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Background :  Aquatic exercise is an important exercise for people who want to be
strong. The warmth and pressure of the water may further assist pain
relief, swelling reduction, and ease the physical movement. However, in
Thailand no researcher has studied the effects of aquatic exercise on
pulmonary function.

Objective :  This study is aimed to compare the forced vital capacity (FVC) and
forced expiratory in one second (FE V1 ) before (week 0), and immediately
after the completion of the aquatic exercise program (week 6) in healthy

Thai subjects.

Setting : The Faculty of Associated Medical Sciences, Khon Kaen University.
Design ¢ Experimental Study.
Method ¢ Forty-four subjects were divided into two groups. The average age of

the control group or no aquatic exercise (n = 22) was 43.1 * 9.8 years
of age, while that of the experimental group or aquatic exercise group
(n = 22) was 46.1 1+ 11.4 years. Both groups had their baseline
characteristics, FVC and FEV1 before (0 week) and immediately after

aquatic exercise program was completed (6 weeks).
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Results * FVC of control group before and after were 1.9 + 0.4 and 1.8 + 0.4 liters
and FEV7 before and after were 1.5 + 0.3 and 1.5 + 0.2 liters, respectively.
FVC and FEV7 of the control group were insignificantly different, when
the results of the before and immediately after program completion were
compared. FVC of experimental group before and after were 1.9 + 0.4
and 2.1 + 0.3 liters and FEV, before and after were 1.5 + 0.5 and
1.7 + 0.5 liters, respectively. Nevertheless, after the program was
completed, the experimental group had significantly greater FVC
(p = 0.025) and FEV7 (p = 0.031) than the corresponding control group.
In addition, the results showed significant differences (p = 0.039;
p =0.031) in FVC and FEV_ between before and after 6 weeks of aquatic
exercise.

Conclusion . In conclusion, the results of this study imply effects of aquatic exercise
on the improvement of lung capacity. Thus, it may be applied in
individuals with restrictive pulmonary conditions. However, the study
was conducted in normal subjects. Therefore, further study on effects of
aquatic exercise in patients with restrictive pulmonary conditions is
valuable. In addition, the study on effects of aquatic exercise on
pulmonary function of different genders may expand the results of
aquatic exercise.

Keywords ¢ Aquatic exercise, pulmonary function, forced vital capacity, forced

expiratory in one second.

Reprint request: Janyacharoen T. Department of Physiotherapy, Faculty of Associated
Medical Sciences, Khon Kaen University, Khon Kaen, Thailand.

Received for publication. June 23, 2010.



Vol. 55 No. 1 uazasnisaanmasnigluinaanssaniwdanluaiaasinszialne

January-February 2011

31

UNUI

¢

Uszdam

(S
-99

dad o P
A0IUNNNINISANY
sduuun1siae

38n1sAnw

NANTISANEI

NIANG 25581095, TIMANT FUYULIIAT, ASAI WINAS, L8121 NBIAI,
USm1 91959139 71%uN.  WaZaInIsaanniIadn1g lulInaanssanInlantualaanns

#mlne. IRIAINIULIYATT 2554 d.A. - N.N.;55(1): 29 - 38

Y 1 v

niseanmadnig luduTuniseaniiasn e a1 Ay a1y Nnes
NIATINATNAININ IMUINUN AN UKAZUNAUYBILIRETIEIAR
& o g ¥ = P 4 ! =

ANIAUL9e N1TUaNuAY TUn1IAARN [¥IATY WANITANHIAA
aa9n17aann 189078 luImeanssonIntlaniiuela ludse91
n173dela

Ao % = = = = " e
Ui aaInIFAn LNy uN1TiA auilasa 1T 65
AN IIe e lananifouasuI AN uazLFuImTAINIA
A lananlunae 1 JurnusnIanisvielananas1aifiuay
UMNIFNT TdsnauuasuaaniIraanniadnialuyl 6 gl
aulne
ADINATANITUNNE NV TNEIALUD LN
NI TINAADN

whimadne luauneganinaaua 44 A upaith 2 nga laun

1
=1

nquauANvisangui lulasanmiainialuuy 9wy 22 Ay a7g
Ay 43.1 + 9.8 1 uaznqunaaeszangueannIaane luun
WY 22 AU BELaAE 46.1 + 11.4 1 Ingiaranaiasiaiuaaz lasy
nsinzeyanugIu Uinimsaniaisiuagnzielaganiiuas
s o = ' a o
upANN uazzuameainianglaganlugoe 1 Juusnyed
n199181 1990008 1NIFIUATUSUANT TSN DUUASUAINITOEN
naan el 6 dumaw
U5u15198101ANIINATIEN 18 1ABBNIFIUA LU N IBING X
AILANNBUUASASILITUNINAAT 1.9 + 0.4 uaz 1.8 + 0.4 ART
d’ ! a =
uaztFuameanianmelasanlugae 1 uINkINIIN1TUIE 1A
DANBLNITIUALUIUANT NOUUASYAsUNsH 1.5 + 0.4 Uaz
1.8 + 0.4 AATAINAIAL WUIILFNImTEINIATIIINA T8 1a
3 < al‘ al‘ ! a I~
panuazusANIuasL TN msa N AIe lanenugay 1 JuIn

usnae9nN 198 1908N0E 1IFIUASUIUANT TN NAILAN INT




NIANG 955811956 LAZAME Chula Med J

mﬁmmnm‘ﬁq@,e_/'wﬁu”mv"m”zymmﬁﬁ 1FumsanImiuaa I
melagenifauasususui w@qn@ﬁwmmn'@umxm‘”ﬂTijmnm
A1 1.9 + 0.4 upz 2.1 + 0.3 ams uazrFumsanaimelanan
lugae 1 3uriusnaeenisuie laaenes1afuasur s uinesy
upzudalilaunsu 1.5 + 0.5 uaz 1.7 + 0.5 ARSAWAITY WU
InsEnauLALIAINIIeeNIAINE U 6 AURIUTAIINLANAT
@EI”Nﬁ'LZ/EIZVO’)ﬁVEyV)Nﬂﬁﬁ (o = 0.039, p = 0.031) AINAIAL

ﬁmscﬁuasagﬂ : HaTe9n1788n 18N8 IuLIAIN P AN IO I B AT g
1Fumsan A Inun TR ng 1aae NS A UNIFNT uazFuImT
anATelaeanluag 1 uniiusnaeenisuis laaanas i
uazusadud Aniueiausueniaiinisesnmainie uhaiusn
°17'9F_/?wg/mmmﬂ7W7J@ﬁ)%@quﬂlfgzlﬁf’ﬂzyw’mmzmm"m”m/mﬁfu
aealsfmn nasdnmafeivintzAnm luaung Aafuly
nsAnmne 1/ e urAREnInBein1sAnm3aE I 989nI7
@@nn"m‘”ﬂmﬂ‘luu%’)Zugyilloﬂﬁﬁmymmozn’m@"m‘vmﬂm AABA
auAnmnanizaanmasnie luimeaussnnmiaayialuwans
uazmaviame U

ANHIAEY : mi@@nn"m”qmﬂ’luu%ﬁ, aussonanilan, 1FyamsaInAanun
snuzelanenifuazusasiui, 1suamrainiainelanen lugag

1 ?Ju?ﬁtéj‘ﬂilﬂ\‘lﬂ’7?Vﬁﬁll@@@ﬂ@EI’I\YL?QLL@&’LLT\H?%\/WQI.




Vol. 55 No. 1
January-February 2011

Aquatic exercise is a term encompassing a
range of therapeutic and exercise activities carried
out in heated pools by a variety of providers. Aquatic
exercise incorporates individual assessment,
evidence-based practices, and clinical reasoning
skills to devise treatment plans based on the principles
of hydrostatics and hydrodynamics, and the
physiological effects of immersion. Aquatic exercise
offers several benefits over land-based physical
therapy for people. Buoyancy reduces across-joints
loading affected by pain and allows the performance
of functional closed chain exercises which otherwise
may be too difficult on land. Water turbulence can
be used as a method of increasing resistance, and
percentage of body weight borne across the lower
limbs can be decreased or progressed in proportion
to the depth of immersion. The warmth and pressure
of the water may further assist pain relief, swelling
reduction, and ease of physical movement. Weight
bearing tactile and thermal stimulation as well as
the initial effect of the movement can lead to
relaxation.'™

Hinman RS (2006)® studied the aquatic
physical therapy for hip and knee osteoarthritis.
They concluded that aquatic physical therapy can
improve physical function strength, and quality of life.
Assis MR et al. (2006)"” demonstrated that aquatic
exercise can reduce pain and encourage emotional
improvement. Ide MR (2005)® studied the effects of
aquatic versus non-aquatic respiratory exercise
program on the respiratory muscle strength in
healthy aged persons. They concluded that aquatic
respiratory exercise can improve the respiratory
muscle strength of a healthy person. Ariyoshi M

et al. (1999)"” studied the efficacy of aquatic
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exercises on patients with low back pain. They
suggested that exercises in water may be one of the
most useful modes of exercise for a patient with low
back pain.

Although aquatic exercise is widely used in
general practice, there are no studies related to
pulmonary function. Thus, the purpose of this study
is to compare the forced vital capacity (FVC) and
forced expiratory in one second (FEV1) before (week
0) and immediately after aquatic exercise program

was completed (week 6) in healthy Thai subjects.

Materials and Methods

In total, 44 healthy Thai subjects were
recruited and divided into 2 groups: the experimental
and the control groups. The average age of the
experimental group or aquatic exercise group
(n = 22) was 46.1 £ 11.4 years old, whereas that of
the control group or no aquatic exercise (n = 22) was
43.1 £ 9.8 years old. The baseline characteristic data
from both groups were collected, i.e. FVC and FEV1,
before and immediately after the program was
completed.

None of the subjects had previous history of
surgery related to the cardiopulmonary system and
musculoskeletal system. They were refrained from
any bronchodilator or medicine for 6 months, prior to
their participation in this study. They do not have any
respiratory disease such as pneumonia, emphysema,
fever nor hypertension. No food nor drink was allowed
1 hour before the test. Materials used in this study
included a swimming pool, a spirometer (Minato 505)
for measuring lung function, a Dinamap 1846 SX for
measuring blood pressure and heart rate, a scale to

measure weight and height, and a stop watch for time
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The control group did not attend any of the
aquatic exercise program. However, these subjects
were given basic instruction on health education, and
there was an immediate follow up after the completion
in the 6" week.

The aquatic exercise group exercised for
60 minutes, 3 times a week for 6 weeks, following
the 1998 American College of Sports Medicine
guidelines. Each session consisted of a 10-minute
stretching warm up, followed by a 40-minute aerobic
training and a 10-minute relaxation session. These
groups of subjects were also instructed by a
physiotherapist in the hydrotherapy pool (water
temperature at 28 - 31°C), with a maximum of
6 subjects per group.®'""?

The experiment activities include simulated
running in the deep end of the pool aided by a floating
device that maintained the head above water. The
subjects were instructed to exercise in the following
positions: 1) an upright position with supine
maintained in a neutral position; 2) running in place;
3) shoulder abduction-adduction-flexion-extension
movements, with alternately flexion and extension
movements in elbow; 4) abduction-adduction-flexion
and extension movements in fingers; 5) lower limbs
in a bicycling action; 6) hip abduction-adduction-
flexion and extension movements, with alternately
flexion and extension movements in knee; 7) ankle
dorsiflexion-plantarflexion-eversion and inversion.”"™

All subjects were informed about the nature
and risks of the experimental procedures before their
participation consent were obtained. Before each
experiment, all subjects were interviewed according

to a health questionnaire, while their baseline
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characteristics, anthropometric measurements,
back flexibility, back muscle strength, pain scale, heart
rate and blood pressure were measured. The trial
consisted of a 6-week intervention period. Subjects
were assessed immediately before and immediately
after the completion of the program. This study has
been approved by the Ethics Committee on Human
Experimentation of Khon Kaen University, Khon Kaen,
and it also conformed to the standards set by the
Declaration of Helsinki.

The study was designed as a randomized
controlled trial in which the subjects randomly

received 6 weeks of aquatic exercise.

Statistical analysis

All data were expressed in mean x SD. To
compare all statistical parameters between groups,
one way ANOVA was used. To detect the differences
between parameters represented by a single
measurement, paired t-test was used. A P-value of

less than 0.05 was considered significant.

Results

There was no significant difference in
anthropometric and baseline characteristics of both
groups (Table 1). FVC of control group, before and
after were 1.9 £ 0.4 and 1.8 * 0.4 liters and FEV,
before and after were 1.5+ 0.3 and 1.5 £ 0.2 liters,
respectively. FVC and FEV1 of the control group were
insignificantly different, when the results of the before
and immediately after program completion were
compared. FVC of experimental group, before and
after were 1.9 £ 0.4 and 2.1 * 0.3 liters and FEV,
before and after were 1.5+ 0.5 and 1.7 £ 0.5 liters,

respectively.
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Table 1. Anthropometric and baseline characteri

stics of subjects.

Data/Groups Control group Experimental group
n=22 n=22
Age (yr) 43.1+98 46.1+11.4
Height (cm) 155.2+5.4 158.6 + 4.6
Weight (kg) 56.51£9.8 595%7.6
BMI 23.9%29 233115
Percent fat (%) 222146 23.31+4.3
WHR 0.8£0.1 0.8%0.1
SBP (mmHg) 122.6 £18.5 119.2+£13.9
DBP (mmHg) 76.5+10.1 79189
HR (beat/minute) 80.7 £10.7 788 +6.7

BMI = body mass index, WHR = Wait to hip ratio, SBP = systolic blood pressure, DBP = diastolic

blood pressure, HR = heart rate, Values are mean *

Nevertheless, after the program was
completed, the experimental group had significantly
greater FVC (p = 0.025) (95%Cl 1.259 - 2.125)
(Figure 1) and FEV1 (p=0.031) (95%CI 1.423 - 1.756)

(Figure 2) than the corresponding control group.

FVC

—
— —
- —
l—:

liters
N
L

SD

Similarly, after aquatic exercise program was
completed, the experimental group had significantly
greater FVC (p = 0.039) (95%Cl 1.633 - 2.124)
(Figure 1) and FEV1 (p=0.031) (95%CI 1.411 - 1.754)

(Figure 2) than the corresponding before the program.
—— Control group
—4&— Experimental group
5

— — —

Before

After

Figure 1. FVC in control (n = 22) and experimental groups (n = 22). Values are mean x SD.

*Significantly different from corresponding before period (p <0.05)

*Significantly different from corresponding control group (p <0.05)
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—&— Control group

—A&— Experimental group
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Before
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Figure 2. FEV in control (n = 22) and experimental groups (n = 22). Values are mean * SD.

FEV1 = Forced expiratory volume in one second

*Significantly different from corresponding before period (p <0.05)

*Significantly different from corresponding control group (p <0.05)

Discussion

Aquatic exercise is a type of exercise which
is safe for people who want to be healthy without any
risk of injury.

This study compared FVC and FEV1 before
and immediately after the completion of aquatic
exercise program in healthy Thai subjects. In this
study, after the program was completed, the
experimental group had significantly greater FVC and
FEV1 than the corresponding control group.

The long-term aquatic exercise can improve
respiratory muscles strength. However, the type and
pattern of the exercise in this study was designed to
promote muscle endurance and strength. The water
resistance can also encourage muscle work,

particularly, the respiratory muscles.

The positions in the exercise in water
promoted strength of the respiratory muscles during
respiration. Finally, it can improve pulmonary function.
The study showed that aquatic exercise has positive
effects on pulmonary function of the subjects. We
used a lower intensity exercise than the one used
in the previous studies, but it is a continuous
exercise, which can improve all muscles particularly,
the respiratory muscles. Therefore, after the aquatic
exercise program, FVC and FEV1 was could be
improved.? "

Most experimental results showed
improvements within six weeks, which is the minimal
time compared to the previous studies due to the
continuous exercise, position and type of exercise.

We suggested that every program must consider
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strategies to maintain the level of intensity and the
continuous exercise pattern, in order to effectively
influence the strength of respiratory muscle, which is
the key to good pulmonary function where only a few
researches had been conducted. However, aquatic
exercise is a practical type of exercise for most
individuals. Some individuals are limited to only simple
physical tasks due to their disabilities, such as joint
pain and arthritis, impeding their own weight bearing
ability. Exercising in warm water is one of the beneficial
programs for people or patients who would like to gain
strength and maintain good health.

In conclusion, the results of this study imply
effects of aquatic exercise on the improvement of lung
capacity. Thus, it may be applied in individuals with
restrictive pulmonary conditions. However, the study
was conducted in normal subjects. Therefore, further
study on effects of aquatic exercise in patients with
restrictive pulmonary conditions is valuable. In
addition, the study on effects of aquatic exercise on
pulmonary function of different genders may expand

the results of aquatic exercise.
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