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The Influences of the Intensive Ankle Joint Strategy Training on
the Muscular Strength and Balancing Ability in the Elderly
Women
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Abstract The purpose of this study was to compare the effects of the intensive ankle joint strategy training
on the muscular strength and balancing ability in the elderly women. The subject of this study were 30 elderly
women aged from 65 to 80 and randomly assigned to three groups. For 6 weeks, two experimental groups
took the training an hour every 3 days of a week. The results that measured the dynamometer, FRT, and
SEBT after implementing general lower limbs exercise and the intensive ankle joint strategy training for 6
weeks showed that the changes in the control and experimental group I were not statistically significant while
the changes in the experimental group II were statistically significant (p<.05). For the prevention of the
elderlies from fall and the treatment approaches, it is deemed to be necessary additional studies on the diverse
variables through the intensive training of the ankle strategy.
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1. Introduction 80.08 a little bit above than the average life span of the
OECD countries of 78.90, our society is gradually

As the average life span of the Korean people becomes converted to an aging society[l]. Particularly, as the

This work was supported by Ulsan College Research Grant in 2012.

*Corresponding Author : Cheol-Yong Kim (Ulsan College)

Tel: +82-52-230-0783 email: cykim@uc.ac.kr

Received September 17, 2012 Revised (Ist November 13, 2012, 2nd November 30, 2012) Accepted December 6, 2012

5909



garakely| st A 4139 A|12E, 2012

average life span of the female population becomes 82.3,
which is significantly higher than male population, the
health problem in the elderly women is arisen as social
issue [2]. Mun et al[3] suggested that there is difference
in balancing ability according to the gender, and
particularly, the balancing ability is decreased much more
in the elderly women. In case of elderly women, they
experience symptoms such as the osteoporosis, arthralgia,
headache, fatigue, feeling of impotent related to the
changes of the rapid decrease of estrogen release in the
endocrine system after the menopause[4]. The physical
aging causes the lowering of the physical strength and the
overall physical functions, and deterioration of functions
to control physical balance by the lowering of sight
control ability and insecure posture[5].

Balancing is the process to maintain the stability of
pose body, the ability to control and maintain the center
of gravity for the supporting base surface and exerts the
critical influences on the performance of the action such
as maintaining of stability in the standing posture, control
of the weight load, ambulatory ability[6]. The balancing
control is performed through interaction between the
joints of the low limbs, and when maintain the balance,
it employs several exercise strategies[7]. As the exercise
strategies used for lower limbs, there are hip joint strategy
using hip joint, ankle joint strategy using ankle muscles
and range of motion, the strategy utilizing body rotation,
and the squat strategy utilizing comprehensively the ankle
joint flexion, knee joint flexion, hip joint flexion[8]. If the
range of body shaking is great, the hip joint operates, and
if it is small, the ankle joint operates[9].

The ankle joint strategy is generally used when there
is small movement in the firm supporting surface, and
refers to recovering the upright standing balance through
the contraction of the ankle joint muscles at the first place
as the strategy of controlling posture[7, 10]. For the
approaches to accelerate the ankle strategy, there are the
self-initiated sway that makes swaying from forward to
back, and left to right without bending body, the recovery
of the balance that recovers the balance from the sway of
the hip and shoulder caused by the external forces, what
makes perform the task required by anticipatory postural
control[11]. In addition, the balancing in the elderlies is
highly correlated with the muscle strength [12], and the

lower limbs muscle strength strengthening exercise can

increase the balancing ability significantly[13]. Therefore,
to increase the physical stability, the intensive equilibrium
training on the ankle joint and the muscle strength
training for degraded muscles are required[14].

As the exercises to increase the balancing, there are the
exercise using wobble board [15], exercise to keep
equilibrium with one leg, the excercise using posturomed
[16], and the exercise using air cushion[17]. Particularly,
since the exercises performed on the air cushion
strengthen the muscles, and show the movement and
position of the joint, it is the most effective for
proprioceptive sense training[18].

Na et al[19] suggested that the exercises using air
cushion improve the proprioceptive sense, through which
it works to promote the contraction of synergist, and to
make slow the contraction of antagonist. Heitkamp et
al[20] reported that the exercises using air cushion are
useful for functional improvement of the muscles around
the ankle joint by changing the body to lead the valgus
moment to improve the contraction of the muscles around
the ankle joint and prevent the fall in the healthy people,
too.

The resistance exercise using thera-band, as the
exercise to resist against the tension generated by
muscles, is a form of exercise to increase the muscular
strength and endurance gradually over a period of
time[21,22]. Since differently from the training, which
controls the loads artificially such dumbbell, barbell, the
exercise using thera-band has flexibility, the loads can be
applied from all directions of 360°, control the intensity
according to the color of the band, position to hold, using
bundle of bands and can exercise safely and various ways
muscular

according to one's

strength[23].

strength or physical

In regard to the improvement of balancing ability and
to prevent the fall in elderly women, the general lower
limbs exercises are simply used, but the exercise program
using functional strategies of the ankle joint in balancing
is rarely found. Therefore, in this study, it was intended
to analyze the influences of the intensive ankle joint
strategy training on the muscular strength and the
balancing ability in the elderly women through the
dynamometer, FRT(function reach test), and SEBT(star
excursion balance test) after performing intensive ankle

joint strategy training using air cushion and elastic band
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for elderly women.

2. Methods

2.1 Subjects

This study was performed during 6 weeks from May to
July, 2012 from the 30 elderly women having 65 years or
more residing in U city. Sufficient explanation was made
to the subjects on the purpose, methods, precautions of
this experiment, and written consent to voluntarily
participate in this experiment was obtained from them.
The subjects were equally and randomly assigned to the
control group (only daily life), experimental group I
(general lower limbs exercise), and the experimental
group II (intensive ankle joint strategy training).

The experimental group I and II performed the exercise
3 times a week, and for the intensity of the exercise, the
set and time were increased with three-week interval. The
subject persons could manage the daily life independently,
did not have any orthopedic disorder and neurological
deficiency between lower limbs and the body, and were
the elderlies who did not have cardiac disorder, mental
disorder, cognitive impairment, visual impairment, and
who did not have vertigo while

standing on the

supporting ground.

2.2 Research Design

Subjects allocation - women senior citizen
{aver 65 vears, n=30)

Control aroun Experimental aroup | Experimental aroup Il
(=10} (=10} (=100
| Pre-test (15t measurement) ‘
0L General lower Ankde joint
limbs exercise strategy tralning

Ater 6 weeks on pre-test (2nd measurement)

Statistical analysis (PSS for windows ver, 20.0)

[Fig. 1] Frame of study design
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In this study, the subject personnel are divided into
control group, experimental group I and II, and their
muscular strength and the balancing ability were
evaluated. To measure the muscular strength of the
plantarflexion and dorsiflexion, dynamometer was used,
and to measure the balancing ability, the FRT and SEBT
were conducted. The intensive ankle joint training and the
general limb exercise were performed 3 times a week for
6 weeks. The muscular strength and the balancing ability
after the experiment were measured as same way as
preliminary tests. The measurement was conducted three
times, and the mean values were taken. A design of this

study is shown in figure 1.

2.3 Exercise program

For the experimental group I, the general lower limb
exercise program was implemented, and for the
experimental group II, the ankle joint exercise strategy
program (Theraband + unstable board + air cushion
exercise) were implemented, and the exercise was lasted
60 minutes each time(Table 1, 2).

To the experimental group I, the lower limbs exercise
program for elderly women proposed by Lee [24] was
applied after correcting and complementing it. In detail,
first, the body was relaxed by performing stretching and
free exercises as warming up for 10 minutes, and the
resistance and equilibrium exercise were performed as
main exercise from the group of big muscles to the group
of small muscles in order step by step in order not to
fatigue the muscles. And after exercise, to relax the
tension in muscles and recover the fatigue, stretching was
performed for 10 minutes as cool down. As to the
increase the exercise load, the static exercise, which
repeats 10 times the set, 5 seconds per set, was performed
for initial 3 weeks. After the 4th week, the dynamic
exercise, which performs 2 sets and 10 times per set, was
performed, and the resting time between each set was 30
seconds.

To the experimental group II, the strategic ankle joint
program suggested by Brotzman, Manske[25] and Lee[7]
was applied after correcting and complementing it. The
efferent contraction and afferent contraction resistance
exercise were performed to strengthen the dorsiflexion
and plantarflexion muscle of ankle joint. These exercises

were composed of resistance exercise and strategic
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promotional exercise for total 60 minutes. The resistance
exercise was performed in a way that the efferent contract
of agonistic muscle was performed in the lowering phase
after afferent contraction of the agonistic muscle. The
sequence of exercise was performed from dorsiflexion
muscle to plantarflexion muscle for each leg alternatively.
It has been repeated 3 times when starting every week,
and some subject personnel having excellent degree of
muscle strength improvement and athletic functions
performed by changing number of sets or the color of the
band, shortening the length of band, or adjusting repeating
times earlier than others considering individual difference.

For the strategic promotional exercise, 2 sets of the

[Table 1] Ankle joint strategy training program

exercises, which performed standing on unstable board,
and the exercises perform on the air cushion for 4
minutes each, and Ist set was performed eyes opened and
the 2nd set was performed eyes closed. After the exercise

of each set, took 2 minutes for rest sitting on the chair.

2.4 Experimental instruments
2.4.1 Dorsi and plantarflexion muscular
strength
The backrest was fixed in order for the subject persons
not to be pushed away while they were sitting on the
testing bench extending knee joint, maintaining left ankle

joint at the neutral top, and the dynamometer (JLW

Level Component Item Time
Warm-up Stretching 10min
. 1. Afferent contraction (dorsiflexion)
Resistance . ey
. . Rk 2. Efferent contraction (dorsiflexion) .
Main exercise exercise R . 20min
(Thera-band) 3. Afferent contraction (plantarflexion)
4. Efferent contraction (plantarflexion)
1. Stand immobile while maintaining balance
. Unstable 2. Inclines the body front and back, left and right, and
Strategic board directions
promotional - - - . 20min
exercise Air 1. Stand immobile while maintaining balance
. 2. Inclines the body front and back, left and right, and
cushion . s
diagonal directions
Cool-down Stretching . 10min
Deep breathing
[Table 2] General lower limb Exercise program
Level Component Item Time
Warm-up Stretching 10min
1. Wall-squat
1-3 week 2. Raising one leg while lying on back
Resistance 3. Raising heels while standing in place
Main exercise . 20min
exercise 1. Wall-squat
4-6 week 2. Leg extension
3. Leg curl
1. Raising hip while lying on back
2. Extending one leg while raising hip and lying on back
1-3 week .. . .
o 3. Raising leg while placing hands on the wall
Equilibrium - - — n N .
exercise 1. Extending one leg while raising hip and lying on back 20min
2. Raising one leg while standing alone,
4-6 week .. . . . .
3. Raising hip while lying on back and placing the leg on the
gym ball
Cool-down Stretching 10min

Deep breathing

5912



The Influences of the Intensive Ankle Joint Strategy Training on the Muscular Strength and Balancing Ability in the Elderly Women

instruments Inc., CS 200 Dynamometer, USA) was fixed
to the test bench after placing the applicator to the plantar
surface of the foot tightly to measure maximum isometric
contraction. All the subject persons wore the same
sneakers, and aligned the joint axis to the axis of the
dynamometer. The other leg not being measured was
fixed with strap at the thigh forming the knee 90 degree,
and the feet was allowed to the supporting board. The
measurement was performed 3 times, taking enough
resting time between each measurement to prevent the
muscular fatigue, and the maximum voluntary isometric

contraction was determined by calculating mean value.

2.4.2 Functional reach test(FRT)

Functional reach test, which measures the farthest
reachable distance with extended the hands while standing
with the supporting part of the leg fixed to the floor, is
used to measure the front and back balancing ability. The
initial position was to form 90 degree of the shoulder
joint flexion, and the final position was the posture of
extending the arms as farthest as can maintaining the
balance, and the difference of the position of the 3rd
metacarpal bone between the initial position and the final
position was measured. Mean value was taken as

measured value after 3 attempts[26].

2.4.3 Star excursion balance test(SEBT)

To test the dynamic stability of the ankle, SEBT was
used as appropriate evaluation having high sensitivity[27].
SEBT measures the distance of extending one leg while
standing with the other leg alone, and the test tool has a
form drawn with 8 lines in 45 degree of space. The
subject person extends the one leg as farthest as she can
along the line of each direction maintaining balance while
standing with the other leg only at the center. The
evaluator measures the distance from the center to the
point extended the leg of the subject in cm. The 8 lines
lateral,

are expressed as the anterior, anteriolateral,

posteriolateral, posterior, medial, posteriomedial, and

anteriomedial according to direction in clockwise[28].

2.5 Data processing
To analyze the data measured in this study, the

descriptive statistics of the mean and standard deviation

were calculated using SPSS 20.0 statistical program, and
to examine the changes between the training effects and
between the groups, one-way ANOVA was conducted. In
addition, for the post hoc tests, Tukey's multiple range
test was used. and the statistically significant level for the

measured values was established to p<0.05.

3. Results

3.1 General characteristics of subjects

The participants were divided randomly as control
group (n=10), experimental group I, (n=10), experimental
group II (n=10). The general characteristics of the

research subjects are shown in Table 3.

3.2 Results of dynamometer measurement

Although the one-way ANOVA results conducted to
test the changes in dyna- mometer among the groups
according to the period of measuring intensive ankle joint
strategy training did not represent the significant
difference in all the groups before the experiment, the
statistically significant difference was represented in the
plantar flexion and dorsiflexion muscle of the
experimental group I and II after the experiment(p<.05).
As a post hoc test, Tukey's multiple range test results
conducted after 6th week of the experiment showed no
statistically significant difference in the experimental
group I, but represented the significant increase in the

experimental group II (p<.05)(Table 4)(Fig. 2)(Fig. 3).

3.3 Results of functional reach test

In the one-way ANOVA results to test the changes in
the functional reach test among the groups according to
the intensive ankle joint strategy training period, no
significant difference were represented in all groups
before experiment, but 6 weeks later, the statistically
significant difference was represented in the experimental
group I and II (p<.05). In the results of Tukey's multiple
range test conducted for post hoc test after 6 weeks, the
significant increase was represented in experimental group
II (p<.05) while no statistically significant difference was

shown in experimental group I (Table 5)(Fig. 4).
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[Table 3] Baseline characteristics of subjects

Control group Experimental group I Experimental group II P
Gender Female : 10 Female : 10 Female : 10
Age(yr) 71.88+2.95 70.78+2.90 72.00+2.07 717
Height(cm) 152.41+4.14 151.90+4.84 150.58+3.92 .891
Weight(Kg) 52.24+5.59 52.33+5.61 52.81+5.93 .982
BMI(Kg/m?) 22.29+2.77 22.81+3.96 23.39+3.25 765

All values are shown in means+tstandard deviation

[Table 4] Comparison of pre-test and post-test for dynameter measurement (unit: Kg)
Control Experimental Experimental F
group group I group II P
Dorsiflexion 5.58+.68 5.96+.17 5.92+.19 1.935 .169
Pre-test
Plantarflexion 4.69+.33 4.89+.21 4.93+.18 3.665 150
Dorsiflexion 5.88+.28 6.15+.29 6.22+.24" 2.079 043"
Post-test t .
Plantarflexion 4.95+.19 5.09+.17 5.20+.20 3.693 .042

All values are shown in meanststandard deviation
Tested by one-way ANOVA(*: p<.05), In the post hoc Tukey’s multiple range test, experimental group I, group I
showed significant difference comparing with control group(T: p<.05, 1 p<.01, T p<.001)

] F l 7

di I
‘|’ °
58 -
B Pre-test a8 W Pre-test
56 -
Post-tset Post-tset
5a - 46 -
52 44 -
5 L L ' L L '

42
Contol group Experimental group | Experimental group Il Contol group Experimental group | Experimental group Il
[Fig. 2] Variation of dorsiflexion muscle [Fig. 31 Variation of plantarflexion muscle
[Table 5] Comparison of pre-test and post-test for functional reach test (unit: cm)
Control Experimental Experimental F
group group I group II P
Pre-test 15.97+2.83 19.55+4.65 17.54+5.22 1.356 279
Post-test 15.89+£3.90 20.39+£6.47 22.52+4.647 3.494 049"

All values are shown in means*standard deviation
Tested by one-way ANOVA(*: p<.05), In the post hoc Tukey’s multiple range test, experimental group I, group I
showed significant difference comparing with control group(T: p<.05, T p<.01, Tit p<.001)
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30

*
25

B pre-test

20
15

Post-tset
10

I I
]I I I

Experimental group | Experimental group Il

Contol group

[Fig. 4] Variation of functional reach test

3.4 Results of star excursion balance

test

In the one-way ANOVA conducted to test the changes
in SEBT among the groups by the intensive ankle joint

strategy training period, the statistical significant

difference was represented in the experimental group I
and II after 6 weeks (p<.05), while no significant

difference was represented in all groups before

experiment. In the results of Tukey's multiple range test
conducted for the post hoc test, the experimental group
I represented the significant increase in the anterior
direction only, and the experimental group II represented
the significant increase in all directions (p<.05)(Table
6)(Fig. 5).

I 1 Contol group
W Experimental group |

Experimental group Il

Anterior
Anteri olate ral

Posteriomedial
Anteriomedial

o Posteriolateral

[Fig excursion balance test

. 5] Variation of star

[Table 6] Comparison of pre-test and post-test for star excursion balance test (unit: cm)
Control Experimental Experimental F P
group group I group II

Anterior 57.38+2.67 57.13£2.90 57.88+2.90 .146 .865

Anteriolateral 63.13+3.52 64.63+2.07 64.63+2.56 6.000 474

Lateral 69.00+4.72 71.13+3.48 71.25+2.71 919 414

Posteriolateral 75.00+3.38 75.13£5.22 76.88+3.31 531 .596

Prectest Posterior 69.00+3.38 69.75£3.96 69.88+4.58 112 .895
Posteriomedial 66.13+2.36 66.63+2.50 67.25+3.20 .346 711

Medial 47.88+2.90 47.50+3.16 46.38+3.38 490 .619

Anteriomedial 54.00+2.73 55.63+2.83 56.13+2.90 3.494 .309

Anterior 57.75%2.60 61.50+2.20 " 60.75+2.12" 5.854 010°

Anteriolateral 63.13+2.70 66.13£3.40 67.50+3.51" 3.862 037"

Lateral 69.25+3.99 72.88+2.59 73.75+2.71" 4.557 023"

Posteriolateral 75.63+2.83 77.75£2.31 79.13+2.03 " 4.273 028"

Post-test

Posterior 70.50+2.14 73.63+2.50 74.00+2.83" 4.704 021
Posteriomedial 66.25+3.85 69.38+2.00 70.75+2.76 " 4.832 019"

Medial 47.50+4.44 50.13+2.80 52.50=3.59 " 3.715 042"

Anteriomedial 54.38+3.62 57.75+3.85 58.63+2.13" 3.723 041"

All values are shown in means+tstandard deviation

Tested by one-way ANOVA(*: p<.05), In the post hoc Tukey’s multiple range test, experimental group I, group I
showed significant difference comparing with control group(T: p<.05, T p<.01, Tiy p<.001)
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4. Discussion

The fall is the most serious problem threatening the
health of elderlies, and the major reasons of the fall are
caused by physical aging such as decrease of the femoral
muscle strength, the decrease of functional range of ankle
joint, damage to the athletics capability, changes in scala
vestibuli, deficiency of balance[29]. Balance control
refers to the ability to control the body in space, and the
most commonly used is the ankle joint strategy[7]. For
the ankle strategy, the proper range of motion and the
muscular strength are required[10], and for the pelvic
limb, typically the centripetal and eccentrical muscular
activities are required functionally[30]. In addition, the
capability to perform functional tasks such as
locomotion, is deeply related to the muscular weakness
of the dorsiflexor and plantarflexor[31]. However, the
balance recover- ing ability using ankle joint strategy in
the elderlies is decreased, and the maximum muscular
strength and the responding time to generate the
muscular strength is delayed[32].

Judge et al[33] reported that the deterioration of
muscular strength in elderlies affects the balance, and to
overcome the unstability in posture, the improvement of
muscular strength is required. The study of Lee[10],
which suggested that the reduction of balancing ability
by the aging occurs by the deterioration of muscular
strength of lower limbs, reported that there is correlation
between the equilibrium and the muscular strength of
lower limbs, and the Kim[21] reported that the balancing
ability was significantly improved after performing the
exercise to increase knee muscular strength using
theraband for the 20

Considering the results of preceding researches, the

elderlies during 5 weeks.
muscular strength can be considered to improve the
balancing ability.

In this study, the plantarflexion and dorsiflexion
muscular strength were measured using dynamometer
[34], which can evaluate the muscular strength clinically
easy and quickly. After the experiment, the statistically
significant difference was represented in the plantarflexion
and dorsiflexion muscle in the experimental group I and
II (p<.05). And in the post hoc test, the experimental
group I did not represent any significant difference, but

the experimental group II represented the significant
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increase (p<.05). This means that the intensive ankle
joint strategy training is much effective for strengthening
the lower limb muscular strength than general lower
limbs exercises.

The air cushion exercise used in the intensive ankle
joint strategy training is the exercise to maintain the
balance on the dome type circular board, and there have
been reports that it has effects to strengthen the muscular
strength around the ankle joint, and to reduce time to
contract the calf muscle[35]. Na et al[19] measured the
difference of the time starting the contraction of anterior
tibial and long peroneal muscle using electro- myogram,
and the results showed that the contraction delay time
was improved both in the persons having functional
instability in ankle and the healthy persons. Considering
that significant improvements of the functional stability
were made in the most of researches using air cushion
exercise, it was judged that the air cushion exercise has
significant effects for both static and dynamic stability of
the ankle joint strategy.

Regarding to equilibrium, the functional reach test is
important to measure the response of the balance
correction[36], and has a close relationship with
balancing ability, which is not to get out from the center,
and flexibility of the ankle joint [3]. Duncan et al[26]
revealed that the functional reach test has high reliability
by studying the relevancy of the functional reach test,
reliability of test and re-test, and the reliability among
the observers from the 128 healthy persons, and reported
that it has correlation with the age. In addition, Shurtleff
et al[36] suggested that the functional reach test value is
varied by the exercise, and the changes in the balancing
ability can be measured sensitively[37,38]. After the
experiment, the statistically significant differences was
represented in the experimental group I and II (p<.05),
and in the post hoc test, the experimental group I did not
represent the significant difference, but the experimental
group II represented the significant increase (p<.05). The
improvement of the functional reach test represented in
this study is consistent with the results of preceding
studies that the improvement in the functional reach test
may reflect the improvement of the ability to control the
front and back direction, which works predo- minantly in
the ankle joint strategy[39].

As a test method to examine the effects on the
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stability of the ankle joint, SEBT test was adopted
because it is suggested as a method to test the stability
of ankle joint effectively with the comprehensive method
to test the muscular strength around the ankle joint and
proprioceptive function[40]. Kim et al[26] reported that
the results of SEBT test conducted after intensive ankle
joint strategy training for 6 weeks showed significant
increase in most of directions, and the intensive ankle
joint training has positive each direction in the
experimental group II than experimental group I (p<.05),
and were consistent with the results of the preceding
researches. Kim et al[28] reported that the exercise on
the unstable circular board would increase the functional
stability of the ankle joint, and the Han et al[17] reported
that the significant changes in the balancing ability
effects on the improvement of functional stability of the
ankle joint together with Romberg test results. The
results of this study also observed significant increase in
were represented by the strengthening of the muscles
around the ankle joint.

So, it was observed that the intensive ankle joint
strategy training is much effective for improving the
balancing ability improvement than general lower limb
exercise.

However, since the results of this study was obtained
by evaluating the effects of balancing improvement by
the experimental movements, it has restrictions to
evaluate the complex balance control such as fall,
dynamic balancing ability, hip joint strategy. In addition,
the variables for the differences in the conditions of
muscular strength by the ages of the research subjects in
this study. And it is hard to assert if the exercise effect
is sustained because the period of performing exercise
was short. So, the author expects that future study would
develop efficient intensive ankle joint strategy training to
improve the balancing ability in elderlies and to
contribute to the stable and effective prevention of the
fall by complementing and correcting the limitations of

this study.

5. Conclusion

In the results of dynamometer, FRT, SEBT conducted

after the general lower limbs exercise and the intensive
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ankle joint strategy training for 6 weeks, the changes in
the experimental group I were not statistically significant,
and the changes in the experimental group II were
increased significantly (p<.05).

To sum up the aforementioned results, the better
results in the muscular strength and balancing were
presented comparing with other two groups by including
resistance exercises using theraband and the intensive
training of the strategy using unstable board and air
cushion when implementing the ankle exercise program
for female elderlies. As such, for the follow-up studies,
it is deemed to be necessary to study on the exercise
program to fit the individual characteristics by adding

diverse tools and methods used for ankle.
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