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Backg round. Previous research has mainly targeted older people with high risk
of falling. The effectiveness of exercise interventions in older people with mild levels
of balance dysfunction remains unexplored.

Obijective. This study evaluated the effectiveness of a home balance and strength
exercise intervention in older people systematically screened as having mild balance
dysfunction.

Design. This was a community-based, randomized controlled trial with assessors
blinded to group allocation.

Partici pants. Study participants were older people who reported concerns about
their balance but remained community ambulant (n=225). After a comprehensive
balance assessment, those classified as having mild balance dysfunction (n=165)
were randomized into the trial.

Intervention. Participants in the intervention group (n=83) received a 6-month
physical therapist-prescribed balance and strength home exercise program, based on
the Otago Exercise Program and the Visual Health Information Balance and Vestibular
Exercise Kit. Participants in the control group (n=82) continued with their usual
activities.

Outcome Measures. Laboratory and clinical measures of balance, mobility, and
strength were assessed at baseline and at a 6-month reassessment.

Results. After 6 months, the intervention group (n=59) significantly improved
relative to the control group (n=62) for: the Functional Reach Test (mean differ-
ence=2.95 cm, 95% confidence interval [CI]=1.75 to 4.15), the Step Test (2.10
steps/15 seconds, 95% CI=1.17 to 3.02), hip abductor strength (0.02, 95% CI=0.01
to 0.03), and gait step width (2.17 cm, 95% CI=1.23 to 3.11). There were nonsig-
nificant trends for improvement on most other measures. Fourteen participants in the
intervention group (23.7%) achieved balance performance within the normative
range following the exercise program, compared with 3 participants (4.8%) in the
control group.

Limitations. Loss to follow-up (26.6%) was slightly higher than in some similar
studies but was unlikely to have biased the results.

Conclusions. A physical therapist-prescribed home exercise program targeting
balance and strength was effective in improving a number of balance and related
outcomes in older people with mild balance impairment.
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alance is defined as the ability

to maintain the projection of

the body’s center of mass
within limits of the base of support,
as in standing or sitting, or in transit
to a new base of support, as in walk-
ing.! Balance control is complex and
multifactorial. Physiological changes
related to aging include reduction
in muscle strength,? joint range of
motion, reaction time, and changes
in sensory systems.>4 These factors,
combined with pathology affecting
these systems, potentially have neg-
ative effects on older people’s bal-
ance control and may lead to balance
dysfunction of varying severity.

Management of older people’s bal-
ance dysfunction plays a key role in
fall prevention. Impaired balance
and reaction time, as well as loss
of lower-limb muscle strength, have
been identified as important risk
factors for falls in older people.5¢
These factors have been shown to
be amenable to interventions that
can be carried out in the community
setting.”

Published trials have shown that
exercise interventions with balance
and muscle strengthening compo-
nents are effective in reducing
falls®-1° and in improving physio-
logical and functional performance
in older people.!’' Most published
studies evaluating effectiveness of
exercise programs have either tar-
geted “healthy, active older peo-
ple,”12.13 without clear classification,
or selected samples of older people
with moderate to severe levels of
balance dysfunction. These samples
include frail older people with mul-
tiple functional limitations,'%'5 older
people residing in institutions,'¢17
and older people with specific con-
ditions such as stroke!®1® or Parkin-
son disease,?° a history of falls or
multiple falls,?!-22 or established risk
factors for falls.23-2¢

Falls often are used as a trigger to
review risk factors (including bal-
ance) to determine whether inter-
ventions are needed.?” However,
there has been recent interest in
approaches to identifying problems
contributing to falls before balance
impairment becomes more marked
and a fall occurs.?8-3° Curb and col-
leagues described a need for tests to
discriminate performance on the “gra-
dient of functioning at the upper end
of the functional spectrum.”31®73
Using responsive tests of balance
performance to identify mild levels
of balance impairment could meet
this need and identify people who
without intervention would be
likely to progress to becoming a
“faller.” Furthermore, from a health
promotion and prevention perspec-
tive, an exercise intervention intro-
duced when balance dysfunction
has recently developed or is of a mild
level of severity may be more effec-
tive, less expensive, or both,3? than
implementing intervention at a late
stage, when more advanced balance
dysfunction or falls are occurring.

There is a lack of research into older
people with mild levels of balance
dysfunction, and the effectiveness of
exercise interventions in this group
is unknown. Therefore, the current
study aimed to investigate the effec-
tiveness of a personalized, home-
based exercise program in reversing
older people’s mild balance dys-
function. The hypothesis tested in
this study was that a home exercise
program is effective in improving
balance performance of older peo-
ple with identified mild balance
dysfunction.

Method

This study was a randomized con-
trolled trial. Clinical and laboratory
measures of balance, mobility, gait,
and muscle strength were assessed
at baseline and at a 6-month reassess-
ment. Participants in the interven-
tion group underwent a personal-

ized, home-based exercise program
prescribed by a physical therapist,
and participants in the control group
continued with their usual activities.

Participants

The sample consisted of 225
community-dwelling men and women
aged 65 years and over. Recruitment
started in February 2006 and was
completed in September 2007.
Participants were recruited from
metropolitan Melbourne, Australia,
by advertising in newspapers and
newsletters, as well as through pre-
sentations by researchers to commu-
nity groups of older people. Initially,
the project targeted recruitment
through veterans’ and war widows’
agencies. At later stages, recruitment
was opened up to include all people
aged 65 years or older who met the
inclusion criteria.

Eligible participants for this trial
were identified by a 2-step process.
First, participants were screened
prior to the baseline assessment to
determine whether they met inclu-
sion criteria. Second, participants
were screened in a comprehensive
balance assessment, and those who
were identified as having mild bal-
ance dysfunction were eligible to be
included in the trial.

Inclusion criteria were being aged
65 years or over, living in the com-
munity, being community ambulant,
requiring no walking aid or using a
single-point stick only, experiencing
no more than one fall in the previous
12 months, and having concerns
about balance. Presence of balance
concerns as an inclusion criterion
was based on participants’ positive
response to the question: “Are you
concerned about your balance?”

All participants who met the inclu-
sion criteria then underwent a
comprehensive balance assessment
(details of individual measures are
contained in the “Outcome Mea-
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sures” section). Those who were
identified through this assessment
as having mild balance dysfunction
were enrolled as study participants.
For the purposes of this study, the
following criteria were used in clas-
sifying participants with mild bal-
ance dysfunction:

1. Participants who had any abnor-
mal scores on clinical measures
(defined as worse than 1 standard
deviation from the mean score
published for older people who
are healthy). For the clinical mea-
sures used for this purpose, cutoff
scores to indicate mild balance
dysfunction were: a Functional
Reach Test (FRT) score of less
than 26 c¢m,3? a Step Test score
of less than 13 steps/15 sec-
onds,3¥ and a Five-Time Sit-to-
Stand Test time of greater than
17.9 seconds.?>

2. Participants who had more than
3 abnormal scores on the labora-
tory measures on the NeuroCom
Balance Master force platform
with long plate (NeuroCom Inter-
national Inc, Clackamas, Oregon).
Age and sex normative limits
for these measures are available
from a data set provided with
the NeuroCom system. From the
6 tests used from the NeuroCom
Balance Master (see below), 46
individual scores were derived
(excluding composite scores). A
small number (3 or fewer) of
these scores being outside of nor-
mative limits was accepted as
being indicative of normative bal-
ance performance, whereas 4 or
more of the 46 measures being
outside of normative limits was
considered to indicate mild bal-
ance dysfunction.

Outcome Measures

The primary outcome measures of
the trial were clinical and laboratory
measures of balance performance,
and the secondary outcome mea-

sures included measures of strength
and mobility, activity level, health-
related quality of life, and fear of
falling. Balance performance has
been shown to be multidimensional,
including domains of static balance,
bilateral stance dynamic balance,
and dynamic single-limb stance bal-
ance.3¢ Both clinical and computer-
ized forceplate measures (assessed
by NeuroCom Balance Master with
long plate) of each of these domains
of balance were included in the
assessment, as there is some evi-
dence that force platform measures
may be more sensitive in identifying
mild dysfunction3” and in being
responsive to interventions. Given
the exploratory nature of this study
and in view of the lack of previous
studies investigating exercise inter-
ventions in older people with mild
balance dysfunction, a single primary
outcome measure was not selected.

Clinical measures (with retest reli-
ability values from previous studies
of older people reported for each
test) included:

1. The FRT, a test of dynamic bilat-
eral stance balance.?> The maxi-
mal distance (in centimeters) that
a participant could reach for-
ward horizontally was measured
while maintaining balance with
feet 10 cm apart (intraclass corre-
lation coefficient [ICC]=.81).33

2. The Step Test, a test of dynamic
single-limb stance balance.3>4 The
number of times a participant
could step one foot fully on and
off a 7.5-cm block as quickly as
possible in 15 seconds was
recorded. The score for the worse
side was reported (ICC>.90).34

3. The Five-Time Sit-to-Stand Test, a
functional measure of lower-limb
strength.3> The participant stood
up and sat down as quickly as
possible from a standard chair
(47 cm high) 5 times, with arms

folded across the chest (JCC>
.89).38

4. Lowerlimb muscle strength of
individual muscle groups.?® A
handheld dynamometer (Nicho-
las Manual Muscle Tester, Lafay-
ette Instrument Co, Lafayette,
Indiana) was used to measure 3
groups of leg muscles bilaterally
using the “break” method: hip
abductors, quadriceps, and ankle
dorsiflexors.4© The standardized
strength measure for a muscle
group was derived by dividing
the average of the results of trials
2 and 3 by the participant’s
weight. The scores on the worse
side were reported for the 3
groups of muscles (ICC>.87).3°

5. Walking speed (meters per min-
ute). The participant was asked
to walk at his or her “comfortable
walking pace” across a 10-m walk-
way with the central 6 m timed.4!
Participants used a single-point
stick if this was their usual gait aid
ICC>.95).42

The NeuroCom Balance Master
with long plate also was used to
assess balance-related performance
during 6 functional tasks. High retest
reliability of several of these tests
has been reported previously ICC>
.75).43:44 Test procedures were per-
formed with shoes removed and
have been described previously by
Vrantsidis and colleagues.®> The 6
functional tasks were:

1. The Modified Clinical Test of
Sensory Interaction on Balance
(mCTSIB), a measure of static bal-
ance. The mCTSIB quantified pos-
tural sway velocity with the par-
ticipant standing steady on the
forceplate under 4 different sen-
sory conditions (standing on a
firm surface with eyes open and
eyes closed and standing on a
foam surface with eyes open and
eyes closed). A composite score
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(combining the 4 conditions) of
center of gravity (COG) sway
velocity (in degrees per second)
was reported.

2. Limits of stability (LOS), a test of
dynamic bilateral stance balance.
This test measured the partici-
pant’s ability to voluntarily con-
trol weight shift in 8 directions
and to hold as close as possible
to a target set at 100% of LOS
in each direction. A composite
measure for reaction time (in
seconds), movement velocity (in
degrees per second), and maxi-
mum excursion (% of LOS), com-
bining performance in the 8
directions, was reported.

3. Rhythmic weight shift (RWS), a
test of dynamic bilateral stance
balance. This test was used to
examine the participant’s ability
to coordinate movement of the
COG rhythmically forward and
backward, while modifying the
timing of the COG movement
to match the speed of a moving
cue at 3 different speeds. A com-
posite score of on-axis velocity
(in degrees per second) and direc-
tion control (%) across the 3
speeds was reported.

4. Walk across test. This test quanti-
fied several characteristics of gait
as the participant walked across
the forceplate at a comfortable
speed. Step width (in centime-
ters) was reported as a measure of
stability during walking.

5. Step quick turn test (SQT). This
test quantified the velocity and
stability of turning. Three trials
turning to the right and 3 trials
turning to the left were assessed.
A combined score for the 3 trials
of the turn time (in seconds) and
turn sway (in degrees per sec-
ond) on the worse side were
reported.

6. Stability during the sit-to-stand
(STS) maneuver, a functional mea-
sure of lower-limb strength. This
measure examined the partici-
pant’s performance in standing
up from a 41-cm-high block seat
without upper-extremity assis-
tance and his or her stability. A
composite score of 3 trials for
rising index (percentage of body
weight) and COG sway velocity
(in degrees per second) was
reported.

A project manual recording standard-
ized study procedures and assess-
ment tools was developed. The
research team involved in assessing
participants was trained by an expe-
rienced neurological/gerontological
physical therapist to ensure consis-
tency in data collection.

For measures where performance
on the worse side was reported, the
worse side was determined by the
side with the worse score at base-
line. For the 6-month reassessment,
the same side was used to derive
the reassessment score for these
measures.

The Human Activity Profile (HAP)%¢
was used to measure participants’
activity level, and the Adjusted
Activity Score (AAS) was reported.
The Assessment of Quality of Life
(AQoL)¥7 was used to measure
health-related quality of life. Fear of
falling was measured using the Mod-
ified Falls Efficacy Scale (MFES).48
Demographic data, detailed medical
history (self-reported conditions diag-
nosed by a physician) and medica-
tion use, and fall history in the pre-
vious 12 months (by retrospective
recall) also were collected. Although
the study was not powered to eval-
uate falls as an outcome, preliminary
information on falls was collected
based on participants’ self-report
(retrospective recall) at the 6-month
reassessment.

Sample Size and

Protocol Assignment

The LOS measure (maximum excur-
sion composite score), one of the
primary outcome measures on the
NeuroCom force platform, was
selected for calculation of sample
size, based on preliminary analysis
of our data from a small-sample pilot
study and results of a study by Islam
et al* that indicated the LOS mea-
sures were responsive to exercise in
an older, “apparently healthy” sam-
ple. Using our pilot data (n=12,
mean age=76 years), the mean
baseline LOS maximum excursion
score was estimated as 81 (SD=15).
Assuming an expected improvement
of 7.5 (ie, 0.5 standard deviation)
associated with the intervention, a
sample size of 57 participants per
group was required (80% power,
alpha of .05). This sample size also
was sufficient when data for some
clinical balance measures (Step Test
and FRT) were used. To be able
to have 57 participants per study
group complete the study, with an
expected dropout rate of 20%, we
estimated that we needed to recruit
144 participants (72 participants per
study arm).

The group allocation schedule was
developed by computer-generated
random numbers, and the list was
managed by a researcher who was
not involved in recruiting or assess-
ing participants. Group assignment
was made for each participant after
the baseline assessment.

Blinding

This study was single-blinded, as
only the assessors were blinded to
group assignment.

Intervention and

Control Group Activities
Intervention participants received a
personalized home exercise pro-
gram developed by an experienced
physical therapist. The physical
therapist was provided with each
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Table 1.
Most Commonly Prescribed Exercises at Each Home Visit?
First Home Visit Second Home Visit Third Home Visit
Prescribed Exercises (n=79) (n=76) (n=75)
Warm-up exercises (usual Head movements 79 (100) 76 (100) 73 (97.3)
dosage: 10 repetitions) Neck movements 52 (65.8) 48 (63.2) 43 (57.3)
Back extension 78 (98.7) 75 (98.7) 73 (97.3)
Trunk movements 77 (97.5) 74 (97.4) 71 (94.7)
Ankle movements 79 (100) 76 (100) 74 (98.7)
Strengthening exercises (usual Front knee strengthening® 16 (20.3) 18 (23.7) 21 (28.0)
dosage: 10 repetitions) Back knee strengthening® 3(3.8) 4(5.3) 4(5.3)
Side hip strengthening® 13 (16.5) 13(17.1) 13(17.3)
Calf raises 27 (34.2) 26 (34.2) 25(33.3)
Toe raises 17 (21.5) 16 (21.1) 14 (18.7)
Balance exercises (usual Knee bends (10 repetitions) 5(6.3) 5 (6.6) 7 (9.3)
S;’:fg:e;s listed for each Backward walking 25 (31.6) 17 (22.4) 18 (24.0)
(10 steps, 4 times)
Walking and turning (twice) 33 (41.8) 33 (43.4) 28 (37.3)
Sideways walking (10 steps, 8 (10.1) 7(9.2) 10(13.3)
4 times)
Heel-toe stand (10 seconds) 67 (84.8) 67 (88.2) 68 (90.7)
Heel-toe walking (10 steps) 50 (63.3) 49 (64.5) 51 (68.0)
One-leg stand (10 seconds) 9(11.4) 12 (15.8) 13(17.3)
Heel walking (10 steps, 4 times) 1(1.3) 0 (0) 1(1.3)
Toe walking (10 steps, 4 times) 3(3.8) 1(1.3) 1(1.3)
Heel-toe walking backward 21 (26.6) 30 (39.5) 32 (42.7)
(10 steps)
Sit-to-stand (5-10 stands) 44 (55.7) 42 (55.3) 41 (54.7)
Stair walking (as tolerated) 3(3.8) 2(2.6) 2(2.7)
Walking program Walking (30 minutes, at usual pace 66 (83.5) 68 (89.5) 66 (88.0)
and with usual walking aid)

?Values are number (%) of participants.

b Ankle cuff weights were used to provide resistance to the muscles.

participant’s baseline assessment
results in order to tailor an exercise
program targeting the participant’s
balance and other physical dysfunc-
tion identified by the assessment.
The first home visit occurred within
1 week following the baseline assess-
ment (for the home exercise pre-
scription), and the same physical
therapist returned 4 weeks and 8
weeks after that to make progressive
adjustments to the exercise program
and to monitor and support ongoing
exercise adherence. This exercise
program was based on the Otago
Exercise Program (supplied by the

Accident Compensation Corpora-
tion, New Zealand), which has been
shown to be effective in improving
balance performance and reducing
falls in older people at increased
fall risk.23-2¢ The Otago Exercise Pro-
gram is a home-based balance and
strength retraining and graduated
walking program. Details of the pro-
gram are available on the supplier’s
Web site (http://www.acc.co.nz). As
study participants only had mild lev-
els of balance impairment, additional
exercises were selected from the
Visual Health Information Balance
and Vestibular Exercise Kit (supplied

by Health Promotion Resources,
Australia, http://www.hprresources.
com.au) if the physical therapist con-
sidered more challenging exercises
were required.

The prescribed exercise program
consisted of general warm-up exer-
cises, several balance and strength
exercises (see Tab. 1 for a list of
the most commonly prescribed
exercises), and a tailored walking
program. The selection of exercises
and number of prescribed exer-
cises depended on assessment find-
ings, areas and levels of impairments,
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225 potential participants recruited and
completed baseline assessment
(February 2006—September 2007)

60 participants were not
g .
randomized, as balance
v performance was within
normal limits

165 eligible and enrolled in the trial

:

165 randomized

Allocated to intervention

Allocated to control group
group (n=82)

oup (n: (n=83)
Prescribed with home Continued with usual activities
exercise intervention (n=82) (n=83)

Withdrew from trial
(n=21), reasons were:
® Being unwell (n=13)
® Not interested any

Withdrew from trial
(n=23), reasons were:

e Being unwell (n=16)

® Not interested any more

(n=3) ¢ L ) more (n=4)
e Being busy (n=3) ® Being busy (n=2)
® Had difficulty with ® Passed away (n=1)
exercise (n=1) ® Moved interstate (n=1)
v v

Analyzed (n=59); 23 (28.0%) were not Analyzed (n=62); 21 (25.3%) were not

included in analysis, as they did not
return for the 6-month reassessment

included in analysis, as they did not
return for the 6-month reassessment

Figure.
Flow of participants through the trial.

safety, and endurance. An exercise
manual with pictures and descrip-
tions of selected exercises was pro-
vided to each intervention group
participant to facilitate exercising.
Most participants received 5 to 8
exercises, which usually took approx-
imately 20 minutes to perform, and a
graduated walking program aiming
for at least 30 minutes per day. Par-

ticipants were encouraged to per-
form their prescribed exercises 5
times per week for 6 months. All
exercises were performed without
upper-limb support. Ankle weights
were provided free of charge. Exer-
cise diaries were provided to par-
ticipants to record the exercises
performed.

Safety during standing balance and
strengthening exercises was maxi-
mized by having the exercises per-
formed in a “boxed-in” area (eg,
bench or chair on each side and wall
15-25 cm behind the participants, to
be used only for the participants to
steady themselves).
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Table 2.

Characteristics of Participants in the Intervention (Home Exercise Program) Group
and the Control (Usual Activity) Group at Entry Into Trial

Intervention Group Control Group
Characteristic (n=82) (n=83)

Age (y), X (SD) 81.0 (5.9) 80.1 (6.4)
Male, n (%) 45 (54.9) 47 (56.6)
Living with a spouse, n (%) 41 (50.0) 38 (45.8)
Receiving home help, n (%) 30 (36.6) 23 (27.7)
Being a veteran or war widow, n (%)? 65 (79.3) 60 (72.3)
Had a fall in previous 12 months, n (%) 31 (37.8) 33 (39.8)
Using a walking stick, n (%) 20 (24.4) 19 (22.9)
No. of medical conditions, median 4 (2-6) 4 (3-5)

(25th and 75th centiles)
No. of prescribed medications, median 3 (2-6) 4 (2-6)

(25th and 75th centiles)
Height (cm), X (SD) 163.8 (9.5) 165.2 (8.0)
Weight (kg), X (SD) 70.3 (11.1) 71.2(12.1)

? A basic range of support services such as house cleaning, washing, and meals on wheels, principally
provided by the Home and Community Care Program.

bnitially, the project targeted recruitment through veterans and war widows agencies. At later stages,
recruitment was opened up to include all people aged 65 years and older who met other inclusion

criteria.

Participants in the control group
were provided with a fall preven-
tion information booklet>® describ-
ing fall risk factors and strategies
to minimize falls. Control group
participants continued with their
usual activities during the 6-month
follow-up period.

Data Analysis

Data were analyzed using STATA
(Intercooled 9.0, StataCorp LP, Col-
lege Station, Texas). Baseline demo-
graphic and clinical characteristics
were summarized as mean (SD),
median, and interquartile range or
n (%) for each assigned group.
Means and standard deviations were
reported for variables that were nor-
mally distributed, and medians and
interquartile ranges were reported
for skewed variables. For categorical
data, frequency (numbers and per-
centages) was reported. Analyses of
covariance, a special type of multiple
linear regression analysis, were used
to estimate between-group differ-
ences on postintervention outcome
measures while adjusting for base-

line scores. To reduce the risk of
type I error associated with multiple
comparisons for the range of bal-
ance and related measures used, a
Bonferroni adjusted critical P value
of .0024 (.05/21) was used. Effect
sizes (mean change/SD) were calcu-
lated for the intervention group for
measures that changed significantly
with the intervention.

Role of the Funding Source

The study was funded by the Austra-
lian Government Department of Vet-
erans’ Affairs, which had no role in
project implementation, analysis,
interpretation, or manuscript writing.

Results

Over a 19-month period, 225 poten-
tial participants were recruited for
baseline assessment. According to
their baseline assessment results,
60 participants were identified as
having balance performance within
normal limits for their age. Of the
remaining 165 study participants
with identified mild balance dysfunc-
tion, 82 were randomly assigned

to the intervention group and 83
were randomly assigned to the con-
trol group. Fifty-nine participants
(72.0%) in the intervention group
and 62 participants (74.7%) in the
control group completed the 6-
month reassessment. The flow of
the participants through the trial is
shown in the Figure.

Baseline Measures

Participants’ characteristics at entry
to the study are reported in Table 2.
Participants were aged over 80 years
on average, and there were slightly
more men than women in both
groups. Overall, more than a third
of the participants had experienced
a fall in the previous 12 months, and
less than a quarter reported using
a walking stick. The most common
medical conditions reported were
arthritis (56.9%) and hypertension
(54.7%). The distribution of charac-
teristics was similar between the 2
groups. Table 3 summarizes the 2
groups’ performance on outcome
measures. Participants performed at
a similar level at baseline across the
2 groups. Means and standard devia-
tions were reported, as all outcome
data were normally distributed.

Withdrawal

Forty-four participants (26.6%)—23
(28.0%) in the intervention group
and 21 (25.3%) in the control
group—withdrew from the trial.
Reasons for not returning for the
6-month reassessment were mostly
related to illness (other reasons are
detailed in the Figure). There were
no significant differences between
participants who completed the trial
and those who withdrew, although
participants who dropped out had
slightly more medical conditions
and more prescribed medications
on average. Table 4 compares the
participants’ balance performance
at baseline, and there were no sig-
nificant differences on most of the
balance-related measures, except
that participants who withdrew
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Table 3.

Baseline Performance on Main Outcome Measures in the Intervention (Home Exercise Program) Group and the Control (Usual

Activity) Group“

Intervention Group Control Group
Outcome Measures (n=82) (n=83)
Laboratory measures
MCTSIB, mean COG sway velocity composite score (°/s)? 1.75 (0.55) 1.68 (0.54)
LOS, reaction time composite score (s)? 0.92 (0.24) 0.94 (0.27)
LOS, movement velocity composite score (°/s) 2.90 (1.10) 3.00 (1.19)
LOS, maximum excursion composite score (% LOS) 71.48 (15.17) 72.43 (13.48)
RWS, on-axis velocity (front/back) composite score (°/s) 2.46 (0.75) 2.51 (0.69)
RWS, direction control (front/back) composite score (%) 71.13 (10.50) 70.80 (10.71)
WA, step width (cm)®? 17.51 (3.95) 17.07 (4.36)
SQT, turn time worse (s)” 1.65 (0.89) 1.64 (0.56)
SQT, turn sway, worse (°)? 35.05 (12.76) 35.43 (10.45)
STS, body weight rising index (%) 17.22 (5.70) 16.99 (6.41)
STS, COG sway velocity (°/s) 4.72 (1.36) 4.83 (1.16)
Clinical measures
FRT (cm) 26.01 (5.33) 26.84 (5.49)
Step Test, worse side (steps/15 s) 13.57 (3.74) 14.37 (3.58)
Five-Times Sit-to-Stand Test (s)? 11.20 (4.34) 10.65 (3.30)
Quadriceps muscle strength, worse (kg/kg)“ 0.195 (0.073) 0.200 (0.067)
Hip abductor muscle strength, worse (kg/kg)“ 0.143 (0.048) 0.156 (0.046)
Dorsiflexor muscle strength, worse (kg/kg)© 0.143 (0.041) 0.146 (0.037)
Walking speed (m/min) 60.81 (14.95) 64.34 (12.97)
Other measures
HAP-AAS 61.34 (11.88) 61.88 (12.59)
MFES score 9.14 (1.36) 9.17 (1.09)
AQol score? 24.80 (4.79) 25.34 (4.76)

?Values are mean (SD). MCTSIB=modified Clinical Test of Sensory Interaction on Balance, COG=center of gravity, LOS=limits of stability, RWS=rhythmic
weight shift, WA=walk across test, SQT=step quick turn test, worse=worse leg score when a measure is assessed bilaterally, STS=sit-to-stand maneuver,
FRT=Functional Reach Test, HAP-AAS=Human Activity Profile-Adjusted Activity Score, MFES=Modified Falls Efficacy Scale, AQoL=Assessment of Quality of

Life.
b Smaller score represents better performance.

€ The measured muscle strength (in kilograms) divided by body weight (in kilograms).

from the trial had significantly worse
scores at baseline on one clinical out-
come measure (Step Test, worse
side) and one laboratory outcome
measure (LOS maximum excursion
composite score).

Adherence to the Intervention

Participants in the intervention
group were asked to keep a daily
record of exercises they performed
using an exercise log sheet. Of
the 59 intervention group partici-
pants who attended the 6-month

reassessment, 26 (44.1%) completed
the exercise program 5 or more
times per week, which was con-
sidered full adherence, and 23 par-
ticipants (39.0%) exercised 3 or 4
times per week. Only 8 partici-
pants (13.6%) reported exercising
less than twice a week on average.
No adverse events or side effects
associated with the exercise pro-
gram were reported by the interven-
tion group participants.

Six-Month Reassessment

Table 5 compares participants’ per-
formance at the 6-month reassess-
ment between the 2 groups, adjust-
ing for baseline scores. Significant
improvements were found in the
intervention group relative to the
control group on the following mea-
sures: step width (walk across test
on the NeuroCom force platform),
FRT, Step Test (worse leg), hip
abductor muscle strength (worse
side), and activity level (HAP, AAS).
Effect sizes (mean change/SD) were
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Table 4.
Balance Performance (Baseline) of Participants Who Completed the Trial and Those Who Withdrew Before Trial Completion®
Intervention
Participants Group Control Group
Who Completed Participants Participants Participants
the Trial Who Withdrew | Who Withdrew | Who Withdrew
Outcome Measures (n=121) (total, n=44) (n=23) (n=21) P

Laboratory measures
MCTSIB, mean COG sway velocity composite score (°/s)? 1.68 (0.54) 1.80 (0.56) 1.72 (0.51) 1.89 (0.60) 22
LOS, reaction time composite score (s)? 0.93 (0.24) 0.94 (0.30) 0.91 (0.26) 0.97 (0.34) 74
LOS, movement velocity composite score (°/s) 3.00 (1.09) 2.81(1.28) 2.76 (1.28) 2.87 (1.31) .38
LOS, maximum excursion composite score (% LOS) 73.44 (13.49) 67.78 (15.78) 69.55 (18.51) 66.10 (12.91) .03¢
RWS on-axis velocity (front/back) composite score (°/s) 2.49 (0.71) 2.47 (0.74) 2.42 (0.86) 2.52(0.59) .84
RWS, direction control (front/back) composite score (%) 71.81 (10.31) 68.81 (11.05) 69.17 (11.75) 68.40 (10.48) 12
WA, step width (cm)®? 17.29 (4.18) 17.28 (4.12) 17.72 (3.40) 16.78 (4.87) 99
SQT, turn time, worse (s)? 1.64 (0.81) 1.66 (0.53) 1.61(0.52) 1.73 (0.55) .85
SQT, turn sway, worse (°)° 35.39 (11.65) 34.83 (11.66) 35.31 (12.07) 34.30 (11.46) .78
STS, body weight rising index (%) 17.91 (6.41) 16.80 (5.58) 17.56 (5.73) 16.00 (5.48) 51
STS, COG sway velocity (°/s)? 4.72(1.27) 4.95(1.23) 4.83(1.19) 5.09 (1.28) 34

Clinical measures
FRT (cm) 26.67 (5.30) 25.76 (5.70) 27.33 (4.46) 24.05 (6.48) .34
Step Test, worst (steps/15 s) 14.32 (3.70) 13.02 (3.48) 13.09 (4.21) 12.95 (2.56) .04¢
Five-Times Sit-to-Stand Test (s)? 10.75 (3.60) 11.45 (4.54) 12.30 (5.72) 10.47 (2.38) .32
Quadriceps muscle strength, worse (kg/kg)? 0.20 (0.07) 0.20 (0.08) 0.20 (0.09) 0.20 (0.08) .61
Hip abductor muscle strength, worse (kg/kg)? 0.15 (0.05) 0.14 (0.04) 0.14 (0.04) 0.14 (0.04) a3
Dorsiflexor muscle strength, worse (kg/kg) 0.15 (0.04) 0.14 (0.04) 0.14 (0.04) 0.14 (0.04) .21
Walking speed (m/min) 63.47 (14.71) 60.30 (11.86) 59.72 (12.84) 60.97 (10.91) .21

Other measures
HAP-AAS 62.16 (12.52) 60.11 (11.29) 60.26 (11.58) 59.95 (11.24) .34
MEFES score 9.18 (1.26) 9.10 (1.16) 9.06 (1.29) 9.15 (1.04) 72
AQol score? 24.89 (4.61) 25.57 (5.20) 24.91 (4.90) 26.29 (5.54) 42

?Values are mean (SD); P values indicate differences between participants who completed the trial and those who withdrew from the trial.
MCTSIB=modified Clinical Test of Sensory Interaction on Balance, COG=center of gravity, LOS=limits of stability, RWS=rhythmic weight shift, WA=walk
across test, SQT=step quick turn test, worse=worse leg score when a measure is assessed bilaterally, STS=sit-to-stand maneuver, FRT=Functional Reach
Test, HAP-AAS=Human Activity Profile-Adjusted Activity Score, MFES=Modified Falls Efficacy Scale, AQoL=Assessment of Quality of Life.

b Smaller score represents better performance.

¢ Significant difference (P<.05) from 2-sample t test with equal variances.
9 The measured muscle strength (in kilograms) divided by body weight (in kilograms).

calculated for the intervention group
for measures that changed signifi-
cantly with the intervention. Effect
sizes ranged from 0.2 (small effect)
for hip abductor strength to 0.56
(moderate effect size) for the FRT,
with most of the measures having
effect sizes in the range of 0.3 to 0.5.
Nonsignificant trends for improve-
ments were observed on most of the
other measures in the intervention
group relative to the control group.

Of the 59 intervention group par-
ticipants who completed the exer-
cise program, 14 (23.7%) improved
their balance performance to the
point where they were classified as
not having mild balance dysfunction,
using the same classification system
to identify mild balance dysfunction
used at baseline (normative perfor-
mance on the 3 clinical tests and no
more than 3 abnormal scores on the
46 NeuroCom measures), compared

with 3 (4.8%) in the control group
(P=.003) (data not shown in Tab. 5).

Falls data during the 6-month
follow-up period were available for
all 121 participants who completed
the trial based on self-report. Although
fewer intervention group partici-
pants (12 out of 59, 20%) fell in the
6 months compared with the control
group participants (18 out of 62,
29%) (relative risk=0.70, 95% CI=
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Table 5.

Balance Performance on Outcome Measures Before and After Intervention of Intervention Group and Control Group Participants

Who Completed the Trial?

Intervz:;its);)croup Con(t;:lGGz;oup Mean Difference
Between Groups
Outcome Measures Baseline Follow-up Baseline Follow-up (95% CI) P
Laboratory measures
MCTSIB, mean COG sway velocity composite 1.76 (0.58) 1.50 (0.56) 1.61 (0.49) 1.51(0.52) —0.12 (—0.27 t0 0.33) 12
score (°/s)?
LOS, reaction time composite score (s)? 0.93 (0.24) 1.02 (0.33) 0.92 (0.24) 0.95 (0.33) 0.07 (—0.03 t0 0.18) .18
LOS, movement velocity composite score (°/s) 2.95(1.03) 3.41 (1.27) 3.05 (1.15) 3.25(1.24) 0.16 (—0.22 to 0.53) 41
LOS, maximum excursion composite score 7216 (13.93) | 75.75(15.17) | 74.68 (13.06) | 77.50 (15.74) 0.77 (—4.23 to 2.69) .66
(% LOS)
RWS, on-axis velocity (front/back) composite 2.48 (0.70) 2.79 (0.84) 2.51(0.72) 2.72(0.81) 0.13 (—0.12 to 0.38) 31
score (°/s)
RWS, direction control (front/back) composite | 71.95 (9.94) 69.09 (10.37) | 71.67 (10.76) | 68.21 (13.64) | —0.02 (—3.98 to 3.94) .99
score (%)
WA, step width (cm)® 17.41 (4.18) | 16.08 (4.07) | 17.17 (4.21) | 17.96 (3.61) -2.17 (-3.11 to —1.23) | <.001¢
SQT, turn time, worse (s)? 2.07 (0.99) 1.79 (0.70) 2.02 (0.65) 1.92(0.83) —0.15 (—0.40 to 0.10) .24
SQT, turn sway, worse (°)® 43.73 (13.72) | 38.16 (10.95) | 45.46 (13.15) | 40.53 (12.51) | —2.01 (—6.17 to 2.14) .34
STS, body weight rising index (%) 16.98 (5.75) | 18.96 (7.47) | 18.80(11.87) | 18.46 (6.09) 1.68 (—0.83 to 4.19) .19
STS, COG sway velocity (°/s)? 4.69 (1.43) 4.81 (1.28) 4.74 (1.12) 4.93 (0.96) —0.13(-0.43t0 0.17) .39
Clinical measures
FRT (cm) 25.49 (5.58) | 28.39 (4.86) | 27.78 (4.80) | 26.87 (4.30) 2.95(1.75to 4.15) <.001¢
Step Test, worst (steps/15 s) 13.76 (3.56) | 15.54(3.99) | 14.58 (3.77) | 14.41 (3.77) 2.10 (1.17 to 3.02) <.001¢
Five-Times Sit-to-Stand Test (s)? 10.78 (3.65) 9.76 (2.37) | 10.72(3.57) | 10.93 (3.54) —1.08 (—1.83 to —0.33) .01
Quadriceps muscle strength, worse (kg/kg)? 0.19 (0.07) 0.22 (0.07) 0.20 (0.06) 0.20 (0.07) 0.03 (0.01 to 0.05) .01
Hip abductor muscle strength, worse (kg/kg)? 0.15 (0.05) 0.16 (0.05) 0.16 (0.05) 0.15 (0.05) 0.02 (0.01 to 0.03) .001¢
Dorsiflexor muscle strength, worse (kg/kg)“ 0.15 (0.04) 0.16 (0.04) 0.15 (0.04) 0.16 (0.04) 0.008 (—0.01 to 0.01) .89
Walking speed (m/min) 61.26 (15.84) | 61.39 (13.33) | 65.43 (13.46) | 62.15(13.91) 2.07 (—1.49 to 5.63) .25
Other measures
HAP-AAS 61.76 (12.06) | 66.24 (10.43) | 62.54 (13.04) | 62.31 (12.40) 4.57 (1.84 to 7.29) .001¢
MEFES score 9.18 (1.40) 9.23(1.17) 9.18 (1.12) 9.11 (1.41) 0.14 (—0.21 to 0.48) 43
AQol score® 24.76 (4.79) | 23.37 (4.10) | 25.02(4.46) | 24.55(5.21) —1.01 (=2.17 t0 0.15) .09

?Values are mean (SD), mean differences (95% confidence interval [CI]), and P value between intervention group and control group at follow-up

assessment adjusting for baseline scores. MCTSIB=modified Clinical Test of Sensory Interaction on Balance, COG=center of gravity, LOS=limits of stability,
RWS=rhythmic weight shift, WA=walk across test, SQT=step quick turn test, worse=worse leg score when a measure is assessed bilaterally, STS=sit-to-
stand maneuver, FRT=Functional Reach Test, HAP-AAS=Human Activity Profile-Adjusted Activity Score, MFES=Modified Falls Efficacy Scale,

AQoL=Assessment of Quality of Life.
b Smaller score represents better performance.

¢ Significant difference (Bonferroni adjusted P<<.0024).
9 The measured muscle strength (in kilograms) divided by body weight (in kilograms).

0.37 to 1.33) and there were fewer
multiple fallers in the intervention
group (2 out of 59, 3.3%) than in the
control group (8 out of 62, 12.9%),
these results were not statistically
significant.

Discussion

There is previous evidence that exer-
cise can improve a range of balance-
related outcomes and reduce falls
in older people.® However, the
majority of previous research has
targeted older people with increased
risk of falls'7-51 or, in some cases,

unscreened community-dwelling
older people.'3-52 The results of this
study add to the existing research
by targeting a well-screened group of
older people with identified mild
balance dysfunction. From a preven-
tion or health promotion perspec-
tive, this is an important group to
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target, as many older people do not
seek health professional advice until
serious injury has resulted from a
fall.>3 Assessment and intervention at
a stage when balance dysfunction is
mild may prevent this group from
progressing to having a serious fall,
which is when older people more
commonly seek professional advice.
In addition to potential benefits in
preventing falls, improved balance
and related performance also are
likely to have a positive impact on
older people’s function and indepen-
dence.>* Importantly, one of the sig-
nificant outcomes of this targeted
exercise program was an increased
level of physical activity, which can
lead to a range of other health ben-
efits in older people.>>-5¢

This study demonstrated that a per-
sonalized, home-based exercise pro-
gram based in part on the Otago
Exercise Program, which has been
shown to be effective in improving
balance, strength, and function,823
can improve mild balance dysfunc-
tion in older people. Although pre-
vious studies have demonstrated
improved physical function or bal-
ance performance in frail older
people'+!'>  or “healthy older
adults,”1213 the current study pro-
vides new insights that this well-
screened group of older adults with
mild balance dysfunction can benefit
from this type of exercise program.
To our knowledge, this study is the
first to investigate the effectiveness
of a home exercise intervention in
well-screened older people with
mild balance dysfunction.

In this study, there were fewer fallers
and fewer multiple fallers in the
intervention group than in the con-
trol group, but the differences were
not statistically significant. However,
these preliminary findings are not
conclusive, as the study was not
powered to evaluate falls. Addition-
ally, falls data were collected via ret-
rospective recall. Future studies

aiming to evaluate the effectiveness
of exercise programs in reducing
falls in this population are likely to
require larger sample sizes based on
an appropriate power analysis.

The effect of the intervention was
examined on multiple outcome mea-
sures, including simple clinical mea-
sures and computerized force plat-
form measures. The results showed
that the intervention group achieved
significant improvements on most
of the clinical measures after 6
months, with several of these differ-
ences approaching a moderate effect
size, suggesting meaningful clinical
change. For instance, at the 6-month
follow-up assessment, participants in
the intervention group scored 2.95
cm better on the FRT compared with
participants in the control group
after adjusting for baseline difference
between groups (details for other
tests are shown in Tab. 5).

These findings confirmed the study
hypothesis that older people with a
mild level of balance dysfunction
can benefit from a personalized exer-
cise program, as previous studies
have demonstrated in other popula-
tions.22-26 Although not statistically
significant, the intervention group
also demonstrated a mean improve-
ment of 3.4% to 14.8% on most of
the laboratory measures, whereas
the control group generally demon-
strated a deterioration (2.7%-4.7%)
or minimal improvement (1.8%-
7.9%) in performing the functional
tasks on the force platform. It is not
clear why the laboratory measures
did not demonstrate significant dif-
ferences, as was observed with the
majority of the clinical measures. A
possible explanation may relate to
the specificity of training and to the
fact that the exercise program may
have addressed movement limita-
tions similar to those assessed in
the clinical tests (stepping, reaching,
STS maneuver) more than those of
the laboratory measures. Further

research as to the optimal mix of
exercises for specific identified bal-
ance deficits is warranted to maxi-
mize potential outcomes.

The findings from this study suggest
that an approach to early identifi-
cation of mild balance dysfunction
and targeted exercise interventions
may have a range of health benefits
in older people. However, for this
approach to be implemented widely
in the community setting, future
research needs to evaluate the utility
of a clinical assessment battery in
isolation (without the use of force
platform measures), given the lim-
ited availability of force platforms in
community settings. Some observa-
tions from our data suggest that one
or more of the clinical tests (eg, Step
Test) used in this study may be suit-
able to be used individually or in
combination to detect early signs
of balance dysfunction in older peo-
ple. Also of importance, our research
demonstrated that clinical measures
such as the FRT, Step Test, and
Five-Time Sit-to-Stand Test appear
to be useful outcome measures in
quantifying intervention effective-
ness. Although Vereeck et al>7 previ-
ously reported that simple clinical
measures might suffer from ceiling
effects when used in samples of
older people with a high level of
functioning, this did not appear to be
a problem in our study. For instance,
study participants (n=165) had an
average score of 26 cm on the FRT,
with the scores being normally dis-
tributed (skewness=0.021, kurto-
sis=—0.230, P=.860). Thirty-nine
participants (23.6%) scored between
25 and 27 cm, and only 5 partici-
pants (3.0%) scored in the highest
range (40 cm or above).

To date, there have been few pub-
lished studies examining older peo-
ple’s mild balance dysfunction. The
current study explored screening
mild levels of balance impairment in
older people by using combined clin-
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ical and laboratory measures. As this
approach has not been used previ-
ously, specific criteria were devel-
oped for classifying performance as
“within normal limits” or “mild bal-
ance impairment” in this study, using
a combination of clinical and labora-
tory balance-related measures.

The 165 participants who were clas-
sified as having mild balance dys-
function had a median number of 6
NeuroCom scores that were outside
the normative range (25%-75% per-
centiles: 4-10). This is a relatively
small number out of the total 46
parameters derived from NeuroCom
measures. A further indication that
the classification process did identify
participants with mild balance
impairments is gained by comparing
the baseline scores on 2 of the clin-
ical balance measures in our study
with scores for a well-screened sam-
ple of older people who were
healthy>® and a high fall risk group
(from a falls clinic).5® Scores for the
Step Test and the FRT in our sample
(approximately 14 steps/15 seconds
and 27 cm, respectively) were
slightly lower than those reported
for the well-screened sample of older
people who were healthy (approxi-
mately 16 steps/15 seconds and 31
cm, respectively) and were well
above scores reported for the falls
clinic sample (approximately 8
steps/15 seconds and 23 c¢m, respec-
tively).

Furthermore, although not an aim of
the study, we explored post hoc the
accuracy of this classification system
in identifying fallers from the con-
trol group of participants classified
as having mild balance impairment
(62 with complete falls data for
the 6-month follow-up period, of
whom 18 fell) and the 60 potential
participants who were recruited but
were classified as being within the
normal range of balance perfor-
mance and thus were not included in
the randomized trial (53 had com-

plete 6-month follow-up falls data, of
whom 4 fell). Using these data, the
classification system correctly classi-
fied 18 of the 22 fallers, resulting in
a sensitivity of 82%. In combination,
the comparisons described above
and this post boc sensitivity for clas-
sification of fallers analysis provide
some support for the classification
system to identify mild balance dys-
function used in this study. Further
research is needed to clearly define
“mild balance dysfunction,” to fur-
ther validate this classification sys-
tem, and to determine whether a
simplified, more time-efficient test-
ing battery that can be widely used
in primary care settings will be as
accurate in classifying mild balance
dysfunction.

This trial was carried out accord-
ing to the CONSORT statement.®©
A separate researcher performed
the randomization, and all assessors
involved in data collection were
blinded to group allocation. The
study also had limitations. The rela-
tively high rate of loss to follow-up
(26.6%) is slightly higher than for
similar studies and was a limitation
of this study. However, the number
of participants who dropped out was
similar for the 2 groups, and those
who dropped out did not differ
from those who remained in the
study on the majority of the baseline
measures, nor were there significant
differences in the intervention and
control groups for baseline mea-
sures in those who dropped out. An
intention-to-treat analysis of partici-
pants with data available at follow-
up was performed and reported.®°
A further limitation was that the
participants were volunteers who
responded to advertisements or proj-
ect promotion, which may limit the
generalizability to the wider popula-
tion. In addition, participants in the
intervention group received 3 home
visits by an experienced physical
therapist, and such home visits may
not always be possible in a real-life

(non-research) setting. Therefore,
further research is needed to inves-
tigate whether this approach can
be translated into practice through
regular community care centers and
whether participant adherence lev-
els can be maintained or improved
using this approach.

In conclusion, a personalized, home-
based exercise program of balance
and strength training significantly
improved performance on balance-
related measures in older people
with mild balance dysfunction. This
study provides interesting new data
on assessment and exercise interven-
tions for older people with a mild
level of balance impairment and con-
firmed the hypothesis that older peo-
ple’s mild balance dysfunction can
improve with a home-based exercise
program.
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