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The most considerable changes in older adults
are changes in their muscles and musculoskeletal
system, and this directly affects older adults’
activities of daily living. In other words, older
adults complain of decreased muscle strength and
fatigue, and the ability of their muscles to main-
tain a posture degrades and their mobility
decreases, with reduced functions of the internal
organs and the musculoskeletal system(1). Because
of such physical changes, older adults’ abilities to
recover balance decreases and their maximal
muscle strength and response time for muscle
strength generation are delayed(2). About 30% of
older adults aged 65 or older and about 50% of
older adults aged 80 or older experience at least
one fall per year(3).
Among the factors triggering a fall, a decrease in

standing balance and mobility increases the possi-

bility of a fall and 10 to 25% of all falls are related
to balance decrease and gait abnormality(4). In
addition, it was reported that the cause of a fall in
older adults was significantly related to an
increase in postural movement and decrease in
dynamic balance ability(5,6). A fall can occur
among different forms of motion, such as initia-
tion of gait, stopping, changing directions, and
avoiding obstacles, and its major causes are con-
fusion or disorders of vision or proprioceptive
senses(1). 
In older adults, a fall is the first cause of damage

to the musculoskeletal system and the second
cause of accident related deaths, and therefore
balance exercise to prevent falls in older adults is
very important(7). In order to maintain or increase
older adults’ muscle strength and improve their
balance and gait speed,diverse exercises, including
muscle strengthening exercise, flexibility training, 
aerobic exercise, and gait training, are useful(8).

The Effects of Ankle Strengthening Training and Whole Body
Vibration on the Balance of Older Adults Who Have
Experienced a Fall

INTRODUCTION

This study observed the effects of ankle strengthening exercise and whole
body vibration on the balance ability of older adults, thereby intending to
provide basic materials for intervention methods aimed at improving older
adults’ balance ability. The subjects were 20 older adults who had experi-
enced a fall. They were equally divided into two groups. Ankle strengthen-
ing training was applied to one group and ankle strengthening training and
whole body vibration were applied to the other group, a timed up and go
(TUG) test and Tinetti performance oriented mobility assessment (POMA)
were performed, and changes in the subjects’ limits of stability were
observed. The TUG and POMA results significantly differed between before
and after the experiment in the angle strengthening training (AST) group
and the angle strengthening training with whole body vibration (ASTWV)
group. In addition, the interaction between timing and each group  was
statistically significant. The limits of stability significantly changed after the
intervention in both groups. Differences in the posterior and right limits of
stability were significant between the AST group and ASTWV group.
Therefore, ankle strengthening exercise and whole body vibration improve
older adults’ balance maintenance and reduce falls or the risk factors for
falls in older adults. 
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Mills reported that aerobic exercise of low intensi-
ty was useful for improving muscle strength, flex-
ibility, and balance in older adults who stay
home(9). Gardner et al. noted that muscle
strength retraining, balance retraining, and Tai
chi dramatically decreased a fall or the risk for a
fall(10). Carmeli et al.(1997) reported that when
muscle strengthening exercise and balance exer-
cise were applied to older adults who stay home,
the exercise group’s damage from a fall decreased
more than the control group’s(11). Recently,
diverse intervention methods as well as such
exercises were studied in order to enhance older
adults’ balance ability(12,13). 
Whole body vibration exercise is essentially neu-

romuscular training that may improve the mor-
phological, functional development, and physio-
logical factors of the muscle fiber itself(14). Whole
body vibration exercise may be implemented in
various postures on a board where mechanical
stimulation occurs. Sjehentopf et al. reported that
the activation degree and areas differed according
to the vibration of certain frequencies and that
when tactile receptors were stimulated, the cere-
bral cortex and certain areas of the subcortex
structure were activated(15). The present study
observed the effects of ankle strengthening exer-
cise and whole body vibration on the balance abil-
ities of older adults, thereby intending to provide
basic materials for intervention methods aimed at
improving older adults’ balance ability.

This study involved 20 older adults living in H
Sanitarium, Yongin City, who had experienced a
fall.
The selection criteria of the subjects were as fol-

lows.  

Experimental Procedures
The 20 older adults who had experienced a fall

were equally divided into two groups: one group
conducted ankle strengthening exercise, and ankle
strengthening exercise and whole body stimula-
tion were applied to the other group. The ankle
strengthening training group(AST) did an ankle
exercise program three days per week for six
weeks. The training consisted of exercises per-
formed in standing positions on a hard floor; the
exercises were performed using an aero step(16). 
During the exercises, for ankle strengthening
strategies, joint movements were consciously lim-
ited by the subject, and the therapist observed and
guided the exercises when necessary. Each exer-
cise program(1 set) was 30 minutes; there were
also warm up exercises(5 minutes) before the
exercise program and cool down exercises(5 min-
utes) afterward. The balance training program is
shown in Table 2.

Subjects

METHODS

Age (y)

Height (cm)

Weight (kg)

MMSE

61.89±7.14

162.81±6.04

59.36±6.73

26.47±3.47

62.47±5.23

160.14±5.31

61.14±5.37

27.27±4.14

AST(Mean±SD) ASTWV(Mean±SD)

Table 1. General features of research subjects

Warm-up exercise

An exercise performed in a standing posi-
tion on a stable (hard) floor 

-

-

-

Ankle strategy exercise raising the heels
of both feet slowly
Ankle strategy exercise raising the heels
of both feet  
Ankle strategy exercise standing on one
leg and alternating 

5 minutes

5 minutes

5 minutes

Exercise on an aero step 

-

-

-

Ankle joint   strategy exercise maintain-
ing balance in a static posture
Ankle joint   strategy shaking the body
in the anterior, posterior, left, right, and
diagonal directions
Cool-down   exercise 

5 minutes

10 minutes

5 minutes

5 minutes

Exercise Program Time

Table 2 Ankle strengthening training program

A.

B.

C.

D.

Those who had not experienced a fall in the
last year. 
Those who could walk longer than 5 m inde-
pendently. 
Those who did not take medication that
affects balance ability.
Those who had no neurological or muscu-
loskeletal system abnormality that may trig-
ger imbalance and a fall.

E. Those whose score of the Korean version of
the mini mental state examination was 20
points or higher. Their physical characteris-
tics are shown in Table 1. 
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The ankle strengthening training with whole
body vibration(ASTWV) group conducted ankle
strengthening exercise three times per week for
six weeks and received whole body stimulation
training twice per week. The ankle strengthening
exercise was the same as that for the AST group,
and for whole body stimulation training, the exer-
cise method by Jo was referenced(reference num-
ber). A whole body vibration device was used for
10 minutes with low intensity(24-28 Hz) for the
first one to two weeks, middle intensity(32-36 Hz)
for the third to fourth week, and high intensity
for the fifth to sixth week. A vibro wedge manu-
factured by NEXT was used as the whole body
vibration device(17). The subjects sat upright on
the whole body vibration device, maintaining the
angle between the hip joint and the knee joint at
90 degrees. The applied frequency was between 10
and 30 Hz as was suitable for each subject’s sen-
sation conditions. 

TUG test
This study employed a walking test in order to

measure dynamic balance ability. This test was
initiated with the subject in a sitting posture on a
chair with arms on a flat ground. The subject got
of the chair, traveled back and forth three meters,
and sat back down. The subject repeated this
motion three times, and an average time was
measured(18). 

POMA
This study employed a performance oriented

mobility assessment in order to measure dynamic
balance ability. This test was done with a hard
chair and a watch only, and therefore may be
easily used as a task oriented test. The balance
score is 16 points and the gait score is 12 points,
for a total of 28 points. The test was done three
times, and the average value of the measurements
was recorded(19). Interrater reliability was r=.84.

Limits of stability (LOS)
In the present study, a HUR BT4 (HUR Labs,

Tampere, Finland) was used for the LOS test. The
HUR BT4 platform is an elaborate and portable
piece of assessment equipment designed for
improved tests of stability. The BT4 (HUR Labs)
model by Apsun Inc. was used to measure through
the limit of the stability of the ankle. Each subject
mounted the platform with bare feet and main-

tained a standing position. The equipment’s
screen was placed behind the subjects to prevent
them from seeing the screen; the subjects tilted
their bodies forward, backward, leftward, and
rightward using only their ankle joints while
maintaining the posture for 8 sec per direction.
Each study subject was measured three times, and
the average value was recorded. The sensitivity of
BT4 is 2(V/V ± 0.25%), and the maximum range
of error is 0.03%.

The data measured in the present study were
analyzed using the SPSS ver. 18.0 program. The
general features were indicated as mean values
and standard deviations. Levene F-tests were
used to verify the homogeneity of the subjects,
and Kolmogorov–Smirnov tests were used to
prove the normal distribution. Two way repeated
measure ANOVAs were conducted to compare dif-
ferences in the TUG, POMA, and LOS tests, the
variables between the groups(AST and ASTWV),
and times (before and after the intervention).
Significant differences between pre tests and post
tests were verified using paired sample t-tests.
The statistical significance level was set to α=.05. 

The results of the TUG and POMA tests signifi-
cantly differed between before and after the
experiment in the AST group and the ASTWV
group (p<.05) <Table3> . In addition, the interac-
tion between timing and each group was statisti-
cally significant (p<.05)(Table 3).

Measurement Methods 

Data Analysis

Changes in the TUG and POMA Test Results
according to Muscle Therapy during Balance
Exercise 

RESULTS
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Changes in the limits of stability were significant
after the intervention compared to before the

intervention in both AST and ASTWV (p<.05)
<Table 4>. Changes in the limits of stability in the
posterior and right directions were statistically
significantly different between the AST group and
the ASTWV group (p<.05)(Table 4).

A decrease in equilibrium ability is perceived by
older adults as a major factor that increases the
risk of a fall and degrades their quality of life.

Therefore, improvement in the equilibrium
response related to the increased possibility of a
fall in older adults is very important for prevent-
ing a fall and enhancing their quality of life(20).
In a study by Balogun et al.(1994), the subjects’ 

DISCUSSION

TUG

POMA

AST

ASTWV

AST

ASTWV

21.217±6.247

23.475±5.147

20.478±24.147

21.017±3.214

16.748±7.217†

15.574±6.212†

24.235±2.047

25.147±1.874

group

time

group*time

group

time

group*time

Pre M±SD Post M±SDVariable Group

.161

.000*

.000*

.402

.000*

.000*

p

Table 3. Changes in the TUG test results within each group and differences in the results between the groups
according to muscle therapy during balance exercise

**p<.001 *p<.05, †Statistically significant from the pretest results, 
AST: ankle strengthening training group, 
ASTWV: ankle strengthening training with whole body vibration group

Anterior

Posterior

Left

Right

AST

ASTWV

AST

ASTWV

AST

ASTWV

AST

ASTWV

3.017±1.238

4.136±1.170

3.214±0.874

2.987±0.793

2.983±1.247

2.572±1.058

2.954±1.047

2.841±0.542

4.941±0.587†

5.070±0.332†

4.234±1.271†

5.241±0.574†

4.154±1.823†

5.290±1.638†

3.547±1.634†

4.374±0.716†

group

time

group*time

group

time

group*time

group

time

group*time

group

time

group*time

Pre M±SD Post M±SDVariable Group

0.074

.000**

.324

.038*

.000**

.418

.040*

.001*

.612

.067

.002*

.314

p

Table 4. Changes in the Limits of Stability Within Each Group and Differences in the Values between the
Groups According to Muscle Therapy during Balance Exercise 

**p<.001 *p<.05, †Statistically significant from the pretest results, 
AST: ankle strengthening training group, 
ASTWV: ankle strengthening training with whole body vibration group

Changes in the Limits of Stability according to
Muscle Therapy during Balance Exercise 
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equilibrium ability was well maintained until they
were in their 40s, but after their 40s, their equi-
librium ability decreased. Aspeopleaged, their
proprioceptive sense decreased according to phys-
iological changes related to aging, their righting
reflex became slow, and postural sway increased,
making it difficult to maintain equilibrium(21). A
study also concluded that 10 to 25% of all falls
were related to a decrease in equilibrium and
abnormal gait(22). Therefore, this study observed
the effects of ankle strengthening exercise and
whole body vibration on the balance ability of
older adults, thereby intending to provide basic
materials for intervention methods aimed at
improving older adults’ balance ability. 

There were statistically significant changes in
the TUG and POMA test results in the AST group
and the ASTWV group after the intervention(Table
4). In addition, the interaction between the timing
and each group was statistically significant (Table
4). Ankle joint strategies require appropriate joint
range of motion and muscle strength, and typical-
ly, the lower extremities functionally demand
afferent and efferent muscle activities(23, 24). In
addition, in balance and the performance of func-
tional tasks, the muscle strength of the instep
flexor and sole flexor is important(25). A study by
Ki(2001) involved 15 healthy adults. They were
divided into an experimental group that conducted
ankle muscle strengthening exercise and a control
group that did not perform any exercise, and
changes in their muscle strength, agility, and
dynamic balance were observed. The experimental
group’s muscle strength, agility, and dynamic bal-
ance were significantly higher(26). Shumway-
Cook et al.(2007) applied a complex exercise pro-
gram and an educational program for fall preven-
tion to healthy elderly subjects three times per
week for one year and reported that their dynamic
gait ability improved. Faber et al.(2006) also
applied an educational program, where ankle
strengthening exercise was included, to healthy
elderly subjects and observed improvement in
their dynamic gait ability and muscle strength. In
the present study, like in the previous research,
both the AST group and the ASTWV group saw
their balance ability significantly improve, because
the ankle strengthening exercise enhanced the
stability and flexibility of the ankle joint, affecting
the equilibrium of the human body(27, 28). 
Whole body vibration increases the input of pro-

prioceptive sense information through afferent
neurons, thereby stimulating the sensory system

for postural control (29, 30). In order to improve
the proprioceptive senses affecting balance in
older adults and patients with neurological system
damage, vibration stimulation that stimulates the
proprioceptive senses is being employed(31).
Priplata et al. (2003) reported that whole body
vibration stimulation applied to older adults posi-
tively affected their postural control, and Shin
compared a whole vibration stimulation group and
a load stimulation and whole vibration stimulation
group in 34 menopausal women and observed that
the second group’s balance significantly
improved(32, 33). In the present study, changes in
the limits of stability were significant in both the
AST and STEWV groups after the intervention. In
addition, there were significant differences in the
limits of stability in the posterior and right direc-
tions between the two groups. However, in the
other directions, there were no differences
between the two groups. The reason for this is
that performing whole body vibration exercise for
a long time decreases the influence on muscle
strength with the action by nerve roots on fre-
quency and amplitude(34). Further, in the present
study, six weeks of ankle strengthening exercise
sufficiently affected the stability and flexibility of
the ankle joints of the AST group as well as of the
ASTWV group. 

Ankle strengthening exercise with whole body
vibration stimulation is an intervention method
that can reduce older adults’ falls or risk of falls.
Future research is considered necessary to observe
joint flexibility or muscle strength after ankle
strengthening exercise and whole body vibration
stimulation to look at which factors affect bal-
ance. The subjects were 20 older adults who had
experienced a fall. They were equally divided into
two groups. Ankle strengthening training was
applied to one group and ankle strengthening
training and whole body vibration were applied to
the other group, TUG test and POMA were per-
formed, and changes in the subjects’ limits of sta-
bility were observed.

CONCLUSION

1. The TUG and POMA results significantly dif-
fered between before and after the experi-
ment in the AST group and the ASTWV
group. The interaction between timing and
each group was statistically significant. 
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Therefore, ankle strengthening exercise and
whole body vibration improve older adults’ balance
maintenance and reduce falls or the risk factors
for falls in older adults. 
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