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A randomized comparison of pre-and post-experimental
design was used to examine the effects of a fall prevention
exercise program (FPEP) on muscle strength, ankle flexibility,
balance, instrumental activities of daily living (IADLs), and
depression for the community-dwelling elderly in Korea.
Twenty-two subjects were assigned to an experimental group
and twenty-three to a control group. The experimental group
participated in a 4-day-per week FPEP of 8 weeks duration,
twice a week by direct instruction and twice a week with
videotaped instruction by the program instructor at each senior
center.

The eight-week FPEP turned out to be significantly effec-
tive in enhancing muscle strength, ankle flexibility and bal-
ance, and in reducing depression, after intervention among
community-dwelling elderly in Korea. IADLs, however, was
not changed by the intervention.

Further research with a larger sample and longer follow up
period is needed to expand our understanding about the effects
of FPEP. Future study is also recommended to differentiate
between the effects of FPEP by direct instruction and by
videotaped.
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INTRODUCTION
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of the elderly population in Korea has undergone
a drastic increase since 1970. Over the three
decades since 1970, the proportion of senior
citizens (aged 65 years or older) has more than
doubled from 3.1% to 7.1% of the total population.
Much of this increase is mainly due to the rapid
economic growth, advances of medical technology
and improvements in the treatment of acute and
chronic illness. Such a ftrend is expected to
continue with the proportion reaching 13.2% of
the total population by 2020."

Although longevity has increased for the
population at large, quality of life, particularly in
the later years of life, has not necessarily
improved. The elderly are highly vulnerable to a
number of problems. One of the most frequent
and critical problems is that of falling.

Community survey estimates of the prevalence
of falling range from 32%° to 42%‘ in western
countries, and from 45.5%” to 48.2%° in Korea. The
likelihood of falling rises when old people engage
in an activity that results in a loss of muscle
strength and balance, and the body mechanisms
responsible for compensation or stability fail.”
Falls represent a major source of death and disa-
bility among old people, posing a serious threat
to their physical health and psychological well-
being. One of the most deleterious outcomes of
reduced muscle strength, bone strength, and joint
mobility is the heightened susceptibility of the
elderly to injury, mainly due to falls and to seri-
ous consequences resulting from falls.” A number
of stressful life events which older persons
commonly face can lead to episodes of depression.
Under these circumstances the person may be at
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a greater fall risk. Episodes of emotional distress
can by themselves lead to poor health and falls or
they can contribute to a worsening of comorbid
medical conditions which themselves increase
risk.” In addition, disability is often caused by loss
of confidence, fear of falling, and deteriorating
function. Since most falls are avoidable, efforts by
health professionals to reduce functional limita-
tions, as well as to enhance the old people’s mus-
cle strength and balance offer an important health
promotion consideration for the vulnerable el-
derly.

Recently, the benefits of exercise on muscle
weakness, functional capacity, and balance for
preventing the elderly from fall are well docu-
mented.*" In advanced countries, which already
have entered the aged society, there has been a
proliferation of studies related to fall prevention
programs. However in Korea, in contrast to
advanced countries, there is a paucity of studies
on this issue with exception of the fall prevention
exercise program (FPEP) for institutionalized el-
derly."™" Considering the general reluctance of
the Korean elderly to do physical exercise,”"> and
their heavy preference for community dwelling
rather than institutionalized dwelling, it is worth
developing and examining the effect of FPEP for
them.

The purpose of this study was to assess the
effectiveness of FPEP that is designed to improve
muscle strength, balance, ankle flexibility, and in-
strumental activities of daily living (IADLs), and
reduce depression for the community-elderly in
Korea.

MATERIALS AND METHODS
Research design

A randomized comparison group of pre- and
post-test experimental design was used to ex-
amine the effects of FPEP on the physical function
and emotional state of the community dwelling
elderly in Korea. The independent variable was
FPEP and the dependent variables were the fall
risk factors: muscle strength, balance, ankle
flexibility, IADLs, and depression.
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Subjects

The subjects were recruited from three senior
centers located in the residential area in Seoul,
Korea. Subject eligibility criteria were: a) 65 years
or older, b) able to ambulate independently
without assistive device, c) absence of any un-
stable physical condition, evidence of terminal
illness, or a history of acting-out or abusive
behavior, d) a score of 19 or higher on the MMSE-
K (Mini-Mental State Examination—Korea),14 e)
able to communicate, and f) completion of a
written consent form.

Out of 52 total subjects meeting the above
criteria, 26 were assigned to the control group and
another 26 to the experimental group so as to
satisfy Cohen’s formula® that requires’ subjects
in each group to compensate for possible loss
caused by drop out during investigation. A ran-
domized coin tossing process was employed in
allocating total subjects into the two groups.
During the study period, 4 subjects from the
experimental group and 3 from the control group
withdrew from the study. The reasons for
withdrawal in both groups (number of subjects in
experimental / control groups) were family affairs
(2/1), lack of motivation to remain in the study
(1/0), moving (0/1), hospitalization (0/1), and
oversea travel (1/0). The baseline characteristics of
these two attrition groups were not different from
the study participants. A total of 45 patients
remained as the study subjects; 22 experimental
and 23 control.

Methods

Subjects in the experimental group participated
in a 4-day-per-week FPEP of 8 weeks duration,
while the subjects in the control group did not
receive any intervention. The FPEP of this study
was developed by the investigators based on the
People with Arthritis Can Exercise (PACE) pro-
gram, formulated by the Arthritis Foundation
(1987) for arthritis patients and community el-
derly. The components of the program included a
range-of-motion (ROM) exercises, a seated exer-
cises for strengthening, an endurance exercises, a
weight-wearing exercises, balance and coordina-
tion exercises, breathing exercises, relaxation tech-
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niques, and health education to prevent falls by
incorporating self-care skills into the home bound
environment.

The experimental group was designed to
undergo supervised exercise 4 days a week for 8
weeks, twice a week by direct instruction and
twice a week with a videotaped program by the
program instructor at each senior center. After the
completion of the study, subjects in the control
group were provided with a videotape and
participated in a thirty minute-long information
session on FPEP by the investigators.

Instruments

Muscle strength

The Nicholas Manual Muscle Tester (Model
01160, Lafayette Instrument Company, Lafayette,
IN, USA), a hand-held dynamometer, was used
to measure extensor and flexor muscle strength
of each knee and ankle. In using this device the
same techniques for limb positioning were
employed as in manual muscle testing. The tester
moved the body part that the muscle activated
through the maximum ROM. The subject was
asked to hold the maximum against gravity while
the tester applied opposing pressure to the
muscle.” The hand-held dynamometer was set
between the muscle of the subject and the tester’s
hand as the tester applied pressure. The dynamo-
meter reading, in kilograms, was made at the
time that maximum pressure was exerted by the
tester or when the subject was unable to resist
the tester’s force. While Mills” reported an inter-
rater coefficient of r =>.93, this study established
an interrater coefficient of r=90 prior to be-
ginning this study.

Balance

In order to measure static balance, the sharp-
ened Romberg maneuver (tandem stand) - to
assess the ability to stand while placing the feet
in a tandem position with eyes open and then
repeated with eyes closed - was performed by the
subjects. Each subject was asked to maintain the
stance as long as possible, to a maximum of 10
seconds. Caution is advised assistant researchers
to prevent the patient falling during the maneuver
before the tandem stand is measured. To mini-

mize the risk of falling, the investigator and two
assistant researchers stood near the subject, ready
to hold the subject if necessary. To avoid having
the results influenced by the subject’s footwear
(for example, thick, sponge soles), the task was
performed in bare feet.

Ankle flexibility

A goniometer was used to measure ankle
flexibility. The axis of the goniometer was placed
on the axis of rotation of the joint being measured.
The stationary arm was placed along the longi-
tudinal axis of the distal part of the joint."® The
degrees of maximal motion of plantarflexion and
dorsiflexion of both ankle joints were recorded.
The goniometer has criterion-related validity
coefficients ranging from 0.97 to 0.99,”” and the
interrater reliability was established within 5 de-
grees for all ankle measurements.

Depression

Depression was measured using the geriatric
depression scale developed by Yesavage, et al.”
and translated into Korean by Kee.” It is a 2-point
rating scale, 0 or 1, (Ed- this clarification is
necessary to explain the total, 0-15, that you give
below) with 15 items. The total score on this scale
ranges from 0 to 15, with a higher score indicating
more severe depression. Cronbach’s alpha
reported in this study was 0.88.

Instrumental activities of daily living

IADLs (Ed- already defined above) were as-
sessed with the TADLs scale developed by Cho”
based on Lawton and Brody’s scale.” The scale
contains 9 items with numerical rating scales from
0 to 2, giving a score range from 0 to 18, with a
higher value indicating greater functional ability
to perform independent living. Cronbach’s alpha
for this scale was 0.88 in this study.

Procedure and data collection

The subjects invited to participate in the study
were provided with both written and oral infor-
mation about the purpose and procedure of the
study. The participants were informed that their
participation was voluntary and that they could
choose to withdraw from the study anytime they
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wanted without penalty. They were also informed
that they would remain anonymous. Written
consent was obtained from all subjects partici-
pating in the study, with approval by the Medical
Research Ethics Committee of the University. All
of three research assistants facilitating the study
were registered nurses. Two research assistants
helped the investigators by recruiting potential
participants, explaining the purpose and pro-
cedure of the study, and getting their consent.
MMSE-K was administered and subjects who
scored 19 or higher were interviewed to collect
baseline data on all variables. Subjects were ran-
domly assigned to the two groups, experimental
and control. The baseline assessment took place at
the beginning of the study and post-test assess-
ment was performed at the end of the 8-week
study period.

All subjects completed a set of questionnaires
that compiled demographic data, along with
measurements at both baseline and the end of the
study, for muscle strength, balance, ankle flexi-
bility, IADLs, and depression. After completion of
baseline data collection, the investigators and a
research assistant served as FPEP instructors. The
other two research assistants conducted the
assessments for the study. They were blinded to
whether the subject had participated in FPEP or
not.

During the 8-week program, participants learn
a myriad of exercises, covering a wide range of
content, from a trained instructor. The specific
content areas included exercises for ROM, streng-
thening, endurance, weight-bearing, balance and
coordination, correct posture, body awareness,
and breathing and relaxation, as well as educa-
tional lectures focusing on exercise and fall pre-
vention. They started to exercise for 40 minutes
per session, 4 sessions a week during the first
week and the duration of each session was ex-
tended from the second to the final week. To
reduce the drop out rate, about two-dollar gifts
were provided at the end of each session to every
subject as reward. Since each session was
designed for as many as 10 to 15 persons, the 26
subjects in the experimental group were divided
into two classes and received the intervention
separately at different times. The total data col-
lection period was between January and May,
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2002.
Statistical analysis

Data were analyzed wusing SAS program.
Descriptive statistics, chi-square and Fisher’s exact
test were performed to compare baseline charac-
teristics in the experimental and control groups.
Mean changes from the baseline in each outcome
variable were compared using unpaired t-test
between the two groups, and significance was
judged at the 5% level. The McNemar test was
conducted to identify changes by examining the
number of subjects who successfully completed
the task of tandem stand for assessment of
maintaining balance.

RESULTS
Sample characteristics

The average age of the subjects was 75.0 years
for the experimental and 76.4 years for the control
group. Ages ranged from 65 to 83 years and there
were only two male subjects included in each
group. The MMSE-K score ranged from 23 to 30,
with a mean score of 26.7 for the experimental
group and 25.8 for the control group. There was
no significant difference between the two groups
for any of the characteristics (Table 1)

Baseline measurements

When comparing the mean baseline scores of
knee and ankle muscle strength, flexibility, IADLs,
depression and the number of subjects with ac-
ceptable tandem-stand balance test, initial equiva-
lence was achieved between the two groups. The
baseline measures for the total sample are
summarized in Table 2.

Outcome measurements

Both Tables 3 and 4 show the effects of FPEP
through the mean change scores and the number
of subjects of all outcome variables for the two
groups. Unpaired t-test and McNemar test re-
vealed that there were significant differences
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Table 1. Characteristics in the Experimental and Control Groups

Characteristics N (];:;p;)rgrl\(/)[ui SO N (C%O)nzrgﬁlf D X2 ort p

Age (y1) Below 75 7 (31.8) 7 (30.4) 0.01 0.92
Over 75 15 (68.2) 16 (69.6)

Gender* Male 2 .(91) 2 (87) 1.000%
Female 20 (90.9) 21 (91.3)

MMSE-K 2671 £ 3.82 2578 £3.93 0.81 0.424

Educational level* Uneducated 7 (31.8) 8 (34.8) 1.000%
Under middle school 11 (50.0) 11 (48.8)
Above middle school 4 (18.2) 4 (17.4)

Religion* Yes 15 (68.2) 20 (86.9) 0.165*
No 7 (318) 3 (13.1)

Spouse* Yes 4 (18.2) 4 (17.4) 1.000*
No 18 (81.8) 19 (82.6)

Living status* Alone 2 .(91) 4 (17.4) 0.292%
With spouse 0 (0.0 2 (8.7)
With their children 20 (90.9) 17 (73.9)

Economic status®  High 3 (13.7) 1 (44) 0.221*
Middle 14 (63.6) 20 (86.9)
Low 5 (22.7) 2 (87)

*Fisher’s exact test.
MMSE-K, Mini-Mental Status Examination-Korea.

between the two groups in the average changes
for muscle strength, ankle flexibility, depression
and balance, which indicates that the experimental
group showed more improvement in these
variables at post-intervention than the control
group did.

A clear contrast was shown between the two
groups as far as muscle strength was concerned.
Muscle strength of the experimental group was
significantly improved over all measurements,
except right ankle plantarflexor, compared to the
control group (Table 3).

The mean degrees in ROM of plantarflexion and
dorsiflexion increased from 32.89 and 14.68 before
the intervention to 36.64 and 16.89 after the
intervention, respectively, while those for the
control group did not show significant changes
from 36.54 and 16.67 to 34.67 and 16.91, respec-

tively (t=2.88, p=.006; t=2.01, p=.049) (Table 3).

The mean depression score for the experimental
group decreased from 5.76 before the intervention
to 4.55 after the intervention, whereas the control
group showed an increase from 5.78 to 6.26, res-
pectively (t=2.51, p=.016). This was a significant
difference in depression score between the two
groups.

In the experimental group, the number of sub-
jects who could not complete the tandem stand
test with eyes open decreased from 6 before
intervention to 1 after intervention (X2=4.247, p=
.039), while there was not any statistical difference
for the control group. Regarding the tandem stand
with eyes closed, the number of subjects unable to
complete the task decreased from 8 to 2 with
intervention (X°=4.658, p=.023), while that for the
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Table 2. Baseline Characteristics in the Experimental and Control Groups

Exp. group(N=22)

Cont. group(N=23)

Outcome measures M :SDor N  M=SDorN®%) X ot P
Muscle strength Knee extensor
Lt (Kg) 14.38 + 2.87 13.60 £ 3.03 0.89 0.38
Rt (Kg) 1448 + 234 1298 +3.27 175 0.086
Knee flexor
Lt (Kg) 12.79 £+ 2.02 12.04 £+ 2.46 1.1 0.276
Rt (Kg) 1345 + 1.84 1245 + 2.67 1.46 0151
Ankle plantarflexor
Lt (Kg) 17.61 + 3.78 17.27 £ 5.24 0.25 08
Rt (Kg) 1840 + 3.75 17.41 + 4.46 0.81 0.423
Ankle dorsiflexor
Lt (Kg) 13.71 £ 2.50 13.09 =+ 2.94 0.77 0.446
Rt (Kg) 14.03 + 1.86 1317 + 2.70 1.23 0.224
Ankle Flexibility Elzrl\l/t[a:fflexion *) 3289 +10.14 36.54 &+ 5.35 1.52 0.135
ggriﬂ(;iion (") 14.68 £ 9.80 16.67 £+ 6.98 1.68 01
IADLs 5.76 = 3.62 578 £3.33 0.02 0.984
Depression 17.67 = 0.73 16.96 + 2.70 1.21 0.237
Tandem stand with Completed 16 (72.7) 18 (78.3) 0.19 0.666
€yes open Not-completed 6 (27.3) 5 (21.7)
Tandem stand with Completed 14 (63.6) 15 (65.2) 03 0.585
eyes closed Not-completed 8 (36.4) 8 (34.8)

ROM, range of motion; IADLs, instrumental activities of daily living.

control group did not show a significant change
without intervention (Table 4).

However, there was no significant difference in
the mean scores for IADLs between the two
groups before and after the intervention.

DISCUSSION

Despite the beneficial effect of exercise, only
30% of individuals over the age of 65 report ex-
P 24 . .
ercising regularly.” Considering the general re-
luctance of the Korean elderly to do physical
exercise,13 an important consideration in con-
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ducting FPEP for them is the initiation and main-
tenance of regular exercise.

For enhancing the exercise adherence of the
subjects in this study, the program should be safe,
simple, easy to do, and enjoyable, and should fit
the daily routine and promote self-efficacy. As
self-efficacy is one of the most significant factors
of exercise adherence,” the investigators needed
to incorporate fall-preventing health education
and self-care skills to prevent fall into FPEP. The
drop out rate in this study was merely 13.5%, a
lot lower than the 30% which Shin® experienced
in an 8-week exercise study of Korean elderly.

Factors cited as having a major influence in falls
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Table 3. Comparison of Muscle Strength, Flexibility, IADLs and Depression between the Experimental and Control Groups

Pre-test Post-test Difference

Outcome measures Group M + SD M -+ SD M -+ SD t p
Knee extensor Exp. 1438 +2.87 1659+ 270 221 + 226 46 0
Lt. (Kg) Cont. 13.60 +3.03 1377 + 326 -0.83 + 217
Exp. 1448 + 234 1659 + 248 211 + 2.90 338 0.002
Rt. (Kg)
Cont. 1298 +£327 13.68 +3.09 -0.30 + 1.70
Knee flexor Exp. 1279 +2.02 1490 + 200 211 + 149 5.51 0
Lt. (Kg) Cont. 1204 +£246 1270 + 269  -0.34 + 1.50
Exp. 1345 +1.84 1495+ 132 149 + 1.38 3.73 0
Rt. (Kg)
Cont. 1245 + 267 1330 +277 016 + 1.57
AnKle plantarflexor Exp. 1761 +3.78 2102 + 555 341 + 4.25 2.69 0.011
Lt. (Kg) Cont. 1727 +£524 1882 + 467  0.55 + 2.64
Exp. 1840 +3.75 21.05 + 441  2.65 + 337 1.99 0.054
Rt. (Kg)
Cont. 1741 + 446  19.03 + 415  0.63 + 3.45
Ankle dorsiflexor Exp. 1371 + 250 1504 +190  1.32 + 212 3.97 0
Lt. (Kg) Cont. 13.09 +£294 1317 +319  -0.92 + 1.65
Exp. 14.03 +1.86 1544 + 151  2.65 + 3.37 436 0
Rt. (Kg)
Cont. 1317 £270 1340 + 315  0.63 + 3.45
Exp. 3289 + 1014 36.64 + 898  3.75 + 6.68 2.88 0.006
ROM of Plantar flexion(” )
Cont. 3654 + 535 3467 +743 -1.87 + 539
Exp. 14.68 + 480 16.89 + 326 221 + 4.03 2.01 0.049
ROM of Dorsi flexion(® )
Cont. 16.67 + 298 1691 + 261 0.4 +2.79
Exp. 1767 £ 073 1733 +198 -033 + 213 051 0.61
IADL
Cont. 1696 +2.70 17.00 = 181  0.04 + 2.67
Exp. 576 +3.62 455 +3.05 -148+197 251 0.016
Depression
Cont. 578 £333 626 +333 048 +3.03

ROM, range of motion; IADLs, instrumental activities of daily living.

Table 4. Comparison of Balance between the Experimental and Control Groups

Experimental group (N=22) Control group (N=23)
Balance
(Tandem stand) Pre test Post test 5 Pre test Post test 5
N (% N@% X P N % N@® X P
Completed 6 (727) 21 (95.5) 4247  0.039 8 (783) 19 (826) 0.138 1
With eyes open
Not-completed 6 (273) 1 (495) 5217) 4 (174)
Completed 14 (63.6) 20 (90.9) 4669  0.023 16 (69.6) 17 (739) 0.107 1
With eyes closed
Not-completed 8§ (364) 2 (91) 7 (304) 6 (261)
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are poor balance and decreased muscle strength in
the extensors and flexors of the knees and ankles,
along with markedly decreased plantar-dorsifle-
xion torque.”” Adequate muscle strength and
ROM are necessary for an individual to maintain
balance when a disruption in position occurs.

Most of the outcome variables for the experi-
mental group showed significant changes in the
desired direction, except muscle strength of right
ankle and IADLs, indicating FPEP is an effective
means to improve muscle strength of the lower
extremity, ankle joint flexibility and balance, and
to reduce depression. These findings are consis-
tent with those by other investigators who had
used activity or exercise programs for the el-
derly S

Mills"” explained that as more subjects were
right-sided dominant, it was easier for them to
exercise the right leg. In Mills” study, the experi-
mental group with low-intensity exercise for 8
weeks experienced a significant increase in right-
knee, but not left knee, flexor muscle strength.
That is because as other researchers, except Lee,29
had reported only unilateral values, the investi-
gators tried to find any differences on different
sides of the lower extremities by measuring
muscle strength each side of the knees and ankles;
however the result of this study did not support
Mills."”

The experimental group revealed a significant
increase in strength of flexor and extensor muscle
of each knee, dorsiflexor muscles of each ankle
and plantarflexor muscle of left ankle. Plantar-
flexor muscle strength of right ankle was not
significantly different. However, this result should
not be considered as conclusive because of the
limited sample size of this study. Therefore, it is
conceivable that the desired outcome of enhancing
the plantarflexor muscle strength of right ankle
could be achievable with a larger sample.

After 8-week FPEP consisting of ROM exercises,
subjects in the experimental group decreased
ankle plantarflexor stiffness resulting from plan-
tarflexor strengthening, while this study did not
examine the functional outcome or effects of im-
proved gait and balance. In support of this result,
some of the previous community-based studies
had found a significant relationship between
strength training and increased lower extremity

Yonsei Med J Vol 44, No. 5, 2003

muscle strength.”””" Regular and low-intensity

exercise for the elderly, such as participating in a
regular program of seated exercises aimed at
strengthening quadriceps muscles and improving
joint flexibility, may be effective as well in im-
proving functional capacity.”

With respect to balance, the tandem stand test
with eyes open was a moderately difficult task for
the subjects, with over 20% of all subjects not
being able to complete it, and tandem stand with
eyes closed was even more difficult for the
subjects, with over 30% of them not being able to
complete it. The number of subjects who did not
complete the above two tasks decreased in the
experimental group compared to that of the
control group. Nevertheless, because of their dif-
ficulty, these two tests showed the greatest
improvement with FPEP.

The IADLs scale employed in this study was
not appropriate to differentiate the effect of FPEP.
The IADLs score of each group was around 17 out
of the maximum possible.® A possible explana-
tion for the lack of significant changes in this
study is that the 9 items of IADLs were mainly
related to the function of the upper extremity,
while FPEP is more effective in enhancing the
function of the lower extremity.

This study has shown that the 8-week FPEP
produced significantly effective improvements in
enhancing muscle strength, ankle flexibility and
balance, and in reducing depression, among
community-dwelling elderly in Korea.

More research is needed to determine the role
of self-efficacy in FPEP, especially use of a larger
sample and longer follow up period, in order to
understand more about the effects of FPEP. Future
study is also recommended to differentiate
between the effects of FPEP by direct instruction
program and by videotaped.
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