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ABSTRACT: With the development of science and medical technology, the average lifespan of people is getting
longer and the aging process is rapidly progressing. The aging of the population is not an individual or family
problem, but a social task that future generations must bear. This study attempted to investigate how
participation in underwater exercise programs such as walking forward and backward in water affects
functional fitness, bone mass index, and immune-related factors of elderly women. Walking forward and
backward in water was conducted for 22 elderly women who participated in the underwater exercise program.
Functional fitness (muscle strength, muscular endurance, flexibility, balance, coordination, and mobility tests),
bone mass index, and immune-related factors (active oxygen, antioxidants) were measured and analyzed
according to 12 weeks of the underwater exercise. Functional fitness factors after participating in underwater
exercise (muscular strength, muscular endurance, flexibility, balance, coordination, movement ability), bone
quality index, and immune factors (active oxygen, antioxidant capacity) showed significantly positive changes,
respectively. As discussed above, it was found that regular participation in underwater exercise had a positive
effect on the functional physical strength, bone mass index, and immunity of elderly women. Therefore, we
expect that water walking exercise will be included in the health promotion exercise program of the elderly who
have brought about physical decline.
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I.

INTRODUCTION

Although life expectancy is getting longer due to the development of medical science and technology,
health life expectancy is getting shorter due to various factors such as lifestyle. According to the 2020 Social
Indicators-Life Table of Korea by Statistics Korea (KOSIS, 2021), the healthy life expectancy (excluding the
illness period) is more than 15 years apart from the life expectancy, acting as a factor that increases the
economic burden on individuals, families and the nation.
Healthy life expectancy is the average life expectancy minus the period of illness or injury. It is a
health indicator that indicates how long you have lived in good health rather than simply how long you have
lived. In the age of aging, healthy life expectancy rather than life expectancy plays an important role in
determining the quality of life. Unlike the increased life expectancy, the degeneration of the body's
musculoskeletal system and physiological changes with aging negatively affect the activity and independence of
life in old age. Therefore, the question and interest in how to suppress the changes in old age to the maximum is
increasing. In particular, it is reported that physical function is considered the most important factor for health in
old age and is closely related to regular exercise habits (Mosallanezhad et al., 2014; Aboarrage et al., 2018;
Tung et al., 2020).
Physical function is important to lead an independent and active life as we age. However, as we age,
we inevitably undergo various physiological changes. In the physical aspect, the decrease in exercise capacity is
accelerated due to the overall decrease in muscle mass, the overall physique is reduced, and the decrease in bone
mass and lack of flexibility limits normal movement and makes bones prone to fracture. In addition,
physiological function deterioration such as a decrease in body temperature control and excretion function, a
decrease in sleep time and quality, an increase in the number of excretions at night, and an increase in blood
pressure due to temperature changes appear. It is accompanied by a decrease in sensory function, and the
reaction time to hot and cold things is prolonged, and the functions of sight, hearing, smell and touch are
deteriorated. For this reason, the elderly suffer from chronic diseases and pain as not only the incidence of
diseases is higher than when they are young, but also the recovery period takes longer (Shigmatsu et al., 2008;
Liu & Latham, 2010; Kim, 2012).
Exercise, nutrition, and rest are important factors for a healthy lifespan. In particular, it is a well-known
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fact that exercise plays an important role in the health of the elderly. It is reported that the aging phenomenon
cannot be artificially changed, but various functional declines due to reduced physical activity can be prevented
by regular exercise participation. A regular lifestyle can reduce chronic disease-related mortality by 47% and
increase life expectancy by 9.3 years worldwide (WHO, 2009). Recently, it has been reported to have a positive
effect on brain function (Erickson et al., 2011; Suwabe et al., 2018; Gujral et al 2017; Xu et al,. 2019). However,
the proportion of the elderly participating in exercise is about 45%, and even if they participate in exercise, it is
reported that they participate for only 15 minutes, and improvement measures are urgently needed (KOSIS,
2021).
Despite the many advantages of exercise, in the case of the elderly, if physical activity is wrong due to
degenerative changes, it can have an excessive influence on the weakened joints. And because of these factors,
the elderly's exercise can be further restricted. Considering the specificity of the elderly, it is desirable to
consider the physical factors of the elderly, and to select an exercise that is not restricted by facilities, space, and
economics. The cost or equipment required for exercise should be minimized, and programs that can be easily
followed anywhere are most desirable, and at the same time, it can be a good exercise program only if there are
no restrictions on where multiple people can exercise (Jessup et al., 2003). In this context, one of the sports that many
people are participating in recently is the aquatic exercise. Various forms of aquatic exercise, including
underwater walking, have been reported to improve weight loss and joint mobility, movement, muscle strength,
and endurance in the elderly with poor physical function, while reducing gravity using water buoyancy. In
particular, it is recommended that elderly people with poor physical function actively participate in aquatic
exercises that can have various effects such as strengthening body balance and preventing chronic diseases
without causing strain on their spine and joints (Pérez & Cruz, 2017 ; Waller et al., 2017 ; Narasaki-Jara et al.,
2020 ; Fantozzi et al., 2020; Fuentes-Lopez et al., 2021).
Therefore, the purpose of this study was to investigate the effect of water walking exercise on functional fitness,
bone mass index, and immune factors related to healthy lifespan for the elderly with reduced physical function due to the
increase in age.

II.

METHODOLOGY

1. Subject
The subjects of this study were 30 who voluntarily participated in a health class conducted at N
University among 65-80 year-olds in G city. Among them, 25 people who did not have any specific medical
findings and who wished to participate actively by explaining the purpose and method of the study were
selected. In order to enable all subjects to understand and practice the behavior patterns which can impact on the result during this
study period, we educated them and received test agreements from them. Finally, among them, 3 subjects who did not
faithfully implement the exercise program were excluded from this experiment, and the final number of
participants was 22 (69.83±5.02 yrs, 156.23±3.59cm, 57.96±7.26 kg).
2. Experimental procedure & Design
In order to adapt the subjects to the experiment and treatment, the main exercise for 12 weeks was
conducted after 1 week of preliminary exercise. The underwater exercise program was reorganized to treat
injuries with water exercise recommended by Roberts et al.(1996). At the frequency of five times a week
(Monday, Tuesday, Wednesday, Thursday, and Friday), it was conducted as a warm-up, main exercise, and
cooling down for 50 minutes each time. The time for each underwater exercise was kept constant, and the
intensity of the exercise was configured to be 13~15 (a little difficult~difficult) of the rating of perceived
exertion (Kisner & Colby, 1996). This exercise program consisted of eight movements: riding a bicycle in water,
twisting the body with the hands on the sides, twisting the torso with the arms open, spreading arms, crossing
the arms, lifting the knees, hanging the legs on the wall, and walking forward-backward in the water. At a depth
of 120cm, the upper body was kept upright within a range where pain was not felt. In other words, in the
movement of walking forward underwater, the center was moved in order from the foot jump to the front while
watching the front in a straight posture. In the movement of walking backward underwater, the center was
moved from the heel to the heel, contrary to the movement of walking forward. In the backward walking
motion, at first, it was moved while holding the rope so that the center of gravity was not lost. In the movement
of walking forward and backward in water, the arm movement was maintained naturally.
3. Evaluation items & method
Functional fitness closely related to health life was measured for muscle strength, muscular endurance,
flexibility, balance, coordination, and mobility tests according to the guidelines of the elderly fitness test
developed by Riklia & Jones(2001). Muscle strength(grip), muscular endurance(cahir & stand), flexibility(sit &
reach test), balance(one leg stance), coordination(up & go test), and mobility tests(10m walking speed) were
measured at 10 a.m. twice before and after underwater walking exercise. The measurement of the line-up in the
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chair was made to sit on the chair for 30 seconds according to the signal with the arms crossed on the chest in an
X-shaped shape and the standing-up was repeated as much as possible. Standing up and walking (up & go test)
from the chair measured the time it took to get up from the position of sitting on a chair without an armrest and
return 3m away and sit again. The 10m walking test measured the time required for both feet to pass through the
end line by drawing a 10m red line on the ground and making a start line and an end line on both sides so that
they could walk as quickly as possible with the start.
The bone mass index was measured for the right longitudinal region using equipment SONOST
2000(Oseteosis, Kor.) using a quantitative ultrasonic dry method, which Sosa et al.(2002) reported that
longitudinal measurement was a safe and reliable method for evaluating skeletal condition. The measurement
procedure is first, perform a daily inspection of the device condition, apply ultrasonic gel to the longitudinal
bone (ankle), adjust the foot support, and insert it vertically. Bone mass index was measured twice as a
diagnostic index of bone density, and the average value was calculated for each.
Immunity measurement was performed by measuring free radicals and antioxidant capacity
(antioxidants), which are reported to be closely related to aging, bone mass index, and healthy lifespan. The
active oxygen items d-ROMs(derivatives of reactive oxygen metabolites) and antioxidant capacity
BAP(biological antioxidant potential) were measured using the FRAS4 system (free radical analysis system,
fras4 H & D Ltd, ITALY).
4. Statistical analysis
The measured values obtained in this experiment were calculated using the SPSS Package
Ver.21.0 statistical processing program to calculate the mean and standard deviation for each
measurement item. All data were subjected to error verification to maintain the accura cy of data
analysis. Comparison of related variables before and after aquatic exercise was verified by paired t -test.
All statistical significance levels were set to .05.

III.

FINDINGS

The purpose of this study is to investigate the effects of 12 weeks of water exercise on functional
fitness, bone quality index, and immunity related factors in elderly women aged 65-80 years, and the results are
shown in <Table 1>.
표 5. Change of related variables after aquatic exercise

M ± S.D
Osteoporosis
factor

Functional fitness factor
Muscle
endurance

Coordination

Balance

Flexibility

Mobility

BQI

Free radical

Antioxidant

Grip
( kg)

Chair &
Stand(num)

Up & go
(sec)

One leg
stance(sec)

Sit &
reach(cm)

10m
walking(sec)

BQI
(score)

d-ROMs
(carr, u)

BAP
(μ㏖)

BEX

20.69±3.9
1

11.25±1.57

15.36±4.19

11.63±2.08

2.69±0.52

7.15±1.55

53. 78
± 14.72

436. 82
± 60.57

1537.68
± 119.85

AEX

25.53±4.3
6

15.09±3.26

11.16±3.08

16.21±3.03

5.19±1.02

5.29±106

60.94
± 13.69

398. 61
± 46.58

1906.37
± 125. 81

t-value

3.9425**

3.5683**

3.3986**

4.9301**

2.2465*

2.1731*

2.1383*

3.1395**

4.0453**

Division

D Muscle
sttength

Immunity factor

1 CARR.U ; 0.08mgH2O2, Values are means ± SEM. *,**Significant different among group(p<0.05, p<0.01), AEX; after exercise, BEX; beforre
exercise, Chair & Stand; sitting and standing on a chair, Up & go; stand up from a chair and walking, One leg; standing on one foot with
eyes open; Sit & reach;sitting and bending forward, 10m walking; 10m walking speed, BQI;bone quality index index, d-ROMs;derivatives of
reactive oxygen metabolites,, BAP; biological antioxidant potential.

As shown in Table1, among the factors related to functional fitness after participating in underwater
exercise, muscle strength(p<.01), muscular endurance(p<.01), coordination(p<.01), balance(p<.01), flexibility
(p<.05) , and mobility (p<.05) showed significant changes, respectively. In addition, after participating in water exercise,
bone mass index (p<.05) among factors related to bone density, active oxygen index(d-ROMs; p<.01) and antioxidant ability
index(BNP, p<.01) among immune-related factors, respectively, showed significant changes.
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IV.

DISCUSSION

With the development of medical science, the lifespan of human beings is increasing day by day, and
we have to spend 1/3 of our lives as the elderly. But increasingly, people are not satisfied with just living their
life expectancy. People crave to live as healthy as possible. So what should I do? It totally depends on the
practice of lifestyle including exercise.
All parts of the body have their own functions, and if used and moved properly, they become healthy,
their body functions develop well, and they age slowly and healthy. However, if not used, it is prone to disease,
and if not developed, it quickly ages. Depending on the degree of the various activities you engage in during this
life, you can age quickly or grow old slowly. In other words, aging is a natural phenomenon that comes to all
people, so it is important to know how to delay the aging process and practice it in life.
In the case of the elderly, various exercises are designed and recommended to prevent various
degenerative changes because they often hesitate to participate in physical activities due to excessive effects on
weakened joints (Fatouros et al., 2002; Jessup et al., 2003).
In this context, the elderly have recently participated in underwater exercises that can minimize
accessibility, mobility, and psychological barriers when activities are limited due to chronic pain and health
problems. Underwater exercise can stimulate all the important muscles in the body. Buoyancy by water has the
advantage of being able to accept most of the shocks caused by exercise, eliminating the fear of falling, and
effectively relieving daily stress (Huey & Knudson, 1982; Wilder & Brenan, 1993). In addition, it is more
effective in improving overall physical strength than other exercises, and it is not only suitable for developing
joint function and cardiopulmonary endurance, but also refreshing after exercise (Fantozzi et al., 2020). In
water, the weight is only 10% compared to the ground, which puts less load on joints, bones, tendons, ligaments,
and muscles. For this reason, exercise in water is effective for people with back problems, people with weak
knees and hip joints, osteoporosis, and limited joint mobility.
In particular, underwater exercise is a well-known technique of physical activity, and ancient doctors
report that water-based prescriptions have the property of healing wounds or pain, preventing the recurrence of
tension or injury commonly occurring in other exercise programs, and at the same time resistance (Nagle et al.,
2003). In other words, since underwater exercise has a low risk of injury due to excessive movement, it can be
applied to joint-related diseases, back pain patients, and elderly people with limited joint range due to an
increase in age through reconstruction of exercise intensity and program items.
Functional fitness refers to the ability to safely and independently perform daily life activities without
fatigue. Functional fitness is multidimensional and includes strength, muscular endurance, flexibility, agility,
and balance. Functional fitness is a concept similar to health-related fitness, which is defined as the ability to
vitalize daily life or to prevent diseases related to lack of physical activity at an early stage, and is being used as
an indicator of healthy aging (ACSM, 2019).
Many studies have reported that regular exercise participation is effective in reducing physical
function(strength, muscular endurance, flexibility, balance, agility, and coordination) due to aging (Rikli & Jones,
2014; Eibich et al., 2016; Tung et al., 2020; Pullyblank et al., 2020). Akune et al.(2014) reported that people who
regularly participate in exercise in middle age maintain high muscle strength and muscular endurance in old age.
Siddiqui et al.(2010) reported that regular exercise participation improves all movements of the body, especially
flexibility can improve the quality of life by improving muscles, joints, and ligaments. In addition, Edelberg(2001)
reported that the decrease in equilibrium due to aging is caused by weakening of the overall lower body muscle,
and it is necessary to improve balance and water-soluble sensory functions through regular physical activities. In
particular, it is reported to be effective for health-related fitness and functional fitness after participating in
underwater exercise, including walking in the water, targeting people with musculoskeletal disorders, low back
pain, obese people, and the elderly (Pérez & Cruz, 2017 ; Waller et al., 2017 ; Narasaki-Jara et al., 2020 ;
Fantozzi et al., 2020; Fuentes-Lopez et al., 2021).
In this study, there was a positive change in functional fitness after conducting underwater exercise
(forward-backward walking) with exercise intensity of RPE (Rating of Perceived Exertion) in the elderly who
complained of pain due to physical dysfunction, showing a difference in age and increase, but it tends to be
consistent with previous studies.
Osteoporosis appears as bone mineral mass and bone density decrease due to aging, family history,
amenorrhea, malnutrition, menopause, and reduced physical activity. Recently, active oxygen and antioxidant
capacity, which play an important role in the aging process, have been highly correlated with osteoporosis
(Cervellati et al., 2012). In particular, since it can significantly lower the quality of life as it leads to fractures, it
is emerging as a serious problem not only in the present but also in the future society, so proper management
and prevention are necessary (Kobayashi & Hwang, 2021; Pollycore & Simon, 2012).
A regular exercise habit is recommended as part of preventing osteoporosis (Simas et al., 2017). The
rapid decrease in bone density with increasing age slows or increases the decrease in bone mineral density after
regular exercise participation (Beck & Snow, 2003). Regular participation in postmenopausal women prevents
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bone loss in the lumbar and femoral regions or increases by 1% per year, and weight-bearing exercise is
essential to skeletal health and acts as the most important external factor for bone development and
reconstruction (Blanshet et al., 2002; Beck & Snow, 2003).
This study showed a significant change in the bone mass index after participation in underwater
walking exercise, consistent with previous studies that showed an increase in bone density after participation in
high-intensity underwater exercise and an increase in bone strength while preventing bone loss ( Blanshet et al.,
2002; Beck & Snow, 2003; Lui et al., 2008; Aboarrage et al., 2018). This result is believed to be due to the
delay in bone loss as the weight load walking activity in water acts as an increase in physical load.
When we consume food, a byproduct called active oxygen is generated in the process of converting it
into an energy source. This active oxygen is a necessary substance, but it has deadly toxicity. Active oxygen
adheres to genes and causes damage, and as a result, aging and disease progresses and causes diseases such as
cancer. In addition, it is reported that active oxygen can be useful for the diagnosis of osteoporosis in
menopause women because it plays an important role in bone-reabsorption and bone mass reduction while
affecting the survival and production of osteoblasts, osteoblasts, and osteoblasts (Zhao et al., 2012).
Most of these active oxygen are neutralized by antioxidants. Since antioxidants in skeletal muscle and
intracellular tissue mitochondria increase after regular exercise participation, it is recommended to actively
participate in regular exercise as you age. The antioxidant capacity is the first reaction to protect tissue from the
influence of active oxygen and serves to prevent the formation of new active oxygen, and the degree of
activation of the antioxidant capacity may vary (Michaelides et al., 2011; Suntraluck et al., 2017; Ceci et al.,
2020). Regular exercise participation has been reported to improve muscle function while improving the ability
to protect cells exposed to active oxygen, thereby inhibiting the increase in new active oxygen (Aoi & Sakuma,
2011; Parolini et al., 2018).
In this study, there were also positive changes in active oxygen and antioxidants after participating in
weight load underwater exercise (forward and backward walking). This study tended to be consistent with
previous studies reporting an increase in antioxidants after participating in 12-week exercise in elderly women
(Rosado-Perez et al., 2012), a decrease in free radicals after 8 weeks of walking exercise in elderly people aged
60 to 85 (Cetin et al., 2010), and an increase in antioxidants after participating in underwater exercise in
hypertension patients (Da Silva et al., 2018). This result is believed to be due to the improvement of the body's
antioxidant defense system and suppression of new active oxygen as underwater exercise (forward and
backward walking) improves skeletal muscle mass and physical function by exercising all upper body muscles
such as arms, shoulders, chest, and back muscles while walking (Berzosa et al., 2011).

V.

CONCLUSION

As such, exercise in water (forward and backward walking) had a positive effect on functional fitness,
bone quality index, and immunity (active oxygen, antioxidant capacity), which are closely related to healthy
aging and healthy lifespan. Therefore, it was confirmed that water walking exercise can be recommended as an
exercise method to prevent deterioration of physical function due to aging.
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