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ABSTRACT

Sanna Sihvonen

Postural balance and aging: Cross-sectional comparative studies and a balance
training intervention

Jyvaskyla: University of Jyvaskyld, 2004, 65 p.

(Studies in Sport, Physical Education and Health

ISSN 0356-1070; 101)

ISBN 951-39-1920-X

Finnish Summary

Diss.

This study was undertaken to gain knowledge about postural balance across
different age groups of men and women aged 8-93 years and between middle-
aged and older female fallers and non-fallers aged 50-68 years. In addition, the
effects of balance training on postural balance and falls were investigated
among frail older women living in residential care.

In cross-sectional comparative studies postural balance was measured us-
ing standardized force platform balance tests assessing body sway in various
standing positions. In the balance training study the exercise group participated
in visual feedback-based balance training for four weeks three times a week.
Balance measurements were carried out before and after the training period.
The dimensions of balance function studied were standing body sway, dynamic
weight shifting and functional balance test performance (Berg Balance Scale).
After the training period one year fall surveillance was carried out.

The balance measurements in various age groups showed a U-shaped de-
pendency between body sway and age, indicating that children and older
adults had higher body sway compared to the middle-aged subjects. Among
middle-aged and older subjects men showed higher sway velocities than
women. No significant differences were detected in postural balance between
middle-aged and older female fallers and non-fallers. In younger fallers aged
50-58 years health-related problems and use of medication were commoner
than in non-fallers. Among frail older women improvements in postural bal-
ance after balance training were found. Moreover, a significant reduction in the
monthly risk of falling was demonstrated in the training group.

A deeper understanding of balance behavior across the life span can be
helpful in preventing and treating balance impairments among older adults.
The results of the intervention study indicate that balance training may be a
useful strategy in balance rehabilitation and fall prevention among older
women with health limitations.

Key words: postural balance, aging, balance differences between age groups,
body sway, balance training, frail older women, falls
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1 INTRODUCTION

The ability to control postural balance is an important determinant of mobility
across the whole range, from the performance of basic daily tasks to competi-
tive sports. Problems in balance are commonly reported by older people, and
impairments in balance with advanced age have been described using both
clinical and laboratory balance measures. Among older adults good balance has
been associated with independence in daily activities, whereas poor balance has
been found to be strongly associated with an increased risk of falls. Deteriora-
tion in balance may contribute to fear of falling and a decrease in physical ac-
tivities which in turn may lead to a vicious cycle of inactivity-related disability.
Awareness of the important role of postural balance in maintaining a physically
mobile and independent life style among older people has lead to an increased
interest in the development of methods to assess and treat poor balance.

The maintenance of balance is a complex physiological process involving
the interaction of many body subsystems and taking into account the require-
ments of the task and the environment. Neuromuscular and musculoskeletal
components are important for the control of the body’s position and motor out-
put. Sensory systems consisting of visual, vestibular and somatosensory com-
ponents coordinate the information regarding the body’s position relative to
gravity and the environment and positions of body parts in relation to each
other. Central nervous system processes (cognitive and non-cognitive) are also
needed for adaptive and anticipatory aspects of balance control.

The ability to control postural balance may decline with increasing age be-
cause of the deterioration in sensory systems, motor control and muscle
strength and power. Older adults with balance impairments may not be able to
meet the challenges they are faced with during daily life in situations requiring
adaptability to tasks and environments. In addition, higher morbidity and in-
creased use of medication with advancing age have been shown to influence the
maintenance of balance.

Current research seeks to explore the impact of age-related changes, dis-
eases and medications and investigate the effects of training methods to im-
prove postural balance. Many measures ranging from simple functional tests to
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high tech equipment have been used to assess balance among older people.
However, no general agreement has been reached about the method or parame-
ters to be used to describe balance abilities. Because of the lack of standardized
measurements inconsistent results have been reported in relation to the occur-
rence of age-related changes in balance. In addition, there continues to be in-
consistency regarding possible gender differences in postural balance.

Usually balance assessments serve several purposes, such as giving quan-
titative description of ability, monitoring subject’s progress over time and
evaluating the effectiveness of interventions in clinical practice or research
(Alexander 1994, Woollacott & Shumway-Cook 1996). Technical devices such as
computerized force platforms measuring the body sway have been used to ob-
tain quantitative and objective data about a subject’s performance. It has been
suggested that the identification of specific impairments contributing to balance
problems in older persons may also facilitate the implementation of effective
training strategies aimed at improving balance control (Lord et al. 1996).

Falling and injuries related to falls are a serious problem for older people;
constituting a major threat to their mobility and independence, and at worst a
cause of death. The rising number of older persons sustaining falls and injuries
imposes a high economic burden on society through the provision of additional
services. Because poor balance is a known risk factor for falls, investigating
methods to improve balance and prevent falling among older people is a high
priority issue.

Recent studies (Campbell et al. 1997, Campbell et al. 1999, Rose & Clark
2000, Robertson et al. 2001, Day et al. 2002) have reported positive effects from
specifically designed balance training programs on postural balance and fall
incidence among community-dwelling older adults. However, it is not well
known whether balance training is effective among frailer, institutionalized
older people. Among them the decrements in balance and falls are even more
common than in community-dwelling older adults. Only few studies using
multifactorial prevention programs have demonstrated positive results in fall
prevention among older people living in residential care or nursing homes (Ray
et al. 1997, Jensen et al. 2002). Furthermore, it remains unclear what kind of
training would be the most effective in improving balance and whether training
improving balance reduces fall incidence among frail older people who suffer
from multiple health limitations. Fall-prevention strategies adapted for this
population should be designed and their effectiveness tested using randomized
controlled trials.



2 REVIEW OF THE LITERATURE

2.1 Postural balance across the life span

The ability to maintain balance develops during childhood and may decline
later during one’s life span for several reasons (Woollacott & Shumway-Cook
1990). Age-related changes may occur in sensory systems, in the use of sensory
strategies, in peripheral and central nervous system function, in musculoskele-
tal structure or in the production of postural corrections. These age-related
changes in subsystems involved in balance control contribute to the poorer bal-
ance performance of older adults compared with younger people (Teasdale et
al. 1991, Alexander 1994, Gu et al. 1996, Woollacott & Shumway-Cook 1996,
Camicioli et al. 1997).

Because of the complexity of the postural control system, several methods
for measuring postural balance among individuals at different ages have been
developed. Clinical tests consisting of series of standing positions with increas-
ing difficulty and functional tests including tasks related to daily living have
been commonly used (Tinetti 1986, Berg et al. 1989). During the past 20 years
the development of technological solutions such as computerized force plat-
forms, video analysis, and electromyography (EMG) has made it possible to
measure balance quantitatively and to identify possible factors contributing to
balance impairments (Woollacott 2000). The rising awareness of the importance
of maintaining good balance control with advancing age has led to increased
emphasis on the development of methods to assess balance and on the collec-
tion of data throughout the life span to better understand balance behaviour
and treat problems related to it.

2.1.1 Cross-sectional comparisons of postural balance

The association of postural balance and age has often been investigated by
cross-sectional studies. The cross-sectional design is an economical way of
studying differences across a wide age spectrum and is the most useful in prac-
tice. However, the results of such designs may be affected by several factors
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such as lifestyle and occupation. The influence of heritability may also differ
depending on the age group. Several cross-sectional studies have found differ-
ences in body sway between age groups, indicating that older adults show in-
creased sway compared to young adults (Sheldon 1963, Era & Heikkinen 1985,
Stelmach et al. 1989, Hytonen et al. 1993, Prieto et al. 1996). On the other hand,
some studies have shown only subtle differences with increasing age in easy
test conditions such as normal standing with eyes open and with eyes closed
(Ekdahl et al. 1989, Teasdale et al. 1991, Wolfson et al. 1994, Hurley et al. 1998)
or no significant differences at all (Panzer et al. 1995). Clearer differences be-
tween age groups have been demonstrated in more difficult test conditions by
diminishing the base of support, altering sensory input or using perturbations
(Shepard et al. 1993, Whipple et al. 1993, Lord & Ward 1994, Gu et al. 1996,
Perrin et al. 1997, Thelen et al. 1997, Hurley et al. 1998, Choy et al. 2003). Most
cross-sectional studies have compared balance performance between younger
and older adults but only a few previous studies have attempted to describe
differences between age groups across the life span (Sheldon 1963, Hytonen et
al. 1993). Often subjects belonging to the extreme ends of the life span have
been excluded.

Studies with fairly large numbers of subjects representing a wide age spec-
trum have shown differences between age groups. Sheldon (1963) reported that
subjects in the age groups 6-14 years and 50-80 years had greater difficulty in
minimizing sway compared to those in the midrange of the age spectrum. Body
sway was measured using a pencil attached to a subject by a metal frame. In a
study by Hytonen et al. (1993) 212 subjects from 6 to 90 years of age were di-
vided into six age groups containing both males and females. This study, using
the force platform method, suggested a U-shaped dependency between sway
velocity and age indicating, that children and the oldest adults swayed most,
whereas those aged 46-60 showed the greatest stability. Only minor changes
were observed between ages 30-60. Recently, Choy et al. (2003) reported a cross-
sectional study measuring postural stability by the force platform method in
453 women aged 20 to 80 years. This study showed that women in their 60s and
70s were more unstable than younger women when standing eyes closed on a
firm surface. When standing on foam with eyes closed women in their 50s had
increased sway compared to the younger ages and significantly higher sway
was seen in women in their 60s and 70s compared to the younger age groups.
These results support earlier findings where increased sway with increasing age
has been associated with somatosensory changes (Lord et al. 1991, Lord & Ward
1994, Hurley et al. 1998).

2.1.2 Longitudinal changes in postural balance

In order to ascertain the effects of age on balance ability longitudinal study de-
signs would be needed. Until now, only a few studies describing changes in
postural balance over time among older adults have been published. Longitu-
dinal designs demand high resources and in practice are more difficult to carry
out compared to cross-sectional studies. Thus only few studies have been pub-



13

lished and the follow-up times have been relatively short, ranging from 3 to 5
years. Onder et al. (2002) reported a 26.6% decline over 3 years in a timed stand-
ing balance test in disabled women (mean age 78.9 years) living in the commu-
nity. Two studies have shown significantly increased sway, measured by force
platform systems, over follow-ups of 3 (Baloh et al. 1998) and 5 years (Era et al.
2002) in subjects initially 75-79 years old. Further, Era et al. (2002) demonstrated
that the longitudinal decline in balance from the age of 75 to 80 years was
greater than the cross-sectional difference between subjects 75 and 80 years of
age. In addition, this study showed that at high ages poor performance in bal-
ance tests may indicate below-average survival.

2.1.3 Postural balance in females and males

The presence of gender differences in postural balance remains unclear. Some
studies have suggested that men sway significantly more than women (Jun-
tunen et al. 1987, Era et al. 1997), but contrasting results have also been found
(Overstall et al. 1977). Some others have not found significant differences be-
tween the sexes (Brocklehurst et al. 1982, Suomi & Kojeca 1994, Kinney LaPier
et al. 1997). It is assumed that differences in study populations, measurement
settings, and outcome parameters partly explain the variation in results be-
tween studies in relation to age and sex differences.

It has been suggested that a failure to account for anthropometric differ-
ences between men and women may also contribute to the inconsistent findings
across studies (Kinney LaPier et al. 1997, Chiari et al. 2002). In the inverted pen-
dulum model, a longer lever arm, e.g. taller body height, would cause greater
amplitude of movement than a shorter body height (Era et al. 1996). Several
studies have normalized sway results by expressing results relative to the body
height or foot length, which have shown a tendency to reduce gender differ-
ences (Maki et al. 1990, Era et al. 1996, Chiari et al. 2002). In addition, other
body properties such as body mass and the location of the body’s centre of
gravity are assumed to have an effect. Era et al. (1996) observed slower sway
velocity in older women with higher body mass. It has been suggested that
body characteristics may influence the boundaries of individual postural stabil-
ity, and this variability may affect the selection of motor strategies to maintain
postural balance (Woollacott & Shumway-Cook 1990). Differences in such
physiological properties as peripheral sensation, muscle strength and hormonal
factors are also assumed to contribute to the conflicting results between the
sexes (Era et al. 1986, Lindle et al. 1997, Naessen et al. 1997).

2.1.4 Postural balance in fallers and non-fallers

The identification of groups at risk for falling is important in targeting preven-
tive strategies for those in the high risk categories (Gardner et al. 2000). Numer-
ous studies have shown significant differences in balance performance between
older fallers and non-fallers indicating that poor balance abilities are found in
fallers (Tinetti et al. 1988, Campbell et al. 1989, Topper et al. 1993, Lord & Clark
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1996, Stel et al. 2003). The ability of different balance tests, both clinical and
laboratory, to show differences between fallers and non-fallers varies depend-
ing on the study designs and populations studied (Maki et al. 1994, Lord et al.
1999, Brauer et al. 2000, Boulgarides et al. 2003). Both retrospective and prospec-
tive designs have been used in the effort to find balance tests and parameters of
assistance in identifying persons with a high risk for falling. In addition, differ-
ing risk factors among persons with different levels of mobility have been
found (Thapa et al. 1996, Lord et al. 2003b). It has been suggested that fall-
prevention interventions should be targeted at older adults in residential care
who can stand unaided but have multiple risk factors for falls (Lord et al.
2003b).

Some studies have demonstrated that low scores in clinical balance tests
such as the Berg Balance Scale and the Tinetti Balance subscale can predict older
fallers (Tinetti et al. 1988, Bogle-Thorbahn & Newton 1996). However, others
have not found clinical tests to be successful in predicting fallers among com-
munity-dwelling older adults (Brauer et al. 2000, Boulgarides et al. 2003). Top-
per et al. (1993) found the measurement of postural sway during quiet standing
to be predictive of falls among older adults in assisted living facilities. Among
community-dwelling older adults, in particular, aspects of lateral stability in
sway measurements have shown to be predictive of falls (Maki et al. 1994, Wil-
liams et al. 1997, Lord et al. 1999). To enhance the early detection of fallers the
ability of balance tests to discriminate between younger fallers and non-fallers
should also be studied.

2.2 Age-related changes in postural control systems

Postural balance can be viewed as a motor skill that the neuromuscular system
learns to accomplish using many systems: passive biomechanical elements, sev-
eral sensory modalities, muscles and joints, and the central nervous system
(Woollacott & Shumway-Cook 1990, Shumway-Cook & Woollacott 1995, Pol-
lock et al. 2000). The continuous process of postural control is demonstrated in
Figure 1. Sensing the position of body relative to gravity involves combinations
of visual, vestibular, and somatosensory inputs. The body movements used to
maintain postural balance can vary from simple contractions to complex series
of movements depending on the demands of the task and the environment.
Central adaptive processes are needed to modify the sensory and motor com-
ponents so that stability can be maintained under changing conditions. Re-
search on the systems involved in postural control has shown that age-related
changes may occur within or between the subsystems involved in postural con-
trol and these decrements contribute to the deterioration in balance abilities
seen among older adults (Alexander 1994).

Many visual functions deteriorate with increasing age and it has been
shown that visual impairment could initiate the pathway to physical disability
(Salive et al. 1994). The changes in visual function induced by aging include
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degeneration of the retina, crystalline lens opasification, progressive optical ab-
errations and loss of pupillary reactivity that alter the way in which the visual
signal is propagated to the retina (Bonnel et al. 2003). Such reductions in visual
acuity and contrast sensitivity cause problems in contour and depth perception,
which are critical for postural control. Furthermore, neuronal cell loss and al-
terations in the kinetics of rod function have been shown to result in delayed
dark adaptation among older adults (Owsley et al. 2000). Despite of the deterio-
ration of many visual functions with aging, increased dependence on visual
inputs for controlling balance in older people has been reported (Horak et al.
1989, Whipple et al. 1993, Perrin et al. 1997, Speers et al. 2002). If a balancing
task becomes more demanding, as during surface-referencing in sensory or-
ganization testing, visual information is increasingly relied upon (Brandt et al.
1986).

Balance control system

Determination of

Choice of bod
body position > y
movement
T ¢ Central nervous
Compare, select and combine ) system integration
senses Select and adjust
muscle contractile
T A A pattern
Vision || Vestibular Somato- Muscles of Trunk Neck Sensory
system sensory lower and muscles muscles | and motor
systems upper limbs components
Environmental Generation of body
interaction M movement

FIGURE 1 The process model of postural control (modified from Allison 1995).
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Sundermier et al. (1996) reported over-reliance on visual cues for postural con-
trol in a group of older adults with balance deficits compared to a group of
healthy young people. It has been proposed that visual input cannot fully com-
pensate for impairment in proprioception (Bergin et al. 1995).

Structural, age-related decreases in vestibular organs, such as reduction in
the number of hair cells in both the canals and the otolith organs, and in the
number of nerve fibers, cause alterations in vestibular function (Rosenhall 1973,
Rosenhall & Rubin 1975). A major role of the vestibular system is the stabiliza-
tion of the head (Pozzo et al. 1990), and it is assumed to provide an orientation
reference against which other systems may be compared and calibrated
(Keshner & Cohen 1989). A loss of vestibular function with increasing age may
cause this reference to be more unreliable. This may lead to problems dealing
with conflicting information coming from the other sensory systems (Manches-
ter et al. 1989, Teasdale et al. 1991). It has been shown that in response to pos-
tural disturbances older adults may not be able to stabilize their head as well as
young adults (Alexander et al. 1992). It may also explain why older adults with
vestibular deficits experience dizziness and unsteadiness when they are con-
fronted with conflicting visual and somatosensory information (Woollacott
2000).

Regulation of postural balance is also dependent on information from the
proprioceptive and mechano-receptive organs. Several aspects of propriocep-
tion such as position sense and movement detection threshold have been found
to deteriorate due to aging (Skinner et al. 1984, Horak et al. 1989, Robbins et al.
1995). This impaired proprioception has been linked with balance problems
which in turn have been associated with the higher risk of falls in older adults
(Woollacott et al. 1986, Horak et al. 1989, Manchester et al. 1989, Teasdale et al.
1991, Lord & Ward 1994, Lord & Clark 1996). The deterioration in function of
proprioceptive receptors located in muscles, tendons and joints affect postural
control through diminished information about the position of the limbs and
body to each other and the distension of muscles (Quaniam et al. 1995). These
losses increase the threshold for movement detection and decrease precision in
reproducing joint angles, leading to poorer balance control (Hay et al. 1996,
Thelen et al. 1998, McChesney & Woollacott 2000). Receptors in cutaneous and
subcutaneous tissue, particularly pressoreceptors in the sole of the foot derive
exteroceptive information, and hence less accurate input with aging may cause
difficulties in maintaining balance (Pyykko et al. 1988, Latash 1998). It has been
suggested that one in five older persons would show evidence of peripheral
neuropathy (Richardson et al. 1996).

The inputs from sensory systems trigger a response in central nervous sys-
tem which selects, coordinates and compares the information and initiates the
appropriate corrective postural responses (Dietz 1992). The sensory systems
provide redundant information so that normally an individual is able to com-
pensate for a partial loss of one of these systems by relying more heavily on the
remaining ones (Woollacott et al. 1982). Along with deterioration in sensory
input the ability to weigh conflicting information from sensory sources and se-
lect optimal responses may alter with increasing age (Horak & Nashner 1986).
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Thus, older adults often exhibit problems with adapting their use of sensory
inputs to varying task and environmental situations such as walking in dimly
lit areas or on unusual support surfaces like ramps, thick carpets or grass
(Woollacott & Tang 1997).

The motor responses needed to control balance may involve monosynap-
tic reflexes, the fastest possible corrections to changes in balance, long latency
synergistic motor responses and voluntary postural movements (Allum &
Keshner 1986). With ageing the performance of tasks requiring central nervous
system processing are slowed, with particular slowing in information integra-
tion and in response preparation processes (Salthouse & Somberg 1982). This
slowing of motor skills may be critical in maintaining balance, particularly in
challenging situations (Horak & Nashner 1986). Differences between young and
older adults in producing motor responses for maintaining balance have been
found. Research on movement strategies has indicated that three different kinds
of reactive postural responses exist: an ankle strategy, a hip strategy and a step-
ping strategy (Horak & Nashner 1986). It has been suggested that the ankle
strategy is used to compensate for small amounts of sway whereas the strategy
involving higher amounts of movement at the hip joint is used to compensate
for larger shifts of the body’s center of gravity (Horak & Nashner 1986, Woolla-
cott & Shumway-Cook 1996). When perturbation displaces the center of gravity
beyond the limits of stability, the stepping strategy is used in order to avoid a
fall. It has been shown that older adults tend to use the hip strategy in condi-
tions where young adults rely on the ankle strategy, indicating that decreased
muscle strength or reduction in the range of movement or in sensation around
ankle joint will lead to a different response (Manchester et al. 1989, Shumway-
Cook & Woollacott 1995). Age-related changes in the ability to activate muscle
response strategies in an anticipatory manner have been noted. Longer onset
latencies in postural muscles, as well as altered activation patterns and contrac-
tion amplitudes have been found in older compared to young adults (Inglin &
Woollacott 1988, Stelmach et al. 1989).

During recent years more attention has been paid to aspects of conscious-
ness such as attention, cognition and memory that are important for optimal
balance function. According to the findings of Shumway-Cook et al. (1997b) in
subjects with balance deficits even very simple cognitive tasks can have further
impact on balance skills. It has been suggested that with ageing these processes
may not integrate as well and/or quickly, with the result that in order to main-
tain balance and avoid falling older people may have to give a greater propor-
tion of their attention to maintaining their balance during activities (Woollacott
& Shumway-Cook 2000). The “stops walking when talking” phenomenon re-
flects this difficulty (Lundin-Olsson et al. 1997).

The decrease in muscle strength with increasing age, particularly in the
lower extremities, has been well established (Larsson et al. 1979, Porter et al.
1995, Rantanen et al. 1997, Hughes et al. 2001). In the isometric and concentric
strength tests persons in their 70s or 80s show on average a 20 to 40% lower
strength levels compared to young adults, and in the group of very old people
even greater reduction is seen. Reductions in power and muscle explosive force
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capacity with age might influence postural abilities in older persons, particu-
larly responses to sudden, severe perturbations (Larsson et al. 1979, Porter et al.
1995, Skelton et al. 2002). Whipple et al. (1987) found that in fallers the strength
of the dorsiflexors of the ankle was 7.5 times less than in the group of non-
fallers. It has been assumed that the muscle weakness partly explains the poorer
functioning of the postural control system in the elderly (Era & Heikkinen 1985,
Era 1988, Era et al. 1996).

2.3 Balance training and its role in fall prevention among older
adults

2.3.1 Postural balance in physically active and inactive older adults

Several studies with either cross-sectional or longitudinal designs have shown a
decrease in physical activity with increasing age. A longitudinal follow-up
study among community-living older people initially 75 and 80 years of age
have shown that physical activity, including daily chores such as domestic
work and walking to the shops, declines with increasing age (Sihvonen et al.
1998, Aijo et al. 2002). A cross-sectional study found that more physically active
postmenopausal women (mean age 65.3 years) had significantly better postural
stability assessed by a swaymeter than less active women (Brooke-Wavell et al.
2001). In this study duration of activity was monitored and women were
grouped into a low or high activity group using a cut-off point of 15 min daily
activity. Similarly, in a cross national comparison 75-year old subjects who re-
ported a higher level of physical activity, including activities of daily living,
performed significantly better in force platform balance tests compared to their
less active counterparts (Era et al. 1997). Other studies have emphasized the
importance of current activity level on balance performance (Perrin et al. 1999,
Bulbulian & Hargan 2000). Recent periods of activity seemed to have greater
beneficial effects on postural balance than activities performed only at younger
ages. However, comparisons between physically active and inactive persons
may be confounded by primary selection. It may be that persons with better
balance and other motor skills choose more often to lead physically active life-
style compared to those whose basic mobility skills are at lower level. In order
to examine in more detail the effects of physical activities on postural balance
intervention studies, including physical training among older persons, have
been carried out.

2.3.2 Balance training interventions among older adults

Various exercise interventions among older adults aiming at improving balance
have been reported. Exercise programs have included training including such
aspects as endurance, muscle strength, mobility, flexibility and sensory training
separately or in combination or have concentrated on only one component of
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the postural control system (for example vestibular system training). Appendix
1 presents a summary of studies aimed at improving balance performance in
older adults. Studies describing the content of balance exercises and measures
are included.

Studies using specifically targeted balance training programmes have re-
ported improvements in postural balance among older adults (Woollacott et al.
1993, Hu & Woollacott 1994a, 1994b, Wolfson et al. 1996, Shumway-Cook et al.
1997a, Rose & Clark 2000, Wolf et al. 2001). Improvements in body sway and
muscle response characteristics have been noted after 10-15 day training proto-
cols focused on improving the use of different sensory inputs and the sensory
integration among older adults (Woollacott et al. 1993, Hu & Woollacott 1994a,
1994b). An 8-week visual feedback training study among older adults with a
history of falls showed improvements in both functional balance tests and force
platform measures (Rose & Clark 2000). Also, positive effects in five clinical
tests of balance have been shown after an 8-week training program consisting of
mostly functional balance exercises (Shumway-Cook et al. 1997a). Wolfson et al.
(1996) reported that 3-month balance training including visual feedback im-
proved balance measures such as sensory organization test score, single stance
time and voluntary limits of stability. Another study reported that an individu-
alized balance training program developed by a physical therapist after a care-
tul clinical examination among older subjects significantly improved their per-
formance on the Berg Balance Scale and Dynamic Gait Index compared to the
controls (Wolf et al. 2001). However, these studies have lacked follow-up data
on falls and have also been carried out among relatively healthy elderly sub-
jects.

Many forms of general exercise have appeared not to be particularly effec-
tive in improving postural balance among older adults. A few studies have re-
ported some improvements in balance after strength training periods (Lichten-
stein et al. 1989, Topp et al. 1993). Some others have found that general muscle
training has lead to gains in muscle strength, whereas there have been only mi-
nor (Era 1988, Judge et al. 1993, Skelton et al. 1995, Schlicht et al. 2001) or no
improvements in balance (Grilly et al. 1989). This may indicate that improve-
ments in muscle strength do not always transfer directly to improved balance or
daily functioning in different subgroups of older people (Skelton et al. 1995,
Keysor & Jette 2001). It has also been shown that seated forms of strength exer-
cise may not be effective in balance training and fall prevention, regardless of
their value in addressing certain other risk factors (Buchner et al. 1997,
McMurdo et al. 2000, Gillespie et al. 2001). It is assumed that the reason for the
minor improvements in balance may have been the lack of focus on training
related to balance control, causing training effects on the balance subsystems to
be insignificant.

Many exercise interventions among frail older adults have included com-
binations of balance and muscle strength training (McMurdo et al. 2000, Ruben-
stein et al. 2000, Hauer et al. 2001, Nowalk et al. 2001, Hauer et al. 2002). The
results have not been completely consistent, although significant improvements
in physical performance measures have often been found. Moreover, significant
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reductions in fall incidence have not systematically been found. Most trials have
been carried out among older persons around 80 years of age who had suffered
a fall/falls or been diagnosed as fall-prone or who were suffering from different
medical conditions and functional impairments. According to some authors a
high drop-out rate and low adherence to the exercise program along with a
need of individualized training programs may be the reasons for not finding
statistically significant decrease in fall rates (McMurdo et al. 2000, Nowalk et al.
2001). It remains unclear whether specific balance training alone has beneficial
effects among frail, institutionalized older adults. It is likely that the association
between balance improvements and fall prevention may not be similar in dif-
ferent populations of older people.

2.3.3 Balance training as part of multifactorial fall prevention programs

Multifactorial fall prevention programs have utilized exercise as one compo-
nent of interventions focusing on various intrinsic and extrinsic fall-risk factors.
In a large series of randomized controlled trials, the FICSIT (Frailty and Injuries:
Cooperative Studies of Intervention Techniques), the effects of different types of
interventions were studied among community-living older adults by using ex-
ercise and modifications of other fall risk factors (i.e. medication, environment)
either alone or in combination (Province et al. 1995). A fall risk reduction of 30%
was reported by combining multiple interventions (Tinetti et al. 1994). When all
the exercise interventions were pooled, a risk reduction of 10% was seen; how-
ever, a higher reduction of 25% in falls was found when the effect of balance
training was taken into account (Province et al. 1995). One study site using tai
chi as a training method reported that the onset of first or multiple falls were
significantly delayed by the tai chi group (Wolf et al. 1996). Another random-
ized controlled trial described improvements in balance results after an indi-
vidually tailored home exercise program containing both strength and balance
exercises in community-dwelling older women over 80 years of age (Campbell
et al. 1997, Robertson et al. 2001). There was also a significant reduction in the
number of falls in the exercise group after one year and 2 years of follow-up
(Campbell et al. 1997, Campbell et al. 1999). A falls prevention trial for older
adults over 70 years living at home using group-based exercise, home hazard
management and vision improvement showed that exercise was the most effec-
tive single intervention tested (Day et al. 2002). The authors concluded that an
exercise program focusing on balance could help prevent falls among older
adults living at home and in good health.

A few studies among frail older adults where balance training has been
included in a multifactorial program have shown positive effects in reducing
falls (Ray et al. 1997, Jensen et al. 2002). Ray et al. (1997) demonstrated signifi-
cantly lowered rates of recurrent falls after a comprehensive safety program.
Another multifactorial intervention study in which resident-specific exercises in
residential care facilities were included showed reduced falls and femoral frac-
tures after 34-week follow-up period (Jensen et al. 2002).
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According to Shumway-Cook et al. (1997a) the goals of balance retraining
for older adults should be to remedy or prevent underlying impairments, to
develop effective task-specific sensory and motor strategies and to adapt task-
specific strategies so that functional tasks can be performed in changing envi-
ronmental contexts. Several reviews have suggested that balance training
should be included in exercise programs recommended to older adults (Feder et
al. 2000, American Geriatrics Association et al. 2001, Carter et al. 2001, Gillespie
et al. 2001, Judge 2003, Skelton & Beyer 2003). In conclusion, further research is
needed to determine the relative efficacy of different approaches to the treat-
ment of balance disorders and to investigate the extent to which subjects are
able to learn effective strategies for controlling balance despite the presence of
underlying impairments (Horak et al. 1997).



3 PURPOSE OF THE STUDY

This study was undertaken to gain knowledge about postural balance across
different age groups and between middle-aged and older female fallers and
non-fallers. In addition, the effects of balance training on postural balance and
falls were investigated among frail older women. More specifically, the aims of
this study were:

1.

2.

to examine possible age and gender differences in postural balance

measured by different force platform balance tests

to explore possible differences in postural balance between 55-68 year-

old female fallers and non-fallers measured by different force platform

balance tests

to investigate the effects of a four-week visual feedback based training

program among frail older women living in residential care facilities on

i)  different aspects of postural balance, including standing balance,
dynamic weight shifting and functional balance test performance

ii)  fall incidence, fear of falling and physical activity over a one-year
follow-up period.



4 MATERIAL AND METHODS

4.1 Study designs and subjects

4.1.1 Comparison of different age groups of males and females (I)

This cross-sectional data consist of balance measurements carried out in vari-
ous age groups. Postural balance was assessed in a population with a wide age
spectrum using force platform balance tests. Balance measures of 404 females
and 189 males in the age range 8 to 93 years were collected. The only exclusion
criterion was that a person was unable to stand independently on a force plat-
form. The objective was to collect a sample representing the general population,
although participation was voluntary. The groups tested were school children,
students, administrative office workers, construction workers, cleaning person-
nel, rehabilitation centre staff members, unemployed persons, third-age univer-
sity students, patients from a local out-patient hospital and elderly people liv-
ing at home and in residential care. Recruitment was done by contacting differ-
ent schools, colleges, work places, and institutions and disseminating informa-
tion about the study to possible participants. Women and men were separately
allocated to different age groups because of the different numbers of female and
male subjects. Women in age categories 66-75 years, 76-80 years and over 81
years were assigned to separate groups, whereas older men were treated as a
single group aged 66 and over, since the number of male participants over 75
years of age was low.

4.1.2 Comparison of female fallers and non-fallers (II)

This study was carried out alongside a bigger fall accident study conducted in
the City of Jyviaskyld during winter 1999-2000. Women (n=257) who had experi-
enced an injurious fall outside and needed medical attention took part in the
larger study set up to examine different factors related to these falls. While still
under acute medical care 58 female subjects aged 50-68 years agreed to partici-
pate in the further investigation and were invited to an interview and balance
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tests. After a mailed invitation 40 women from this group came to the health
care center and participated in the balance measurements, thus forming the
group of fallers (n=40). For these women an age-matched group of non-fallers
(n=97) was recruited. They were drawn from women who participated in the
data collection for the previous study of different age groups who had not
fallen during the previous year before the balance measurements. Fallers and
non-fallers were divided into two age categories: the younger age group con-
sisted of women aged 50-58 years and the older age group of women aged 59-68
years.

Fallers took part in the balance measurements in a health care center ap-
proximately within 3.5 months after injury. These subjects had sustained the
following injuries: upper limb fractures (17 subjects), lower limb fractures (3
subjects), head trauma (4 subjects) and soft tissue trauma (16 subjects compris-
ing of 5 shoulder trauma, 3 other upper limb trauma, 6 lower limb trauma, 2
upper body bruises ). No significant differences between participants and non-
participants were found in the variables concerning the severity of the falling
accident, the type and place of trauma, number of days of sick leave and costs
of medical care. The injuries sustained did not differ between younger and
older fallers. The most common trauma in both groups were wrist fractures
(33% in the younger fallers, 32% in the older fallers), followed by soft tissue
traumas of shoulder and upper limb (22% in the younger fallers, 32% in the
older fallers).

4.1.3 Balance training intervention (III, IV)

A randomized controlled trial to study the effects of visual feedback-based bal-
ance training among frail older women was conducted in two residential care
homes situated in the City of Jyvaskyld. This trial incorporated a four-week bal-
ance training intervention and a post-training 12-month fall surveillance period.
The baseline measurements including the anthropometric measurements, struc-
tured interview on health, and balance measurements were carried out 1 week
before the intervention. Balance measurements for both groups were also com-
pleted immediately before and after the intervention. Force platform measure-
ments were performed to the exercise group after two weeks training to moni-
tor closely the possible training effects. Follow-up measurements for both
groups were carried out 4 weeks after training period.

All female residents (n=72) of the residential care homes received an invi-
tation to participate in informational meetings where the protocol of the study
was explained to them. Fourty-four women presented of whom 32 volunteered
to participate in the study. Four volunteers were excluded because of health
problems during the initial stage (1 hip surgery, 1 acute illness, 2 dementia).
The inclusion criteria were: age 70 years or over, ability to stand without a
walking aid, ability to see visual feedback from a computer screen and ability to
follow instructions for testing and training. Subjects (n=28) were randomly as-
signed to an exercise group (EG, n=20) and a control group (CG, n=8). One per-
son from the control group was hospitalised during the trial because of an acute
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illness and had to be excluded from the study. Since the study was carried out
in two separate places, the randomization was done in blocks. Eligible women
were randomized unequally into exercise and control groups to protect the
numbers in the exercise group in anticipation of greater drop out in the exercise
group. The randomization was done by drawing lots.

Background characteristics of all subjects

The distribution of subjects into different study groups and their anthropomet-
ric characteristics, number of chronic diseases and use of medication are re-
ported in Tables 1 and 2. As expected, the data on anthropometric characteris-
tics, chronic diseases and use of medication showed differences between age
groups. Chronic diseases and use of medication were more common in the
older age groups than in younger or middle-aged subjects. No significant dif-
ferences between older fallers and non-fallers or between the balance training
group and controls were found in number of chronic diseases or use of medica-
tion, except that in the younger fallers the presence of chronic diseases and use
of medication was significantly more common than in the non-fallers. The most
common chronic diseases reported by both sexes in the younger age groups
(<36 years) were allergies and asthma, in the middle-aged and older age groups
(36-65 years) hypertension and musculoskeletal problems and in the oldest age
groups (266 years) hypertension and other cardiovascular diseases. This was
also seen in the two age-groups of fallers and non-fallers and in the groups in
the intervention study.
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TABLE1  Anthropometry (mean, SD), chronic diseases and use of medication (n, %) in
the female groups studied.

Females n Height Weight Chronic diseases  Medication
cm kg yes (%) yes (%)
Comparison of different age groups
8-10 years 18 135.4 (7.7) 29.4 (5.1) 2 (11) 2 (11)
11-14 years 18 164.3 (5.7) 53.4 (8.8) 0(0) 0(0)
15-20 years 19 165.8 (5.4) 60.2 (7.7) 1(5) 2 (10)
21-35 years 40 165.7 (5.5) 63.4 (8.6) 6 (15) 10 (25)
36-45 years 72 162.9 (6.3) 65.5 (12.4) 12 (17) 12 (17)
46-55 years 73 163.1 (5.2) 70.5 (14.3) 29 (40) 34 (47)
56-65 years 53 160.8 (5.0) 69.3 (11.5) 30 (57) 36 (68)
66-75 years 48 160.1 (5.4) 70.2 (11.7) 33 (69) 33 (69)
76-80 years 18 158.4 (4.2) 63.9 (8.5) 16 (89) 15 (83)
81+ years 42 155.0 (4.7) 63.7 (12.0) 39 (87) 39 (87)

Comparison of female fallers and non-fallers
Younger non-

fallers, 61 162.3 (5.1) 71.8 (14.4) 29(48) 39 (64)
50-58 years

Younger fallers,

50-58 years 18 162.1 (5.9) 73.1 (12.0) 15(83) 15 (83)
Older non-

fallers, 34 160.2 (5.6) 68.7 (11.5) 18 (53) 21 (62)
59-68 years

Older fallers,

59-68 years 22 158.1 (5.3) 70.9 (12.1) 11(50) 16 (73)
Balance training intervention

Exercise group 20 158.3 (6.1) 69.8 (13.8) 18 (90) 19 (95)
Control group 7 162.1 (5.4) 71.6 (14.1) 6 (86) 6 (86)

TABLE2  Anthropometry (mean, SD), chronic diseases and use of medication (n, %) in
the male groups studied.

Height Weight Chronic diseases Medication
Males n

cm Kg yes (%) yes (%)
8-10 years 18 132.4 (7.4) 294 (7.4) 2 (11) 1(6)
11-14 years 9 172.9 (5.6) 61.4 (13.6) 0 (0) 0 (0)
15-20 years 14 179.6 (4.4) 73.9 (8.2) 1(7) 1(7)
21-35 years 89 179.9 (5.9) 77.9 (9.8) 18 (20) 12 (13)
36-45 years 15 178.3 (5.5) 79.5 (7.8) 2 (13) 3 (20)
46-55 years 15 177.4 (8.1) 81.1 (9.8) 2 (13) 2 (13)
56-65 years 16 175.4 (5.3) 81.9 (9.8) 8 (50) 6 (37)
66+ years 13 170.5 (6.4) 73.5 (11.2) 10 (77) 10 (77)
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4.2 Data collection

The measurements of balance and the variables reported in the original papers
are listed in Table 3.

Body height and weight were measured with conventional methods. A
short questionnaire on health and use of medication (Schroll et al. 1997) was
completed by all subjects.

Balance measurements were carried out using the Good Balance meas-
urement system (Metitur Oy, Palokka, Finland). The force platform was sur-
rounded by a larger rectangular platform thereby presenting a wide even area
intended to enhance the test subject’s sense of security. The strain gauge force
transducers were situated in the corners of the equilateral triangular platform of
which the length of each side was 800 mm. Only vertical forces were registered.
The amplified analogue signals were digitized with a sampling frequency of
ts=50 Hz and transmitted to the computer through a serial port. All filtering and
data processing was conducted in digital form by the software.

TABLE3 The measures used in the data collection

Variables Studies Reference/Method
Anthropometry

Body height -1V A scale on the wall

Body mass I-IV Calibrated mechanic scale
Blood pressure -1V Digital meter (Omron)
Interview/Questionnaire

Number of chronic conditions I-IV Schroll et al. 1997
Number of medications -1V Schroll et al. 1997
Self-rated problems in hearing II Era 1991

Self-rated problems in vision II Era 1991

Dizziness II

Physical activity -1V Grimby 1986

Fear of falling v

Fall surveillance v

Balance measurements

Standing balance tests Good Balance, Metitur Oy

1 Normal standing eyes open ( EO) -1V
2 Normal standing eyes closed (EC) -1V

3 Feet together standing EO I
4 Feet together standing EC III
5 Semi-tandem standing EO III
6 Semi-tandem standing EC I
7 Tandem standing EO -1
8 Tandem standing EC I-1I
Dynamic balance tests Good Balance, Metitur Oy
1 Leaning forward III
2 Zig-zag II
3 Circle III

Berg Balance Scale I-IV Berg et al. 1989
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The goal of the data processing was to compute the time series of center of
pressure (COP) positions from the digitized signals of the force transducers.
Data filtering was performed for each channel separately. Two different filters
were used: first a median filter with a window length of seven data points, after
that a low-pass infinite impulse response filter with a cut-off frequency of f.=20
Hz (Good Balance user’s manual 2000). The use of a median filter has the ad-
vantage that it effectively removes or strongly reduces impulse noise. High fre-
quency noise from the measurement system and the A/D-conversion was re-
duced by the low-pass filtering.

In the standing balance tests the subject was required to stand as mo-
tionless as possible on the platform in a predefined position for a given time.
Depending on the study a selection of the following measurements was carried
out while the subject was standing on the force platform: 1) normal standing for
30 or 40 s with eyes open, hands placed on hips, feet comfortably apart and
gaze fixed on a mark (a cross on the opposite wall at a distance of 2 m) at eye
level, 2) normal standing as before for 30 or 40 s but with eyes closed, 3) stand-
ing feet together for 30 s with eyes open, hands placed on hips and gaze fixed
on a mark at eye level, 4) standing as before for 30 s but with eyes closed, 5)
semi-tandem (the first metatarsal joint of one foot besides the calcaneus of the
other foot) standing for 20 s with eyes open, 6) semi-tandem standing 20 s with
eyes closed, 7) tandem standing (feet positioned heel-to-toe along the midline of
the platform) for 20 s with eyes open, and 8) tandem standing for 20 s
with eyes closed. The tests were performed in the same order for every
subject, starting with the easiest test and advancing to the more difficult tests. If
the subject was not able to hold a position for the required time she/he was al-
lowed two additional trials for that position. After a short break the tests were
repeated in the same order. These eight tests are referred to as standing balance
tests throughout this study.

Three different balance outcome variables were calculated from the
movement of the centre of pressure for each of the standing balance tests: ante-
roposterior sway velocity, mediolateral sway velocity and the velocity mo-
ment. Velocity moment refers to first moment of velocity calculated as the mean
area covered by the movement of the centre of pressure during each second of
the test, taking into account both the distance from the geometrical midpoint of
the test and the speed of the movement during the same period (Era et al. 1996).
The effect of body height was compensated for by adjusting the absolute sway
measures according to subject’s height ([sway variable/subject height in cm] x
180) (Era et al. 1996).

The dynamic balance tests included tests in which the subjects were asked
to move their centre of pressure along a track shown on a computer screen.
These tests included 1) leaning in three forward directions, 2) following a zig-
zag figure, and 3) following a circle shown on a computer screen. The target
arrangements of the tests are shown in the original paper. The time used to
complete the test (performance time) and the extent of the path travelled by the
centre of pressure during the test (performance distance) were measured and
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were used as results. The test with the shortest performance time out of five
repetitions was taken for the analysis.

Berg Balance Scale (BBS) (Berg et al. 1989) was used as a functional balance
measure. This performance-based test rates balance during fourteen different
tasks, including sitting, standing, reaching, leaning, turning and stepping.

A good test-retest reproducibility of the standing balance tests in normal
standing with eyes open and eyes closed has been shown previously (Hofmann
1998, Sihvonen & Era 1999). The intra class correlation coefficients for the dy-
namic tests used in the training intervention at one-week intervals are reported
in the original paper. The reliability and validity of the BBS has been tested
among elderly persons (Berg et al. 1995) and it is one of the most widely used
functional balance tests.

In the balance training study, fall surveillance for 12 months was carried
out by monthly returned diaries. Falls were defined as unintentional changes in
position coming to the rest on the floor or ground. The subjects were instructed
to complete diaries daily and return them by mail at the end of each month.
Participants were contacted by phone if no diary was returned, if it was incom-
pletely filled in or if a subject reported a fall/falls. Injurious falls were those re-
sulting in medical treatment (hospitalization, emergency department visits,
physician visits).

Balance training program

In the intervention study the exercise group attended 20-30 minute individual-
ized dynamic balance exercise sessions on a force platform balance measure-
ment and training system (Good Balance, Metitur Oy, Palokka, Finland) three
times a week for four weeks. Training was carried out by providing visual
feedback of the movement of the subject’'s COP. The exercise time was gradu-
ally increased from 20 minutes to 30 minutes during the first two weeks of
training. The goals of the training were to teach participants to control the
movement of their COP during dynamic weight-shifting, leaning and stepping
tasks and to manage these tasks in different stance positions (with diminishing
the base of support) and with higher spatial and temporal demands (larger dis-
tances, more directions, higher movement speed). They were also challenged to
adapt their postural control according to the demands of the situation such as
standing on different support surfaces (foam plastic 5 cm or 12 cm thick) and
performing additional tasks such as head movements and verbal tasks. The idea
was to vary the task components according to each participant’s level of per-
formance. The aim was to use the same structure of balance exercises but ac-
commodate them to each subject’s physical performance level in order to ma-
ximally challenge her balance abilities. All women, both in the EG and CG,
were requested to continue their normal daily routines and not to change their
level of physical activity.
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4.3 Statistical analyses

Standard procedures were used to calculate means and standard deviations.
Differences between groups were tested using Student’s t-tests for independent
samples. For the discrete variables cross tabulations together with y>-tests were
performed. The normality of the distributions was tested with the help of Kol-
mogorov-Smirnov tests. In order to achieve normal distributions some extreme
test results were excluded from the analyses.

From the data obtained for the various age groups the results of 7 women
(one from the age group 46-55, two from the 56-65, three from the 66-75 and one
from the 81+ groups) and 7 men (one from the age group 8-10, one from the 11-
14, three from the 21-35, one from the 36-45 and one from 66+ groups) in one or
more tests had to be removed from the analyses because their results were iden-
tified as extreme. In the comparative study of fallers and non-fallers two ex-
treme cases had to be excluded from the analysis. An extreme value was de-
fined as a value outside three times the interquartile range.

The main effects of age and gender and interactions of age by gender in
three different balance tests and in three different sway parameters were inves-
tigated by two-way analysis of variance. If significant effects were found, sim-
ple contrasts were used to localize the differences between men and women.

The effects of the intervention were analysed by ANOVA for repeated
measures. Friedman’s tests were used to detect changes within groups in the
categorical variables. In order to study the monthly risk of falling, a dynamic
poisson-regression model was constructed. For each subject, the 12-month fol-
low-up time was divided into 1-month periods and for each period, the number
of falls as well as the values of covariates were recorded separately. The main
covariate of interest was the balance training. Since the risk of falling was as-
sumed to be dependent on previous falls, two covariates describing the falling
history of the subject were included in the model. These were the occurrence of
previous falls during the follow-up time and the occurrence of falls over the
previous year. The logarithms of the average number of falls during each 1-
month period were dynamically modelled by a linear predictor describing the
subject’s observed history up to the period under consideration. The parameters
in the model could then be expressed as baseline risk and risk ratios describing
the effects of the respective dichotomous covariates. A probability level of p<
0.05 was used as an indicator of statistically significant results in all analyses.



5 RESULTS

5.1 Postural balance in relation to age and gender (I)

Figures 2-4 show the mean (+ SD) anteroposterior and mediolateral sway
velocity and velocity moments in the different age groups of female and
male subjects in three standing balance tests, namely normal standing eyes
open and closed and tandem standing eyes open. All sway parameters
showed an expected U-shaped dependency between body sway and age
across the different tests. The effect of age was significant in all the pa-
rameters of sway in all three tests (p=0.000-0.034). In both sexes the
youngest subjects aged 8-10 years and the oldest subjects 66+ years had
significantly higher anteroposterior and mediolateral sway velocities and
velocity moments compared with subjects in the midrange of the age spec-
trum. The results showed that differences between age groups were simi-
lar in both genders and no significant interactions of age by gender were
found, except in anteroposterior sway velocity in normal standing EC
(p=0.049). In this test the effect of age was more pronounced in the men
compared to the women. In addition, significantly higher sway in women
56-65 years of age compared to those aged 21-55 years was found in ante-
roposterior sway velocity in all tests. A corresponding result was seen in
men in normal standing EO.

The effect of gender was significant in anteroposterior sway veloc-
ity in normal standing EO (p<0.001) and in mediolateral sway ve-
locity in all tests (p=0.004-0.015). In normal standing EO men had higher
anteroposterior and mediolateral sway velocities compared to women in
the age groups 21-55 and 66+ years. A similar difference between genders
was seen in tandem standing EO in the oldest age group of 66+ years. In
velocity moment no significant gender effect was found in any of three
balance tests.
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FIGURE2  Anteroposterior sway velocity in normal standing eyes open (NEO), eyes

closed (NEC) and tandem standing eyes open (TEO) in women (A) and in
men (B). The age groups 8-10 and 66+ years differed from the other age
groups (women p=0.000-0.003, men p=0.000-0.019). Women aged 56-65 dif-
fered from those aged 21-55 in all tests (p=0.000) and a similar difference was
observed in men in NEO (p=0.031). There was a significant gender difference
in NEO in the age groups 21-55 (p=0.001) and 66+ (p=0.009) years. For the
statistical analysis men and women were identically distributed into age
groups; 8-10, 11-20, 21-55, 56-65, and 66 + years, since no significant differ-
ences were found between the subjects from 21 to 55 years of age. Different
subject numbers for age categories indicate the variation of subjects able to
perform the balance tests.
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Mediolateral sway velocity in normal standing eyes open (NEO), eyes closed
(NEC) and tandem standing eyes open (TEO) in women (A) and in men (B).
The age groups 8-10 and 66+ years differed from the other age groups
(women p=0.000-0.030, men p=0.000-0.023), except in TEO between the two
oldest age groups. There was a significant gender difference in NEO in the
age group 21-55 (p=0.001) and 66+ (p=0.038) years and in NEC (p=0.002) and
in TEO (p=0.047) in 66+ years.
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Velocity moment in normal standing eyes open (NEO), eyes closed (NEC)
and tandem standing eyes open (TEO) in women (A) and in men (B). The age
groups 8-10 years and 66 + years differed from the other age groups in NEO
(women p=0.002-0.009, men p=0.000-0.032), except the difference between
women 8-10 and 56-65 years. In NEC, women aged 66+ differed from those
aged 11-20 and 21-55 years (p=0.005-0.032) and men aged 66+ from those
aged 21-55 years (p=0.046). In TEO 66+ women differed from the 11-20 and
21-55 year olds (p=0.001-0.008).
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5.2 Postural balance in female fallers and non-fallers (II)

Significant differences in postural balance between fallers and non-fallers in the
two age categories were not found, as is shown in Figures 2-4. All the subjects
were able to complete the normal standing positions, but a few subjects in both
age groups were unable to perform the tandem standing eyes open test success-
tully. The tandem standing eyes closed test was excluded from the analysis,
since many subjects (19 in the younger and 27 in the older age group) were un-
able to perform it.

Having a chronic disease was a differentiating factor between fallers and
non-fallers in the younger age category. In the group of non-fallers 48% had a
long-term disease, whereas among the fallers 83% reported at least one or more
chronic diseases. The most common diagnoses among the fallers were hyper-
tension and bronchial asthma. In addition, the use of prescribed medication was
significantly more common in younger fallers and the percentage of multiple
medication users was higher compared with non-fallers (50 vs. 25%). In the
older age category no significant differences in long-term illnesses or in use of
medication between fallers and non-fallers were found. A significantly higher
proportion of the younger fallers (83%) also reported feelings of losing stability
and of dizziness compared with non-fallers (29%). Furthermore, self-reported
difficulties with vision and hearing were significantly more common in
younger fallers compared with non-fallers, but since the numbers of subjects
with problems were small, these results should be regarded with caution.

5.3 The effects of balance training intervention (III, IV)

No significant inter-group differences were found in the baseline balance meas-
urements. After training, three standing balance tests showed improved veloc-
ity moment in the EG compared to the change observed in CG. A significant
interaction of group by time (IA) was found in standing feet together with eyes
open (p=0.026) and eyes closed (p=0.042) and in semi-tandem eyes open
(p=0.023). Accordingly, anteroposterior sway velocity in semi-tandem eyes
closed (IA, p=0.026) and in semi-tandem eyes open (IA, p=0.056) improved in
EG compared to CG. In the less demanding standing positions (in normal stan-
ding eyes open and eyes closed) no significant effects of balance training were
found.

The results of the dynamic balance tests in both groups are shown in Table
4. Women in EG improved the performance time and distance in all dynamic
force platform balance tests. The EG showed a mean reduction of 36% in per-
formance time in the dynamic tests compared to a mean increase of 0.6% in CG.
Performance distance in these tests decreased on average by 28% in EG com-
pared with the mean 10% decrease seen in CG. Significant interactions of group
by time in performance time were found in the Forward leaning and Circle tests
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and in performance distance in the Zig-zag test, as is shown in Table 4. A few
subjects in both groups were unable to perform the Zig-zag and Circle tests. The
final score of Berg Balance Scale showed a 7% improvement in EG compared
with a 0.7% change in CG (Table 4).

Follow-up measurements were obtained for 24 subjects available for the
measurements (17 in EG, 6 in CG). The data showed no significant interactions
of group by time in any of the balance tests including standing tests, dynamic
tests and Berg Balance Scale, indicating that the changes during follow-up time
were not significant. However, a trend towards increased performance time and
distance in EG in dynamic tests emerged showing that EG lost some of the im-
provement gained during training. At the follow-up only small changes in the
Berg Balance Scale scores were found, as indicated by no significant effect of
time.
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During the 12-month follow-up period 55% (11/20) of the subjects in EG and
71% (5/7) in CG had fallen. Only one subject in EG had sustained two falls,
whereas three subjects in CG had suffered recurrent falls. The total number of
falls was 12 in EG and 11 in CG. The cumulative monthly incidence of falls in
both groups describing the proportion of falls per number of subjects within a
group, are shown in Figure 5. The value 100 means that there were 7 falls in CG.
Recurrent falls were significantly more common (Fisher’s Exact Test, p=0.027)
in CG (6/11) than in EG (1/12). In addition, the proportion of injurious falls
was higher in CG (4/11) than in EG (3/12), although no significant difference
was found. The risk of falling during the 12-month follow-up was lower in EG

than in CG, indicating that the balance training had a significant preventive ef-
fect (RR=0.398, 95% CI 0.174-0.911, p=0.029).
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FIGURE 5 Cumulative monthly fall incidence in exercise and control groups (all falls).

At the post-training measurements EG reported an increased level of physical
activity compared to the baseline (Friedman’s test p=0.004). Post-training
measurements also showed a decrease in the fear of falling in EG compared to
the baseline (Friedman'’s test p=0.020). However, during the 12- month follow-
up these changes declined. In CG no significant changes compared to the base-
line values for physical activity and for fear of falling were found.



6 DISCUSSION

6.1 Postural balance in relation to age and gender

The comparative study of different age groups showed a U-shaped dependency
between body sway and age. Children and older adults swayed most, whereas
only minor differences were observed between subjects aged 21-55 in both
sexes. Postural abilities would appear to reach their peak values in young
adulthood and remain almost constant until around the age of 55 years.

Only a few other studies have reported the results of force platform bal-
ance measurements in subjects across a wide age spectrum. In the study by
Hytonen et al. (1993) men and women were not treated separately, and in the
study by Choy et al. (2003) only women aged 20 to 80 years were included. Our
data was gender-differentiated and included subjects from both ends of the age
spectrum.

We found the lowest sway among young and middle-aged adults. This re-
sult further confirms earlier findings by force platform method (Era & Heikki-
nen 1985, Hytonen et al. 1993, Choy et al. 2003) and by other sway measure-
ments (Sheldon 1963, Lord & Ward 1994). In line with Hytonen et al. (1993) we
found that in children the balance abilities are in the process of development.
However, our data showed peak values in young adulthood, whereas Hytonen
et al. (1993) found the lowest sway velocity among 46-60 year olds. A recent study
showed that healthy women in their 60s and 70s were more unstable compared
to younger women when standing on a firm surface with eyes closed (Choy et
al. 2003), but unlike our findings no significant differences were seen in normal
standing with eyes open. Another study did not find significant differences be-
tween age groups in easy standing positions, although significantly greater
sway with advancing age was reported in more challenging standing positions
(Hurley et al. 1998). The higher sway velocities we found with advanced age are
supported by longitudinal studies showing a significant increase in sway over
follow-ups of three to five years among older subjects (Baloh et al. 1998, Era et
al. 2002). It seems that differences in age groups and in subject selection partly



40

account for the inconsistencies between studies. Another source of difficulty in
comparing results between studies is the great variability in testing protocols.
Differences in the technological solutions, in the formulation of sway parame-
ters and in defining the location of the feet and upper body in standing may
mask the underlying phenomena and lead to incompatible results.

The results indicated that among middle-aged and older adults, men
showed higher sway velocities than women. In particular, differences were
found in normal standing with eyes open in anteroposterior and mediolateral
sway velocity, the middle-aged and oldest men showing higher sway velocities
than their female age-peers. Similar results in sway velocities in older adults
have been earlier found by Era et al. (1996, 1997). Several studies have reported
that peripheral sensation is a major contributor to the maintenance of balance
(Brocklehurst et al. 1982, Hytonen et al. 1993, Lord & Ward 1994, Era et al. 1996).
It is possible that poorer peripheral sensation in men could partly explain their
higher sway velocities. According to Era et al. (1996) vibrotactile threshold was
the most important factor explaining balance performance among 75-year-old
men, but not among women. Reasons for the difference may lie in anthropom-
etrics, health or hormonal factors, such as taller people suffering more from
deficits in peripheral sensation (Era et al. 1986) or men having more chronic
conditions that affect sensation. In our study significant gender differences
were not seen in velocity moment. It is possible that the greater variation in re-
sults of velocity moment together with the possibly even greater contribution of
height, compared to the sway velocities, despite normalization, may have af-
fected the results. On the other hand, a few studies have shown that when re-
sults are normalized by height or foot length gender differences tend to de-
crease or disappear (Maki et al. 1990, Era et al. 1996, Chiari et al. 2002). It has
been suggested that other anthropometric factors, such as variations in body
composition and location of centre of gravity can also have an effect (Maki et al.
1990, Kinney LaPier et al. 1997, Chiari et al. 2002).

Our aim was to gather a sample across a wide age spectrum that would
represent the general population as closely as possible thereby enabling us to
describe a true level of balance abilities in this population, irrespective of the
effects of diseases or disorders (diagnosed or not). Thus subjects were not ex-
cluded because of diseases or chronic conditions. The only exclusion criterion
was the inability to stand independently on a force platform. However, since
the sample was based on voluntary participation its representativeness cannot
be unproblematically assumed. In many studies strict health criteria have been
applied to ensure that only persons free from pathological conditions partici-
pate. Both perspectives can be justified, but they may yield differing results
(Lord & Ward 1994).The difficulty in studying the effects of aging on postural
control lies in separating aging from the diseases and life-style changes that ac-
company aging (Lord & Ward 1994).

The collection of data on subjects across a wide age spectrum using force
platform balance measurements provides a quantitative evaluation of postural
balance across the life span. Within the limits of voluntary participation we
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sought to recruit individuals varying in relation to such factors as occupation,
living arrangements and physical activity levels. The sway parameters used in
this study demonstrated differences in the balance performance between vari-
ous age groups and further confirmed the U-shaped dependency between body
sway and age. The comprehensive analysis of sway characteristics may serve as
a tool to assess the level of functioning of the postural control system.

6.2 Differences in postural balance between fallers and non-
fallers

The comparative study on female fallers and non-fallers suggested that in active
and community-dwelling women aged 50-68 years differences in postural bal-
ance between fallers and non-fallers were not found. In the younger age group
of women, i.e. those aged 50-58 years, self-reported chronic diseases, use of
medication and dizziness were more common in women with injurious falls
compared with non-fallers.

According to our results differences in postural balance between middle-
aged and older female fallers and non-fallers are not present. Results are consis-
tent with those of earlier studies that have not found significant differences in
postural balance between fallers and non-fallers among subjects whose mean
age has been under 75 years (Brauer et al. 2000, Boulgarides et al. 2003). In con-
trast, studies among older and frailer fallers and non-fallers have demonstrated
significant differences between groups in postural balance, suggesting that
measurement of postural sway would be a valid test for screening persons with
a high risk of falling (Topper et al. 1993, Maki et al. 1994, Lord & Clark 1996,
Lord et al. 1999). It is possible that the sensitivity of body sway in differentiat-
ing between younger and fitter subjects may not be very high. If the test poses
no challenge to a person’s balance control, subtle changes may not be noticed.
Our subjects were active and working and/or taking part in various social ac-
tivities indicating that subjects suffering from severe balance deficits were ab-
sent from the sample. Furthermore, the participants may represent a selected
group of fallers since the refusal rate was rather high. Although non-participant
fallers did not differ from participants in fall-related matters, there may have
been selection bias, non-participant fallers being less healthy than participating
fallers.

Differences in study designs may partly account for the inconsistent re-
sults between studies. Prospective designs have often been used, but retrospec-
tive studies have also been carried out. In our study the fallers were inter-
viewed and measured after an injurious fall, which may have some influence on
the results. Subjects may be more likely to report health-related problems after a
fall and fallers may become more aware of the risk of falling. Few studies have
found impaired balance in relatively young subjects with fractures, although it
is not known if these patients had poor balance before the fall or if the func-
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tional impairment had occurred after the fracture (Jarnlo & Thorngren 1993,
Ringsberg et al. 1993).

Younger fallers reported significantly more health problems and com-
moner use of medication than non-fallers. This is in line with several earlier re-
ports (Tinetti et al. 1988, Campbell et al. 1989, Vellas et al. 1998), although our
subjects were younger than their counterparts in other studies. It was surprising
that the use of medication was more indicative of falling in the younger age
category. We had assumed that as health problems become more common with
advancing age, the proportion of persons using medication would also increase.
Thus, if most older people were experiencing some health problems, this could
explain the diminishing difference between fallers and non-fallers with advanc-
ing age. However, in our study a higher proportion of the younger fallers had
chronic diseases (83 vs. 50%) and were taking medication (83 vs. 73%) com-
pared to the older fallers.

Younger fallers also reported dizziness and problems with vision and
hearing more frequently than non-fallers, but such differences were not present
between older fallers and non-fallers. Since only self-reported data for these
health-related factors were used, these results should be viewed as preliminary.
In line with our findings Boulgarides et al. (2003) found that problems with diz-
ziness were predictive of injurious falls. Kristindottir et al. (2001) have sug-
gested that vestibular asymmetry is an important contributory factor to falls
and wrist fractures in patients aged over 50 years. Some other studies have as-
sociated altered somatosensory input with increased body sway or higher rates
of falls while standing with eyes closed on a foam or sway-referenced platform
(Stelmach & Worringham 1985, Manchester et al. 1989, Lord & Ward 1994). If a
person in her 50s experiences somatosensory changes, the latter may be factors
contributing to an increased risk of falling (Kristinsdottir et al. 2001, Choy et al.
2003). These changes may be subtle, but in a challenging situation (slippery sur-
face because of ice and snow) their influence can be critical. Experiencing these
difficulties may also lead to fear of falling, which in turn may have many other
psychological and physical consequences (King & Tinetti 1995).

The most popular physical activity among women was walking, and most
falls happened outside during winter weather conditions. Accordingly, Nordell
et al. (2000) found that in persons 64-74 years old most of the falls resulting in a
distal forearm fractures occurred outdoors, suggesting that these subjects were
active and mobile. In addition, Baloh et al. (1998) reported that the most severe
and frequent falls were seen in the most mobile and active people. In the larger
fall accident study it was found that the prevailing weather conditions strongly
affected the number of falls (Vuoriainen et al. 2000). The peak periods for falls
were related to the most unfavourable weather conditions with temperatures
close to zero, rapid changes in temperature, and heavy falls of snow. Thus it is
assumed that environmental factors may partly explain the accidental falls in
this study.

The comparative study among fallers and non-fallers aged 50-68 years
showed that in this age group differences between fallers and non-fallers were
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not found. Our findings suggest that in this group of relatively young and ac-
tive fallers postural balance may not be among the most important risk factors
for falls. However, the further development of test procedures to register subtle
changes in balance abilities and somatosensory functions may help in the early
detection of younger subjects who may be at high risk for falling.

6.3 The effects of balance training on postural balance and fall
incidence

Positive effects of visual feedback-based balance training in frail older women
living in residential care homes were found in this study. Our study is among
the first such studies to show that individually tailored balance training can
significantly reduce the risk of falling in frail elderly women living in residen-
tial care. In particular, our results indicated that training decreased the propor-
tion of recurrent falls. A trend towards a smaller proportion of injurious falls
was also seen, although non-significant. Frail older women improved their abil-
ity to perform standing balance tests and dynamic weight shifting as assessed
by the computerized force platform. Further, this study demonstrated that bal-
ance training with visual-feedback also improved their performance in the func-
tional balance test. Frail older women benefited from a sufficiently intensive
short-term visual feedback based exercise program that focused on voluntary
balance control. We showed that this training method could easily be adapted
to the health limitations of this group.

In the standing balance tests the velocity moment improved during train-
ing in the more demanding standing positions. This sway parameter combines
sway velocity and amplitude of sway. Our results indicated that the training
method we used affected area of sway more than the velocity of sway. Simi-
larly, Mynark and Koceja (2002) demonstrated a significant decrease in sway
area in healthy elderly subjects after two days’ balance training. Another study
has explained that the increases in sway area with aging could be related to a
decrease in the ability of the central nervous system to respond efficiently to
corrections sent by the peripheral nervous system (Angulo-Kinzler et al. 1998).

Our data showed that no dependency on vision seemed to develop during
the training since the subjects also improved their performance in feet together
standing with eyes closed. In accordance with this, Rose and Clark (2000) re-
ported that the most improved performance was observed in standing balance
tests where visual inputs were absent. In less demanding standing positions no
effects of training were found. These results are in line with earlier findings
where measures of body sway have not shown clear changes after training in-
terventions (Era 1988, Lichtenstein et al. 1989, Judge et al. 1993). This may indi-
cate that tests posing no challenge to postural control may not be sensitive
enough to detect change. The smaller positive effect of training seen in the stan-
ding balance tests compared to dynamic tests may reflect the specificity of the
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training effect, as balance training in which dynamic exercises were included
showed the greatest improvement in dynamic balance control.

The decrease in performance time and distance in the dynamic tests dem-
onstrated more confident postural control when approaching the limits of sta-
bility. Motor learning theory has emphasised the role of feedback in the learn-
ing of motor skills, and earlier studies have shown the importance of vision in
learning to produce effective postural responses (Hu & Woollacott 1994a, 1994b,
Nichols 1997, Rose & Clark 2000). Our study supports the notion that through
the enhanced use of visual feedback the learning of balance skills can be facili-
tated. Visual information on how the centre of pressure is situated and how it
moves during different tasks serves as a tool to improve volitional postural con-
trol. Possibly, this way the subject’s ability to use information from other sen-
sory modalities and select more effective postural strategies can be enhanced.
According to Dietz (1992) the specific training methods utilized cause changes
in movement performance characteristics, which can be related either to
changes in skeletal muscles or to alterations in neuromuscular behavior or both.

An earlier balance training study described how selection of motor strate-
gies and enhanced sensory integration as mechanisms of balance improved af-
ter a 15-day training period (Hu & Woollacott 1994a, 1994b). In this study
healthy older adults practiced maintaining standing balance under altered sur-
face and visual conditions. Another study using more dynamic force platform
balance exercises among independently living relatively healthy older adults
showed improvements in outcome measures across a spectrum of balance func-
tion after a 3-month training period (Wolfson et al. 1996). Also, an 8-week vis-
ual feedback training study among older adults with a history of falls showed
balance improvements (Rose & Clark 2000) that are in accordance with our re-
sults. However, all of these studies did not include subjects living in care facili-
ties and suffering from multiple health problems. Our study demonstrated that
this training method is applicable among frail older adults, also supporting the
idea of also targeting balance training for those who already have health limita-
tions and are at high risk for falls. The computerized balance training made it
easy to make individual adjustments to exercises, allowing progress to be main-
tained.

The performance of functional activities assessed by BBS showed im-
provement post-training. It has been suggested that the inclusion of computer-
ized weight-shifting activities that challenge the limits of stability and require
accuracy and speed also promote functional improvement in stroke patients
(Nichols 1997). Accordingly, Rose and Clark (2000) found that this kind of bal-
ance training improved the BBS score in independently living older adults with
a history of falling. A similar improvement was seen in our subjects, suggesting
that this specific training method improves functional performance and can be
effectively adjusted for different groups of older people. Individually tailored
practices and close monitoring of performances to maintain progress may be
key factors of a successful training program. It is often voluntary postural
movements that in normal daily activities place people in unstable situations
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and at greater risk of falling (Lord et al. 1996). The ability to perform these
every day actions safely is very valuable for older adult’s independence.

Our finding that balance training decreased the risk of falling among resi-
dents of residential care homes is encouraging. Only a few other studies have
reported partially positive results of fall prevention using training interventions
among frail older people. Rubenstein et al. (2000) showed that in fall-prone men
a combination of strength and balance training reduced activity-adjusted fall
rates, but unadjusted fall rates were not significantly reduced. A three-month
program combining resistance, balance and functional training among geriatric
patients with history of injurious falls reported that fall incidence was reduced
in the intervention group compared to the control group, although statistical
significance was not reached (Hauer et al. 2001). In these studies the follow-up
period for falls was three months, which may make it difficult to demonstrate
positive results. In our study the protective effect was shown over 12-months.
However, it is not clear what causes these differences. Studies not successful in
reducing falls in frail elderly people have suggested that high drop-out rates,
low adherence to exercise programs and need for more intense individually
tailored training programs could be reasons for failing to show positive effects
(McMurdo et al. 2000, Nowalk et al. 2001).

In our study the reduction of falls was due to a decrease in multiple falls,
not the number of subjects who fell. This concurs with earlier findings by
Campbell et al. (1999), who reported similar results among community-
dwelling older people after a home-based strength and balance program. Ac-
cording to Robertson et al. (2001) this study of individually tailored exercise
showed that exercise as a single intervention may not be effective in preventing
falls in older people 75-79 years of age whereas it was effective in frailer older
people over 80 years of age. It has been suggested that exercise interventions
among frailer persons with a tendency to frequent falls may have greater effect
compared to interventions among more healthy subjects (Bayer 2001). Among
community-living older people over 71 years of age falls were a strong predic-
tor of admission to a skilled-nursing facility, particularly multiple and injurious
falls reflecting an increased risk (Tinetti & Williams 1997). Thus targeting fall
prevention also at frail older adults already suffering from health limitations is
a high priority issue.

Training induced a reduction in the fear of falling and led to an increase in
the level of physical activity compared to the baseline. These changes declined
during the post-training 12-month follow-up. This demonstrates a typical rela-
tionship between fear of falling and physical activity. A person afraid of falling
may restrict her activities thereby making her frailer which in turn increases the
fear of falling. Franzoni et al. (1994) found that in mobile nursing home patients
the fear of falling was an important predictor of functional decline. Individual-
ized balance training may help persons to identify their own capabilities and
limitations and thus help them to overcome fear. Reduced fear of falling after
balance training has in fact been shown in a few other studies (Shumway-Cook
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et al. 1997a, Hauer et al. 2001). Apparently, a decrease in fear of falling means
that a person’s confidence in her mobility has first to be restored.

Our data consisted of women in two residential care homes and the sam-
ple size was small, which may limit the generalisability of the results. Also, the
unequal allocation of subjects to the EG and CG was not desirable, but the pro-
tection of the number of subjects in the EG was assumed necessary. The study
group represented 39% of the eligible women in the two residential care facili-
ties. Four women were excluded at the initial stages of the study because of
health problems. It is possible that selectively the women who were not willing
to participate had poorer health compared with the participants, thus introduc-
ing an element of selection into the data.

No complications occurred among the subjects of the study during the
training period and they were highly motivated to participate. It is encouraging
that an intervention of this kind can be successfully carried out among frail
older women in residential care. There were no withdrawals from the study in
either group during the training period and all the subjects presented for the
final measurements. The participation rate in the training program was high
(97.5%); only 6 individual training sessions altogether had to be cancelled,
mostly because of other appointments (visits to physicians and dentists). No
injuries were sustained during the training sessions.

Positive comments by exercisers after training included statements such as
“I feel my gait is safer and I'm less afraid to go out to do my shopping” as well
as “I realized how much I can do myself to keep up my balance skills”. The bal-
ance training took place in both residential care homes and it is likely that the
easy access to the training site facilitated participation. Although individually
tailored balance training may seem to demand high resources, positive effects
can be achieved in a short time period.

The high frequency of falls and injuries among older adults living in resi-
dential care facilities necessitate awareness-rising about fall prevention. Exer-
cise interventions showing positive effects on fall incidence among frail elderly
have been scarce. The guidelines issued by the panel drawn from the American
and British Geriatrics Societies and American Academy of Orthopedic Surgeons
(2001) have recommended exercise and balance training for recurrent fallers.
However, the panel was not able to decide on the preferred type, duration or
intensity of training. Our study is among the few that have shown individually
tailored balance training to be a promising method of improving balance skills
and lowering the risk of falling among frail older women. Nevertheless, larger
randomized controlled trials are needed to confirm these findings. Further chal-
lenges remain in extending the limited knowledge gathered so far on the possi-
bilities of using balance training as a strategy to prevent falls among frail older
adults and increasing the availability of balance training among older adults.
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MAIN FINDINGS AND CONCLUSIONS

The main findings and conclusions of the present study can be summarized as
follows:

1)

Standardized force platform tests in subjects representing a wide age spec-
trum confirmed the U-shaped dependency previously found between
body sway and age. The results indicated that peak values in postural bal-
ance are reached in young adulthood, whereas the deterioration in pos-
tural balance seems to begin around age 55 years. In addition, our results
suggested that among the middle-aged and older subjects men showed
higher sway velocities than women. Further investigations are still needed
to assure potential differences and to find out if balance measurement
methods may influence them.

In women aged 50-68 years force platform balance tests did not demon-
strate differences in postural balance between women with injurious falls
and non-fallers. Younger fallers aged 50-58 years reported more health-
related problems than other groups. Results may indicate that among
women aged 50-68 years other factors than postural balance may be more
important in relation to falling. Outdoor falls may be partly prevented by
improving environmental maintenance.

Visual feedback-based balance training among frail older women im-
proved postural balance as assessed by force platform tests and a func-
tional balance test. The specifically designed progressive balance training
program could be adapted for older adults suffering from health limita-
tions. It is encouraging that balance skills can be improved among frail
older adults.

Balance training decreased the monthly risk of falling in frail older women
living in residential care during the one-year follow-up period. In particu-
lar, fewer recurrent falls occurred in the exercise group compared to the
controls. Balance training is a promising method for fall prevention among
older adults with health limitations.
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The results suggest that force platform balance tests are sensitive to show
the effect of age on postural balance. In active women aged 50-68 years differ-
ences in postural balance between fallers and non-fallers were not found. The
intervention study reported here is among the first to point out the benefits of
balance training in enhancing the maintenance of postural balance and prevent-
ing falls among the growing number of residents in long-term care.
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YHTEENVETO

Ikddntyminen ja tasapaino: Eri ikdisten tasapaino ja tasapainoharjoittelun
vaikuttavuus ikddntyneilld palvelukodissa asuvilla naisilla

Tasapainon hallinta on yksi liikkumiskyvyn perusedellytyksistd, joka vaikuttaa
olennaisesti ikddntyneen henkilon kykyyn suoriutua itsendisesti jokapdivdisista
toiminnoista. Tasapainoon liittyvdt ongelmat ovat ikddntyneiden keskuudessa
yleisid ja niiden on todettu olevan erds kaatumistapaturmien keskeinen tausta-
tekija. Tutkimukset ovat osoittaneet, ettd ikddntymisen myotd tasapainonhallin-
taan osallistuvissa elinjdrjestelmissad tapahtuu muutoksia, jotka heikentavit ta-
sapainon ylldpitdmistd. Toisaalta on my0s todettu, ettd tasapainon hallintaa
voidaan harjoittelun avulla edistdd. Viime aikoina on entistd laajemmin otettu
kayttoon erilaisia tasapainon mittaamiseen tarkoitettuja menetelmid, joiden
avulla pyritddn mahdollisimman tarkasti selvittdmadan mm. idn my6ta tasapai-
nossa tapahtuvia muutoksia ja kehittimddn uusia menetelmid tasapainon har-
joittamiseksi. Vain harvoissa tasapainokykya selvittdvissa tutkimuksissa tutkit-
tavat ovat edustaneet laajaa ikdjakaumaa. Edelleen on myds epdavarmuutta siita
millainen harjoittelu olisi tehokkainta tasapainon parantamiseksi ja erityisen
vdhdn on tutkittu mahdollisuuksia harjoittaa hyvin ikddntyneiden ja heikko-
kuntoisten henkiltiden tasapainoa. Kuitenkin on osoitettu, ettd juuri laitoksessa
asuvien ikddntyneiden henkiléiden keskuudessa tasapainovaikeudet ovat ylei-
simpid ja heiddn kaatumisriskinsa on erityisen suuri.

Tamén tutkimuksen tarkoituksena oli selvittdd eri ikdryhmien ja miesten
ja naisten vdélisid eroja voimalevylld tehdyissd kehon huojuntaa mittaavissa ta-
sapainotesteissd. Tutkimukseen osallistui 593 8-93-vuotiasta henkilod. Tavoit-
teena oli kerdtd normaalivdestod kuvaava otos, jossa henkilditd ei suljettu etuka-
teen sairauksien vuoksi pois. Mahdollisia tasapainoon liittyvid eroja selvitettiin
myds tapaturmaisesti kaatuneiden 50-68-vuotiaiden naisten (n=40) ja saman-
ikdisten ei-kaatuneiden naisten (n=97) valilld. Lisdksi toteutettiin tasapainohar-
joittelututkimus, jossa selvitettiin ndkopalautteeseen perustuvan tasapainohar-
joittelun vaikutuksia tasapainoon ja kaatumisten ilmaantuvuutta palvelukodis-
sa asuvilla ikdantyneilld 70-90-vuotiailla naisilla (n=27).

Poikkileikkaustutkimuksissa kehon huojuntaa mitattiin tietokoneistetun
voimalevyn avulla. Mittausten aikana tutkittavat seisoivat mahdollisimman
vakaassa asennossa. Testejd vaikeutettiin sulkemalla silmit ja pienentamalld
jalkojen tukipintaa. Kehon huojuntaa arvioitiin huojunnan eteen-taakse suun-
taisena ja sivusuuntaisena nopeutena sekd vauhtimomenttina, joka huojunnan
nopeuden lisdksi kuvaa huojunnan pinta-alan suuruutta.

Tasapainoharjoittelututkimukseen osallistunut ryhméa kavi yksilollisesti
suunnitelluissa harjoituksissa kolme kertaa viikossa neljan viikon ajan. Tasa-
painoharjoittelu toteutettiin voimalevypohjaisen tietokoneistetun laitteen avul-
la, jossa harjoittelija saa ndkopalautetta omasta suorituksestaan. Harjoittelun
progressio toteutettiin kayttamalld vaikeampia alkuasentoja ja lisdamalla liike-
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laajuutta ja - nopeutta kunkin tutkittavan suoritustason mukaisesti. Tasapai-
nomittaukset suoritettiin ennen ja jélkeen harjoittelujakson ja ne sisdlsivit tasa-
painon eri ulottuvuuksia mittaavia testejd. Voimalevylld mitattiin kehon huo-
juntaa ja suoritettiin dynaamiset painonsiirtotestit. Toiminnallista tasapainoa
arvioitiin Berg Balance Scalen avulla. Harjoittelun jdlkeen seurattiin kaatumis-
ten ilmaantumista sekd harjoitus- ettd kontrolliryhmissd yhden vuoden ajan.

Tasapainomittaukset eri ikdryhmissa osoittivat, ettd idn ja kehon huojun-
nan valilld naytti vallitsevan U-muotoinen riippuvuussuhde siten, ettd lapsilla
ja ikdantyneillda kehon huojunta oli suurempaa kuin keski-ikdisilla henkiloilld,
kun taas erot keski-ikdisten henkildiden vélilld olivat pienid. Mittauksissa todet-
tiin myos, ettd keski-ikdisilld ja vanhemmilla miehilld kehon huojunta oli sa-
manikdisiin naisiin verrattuna suurempaa. Tasapainon suhteen ei havaittu tilas-
tollisesti merkitsevid eroja kaatuneiden ja ei-kaatuneiden naisten valilla. Nuo-
remmassa 50-58-vuotiaiden ryhméssd havaittiin, ettd kaatuneilla naisilla oli
enemmadn terveyteen liittyvid ongelmia ja lddkkeiden kaytto oli yleisempdd kuin
samanikdisilld ei-kaatuneilla naisilla.

Tasapainoharjoittelun seurauksena idkkadt naiset paransivat suoriutumis-
taan dynaamisissa painonsiirtotesteissd ja toiminnallisessa tasapainotestissa.
Tasapainoharjoittelulla todettiin myds merkitseva kaatumisia ehkédisevd vaiku-
tus, kun tarkasteltiin kaatumisten kuukausittaista ilmaantumista seurantavuo-
den aikana.

Taman tutkimuksen tulokset viittaavat siihen, ettd kehon huojuntamitta-
usten avulla voidaan arvioida tasapainokykyéd eldmankulun eri vaiheissa. Tu-
lokset osoittivat eroja tasapainonhallintakyvyssa eri ikdryhmissd, jotka tulisi
ottaa huomioon valittaessa eri-ikdisille sopivia tasapainotestejd. Nakopalauttee-
seen perustuva tasapainoharjoittelu osoittautui lupaavaksi tasapainokuntou-
tuksen muodoksi idkkdilld naisilla. Taman tutkimuksen perusteella laitoksessa
asuvien ikdantyneiden henkildiden tasapainoa voidaan harjoittelulla parantaa
ja kaatumisten ehkdisy on mahdollista.
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