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Abstract During water exercise, it was established that heart rate, oxygen uptake and body
temperature respond to the influence of water pressure, temperature, buoyancy, and viscosity.
This review explains the principle and theory that physiological response could become a bene-
fit of health promotion. The heart rate during water immersion is lower than on land. The blood
pressure of young subjects in water is much lower than on land at thermo-neutral conditions,
while for old subjects it is higher than on land. Blood pressure increases in water with age due
to an age-associated reduction in vascular dispensability. Water pressure and vascular elasticity
can affect systolic blood pressure. Capillary vessels expand after exercise in water. When the
water level is increased, the volume of the venous return seems to increase; and when the water
level decreases, the volume of the venous return decreases. The change in volume of venous
return depends on exercise intensity. Physiological indexes apparently change with water tem-
perature to even higher and lower levels than the thermo-neutral. Depending on the viscosity
of the water, the oxygen consumption changes. Depending on the water level, the load weight
changes. Depending on the exercise movement speed, the oxygen consumption changes. The
physical characteristics of water could provide an index and a big benefit for health promotion.
In addition, one can expect water exercise to have a beneficial preventive effect on lifestyle-
related diseases such as obesity and diabetes.

Keywords : water exercise, health promotion, water pressure, water temperature, buoyancy, viscosity

Introduction

During temporary acute exercise, physiological function
corresponds to mobilizing the respiratory and circulatory
function for maintaining homeostasis. Physiological func-
tions are well adapted to exercise adding the morphologi-
cal and functional changes that the physiological response
could decrease if acute exercise were undertaken. It is
called the training effect or physiological adaptation. The
training effect or physiological adaptation could increase
the benefit enough to complement Activity of Daily Liv-
ing (ADL), to change physiological functions by exercise.
During water exercise, it could be established that the
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heart rate, oxygen uptake and body temperature respond
to the influence of the physical characteristics of water
(water pressure, temperature, buoyancy, viscosity, etc)' %
Previous studies demonstrated physiological responses to
changes in the physical characteristics of water, and that
such responses differed from those coming from land-
based exercise’™*". We introduce the theory that physio-
logical response benefits from water exercise, and explain
its practical use for health promotion. And, especially, this
review explains the principles (the universal laws of wa-
ter) and the theories (points of view based on the univer-
sal laws) derived from the differences between exercise in
water and on land.
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Heart rate and water immersion

Changes in heart rate while standing in water. The prin-
ciple: The heart rate during water immersion is slower
than on land. The theory: It could quicken the venous
return due to the water pressure on the veins. This is be-
lieved to be a reason for the increase in stroke volume and
decrease in heart rate.

It could cause the transfer of cell sap from cellular tis-
sue to a blood vessel, as working the hydraulic pressure
of 0.1 atmospheres while in water. This could enhance the
venous return causing an increase in central cardiovascu-
lar volume™. And it could increase the volume of venous
return, which causes an increase in cardiac output™. A
slower heart rate during water immersion is mainly con-
tributed to the greater venous return-associated increase
in cardiac output. These phenomena could happen within

though the decrease in heart rate during immersion occurs
regardless of gender or age, age attenuates the decrease in

heart rate*”.

Changes in heart rate during water exercise. The prin-
ciple: The heart rate during water exercise is very low
compared to land exercise at a given oxygen demand,
especially at low exercise intensity. The theory: Water
exercise could increase the benefit of venous return, de-
pending on the lower exercise intensity.

When exercising at the same oxygen uptake, the el-
evated heart rate in water is lower than on land (Fig. 1,
Fig. 2)*”. Exercise in water includes facial immersion and
results in a decreased heart rate known as mammalian
diving reflex®. While water exercise programs consist of
whole body immersion, such as Zen or meditation in wa-
ter, it takes into consideration the autonomic nerve func-

about 20 seconds after immersion, and a “delay in arrival” tion.
phenomenon could depend upon the water level™. Al-
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Blood pressure and water immersion

Changes in blood pressure while standing in water. The
principle: The blood pressure of young subjects in water
is low compared to on land, while for older subjects the
blood pressure is higher in water than on land. This ten-
dency is the same regardless of gender. The theory: The
blood pressure in water decreases due to an age-associat-
ed reduction in vascular dispensability.

The blood pressure of 20-year-old men standing in
water was significantly lower than on land. In contrast to
young men, older men demonstrated that their blood pres-
sure in water was higher than on land***". It is speculat-
ed that these changes may be related to vessel stiffening

with advancing age, but remains unclear**”.

Changes in blood pressure while in water. The principle:
The systolic blood pressure is lower during exercise in
water than on land, while diastolic blood pressure is lower
during recovery in water than on land. The theory: The
water pressure and vascular elasticity could affect systolic
blood pressure. Capillary vessels expand more after exer-
cise in water.

Changes were noted in blood pressure of young men
during exercise in water and on land at the same exercise
intensity®”. The systolic blood pressure in water tends
to be lower than on land; and, furthermore, the diastolic
blood pressure after exercise in water is also lower™.
Normotensive subjects demonstrate a tendency for a
reduction in blood pressure in water immersion*”. How-
ever, changes in blood pressure of hypertensive and older
subjects are inconsistent with normotensive and young
subjects. Aging, arterial stiffening and weakening of baro-
reflex sensitivity are seen as the causes of this™*".

Changes in the venous return while standing in water

At rest. The principle: When the water level is increased,
the volume of the venous return could be augmented,
and the increased volume could decrease following a re-
duction in water level, which shows a similar tendency
regardless of gender. This relationship is attenuated with
advancing age. The theory: The volume of the venous
return is positively associated with the water pressure or
water level.

When the water level is increased or the depth of the
water is deepened, the volume of venous return is promot-
ed’®. However, when the water level is low, the volume of
blood vessel return is almost the same as while standing
on land. Fig. 3 shows a comparison between in water and
on land of a cross-sectional area of the abdominal vena
cava in a standing position”*”. The cross-sectional area
of the abdominal vena cava is significantly increased fol-
lowing a rise in water level (Fig. 4)°”. This shows that the
volume of venous return could increase depending on the
water pressure. Also, the stroke volume is significantly

On land condition

In water condition

Fig. 3 Comparison of the cross sectional area of inferior vena
cava between on land condition and in water condition
using a B-mode echocardiography. O: inferior vena cava
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Fig. 4 Changes in cross area of inferior vena cava in different
water depths. C-condition, out of water, T-condition,
trochanter major, P-condition, processus xiphoidens, A-
condition, axilla. Values are means + SD. *p<0.05 com-
pared with control.

increased when the water level reaches to the xiphoid
process’”. Considering these increases in venous return
and stroke volume depending on water level, there is a
corresponding increase in stroke volume that exceeds the
standard value (the threshold), and a higher volume of
blood is retained in the abdominal vena cava.

Changes in the venous return during exercise. The prin-
ciple: The changes in volume of venous return are depen-
dent on exercise intensity. The theory: Based on the level
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of intensity, it could pool the blood in the abdominal vena
cava, and could control the quantity of blood to the pul-
monary artery.

The previous study compared the change in the cross-
sectional area of the abdominal vena cava in water and on
land during hand ergometer exercise at identical intensi-
ties (20%, 40%, 60% VO ma). Water temperature was 30
degrees Celsius, and water level was at the xiphoid pro-
cess (Fig. 5)*. The cross-sectional area of the abdominal
vena cava significantly expanded during immersion.
During water exercise at 20% VOxmax, the cross-sectional
area of the abdominal vena cava was unchanged from the
baseline value and was unchanged immediately after ex-
ercise; though there were signs of recovery at around ten
minutes. During water exercise, the cross-sectional area
was a significantly greater value in all phases compared
to on land exercise. During on land exercise, the cross-
sectional area of the abdominal vena cava became smaller
after the exercise ended. During water exercise at 40%
VOum, the cross-sectional area of the abdominal vena
cava immediately decreased from the onset of exercise.
However, the decreased cross-sectional area during water
exercise was significantly greater than the same condition
on land. During water exercise at 40% VO2max, the cross-
sectional area of the abdominal vena cava decreased from
the onset of exercise, and was almost the same value on
land after 10 minutes from the onset of exercise. After
exercise, the cross-sectional area of the abdominal vena
cava decreased on land and increased in water, and the
difference was significant. These scientific findings sug-
gest some physiological benefit to in water exercise. The
reasons why there is more venous return during in water
exercise than on land exercise is because of the difference
in the muscle pump action and the effect of the water
pressure. In particular, exercise in water to an intensity of
60% VO2ma has effective and beneficial results.

Relationship between physiological index and water
temperature

The principle: Physiological indexes could be affected
by water temperatures higher and lower than the thermo
neutral. The theory: Changes in autonomic nervous activ-
ity in water are almost the same as those on land if the
water temperature is thermo neutral. When the water tem-
perature is lower than thermo neutral, sympathetic nerve
activity is enhanced; and when higher, parasympathetic
nerve activity is increased.

The water temperature (a swimming pool in Japan)
during water exercise is usually within the range of
30~32°C . At these ranges of water temperature, the rec-
tal temperature is lower, because thermal conductivity
of the water is high. The body temperature temporarily
decreases immediately after submersion, and the heart
rate slightly rises. Also, systolic blood pressure increases
immediately after water immersion. When water and air
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Fig. 5 Comparison of cross sectional area of inferior vena
cava between exercise on land and exercise in water. (a:
20%V0,max b: 40%VO,max c: 60%VO,max) Values
are means + SD. ¥p<0.05
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temperatures change, the temperature control function in
healthy adults acts to maintain homeostasis; but the elder-
ly, infants and young children are more easily affected by
changes in temperature. This disadvantage of blood pres-
sure in the elderly and children is due to the autonomic
nervous system and body composition (e.g. fat mass),
respectively. Concerning the cases of in water exercise
for such subjects, we recommend that exercise instruc-
tors monitor water conditions carefully just after subjects
enter the water. Wearing a thermal insulation swimsuit is
an effective countermeasure for the winter season®. The
autonomic nervous system contributes to maintaining the
body temperature in response to changes in ambient tem-
peratures, which is subconsciously regulated. In addition,
when exercising, the autonomic nervous and endocrine
system cooperate to favorably promote an increased heart
rate, blood pressure, excessive sweating, and generate
heat for metabolic function. Heart parasympathetic sys-
tem activity after exercise is significantly increased after
immersion in a face-up position*”. Although heart para-
sympathetic system activity is attenuated by exercise, wa-
ter immersion at the supine position augments the attenu-
ated activity®”. The heart parasympathetic system activity
of older and middle-aged subjects is enhanced following
water immersion after exercise’”. These enhancements
are significantly different between in water and on land
exercise. This suggests that immersion after exercise has
benefit (the surplus energy that the water environment
brings) for older and middle-aged subjects.

Relevance of physiological responses and water viscosity

The principle: Oxygen consumption is affected by the
viscosity of the water. The theory: When the viscosity of
the water increases, the level of resistance increases, lead-
ing to greater oxygen consumption.

Dissolving carboxymethyl cellulose (CMC) permits
changing the viscosity of water without affecting the
buoyancy. At 30 degrees Celsius, water of 1% CMC has
a viscosity of 470 cP. The viscosity of fresh water at 20
degrees Celsius is 1 ¢P. When subjects walked using the
water treadmill in fresh water, the heart rate and oxygen
uptake significantly increased. There is an exponential
relationship between the concentration of CMC and the
viscosity of water. Oxygen uptake is highest for treadmill
walking on land, followed, respectively, by treadmill
walking in water with the knees at water level, water
treadmill walking with the hips at water level, water
treadmill walking with the knees at water level of water
with viscosity, water treadmill walking with the hips at
water level of water with viscosity’”. When working on
the water treadmill in both 22 degrees Celsius and 1% of
30 degrees Celsius CMC water (with viscosity), the rectal
temperature in 22 degrees Celsius fresh water decreased
and the viscosity of the water increased”. It is speculated
that an increased rectal temperature in viscosity water

was induced by the higher resistance of the viscosity and
lower thermal conductivity. Therefore, exercise intensity
can be adjusted by regulating viscous density.

Relevance of physiological indexes and buoyancy

The principle: A change in load weight depends on the
water level. The theory: When increasing the water level,
the body’s buoyancy is increased, according to Archime-
des’ principle.

Our study predicted a load weight loss based on water
level (Fig. 6)*. It was measured with the load weight
of seven sites (water level). The mean of the percent of
body fat was 20 £ 2.3%. This equation can estimate load
weight when substituting the ratio of water level to height
as an independent variable™. When the percent of body
fat is higher than 20%, it is speculated that the curve
shifts lower and more to the left. In the case of lower than
20% body fat, the curve would shift upwards and more
to the right. We postulate that this knowledge is useful in
exercise prescriptions for obese patients.

Relevance of physiological responses and speed of body
motion

The principle: A change in oxygen consumption de-
pends on the speed of body motion. The theory: When
movement is faster, resistance is increased in proportion
to the square of the speed, resulting in increased oxygen
consumption.

The basic movement of aqua (in water) exercise con-
sists of a vertical motion, right and left action, and move-
ment to and fro. A faster movement tempo/rhythm/beat
significantly increases of the movement the heart rate and
oxygen uptake’”. This suggests that the tempo/rhythm/
beat of music could be utilized as an index for exercise
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Fig. 6 The relationship between %body weight and %body
height.a: center of tibia, b: knee joint, c: thighbone, d:
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intensity””. It is considered that water viscosity, as a
method for changing the speed of movement during in
water exercise, is an effective methodology””.

Summary

In the water, it is the environment that is extremely use-
ful for the health promotion in elderly people. The physi-
cal characteristics of water could provide greater benefit,
as assessed by the physiological indexes for health pro-
motion. In addition, water exercise is effective for im-
proving health indicators and the prevention of lifestyle-
related diseases such as obesity and diabetes.

References

1) Craig AB and Dvorak M. 1969. Comparison of exercise in
air and in water of different temperatures. Med Sci Sports 1:
124-130.

2) McArdle WD, Magel JR, Lesmes GR and Pechar GS. 1976.
Metabolic and cardiovascular adjustment to work in air and
water at 18, 25, and 33 degrees C. J Appl Physiol 40: 85-90.

3) Galbo H, Houston ME, Christensen NJ, Holst JJ, Nielsen B,
Nygaard E and Suzuki J. 1979. The effect of water tempera-
ture on the hormonal response to prolonged swimming. Acta
Physiol Scand 105: 326-337.

4) Gleim GW and Nicholas JA. 1989. Metabolic costs and
heart rate responses to treadmill walking in water at different
depths and temperatures. Am J Sports Med 17: 248-252.

5) Onodera S, Kimura K, Miyachi M, Yonetani S and Hara H.
1992. Influence of viscous resistance on heart rate and oxy-
gen uptake during treadmill walking in water. Jpn J Aero En-
viron Med 29: 67-72 (in Japanese).

6) Onodera S, Miyachi M, Kimura K, Yonetani S and Nakamura
Y. 1993. The effects of viscosity and depth of water on energy
expenditure during water treadmill walking. Descente Sports
Science 14: 100-104 (in Japanese).

7) Onodera S, Miyachi M, Yano H, Kimura K, Nakamura Y
and Ikeda A. 1993. Influence of viscous resistance and water
temperature on oxygen uptake and rectal temperature during
treadmill walking in water. Kawasaki J Med Welf3: 167-174
(in Japanese).

8) Onodera S, Miyachi M, Yano H, Nakamura Y and Kimura K.
1994. Effect of differences in buoyancy of water on oxygen
uptake and heart rate during swimming. Med Sport Sci Basel
Karger 39: 126-130. ’

9) Onodera S, Miyachi M, Yano H, Yano L, Hoshijima Y and
Harada T. 1999. Effect of buoyancy and body density on en-
ergy cost during swimming. Biomechanics and Medicine in
Swimming VIl 8: 355-358.

10) Onodera S, Ono J, Tooyama T, Matsuzaki H, Amaoka H and
Hayata G. 2000. Effects on heart rate and oxygen uptake dur-
ing deep water exercise. Kawasaki J Med Welf 10: 409-411
(in Japanese).

11) Ritchie SE and Hopkins WG. 1991. The intensity of exercise
in deep-water running. Int J Sports Med 12: 27-29.

12) Town GP and Bradley SS. 1991. Maximal metabolic respons-
es of deep and shallow water running in trained runners. Med
Sci Sports Exerc 23: 238-241.

13) Whitley JD and Schoene LL. 1987. Comparison of heart rate
responses water walking versus treadmill walking. Phys Ther
67: 1501-1504.

14) Bergh U and Ekblom B. 1979. Physical pesformance and
peak aerobic power at different body temperatures. J App!
Physiol 46: 885-889.

15) Cannon P and Keatinge WR. 1960. The metabolic rate and
heat loss of fat and thin men in heat balance in cold and warm
water. J Physiol 154: 329-344.

16) Craig AB Jr and Dvorak M. 1968. Thermal regulation of man
exercising during water immersion. J Appl Physiol 25: 28-35.

17) Holmér I and Bergh U. 1974. Metabolic and thermal response
to swimming in water at varying temperatures. J Appl Physiol
37:702-705.

18) Niwa K. 1992. Circadian variation of thermoregulatory re-
sponses during rest in water. Jpn J Phys Fitness Sports Med
41: 255-260 (in Japanese).

19) Hotta N, Ogaki T, Kanaya S and Fujishima K. 1995. Exercise
therapy using a new water exercise device (flowmill) in water
by the middle-aged and elderly. Bull Phys Fitness Res Inst
88: 11-17 (in Japanese).

20) Ogaki T, Hotta N, Kanaya S, Fujishima K, Shimizu T and
Shono T. 1995. Hormonal and metabolic responses to low
intensity prolonged swimming at three water temperatures.
Int J Sport Health Sci 40: 80-88 (in Japanese).

21) Risch WD, Koubenec HJ, Beckmann U, Lange S and Gauer
OH. 1978. The effect of graded immersion on heart volume,
central venous pressure, pulmonary blood distribution, and
heart rate in man. Pflugers Arch 374: 115-118.

22) Watanabe H, Miyagawa T, Fujimoto S, Miyamoto T aund
Nishimura N. Influence of water immersion levels on both
cardiorespiratory responses and muscle activity in lower ex-
tremity during treadmill walking. Descente Sports Science
16: 252-259 (in Japanese).

23) Whitley JD and Schoene LL. 1987. Comparison of heart rate
responses. Water walking versus treadmill walking. Phys Ther
67: 1501-1504.

24) Hara H, Onodera S and Shibata Y. 1999. The development of
measuring nasal pressure in water. Biomechanics and Medi-
cine in Swimming Vil 8: 135-139.

25) Onodera S, Yamamoto K, Nishimura M and Miyachi M.
1997. Changes of heart rate and oxygen uptake during use of
anew type ergometer in water. Kawasaki J Med Welf 7: 205-
209 (in Japanese).

26) Ogita F and Tabata 1. 1992. Oxygen uptake during swimming
in a hypobaric hypoxic environment. Eur J Appl Physiol Occup
Physiol 65: 192-196.

27) Hoshijima Y, Torigoe Y, Yamamoto K, Nishimura M, Abo S,
Imoto N, Miyachi M and Onodera S. 1999. Effects of music
rhythm on heart rate and oxygen uptake during squat exer-
cises in water and on land. Biomechanics and Medicine in
Swimming VIl 8: 337-339.

28) Onodera S, Shiromoto T and Shiromoto H. 2009. Physical
activity and environment in water, high temperature and high
altitude. Japanese Journal of Clinical Medicine 67: 103-107
(in Japanese).

29) Matsui T, Miyachi M, Saito T, Nakahara H, Koeda M, Hayashi
N and Onodera S. 1999. Cardiovascular responses during mod-
erate water exercise and following recovery. Biomechanics and
Medicine in swimming VIl 8: 345-350.

30) Onodera S, Miyachi M, Nishimura M, Yamamoto K, Yama-



JPFSM : Water exercise and health promotion 399

guchi H, Takahashi K, In JY, Amaoka H, Yoshioka A, Matsui
T and Hara H. 2001. Effects of water depth on abdominal
[correction of abdominails] aorta and inferior vena cava dur-
ing standing in water. J Gravit Physiol 8: 59-60.

31) Nishimura K, Nose Y, Yoshioka A, Kawano H, Onodera S
and Takamoto N. 2010. Heart rate responses during gradually
increasing and decreasing exercise in water. Biomechanics
and Medicine in Swimming XI 11: 161-163.

32) Bishop PA, Frazier S, Smith J and Jacobs D. 1989. Physi-
ological responses to maximal treadmill and deep water run-
ning. Physician and Sports Medicine 17: 87-94.

33) Evans BW, Cureton KJ and Purvis JW. 1978. Metabolic and
circulatory responses to walking and jogging in water. Research
quarterly 49: 442-449.

34) Nishimura M, Yamamoto K, Hoshijima Y, Torigoe Y, Yama-
guchi H, Miyachi M and Onodera S. 1999. Effects of relax-
ation in salt water on heart rate, blood pressure and oxygen
uptake. Biomechanics and Medicine in Swimming VIl 8: 351-
354.

35) Nishimura M and Onodera S. 2000. Effects of supine floating
on heart rate, blood pressure and cardiac autonomic nervous
system activity. J Gravit Physiol 7: 171-172.

36) Onodera S, Yoshioka A, Matsumoto N, Takahara T, Nose Y,
Hirao M, Seki K, Baik W, Hara H and Murakawa T. 2010.
Relationship between heart rate and water depth in the stand-
ing position. Biomechanics and Medicine in Swimming XTI 11:
213-214.

37) Ueno LM, Miyachi M, Matsui T, Takahashi K, Yamazaki K,
Hayashi K, Onodera S and Moritani T. 2005. Effect of aging
on carotid artery stiffness and baroreflex sensitivity during
head-out water immersion in man. Braz J Med Biol Res 38:
629-637.

38) Mineta M, Kawano H, Gando Y, Asaka M and Higuchi M.
2012. Exercise intensity and determinants in basic aquabics
movements. Japanese Journal of Sciences in Swimming and
Water Exercise 15: 1-10 (in Japanese).

39) Yoshioka A, Nishimura K, Seki K, Arakane K, Saito T, Taka-
hara T and Onodera S. 2011. The relationship between in-
ferior vena cava distensibility and arterial blood pressure.
Kawasaki J Med Welf 17: 9-13 (in Japanese).

40) Sugi K, Matsuda S, Onodera S, Sanada S and Nakashima Y.
2002. The effect of water exercise on behavior and language
of children with autism. Kawasaki J Med Welf 12: 133-137
(in Japanese).

41) Fujisawa T, Nishimura K, Ono K, Seki K, Yoshioka A, Ishida
Y, Takahara T, Komiyama M, Wooram B and Onodera S.
2007. Relationship between practicing activity of individual
support and achievemint of tasks in water exercise for the
children with autism spectrum disorders. Japanese Journal
of Sciences in Swimming and Water Exercise 10: 31-37 (in
Japanese).

42) Onodera S. 2008. A role of exercise physiology for medical
technology. Kawasaki J Med Welf 18: 55-63 (in Japanese).

43) Onodera S, Yoshioka A, Nishimura K, Kawano H and Ono
K. 2010. Curculation during water exercise. The Journal of
Clinical Sports Medicine 277: 289-295 (in Japanese).

44) Onodera S, Miyachi M and Yano H. 1996. Safety and validity
of aquatic exercises for the aged considering from a view-
point of blood pressure. Descente Sports Science 17: 53-61
(in Japanese).

45) Onodera S, Nishimura K, Ono K, Seki K, Nishioka D, Oka-
moto T, Oyanagi E, Seno N, Kawano H, Ogita F and Tous-
saint HM. 2006. Changes in Cross Sectional Area of Inferior
Vena Cava during Arm Cranking Exercises in Water. Biome-
chanics and Medicine in Swimming X 10: 213-214.

46) Onodera S. 2000. Improvement of health and water exercise.
Journal of Health, Physical Education and Recreation 50:
511-516 (in Japanese).

47) Onodera S and Miyachi M. 2003. Improvement and maintain
of health and physical fitness. The Journal of Clinical Sports
Medicine 20: 289-295 (in Japanese).

48) Ono K, Seno N and Onodera S. 2004. Effect of swim suits de-
signed for warmth on heart rate, rectal temperature and oxy-
gen uptake. Kawasaki J Med Welf 14: 409-413 (in Japanese).

49) Nishimura K, Seki K, Ono K and Onodera S. 2006. Effects
of the supine floating on rectal temperature and cardiac para-
sympathetic nervous system activity after exercise with a
cycle ergometer. Jpn J Aero Environ Med 43: 11-18 (in Japa-
nese).

50) Nishimura K, Yoshioka A and Onodera S. 2010. Relationship
between supine floating after cycle exercise and heart rate
and cardiac parasympathetic nervous system modulation in
middle-aged and elderly subjects. Kawasaki J Med Welf 19:
291-295 (in Japanese).

51) Onodera S, Miyachi M, Yano H and Miyakawa T. 1998. Wa-
ter exercise and physical characteristic of water. Japanese
Journal of Biomechanics in Sports and Exercise 2: 33-38 (in
Japanese).



