reduce the risk of multiple falls by 48% [106]. A number of other randomized con-
trolled trials have investigated group exercise programmes among relatively healthy
older people. Programmes which have been found to be effective in fall risk
factor modification generally involve exercise carried out in weight-bearing
positions which involve controlled body movements (i.e. weight transference).
Improvements among exercise subjects have been shown in: strength [83,
107-109], balance [83, 110], gait velocity [110], range of movement [108, 111], life
satisfaction [108], maximum physical exertion level [108], and perceived health
status [108, 109]. Bravo et al. [109] report that their 12-month programme of
weight-bearing exercises, aerobic dancing and flexibility exercises had the addi-
tional benefit of stabilizing spinal bone mineral density (which deteriorated in the
control group) but did not affect femoral neck bone mineral density.

However, not all group exercise programmes improve all measures of fall risk.
For example, it has been found that seated flexibility exercises had no effect on
strength and gait velocity [25], and that there was no additional strength benefit
from exercise with light weights than unweighted exercise [107], a 20-minute pro-
gramme of stretching and nonresisted strengthening exercise did not affect
strength or postural sway [111], and a Tai Chi programme did not lead to improved
leg muscle strength [3].
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The effects of group exercise have also been investigated with randomized con-
trolled trials among frailer people living in supported accommodation. McMurdo
etal. [112, 113] compared the effects of a seated exercise class (involving isometric
gravity-resisted exercises) with those of a reminiscence group and found increased
quadriceps strength, spinal flexion range of motion, and impaired activities of daily
living ability among the exercise group. Self-rating of depression decreased in both
groups but this decrease was significantly greater among the exercise group. No
change in postural sway or reaction time was evident. Although this intervention
was of a relatively low intensity and conducted in a seated position it appears to
have been intense enough to improve functional performance among this group.

In contrast, other programmes have failed to find beneficial effects of group exer-
cise among frailer populations [114]. In fact, Crilly et al. [115] found no improve-
ment in balance abilities among both intervention and control groups after a
12-week group exercise programme.

From the studies summarized above, it seems important that the interventions
involved in a group exercise programme are of sufficient intensity. It also seems that
exercise can improve balance abilities if it involves practice of movement in stand-
ing. It may be that practice controlling large movements of the centre of mass is the
most effective way to enhance balance. It is interesting that some group exercise
programmes can lead to an increase in muscle strength without consciously apply-
ing the principles of high-resistance training. Although these increases in strength
tend to be smaller in magnitude than those gained in resistance training pro-
grammes, they may still be sufficient to reduce falls risk.

Effects on falls and falls risk: home exercise
The study by Campbell et al. [6], discussed previously, demonstrated that home
exercise programmes have the potential to decrease fall rates. This programme
involved a combination of weight-bearing and nonweight-bearing exercises
resisted with light weights. While this study also found improvements in balance
and ability to stand up from sitting, no change was evident in gait or stair-climb-
ing speed, functional reach or strength.

We found improved strength and walking speed, but no change in functional
reach or postural sway, following a 1-month home exercise programme for people
following hip fracture [116]. This programme involved the lateral step-up or
‘weight-bearing’ exercise as described for use among people following stroke [89].
The participant stands with one foot resting on a block and the other beside the
block. The leg on the block is then straightened so that the other leg lifts off the
ground and the body-weight is supported on one leg. Hand support is used if nec-
essary. Thus the person practises using the leg extensor muscles to support the body
against gravity, as is required in the stance phase of walking [117].
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Several other randomized controlled trials have found improvements in falls risk
factors with home exercise programmes. Jette et al. [118] trialled a 6-month pro-
gramme of exercise resisted with elastic sheeting among 215 older people with dis-
ability. They also used a motivational video and a range of behavioural strategies
which included rewards for mailing completed exercise logs. This programme led
to improved strength and balance, and decreased disability but did not affect gait.
In an earlier study [119], a similar programme over 12—15 weeks among 102 non-
disabled community-dwellers led to improved strength among the younger sub-
jects and psychological benefits among male subjects.

Following a randomized trial of 6 months of daily lower limb exercise, O’Reilly
etal. [120] report decreased pain and improved function among the exercise group.
This intervention involved isometric quadriceps exercise in sitting, isotonic quadri-
ceps exercise in sitting, isotonic hamstrings exercise in lying, quadriceps exercise
with resistance band in sitting, and stepping up and down one step. In a non-
randomized controlled trial, Sashika et al. [121] found improved gait speed and
cadence with home-based non-resisted strength training and balance exercise,
among people following hip replacement.

As several studies have failed to show significant improvements in any outcome
variables with home exercise programmes [122, 123], it seems that the type of
intervention is also important for home exercise programmes: a home exercise pro-
gramme will not necessarily lead to improvements in strength or balance.

Effects on functional abilities

As outlined above, group exercise programmes conducted primarily in weight-
bearing positions have been shown to lead to improved functional abilities for
people with a range of initial abilities. Such weight-bearing exercise is clearly of rel-
evance to everyday tasks such as standing and walking. Similarly, several of the
studies outlined above demonstrate that home exercise has the potential to improve
functional abilities. As with other forms of exercise, the extent of functional
improvement will probably depend on the exact nature of the programme.

Setting

The different types of exercise described above can be conducted in various set-
tings. The most preferable setting for an individual will depend on lifestyle, other
responsibilities and the person’s ability to maintain motivation. Exercise can be
conducted in a group or individually, can have various levels of supervision, and
can be conducted within a healthcare centre, in a community setting or within the
person’s home.

Advantages of exercise within a group setting include support and assistance
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from an instructor, the structure provided by having a regular period of time allo-
cated to exercise, the mutual encouragement and socialization provided by a group,
and the enjoyable use of music. General exercise is often carried out in a group
setting and resistance training has also been shown to be effective in this setting [4,
25]. However, some individuals may not enjoy group environments and may prefer
to exercise alone or with one other person. For some older people it may be difficult
to physically access venues where exercise classes are held (e.g. due to frailty and/or
dependence on others for transport), or to find time to attend a regular class (e.g.
due to responsibilities of caring for a partner or grandchildren, or social engage-
ments). There is evidence that strength training can be successfully undertaken at
home either alone [47] or supervised [36]. Endurance training can be as effective
athome as in a group setting [78], In fact, in their randomized controlled trial [78],
King et al. found that 12-month adherence rates were higher in home-based
groups. It has been argued that supervised home exercise programmes are the ideal
way of promoting physical activity [124] as they are cheaper to establish than group
exercise, cater for those who dislike group exercise, yet minimize the risks associ-
ated with unsupervised home exercise among frailer people.

Equipment needs may also limit venues where exercise can be undertaken.
Resistance training often involves expensive nonportable equipment used under
supervision in a health care facility. However, after full assessment, community-
dwelling older people could be taught to use exercise machines in a local gymna-
sium. In addition, several authors have shown increased strength among older
people with the application of the principles of resistance training to more readily
available tools such as free weights, body weight and elastic sheeting [36, 47, 51].

Different types of exercise intervention require differing levels of supervision.
For example, motor training requires ongoing input from a physiotherapist in
training sessions at a healthcare facility or within the person’s home [93]. However,
the ongoing practice/exercise undertaken by the client after input from the physio-
therapist is also crucial. Exercise diaries or practice records may assist in this. A set
of exercise cards for task-related practice has been developed by the Physiotherapy
Department at St Joseph’s Hospital in Sydney. Examples of these are shown in
Figure 8.1.

There is evidence that ongoing supervision and support is important in main-
taining adherence to exercise [76, 77, 125] and the efficacy of this exercise. Kerschan
et al. found that while 5-10 year compliance with an unvarying home exercise pro-
gramme was reasonable (36%), the resulting intensity was not enough to reduce
fracture risk [126]. Although ongoing supervision of exercise programmes may
appear expensive, this may be outweighed by the potential savings from falls pre-
vented by a successful programme.

The ideal exercise setting therefore depends on the nature of the exercise, the
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ADVANCED KNEE CONTROL IN STANDING

In standing with a chair at
your __

side for support. Place your
__ foot on a step / block.
Straighten your _ knee
and lift your ___ foot off
the ground. Practise slowly
bending and straightening
your ___ knee. Don't
allow your ___ foot to
touch the ground.

Repeat __ times. Do __ sessions per day.

KNEE CONTROL IN STANCE PHASE

In standing with a chair
at your ___ side for
support. Practise
stepping up onto a block
or book with your ____
leg. Keep your
hip and knee straight
and your ____ heel on
the floor.

Repeat __ times. Do __ sessions per day.

STEP DOWN FORWARDS

Stand on a step or biock.
Practise stepping your __
foot down forwards and

then back up. Make sure
you move your hips forward
as you step and control the
bending of your ____ knee.

Repeat __ times. Do __ sessions per day.

PLANTARFLEXION IN SINGLE STANCE

Stand on wedge with your
back against the wall and
__ foot on a chair. Push
up on your ____ toes to
raise your heel. Don't allow
your knee to lock back.

Repeat __ times. Do __ sessions per day.

SITTING TO STANDING

Sitting in a chair with your
feet supported on the floor.
Take your feet back and
practise standing up by
pushing down gently
through your heels,
bending forward at your
hips and keeping your head
up. Make sure you take the
same weight through both
legs.

Repeat __times. Do __ sessions per day.

STANDING BALANCE WHILE REACHING

Standing with a table or (,\
shelf on your ____ side.
Practise reaching to pick
a cup up from the table /
shelf with your __
hand. Be sure your hips
move across to the _
as you reach. Keep your
body up straight.

Repeat __ times. Do __ sessions per day.

Fig. 8.1.

Examples of exercise cards. Reproduced with permission from St Joseph'’s Hospital

Physiotherapy Department, Sydney, Australia.
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purpose of this exercise (i.e. whether it aims to address particular deficits), and the
personality and social situation of the older person.

Conclusion

While adequate attention must be given to safety issues [20], there is certainly much
scope to increase levels of exercise participation among older people. As well as
assisting in the prevention of falls, this will provide a range of additional health
benefits [59, 124]. Indeed, there is now mounting evidence that several different
exercise intervention strategies can reduce fall rates among older people. Successful
strategies used in studies have included balance training, Tai Chi, strength and/or
endurance group exercise and a home exercise programme.

There is certainly strong evidence that exercise can improve performance on key
physical falls risk factors. Exercise which is more intensive and/or carried out in a
weight-bearing position has been found to be most effective.

As it is not the case that each form of exercise will reduce the risk of falling for
every older person, careful consideration should be given to the type of exercise
prescribed. As with other falls prevention interventions, exercise will be more
effective if targeted to the person’s particular deficits and lifestyle.
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Modifying the environment to prevent falls

This chapter outlines commonly suggested environmental modification strategies,
and reviews the literature evaluating falls prevention programmes which have
involved environmental modifications as individual interventions or as parts of
multifaceted programmes. It discusses potential barriers to home modification,
and issues related to hazard removal and design strategies for minimizing older
people’s risk of falling in public places. Approaches for addressing environmental
risk factors within institutions are discussed in Chapter 12.

Environmental modification strategies

Table 6.1 presents the range of environmental falls risk factors that have been sug-
gested in the literature. Table 9.1 lists these risk factors and outlines potential solu-
tions.

Environmental modification as an individual intervention

146

Environmental modification is seen by many as an attractive falls prevention strat-
egy. The homes of most older people have many environmental hazards [1, 2], and
the majority of these are amenable to modification. Correction and/or removal of
these hazards is a one-off intervention that can be carried out relatively cheaply.
Indeed, cost-effectiveness modelling [3] has predicted that spending $244 per
person on a programme involving home assessment by an occupational therapist
and subsequent modifications, would save $92 per person and $916 per fall pre-
vented, over a 10-year period. However, this study assumes that 25% of falls could
be prevented by such a programme. Reductions of this magnitude have yet to be
demonstrated in controlled studies.

There have now been two controlled clinical trials of home assessment and
modification [4, 5] but only one of these [5] reported falls as an outcome measure.
This study by Cumming et al. [5] was conducted among 530 community-dwellers,
most of whom had been recently hospitalized. The intervention group received a
home visit by an occupational therapist, who assessed the home for environmental
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Table 9.1. Possible strategies to address environmental hazards

Risk factor

Solution

General

Lighting (too low, excessive glare, uneven)

Slippery floor surfaces

Loose rugs

Upended carpet edges

Raised door sills

Obstructed walkways

Cord across walkways

Shelves or cupboards too high or too low

Spilt liquids

Pets

Furniture

Low chairs

Low or elevated bed height

Unstable furniture

Use of ladders and step ladders
Bathroom/ toilet/ laundry

Lack of grab rails: shower/bathtub/toilet

Hob on shower recess

Low toilet seat

Outdoor toilet

Slippery surfaces

Use of bath oils

Stairs

No or inadequate handrails

Noncontrasting steps

Stairs too steep, tread too narrow

Ensure even, high, nonglare levels of illumination
Use of night lights

Nonslip floor surfaces
Avoid excessive use of floor polish

Removal or fixing down of loose rugs

Repair of upended carpet edges and other uneven

floor coverings
Modification

Clear walkways obstructed by furniture or other

objects
Change cord path

Avoid use of shelves or cupboards which are very

high or low
Wipe up spilt liquids immediately

Take care with pets
Training or restraint of dangerous pets

Chair raisers
Bed blocks or leg modification
Repair or removal of unstable furniture

Avoid use of ladders and stepladders

Installation of grab rails: shower/bathtub/toilet

Removal of hob on shower recess

Shower outside of shower recess area on a chair
Toilet seat raisers

Use of commode instead of outdoor toilet

Use of nonslip mats and strips

Avoid use of bath oils

Installation of appropriate handrails
Contrasting strips on step treads
Modification of stairs
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Table 9.1. (cont.)

Risk factor

Solution

Distracting surroundings
Unmodifiable stairs or individual unable
to manage stairs

Outdoors

Sloping, slippery, obstructed or uneven

pathways, ramps and stairways
Brief cycles in traffic lights
Crowds

Certain weather conditions (leaves, snow,

Modification of surrounding design

Installation of ramps

Redesign or modify pathways, ramps and

stairways
Longer cycles in traffic lights

Care in crowds
Use of walking aid to highlight frailty

Removal of fallen leaves, water, snow, ice

ice, rain)

Care in dangerous weather conditions
Lack of places to rest More places to rest provided

Unsafe garbage bin use Redesign or provide assistance with garbage bins

hazards and facilitated any necessary home modifications. There was a significant
reduction in the rate of falls among those who had fallen in the year prior to the
study. In fact, the relative risk reduction was 35%. However, the effect on those who
had not previously fallen was not significant. In addition, this study actually found
areduction in falls outside the home. As discussed by the authors, this suggests that
the home modifications may not have been the major factor in the reduction in falls
rates. Other aspects of the occupational therapy intervention, which included
advice on footwear and behaviour, may have played an important role. This issue
requires further investigation.

The second, smaller, study also involved an assessment by an occupational ther-
apist, but did not report such encouraging findings. In this study of 167 older
people, those found to require home modification and/or community services
were randomized into either a group which had the occupational therapist’s
recommendations carried out, or a group which did not. At the 6-month follow-
up, no differences were found on measures of health, mood, morale, life satisfac-
tion or activities of daily living between the groups.

Three noncontrolled studies have shown positive effects of home assessment and
modification programmes aimed at the general population of older people. One
programme [6] involved assessment of the homes of older volunteers by ‘home
safety advisers), subsidized floor treatments (with nonslip material) and grab rail
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installation. Twelve months after the modifications, the 305 people who agreed to
have modifications (90% of those visited) reported a 58% reduction in the number
of falls experienced in the preceding 12 months. The results of this study should be
viewed with some caution [7] due to the lack of a control group or investigator
blinding and the use of volunteer subjects. Ytterstad [8] conducted a community-
based programme in Norway which involved environmental assessment and
modification, and promotion of safe footwear use in winter. They found decreased
rates of fractures from falls in the intervention municipality and a rise in fracture
rates in a reference city where the programme was not carried out. Plautz et al. [9]
evaluated an intervention that involved home safety assessments and modifications
such as removing clutter, installing hand rails, grab bars and nonskid strips and
securing rugs and electrical cords. This involved an average of 10-person hours of
unskilled labour and $93 worth of materials. Reported falls for the 6 months after
the intervention were reduced by 60% compared with the 6 months prior to the
intervention.

While there is some evidence supporting the role of home modification in falls
prevention, much more investigation is required. It may also be that home assess-
ment and modification have a greater role to play among more disabled individu-
als [10, 11]. Indeed an appropriate environment may make the difference between
someone being able or not able to complete a functional task (such as taking a
shower). If a person has only marginal ability to complete such a task, the appropri-
ate modifications may also greatly enhance their safety. Indeed, the randomized
controlled trial by Cumming et al. [5] showed that home visits were most effective
in preventing falls among those who had previously fallen.

Environmental modification in multifactorial programmes

Although simple environmental modification interventions seem appealing as a
falls prevention strategy, several authors have cautioned against the widespread
implementation of this approach as a public health strategy [10, 12]. This strategy
ignores the fact that falls result from an interaction between intrinsic (e.g.
decreased balance control) and extrinsic (e.g. environmental hazard) factors. For
example, a person who falls after tripping on an uneven piece of carpet is likely to
do so because of decreased ability to recover from such an event, whereas a person
with good recovery skills would be less likely to fall in this situation. While fixing
the carpet may have prevented this particular fall, this ‘faller’ is likely to fall again
when encountering another relatively trivial hazard. It is therefore likely that this
person will gain greater overall benefits from interventions designed to address
balance recovery skills as well.

A number of multifaceted falls prevention strategies including both intrinsic and
extrinsic components have now been assessed with randomized controlled trials.
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Asisoutlined in Chapter 15, several of these have been found to be effective [13-16]
although others have not [17-19]. However, following pooling of data from some
of these trials, the Cochrane review of falls prevention strategies concluded that ‘an
intervention in which older people are assessed by a health professional trained to
identify intrinsic and environmental risk factors is likely to reduce the number of
people sustaining falls (OR 0.79; 95% CI 0.65 to 0.96) [20].

Unfortunately, the design of the multifaceted studies conducted to date does not
allow assessment of the effects of individual strategies or their relative contribu-
tions to the success or otherwise of the various approaches. Further, these studies
have involved a diverse array of interventions and differing degrees of emphasis
on environmental aspects, which makes comparison between studies difficult.
Nevertheless, multifaceted approaches to falls prevention appear to offer good
scope for preventing falls in older people.

Barriers to environmental modification

Compliance with suggested modifications is a key issue for successful implementa-
tion of environmental falls prevention strategies. Studies have reported compliance
rates for home and lifestyle safety modifications ranging from 22% [21] to 90% [6].

There are a number of potential barriers to a person adopting recommended
environmental modifications. It has been reported that recommendations made by
health professionals to reduce home hazards such as moving furniture, tacking down
carpets or improving lighting are generally not welcomed by older people [22]. This
may be because many older people are concerned about the possible stigmatizing
effects of safety measures, and may feel that their own and others’ views of their
health and independence are being challenged [23]. Education programmes may
assist in overcoming this barrier, as there is some evidence that compared with indi-
vidual approaches, group education can increase the likelihood of compliance in
adopting home modifications, especially with low-cost interventions [24].

Low financial status of older people is another limiting factor in implementing
home modifications [23]. Community programmes which provide subsidized
housing modifications to older people on low incomes offer a means of addressing
this potential barrier. For example, the low intervention cost to participants is likely
to have contributed to the high take-up rate of suggested modifications (90%) in
the Thompson study [6].

Public places and design issues

The issue of how to design and build public environments and buildings in ways to
accommodate the needs of older people is becoming more important as the world’s
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population ages [25]. Environments should be designed to safely accommodate the
needs of a range of users (i.e. with a range of physical abilities) in a range of
different weather conditions.

Possible interventions in public places include: better design and maintenance of
pavements and other surfaces, prevention of excessive accumulation of ice and snow,
prompt cleaning up of spilt liquids, widespread implementation of contrasting edges
on stairs, and increased provision of resting places and grab rails. The effects of such
interventions are difficult to assess but implementation of ongoing falls surveillance
by public authorities as suggested by Sattin [26] should assist in this process.

Garner [27] has outlined a range of strategies by which local governments can
minimize the risk of falls in the community. She proposes two checklists for iden-
tifying hazards that warrant modification. The first is for assessing the adequacy of
footpaths (including design, materials, construction, condition, obstructions and
maintenance), steps and stairs, ramps and roadways. The second is for assessing
safety in shopping centres, malls and arcades (including: assessments of entrances,
steps, stairs and ramps, lighting, floor surfaces, furniture and fixtures, rest rooms,
cleaning, lifts and escalators and policy and practice). The initiation and sustain-
ability of this approach may require policy and design changes, and the establish-
ment of access and safety committees to oversee this.

Changes to floor surfaces may have the potential to reduce falls injury rates. For
example, there is some evidence that carpeted floors are associated with fewer falls
injuries than vinyl floors [28]. More research is required to develop surfaces with
optimal levels of friction for safety. These surfaces should have sufficient friction to
minimize slips but not so much as to impede walking (i.e. to cause feet and shoes
to drag on the surface). A number of countries are now developing building stan-
dards for slip resistance of surfaces to be used in different settings [29]. There are
also calls for investigating better ways of dissipating the energy involved in a fall
with energy-absorbing floors and surfaces [30]. These strategies mirror the
approaches used successfully in automotive safety.

Conclusion

Environmental assessment and modification appears to contribute to the success
of multifaceted falls prevention programmes. While this area remains under-
investigated as an individual falls prevention strategy, there is an indication of its
potential effectiveness especially among high-risk populations. Solutions to poten-
tial barriers to an individual’s adoption of proposed home modification such as
education and financial assistance need to be considered and addressed. In addi-
tion, more attention should be paid to safety of public places and to ongoing falls
data collection systems.
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The role of footwear in falls prevention

Footwear has an important role in protecting the foot from extremes of tempera-
ture, moisture and mechanical trauma. However, since the development and wide-
spread popularity of ‘fashion footwear’ in the 1600s, the functional aspect of
footwear has largely been supplanted by cosmetic requirements. In both men and
women of all ages, shoe selection is primarily based on aesthetic considerations,
many of which are incompatible with optimal function of the lower extremity [1].
This is of particular importance in older people, as certain types of footwear, by
modifying the interface between the sole of the foot and the ground, may have a
significant detrimental impact on postural stability.

Evidence to support the suggestion that shoes may influence postural stability
can be derived from epidemiological investigations regarding falls in older people.
Inappropriate styles of footwear, including shoes with high heels, narrow heels,
slip-on shoes and worn slippers, have been implicated as a contributing factor in
up to 50% of falls [2, 3]. Of particular interest, Finlay [4] reported that of 274
patients admitted to a geriatric unit and day hospital, just over half were wearing
adequate footwear, and half of those who regularly wore slippers had a history of
falling. One explanation for such a high prevalence of poor footwear habits may be
that older people are generally unaware of the possible ramifications of inappropri-
ate footwear, and base their footwear selection on comfort, rather than safety [4,
5].

Although there is some preliminary evidence to suggest an association between
footwear and falls, the wearing of a particular style of shoe at the time of a fall does
not necessarily confirm a direct causal relationship, as clearly there are a multitude
of other factors involved. Nevertheless, it is probable that footwear may play a more
significant role than the relatively small volume of literature would suggest, as foot-
wear assessment is often overlooked in falls research. For example, a number of
studies have attributed falls to environmental factors such as poorly maintained
footpaths, walking up stairs or over uneven terrain, without considering the role of
footwear in adapting to these environmental hazards [6—10]. Furthermore, the fact
that a high proportion of falls occur when walking [9-11] suggests that footwear is
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Fig. 10.1.
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Shoe features thought to influence postural stability in older people.

a ‘hidden’ variable which may contribute to a larger proportion of accidental falls
than is widely recognized [4, 12].

A number of features of shoe design have been implicated as having an impact
on postural stability (see Figure 10.1). The main features thought to play a role in
affecting postural stability are heel height, the cushioning properties of the midsole,
and the slip resistance of the outersole. Two additional features, the height of the
heel collar and midsole geometry, have not been widely evaluated in the context of
postural stability, but rather in relation to overuse injuries in sportspeople.
However, given that a number of authors have recommended the wearing of ‘high-
top’ boots or shoes with ‘broad heels’ as a means of improving stability in older
people [4, 13—15], these features warrant further investigation. Each of these design
components is discussed in more detail in the following sections.

Heel height

High heels first became widely used in the early 1600s, and despite minor
fluctuations in their popularity, still remain a dominant feature in women’s foot-
wear [16, 17]. However, the use of heel elevation in footwear design is by no means
restricted to women’s shoes, as a number of boots worn by men also feature a raised
heel (e.g. safety footwear, ‘cowboy’ boots). Research into the effects of heel eleva-
tion has tended to focus on postural and kinematic alterations, due to the proposed
relationship between wearing high heels and the development of overuse symp-
toms in the foot, knee, hip and lower spine. These studies have revealed that heel
elevation leads to a reduction in lumbar lordosis (‘sway-back’) [18-21], increased
loading on the forefoot [22-26], alterations in the function of the big toe joint
during the propulsive phase of gait [27, 28], decreased stride length [29], increased
energy consumption [30], increased arch height [31] and altered motion of the
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ankle and knee joints [20, 25, 30, 32-37]. These alterations have generally been
interpreted as detrimental to normal lower extremity function, however kinematic
differences between inexperienced and experienced wearers of high heels suggests
that some habituation occurs over time which may act to minimize these adverse
effects [38—40].

A number of authors have suggested that the changes in function produced by
high-heeled footwear may be responsible for instability and falling in older people
[4, 12-14, 41, 42], and there is some epidemiological evidence to support this sug-
gested relationship. In a prospective investigation of falls experienced by 100 older
subjects, Gabell et al. [3] reported that the best predictor of multiple falling epi-
sodes was a history of wearing high-heeled footwear. However, all of the subjects
with a history of high heel use were wearing a low-heeled shoe when they fell, sug-
gesting that alterations in lower limb posture caused by years of high heel wearing
may make the subject less stable when they change to wearing shoes with a lower
heel profile.

High heels may contribute to instability and falling by affecting the position of
the centre of mass and by altering the position of the foot when walking [25, 43].
Two recent reports have highlighted the detrimental impact of high heels on
balance. Brecht et al. [44] reported that balance performance on a moving platform
was significantly worse in a heeled cowboy boot compared with a tennis shoe, and
suggested that heel elevation may make the wearer more susceptible to falling back-
wards. We have also found that balance ability in older women is detrimentally
affected by high heels [45]. In our study, older women’s balance was tested bare-
foot, in their own shoes and in high-heeled shoes. The worst balance performances
occurred when women wore high-heeled shoes. These studies suggest that the
wearing of high heels may be an unnecessary risk factor for falling in older people.
However, further research needs to be undertaken to ascertain the optimum heel
elevation for women’s shoes, as many older women report that they feel safer in a
‘slight’ heel, and heel elevation may have some beneficial effects in older people
with Parkinson’s disease to facilitate forward propulsion [46].

Midsole cushioning

The use of expanded polymer foam materials in the construction of footwear mid-
soles is widely accepted as a means of enhancing the level of comfort the shoe can
provide to the wearer, and as such is commonly recommended as a beneficial
feature in footwear for older people [15, 47]. However, recent work by Robbins and
colleagues suggests that the use of thick, soft materials in footwear midsoles leads
to instability as the midsole material induces a state of ‘sensory insulation), thereby
reducing sensory input to the central nervous system regarding foot position [48].
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To test this hypothesis, Robbins and colleagues have conducted a number of
studies which have evaluated balance ability when older people wear footwear
which varies according to the thickness and softness of the midsole material. These
studies have found that shoes with thick, soft midsoles have a detrimental effect on
the ability of older people to maintain balance when walking on a beam [48], to
detect the position of their ankle joint when standing on different surface inclina-
tions [49] and to detect the position of their foot when walking [50]. However, the
beam walking method has been criticized as too dissimilar to normal overground
walking [51], and the midsole materials used in these studies have been very soft.
We recently found that midsole hardness was not associated with stability in older
women; however, the materials used in the shoes in our study were not as soft as
those used by Robbins et al. [52].

Nevertheless, the suggestion that soft shoes may have detrimental effects on
balance has been supported by investigations by Finlay [4] who reported an
association between wearing soft slippers and falls, and Frey and Kubasak [53], who
found that a large number of older people who fell were wearing cushioned
running shoes at the time. Furthermore, older subjects have been found to sway
more on soft floors than hard floors [54], and we have shown that body sway when
standing on foam is a good indicator of falls risk [55, 56]. It would therefore appear
that the interaction between sensory feedback and stability proposed by Robbins
and colleagues is plausible, and may contribute to falls among otherwise healthy
older people. Large-scale prospective investigations are required to clarify whether
a direct causal relationship exists between cushioning footwear and falls in older
people, but it may be prudent to advise against the wearing of shoes with very soft
soles unless there is a specific therapeutic need for extra cushioning.

Slip-resistance of footwear outersoles

Accidental falls caused by slipping are a common concern in older people, partic-
ularly in countries where snow- and ice-covered pavements cause a large number
of injuries to older people during winter months [57, 58]. It has been estimated that
over one million injuries caused by slipping are treated by hospitals in the UK every
year [59], and the majority of these slipping incidents result in damage to the
lumbar spine [60]. However, while a number of investigations have attributed falls
in older people to slipping or tripping on unstable surfaces such as cracked paths,
bathroom tiles or snow, few studies in the gerontology or rehabilitation literature
have focused on the role of the outersole of the shoe in these accidents. Much of the
work in this area has been performed in the context of occupational safety, due the
high number of injuries in the workplace resulting from slipping on factory floors
[59, 61].



158 The role of footwear

In an attempt to decrease the high incidence of slipping accidents, considerable
investigative effort has been directed towards the development of slip-resistant
factory floors and footwear soles. However, progress towards a complete under-
standing of slip resistance is slow, due to the inability of testing apparatus to simu-
late accurately the wide variations in normal gait [60, 62] and the practical dilemma
created by the fact that people walk over a wide range of surfaces during a normal
day. Nevertheless, a number of authors have suggested that older people should be
advised to avoid shoes with ‘slippery’ soles: the assumption being that a textured,
slip-resistant sole may prevent slip-related accidents [4, 12-14, 41, 42]. Such a
recommendation may not be appropriate in all situations, however, as a number of
cases have been reported in which falls are attributed to ‘excessive’ slip-resistance of
the shoe when walking on a pavement or performing a household task [3, 63].
However, it would appear that falls related to excessive slip-resistance are far less
common than those resulting from inadequate slip-resistance.

Research reveals that slipping is most likely to occur when the heel first strikes
the ground [57, 64, 65], and therefore, improving the grip of the sole at this point
of the gait cycle may prevent slip-related falls. This may be achieved by construct-
ing linear grooves in the outersole to disperse fluid from under the shoe [65], or by
bevelling the rear part of the heel [66]. The effect of heel bevelling is shown in
Figure 10.2. Although both these approaches have been found to be of benefit
under experimental conditions, it remains to be seen whether such footwear
modifications can help prevent slipping in older people. Thus, although some
advances have been made in the understanding of slip-resistance in occupational
safety research, difficulties arise in applying these findings to falls prevention in
older people. Further research is therefore required to simulate the actual slipping
event in an older person on a range of commonly encountered surfaces.
Nevertheless, the widely reported recommendation of avoiding very slippery-soled
shoes would appear to be appropriate in most cases.

Heel collar height

High heel collars are commonly found in safety footwear and in shoes designed for
specific sporting activities such as football and basketball [67, 68]. Subsequently,
much of the literature regarding the effects of heel collar height evaluates the ability
of the shoe to prevent ankle sprains. Two main theories have been suggested to
explain why high heel collars may be of benefit in ankle sprain prophylaxis. First,
the mere presence of the material surrounding the ankle region is thought to
provide mechanical stability to the ankle and subtalar joints in the frontal plane,
such that rapid excursions of the foot into eversion or inversion are restricted by
the shoe [69-71]. Second, the presence of the high heel collar may provide addi-
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Fig. 10.2.  The effects of a heel bevel on slip-resistance. The greater contact area provided by the
bevel increases the coefficient of friction, thereby decreasing the likelihood of slipping
when the heel strikes the ground.

tional tactile stimulation, thereby improving proprioceptive feedback of ankle
position [67].

Stability around the heel is widely regarded as a desirable feature when recom-
mending footwear for unstable older people, despite a lack of supporting evidence
[4, 13-15, 47]. We recently assessed the balance ability of older women when bare-
foot and in shoes with standard collar height (Oxford-style shoe) and a raised collar
height (eight-laced ‘Doc Marten” boot). The results revealed that subjects per-
formed better in the high collared shoe, presumably because the high heel-collar
provides greater ankle stability and increased proprioceptive feedback compared
with standard footwear [52].
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The use of high heel collars as a means of improving stability in older people war-
rants further investigation, as both peripheral sensory loss [55] and ankle muscle
weakness [72] have been found to contribute to falling. Given that ankle support
has been found to improve mechanical stability and ankle position sense in younger
people [70, 73], shoes with high collars may be able to compensate for age-associ-
ated declines in sensory and motor function of the foot and ankle. However, such
shoes must not be too restrictive, as a certain amount of foot flexibility is required
to adapt to uneven terrain when walking [74, 75].

Midsole flaring

The term ‘midsole flare’ refers to the difference between the width of the midsole
at the level of the upper and its width at the level of the outersole (see Figure 10.3).
A number of authors have suggested that a large midsole flare is of benefit to older
people as it provides a broader base of support, thereby enhancing the stability of
the shoe [4, 13-15, 41]. These recommendations appear to have been developed in
response to the recognition of narrow heels (such as those found in most high-
heeled footwear) provoking instability in older people. However, there are no
studies in the literature which have directly evaluated the effect of midsole flaring
on balance ability.

Theoretically, midsole flaring should improve mechanical stability by increasing
the surface contact area of the shoe—ground interface [76, 77]. However, studies
have also found that large midsole flares may make the foot pronate (roll inwards)
more during gait [78, 79], and there is also the possibility that a large midsole flare
may make the wearer susceptible to tripping by contacting the contralateral limb
during the swing phase of gait. Whether these proposed detrimental effects of
midsole flaring have significant ramifications for stability in older people is uncer-
tain. Therefore, no absolute recommendations can yet be developed regarding the
benefits or otherwise of midsole flaring in footwear for older people. However, our
recent work suggests that impaired lateral stability is associated with falls [80], so
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Fig. 10.4.
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any attempt to improve the control of lateral movements of the centre of mass may
be potentially beneficial.

Conclusion

Footwear may influence postural stability in either a beneficial or detrimental
manner. Shoes alter the interface between the sole of the foot and the ground, both
mechanically and neurophysiologically. Although many questions remain unan-
swered regarding the influence of specific design features on postural stability, it
would seem reasonable to suggest that older people should be advised against the
wearing of high-heeled shoes, shoes with very soft soles and shoes with slippery
soles. Conversely, postural stability may be improved by the wearing of shoes with
thin, flat, broad, bevelled heels constructed with a firm material, textured soles to
improve traction, and possibly the addition of ankle support by the use of a high
heel collar. The theoretically optimal ‘safe’ shoe for older people, is shown in Figure
10.4. Future research should address the effect of each of these variables on the
stability of normal overground walking, and when navigating commonly encoun-
tered obstacles such as uneven ground, ramps and stairs.
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Assistive devices

One quarter of older people use some sort of assistive device [1]. This chapter con-
siders a range of devices which an older person may use to maximize physical ability
and decrease risk of falling or of suffering an injury from a fall. Devices to be
addressed include walking aids, other physical assistive devices, spectacles, hip pro-
tectors, aids to prevent ‘long lies’ and restraints. The potential impact of each of
these devices on falls and/or falls injury is discussed.

Walking aids

Indications

166

Walking aids are commonly recommended to older people as a means of increas-
ing their walking ability and decreasing their risk of falling. The prescription of a
walking aid, however, is not a straightforward procedure. While appropriate for
many older people, walking aids should ideally be prescribed by a health profes-
sional, after an assessment of the person’s gait. Commonly used walking aids are
outlined in Table 11.1.

The main indications for a walking aid are excessive pain on weight bearing,
decreased leg muscle strength and control, instability, shortness of breath, poor
vision and poor distal lower limb proprioception. These deficits may either be asso-
ciated with acute events such as surgery or major illness, or with chronic conditions
leading to a more gradual decline in physical abilities. Walking aids may have the
additional benefit of marking frailty so that others take care when walking near the
person using the aid in public. Some older people also report that an aid may be
useful in self-defence [2].

A walking aid can reduce pain experienced in weight bearing by decreasing the
load on the joints of the lower limbs as up to half the body weight can be taken
through a walking aid [3]. This may be of great benefit to people suffering from
arthritis, and following lower limb fractures or joint replacements.

A walking aid may assist in maximizing the safety and independence of gait for
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Table 11.1. Types of walking aids

Sticks
Single (wooden or metal)

Quad (four-pronged)

Crutches
Axillary (fit under axilla, weight taken on hands)
Canadian (weight taken through hands and forearms)

Forearm support

Frames

Forearm support (large wheeled frames on which the forearms are placed)

Rollator (smaller wheeled frames which are pushed using hands)

Pick-up (without wheels, the person picks up the frame and places it in front of them and then

steps up to it)

a person who has difficulty generating and/or coordinating appropriate force in the
lower limb musculature. Substantial extensor torque is required to support the
body weight against gravity. This extension of the hip, knee and ankle during stance
phase is central to independent gait [4] and has been described as an essential com-
ponent of walking [5]. Use of a walking aid can compensate for an inability to keep
the leg extended against gravity. The hip abductors also play a crucial role in
walking; large amounts of hip abductor muscle contraction are required during
stance phase to keep the pelvis horizontal. The use of a walking aid decreases the
hip abductor muscle force requirements [3], especially if held in the contralateral
hand [6]. The ankle plantarflexors are also very important in normal walking, pri-
marily in generating eccentric force to restrain forward motion of the lower limb
[7]. A contralateral walking stick can compensate for poor plantarflexor muscle
strength or control [3, 8]. In these instances the aid will enable the person to com-
pensate for this lack of lower limb strength and/or control by using the upper limb
musculature.

If a person is unsteady while standing and walking they may also benefit from a
walking aid. A walking stick can effectively increase their base of support [3], which
may increase stability, and may also assist the person to feel more confident.
Walking with a frame allows the person to use their upper limbs to assist the lower
limbs in maintaining an upright posture, thereby compensating for poor postural
control.

People with chronic airflow limitation and other respiratory or cardiac condi-
tions leading to a shortness of breath may find a wheeled walking aid useful. Studies
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have shown that such a walking aid increases the distance that people with chronic
airflow limitation can walk [9, 10].

A walking aid may also be of assistance when sensory information is impaired,
such as following amputation or peripheral nerve damage [3], or in individuals
with poor vision. Jeka and Lackner [11] have shown that light finger touch of a firm
support can dramatically increase standing stability in young people, and in a
recent study we have found that such tactile information is also beneficial for
balance in older people who fall and people with diabetic neuropathy [12]. This
indicates that in addition to providing a mechanical support, a walking aid can
provide the person with information about their position in and movement
through the environment.

Prescription principles

A walking aid is best prescribed by a health professional after assessment of gait,
muscle strength, balance and pain. Older people should be discouraged from pur-
chasing or borrowing walking aids without such an assessment [13]. Several
authors have suggested methods for prescribing walking aids [14-17]. As different
walking aids have different characteristics, the person’s abilities and environment
need to be taken into account when prescribing an aid. For example, a rollator
frame may be difficult to manoeuvre in a small bathroom, a pick-up frame may be
unsafe for someone who is unable to stand unsupported while moving it forwards
and the stability of a quad stick may encourage a person to bear excessive weight
through their upper limb. A person may also need to use different aids when
walking outdoors than when indoors [18].

An individual’s use of a walking aid should be reviewed at regular intervals as
their needs are likely to change over time. A further assessment may reveal that the
person no longer needs the aid or requires a different aid. The user must also be
taught how to maintain the aid. For example, worn ferrules are commonly found
on walking aids used in the community [13]. These pose an easily avoidable risk to
the user.

A large number of walking aids are commercially available. These vary consid-
erably on a number of aspects of their design, which enables further tailoring of the
aid to an individual’s needs. For example, when choosing a walking frame, aspects
to consider include: weight, base area, manoeuvrability, handle design, foldability,
brake design and attachments such as seats and baskets [15]. A tray may also be a
useful addition to a frame, enabling the individual to carry items independently
[19]. The skill required to use a particular aid also should be considered. For
example, attentional demands have been found to be greater with a pick-up frame
than with a rollator frame [20]. This indicates the more complex nature of the task
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of walking with a pick-up frame and probably reflects its greater apparent variation
from the biomechanical requirements of normal walking.

The height of a walking aid may also affect its usefulness. If a walking aid is too
low it may cause excessive lateral flexion of the spine which may decrease gait
efficiency and cause pain. If it is too high, the person may be required to elevate
their shoulder to hold the aid which may also lead to pain. The usual height of an
aid allows the elbow to be in 15-30 degrees of flexion. If the elbow is flexed more
than 30 degrees (i.e. the aid is higher) the person is likely to put less weight on the
aid. If the aid is lower the person will tend to put more weight on it [21, 22].

A walking aid should be prescribed after an assessment of the person’s physical
problems and analysis of the causes of these and the interaction of physical,
environmental and psychosocial factors, rather than on a preconceived idea of what
is appropriate for a certain condition [15, 23]. Creative thinking by the healthcare
professional may also be required in walking aid prescription. For example, a
person with Parkinson’s disease who suffers from ‘freezing’ while walking, may
benefit from a stick with a horizontal bar close to its distal end to either step over
[24] or touch [25], or a frame with a piece of horizontal string which the person
aims to kick.

Limitations

There are several limitations of and disadvantages to the use of walking aids. These
can be summarized as: adverse effects on upper limbs, deterioration of motor func-
tion, energy consumption, social stigma and possible increased risk of falling.

Walking with an aid has the potential to cause pain in the joints of the arm, par-
ticularly the shoulder. The upper limb joints are subject to unaccustomed com-
pressive forces as a result of bearing weight on the arms. In addition, Crosbie and
Nicol have found that the upper limb musculature is required to generate large
amounts of force [26, 27], which also leads to compressive forces over joints.
However, they also found that the loads imposed on the upper limbs can be reduced
by modifications to the gait pattern used when walking with crutches (‘alternate
step’ rather than ‘step to’) [26] and by a modification to crutch design (by angling
and retracting the crutch shaft to bring the arm closer to the trunk) [27].

As with any motor skill, walking involves the coordination of different muscle
actions. It can be argued that walking with a walking aid is a fundamentally
different skill from walking unaided. During aided gait, as the arms are assisting the
legs in maintaining an upright position against gravity, the nature of the task is
changed. The differing demands of the two tasks are reflected in the different ways
the tasks are performed. For example, when walking with a frame the hip remains
in a flexed position throughout the gait cycle [27], unlike unaided gait [28]. It is
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therefore possible that once an older person has learnt to walk with a walking aid,
it may be difficult for them to walk unaided. They may need training and practice
to relearn the skill of walking unaided [29]. In addition, if a person then becomes
reliant on the use of a walking aid, they may actually be more unsafe when they
attempt to stand, walk or reach outside of their base of support without hand
support. This will interfere with their ability to carry out activities of daily living
independently and is likely to increase their risk of falling.

Some people may be required by medical practitioners to fully unload a lower limb
due to a complicated fracture or surgery. If the person is able, they may hop with
crutches or a frame. When compared with unaided gait, this procedure has been
associated with increased energy consumption, an increased heart rate [30, 31], and
an increased oxygen cost [31, 32]. This increase appears to be greater for walking with
a ‘pick-up’ frame than for walking with crutches [32]. This may put undue stress on
the already compromised cardiovascular systems of some older people.

Some older people may also be reluctant to use a walking aid due to negative
social stigma associated with the use of assistive devices [2, 33]. The health profes-
sional needs to be conscious of these issues when suggesting that an older person
requires an aid.

While it seems likely that the appropriate use of a walking aid could contribute
to falls prevention, no study has yet demonstrated that this is the case. In fact, the
use of walking aids has been associated with an increased risk of falling [34-36]. As
some people may fall as a direct consequence of the use of an aid (e.g. by tripping
over the aid, catching the aid on furniture, or as a result of a poorly maintained aid)
care needs to be taken to minimize this. However, it seems likely that most of these
people are actually falling because of impaired gait and the use of a walking aid is
merely an indicator of this impairment.

Alternatives

Use of a walking aid basically enables the individual to continue to walk despite
problems such as excessive pain, decreased muscle strength and poor balance. The
walking aid serves to compensate for these problems. Other strategies (such as exer-
cise programmes, motor training, pain relief) to address these problems should be
considered instead of, or in addition to, the prescription of the aid. As was outlined
in Chapter 8, older people generally have much potential to improve their strength,
balance and gait.

Other physical assistive devices

A number of other devices have been designed to assist the older person to inter-
act with their environment more safely and easily, and thus maintain inde-
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pendence. Assistive devices can be classified as those designed to assist with: phys-
ical disabilities, hearing impairments, visual impairments, tactile impairments, and
cognitive impairments [37]. Physical devices include: bath seats and benches,
handheld showers, toilet surrounds, modified cutlery [38], modified cooking
equipment [39], shower chairs, bath mats [40], orthoses [41-43], bath treads and
lifts [44], long-handled shoehorns, reachers, sponges, sock-aids [45], remote
control for televisions, cordless phones [46], lift chairs [46, 47], adaptive shoelaces
[48], wheelchairs and motorized scooters [18].

Several authors have outlined prescription principles for physical assistive
devices [16, 44, 48, 49]. Many assistive devices are best prescribed by an occupa-
tional therapist following a visit to the person’s home to assess their needs in their
own environment [45, 50]. Indeed, even people with cognitive impairments have
the potential to increase their use of assistive devices after intervention from an
occupational therapist [38].

Several clinical trials have now found value in the prescription and use of assis-
tive devices. Hart et al. [39] conducted a randomized controlled trial of 79 com-
munity-dwellers aged 85 and over with some disability but not using any assistive
devices prior to the study intervention. Following assessment by an occupational
therapist, subjects in the intervention group were issued with a raised toilet seat, a
teapot tipper, a tap turner, a shoehorn and elastic laces and a double-handled sauce-
pan. Observed degree of difficulty in completing relevant tasks was subsequently
reduced. In a randomized controlled trial of a home visit from an occupational
therapist after discharge from hospital among people who had suffered a stroke,
Corr and Bayer [51] found that the intervention group who used more aids were
less likely to be readmitted to hospital.

Further investigation is required to assess the effects of these improvements on
falls. Promisingly, occupational therapy assessment and provision of appropriate
aids was a key component of one recent randomized controlled trial which showed
a significant decrease in falls among people who had previously presented to the
Emergency Department following a fall [52].

Spectacles

As indicated in Chapter 3, poor vision is prevalent in older people and constitutes
asignificant independent risk factor for falling. Spectacles are therefore essential for
most older people, and it is important that they provide the optimal visual correc-
tion for each individual. To ensure that vision is maximized, it is important for
older people to have regular eye examinations (at least every 2 years) so that correct
prescription spectacles can be provided. It is also important to advise older people
to actually wear their glasses and to keep them clean. For those with cataracts and
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others susceptible to glare, wearing prescription sunglasses and/or a hat with a brim
when outside can dramatically enhance vision.

Another unnecessary visual hazard for older people is bi- or multifocal specta-
cles. These are prescribed for presbyopia — the most common visual condition asso-
ciated with ageing. Presbyopia is a refractive condition that occurs when the
crystalline lens—ciliary body complex loses the flexibility it requires to focus on
distant as well as near objects [53]. In essence they are designed so that the lower
sections can be used for viewing close objects and the top section for viewing more
distant objects. Tri- and multifocal glasses have intermediate steps for mid-working
distances. Multiple focal spectacles have definite benefits as they are convenient and
are advantageous for tasks that require frequent changes to visual working dis-
tances such as cooking and driving. However, bifocal and multifocal glasses also
have disadvantages. One limitation of bifocals is optical defects such as prismatic
jump at the top of the reading segment [54].

The lower lenses of bifocal glasses also blur middle distance objects in the lower
visual field, and this could represent a significant problem for older people. In a
recently completed study involving 156 community-dwelling older people, we
found that those who wore bi- and multifocals performed significantly worse on
tests of depth perception and the edge contrast sensitivity which involved viewing
middle distance objects through the bottom section of their spectacles [55]. This
has practical implications, in that as we walk we detect obstacles (footpath cracks
and misalignments, gutters and steps) at about two steps ahead. Clearly, if such
objects can only be viewed through the lower spectacle section designed for near
vision, they will not be in sharp focus. Whereas persons in middle age may be able
to compensate for the elective disability that bifocals provide, older persons — par-
ticularly those who also have impairments of lower limb sensation, strength,
coordination and balance — may not be able to recover from a trip or stumble over
an unseen object. There is an easy alternative to multiple focal spectacles, two pairs
of spectacles — one for reading and one for walking.

Hip protectors

It may be possible to decrease the likelihood that a fall will result in a fracture by
changing the interaction between the faller and the surface on which they fall. This
can be undertaken by modifying the surface onto which the person falls (as dis-
cussed previously) or by placing a barrier between the person and the hard surface
onto which they fall. Hip protectors are designed to fulfil this latter role.

Hip protectors are worn by the individual and are designed both to absorb
energy and to transfer load from the bone to the surrounding soft tissues [56]. The
original hip protectors designed in Denmark [57] have a firm outer shell and an
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inner foam section. Another version is made of dense plastic without an outer shell
[58]. The protector is either removable and fits into pockets in special underwear
or nonremovable and built into underwear. The Danish model was tested in a ran-
domized controlled study among 701 residents of a nursing home [57]. The risk of
fracture was significantly decreased in the intervention group (relative risk 0.44).
Interestingly, although eight members of the intervention group suffered hip frac-
tures, none were wearing the hip protectors at the time of fracture. A further study
in Sweden [59] tested a different model of hip protector and also found a decreased
fracture rate among residents of a randomly selected nursing home who were
offered hip protectors compared with a control nursing home (relative risk 0.33).

A hip protector will obviously not be effective in preventing a fracture if is not
worn at the time of a fall. Studies based in nursing homes reported that 24-63%
[57, 59-61] of people in the treatment group wore their hip protectors regularly.
Such a study has yet to be completed among community-dwellers. Comfort is a key
factor in compliance [62, 63]. The hip protector must also be correctly positioned
to be effective. To maximize the chance of this, a person requires several pairs of
underwear suitable to accommodate the device. This may involve additional
expense and/or frequent washing. Incontinence makes the wearing of hip pro-
tectors more difficult [63], and may mean that frequent changes of underwear are
required. Upper limb weakness may also mean that hip protectors are harder to
apply [63].

No study investigating the effect of hip protectors among community-dwellers
has yet been published. Several studies are currently investigating the feasibility of
the use of hip protectors in this population [58]. It should also be noted that hip
protectors may not necessarily decrease the risk of other fractures; there is a recent
report of a person suffering a pelvic fracture from a fall while wearing a hip pro-
tector [64].

The design of hip protectors represents a balance between efficacy and comfort.
After testing the Danish hip protectors in a laboratory setting, Mills [56] concludes
that they would be more effective with a thicker foam inner section and a stiffer
outer shell. Hip protectors appear to be a useful fracture prevention strategy.
However, further investigation of their efficacy, optimal design, compliance issues
and their use among community-dwellers is required.

Aids to prevent ‘long lies’

Up to half of all older people who fall without suffering injuries are unable to get
up from the floor unaided [65]. As well as additional emotional distress, this can
result in a number of serious medical problems, as outlined in Chapter 1. If possi-
ble, older people should be taught how to get up off the floor [66].
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For persons unable to get up from the floor independently, one way of pre-
venting long lies is the use of personal alarm systems. These involve the older
person having an alert button within reach at all times, i.e. worn on a cord around
the neck or kept in a pocket. If the person falls and requires assistance, the alarm
allows them to notify those nearby and/or an operator who can arrange for
appropriate assistance to be provided. Although not evaluated in research trials,
many older people and their families report feeling reassured once such a system is
installed. Unfortunately, the cost of these systems may be prohibitive to some older
people. Less costly alternatives are mobile or cordless phones carried by the older
person at all times.

If an older person is at risk of not being able to get off the floor following a fall,
steps should also be taken to minimize the consequences of the time spent on the
floor [67]. For example, a blanket can be kept on or near the floor in commonly
used rooms of the house to prevent hypothermia while waiting for help to arrive
[66].

Restraints

Physical restraints can be used to prevent a person falling. They are commonly used
in institutional settings, primarily to limit harm from unsteadiness while walking,
disruptive behaviour or wandering [68]. Many items and actions constitute
restraint including: cuffs to stop the person moving one or more limbs by fixing
them to an object, jackets to stop a person sitting up in bed or getting out of a chair,
tables to stop the person getting out of a chair, bed rails, use of low chairs or beds
to prevent the person standing up, as well as certain medications (chemical
restraints).

The use of restraints is highly controversial. It is clear that the widespread use of
restraints impinges on the person’s autonomy and personal freedom with associ-
ated philosophical and legal ramifications. Inappropriate restraint use could
also lead to a deterioration in motor functioning if physical activity levels are
insufficient to maintain muscle strength. Some restraints may also increase the risk
of injury (e.g. skin damage from culff, fall while attempting to climb over bedrail).
Several authors have found that the use of restraints does not even decrease the risk
of falls injury [69-72].

In recent years programmes have been introduced and legislation has been
enacted in many countries to minimize the use of restraints. Werner et al. [73]
reported the successful removal of restraints in 92% of previously restrained resi-
dents in a long-term care setting. Similarly, Levine et al. [74] reported being able to
reduce the prevalence of physical restraint use in a large nursing facility from 39%
to 4% over a 3-year period without a change in the rate of falls or accident-related
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injuries. Restraint use can be reduced more easily in purpose-built facilities where
the person is safe to walk around freely. In poorly designed facilities people may be
restrained to prevent them becoming lost, or injuring themselves on unsafe equip-
ment or other environmental factors.

However, there is also evidence that in certain circumstances, restraints may play
a role in falls injury prevention [75]. For example, a restraint may be required to
prevent an older person with acute confusion who has already suffered several falls
and is unaware that he or she is at a high risk of falling from walking unsupervised.
If restraints are necessary in a particular setting they should be used with great
caution. There should be strict protocols for when restraints may be used and who
is able to authorize such use. Restraints should not be used routinely but rather pre-
scribed for particular individuals for short time periods with regular review. A
range of restraining devices should be available, optimally designed to minimize
the risk to the patient. All alternatives should be fully investigated prior to the pre-
scription of a restraint.

Conclusion

A large range of assistive devices have been discussed in this chapter. These impact
either positively or negatively on the physical abilities or safety of older people.
However, for each type of assistive device discussed above, more research is
required to clarify its potential contribution to falls and fracture prevention. Each
of these assistive devices should be carefully prescribed following assessment of the
person’s abilities and needs.
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Prevention of falls in hospitals and
residential aged care facilities

Many of the risk factors and prevention strategies outlined in previous sections are
also relevant to falls among hospital patients and residents of hostels and nursing
homes. However, a number of aspects are unique to institutional settings and the
older people who reside within them. This chapter outlines risk factors for falling
within hospitals and residential aged care facilities and an integrated approach to
falls prevention in these settings.

Incidence and risk factors

Hospitals

180

Falls among patients are a key issue for hospitals. Up to a quarter of people fall
during their time in a rehabilitation hospital [1] or ward [2]. These figures are even
higher for particular diagnoses. For example, up to 40% of stroke patients fall while
in a rehabilitation unit [3]. A number of risk factors for falls among hospital inpa-
tients have been identified [1, 4—12] and are outlined in Table 12.1.

Several investigators have attempted to determine the relative importance of the
various risk factors. In a case—control study involving 44 patients who fell during
their acute hospital stays and 44 nonfallers (matched for sex, patient type and
primary diagnosis), Salgado et al. [6] found that four of these variables were able
to correctly classify 80% of patients into faller and nonfaller groups. These key vari-
ables were: impaired orientation, psychoactive drug use, evidence of stroke and
impaired performance on the ‘get-up-and-go test, which involves standing up from
a chair, walking 5 m, turning around and returning [13].

Oliver et al. [12] found a different but related set of key predictors in an initial
case—control study of 232 hospital patients. From this study they developed the
STRATIFY (St Thomas’s risk assessment tool in falling elderly inpatients) which
involves assessment of: (i) whether falls are the presenting complaint; (ii) transfer
and mobility skills; (iii) whether patient was agitated; (iv) needed frequent toi-
leting, or (v) was visually impaired. This tool was then trialled in two large cohort
studies (of 1217 and 331 patients) and found to have high sensitivity (ability to cor-
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Table 12.1. Risk factors for falls in hospital

Confusion

Impaired orientation

Agitation

Depression

Visual impairment

Mobility impairment
Incontinence/diarrhoea/frequent toileting
Require assistance to toilet

Psychoactive medication use

Falls as a presenting complaint/history of falls
Comorbidity

Evidence of stroke

Primary cancer diagnosis

Congestive heart failure

Dizziness/vertigo

rectly identify people as fallers) and a good specificity (ability to correctly identify
people as nonfallers). These findings indicate that simple, quick to administer
assessment items are useful in identifying older persons at risk of falling while in
hospital.

Residential aged care facilities
Falls incidence rates are as much as three times higher among older people in resi-
dential aged care settings than among community-dwelling older people [14]. This
equates to an average annual rate of 1.5 falls per nursing home bed [14].

In a comprehensive prospective study involving 18 855 residents of 272 nursing
homes, Kiely et al. [15] found that the most important predictor was a history of
falls. Residents with a fall history were three times more likely to fall during the
follow-up period than residents without such a history. Other independent risk
factors were: wandering behaviour, use of a cane or walker, deterioration in activ-
ities of daily living performance, age greater than 87 years, unsteady gait, inde-
pendence in performing transfers, not requiring a wheelchair and male gender.
Interestingly, falling rates varied greatly among the nursing homes studied, and this
was independent of patient-specific factors. This indicates the importance of
broader design and management issues in falls prevention in residential aged care.

Risk factors for falling among nursing home residents have generally been found
to be similar to those for community dwellers [16—18]. The increased prevalence of
anumber of important falls risk factors among people within institutional settings
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undoubtedly contributes to the greater incidence in this population. These are
likely to include: muscle weakness, gait and balance disorders and dizziness or
vertigo [14, 19], poor vision and dementia [20]. In addition, the increased preva-
lence of incontinence and antipsychotic drug use within institutions probably
means that these factors are of greater relative importance in these settings.

An integrated approach to falls prevention in institutional settings

To prevent falls in hospital, hostel and nursing home settings, an integrated
multifaceted approach is likely to offer the best chance of success. Such an approach
should involve systems for identifying those at a high risk of falling, the imple-
mentation of strategies to minimize this risk, ongoing monitoring of falls rates
and education of staff, patients and visitors about falls prevention [4, 21-24].
Components of such an approach are outlined in Table 12.2 and discussed below.
More details on environmental risk factor modification, medical management and
medications are given in Chapters 9, 13 and 14.

Screening protocols
Many hospitals use falls risk assessment tools to identify those at high risk of falling.
For a screening tool to be useful, it must be quick and easy to administer and have
a proven ability to identify likely fallers. The tools developed by Salgado et al. [6]
and Oliver et al. [12] appear useful in this regard, although additional risk factors
including orthostatic hypotension and other factors listed in Table 12.1 may also
need to be considered for individual patients.

Within residential aged care facilities, more extensive screening for falls risk is
possible as the residents are there for longer periods of time than hospital inpa-
tients. A useful screening tool has been developed by the Centre for Education and
Research on Ageing [24]. Assessment methods and management options are out-
lined for the following categories: medications, acute illness, mental state, ongoing
medical conditions, history of falls, poor balance, use of walking aids, bowel or
bladder problems, visual problems, hearing problems, foot problems and footwear.
Of course other physiological risk factors (such as reduced muscle strength) out-
lined in Part I of this book will also be important and should be assessed.

Risk factor modification
Where possible, risk factors such as confusion, agitation, comorbidity, psychoactive
medication use, adverse drug interactions, reduced muscle strength and poor
balance, and poor vision should be investigated and addressed. This will need to be
done in conjunction with the patient’s medical practitioner and may also involve
physiotherapy intervention and/or supervised exercise. Regular group exercise



183

An integrated approach

Table 12.2. An integrated approach for preventing falls and falls injury

Use a screening protocol to identify high-risk patients

Addpress the risk factors directly if possible

Provide treatment of medical conditions that give rise to acute confusional states

Provide treatment/therapy for agitation

Provide treatment for comorbidity where possible

Monitor and attempt to remove or reduce dose of psychoactive drugs

Initiate online prescribing system to prevent adverse drug interactions

Initiate physiotherapy programmes that include specific muscle strengthening exercises, gait
and balance training

Provide general exercise opportunities to prevent deterioration in motor function

Provide suitable walking aids

Ensure safe shoes and clothing are worn

Maximize vision with appropriate spectacles

Provide occupational therapy training programmes to maximize safety and independence in
functional tasks

Ensure regular monitoring of patients/residents

Ensure regular assistance with toileting

Provide regular supervised walking for those unsafe to walk independently

Implement environmental interventions

Provide optimal lighting

Remove or modify obstacle hazards

Remove any hazardous floor covering

Bevel thresholds

Ensure regular maintenance of wheelchairs and other equipment
Minimize water and other spills on floors

Install grab rails in bathroom and toilet areas

Ensure toilet seats are of appropriate height

Provide appropriate height chairs

Provide easy access to call bells, light switches and personal effects
Provide toileting aids (urine bottles/bedside commodes/bedpans)
Provide other equipment (long-handle reachers, etc.)

Locate at-risk patients near nursing stations

Locate at-risk patients near bathrooms and dining rooms
Consider installation of electronic surveillance system

Provide safe walking areas for those who ‘wander’

Consider use of restraints

Increase awareness of falls risk
Inform patients of their increased risk

Inform relatives of the patient’s increased risk
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Table 12.2. (cont.)

Consider method of quick identification of high-risk patients, e.g. coloured bracelet, code on
patient file
Initiate and repeat educational programmes for staff

Ensure high level of monitoring during early days of hospital stay (staff/relatives)

Reduce falls injury

Implement hip protector programme for very high-risk patients (e.g. those with delirium,
agitation, confusion and multiple risk factors)

Consider shock-absorbing floor surfaces

Consider low-height beds

Discharge planning

Undertake full assessment of functional abilities prior to discharge

Arrange appropriate assistance from carers and community services

Arrange for ongoing physiotherapy, community exercise, home assessment and modification

and aged care team involvement as appropriate

Post-fall assessment

Document circumstances and investigate causes for each fall and intervene as appropriate
Review environmental factors
Review physical factors

Perform functional assessment

opportunities such as exercise classes may also help prevent deterioration in motor
functioning, and supervised regular walking may be beneficial for unsafe walkers.
Occupational therapy training programmes may also be useful in maximizing safe
independence in functional tasks. There is evidence from one randomized con-
trolled trial that more intensive physiotherapy and occupational therapy interven-
tion for those in nursing homes leads to improved functional abilities (and a
resultant saving of nursing staff time) [25].

It is also crucial that patients and residents be regularly monitored to ascertain if
they require assistance. In addition, those who are unable to toilet independently,
or are using laxatives or diuretics, may benefit from assistance with toileting at
regular intervals.

Environmental interventions

Within hospitals and long-term care institutions, there should be the potential to
minimize environmental hazards. This would involve adequate monitoring and
maintenance of lighting, furniture, aids, equipment and floors. Transient environ-
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mental hazards such as obstacles, clutter and spills on floors should also be quickly
identified and rectified.

Attention should also be given to the way in which each individual patient or res-
ident interacts with the environment. For example, a person with limited mobility
needs to have easy access to personal effects (tissues, books, drinks) so they do not
attempt to get up to fetch them, or reach for them in an unsafe manner. Similarly,
a call bell should always be in easy reach of the person. This enables patients to call
for assistance for completing daily tasks, and to alert staff quickly if they get into
any difficulties. For those who are not able to move around their room inde-
pendently yet have the cognitive and physical abilities to carry out some self-care
tasks, toilet aids should be located within easy reach (e.g. urine bottles for men,
bedpans or bedside commodes for women). In this way independence can be safely
enhanced. Chairs should be height-adjustable so they can be set at a height from
which it is easy for the person to stand up, as it is more difficult to stand up from a
lower chair due to the extra muscle force required [26]. Those who can carry out
daily tasks independently may benefit from an occupational therapy assessment
and the provision of additional equipment, such as long-handled reachers for
picking dropped objects up off the floor.

Safety can be maximized with careful consideration of the optimal location for
individual patients/residents. For example, those with difficulty walking may
benefit from being closer to bathrooms and dining rooms, while those at very high
risk of falling should be located closer to staff stations where regular supervision is
more possible.

The installation of electronic surveillance systems should also be considered to
assist in monitoring high risk people. Such a system may involve video cameras,
position sensors on beds or chairs or on an individual’s lower limbs (to alert staff
when a potential faller gets up) [27] or an alarm which is triggered when a person
goes beyond a certain point.

While a number of the above strategies prevent older people moving unsafely,
care must be taken that people are not unnecessarily restricted from standing up
and walking, as this will contribute to greater losses of strength, balance and func-
tion, which in turn can lead to an increased risk of falls. Instead, regular supervised
walking and exercise programmes should be undertaken. For those who ‘wander,
pleasant but safe walking areas should be provided.

Among those at very high risk of falling the use of restraints may be considered.
The issue of restraints in institutional settings is a complicated and controversial
one and is discussed in Chapter 11.
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Increase awareness of falls risk

Education is a crucial part of any falls prevention programme [24]. Where
appropriate, patients and residents should be informed of their increased risk of
falls and the particular activities that they should avoid attempting unassisted or
unsupervised. Similarly, relatives and other visitors and all staff who will come into
contact with the patient or resident (including cleaners, food service staff, etc.)
should also be apprised of this information. Systems are required to ensure that
specific patient information is conveyed from each nursing shift to the next, and
that no lapses in vigilance occur during staff changeovers [14]. Education sessions
should also be held regularly due to staff and resident changes.

Reduce falls injury
Even the most conscientious application of a falls prevention programme will not
totally eradicate falls, particularly among very high-risk individuals. Therefore,
some attention must also be given to the prevention of injury following a fall.
Strategies to consider include the provision of hip protectors (see Chapter 11 for
details), shock-absorbing floor surfaces and low-height beds or mattresses on the
floor to lessen the distance a patient or resident can fall.

Discharge planning

Programmes to prevent falls among hospital inpatients should not cease as soon as
the person leaves the hospital. Effective discharge planning has a role to play in
minimizing the risk of falls soon after return home. This is vital as several studies
have shown that people recently discharged from hospital are at increased risk of
falling. For example, Forster and Young [28] found that 73% of stroke patients fell
in the 6 months after discharge from hospital. Similarly, Mahoney et al. [29] found
that 14% of 214 older patients fell in the first month after returning home from a
period of hospitalization for a medical illness.

Assessments of a person’s functional abilities and risk of falling should be carried
out prior to discharge from hospital. The person should not leave the hospital until
it is clear that they are able safely to manage essential self-care and household tasks
or assistance with these tasks has been arranged. This is especially important if an
older person has spent a prolonged period of time in bed and is thus likely to be
weaker than prior to the illness. An occupational therapy home visit may be neces-
sary to establish safety at home, and has been shown to reduce falls rate among
past fallers who have recently been in hospital [30]. Short periods of intensive
rehabilitation should be considered for those recovering from major illness or
surgery. Such a rehabilitation programme would aim to maximize the person’s
physical ability and thus independence.
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Post-fall assessment
Is it vital that systems be put in place for the investigation of all falls that do occur
[14]. Any environmental hazards associated with the fall should be identified and
acted on as appropriate. A physical examination of the faller is important for the
identification of any individual causes and risk factors. A review of the person’s
functional abilities and the interaction between these and the environment will also
assist in identification of modifiable risk factors.

Evaluation of strategies for falls prevention in institutions

A recent trial has shown the efficacy of a falls prevention programme in nursing
homes [31]. This study involved 482 residents who had previously fallen. Seven
pairs of nursing homes were randomized to receive no intervention, or the inter-
vention programme which involved structured individual assessment (of envi-
ronmental safety, wheelchair use, psychotropic drug use and transfers and
ambulation) by medical, nursing and occupational therapy professionals. At post-
test there was a mean reduction of 19% in the proportion of recurrent fallers in the
intervention homes. Greater effects were evident for homes with a higher compli-
ance with recommendations and for residents with three or more previous falls.
However, in a randomized controlled trial of a comprehensive post-fall assessment,
Rubenstein et al. [32] found that while this approach reduced hospitalizations and
hospital stays, it did not significantly reduce the rate of subsequent falls.

Only a few studies have investigated the effectiveness of falls prevention strate-
gies in hospitals. Tideiksaar et al. [33] trialled a bed alarm system in a randomized
controlled trial among 70 patients at high risk of falling. The device involved a
sensor strip under the bedclothes which alerted nursing staff to a patient’s attempt
to get out of bed, thus enabling them to provide assistance. Although not statisti-
cally different, fewer falls occurred in the intervention group. Another study using
historical controls [27] reports a decreased falls incidence following the introduc-
tion of a thigh position monitoring alarm. This device alerts staff when a person
attempts to get out of bed or stand up. However, in a randomized controlled trial,
Mayo et al. [34] found that an identification bracelet worn by those identified as
being at high risk of falling was not effective in preventing falls.

Conclusion

Many older people within hospitals and aged care facilities are at increased risk of
falling. There is now good evidence that a multidisciplinary, multifactorial assess-
ment and intervention programme can be effective in reducing the risk of falls in
nursing homes. Preliminary findings also indicate that patient movement alarms
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can prevent falls in hospital patients. While many of the strategies for preventing

falls outlined above make good common sense, most have not been rigorously

tested for their effectiveness and cost-effectiveness in research trials. The

implemention of these strategies in institutional settings, therefore, requires

further evaluation.
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The medical management of older people at
risk of falls

As indicated in Part I of this book there are many intrinsic risk factors for falls in
older people. It is apparent that some can not be modified, whereas others may
respond to a range of treatments. Regardless of whether each measure is amenable
to modification, appropriate management is required, and general practitioners
need to be equipped to carry out this task. This chapter addresses the implications
of the research findings presented in Chapters 4, 5 and 7, and presents guidelines
for an informed approach to the medical management of older persons at risk of
falling. It also recommends simple tests for vision, sensation, strength, reaction
time and balance that could be performed in general practice settings to comple-
ment a routine medical assessment.

Medical management of conditions associated with falls

190

As outlined in Chapters 4, 5 and 7, many medical conditions and medications have
been found to be risk factors for falls in community and institutional settings. In
particular, cognitive impairment, stroke, Parkinson’s disease, and use of psycho-
active medications have consistently been found to increase falls risk. However,
many other medical conditions (such as orthostatic hypotension, foot problems
and vestibular pathology) which have not have been found to be strong risk factors
in large population studies, may be of considerable importance to individuals.
Therefore, the general practitioner plays an important role in both the diagnosis
and management of these conditions in older people.

The medical management of older people at risk of falls often involves a
multidisciplinary approach, which requires good communication between the
practitioner, the patient, other health professionals involved in the older person’s
medical care, and family or carers in the patient’s home environment. In Table 13.1,
we have outlined suggestions for the management of the medical risk factors con-
sidered in Chapters 4, 5 and 7. The table also provides suggestions for appropriate
referral.
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Medical management of conditions associated with falls

Table 13.1. Suggestions for management of medical risk factors in general practice

Risk factor

GP management

Referral/liaison

Eye disease
(inc. age-related
maculopathy, cataracts,

glaucoma)

Foot disorders
(inc. corns and calluses,
bunions, nail problems,

ulceration)

Musculoskeletal disorders
(inc. osteoarthritis,
rheumatoid arthritis,

acute soft tissue injuries)

Peripheral neuropathy

Use of medications

Orthostatic hypotension

Vestibular dysfunction

Neurological disorders
(inc. stroke, cerebellar
disorders, Parkinson’s
disease)

Psychological factors
(inc. dementia,
depression, anxiety,

delerium)

Routine eye examination,
repeat prescriptions of
topical eye medications,

education

Scalpel reduction of calluses,

orthotic devices/insoles,

footwear and home footcare

advice and education

Appropriate diagnostic

evaluation, anti-

inflammatory drugs, mobility
aids (frames, walking sticks)
self-treatment education,

prescription of hip protectors,

exercise advice

Manage diabetes, screen for

vitamin B , deficiency,

walking stick, education

regarding improving walking

safety, foot orthoses

Minimise total medications
taken, assess risk and benefits
of each medication, prescribe

lowest effective dose, frequent

reassessment, education

Assessment of medications,

rehydration
Avoidance of drugs with
vestibular effects,

otolaryngological evaluation

Appropriate diagnostic

evaluation, prescription of

hip protectors

Detect reversible causes,

take care with prescription
of centrally acting drugs,

prescription of hip protectors

Ophthalmologist, optometrist,

occupational therapist

Podiatrist, orthopaedic
surgeon, orthotist, boot-

maker

Physiotherapist, orthopaedic
surgeon, prosthetist,
orthotist, rheumatologist,

occupational therapist

Neurologist, endocrinologist,
physiotherapist, podiatrist

Pharmacist, geriatrician, aged

care facility staff

Cardiologist, aged care facility
staff
Otolaryngologist, neurologist

Neurologist, geriatrician,
physiotherapist, occupational

therapist

Neurologist, psychiatrist,
psychologist, aged care
facility staff
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Table 13.1. (cont.)

Risk factor GP management Referral/liaison

Incontinence Appropriate diagnostic Urologist, continence nurse,
evaluation, advice, assessment  gynaecologist,
of diuretic use physiotherapist,
occupational therapist, aged

care facility staff

Severe and recurrent Appropriate diagnostic Otolaryngologist,
dizziness evaluation to determine neurologist, cardiologist
cause

Counselling the older adult at risk of falling

One of the most important roles for a general practitioner when managing an older
patient at risk of falling is to provide practical advice relating to the specific impair-
ments revealed by their clinical assessments. This assists the older patient in playing
an active role in minimizing the risks generated by their sensorimotor deficits. In
Figures 13.1-13.3, we have provided a list of practical suggestions for general
practitioners to pass on to older patients with impaired strength, balance and
coordination, peripheral sensory loss, and impaired vision. A footwear advice
handout is also provided, based on the research findings discussed in Chapter 10
(see Figure 13.4).

General practice assessment of the at-risk older patient

General practitioners are subject to many competing demands on their time, which
results in time spent with each individual patient being necessarily brief. Therefore, a
rapid falls assessment tool is required to assist in identifying causative factors in
people at risk of falls. However, as indicated in Chapter 4, the utility of a falls risk
assessment based solely on diagnoses of disease processes is of questionable value.
Furthermore, the predictive value of some standard clinical tests such as high-contrast
eye charts for assessing vision, tuning forks for measuring vibration sense, strength
using the five-point grading scale and the Rhomberg balance test is also limited.

To address these issues, we have devised a brief assessment suitable for general
practice, based on the sensorimotor functional model for falls prediction devel-
oped by our research group. Although many other tests have been suggested as
‘single’ falls predictors (such as the functional reach test [1]), we feel that a senso-
rimotor model is preferable as it allows the general practitioner to not only predict
which older patients are likely to fall, but also to determine which sensorimotor
systems are impaired. This gives greater insight into the causes of instability and



193

Fig. 13.1.

General practice assessment of at-risk older patients

INFORMATION ON HOW TO IMPROVE STRENGTH,
COORDINATION AND BALANCE

How can these factors lead to falls ?

Adequate strength is required to support the body weight as we stand and
walk. A weakness in one leg can result in a fall when all of the body weight
is placed on it. Strength is also important for undertaking every day
activities such as getting out of bed, rising from a chair and walking up and
down steps.

Good static and dynamic balance are required so we keep control of our
upright bodies and quick reaction time and good coordination allow us to
recover in time if we trip, stumble or lose balance.

What you can do

= the best treatment for any reduced functioning in the above factors is
exercise.

= exercise classes designed for older people are particularly beneficial,
as any specific balance, strength or coordination problem can be targeted.
Exercising in a group also provides a structure and social support.

» specific home exercises and increased general exercise such as walking,
gardening etc. provide important additional benefits.

Patient information regarding strength, coordination and balance.

falls and provides guidance for the type/s of intervention that will most benefit the
patient.

The sensitivity of this battery of tests is inevitably lower than that which could be
expected from more detailed quantitative assessments — as described in Chapter 16.
However, poor performances in each of the assessment items will enable the
identification of ‘high risk’ fallers in the context of general practice. The falls assess-
ment includes functional measures of the major physiological systems that contribute
to standing balance and is designed to complement the systematic management of
medical conditions as outlined in Table 13.1. It requires minimal equipment: a low
contrasteye chart, an aesthesiometer filament for measuring touch sensationanda cal-
ibrated wooden rod for measuring reaction time (this equipment and testing instruc-
tions can be obtained from the authors), in addition to a sphygmomanometer for
measuring blood pressure changes. At present we are evaluating the predictive value of
these assessments, the feasibility and utility of this approach in general practice.
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Fig. 13.2.

Vision

Medical management of falls risk

INFORMATION ON HOW TO COMPENSATE FOR SENSATION
LOSS

How can sensation loss lead to falls?

Leg sensation provides information to the brain about your standing position
and your leg movements as you undertake activities like walking and getting
in and out of a chair. Imagine if your legs were totally numb — they would
provide no information to the brain at all.

What you can do

» take particular care when walking on surfaces that are uneven or soft, i.e.
footpaths, uneven or rough ground and thick carpets and rugs.

= avoid walking in dim or unlit areas if possible and make sure you turn
the light on before walking in the house at night.

= wear shoes with low heels and firm rubber soles to maximise leg
sensation and balance.

= consider using a walking stick or light cane as a sensor (rather than/or in
addition to a support) to help you compensate for sensation loss. For
example a stick gives extra information about footpath and road cracks
and irregularities.

Patient information regarding sensory loss.

Figure 13.5 presents the falls risk assessment checklist. This one-page form pro-
vides the criterion values for poor performances in the tests and spaces for indicat-
ing action taken and a review date.

Vision is usually assessed in primary care setting using high-contrast letter charts
(Snellen scales) or cruder assessments, such as testing ability to read printed
material. These tests are not optimal for measuring visual requirements for detect-
ing environment hazards, particularly under suboptimal conditions such as when
contrast is reduced. A more appropriate test for measuring whether poor vision
may predispose an older person to fall is an assessment of low contrast visual acuity
[2] (see Figure 13.6). For example, we have found that poor low-contrast visual
acuity is a better predictor of falls than high-contrast visual acuity in both institu-
tionalized [3] and community-dwelling [4] people. Low-contrast visual acuity is
tested in a standard manner, that is by asking patients to read the smallest line of



195

Fig. 13.3.

Sensation

General practice assessment of at-risk older patients

INFORMATION ON HOW TO MAXIMISE VISION

How can reduced vision lead to falls?

People with reduced vision have an increased risk of tripping over objects
within the home and especially when outside in unfamiliar surroundings.
This is particularly the case in circumstances that are sub-optimal, e.g. in
poor lighting conditions, at dusk, in high glare situations and when the light
intensity changes — i.e. going from bright light into the dark and vice versa.

Bifocals, trifocals and multifocals make things worse - even in those who
have been wearing them for years. The problem with these glasses is that
their lower sections blur obstacles on the ground we need to see to avoid

tripping.
What you can do

= have your eyes assessed every year by an eye doctor.

= wear only a single-lens pair of glasses (i.e. no bifocals, trifocals or
multifocals) when walking, especially when outside the home.

= wear your glasses; don’t keep them in a drawer or in your pocket.

= wear a hat and/or sunglasses when outside, especially in bright and high
glare situations.

* avoid dimly lit areas if possible and turn the light on before walking in
the house at night.

= puton your glasses if you get up in the night to go to the toilet.

Patient information regarding maximizing vision.

letters on the chart they can see from a set distance (usually 3 m). A Snellen frac-
tion score of greater than 6/20 indicates significantly impaired low-contrast visual
acuity.

As outlined in Chapter 3, the ageing process is associated with impaired per-
formance in tests of tactile sensitivity, vibration sense, and proprioception. Age-
related peripheral sensory loss is a major risk factor for falls [5-7], and therefore, a
thorough evaluation of an older patient at risk of falling should include an assess-
ment of peripheral sensation. There is a diverse array of instruments available for
the assessment of sensory loss, including tuning forks [8], biothesiometers [9] and
touch aesthesiometers [10]. Each has its own advantages and disadvantages,
however we suggest that the simplest and most accurate instrument for the
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what makes a shoe unsafe ?

A FIRMHEEL COLLAR LACES ENSURE THE SHOE
TO PROVIDE STABILITY 'HOLDS' ONTO YOUR FOOT
WHEN WALKING

A THIN, FIRMMIDSOLE
S0 YOU CAN 'FEEL' THE
GROUND UNDERNEATH

A BEVELLED HEEL
TO PREVENT SLIPPING

A BROAD, FLARED HEEL A TEXTURED SOLE
TO MAXIMISE CONTACT TO PREVENT SLIPPING
WITH THE GROUND

what makes a shoe unsafe ,

SOFT OR STRETCHED UPPERS
MAKE YOUR FOOT SLIDE AROUND
IN THE SHOE

LACK OF LACES MEANS
YOUR FOOT CAN SLIDE
OUT OF THE SHOE

HIGH HEELS SHOULD
BE AVOIDED AS THEY IMPAIR
STABILITY WHEN WALKING

NARROW HEELS MAKE YOUR \
FOOT UNSTABLE AND CAN SLIPPERY OR WORN SOLES
CAUSE ANKLE SPRAINS ARE A BALANCE HAZARD,

PARTICULARLY IN WET WEATHER

Fig. 13.4.  Patient information regarding ‘safe and ‘unsafe’ shoes.
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GENERAL PRACTICE FALLS RISK ASSESSMENT CHECKLIST
Dr: Assessment date:
Patient: Date of birth:
Address: Phone:
ASSESSMENT v ACTION TAKEN REVIEW
DATE
Vision'
- low contrast visual acuity test >
6/20
Sensation®
- inability to detect 4.56 filament
Strength®

-unable to sit-to-stand from
standard (45cm) height chair in <
2 sec without arm support

Reaction time®

-rod catch measure > 300
milliseconds (best of three
attempts)

Balance®

-requires step in 30sec near-
tandem standing test (eyes
closed)

ACTION

Examine for glaucoma, cataracts, and suitability of eyewear. Refer to optometrist or
ophthalmologist as necessary.

Manage diabetes, screen for vitamin B12 deficiency, counselling. Refer to neurologist,
endocrinologist and physiotherapist as necessary.

Appropriate diagnostic evaluation. Encourage participation in local balance and strength
improvement class and/or home exercises. Refer to physiotherapist or occupational therapist as
necessary.

Screen for dementia, delerium, confusion and neurolegical conditions. Encourage participation in
exercise classes and/or home exercises. Refer to neurologist as necessary.

Appropriate diagnostic evaluation. Encourage participation in local balance and strength
improvement class and/or home exercises. Refer to neurologist or otolaryngologist as necessary.

Fig. 13.5.

Falls risk assessment checklist.
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6/60
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30

— 24

20

15

12

Wb O ©

Read at 3m

Fig. 13.6.  The low contrast visual acuity chart.
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Fig. 13.7.

Strength

General practice assessment of at-risk older patients

The monofilament test for tactile sensitivity.

screening of sensory loss in general practice is a single-monofilament aesthe-
siometer (see Figure 13.7).

Sensory threshold testing with touch aesthesiometers has been found to be
highly reliable [11], and correlates well with biopsy findings of peripheral nerve
damage [12]. Peripheral sensory loss with ageing is most evident in the lower
extremity [13—15], and many studies have reported that loss of sensation in the legs
and feet is associated with impaired balance [16, 17] and increased risk of falling
[5-7]. For these reasons, we suggest that tactile sensitivity should be assessed at the
ankle (specifically, the lateral malleolus), as this site is a bony landmark that is easily
palpable and provides a good indicator of lower limb sensation. An inability to
detect the monofilament which exerts a pressure of 2.3 g represents significant
peripheral sensory loss.

As outlined in Chapter 3, decreased lower limb muscle strength is associated with
increased falls risk [18, 19]. Accordingly, assessment of muscle strength is an
important component of a physiological test battery in clinical practice. However,
the commonly employed five-point grading scale suffers from a severe ceiling effect
and is not accurate enough to detect subtle but significant muscle weakness in older
people. We suggest the ‘sit-to-stand’ functional strength test [20], as it is easy to
administer and has been found to be a good predictor of falls [21-23] and
deterioration in other aspects of daily functioning (Figure 13.8) [24, 25]. A stan-
dard height chair (top of seat approximately 45 cm from the floor) is recommended
as the amount of muscle force required to stand from the seated position varies
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Fig. 13.8.

Medical management of falls risk

The sit-to-stand test.

with chair height [26]. To perform this test, the patient is seated in a chair, and then
asked to stand up without using their arms for assistance. An inability to complete
this task in 2 seconds indicates lower limb muscle weakness.

Reaction time

Reaction time declines with increasing age [27], and numerous studies have
reported slow reaction time to be associated with an increased risk of falls [3, 28].
However, most tests of reaction time involve the use of specialized apparatus to
provide the subject with an auditory or visual cue and a timing mechanism to
measure accurately the period between the cue and the response. In the context of
general practice, a simple alternative is a rod catch test, i.e. asking patients, while
seated, to catch a wooden rod that is dropped vertically from just above the top of
the hand (see Figure 13.9). By noting where the patient catches the rod (which is
marked in milliseconds and indicates the time taken for the rod to fall under
gravity), a measurement of reaction time can be obtained. Pilot investigations by
our group have found that reaction times measured using this simple device are
closely correlated (r=0.7) with finger-press reaction times requiring more special-
ized equipment. Failure to catch the rod within 300 milliseconds indicates
significantly increased reaction time.
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Fig. 13.9.

Balance

General practice assessment of at-risk older patients

elapsed time
In milliseconds

The ‘rod catch test’. The point where the patient catches the rod is recorded as a measure
of simple reaction time.

A wide range of balance tests have been described in the literature, however many
require specialized equipment and are therefore not practical in the general prac-
tice environment. The sharpened Rhomberg test, in which the subject stands with
one foot in front of the other (referred to as the ‘tandem position”), has been widely
recommended as a simple clinical measure of balance. However it is limited in that
many older people are simply unable to perform the test, particularly with their
eyes closed [29]. Similarly, the ability to stand on one leg has also been recom-
mended as a simple measure of balance, but this is also difficult for older people to
undertake [29, 30] and only moderately good at predicting falls [31, 32].

We have developed a new measure of standing balance which overcomes many
of the shortcomings of the above tests, i.e. it is feasible for older people to under-
take, yet discriminates between fallers and nonfallers [33]. This test requires
patients to stand in a near-tandem position for 30 seconds with eyes closed, that is
with the feet separated by 2.5 cm and the heel of the front foot 2.5 cm anterior to
the toe of the back foot (Figure 13.10). An inability to hold the standing position
without taking a protective step in the 30-second test period indicates poor balance.

The assessment of orthostatic hypotension

As discussed in Chapter 4, orthostatic hypotension has not been found to be a
strong risk factor for falls in large population studies. However, as indicated in
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Fig. 13.10.
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The near-tandem standing balance test. The feet are separated by 2.5 cm and the heel of
the front foot is positioned 2.5 cm anterior to the toe of the back foot.

Chapter 7, this may be due to study limitations including the sometimes-intermit-
tent nature of this condition. As clinical experience indicates that orthostatic hypo-
tension is a cause of falling in particular individuals, we suggest that an assessment
of lying and standing blood pressure be included in a falls assessment for patients
who suffer from unexplained falls and/or dizziness. Orthostatic hypotension is
defined as a drop in systolic pressure of 20 mmHg or more, or diastolic pressure of
10 mmHg or more at 1-5 minutes after moving from the supine to the standing
position. Patient reports of dizziness, lightheadedness and faintness during the
procedure should also be noted.
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Conclusion

Falls have a multifactorial aetiology, and therefore the medical management of

older people at risk of falling requires a tailored approach for each individual. In

this chapter, we have provided some suggestions for screening of older people at

risk of falls based on our sensorimotor model, as this allows general practitioners

to identify specific areas of concern. In addition, we have outlined some simple,

practical approaches to managing medical conditions associated with falls, high-

lighting the importance of a multidisciplinary approach and the need to involve

patients actively in reducing their falls risk.
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Modifying medication use to prevent falls

As outlined in Chapter 5, medication usage in older people is common, and certain
classes of medications significantly increase risk of falling. In particular, psycho-
active medications have been found to reduce mental alertness and impair balance
in older people, and the use of these drugs is associated with an increased risk of
falling. Furthermore, the use of multiple medications by older people increases the
risk of adverse drug interactions [1], and is also associated with increased falls risk.
In this chapter, we review the literature pertaining to medication withdrawal as a
falls prevention strategy, and discuss the practical implications for modifying med-
ication usage in older people. We also discuss alternatives to pharmacological treat-
ment of anxiety, depression and sleep disturbances in older people.

Medication withdrawal and falls

206

Numerous strategies can be used to address medication use in older people, includ-
ing minimizing the total number of drugs taken, assessing the risks and benefits of
each drug, choosing drugs which are less centrally acting and do not produce pos-
tural hypotension, and reducing dose to the lowest possible effective level [2].
However, reducing medication use in older people is difficult, and prescribing
habits are only partly influenced by the practitioner’s knowledge of the risks asso-
ciated with polypharmacy. Educational programmes regarding polypharmacy pre-
sented by pharmaceutical companies (‘academic detailing’) have not been found to
be effective in reducing the total number of drugs prescribed to older people [3],
although programmes directed at improving prescription of specific therapeutic
classes have [4,5].

Involving the older person in the ongoing review of their medication use may be
a useful strategy to minimize the risks associated with polypharmacy. Table 14.1
provides a list of simple guidelines for older people to become more aware of their
medication use and prevent unnecessary duplication of drugs, and Figure 14.1
shows a simple medication record card which may assist in this process. However,
a recent report suggests that medicine record cards will only be helpful if patients
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Fig. 14.1.

Medication withdrawal and falls

Table 14.1. Simple guidelines for older people to become more aware of their medication
use and prevent misuse of medications

Ask your doctor to review your medicines or ask your pharmacist for advice

Tell your doctor about any problems you are experiencing with your medication

Keep a record of which drugs you take by filling in a medication record card

Tell your doctor about any other doctors or specialists you may be seeing and any medicines
they have prescribed

Take all your medications when you visit your doctor(s)

Do not use out of date medications

Do not use other people’s medications

If you forget to take your medication, do not ‘double-up’ the next day

Ask your doctor if there are any nondrug alternatives to the management of your condition

MEDICATION RECORD CARD

DATE MEDICINE WHATIT IS HOW MANY OTHER
PRESCRIBED NAME AND FOR AND HOW INSTRUCTIONS
STRENGTH OFTEN

A medication record card for use by older people.

believe that their doctors want them to use such a device, as some doctors confess
that they perceive medication cards as additional paperwork for each consultation
and find them irritating rather than beneficial [6].

Withdrawal of medications is not easy, and in itself may produce detrimental
effects if performed too quickly. For example, rapid withdrawal of psychoactive
medications may lead to confusion and restlessness [7], which may impair an older
person’s ability to navigate obstacles in their environment [8]. Nevertheless, the



208

Modifying medication use

benefits of appropriate withdrawal of psychoactive medication are significant, and
may not necessarily be associated with increased psychological problems [9].

The ideal design for exploring the association between medication use and falls
and/or falls injuries is a large controlled randomized trial wherein falls are prospec-
tively measured [10,11]. In recent years, a few such studies have been performed.
These studies have either focused on modifying the use of a single drug class such
as the psychoactive or antihypertensives or have included drug use modification as
a significant part of a multifaceted intervention [12,13].

In a randomized controlled trial of gradual psychoactive medication withdrawal
and home-based exercise, Campbell et al. [13] found a significant reduction in falls
in the older community-dwelling women randomized to the medication with-
drawal arms of the study. This is a very encouraging finding as the risk of falling for
those who completed the trial was reduced by 65%. However, there were consider-
able problems encountered in undertaking this study, which emphasizes how
difficult it is for older people to stop using psychoactive medications. First, it
proved very difficult to recruit subjects into the trial, with 400 of the 493 (81%) eli-
gible subjects declining participation. Further, of the 48 subjects who agreed to par-
ticipate and were randomized to the psychoactive withdrawal programmes, only 17
(35%) completed the trial. Eight of the 17 subjects who successfully completed the
trial also restarted taking psychoactive medications within 1 month of the comple-
tion of the study.

Particularly in recognition of the problems associated with polypharmacy, a
number of intervention studies have also been performed to reduce medication
usage in nursing home residents [9, 14, 15], and there is a general consensus that
reducing the use of psychoactive medications should be a major priority of physi-
cians, pharmacists and nursing staff [10]. Rubenstein et al. [16] reported that a
multiple intervention approach involving exercise, environmental modifications
and altering drug intake did not produce a significantly reduced prevalence of falls
in 160 residential care subjects. However, more recently Ray et al. [17] conducted a
study involving 482 residents who had previously fallen in seven pairs of nursing
homes. The nursing homes were randomized to receive an intervention pro-
gramme which involved review of psychoactive drug use as well as interventions to
improve transfers and ambulation, wheelchair use and environmental safety. They
found that the proportion of recurrent fallers in the intervention homes decreased
significantly (by 19%). At least part of this reduction in falls appears to have been
due to the reduction in psychoactive medication use in the intervention nursing
homes.

The available literature would therefore suggest that reducing psychoactive med-
ication use to lower risk of falling is justified. However, evidence of potential
benefits of reducing other medications is not so clear. Reduction in NSAID use to
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prevent falls has been questioned, as this may lead to an increase in arthritic pain
and associated reduction in walking speed and general mobility [18, 19]. However,
prescription of exercise may be able to compensate for NSAID withdrawal. The
risks involved with withdrawing antihypertensive medications would appear to far
outweigh the potential benefits of falls risk reduction [20], and as such, this
approach is not generally regarded as a practical falls prevention strategy.
Nonetheless, ongoing monitoring of blood pressure should be undertaken to
maintain optimal antihypertensive dosage.

Alternatives to pharmacological treatments of anxiety, depression and sleep
disturbances in older people

Due to the increased risk of falls and other significant adverse side effects of psycho-
active medications in older people, alternative nonpharmacological therapies for
the treatment of anxiety, depression and sleep disturbances should be given serious
consideration. Psychosocial treatments have been shown to be effective for the
treatment of all three of these conditions, and electroconvulsive therapy remains
an effective treatment for major depression [21]. Exercise, simple behavioural
strategies and environmental interventions have also been shown to be useful for
enhancing sleep duration and quality.

Psychosocial therapies

The obvious adjunct to the pharmacological treatment and management of what
are primarily psychological disorders is psychosocial therapy. There is now a great
deal of evidence that a range of psychosocial therapies conducted by appropriately
trained psychologists are very effective in treating anxiety, depression and insom-
nia in the general population [22-25], and increasing evidence that such
approaches are also efficacious in older people [21,23,25] and clinical groups such
as patients with coronary artery disease [26].

A large number of randomized clinical trials have established the efficacy of
selected psychosocial interventions including cognitive behavioural therapy, and
brief psychodynamic treatment for depression in older people [21, 31]. From
their extensive review of this topic, Niederehe and Schneider concluded that in
clinical practice, psychosocial treatments should be used in combination with
pharmacological treatments and this ought to be considered standard care [21].

There are fewer studies on the effectiveness of treatments for later life anxiety dis-
orders, and recommendations are based on findings from studies undertaken on
younger persons, and older nonsymptomatic volunteers. The psychosocial treat-
ments for anxiety that hold promise include relaxation methods, rational-emotive
training and anxiety management training [21].
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To maximize treatment efficacy, Niedre and Schneider recommend that com-
prehensive treatment ‘packages’ for anxiety and depression should be developed
which integrate both psychological and biological components. These packages,
however, should go beyond simply having the patient see the physician for medica-
tions and someone else for psychotherapy, but involve interdisciplinary collabora-
tion in the primary care setting, and the inclusion of family members as key players
in the overall treatment strategy [21].

Many behavioural interventions for insomnia have been undertaken and several
reviews and meta-analyses of their effectiveness have been conducted [23-25].
Nowell et al. reviewed over 30 trials and concluded that stimulus control, i.e.
instructional procedures designed to curtail incompatible sleep behaviours and
regulate sleep—wake schedules, is an effective strategy for improving sleep quality
[23]. These procedures are provided in Figure 14.2. Other effective strategies
identified from the review include sleep restriction, relaxation, and cognitive
behaviour therapy [23]. Similarly, Murtagh and Greenwood [24] and Morin et al.
[25] found from their meta-analyses that psychological interventions produce reli-
able and durable benefits in the treatment of insomnia as determined by reduced
sleep onset latency, increased sleep time, fewer nocturnal awakenings and improved
sleep quality ratings. Morin et al. [25] also suggest that although psychological
treatments may be more expensive and time-consuming than pharmacotherapy,
they may be more cost-effective in the long term.

Simple behavioural strategies

Exercise

In addition to structured psychosocial therapies, simple behavioural strategies such
as avoiding stimulants (i.e. caffeine) in the evening and consuming a warm milk
drink before bedtime may also assist sleep onset and quality. Taking a bath before
bedtime has also been suggested as a mechanism for enhancing quality of sleep,
particularly in older people. Kanda et al. [27] found that after bathing, the elderly
people in their study were more likely to report good sleep and quicker sleep onset,
verified by less frequent body movements in the first 3 hours of sleep. Older people
may also benefit by simply being informed that they require less sleep than when
they were younger, and that early waking in not unusual in older people [28].

Another alternative to pharmacological therapy for sleep disturbances is the pre-
scription of exercise, which has been found to have beneficial effects on sleep pat-
terns in numerous recent studies [29-32]. Two randomized controlled trials have
produced promising results in nursing home and community-dwelling older
people. King et al. [30] evaluated the effect of a weekly, 30-minute moderate inten-
sity exercise programme involving light aerobics and brisk walking in 67 sedentary
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1. Go to bed only when sleepy.

2. Use the bed and bedroom only for sleep and sex (i.e. no reading, television

watching, eating, or working during the day and night).

3. Get out of bed and go into another room whenever you are unable to sleep for 15-

20 minutes and return only when sleepy again.

4. Arise in the morning at the same time regardless of the amount of sleep during the
previous night.

5. Do not nap during the day.

Stimulus control therapy instructions for curtailing incompatible sleep behaviours and
regulating sleep—wake schedules. From: Bootzin RR, Perlis ML. Non-pharmacological
treatments of insomnia. Journal of Clinical Psychiatry 1992;53 (Suppl):37-41.

older community-dwelling subjects with moderate sleep complaints. Compared
with the control group, the exercise group exhibited significant improvements in
sleep quality and duration after the 16 weeks of exercise.

Physical activity also has a role to play in enhancing sleep among residents of
aged care facilities. An investigation by Alessi et al. [32] assessed sleep quality and
agitation in incontinent nursing home residents who were randomized to receive
either (i) daytime physical activity and a night-time programme aimed at noise
reduction (the intervention group), or (ii) night-time noise reduction programme
only (the control group). Subjects who received the daytime activity experienced
significantly improved sleep duration compared with those who received the night-
time programme alone. Furthermore, 7 of the 15 intervention subjects had a
decrease in observed agitation, compared with only 1 of the 14 control subjects.

Environmental interventions

Reducing light and noise and providing comfortable ambient temperatures are
further ‘sleep hygiene’” approaches for enhancing sleep [33,34]. This is particularly
important in acute hospitals to minimize the introduction of hypnotic medications
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to patients. This lessens the risk of patients falling while in hospital and maintain-
ing use of these medications after hospital discharge. Providing an environment
conducive to good sleep is also important in aged care residential facilities where
the prevalence of hypnotic drug use is high.

Conclusion

The use of medications poses a significant risk for falling in older people, and as
such, withdrawal or minimization of medication usage is an important component
of a falls prevention programme. The available research suggests that withdrawal
of antihypertensive medications is not warranted, as these drugs pose only a small
increased falls risk and their withdrawal may have serious adverse effects on the
conditions they were prescribed for. NSAID withdrawal is also unlikely to be of
significant benefit, as these drugs also pose only a small increased falls risk, and
their withdrawal may increase pain in subjects with osteoarthritis.

Withdrawal of psychoactive medications would appear to have the greatest
potential as a falls prevention strategy, particularly in nursing homes. However, the
available evidence suggests that while withdrawal of these drugs may be beneficial,
limited compliance poses a major barrier to widespread utilization of this
approach.

Psychosocial treatments are effective in the treatment of anxiety, depression and
sleep disturbances in older people, and as such provide alternatives or comple-
mentary approaches to the pharmacological management of these conditions.
Simple behavioural and environmental interventions and the prescription of exer-
cise also offer additional means of enhancing sleep quality in this group.
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Targeted falls prevention strategies

The previous chapters have focused primarily on strategies to address specific risk
factors for falling. However, many older individuals have multiple falls risk factors.
Within this population, people are also likely to have different combinations of risk
factors. Therefore, a uniform intervention focusing on a specific factor may be too
limited to address the multifactorial causes of falls in older people. Indeed, a
number of authors have now designed and evaluated intervention programmes
which involve assessment of risk and subsequent targeting of fall prevention strate-
gies. These interventions are often made up of several of the strategies outlined in
the Overview of Part II. This chapter seeks to outline and evaluate these studies.

Evaluation of targeted falls prevention strategies

215

A number of studies have now sought to evaluate targeted multifactorial interven-
tion programmes. While it is common to look at the statistical significance of a
difference between two or more groups in a study, additional useful information is
obtained when the sizes of the effects of interventions are compared. The effect
sizes of the key studies in this area are presented in Table 15.1, using a number of
different methods. The proportions of fallers in each group (experimental and
control group event rates), absolute risk reductions (the absolute difference
between the control and experimental event rates), relative risk reduction (the
difference between the event rates divided by the control group event rate), and the
numbers needed to treat have been calculated for each of these studies. This
approach is described by Sackett et al. [1]. The number needed to treat (NNT)
describes the number of people who would need to undergo the intervention to
prevent one fall and is the inverse of the relative risk reduction [1-3]. The studies
in Table 15.1 are ranked by NNT. As the table shows, the numbers needed to treat
for these interventions range from 5 to 25.

The methodological quality of studies should also be considered when conduct-
ing an evaluation of the effects of different interventions. In Table 15.1, these
studies are rated for methodological quality using a rating scale developed as part
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Table 15.1. Comparison of outcomes and quality of studies of targeted falls prevention programmes

PEDro
Control Relative Absolute ~ Numbers  rating
Follow- event Experimental  risk risk needed to  scale
up period rate event rate reduction  reduction treat score

Study (months)  (CER) (EER) (RRR?) (ARR) (NNT°) (/11)

Close et al. 12 52% 32% 38% 20% 5people 6
1999 [7]

Tinetti et al. 12 47% 35% 26% 12% 8 people 8
1994 [6]

Carpenter and 364¢ 19% 7% 63% 12% 8 people 5
Demopoulos
1990 [11]

Wagner et al. 12 37% 28% 24% 9% 11 people 6
1994 [8]

Fabacher et al. 12 23% 14% 39% 9% 11 people 6
1994 [12]

Hornbrook etal. 23 44% 39% 11% 5% 20 people 6
1994 [9]

Rubenstein etal. 12 75% 71% 5% 4% 25 people 6
1990 [16]

Notes:

@ RRR = CER — EER/CER; ® ARR = CER —EER; ¢ NNT = 1/ARR; ¢ falls data for 1-month period prior to

survey; © data for total number of falls rather than number of fallers.

of the Physiotherapy Evidence Database (PEDro) project [4], which is based on a
scale developed by Verhagen et al. [5]. As the table shows, there was little difference
in the quality of the generally well-designed studies in this area. It should be noted
that, while the maximum score on the scale is 11, this includes a total of three points
for masking to group allocation. As these points are for masking of participants
(not possible in these studies), those administering the intervention (not possible
in these studies), and those assessing outcomes (not possible when self-reported
falls risk is the key outcome), many studies in this area could only score a maximum
of eight points.

A successful intervention programme was designed by Tinetti et al. [6]. This pro-
gramme was trialled at the Yale site of the multicentre FICSIT trials (frailty and
injuries: cooperative studies of intervention techniques). Interventions targeting
risk factors identified at baseline assessment were compared with social visits.
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Interventions included: medication adjustment, behavioural change recommenda-
tions, education and training, and home exercise programmes. During the 1-year
follow-up phase, 47% of the control group fell compared with only 35% of the
intervention group (p = 0.04). The adjusted incidence ratio for falling in the inter-
vention group as compared with the control group was 0.69 (CI 0.52-0.90). Eight
people would need to undergo this intervention for one fall to be prevented. This
study was also of high methodological quality when rated on the PEDro scale.

A recent study by Close et al. [7] had an even greater effect size. Five people
would need to undergo this intervention to prevent one fall. These authors found
that a medical and occupational therapy assessment and subsequent tailored inter-
vention resulted in a significant decrease in fall rates over a 1-year period.
Participants in this study were people who had been seen at an Emergency
Department following a fall. A substantial reduction in the risk of falling (OR 0.39,
CI 0.23-0.66) and the risk of recurrent falls (OR 0.33, CI 0.16— 0.68) was reported.

Another large randomized trial of a multifactorial falls prevention programme
undertaken by Wagner et al. [8] showed some benefits of targeted intervention
strategies. This study involved 1559 members of a health maintenance organiza-
tion. One group received a nurse assessment home visit and follow-up interven-
tions (targeting inadequate exercise, past falls, alcohol use, medication use, hearing
and visual impairments). A second group received a general health promotion
nurse visit and the third group received usual care. The intervention group expe-
rienced significantly fewer falls than the usual care group over the first year of
follow-up. However, differences between the nurse assessment with follow-up
intervention group and the general health promotion nurse visit group were not
significant. Benefits were not well maintained in the second year of follow-up with
no difference in falling rates between the groups at this time. This suggests the need
for ongoing monitoring of and intervention for falls risk factors.

Several falls prevention programmes have used group education sessions. In a
randomized trial involving 3182 independently living health maintenance organ-
ization members aged 65 and over, Hornbrook et al. [9], found that a home assess-
ment and advice on modifications followed by a group education, exercise and
discussion programme, reduced falls by 11%. This intervention was somewhat less
effective than the more targeted interventions described above, with 20 people
needing to receive the intervention to prevent one fall. Furthermore, Reinsch et al.
[10] found that a general nontargeted education programme involving classes on
exercise, relaxation and health and safety topics was not effective in preventing falls
among community-dwellers attending senior citizens centres.

There is also some evidence of the efficacy of home-based health and disability
screening for older people. While these programmes have broader aims than reduc-
ing falls they can involve the identification of risk factors for falling. Carpenter and
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Demopoulos [11] conducted a randomized trial involving 539 people aged 75 and
over. The intervention group were visited and assessed by volunteers at regular
intervals. Participants who developed increasing disability were referred to their
family doctor for interventions as required. The number of falls reported by the
control group doubled between the first and last interview but remained the same
for the intervention group. However, another study [12] found only a trend to a
decreased falls rate following one screening visit by a physician’s assistant or nurse
then two follow-up visits by trained volunteers. Potential problems identified by
the screening tool were addressed with referral and/or advice. The screening visit
was followed by a letter outlining findings and recommendations. Despite the lack
of statistical significance, this study found a 39% decrease in falls among the inter-
vention group and calculations show that 11 people would need to undergo the
intervention to prevent one fall.

Falls assessment clinics which aim to identify and modify falls risk factors among
those who have already fallen have been suggested as a falls prevention strategy
[13-15]. To evaluate this approach among residents of a long-term residential care
facility, Rubenstein et al. [16] conducted a randomized clinical trial of a specialized
post-fall medical assessment (compared with usual care) among 160 ambulatory
older people. The assessment involved identification and recommendation for
treatment of various falls risk factors (e.g. weakness, environmental hazards, ortho-
static hypotension, drug side effects, gait problems). The 9% reduction in falls
among the intervention group over 2 years was not statistically significant.
However, the intervention group did experience significantly fewer hospital admis-
sions and shorter hospital stays.

Several of these studies which did not show a difference in falls rates may have
lacked the statistical power to detect a difference. This may be overcome by com-
bining the results of individual studies in a meta-analysis. Indeed, when the results
of five studies of targeted falls and fracture prevention strategies [6, 8, 12, 16, 17]
were pooled as part of the Cochrane Collaboration review [18], the results sug-
gested ‘that an intervention in which older people are assessed by a health profes-
sional trained to identify intrinsic and environmental risk factors is likely to reduce
the number of people sustaining falls (OR 0.79; 95% CI 0.65-0.96)’. The authors
also report that ‘although not quite reaching statistical significance, the number
sustaining a fall requiring medical care (OR 0.70; 95% CI 0.47-1.04), and the
number sustaining a fall resulting in injury (OR 0.73; 95% CI 0.51-1.04) may also
be reduced’.

Conclusion

Now that a number of large prospective studies have conclusively determined key
risk factors for falling, it seems that the multifaceted programmes should involve
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targeting of interventions to an individual’s problems rather than offering the same
intervention to all. Indeed, a number of well-designed studies have shown the
potential benefits of a range of targeted multifaceted falls prevention programmes,
with between 5 and 25 people needing to be treated to prevent one fall. While not
all studies have shown targeted multifaceted falls prevention programmes are
effective, pooling of data shows a significant effect on reducing falls. However, as
this has involved the pooling of studies which involve quite different interventions,
further investigation of the effects of particular approaches to targeting interven-
tion is required.

Unfortunately, a mutifaceted approach makes it difficult to assess the relative
effects of different programmes and their components. Furthermore, factorial
designs and individual programmes also need continued investigation to establish
which components of the multifaceted package are necessary. This area of falls pre-
vention research is changing rapidly. There have been several trials of this type pub-
lished in recent years, and many more are currently under way. When these findings
become available, a clearer picture of effective intervention components and
optimal mutifactorial approaches will emerge.
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A physiological profile approach for falls
prevention

As indicated in Chapter 15, a major conclusion from the Cochrane Collaboration’s
systematic review on falls prevention was that protection against falling may be
maximized by interventions which target multiple, identified risk factors in indi-
vidual patients and that health care providers should consider health screening of
at-risk elderly people, followed by targeted interventions for deficit areas [1].
Consistent with this conclusion, we have developed a falls risk assessment which
makes use of normative data from large population studies to identify older people
with impairments in one or more of the major physiological domains that have
been shown to be risk factors for falls — information which makes it possible to
make specific recommendations for preventing falls on an individual basis. This
chapter outlines the nature and elements of this assessment and describes a ran-
domized controlled trial that is using this assessment to identify appropriate inter-
ventions for older people at risk of falls.

The physiological profile assessment for assessing falls risk
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The physiological profile assessment (PPA) has two versions: a comprehensive or
long version and a screening or short version. The comprehensive version is suit-
able for rehabilitation, physical therapy and occupational therapy settings and for
dedicated falls clinics, and takes 45 minutes to administer. The screening version
takes 10—15 minutes to administer and is suitable for acute hospitals and long-term
care institutions. Table 16.1 describes the PPA test items for the comprehensive
version. The screening version contains five of these items: a test of vision (edge
contrast sensitivity), peripheral sensation (proprioception), lower limb strength
(knee extension strength), reaction time using a finger press as the response and
body sway (sway when standing on medium density foam rubber). These five items
were identified from discriminant analyses as being the most important for dis-
criminating between fallers and nonfallers [2, 3]. The physiological profile assess-
ment tests are described in Table 16.1 and illustrated in Figures 16.1-16.7.

For inclusion in the PPA, the tests had to meet a number of criteria. First, tests
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Table 16.1. The physiological profile assessment tests

Test

Test description

High-and low-contrast

visual acuity

Contrast sensitivity

Visual field dependence

Tactile sensitivity

Vibration sense

Proprioception

Lower limb strength

Reaction time

Visual acuity is measured using a chart with high-contrast visual
acuity letters (similar to a Snellen scale) and low-contrast (10%)
letters, (where contrast = the difference between the maximum
and minimum luminances divided by their sum). Acuity is
assessed binocularly with subjects wearing their spectacles (if
needed) at a test distance of 3m and measured in terms of the
minimum angle resolvable (MAR) in minutes of arc.

Edge contrast sensitivity is assessed using the Melbourne Edge
Test. This test presents 20 circular patches containing edges with
reducing contrast. Correct identification of the orientation of the
edges on the patches provides a measure of contrast sensitivity in
decibel units, where dB = —10log, , contrast.

The visual field dependence test places vision and vestibular and
other postural cues in conflict. Subjects attempt to align a straight
edge to the true vertical while exposed to a rotating visual stimulus
which extends over most of the visual field. Errors in aligning the
rod to the true vertical are measured in degrees.

Tactile sensitivity is measured with a pressure aesthesiometer. This
instrument contains eight nylon filaments of equal length, but
varying in diameter. The filaments are applied to the centre of the
lateral malleolus and measurements are expressed in logarithms of
milligrams pressure.

Vibration sense is measured using an electronic device which
generates a 200 Hz vibration of varying intensity. The vibration is
applied to the tibial tuberosity and is measured in microns of
motion perpendicular to the body surface.

Proprioception is assessed by asking seated subjects with eyes
closed to align the lower limbs on either side of a 60 X 60 cm by
1-cm-thick clear acrylic sheet standing on edge and inscribed with
a protractor. Any difference in matching the great toes is measured
in degrees.

The strength of three leg muscle groups (knee flexors and
extensors and ankle dorsiflexors) is measured while subjects are
seated. In each test, there are three trials and the greatest force is
recorded.

Reaction time is assessed using a light as the stimulus and
depression of a switch (by either the finger or the foot) as the

response. Reaction time is measured in milliseconds.
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Table 16.1. (cont.)

Test Test description

Postural sway Sway is measured using a sway meter that measures displacements

of the body at waist level. The device consists of a 40-cm-long rod
with a vertically mounted pen at its end. The rod is attached to
subjects by a firm belt and extends posteriorly. As subjects attempt
to stand as still as possible, the pen records the sway of subjects on
a sheet of millimetre graph paper fastened to the top of an
adjustable height table. Testing is performed with the eyes open
and closed while standing on a firm surface and on a piece of
medium-density foam rubber (15 cm thick). Total sway (number
of millimetre squares traversed by the pen) in the 30-second

periods is recorded for the four tests.

were required to assess all of the major physiological systems that contribute to

balance control. In addition the tests needed to be simple to administer, of short

duration, and feasible for older people to undertake. They also needed to provide

valid and reliable measurements, be ‘low tech’, robust and portable, and be capable

of providing quantitative measurements. The rationale for these criteria is outlined

below.

1

Simple to administer: To enable widespread use of the assessment, each test needs
to be simple to administer. Thus, only minimal training is required before per-
sonnel become proficient in test administration.

Short administration time: To test the many domains important in balance
control in one session, it is important that each individual test item does not take
too long to administer. Quick administration time aids participation, and avoids
fatigue in frail older people.

Feasible for older people to undertake: The selected tests need to be acceptable to
older people, in that they need to be noninvasive and not require excessive effort
or cause pain or discomfort. None the less, the tests need to be challenging so as
to discriminate between older people with and without sensorimotor and
balance impairments.

Valid and reliable measurements: The tests must have high criterion validity, that
is, they can predict falling in older people. When combined in multivariate dis-
criminant analyses, these tests can predict those at risk of falling with 75% accu-
racy in both community and institutional settings [2—4]. They also have high
test—retest and interrater reliability [5].
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Fig. 16.1.  The low contrast visual acuity test.
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Fig. 16.2.

The physiological profile assessment

The Melbourne Edge Test. (Permission to reproduce the chart has been given by J.H.
Verbaken.)

5 ‘Low tech’ and robust: If the tests are to be used successfully in community set-
tings, they need to be ‘low tech’ and robust.

6 Portability: Compact, lightweight test apparatus enables portability of the assess-
ment clinic. Thus, assessment clinics can be set up on a temporary or permanent
basis in community settings, retirement villages, and healthcare institutions.
This improves participation and compliance, as the laboratory can be brought
to the target population of often frail older people, rather than relying on them
attending a fixed position laboratory.

7 Quantitative measurements: Finally, a fundamental criterion for each test is that
it provides continuously scored measurements rather than discrete or graded
scores. This enables the test measures to be analysed by powerful parametric sta-
tistics, such as analysis of variance, correlation and regression techniques and
discriminant analysis. The tests are standardized and minimize subjective judge-
ment on the part of the test administrator. The quantitative measures also avoid
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Fig. 16.3.
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The test for visual field dependence.

ceiling and floor effects, which can be quite common in subjective assessments
of vision, sensation, strength and balance.
For both the short and long forms, a computer program has been developed to
assess an individual’s performance in relation to a normative database compiled
from large population studies [3, 4]. (This program can be viewed on the Internet
at www.powmri.unsw.edu.au/FBRG/FBRGhome.htm. Along with the test items
required for performing the PPA, the program can be obtained by contacting the
authors.) The programme produces a falls risk assessment report for each individ-
ual and includes the following four components:
1 A graph indicating an individual’s overall falls risk score.
2 A profile of the individual’s test performances. This allows a quick identification
of physiological strengths and weaknesses.
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Fig. 16.4.

The physiological profile assessment

(a)

Peripheral sensation tests: (a) tactile sensitivity, (b) vibration sense, (c) proprioception.

3 A table indicating the individual’s test performances in relation to age-matched
norms.

4 A written report which explains the results and makes recommendations for
improving functional performances and compensating for any impairments
identified.

A falls risk graph for a 70-year-old women is shown in Figure 16.8. The falls risk
score is a single index score derived from a discriminant function analysis that was
found to discriminate accurately between elderly fallers and nonfallers in large
population studies [2—4]. This graph presents the falls risk score in relation to
persons of the same age and in relation to falls risk criteria ranging from very low
to marked.
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Fig. 16.5.

(a)

Fig. 16.6.

Strength tests: (a) knee flexors, (b) knee extensors, (c) ankle dorsiflexors.

(b)

Reaction time tests: (a) finger press, (b) foot press.

The profile of test performance results presents an individual’s scores in each test
in relation to population norms in standard (z score) format. Thus, a score of zero
indicates an average performance, positive scores indicate above average per-
formances and negative scores indicate below average performances. Each unit
represents one standard deviation. As the scores have been standardized, the test
results can be compared with each other. Figure 16.9 shows an example of the com-
prehensive version PPA profile.

The table of individual test performances in relation to young normal and age-
and sex-matched norms from the comprehensive version of the PPA is shown in
Figure 16.10. This presents the results of the tests in a conventional manner and
complements the test performance profile graph.

Finally, the computer programme compiles a written report for each individual.
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sway meter

adjustable height table

Fig. 16.7.  Postural sway assessment using the sway meter.

An example is presented in Figure 16.11; it summarizes the findings, highlights
below-average performances and makes individual recommendations for reducing
falls risk.

Using the PPA to optimize falls prevention strategies in at-risk older people: a
randomized controlled trial

At present, we are conducting a randomized controlled falls prevention trial involv-
ing 600 community-dwelling persons aged 75 years and over. The major aim is to
determine whether tailored interventions (identified by the comprehensive PPA)
can reduce the rate of falling in older community-dwelling people by maximizing
functional performance in the following physiological domains: strength, balance,
vision, peripheral sensation, vestibular function and visual field dependence.
Subjects allocated to the intervention group in this study receive their
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Fig. 16.8. A falls risk graph for a woman aged 70 years. The graph shows that this woman has a falls
risk score of 2.37, which indicates she has a marked risk of falling. Her score is also above
the curved band which depicts the age-related falls-risk normal band. This indicates her
score is higher than would be expected for women of her age.

computer-generated falls risk report. Its four components are explained and

depending on the test results, the following interventions are arranged.

1 Exercise interventions for improving strength, coordination and balance.

2 Appropriate surgical, optical and behavioural interventions for maximizing
vision.

3 A counselling intervention on strategies to compensate for reduced peripheral
sensation.

4 A counselling intervention on strategies to compensate for reduced vestibular
function and increased visual field dependence.

Brief descriptions of the interventions are provided below.

The exercise intervention
Subjects who perform poorly in the tests of strength, reaction time and balance are
allocated to this intervention. They then take part in 1-hour exercise classes twice
a week for 12 months. Instructors experienced in conducting exercise programmes
for older people lead these exercise classes. In addition to some core balance,
strength and coordination exercises, subjects complete individual exercise regimes
based on their falls risk profiles: subjects with muscle weakness in specific muscle
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Test Z-score 2 ! ! ? 3_

Visual acuity (high contrast) -1.48
Visual acuity (low contrast) -2.01
Edge contrast sensitivity -1.73
Visual field dependence 0.74
Proprioception 0.51

Tactile sensitivity - ankle 0.89
Vibration sense - knee 0.3

Ankle dorsiflexion strength -0.25
Knee extension strength 0.12
Knee flexion strength -0.51
Reaction time hand -0.14
Reaction time foot 0.05
Sway on floor - eyes open -1.02
Sway on floor - eyes closed -0.88
Sway on foam - eyes open -1.87
Sway on foam - eyes closed -2.05

Fig. 16.9.  The test performance profile for the woman whose falls risk graph is shown in Figure
16.8. The bars show performance in each test in relation to norms for persons aged 60
years and over. Scores above zero indicate above average performances and scores below
zero indicate below average performances (as derived from population norms for persons
aged 65 years and over). Scores <—1 indicate functionally important impairments. The
profile shows good performances in the tests of peripheral sensation and visual field
dependence, average performances in the tests of strength and reaction time, and below
average performances in the tests of vision and balance. For this individual, interventions
would be aimed at improving vision and balance.

groups receive specific exercises to improve their strength; those with poor balance
receive task-specific balance training; and those who performed poorly in the
simple and choice reaction time tests take part in exercises that challenge speed and
coordination. The exercises are held in classes so as to monitor accurately atten-
dance and compliance.

The visual intervention
Subjects with poor vision allocated to visual intervention are referred to an oph-
thalmologist to assess the need for new spectacles and/or cataract surgery. The sub-
jects also receive counselling which includes advices on wearing spectacles, avoiding
dimly lit areas, taking special care when walking outside at night or at dusk, and
making sure to turn the light on at night for visits to the toilet, etc. On the basis of
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TEST RESULTS

Measure Score Young normal  Age-matched~
Vision

Visual acuity (high contrast) 2.5" (0.54 - 0.82) (0.83 - 1.58)
Visual acuity (low contrast) 6 (0.76 - 1.05) (1.32-2.65)
Edge contrast sensitivity 137 (23-24) (20 - 24)
Visual field dependence 1.5 (0.0-2.0) (0.5-6.5)
Sensation

Proprioception 1 0.2-1.4) 04-2.4)
Tactile sensitivity - ankle 3.7 (3.22 -4.08) (3.61 -4.31)
Vibration sense - knee 15.5 (2-5) (7 - 34)
Strength

Ankle dorsiflexion strength 7 (10-15) (6 -10.5)
Knee extension strength 21 (35-58) (15-29)
Knee flexion strength 10 (22-29) (10-17)
Speed and Control

Reaction time - hand 251 (182 - 236) (197 - 267)
Reaction time - foot 278 (213 -273) (230 - 305)
Balance

Sway on floor - eyes open 120”7 (35 - 70) (40 - 100)
Sway on floor - eyes closed 158 (55 -95) (50 - 160)
Sway on foam - eyes open 286" (60-110) (65 - 163)
Sway on foam - eyes closed 5817 (70 - 185) (108 - 285)

~ Women aged 70-74 years.

# Better than average age-matched (i.e. top 10%).

** Worse than average age-matched.

The table of individual test results for the woman whose falls risk graph is shown in Figure
16.8. The table presents the raw test results, and compares the individual’s test

performances to young normal performances and age- and sex-matched normative
performances. Scores marked with dual asterisks indicate performances below that
expected for a person of that age and sex.

the test results and ophthalmological referral, one or more of the following inter-
ventions are implemented, as required: (i) the provision of single-focus spectacles
with the appropriate visual correction, (ii) the provision of two sets of spectacles;
one pair with the appropriate visual correction and another pair for reading, so as
to stop use of bifocal spectacles when moving around, and (iii) cataract surgery.

The peripheral sensation counselling intervention

Subjects are informed about how lower limb sensation provides information about
position and movement and the role reduced lower limb sensation plays in impair-
ing balance. Subjects are advised to: (i) take particular care when walking on irreg-
ular or soft surfaces such as uneven ground and carpets; (ii) use a walking stick or
a light cane as a sensor (rather than/or in addition to a support) to compensate for
sensation loss; and (iii) wear shoes with low heels and firm rubber soles. Subjects
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21 September 1999

Jane Smith
10 Union St
Sydney NSW 2000

Dear Mrs Smith,

Please find attached the report regarding your balance assessment at Prince of Wales Medical
Research Institute on 21 September, 1999. These test results indicate that you have an
increased risk of falling.

You performed well in the important test/s of visual field dependence, proprioception, and
tactile sensitivity. In some areas however, you were below average for your age group, so the
following recommendations may be of help to you.

One or more of your vision tests was below average. Reduced vision can increase the risk of a
trip over an unseen object in the environment such as steps, gutters and footpath cracks and
raised edges. It is recommended that you should see an eye specialist for an assessment if you
have not done so in the past year. You may also benefit by wearing a single lens pair of
glasses, especially when outside. It is recommended that you do not wear bifocal or multifocal
spectacles, as the lower sections of these spectacles blur items at critical distances on the
ground and this can lead to trips. Wearing a hat when outside also improves vision by
reducing glare substantially.

Your sway scores were high indicating reduced balance control. There are certain situations
where you should take particular care: when walking on soft or uneven surfaces such as thick
carpets and soft or rough ground. You may also be at risk of losing balance in dim or unlit
areas, so avoid such areas where possible and make sure you turn the light on before walking
in the house at night. Exercises can improve strength, co-ordination and balance. It is
recommended that you increase your current level of physical activity, with a program of
planned walks three times a week and a complementary program of group or home-based
exercises. The attached home exercises could benefit you in this area. Finally, it is
recommended that you wear shoes with low heels and firm rubber soles. These are best for
balance.

For enquiries regarding this report, please contact the Falls Risk Assessment Program at
Prince of Wales Medical Research Institute on 9999-9999.

Yours sincerely,

Dr Anthony Jones

Fig. 16.11.  An example of the written report compiled by the PPA computer programme.
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with marked sensation loss are also referred to their general practitioner to assess
whether any medical condition such as diabetes could be leading to the sensory loss.

The vestibular system and visual field dependence counselling intervention

Information is given to subjects explaining that their score in the field dependence
test (a test which places vision in conflict with proprioception and vestibular sense)
indicates that they are particularly reliant on their vision for information about the
upright. They are advised to attend to objects in the environment that are known
to be vertical and stationary, such as door frames when inside the house and build-
ings when outside. It is stressed that this is especially important when they are near
moving vehicles and in crowded, busy places (visually complex areas) such as shop-
ping centres and busy roads.

To determine the effectiveness of the programme the intervention and control
subjects will be reassessed for the physiological measures at six months, and all sub-
jects will be followed up for falls for a 12-month period after the initial assessment.
A full evaluation of the costs and cost-effectiveness of the programme will also be
undertaken as part of the project. The study is planned for completion in 2001.

Conclusion

There is increasing evidence that multifaceted intervention programmes can
reduce the risk of falling in older people. In particular, intervention programmes
that identify specific risk factors and intervene accordingly may offer maximum
protection against falls. The use of population norms to identify poor per-
formances in the diverse array of physiological domains involved in balance control
offers an insightful means for initiating appropriate and effective interventions.
The findings of a large randomized controlled trial, currently under way, should
determine whether this physiological profile-based approach is effective in pre-
venting falls in older community-dwelling people.
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Research issues in falls prevention






Falls in older people: future directions for
research

Since the pioneering work of Sheldon in the 1960s, a great deal of research has been
undertaken into falls and there is now a considerable body of knowledge about the
various risk factors and the effectiveness of a range of intervention strategies.
However, as in every area of scientific study, it is often the case that the findings of
one study pose questions for another. In this final chapter, we present a brief review
of a range of research issues that need to be addressed in the future.

Studies on human balance and related sensorimotor systems

Further studies are required to enhance our understanding of human balance. In
particular, further work is needed to elucidate whether impairments in vestibular
functioning that lead to a reduced sense of the upright, and/or unstable retinal
images during head movements are significant causes of falling in older people.
Contributions from the vestibular system to dynamic balance and gait also need
clarification. Similarly, more precise tests of vision are required to identify specific
visual functions that are particularly important for avoiding falls. Further research
is also required into complex factors such as responses to postural disturbances and
the planning and execution of functional activities such as standing up, stepping,
walking, stair-climbing and obstacle avoidance.

Transient risk factors

239

As indicated in Part I of this book, most headway into identifying risk factors for
falls has been in the area of chronic conditions. New studies are required to tackle
the more difficult areas of transient falls risk factors. The main areas that require
attention in this regard are cardiovascular conditions including orthostatic hypo-
tension and disorders of vestibular function. This may best be achieved by inte-
grated approaches to the investigation of dizziness and syncope; however, before
any real progress can be made in this area, a clearer consensus needs to be reached
regarding the very definitions of these terms. As discussed in Chapter 5, progress
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towards a more complete understanding of dizziness is considerably hampered by
inconsistent definitions across the literature [1].

Another area which has received only limited attention is the evaluation of the
mechanisms underlying transient loss of balance in response to certain medica-
tions. While one recent study reported a dose-dependent increase in sway in
response to psychoactive medication use [2], further work is required to assess how
different medications impair stability when performing more complex tasks, and
the duration of this impairment.

Neuropsychological risk factors

Authors have recently included neuropsychological assessments in their studies of
balance control and their screening batteries for predicting falls [3,4]. Choice reac-
tion time tasks, and other speeded tests have proved to be good discriminators
between fallers and nonfallers [3,5,6]. Measures of impulsivity and ability to
perform dual tasks have also been found to be associated with balance and falls
[4,7]. While poor performance in these tests may indicate general cognitive decline,
they provide interesting insights into the causes of falls. Intervention strategies
aimed at increasing psychomotor speed and reducing impulsivity and ‘risk-taking’
behaviour in older people would be an exciting endeavour.

Falls prevention in population subgroups

Chapter 4 outlined the many medical conditions that predispose older people to
falling. Studies identifying means of improving physical functioning are required in
these population subgroups. Development of intervention programmes for the fol-
lowing patient groups would be important in this regard: persons with Parkinson’s
disease or dementia and those who have suffered a hip fracture or stroke.

Intensity and type of exercise intervention programmes

Further work is required to identify the most effective exercise interventions for
improving physical functioning and preventing falls in older people. The grouped
results from the FICSIT studies [8] indicated that intervention studies that
addressed strength alone were ineffective in preventing falls, whereas studies that
included a balance component achieved reductions in falling rates. This needs to
be corroborated in further studies. There is no doubt that as the older population
comprises a diverse group in relation to physical functioning, there will be no single
exercise prescription for this group. Specific studies are required to identify exer-
cise components that are effective in maintaining strength, coordination, and
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balance and the ability to carry out functional activities in both the more vigorous,
independent older population and in frailer groups. Exercise studies also need to
be conducted as public health interventions, not just as demonstration projects, to
identify programmes that are acceptable to older people in the long term. Such
work should also address strategies for overcoming barriers to exercise participa-
tion.

Optimal shoe designs

Chapter 10 synthesized the available information gleaned from studies undertaken
to date. There is no doubt that high-heeled shoes constitute a needless falls risk
factor for older women. Other posited hazardous and safe shoe characteristics still
require evaluating in appropriate experimental and prospective epidemiological
studies. In particular, the following areas require investigation: heel collar height,
sole flare, tread patterns and sole hardness. Further, studies are required to deter-
mine whether there is one optimal shoe type for older persons for all circumstances
or whether there are shoe characteristics that are particularly suited to certain
conditions. For example, it needs to be determined whether a shoe that is appropri-
ate for wearing indoors is also appropriate for wearing outdoors. Studies are also
required to identify the shoe characteristics that maximize balance in situations
that predispose people to falls, such as wet and slippery floors and uneven and soft
ground.

Preventing falls in institutions

The major risk factors for falls for older persons in acute hospitals and nursing
homes have been identified. Multidisciplinary, multifactorial assessment and inter-
vention programmes addressing these risk factors now need to be fully evaluated
for their efficacy and cost-effectiveness in research trials. The effectiveness of
specific interventions such as patient movement alarms, alterations to bed heights
and use or nonuse of cot sides also needs to be determined. Furthermore, staffing
issues need to be fully assessed to determine whether modifications to timetabling
of nursing and support staff can increase vigilance and identify potential hazards
in the institutional environment.

Home modifications

As discussed in Chapter 9, the study by Cumming et al. [9] suggests that an occupa-
tional therapy intervention which involves home hazard assessment and
modification, as well as advice on footwear and safety behaviour may be effective
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in preventing falls, particularly in those with a history of falls. Further research is
required to determine whether home modification alone can prevent falls.

Interventions for modifying medication use

As indicated in Chapter 5, the role of many medications as risk factors for falls may
have been overstated. In many cases, it appears that medication use has simply been
a marker for the medical conditions for which they were prescribed. The psycho-
active medications, however, have been consistently shown to be significant and
independent risk factors for falls. In the recent well-planned and executed study,
Campbell et al. [10] found that it is extremely difficult to recruit older users of
psychoactive medications into a study aimed at terminating their use. Further, it
proved difficult to modify psychoactive medication use in the minority who did
participate. Further work is required to identify alternatives to pharmacological
treatment of sleep disorders and anxiety in older people. As benzodiazepine with-
drawal, in particular, has been shown to be difficult, strategies for preventing initial
use of these medications would be important to identify. To be successful, such
strategies would need to be seen as an acceptable alternative to medication use by
older people and by their doctors and other health professionals.

Intervention compliance

Regardless of the intervention modality for preventing falls, a crucial factor is com-
pliance. There is a growing body of knowledge of factors related to adherence to
exercise. Further work is required to determine if similar factors also predict poor
compliance to other interventions such as medication withdrawal, use of hip pro-
tectors and adoption of home safety modifications.

Evaluation of falls clinics

The past 10 years has seen the advent of falls clinics [11, 12]. These have been
devised on an individual basis with no two clinics alike. The main models, however,
have included (i) clinics which use a standardized protocol for the medical man-
agement of falls; (ii) clinics which involve the contributions of pertinent health
professionals such as different medical specialists, physiotherapists, occupational
therapists and podiatrists and (iii) clinics which use screening tests for identifying
those at risk of falling and the underlying impairments, with intervention strate-
gies targeted to identified deficit areas. These clinics still require evaluation with
respect to their effectiveness and cost-effectiveness compared with usual care.
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Conclusion

Multifactorial targeted interventions

Studies are required which accurately identify falls risk factors and target interven-
tions to the identified deficit areas. To achieve this, appropriate screening assess-
ments are required, and specific proven interventions put in place to maximize
physical functioning and minimize falls risk on an individual basis. A simple
screening procedure linked with effective public health interventions may offer
great scope for reducing fall rates in at-risk older people.

Determining the best interventions

There are now some encouraging findings from well-planned and executed studies
which indicate that many falls are preventable. Multifactorial interventions, in par-
ticular, have shown promise in this regard. However, further work is still required
to determine which interventions are the most effective, and whether some inter-
ventions may actually cause harm. This evidence will only be provided by random-
ized controlled trials, particularly those with factorial designs, and their
meta-analyses. However, as the causes of falls are multifactorial and the older
population is a diverse one, there is likely to be no single formula for preventing
falls. Further, in the case of particular intervention modalities such as exercise, it is
likely that alternatives are required to provide effective and acceptable options for
older people to adopt and adhere to. Certain ‘common sense’ interventions such as
reducing hazards in the home, still require corroboration from carefully executed
epidemiological studies.

Conclusion

Falls and falls-related injury are likely to be major healthcare problems for older
people for the foreseeable future. Consequently, the identification and imple-
mentation of effective falls prevention strategies will remain an important public
health priority. Much has been learned about risk factors for falls and fractures in
recent years, but further work remains to be done to understand fully the role of
certain medical, physiological and environmental factors in predisposing older
people to falls. Currently, known effective interventions include physical activity
and targeted multifactorial interventions. Further progress will be made if large-
scale randomized controlled trials are conducted that can confirm the effectiveness
of these interventions and examine other interventions suggested from observa-
tional studies.
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aids see assistive devices; walking aids
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in institutional settings 185
‘long lie’ prevention 173—4
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assessment of 201
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beta blockers 86
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see also hypotension
body sway see postural sway
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stroke 8, 55
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see also hypotension
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care institutions see hospitals; residential care
facilities
carotid sinus hypersensitivity 62, 64
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counselling of patients at risk 192
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demographic factors 107-8
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psychosocial therapies 209-10
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modification of medication use 242
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intervention strategies see prevention strategies
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exercise intervention 2301
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