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ABSTRACT

The aim of this study was to investigate the effect of sports bras on cardiovascular
functions at rest, during and after exercise. Thirteen young habitual active females volunteered
to complete 3 randomized running trials with different bra conditions of no bra (NB), casual bra
(CB) and sports bra (SB) on a motor-drive treadmill at a constant speed of 6.5 km/h, 0% grade
up to 60, 70 and 80% of age-predicted maximal heart rate (MHR). Continuous cardiovascular
variables, including heart rate (HR), stroke volume (SV), cardiac output (CO), cardiac index
(CI), end-diastolic volume (EDV), ejection fraction (EF), systemic vascular resistance (SVR),
blood pressure (BP), blood perfusion (BPF), were collected at rest, during and after exercise.
Results showed that all resting cardiac variables were not significantly different between groups.
As exercise was started, all three conditions showed patterns of significant increase in heart rates
(HR), stroke volume (SV), cardiac output (CO) and cardiac index (CI) from its corresponding
resting values (p<0.05). Within group comparisons, SVR showed reduction at the beginning of
exercise, EDV in SB and EF in NB and SB showed no significant differences from initial resting
values. Between group comparisons during exercise showed no significant differences of most
of the variables with the exception of differences of SV (p<0.05) and CO (p<0.05) between SB
and CB at 60%MHR. No significant differences of other variables were detected at any intensity.
During recovery period, there was an immediate decline, compared between 80%MHR and 1%
min, in HR in all groups (p<0.05), SV in CB (p<0.05), CO and CI in NB (p<0.05) and CB
(p<0.05) (FigurelA, 1B, 1C and 1D). There was reduction in EDV in CB (p<0.05). During
recovery period, when compared to resting values, SV and EDV in all groups had no significant
difference; HR, Cl and CO showed significant difference throughout 5 min period (p<0.05).
When compared between resting values and 1% min of recovery, EF in all groups showed
significant difference (p<0.05); SVR had significant increased in all groups (p<0.05); SBP in
all groups showed significant difference only in NB group (p<0.05); DBP in NB and CB showed
significant difference (p<0.05); blood perfusion outside the strap in all groups showed no
significant differences (p<0.05) and lastly blood perfusion inside the strap in all groups showed
significant differences only in CB (p<0.05). In conclusion, both central and peripheral cardiac
functions including rate and contractility, systolic and diastolic blood pressures and total
vascular resistance exhibit similarly as when subjects were in no bra or casual bra. Thus, it is
recommended from this study that sports bras can be used safely with no cardiovascular
limitations.

KEY WORDS: SPORTS BRA/CARDIOVASCULAR FUNCTIONS/EXERCISE
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CHAPTER |
INTRODUCTION

Exercise is a type of physical activity that has health benefits on promotion,
prevention, treatment and rehabilitation (1). In addition, exercise improves some other
additional functions, for example, better emotion, good personality, reducing anxiety
and the enabling various organs in the body to work better such as muscles, joints, bones,
etc. Exercise is used for prevention, treatment and rehabilitation purposes in various
diseases and disorders of the body such as blood pressure, obesity, diabetes, arthritis,
depression, high blood cholesterol and better life quality (42). Currently, lots of people
pay attention to exercise with many different modes and tools such as walking, jogging,
swimming, cycling, and playing sports. Nowadays there are growing numbers of either
male or female participate steadily in exercises and sports. However, the growing
numbers of females join in various types of physical activities, for example walking,
running rather than playing popular sports such as soccer, tennis, basketball, softball,
volleyball, etc. (40). When differences of anatomical and physiological underlying
function between men and women including smaller muscle size, higher amount of
adipose tissue, shorter arm, narrower shoulders, broader hips, as well as menstrual cycle,
are considered (28), this means women may have limited exercise ability than men. As
reported by Arendt et al (1999) who had claimed that women have a higher risk for
anterior cruciate ligament (ACL) injuries compared to men (2), and besides ACL injury
another major problem at the same time is considered as breast injuries such as breast
pain, breast discomfort, and including breast cancer due to excessive swinging more
than usual (41).

Female’s breast is an organ that places on pectoral region which grows at
puberty. In mature female adult, size and shape will naturally change depending on
many factors: a) menstrual cycle, b) pregnancy, c) types of underwear and d)
menopausal period (60). Gefen and Dilmoney (2007) claimed that female’s breast

contains various supporting tissues as follow: 1) the fascia of the pectoralis muscle



Kanchana Taothong Introduction / 2

provides support to shear, 2) the ribs support compression and 3) Cooper's ligament
which shares tension load and transfer to dorsal skin (27). Although Cooper's ligament
can withstand certain stretched force, but the direction and reacting forces of the
stretched Cooper's ligament will be varied according to body posture. For example, in
standing position Cooper's ligament will be extended, in a pose crawled four legs
position Cooper's ligament at the base of the breast will be stretched vertically, in supine
position Cooper's ligament is stretched but the pressure directs down vertically on the
breast. Thus movements such as walking, running, jumping will make Cooper's
ligament to be swung and pulled severely in vertical direction. Therefore, some type of
physical activity that women repeatedly perform such as fast run, jump in volleyball or
basketball, somersault in gymnastics etc, may possibly cause trouble to breast tissues.
These movements can cause a severe shock to the breast (10). Therefore, to reduce risks
of breast injury women should wear brassieres (bras) to support and reduce pulling force
on the breast that occurred during exercise or physical activity.

Bra is a special kind of brace which contains properties that can help to
support breast, maintain shape of breast, chest protection, reduce injuries around the
chest, reduce tension load from playing sports, etc. There are many kinds of the bra
nowadays for example common bra, sports bra, sleeping bra and so on (14).

Sports bras are divided into encapsulation and compression types. Previous
studies reported that sports bra will help to reduce swinging of the breasts, reduce breast
displacement, decrease the incidence of breast pain (38,55), decrease the damage that
may occur to chest ligament and reduce discomfort (9) during exercise (known as
exercise-induced breast discomfort) when compared with casual bras. (18,48). So sports
bra is recommended that women should wear while doing various activities (38) such
as walking, aerobic dancing, jogging, running especially in women with large breasts.
Gehlsen and Stoner (1987) found that women with breasts size of C and D will have the
chance of breast pain than women with small breasts (29).

Although sports bra has many benefits but about half of females participated
in exercise ignore it. Previous study of McGhee et al (2010) found that adolescents only
13 percent wore the sports bra and the study of Bowles et al (2008) found that only 41
percent of women who love exercises chose to wear sports bras. Underlying reasons are:

a) they do not believe that it can protect, b) no need to use, and c¢) lack of knowledge
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about the prevention of breast during exercise (44). Another important reason is that
women thought putting sports bras can cause straining to the chest leading to breast
discomfort, furrow, breast pain, respiratory limitations (11).

Cardiovascular system is one of the system’s body that is very important. It
is a part in maintaining the body's equilibrium of nutrients, oxygen into and out of cells,
helps to maintain pH and temperature. Cardiovascular system will work harder during
exercises to increase pumping blood to tissues and vital organs, while maintaining
functions of other parts of the body (6). Limiting the function of this system might be
derived from aging, effect of diseases, too tight clothing worn. So this study will pay
specific attention on the possible changes of cardiovascular functions during exercise
when sports bras are applied.

Most of previous studies concentrated on effects of sports bras on
respiratory system. Bowles KA et al (2005) concluded that wearing sports bras does not
cause the limitations of exercise performance and respiratory mechanics. In addition the
appropriate sports bra size was recommended to support the breasts during exercise (9).
Stamford (1996) had suggested that sports bra that fit will not cause a respiratory
restriction which might be caused by chest strapping around respiratory apparatus.
Pressure in the chest strap may cause inconvenience (57). O'Donnell et al (2000) stated
that when used the chest strapping during exercise, this caused resting lung volume and
exercise performance decreased significantly whereas breathing patterns were shallow
with higher breathing frequency when compared to exercise without chest strapping
(48). It is reported that movements of the breasts might possibly affect cardiovascular
function with inelastic (canvas) strapping (38). Concomitant with putting on sports bras,
it is believed that cardiac output, stroke volume and heart rate and other cardiac variables
may be affected. The present study will, therefore, pay attention on effects of sports bra
on the functions of the cardiovascular system compared with casual and no bras

conditions.



Kanchana Taothong Introduction / 4

Hypothesis
Wearing sports bra may affect the cardiovascular system at rest, during running

and recovery in women.

Objectives

1. To explore the effect of sports bra on cardiovascular functions while doing
constant speed exercise at rest, during and after exercise.

2. To compare the responses of the cardiovascular system in different bra

conditions.
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CHAPTER II
LITERATURE REVIEW

2.1 Physical Activity

2.1.1 Global Trend of Physical Activity

Regularly physical activity is associated to a wide range of health benefits,
this decreased incidence of many chronic conditions, and improving health outcomes
(3). Nowadays, the popularity of physical activity or exercise has more and more
increased. In 2008, the percentage of English men participated with exercise or any
types of physical activity increased up to 39% compared to 32% in 1997. Women, who
participated with exercise or any types of physical activity, increased from 21 % to 29
% in the same period. Similarly, in Northern Ireland, women participated in physical
activities increased from 26% to 35 % during 2001-2011 (61).

Currently, lots of people pay attention to exercise with many different types
such as walking, jogging, swimming, cycling and playing sports. Nowadays there are
numbers of either male or female participate steadily in exercises and sports. Growing
trend of exercise participation had shown by numbers of females join in various types
of physical activities, for example walking, running and playing sports which are

popular sports such as soccer, tennis, basketball, softball, volleyball, etc. (3, 40).

2.1.2 Benefit of regular physical activity and/or exercise

Exercise is generally accepted as a type of physical activity that has benefits
on promotion, prevention, treatment and rehabilitation (1). In addition, exercise
improves some other benefits, for example, better emotion, good personality, reducing
anxiety and the functioning of various organs in the body be able to work better such as
muscles, joints, and bones etc. Thus, exercise is being used for prevention, treatment
and rehabilitation in various diseases and disorders of body’s functions such as high

blood pressure, obesity, diabetes, arthritis, depression and high blood cholesterol,
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among these benefits, exercise is also used a specific tool including to make a better life
quality, however it must be done in a regular fashion (42). Apart from the fact that
regular physical activity clinically raises many health-related benefits. For example, it
reduces resting heart rate and blood pressure, and increases coronary blood flow (45). It
also increases energy expenditure, serum high-density lipoprotein cholesterol but
decreases serum triglycerides and total body fat mass. Physical activity is also well
known to improve glucose tolerance and reduce insulin needs resulting in improving
blood glucose handling. These blood chemical variables are all accepted as good
indicators for health (45). There are some studies reported that risk of advanced prostate
and lung cancers became decline in people who have reached recommenced physical
activity. The effect of regular physical activity on bone has been reported that bone
strength could be increased by weight-bearing and high impact activities (45). Active
older people have lower risk of osteoporotic fractures, especially in activity which can

improve muscle strength, coordination, and balance (45).

2.1.3 Risk related to physical activity

Because of the substantial evidences which clearly present the benefits of
exercise. In the meantime, people who exercise should consider the risks that may occur
from either too heavy intensity or too long exercise. This is known as or overtraining
syndrome (45). Especially in people who just start a new activity, volume and intensity,
and contact sports. In addition, considerable risks of injuries include dehydration,
electrolyte imbalance, or cardiac arrest may be taken place. There are sports-specific
risks in women including amenorrhoea and decreased bone mineral density and increase
body fat. Immune system can also be affected from high level of exercise, especially in

prolonged heavy exercise with environmental or competitive stress (22).
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Even though, mood can be improved by moderate exercise, but too heavy exercise
deteriorates our mood stage which leads to anxiety, depression, body dysmorphic
disorder. As a result, exercising participants should concern about the risks above to

keep away from any injuries or emergency (45).

2.1.4 Exercise causes breast discomfort

Women’s breasts are unavoidably swung, laterally and vertically, during
exercise which can accelerate signs and symptoms of breast discomfort depending on
type and intensity of exercise (37). While jumping on the ground can accelerate breast
motion of about 2-folds of gravity. Jumping on trampoline can cause acceleration on the
breast up to 6-folds of gravity, which causes very severe traction and pulling on breast
ligaments. However, previous studies are all conducted using an indirect estimation to
support the purpose of breast plastic surgery (27).

Few evidences reported on breast motion, magnitudes and determined in
term of breast displacement. It was reported that mean vertical breast displacement of
female athletes (n = 40) when they performed 9.7 km/h treadmill running on a zero
grade with eight different sports bras were in range from 1.37 to 7.98 cm in which the
vertical breast displacement is usually in the downward direction (37). It is the matter
of fact that breast motion during exercise or physical activity was relative to 3 main
factors: a) nature of physical activity, for example exercise intensity; b) nature of
female’s breast, for example breast size and breast tissues and c) nature of supporting
bra, for example stiffness of the bra’s fabric (37, 43, 22, 58). Exercise is the most factors
shown to be the cause of these discomforts because of the excessive breast motion which

can lead to be breast pain and breast injury, respectively (12).
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2.2 The Breasts

2.2.1 Structural Differences in Male and Female

Apart from menstrual cycle, differences of anatomical and physiological
underlying between men and women were identified in that females have smaller
muscle size, larger amount of adipose tissue, shorter limbs, narrower shoulders, but
broader hips and some wider angles including Q-angle and Carrying angle (19). As
reported by Arendt et al (1999), women have higher risk for anterior cruciate ligament
(ACL) injuries compared to men (2). Besides ACL injury, breast injuries have been
claimed as another major problem where breast pain, and discomfort were initially
defined, later breast cancer due to swinging motion, of over than usual, is a big problem
as well (36).

In addition, function of cardiovascular and respiratory in men and women
are different. Even though maximal heart rate (HRmax) is generally the same in both
genders, women generally exhibit higher heart rate (HR) response for any absolute level
of submaximal exercise. Stroke volume (SV) is lower in women, but cardiac output (Q)
is usually the same in men and women at any absolute submaximal power output (28).
The higher submaximal HR response in women appears to compensate for the lower
SV, allowing a similar Q for the same power output, since Q = HR x SV. The lower SV
results primarily from at least two factors:

- Women have smaller hearts and therefore smaller left ventricles because
of their smaller body size and possibly lower testosterone concentrations.

- Women have less blood volume than men, which is related to their sizes
(lower Free Fat Mass).

Thus, on average, woman may have less aerobically conditioned (41). The

above means that women may have limited exercise ability than men.
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2.2.2 Anatomy of Breasts
Breast is tissue that overlays on pectoral region. It develops at puberty and
the volume and shape change in menstrual cycle, pregnancy, after weaning and
menopause. Breast has two main regions, the conical part with apex and the axillary tail,
the extension to the armpit. Nipple in the middle is surrounded by areola containing
dermal blood capillaries and nerves, this part ejects milk when it is triggered. It is red in
color and darkens in pregnancy. Areola contains many tiny nodules named areolar
glands that locate between sweat and mammary glands. The dermis of aerola will
change, for example wrinkles and erects when nipple is aroused via cold, touch and
sexual stimulations. The conical part of breast consists of large amounts of adipose and
collagenous tissues, which normally determine breast size. Another tissue is called
suspensory ligaments, which connect breast and dermis. They consist of 15-20 lobes
which are arranged when mammary glands are developed during pregnant period (53).
2.2.2.1 Arterial supply of the breast: main arterial around breast.

Lateral (mammary) thoracic artery. This artery is a branch of
axillary artery and located under pectoralis minor muscle along lateral aspect of thorax.
Therefore, it supplies lateral thorax and lateral mammary glands. It runs with lateral
thoracic vein and long thoracic nerve.

Internal (mammary) thoracic artery. This artery is a branch of
subclavian artery and located inside thorax just later to sternum then descends vertically
across intercostal spaces to supplies anterior aspect of thorax and medial mammary
glands. It runs with internal thoracic vein.

Intercostal artery. This artery is branches of aorta or internal
(mammary) thoracic artery and located in intercostal spaces. It supplies anterior,
posterior and lateral thorax and breast. It has specific blood supply, which derived from
lateral mammary branches. It runs along with intercostal vein and nerve. It has venous
drainage azygos vein or internal thoracic vein.

Thoracoacromial artery. This artery is a branch of axillary artery

located under pectoralis minor and anterior shoulder region.



Kanchana Taothong Literature Reviews / 10

2.2.3 Breast Growth and Volume Change

Breast grows readily in the puberty stage, from 9 to 20 yrs but development
is under female’s gender hormones. Lobes and lactiferous ducts are developed by the
effect of estrogen, progesterone and prolactin. Breast size enlarges when adipose and
fibrous tissue growth which are stimulated by glucocorticoids and growth hormones. As
mentioned above, breast size is subject to change due to menstrual cycle, pregnancy,
after weaning and menopause. When woman is pregnant, estrogens stimulate mammary
ducts and branch to grow extensively. The breast size grows nearly twice in size with
0.9 kg out of a total of 11 kg gained in breast weight. When female gains weight, shape
of breast changes as a result (53).

Menstrual cycle impacts on breast volume every month. Milligan et al
(1975) investigated the correlation between breast size change in menstrual cycle and
after oral contraceptives. Four 21-yr-old women were invited to measure the breast
volume daily using water placement in the whole cycle. In the normal menstrual cycle,
the breast volume reduced from day 1 to day 9. Starting from day 10, the volume tended
to enlarge till day 25 and then decrease to normal size gradually. The breast volume is

small in the mid-menstrual cycle and increases 40% before menstruation (46).

2.2.4 Breast Naturally Needs

2.2.4.1 Support

Dynamic breast motions are unavoidably created during
physical activities, thus these motions may be exaggerated in certain vigorous or
repeated sports. Accordingly, anatomical designed pushes various internal stretched
forces applied directly to breast’s tissues during exercise (55). With excessive breast
motions, discomfort, pain and internal structure may potentially be damaged. Therefore,
it is suggested human’s breast needs some form of external support in order to reduce
breast displacement and discomfort produced by external impacts (11). The situation is
more serious in large breast size women which found that the number of bigger cup
breast size, C and D, women having breast pain more than small breast women (29).

Gefen and Dilmoney (2007) studied breast mechanics with
analytical approximation model. They assumed that Cooper’s ligaments, the fascia of

pectoralis muscle and the ribs, are major supporting tissues of the breast. Tension load
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is shared by Cooper’s ligament and transfers to dorsal skin while pectoralis fascia
provides support to shear and ribs support compression (27).

Thus, research found that support is needed in all motions of
breast displacement, namely vertical, medio-lateral and antero-posterior directions (54).
In details, the observable views on the differences of displaced force applied on various
directions revealed that vertical movement is more significant than other directions
when walking (47) and such motion should be limited (43). It can be concluded that
there is correlation between breast motion reduction and lowering in breast pain, in other
means, achieving in breast comfort. As a result, no matter daily bra or sports bra is
putting on, it should play role of reducing breast displacement in all directions, in
particular during repeated physical activity.

2.2.4.2 Breast Comfort

Women wish accepted look of breast no matter what sizes they
are. At the same time, they also want to enhance the look with comfort. Previous study
(64) collected 250 questionnaires from bras purchases among Hong Kong Chinese
females about the decision making process of intimate apparel. Results indicated that
the purchasing criteria were mainly relied on aesthetic aspects, fitting and supporting,
product quality and price as the top concerning reasons. For aesthetic aspect, style and
store atmosphere were considered as important in innerwear purchase. Among all, fit
and comfort were ranked as the most important consideration factors. Previous study
revealed that female consumers’ purchase intention relied on attitude toward performing
the behavior, subjective norm, controversy perception, social acceptance and fashion

involvement (60). Very rare cases concerned on bras’ protective function.



Kanchana Taothong Literature Reviews / 12

2.3 Brassiere (Bras)

2.3.1 History of Bras

Brassiere, bra in short, history had been discovered since 2500 BC. At
present time, bras have being developed for both aesthetics and preventive purposes.
The designs include in various aspects, in forms of cup at the beginning, corset later and
as sports-related.

Table 2.1 Bra History (47)

Time Bra Style Functions and Reasons
Open-cup for Cretans women Uplift and expose breast

2500BC Mastodenton/apodesmos for
Greece women

For exercise

13" -15™  Long strips fabric across the
century shoulder and under the breast

th th . .
16" - 18 Divorce corsets Uplift and separate breast to achieve
century hourglass body shape

Revolution on corsets which them

1900 - 1919 Bra substituted by bra

Youthful and boyish look demanded

1920 - 1939 Flat breast i
by flapper girls

Cone-shaped bra, appear of

1940 - 1959 bikini Affected by Hollywood stars
Affected by small breast models,
1960 - 1979 Soft bra such as Twiggy, and natural looks
raise up
Affected by supermodel, like Cindy
1980 - 1999 Wonderbra (padded bra), Crawford, push up is emphasized and
sports bra . i
demand of function bra increased
Corset, T-shirt bra, seamless Cater for different needs, such as
2000+ bra, strapless bra, adhesive invisible under outerwear, lighter to

bra, one-piece bra, reduce shoulder pain and good to
maximizer, mininizer health
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2.3.2 Functions

Bra is considered as kind of brace that can help to support and maintain the
shape of female’s breast. It, therefore, plays role in chest protection, reduce injuries
around the chest, and expectedly reduce tension load from playing sports etc. There are
many kinds of the bra nowadays for example common bras, sports bras, breastfeeding
bras, seamless bras, nursing bras, sleeping bra and many more from industrial

companies (17).

2.3.3 Bra Sizing and Measurements

Several studies showed that around over 70% respondents wore incorrect
size of bra and did not fit properly. This results in discomfort, pinching, muscle tension,
fatigue and pain. Besides, bra functions may not be performed appropriately as it was
designed. In some circumstance, it was designed just to provide shape, support and
tightly limits breast displacement (8). Thus, correct measurement for the best fitting
becomes critical factor to bring back female’s breast prevention during exercise.
Learning of bra size and selection is now a social issue.

The most common method is to measure the bust and underbust
circumferences crossing the back. The underbust measurement is used to determine the
band size. Cup size is estimated by the underbust circumference deducted by bust

circumference (Figure 2.1, 30).

Figure 2.1 Underbust (A) and overbust measurement (B)
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Table 2.2 shown the Wacoal’s sizing criteria to identify bra size that researcher used in
this study, cup size B and C were determined for using to qualify subjects.

Difference of Breast

Circumference (cm) Cup Size
6.5-8.5 AA

9-11 A
11.5-13.5 B

14-16 C
16.5-18.5 D

19-21 DD or E
21.5-23.5 DDD or F

2.3.4 Benefits of Sports Bra

Sports bra has been developed in difference styles and using different
garments (37), and can be divided into 2 types: encapsulation sports bra which acts
separated supporting in each side of breasts and compression bra which has been known
as “Crop top”, where it performs and compress both breasts together to resist chest
motion (58).

Sports bra that researchers used in the investigation is “compression bra”,
our sports bra’s area is approximately 84 cm? that calculated by researchers. Typically,
the chest area is about 0.3 m? for a 165 centimeters and weighs 63 kilograms woman
with moderate cup size. Sports Bra, which occupies a half of the chest around 0.15 —
0.16 m>when put on (23, 49, 65). In addition, researcher explored sports bra’s shoulder
strap compression force and found that sports bra induced only 6 g/cm? when put on,
from the relationship between the stress and strain that a particular material displays is
known as that particular material's stress—strain curve. It is unique for each material and
is found by recording the amount of deformation (strain) at distinct intervals of tensile

or compressive loading (stress). (5)
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Previous studies reported that sports bra will help to reduce swinging of the
breast, reduce breast displacement, decrease the incidence of breast pain (12,16),
decrease the damage that may occur to chest ligament and reduce discomfort (22), in
particular, during exercise (known as exercise-induced breast discomfort) when
compared with casual bras. (24,26). Thus, sports bra is also recommended while doing
various activities (12) such as walking, aerobic dancing, jogging, running especially in
women with large breasts.

Although sports bra has many benefits but about half of females participated
in exercise did not realize it. Previous study (McGhee et al, 2010) found that only 13
percent of adolescents wore sports bra whereas the study of Bowles et al, 2008, found
that only 41 percent of women who love exercises chose to wear sports bras. Underlying
reasons are:

a) They do not believe that it can really protect,

b) There is no need to use, and

c) Lack of knowledge about the prevention of breast during exercise (44).

d) Another important reason is that women thought putting sports bras can
cause straining to the chest leading to breast discomfort, furrow, breast pain, respiratory
limitations (10).

Several evidences assure this result it was reported that participants who
wore fitted sports bra had greater breast support and pain reduction (43). Moreover,
sports bra could reduce most symptoms of mastalgia in 100 patients (31). Then, women

should recruit sports bra for their own benefits during exercise.
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2.4 Cardiovascular System

2.4.1 Meaning and Importance

Cardiovascular system means the functions of the heart and the circulatory
apparatus to provide the blood flow, as necessary, to maintain homeostasis of the various
tissues of the body. This system plays critical homeostasis role, which is defined as the
sum total of regulatory functions that maintain a constant environment for the cells of
the tissues. It is the balance between internal and external environment of cells and
tissues. Internal environment must be kept in a relatively constant condition regardless
of nutrients, metabolites, oxygen and carbon dioxide, temperature, hormonal fluctuation
and pH. The blood must transport rich of oxygen and nutrients to the cells, then bring
out waste products (34).

Major concern in physiology of exercise, however, is the transport of
oxygen and carbon dioxide. During exercise, demand of oxygen supply to tissues is the
most urgent adjusted. Within the cells, oxygen cannot be stored and its supply bring
about normal cell function whereas lack of it will usually the critical damaged for cell
function since energy liberation, ATP, can no longer sustained. This is obviously affects

when body demand is greater, for example during physical performance, in particular,

endurance ability (34).

2.4.2 Structure and function of the cardiovascular system

Cardiovascular system consists heart as a pump and vessels as connecting
tubes. This system delivers blood to various organs in the body where the amounts are
varied according to metabolic needs. This system can be viewed as two connected pipe
circuits of systemic and pulmonary circulations, in which the blood flows will be
adequately and identically transferred, even though the circuit to the lungs is structurally
smaller than the large circuit that services the rest of the body. The two systems are
interconnected by a central pump, the heart. A thick muscle wall separates the heart into
two discrete cardiac myocytes. Each half of the heart is further divided into the atrium,
which receives blood returning to the heart, and a main chamber, the highly muscular

named as ventricle. The right ventricle pumps blood to the small circuit named as
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pulmonary circulation. The left ventricle pumps blood throughout the whole body
known as systemic circulation. Thus, resistances within these two circulations will affect
cardiac functions and vice versa (34).

Left ventricle pumps blood via aorta which is the body’s largest blood
vessel. Aorta transfers blood to the serially enormous branches of smaller arteries. At
the fine capillaries network, they contain very thin-walled which is the readily site for
gas exchange. Oxygen, carbon dioxide, nutrients and other substances are exchanged
between the blood in the capillary network, known as capillary beds, within the tissues
and organs and the body cells. The thin capillary walls contain special property which
makes exchange very efficient. After exchanging processes via capillaries, blood is then
flowed back towards the heart, first through the thin venules, which join to form larger
and thicker veins. Two large veins carrying blood from the lower and the upper body
join just before entering the right side of the heart (34).

Blood that returns from the tissues to the right side of the heart has a lower
concentration of oxygen and higher concentration of carbon dioxide than arterial side.
This difference is due to cell metabolism, reflect biochemical processes in cells, in
which oxygen is consumed and carbon dioxide is produced. Blood is then pumped via
the small circuit through the lungs, where carbon dioxide is released out and oxygen is
absorbed into pulmonary capillaries. The oxygenated blood then returns to the left side
of the heart and is pumped via the systemic circuit to the tissues. The heart also has its
own blood supply through the coronary arteries, which branch off the aorta close to the
heart. The cardiac veins converge into a common vein that drains into the right atrium.
The amount of blood that the heart pumps out per minutes is called the cardiac output.
The magnitude of the cardiac output depends on two variables: the volume of blood that
the heart pumps out per contraction, stroke volume; and rhythm of the heart pumping,
heart beats per minute — the heart rate. Thus:

Cardiac output (L/min) =Stroke volume (ml/beat) x heart rate (beats/min)

The cardiac output depends mainly on ageing, cardiac contractility and
rhythm, body size and level of physical activity. Other factor is called venous return, the
volume of blood returning to the heart via two big veins. This also significantly and
sequentially affects stroke volume. Women’s hearts are generally smaller than those of

men. Therefore, women have smaller maximum stroke volumes and, consequently,
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lower maximum cardiac outputs. The contractile function of the heart also affects stroke
volume and cardiac output. During exercise, HR, SV and CO may increase at
submaximal intensity, however, these cardiac variables will finally diminish at near

maximum level and remarkably drop at exhaustion (25).

2.4.3 Cardiovascular responses to exercise

Numerous interrelated cardiovascular changes occur during dynamic
exercise. The primary goal of these adjustments is to increase blood flow to working
muscles, however, cardiovascular control of virtually every tissue and organ in the body
is also altered. Changes in all components of the cardiovascular system from rest to
exercise are described.

2.4.3.1 Heart Rate

Heart rate (HR) is one of the simplest physiological responses
to exercise, and yet one of the most informative in terms of cardiovascular stress and
strain. Measuring HR involves simply taking the subject’s pulse, usually at the radial or
carotid artery. Heart rate is a good indicator of relative exercise intensity.

Resting heart rate averages are about 60 to 80 beats/min (bpm)
in most individuals. In endurance trained athletes, resting HR, as low as 28 to 40 bpm
have been reported. This is mainly due to an increase in parasympathetic (vagal) tone
that accompanies endurance exercise training. Resting heart rate can also be affected by
environmental factors; for example, it increases with extremes temperature and altitude.
Anticipatory response of higher HR may be exhibited just before the start of exercise,
which is mediated through release of the neurotransmitter norepinephrine from the
sympathetic nervous system and epinephrine from the adrenal medulla. While vagal
tone probably also decreases. Because pre-exercise HR is elevated, reliable estimates of
the true RHR should be made only under conditions of total relaxation.

When exercise begins, HR increases directly in proportion to the
increase in exercise intensity, until near-maximal exercise is achieved. As maximal
exercise intensity is approached, HR begins to plateau even as the exercise workload
continues to increase. This indicates that subject is approaching maximum heart rate

(HRmax). This maximum value can be estimated based on subject’s age by subtracting
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one’s age from 220. A more accurate equation has been developed to estimate exercise
intensity from HRmax.

When the rate of work is held constant at a submaximal
intensity, HR increases fairly rapidly until it reaches a plateau. This plateau is the steady-
state heart rate, and it is the optimal HR for meeting the circulatory demands at that
specific rate of work. For each subsequent increase in intensity, HR will reach a new
steady-state value within 2 to 3 min. However, the more intense the exercise, the longer
it takes to achieve this steady-state value.

2.4.3.2 Stroke Volume

During systole, most, but not all, of the blood in the ventricles
is ejected. This amount of blood being ejected is known as stroke volume (SV) of the
heart. The unit is the volume of the blood pumped per beat (contraction). To understand
stroke volume, one must consider the amount of blood in the ventricle before and after
contraction. At the end of diastole, just before contraction, the ventricle has completed
filling of blood from venous return. The volume of blood it now contains is called the
end-diastolic volume (EDV, resting value is approximately 100 ml). At the end of
systole, just after contraction, the ventricle has completed its ejection phase, but not all
the blood is pumped out of the heart. The volume of blood remaining in the ventricle is
called the end-systolic volume (ESV) and is approximately 40 ml under resting
conditions. Stroke volume is simply the difference between EDV and ESV; that is, SV
= EDV - ESV (example: SV =100 ml — 40 ml = 60 ml) (41).

Stroke volume (SV) also changes during acute exercise to allow
the heart to meet the demands of exercise. At near-maximal and maximal exercise
intensities, SV is a major determinant of cardiorespiratory endurance capacity. Stroke
volume is determined by four factors:

a) The volume of venous blood returned to the heart

b) Ventricular distensibility

c) Ventricular contractility

d) Aortic or pulmonary artery pressure

The first two factors influence the filling capacity of the
ventricle, determining how much blood is available for filling the ventricle and the ease

with which the ventricle is filled at the available pressure. This is referred to as preload.
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The last two factors influence the ventricle’s ability to empty, determining the force with
which blood is ejected and the pressure, or afterload, against which it must be expelled
into the arteries. These four factors directly control the alterations in SV in response to
increasing exercise intensity (41).

Stroke volume increases above resting values during exercise.
Most researchers agree that SV increases with increasing rates of work, but only up to
exercise intensities somewhere between 40% and 60% of maximal capacity. At that
point, SV typically plateaus, remaining essentially unchanged up to and including the
point of exhaustion. However, other researchers have reported that SV continues to
increase up through maximal exercise intensities.

When the body is in an upright position, SV can almost double
from resting to maximal values. For example, in active but untrained individuals, SV
increases from about 60 to 70 ml/beat at rest to 110 to 130 ml/beat during maximal
exercise. In highly trained endurance athletes, SV can increase from 80 to 110 ml/beat
at rest to 160 to 200 ml/beat during maximal exercise. During supine exercise, such as
recumbent cycling, SV also increases but usually by only about 20% to 40%--not nearly
as much as in an upright position.

When the body is in the supine position, blood does not pool in
the lower extremities. Blood returns more easily to the heart in a supine posture, which
means that resting SV values are higher in the supine position than in the upright
position. Thus, the increase in SV with maximal exercise is not as great in the supine
position as in the upright position because SV starts out higher. Interestingly, the highest
SV attainable in upright exercise is only slightly greater than the resting value in the
reclining position. The majority of the SV increase during low to moderate intensities
of exercise in the upright position appears to be compensating for the force of gravity
that causes blood to pool in the extremities (41).

2.4.3.3 Ejection Fraction

The fraction of the blood pumped out of the left ventricle in
relation to the amount of blood that was in the ventricle before contraction is called the
ejection fraction (EF). This value is determined by dividing the stroke volume by EDV

(SVIEDV). EF is generally expressed as a percentage, average about 60% at rest. Thus,
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60% of the blood in the ventricle at the end of diastole is ejected with the next
contraction is often used clinically as an index of the pumping ability of the heart (41).
2.4.3.4 Cardiac output

Cardiac output (Q), is the total volume of blood pumped by the
ventricle per minute. It is the product of heart rate and stroke volume (CO=HR x SV).
This variable predictably increases with advancing exercise intensity. Resting cardiac
output is approximately 5.0 L/min but varies in proportion to the size of the person.
Maximal cardiac output varies between less than 20 L/min (sedentary person) and 40
L/min (elite endurance athlete) and is a function of both body size and endurance
training. The linear relationship between cardiac output and intensity of exercise is
predictable because the major purpose of the increase in cardiac output is to meet the
muscles’ increased demand for oxygen (41).

2.4.3.5 Cardiac Index

Cardiac index (CI), the ratio between cardiac output (CO) and
body surface, is the hemodynamic parameter which relates cardiac performance to the
size of individual, is an important clinical parameter that used to assess patients with
heart disease as well as critically ill patients and patients under anesthesia. Since body
surface area is constant, thus increasing in ClI is mainly due to increasing in CO. CI is
also of interest in pharmacological studies (26) and the decline in Cl was used to indicate
that patients may have heart failure.

Cardiac index in healthy subjects did not different between
males and females but there was a slight decrease of Cl with age. Similarly, age but not
gender was a significant variable for Cl, the slight decrease of Cl with age was explained
by a decrease in SV with age. (15)

2.4.3.6 End-Diastolic Volume

End-diastolic volume (EDV) is the amount of blood in a
ventricle immediately before the contraction, at the end of diastole. According to the
Frank—Starling principle, the strength of cardiac contraction is related to the muscle fiber
length at end of diastole. An increase of EDV means an increase of preload on the heart
and, finally, it increases the stroke volume. The EDV is closely related to venous
compliance because nearly two thirds of the blood in the systemic circulation is stored

in the venous system. Increasing venous compliance elevates the capacitance of the
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veins, reducing venous return and therefore end-diastolic volume. Decreasing venous
compliance has the opposite effect. (7)

When start exercise, the increased preload stretches the
myocardium and causes it to contract more forcibly in accordance with the Frank-
Starling law of the heart. Contractility of the myocardium is also enhanced by the
sympathetic nervous system, which is activated during physical activity. Thus, an
increase in the left ventricular end—diastolic volume and a decrease in the left ventricular
end-systolic volume (LVESV) account for the increase in stroke volume during light to
moderate dynamic exercise (50).

2.4.3.7 Systemic Vascular Resistance

Systemic vascular resistance (SVR) refers to the resistance to
blood flow offered by all of the systemic vasculature, excluding the pulmonary
vasculature. This is sometimes referred as total peripheral resistance (TPR). SVR is
therefore determined by factors that influence vascular resistance in individual vascular
beds. Mechanisms that cause vasoconstriction increase SVR, and those mechanisms that
cause vasodilation decrease SVR. Although SVR is primarily determined by changes in
blood vessel diameters, changes in blood viscosity also affect SVR. SVR can be
calculated if cardiac output (CO), mean arterial pressure (MAP), and central venous
pressure (CVP) are known. (11)

SVR = (MAP - CVP)/CO; CVP is normally near 0 mmHg: SVR = MAP/CO

SVR decreases owing to vasodilation in the active muscles
during exercise. The vasodilation of vessels in the active muscles is brought about
primarily by the influence of local chemical factors (lactate, K*, and so on), which
reflect increased metabolism. The decrease in total peripheral resistance has two
important implications. First, the vasodilation in the active muscle that causes the
decrease in resistance has the effect of increasing blood flow to the active muscle,
thereby increasing the availability of oxygen and nutrients. Second, the decrease in
resistance keeps mean arterial pressure from increasing dramatically. The increase in
mean arterial pressure is 110 mmHg 15 L-minl determined by the relative changes in
cardiac output and total peripheral resistance. Since cardiac output increases more than

resistance decreases, mean arterial pressure increases slightly during dynamic exercise.


http://www.cvphysiology.com/Blood%20Pressure/BP019.htm
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However, the increase in mean arterial pressure would be much greater if resistance did
not decrease.

2.4.3.8 Blood Pressure

Blood pressure is the pressure exerted by heart pump on the
vessel walls, and the term usually refers to arterial blood pressure. It is expressed by two
numbers: the systolic blood pressure (SBP) and the diastolic blood pressure (DBP). The
higher number is the SBP; it represents the highest pressure in the artery that occurs
during ventricular systole. Ventricular contraction pushes the pulsatile blood volumes
through the arteries with tremendous force, and that force exerts high pressure on the
arterial walls. The lower number is the DBP and represents the lowest pressure in the
artery, corresponding to ventricular diastole when the ventricle is filling.

Mean arterial pressure (MAP) represents the average pressure
exerted by the blood as it travels through the arteries. Since diastole takes about twice
as long as systole in a normal cardiac cycle, mean arterial pressure can be estimated
from the DBP and SBP as follow (41):

MAP = 2/3 DBP + 1/3 SBP or MAP = DBP + [0.333 x (SBP — DBP)]

During exercise, mean arterial blood pressure increases
substantially. However, systolic and diastolic blood pressures do not increase in the
similar patterns. With whole-body endurance exercise, systolic blood pressure increases
in direct proportion to the increase in exercise intensity. However, diastolic pressure
does not change significantly, and may even decrease.

Increased systolic blood pressure results from the increased
cardiac output that accompanies increasing rates of work. This helps to facilitate the
higher blood flow through the vasculature. Also, blood pressure (that is, hydrostatic
pressure) determines how much plasma leaves the capillaries, entering the tissues and
carrying needed supplies. Thus increased systolic pressure aids substrate delivery to
working muscles.

Blood pressure reaches a steady state during submaximal
steady-state endurance exercise. As work intensity increases, so does systolic blood
pressure. If steady-state exercise is prolonged, the systolic pressure might start to
decrease gradually, but diastolic pressure remains constant. The slight decrease in

systolic blood pressure, if it occurs, is a normal response and simply reflects increased
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arteriole dilation in the active muscles, which decreases the total peripheral resistance
or TPR (since blood pressure = cardiac output x total peripheral resistance).

Diastolic blood pressure changes little during submaximal
dynamic exercise; however, at maximal exercise intensities, diastolic blood pressure
increases slightly. Diastolic blood pressure reflects the pressure in the arteries when the
heart is at rest (diastole). With dynamic exercise there is an overall increase in
sympathetic neural tone to the vasculature, causing overall vasoconstriction. However,
this vasoconstriction is blunted in the exercising muscles by the release of local
vasodilators. Thus, there is a balance between vasoconstriction to inactive regions and
vasodilation in the active skeletal muscle; therefore diastolic pressure does not change
substantially.

2.4.3.9 Blood Flow

Acute changes in cardiac output and blood pressure, in
concomitant with steady resistance during exercise will allow for increased total blood
flow to target organs. These responses facilitate getting blood to areas where it is needed,
primarily the exercising muscles. Additionally, sympathetic control of the
cardiovascular system can redistribute blood so that areas with the greatest metabolic
need receive more blood than areas with low demands.

Blood flow patterns change markedly in the transition from rest
to exercise. Through the action of the sympathetic nervous system, blood is redirected
away from areas where it is not essential to those areas that are active during exercise.
Only 15% to 20% of the resting cardiac output goes to muscle, but during high-intensity
exercise, the muscles may receive 80% to 85% of the cardiac output. This shift in blood
flow to the muscles is accomplished primarily by reducing blood flow to the kidneys
and the so-called splanchnic circulation that includes the liver, stomach, and intestines.
This results in vasoconstriction in some areas which allows for more of the increasing
cardiac output to be redistributed to the exercising skeletal muscles. Even though
sympathetic activation takes place in the skeletal muscles, vasoconstriction still cannot
overcome local vasodilating substances which are released from the exercising muscle.
As a result, the overall vasodilation in the muscle is produced (34).

Many local vasodilating substances are released in exercising

skeletal muscle. As the metabolic rate of the muscle tissue increases during exercise,
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metabolic waste products begin to accumulate with an increase in acidity and
temperature within that muscle. These are some of the local changes that trigger
vasodilation, and resulting in higher blood flow through that organ. Local vasodilation
is also triggered by low partial pressure of oxygen in the tissue or a reduction in oxygen
bound to hemoglobin and possibly other vasoactive substances (including adenosine)
released as a result of skeletal muscle contraction (41).

2.4.3.10 Blood Perfusion

Perfusion is the process of a body delivering blood to
a capillary bed in its biological tissue. The most common methods include evaluating a
body's skin color, temperature, condition and capillary refill (39).

In this study, we measured blood perfusion using Laser Doppler
Flowmetry (LDF) that have two black markers. The markers were adhered around 2
inches from right clavicle: the first marker is under the bra’ shoulder strap (inside) and
the second marker is outside strap. During exercise, blood perfusion was measured
every 10 minutes. For accuracy, subject had to stop exercise and be measured blood
perfusion within 1 minute.

2.4.3.11 RPE scale

The RPE scale measures feelings of effort, strain, discomfort,
and/or fatigue experienced during training. One’s perception of physical exertion is a
subjective assessment that incorporates information from the internal and external
environment of the body. The greater the frequency of these signals, the more intense
are the perceptions of physical exertion. In addition, response from muscles and joints
helps to scale and calibrate central motor outflow commands. The resulting integration

of feedforward-feedback pathways provides fine-tuning of the exertional responses.
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The level of perceived exertion is often measured with a 15

category scale. The Borg scale is shown below:

6
7
8
9
10
11
12
13
14
15
16
19
20

No exertion at all

Extremely light

Very light

Light

Somewhat hard

Hard (heavy)

Extremely hard

Maximal Exertion (8)

2.4.3.12 Discomfort scale

Discomfort or pain scale is measurement patient's pain intensity

or other features. Pain scales are based on self-report, observational (behavioral), or

physiological data. Self-report is considered primary and should be obtained if

possible. (50)

The scale is an 11-point scale for patient self-reporting of pain.

It is for adults and children 10 years old or older.
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No pain Moderate pain Worst pain
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Figure 2.2 Discomfort or pain scale; 0-10 (63)

2.5 Equipment

2.5.1 Cardiac variables

PhysioFlowEnduro is an original system for non-invasive cardiac
monitoring device, which provides hemodynamic parameters using analysis of thoracic
electrical bioimpedance signals (TEB). TEB is a technique which quantifies heart’s
mechanical activity and circulation instead of its electrical activity (ECG). The
fundamental theoretical principle of TEB uses direct measurement of the baseline
impedance of the velocity index, the acceleration index, the ventricular ejection time
and heart rate of the early diastolic function ratio. These measured parameters are used
to compute other hemodynamic parameters.

PhysioFlowEnduro measures changes in impedance by inducing a high
frequency alternating electrical current (66 kHz) of low magnitude (3.8 mA rms)
towards the thorax between a pair of electrodes positioned on the neck and another pair
positioned on xiphoid process. The use of a high frequency current eliminates the risk
of interference with heart and brain bioelectrical activity. In addition, as the impedance
of skin-electrodes is very low at high frequency, tissues will not endure any thermal

effects and the patient feels nothing.
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2.5.1.1 Functions

PhysioFlowEnduro measures the following parameters:
- Heart Rate

- Stroke Volume/Index

- Cardiac Output/Index

- Ejection Fraction

- End Diastolic Volume

- Systolic Vascular Resistance (51)

2.5.2 Blood Perfusion

2.5.2.1 Functions

Laser Doppler Flowmetry (LDF), a non-invasive method, is
used to continuously measuring blood flows from target parts. It has been used to
measure microcirculatory blood flow in many tissues including neural, muscle, skin,
bone and intestine. The principle of laser doppler flowmetry is to measure the doppler
shift - the frequency change that light undergoes when reflected by moving objects, such
as red blood cells. Laser doppler flowmetry uses monochromatic light emitted from a
low power laser. The light emitted and reflected is fed through optical fibers from the
target to the analyzer-recorder. Measurement of the Red blood cell motion is recorded
continuously in the outer layer of the tissue, with little or no influence on physiologic
blood flow. This output value constitutes the flux of red cells, defined as the number of
red cells times, their velocity and is reported as microcirculatory perfusion units. No
direct information concerning oxygen, nutrient or waste metabolite exchange in the
surrounding tissue is obtained with this technique. The relationship between the
flowmeter output signal and the flux of red blood cells is linear. The beam can penetrate

unbroken, non-pigmented tissue to a depth of 1-2 mm (33).
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CHAPTER |11
MATERIALS AND METHODS

3.1 Equipment

France)

The following equipment was used in this study:

1.
2

© 00 N O O B~ W

11.
12.
13.
14.
15.
16.
17.
18.

Sphygmomanometer (Spirit, Taiwan)
Signal Morphology-based Impedance Cardiography (PhysioFlow,

. Laser Dropper Flowmetry (moorVMS-LDF,UK)

. Gas Oz and CO; analyzer (Oxycon Mobile, Germany)

. Sports bras, Casual bras (Wacoal manufacture, Thailand)
. Sportswears

. Motor-drive treadmill (Marqutte, USA)

. Electrode

. Measuring Tape

. 70% alcohol solution

Absorbent cotton

Digital weighing scale (AND AD-6201, Japan)
Stadiometer

Stethoscope (MDF, China)

Body composition monitor (Omron, Japan)
Borg’s Perceived Exertion (from G.Borg,1982)
Discomfort scale (from Wong D.L., et al., 2001)

Physical activity questionnaires
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3.2 Subjects

Thirteen healthy females (age ~ 18-30 yrs), with B and C breast cup size,
voluntarily participated in this study.

Inclusion criteria: are as follow:

- Have habitually active lifestyle

- Have normal range of BMI (between 18.5 — 24.9 kgem?)

- Nonsmokers, Nonalcoholic

- No experience with any commercial sports bra

- No history of respiratory or cardiovascular related problems

- No injuries before the experimental day

- Have regular menstrual cycle. (Eumenorrhea)

- No previous or current pregnancies

- No major thoracic and abdominal surgery

- Free from diseases or symptoms which may limit exercise activity

Exclusion criteria: Subject will be excluded when later find that they

- Cannot exercise at the determined intensity

- Have injury which limits exercise activity

- Pregnant

- Use any contraceptive, muscle relaxant, and/ or bronchodilator
pills/medication during the study period

- Cannot complete the required experimental trials

All subjects signed in consent forms before participating with the
experiment after they had read and understood all the experimental protocols. The
protocol was approved by the Human Research Ethics Committee of Mahidol

University.
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3.3 Experimental Procedure

A week before testing, participants arrived at the Laboratory (College of
Sports Science and Technology, Mahidol University). All participants will initially have
physical examination by physician, follow by filling in physical activity and health
screening questionnaire form. Each individual will be identified for bra cup size. Then,
anthropometry will be measured as follows:

- Chest, Waist, and Hip Circumferences

- Quadriceps and Cubitus angles

- Range of Motion (ROM) of back , hip, knee, and ankle

- Checked their feet shape (flatfoot)

- Vertebral column posture: Lordosis, Kyphosis, and Scoliosis

Finally, testing the peak of oxygen consumption (VOzpeak) 0N treadmill by
Gas O2 and CO> analyzer (Oxycon Mobile) using Bruce’s Protocol (13). Until subject
could not be examined.

Qualified participants would be selected and explained for the experimental
protocol, procedure, possible risks/discomfort and benefits of the study before actual
test. Then, they will sign informed consent forms prior to the experiment. Subjects’
instructions that they have to do for 48 hours before testing are shown as follows:

- Avoided coffee, tea, alcohol, drug, or tobacco.

- Consumed the regular diet and took enough water intake.

- Get appropriated sleeping before test at least 8 hrs.

- Avoided strenuous physical activity.

- Prepared their own sports shoes.

Participants have to visit the laboratory for three random bra conditions;

- no bra (NB)

- casual bra (CB)

- and sports bra (SB)

For safety and privacy, at least two female researchers will conduct the
experiment in the confidential area of Sports Physiology laboratory. They will be
accepted for testing only in individuals’ follicular phase of menstrual cycles to avoid the
dysmenorrhea symptoms and the hormonal changes effect during menstrual period. To

prevent diurnal variations, test will be done only in the afternoon. When participant


http://dict.longdo.com/search/dysmenorrhea

Kanchana Taothong Materials and Methods / 32

arrived at laboratory on testing day, they will rest for 5 minutes and are assessed for
resting vital signs, anthropometric data and set for non-invasive cardiac variables

equipment (Physioflow).

3.3.1 Vital Sign Assessment
3.1.1 The manual sphygmomanometer (Spirit, Taiwan),
Stethoscope (MDF, China), and wrap cuff firmly on upper arm are used for determining
blood pressure.
3.1.2 Resting heart rate will be measured by Signal
Morphology-based Impedance Cardiography (PhysioFlow, France).

3.3.2 Anthropometrics measurement
3.2.1 Body size
Digital weighing apparatus and a height stadiometer will be
used for body weight and height measurement in each subject by the same measurer.
3.2.2 Body composition
Weight and height will be applied for Body Mass Index (BMI)
calculation. The percentage of body fat mass and fat free mass will be assessed using

body composition monitor (OMRON, Japan).

3.3.3 Cardiac Function test

Impact of sports bras on the function of the heart and blood volume to
squeeze out time (Stroke volume, SV , ml/min) , pulse rate (Heart rate, HR,
beats/minute), and volume of blood forced out per minutes (Cardiac output, CO,
liters/minute) , blood pressure (BP, mmHg), blood volume when the heart relaxes(End-
Diastolic Volume, EDV, ml), the ratio of the force blood out of the heart/blood volume
when the heart relaxes (Ejection Fraction, EF, percentage). These variables will be
continuously monitored by Signal Morphology-based Impedance Cardiography
(PhysioFlow, France) and used Laser Doppler Flowmetry to measure blood perfusion
(flux) either at rest or during exercise. Participant will randomly put on SB, or CB, or

NB over the three exercise experiments.
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3.4 Exercise protocol

They will attempt to perform running exercise up to 80% of maximum heart
rate, at constant speed of 4 mph on a motor-driven treadmill at 25°c and humidity less
than 60 starting from calisthenics warm up with 2 min of static stretching and 3 minutes
of 2.5 mph treadmill walking. Physiological responses of heart rate (HR), blood pressure
(BP), cardiac output (CO), stroke volume (SV), ejection fraction (EF), end-diastolic
volume (EDV), systemic vascular resistance (SVR), blood perfusion, RPE scales, and
discomfort scale will be collected every 10 minute over exercise testing and 5 minutes
of recovery. Finally, all participants cool down after finishing all data collecting.
Exercise will be terminated when heart rate approaches target value. Other sign and
symptoms which will terminate exercise including drop in systolic blood pressure >10
mmHg from baseline or high blood pressure more than 250/115 mmHg , chest pain,

sever shortness of breath or wheezing and fatigue or cannot sustain pace.

Experimental Day

Anthropometric and RPE scale, Discomfort scale
vital signs assessment

Randomized: CVS: HR, SV, CO, CI, EDV, EF, SVR, Blood Pressure, Blood Perfusion

: NB,CB,SB

Resting 5 min

t

Base line data:
cardiac function

Recovery

]

NB: no bra, CB: casual bra, SB: Sports bra (by Wacoal)

dn waepp

Figure 3.1 Exercise Protocol
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3.5 Statistical analysis

All data will be presented as mean =SEM otherwise will be stated.
The Kolmogorov—Smirnov test (K-S test) will be used for normal distribution testing.
Ifall cardiovascular function parameters are normal distribution, One-way ANOVA will
be used for significant difference analysis, which will be accepted at p-value less than
0.05. If a significant main effect achieve, Bonferroni’s post hoc test will be applied to
identify the difference couple.
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Flow Chart

All subjects were recruited Inclusion criteria:

(n=13) - active women

- Age 18-30 yrs
- No health
problem

A

v

Screened questionnaire, test physical exam g?assr:;%kéngn dc
before testing - Regular
(physical activity, health) h mgr}i'cjrljur?zgon
- Not ever been
used sports bra
before
Read the experimental protocol and informed consent form
Anthropometric measurement
body weight ,height , BMI, %Fat, circumference (bust , under bust )
Randomized subjects into 3 conditions
Bare breasted (no bra) Casual bra «— Sports bra

Used on bhase line

!

Data collection

HR, BP, SV, CO, RPE, Discomfort scale, ‘ Data Analysis
Blood Perfusion

Figure 3.2 Procedure of the research
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CHAPTER IV
RESULTS

The aim of this study was to explore the effects of sports bra on
cardiovascular functions at rest and during constant speed running, as well as during
recovery period. Sixteen female subjects were initially recruited due to inclusion criteria
and completed all 3 randomized exercise conditions using no bra (NB), casual bra (CB),
and sports bra (SB). All conditions were conducted in a privacy room. All variables

were continuously recorded via computer programs throughout the experiments.

4.1 Characteristics of subjects

Thirteen subjects were finally completed the study. Their characteristics
while participated in 3 conditions of control (no bra), casual (CB) and sports (SB) bras
including anthropometric data, means and standard deviations were presented (Table
4.1). Resting heart rate (HR) and blood pressure (systolic and diastolic blood pressures,
SBP and DBP) are in normal ranges of Thai population. The present study is very unique
in that resting local blood perfusion (in arbitrary unit, achieved from Laser Doppler
flowmeter, via), of either under or outside bra’s strap, were estimated to determine
whether there is any compression on local vascular circulation. No significant

differences of all resting variables among three conditions were found (p>0.05).
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Table 4.1 The characteristics of subjects in control (no bra, NB), casual (CB) and sports

bras (SB) trials. VValues are mean +SD.

Variables NB(n=13) CB(n=13) SB (n =13)
General characteristics
Weight (kg) 55.63+5.68 55.73+5.75 5592 +5.28
BMI (kg.m?) 21.55+1.77 21.59+1.81  21.67 +1.65
Body fat (%) 22754275 22534281  22.61+2.50
Lean body mass (%) 28.02£1.70  28.40 £1.78 28.28 £1.55
Waist (cm) 7354 +6.72  74.62+7.34  73.65+6.67
Hip (cm) 93.77 457  93.54 +5.18 93.42 +4.27
Physiologic variables
Resting HR (bpm) 69.54 +6.86  71.15+8.87  71.31+10.71
Resting SBP (mmHg) 104.23 £7.49 103.85+12.19 106.62 +9.41
Resting DBP (mmHg) 62.85 £6.23  63.77 +6.04 66.15 +5.61
Local blood perfusion
(arbitrary unit)
Outside the strap 20.80 £3.42  16.19+2.52 18.98 +1.83
Inside the strap 20.80 £3.42  20.69 +4.26 26.38 +6.42

It was noted that changes in cardiovascular variables in this study

represented as graphs for between groups and tables for within group comparisons.

4.2 Effects of bra on cardiovascular variables

4.2.1 Changes in heart rate

As exercise was started, all groups showed similar patterns of changes in
heart rates (HR) with significant differences from its corresponding resting values
(p<0.05). These abrupt increasing in HR were immediate responses from exercise
intervention: from 146.49 +0.92 bpm (NB), 147.85 +1.16 bpm (CB) and 147.26 +1.23
bpm (SB) at 60% of age-predicted maximal heart rates (MHR) to 159.83 +£0.62 bpm
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(NB), 161.0 £0.73 bpm (CB) and 161.85 +0.88 bpm (SB) at 70% MHR and 171.92
+0.62 bpm (NB), 172.17 £0.51 bpm (CB) and 172.90 +0.50 bpm (SB) at 80% MHR
respectively (Figure 4.1). Significant differences were detected only from initial resting
values, within group comparison, but not for between groups comparisons. Remarkable
declines in HR were found during the 1% min of recovery (p<0.05). HR during the rest
of recovery period remained in the similar patterns with no significant differences
between groups. However, all groups showed higher recovery HR than its

corresponding initial values throughout 5 min period (p<0.05).

HR (bpm)
=
(]

--&--SB

{—2*!
{_!
7 ]
4,
%
N
4,
%

Figure 4.1 Between-groups comparisons of changes in heart rates (HR) at rest, during
exercise at 60%, 70% and 80% of age-predicted maximal heart rates (shaded area), and
during 5 minutes of recovery period (R1, R2, R3, R4 and R5) in control (no bra, NB),
casual (CB) and sports (SB) bra. Abbreviations: 2 represents significant between NB-
CB, " significant between NB-SB and © significant between CB-SB. All values are

compared at p<0.05.
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4.2.2 Changes in stroke volume

Resting stroke volumes of all groups, 50.72 £2.85 ml (NB), 52.77 £3.29 ml
(CB) and 56.03 +2.98 ml (SB), were in normal ranges. Figure 4.2 showed the result of
stroke volume at rest, during exercise at 60%, 70% and 80% of age-predicted maximal
heart rate, all conditions changes with significant (p<0.05) from corresponding resting
values. At 60% of age-predicted maximal heart rates, stroke volume increased to 73.08
+4.37 ml (NB), 74.26 £4.00 ml (CB) and 79.74 +4.76 ml (SB) respectively. After that
stroke volumes showed gradual change to 70 and 80% of age-predicted maximum heart
rates. Between groups comparisons showed that at 60% of age-predicted maximal heart
rates there was significantly different between CB and SB (p<0.05). Stroke volumes

during post-exercise period remained unchanged when compared to initial values.
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Figure 4.2 Between-groups comparisons of changes in stroke volume (SV) at rest,
during exercise at 60%, 70% and 80% of age-predicted maximal heart rates (shaded
area), and during 5 minutes of recovery period (R1, R2, R3, R4 and R5) in control (no
bra, NB), casual (CB) and sports (SB) bra. Abbreviations: 2 represents significant
between NB-CB, ° significant between NB-SB and © significant between CB-SB. All

values are compared at p<0.05
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4.2.3 Changes in cardiac output

Resting cardiac outputs (CO) of all groups, 10.78 £0.61 L/min (NB), 10.99
+0.54 L/min (CB) and 11.89 #0.66 L/min (SB), were in normal ranges (ref). From
resting to 60% of age-predicted maximal heart rates, all groups showed similar patterns
of changes in cardiac output with were significantly higher (p<0.05) than corresponding
resting values followed by gradual increasing in CO from at 60% of age-predicted
maximal heart rates to 11.84 £0.93 L/min (NB), 12.66 +0.79 L/min (CB) and 12.55
+0.93 L/min (SB) at 70% of age-predicted maximal heart rates and 77.25 +10.64 L/min
(NB), 12.75 +1.07 L/min (CB), 13.51 +1.83 L/min (SB) at 80% of age-predicted
maximal heart rates respectively (Figure 4.3). Significant difference in CO was found
between CB and SB at 60% of age-predicted maximal heart rates. Remarkable declines
in CO were found during the 1% min of recovery (p<0.05). CO during the rest of recovery

period remained in the similar patterns with no significant differences between groups.
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Figure 4.3 Between-groups comparisons of changes in cardiac output (CO) at rest,
during exercise at 60%, 70% and 80% of age-predicted maximal heart rates (shaded
area), and during 5 minutes of recovery period (R1, R2, R3, R4 and R5) in control (no
bra, NB), casual (CB) and sports (SB) bra. Abbreviations: 2 represents significant
between NB-CB, ° significant between NB-SB and © significant between CB-SB. All

values are compared at p<0.05
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4.2.4 Changes in cardiac index

From resting to 60% of age-predicted maximal heart rates, all groups
showed similar patterns of changes in cardiac index (CI) with significant (p<0.05) from
corresponding resting values followed by gradual increasing in Cl from 6.86 +0.36
(NB), 6.94 +0.27 (CB) and 7.51 #0.36 L/min/min? (SB) at 60% of age-predicted
maximal heart rates to 7.52 +0.57 (NB), 8.02 +0.42 (CB) and 7.90 +0.49 L/min/min?
(SB) at 70% of age-predicted maximal heart rates and 4.35 +0.16 (NB), 4.40 £0.27 (CB)
and 4.62+0.24 L/min/min®> (SB) at 80% of age-predicted maximal heart rates
respectively (Figure 4.4). Significant differences were detected only from initial resting
values, within group comparison, but not between groups. Remarkable declines in CI
were found during the 1% min of recovery (p<0.05). Cl during the rest of recovery period

remained unchanged.
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Figure 4.4 Between-groups comparisons of changes in cardiac index (CI) at rest, during
exercise at 60%, 70% and 80% of age-predicted maximal heart rates (shaded area), and
during 5 minutes of recovery period (R1, R2, R3, R4 and R5) in control (no bra, NB),
casual (CB) and sports (SB) bra. Abbreviations: 2 represents significant between NB-
CB, " significant between NB-SB and © significant between CB-SB. All values are

compared at p<0.05
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4.2.5 Changes in end-diastolic volume

End-diastolic volumes were about 109.79 +4.95 ml, 107.36 +6.20 ml and
113.10 +4.34 ml in NB, CB and SB respectively (Figure 4.5) with no significance
difference between groups. Exercise EDV values at 60% of age-predicted maximum
heart rate were 133.33 £6.04 ml (NB), 131.46 +7.02 ml (CB) and 139.38 £5.78 ml (SB),
in which all groups showed similar patterns of increasing in end-diastolic volume (EDV)
with no significance difference between groups was found. For within-group
comparison, only SB showed significant difference (p<0.05) from initial values at 60%
of age-predicted maximum heart rate. As exercise intensity was progressed, there were
gradual increasing in EDV to 137.17 £7.11 ml (NB), 137.61 +9.14 ml (CB) and 137.15
+8.79 ml (SB) at 70% of age-predicted maximal heart rates and 144.13 +£10.05 ml (NB),
136.25 +11.74 ml (CB) and 137.14 +12.75 ml (SB) at 80% of age-predicted maximal
heart rates respectively. Remarkable declines in EDV were found during the 1% min of
recovery (p<0.05) in CB. EDV during the rest of recovery period remained in the similar

patterns in all groups with no significant difference between groups.
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Figure 4.5 Between-groups comparisons of changes in end diastolic volume (EDV) at
rest, during exercise at 60%, 70% and 80% of age-predicted maximal heart rates (shaded
area), and during 5 minutes of recovery period (R1, R2, R3, R4 and R5) in control (no
bra, NB), casual (CB) and sports (SB) bra. Abbreviations: 2 represents significant
between NB-CB, ° significant between NB-SB and ¢ significant between CB-SB. All

values are compared at p<0.05
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4.2.6 Changes in ejection fraction

Resting EF were 46.10 £1.97% (NB), 49.15 #1.59% (CB) and 49.21
+1.70% (SB) respectively (Figure 4.6). All conditions increased, when exercise was
started, to 54.90 +2.60% (NB), 56.85 +2.18% (CB) and 57.33 +2.43% (SB) respectively
at 60% of age-predicted maximal heart rates but result showed significant increased
(p<0.05) only in CB. At 60% to 80% of age-predicted maximal heart rates exercise
intensities, there was no significantly different of EF among the groups. At recovery, it
was found that EF gradually declined from 1% min with no significant in between groups

and within group.

65

60 -

EE 4 R S - T
S/ T Smgoged e
=50 - %’ I 1 T v
/
45 -
40

Figure 4.6 Between-groups comparisons of changes in ejection fraction (EF) at rest,
during exercise at 60%, 70% and 80% of age-predicted maximal heart rates (shaded
area), and during 5 minutes of recovery period (R1, R2, R3, R4 and R5) in control (no
bra, NB), casual (CB) and sports (SB) bra. Abbreviations: 2 represents significant
between NB-CB, ° significant between NB-SB and °© significant between CB-SB. All

values are compared at p<0.05
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4.2.7 Changes in systemic vascular resistance

Systemic vascular resistance (SVR) represents the rough estimation of the
entire struggle in hemodynamic, but not a particular region. This study is unique to
represent SVR during exercise in human. When started exercise, all groups showed
similar patterns of significant reductions in systemic vascular resistance (SVR) from
corresponding resting values as immediate responses (p<0.05) (Figure 4.7). These
reductions, within group comparison, were detected (p>0.05) as exercise was
progressed to 70 and 80% of age-predicted maximal heart rates, but not between groups
(p<0.05). Higher SVR were found in all groups during the 1% min of recovery but still
significant differences from initial values (p<0.05). SVR during the rest of recovery
period gradually increased but remained significantly differences from initial values

(p<0.05), no between groups differences were detected.
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Figure 4.7 Between-groups comparisons of changes in systemic vascular resistance
(SVR) at rest, during exercise at 60%, 70% and 80% of age-predicted maximal heart
rates (shaded area), and during 5 minutes of recovery period (R1, R2, R3, R4 and R5)
in control (no bra, NB), casual (CB) and sports (SB) bra. Abbreviations: 2 represents
significant between NB-CB, ? significant between NB-SB and ° significant between CB-

SB. All values are compared at p<0.05
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4.2.8 Changes in blood pressure

To obtain the valid blood pressures and to avoid any mechanical artifacts,
investigator had to stop exercise test and kept the subject in a standstill fashion. These
will more or less affect cardiovascular responses. From these difficulties, series of blood
pressure were measured within less than 1 min duration of at rest, every 10 minutes of
exercise on a treadmill and every minute of first 5 minutes of the recovery period (R1,
R2, R3, R4 and R5).

At rest, systolic blood pressure (SBP) showed the similar values in each
group, 104.23 £2.08 mmHg (NB), 103.85 +3.38 mmHg (CB) and 106.62 £2.61 mmHg
(SB). All groups showed similar patterns of changes in SBP from initial values when
started exercise. Results showed that only CB showed significant differences from
initial value (p<0.05) at 10 and 20 minutes of exercise (Figure 4.8 A). Only significant
reduction in SBP was found in NB at the 1% min of recovery. No significant differences,
between groups, in SBP during the rest of recovery period were found.

Diastolic blood pressure (DBP) at rest showed that values in each group
(Figure 4.8 B), 62.85 +1.73 mmHg (NB), 63.77 +1.68 mmHg (CB) and 66.15 +1.56
mmHg (SB), are in normal ranges. There were slightly increased in DBP, but no
significant differences were found of both within and between groups, when exercises
were started, at 10, 20 and 30 minutes. No significant differences were detected during

the 1% min of recovery and the rest of recovery period.
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Figure 4.8 Between-groups comparisons of changes in systolic blood pressure (SBP, A)
and diastolic blood pressure (DBP, B) at rest, during exercise 10, 20 and 30 min (shaded
area), and during 5 minutes of recovery period (R1, R2, R3, R4 and R5) in control (no
bra, NB), casual (CB) and sports (SB) bra. Abbreviations: 2 represents significant
between NB-CB, ° significant between NB-SB and ¢ significant between CB-SB. All

values are compared at p<0.05
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4.2.9 Changes in blood perfusion

Series of blood perfusions were measured using Laser Doppler Flowmeter
at skin areas outside and inside of bra’s strap and can only be done in CB and SB
conditions. Data were collected at rest, every 10 minutes of exercise and 5 minutes of
the recovery period (R1, R2, R3, R4 and R5). Blood perfusion was then presented as
arbitrary unit and statistical analysis was presented as differences between outside and
inside skin areas of bra’s strap on the right side about 2 inches below clavicle. Blood
perfusions, outside, at rest in NB, CB and SB were 20.80 +3.42, 16.19 +2.52 and 18.98
+1.83 (arbitrary unit) respectively; while blood perfusions, inside, at rest in NB, CB and
SB were 20.80 +£3.42, 20.69 +4.26 and 26.38 £6.42 (arbitrary unit) respectively. No

significant differences were detected either outside or inside bra’s strap.

160 -

140 -

1

T

100 - L=~

80 - {' & T . —+—NB
;.r i CB

--&--SB

Blood Perfusion
(outside strap, arbitrary unit)

60 - y “T““T“““I

40 4
20 - i’l




Kanchana Taothong

160 -
140 -
120 -
100 -
80 -

60 -

Blood Perfusion
(inside strap, arbitrary unit)

40 T ;7

201 H

-
- -

Results / 48

Figure 4.9 Between-groups comparisons of changes in blood perfusion outside (A) and

inside strap (B) of bra at rest, during exercise 10, 20 and 30 min (shaded area), and

during 5 minutes of recovery period (R1, R2, R3, R4 and R5) in control (no bra, NB),

casual (CB) and sports (SB) bra. Abbreviations: 2 represents significant between NB-

CB, " significant between NB-SB and ¢ significant between CB-SB. All values are

compared at p<0.05
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CHAPTER V
DISCUSSION

The aim of this present study was to investigate the possible effect of sports
bra (SB) on cardiovascular function during running constant speed exercise at rest,
during and after exercise with three different bra conditions. Thirteen healthy females
who appropriated all criteria were selected to participate in this study. All characteristic
data, hip and waist circumferences, hip-waist ratio and BMI showed that all subjects
were in good shapes without overweight problems. Moreover, they did not show any
risk in blood pressure. They were in normal ranges of Thai female population at the
particular age (56). When compared between bra conditions, there were no significant
different in all resting characteristics. Their VOzpeax levels were considered in average
of Thai females at their age range (59). Thus, this study recruited normal healthy females
for sports bra investigation. Apart from cardiac variables, local blood flows in this study

also express some vascular characteristics.

5.1 The effect of sports bra on cardiovascular function at rest, during

and after exercise

This study showed that changes of most of cardiac variables were in the
normal and had similar patterns during exercise no matter any types of bra or even no
bra were put on. It seemed likely that the effects of exercise intensity override effects of
bras. Thus, putting on sports bra does not exert any effects on cardiac function. Previous
evidence indicated an increasing of ventricular contractility, which, in turn, resulting in
increasing of stroke volume and cardiac output (38). However, this compensatory
condition took place only when chest wall restriction was extremely high or chest wall
was totally covered, where vital capacity was diminished up to 35% from elastic recoil
of material used. In the present study, chest wall was not fully covered, but just partially
(total area of sports bra is 0.15-0.16 m? (65), total area of thorax is 0.3 m? (23, 49). In
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addition, investigators explored bra’s shoulder strap compressive force and found that
SB induced only 6 g/cm? when it was put on (Figure 5.1, 5.2). Since CBs were a private
property and some were used for long period of time, the present study failed to
construct the similar graph to represented relationships of shoulder strap and
compressive force.

Therefore, the free surface area left and low elastic recoil of bra’s garment
may not affect hemodynamic within the thorax. As a result, the increasing in SV and
CO in SB at 60% of age-predicted MHR in present study was most likely derived from
higher respiratory rates (RR), even no significant difference was detected, RR in SB
37.98 £1.89 and in NB 35.07 +1.59 breaths/min. Respiratory pumps from breathing
cycle is known to affect cardiac function in that the more frequent RR will bring about
higher SV (38). The higher SV in SB than NB conditions at 60% age-predicted MHR
may be due to slight compression of sports bra on the thorax, which follows by higher

respiratory rate.

Strain (cm/cm) Sports bra
1.6 4
1.4 4 A
1.2 4
™
0.8 -
0.6 -
0.4 -
0.2 4
Stress (N/cm?)
0 i ¢ ¢ ¢ ¢ ¢ - - - i
0.0 0.2 0.4 0.6 0.8 10 1.2 1.4 1.6 1.8 2.0
Sports bra
Weight scale (kg) p
15 4
JE
15 B
12 4
11 +
10 -
9 -
—4—SB

= S BV I P R N o]
T T R S R R N

8 165 21 23 25526.530.5 34 355365 37 38
Length (cm)



Kanchana Taothong Discussion / 54

Figure 5.1 Strain and stress relationships of sports bra (A) and length of bra’s shoulder strap-
induced compressive force (B).

It is generally known that exercise intervention will bring about higher
cardiac variables including higher heart rhythm and contractility. This is similar to the
phenomenon occurred during sympathetic activation (6). As exercise is commenced,
sympathetic neural activation becomes the first among responses on cardiac function.
This neural activity is closely related to change in blood pressure via baroreflex (18).
The second responses derive from increasing in cellular oxygen requirement and later
an increasing in metabolic waste products. These products from the periphery will affect
centrally on the heart via both chemoreceptors and baroreceptors. As a result, heart will
pump more vigorously and frequently in order to supply adequate amount of blood to
working muscles, as well as fasten the removal rates of waste products (25).

Cardiac index, the ratio between cardiac output and body surface area, is the
hemodynamic parameter which relates cardiac performance to the size of an individual
(14). Since body surface area is constant, thus increasing in CI is mainly due to
increasing in CO. This means that cardiac compensation during exercise can offer
suitable hemodynamic to all body parts. In addition, this study found that it was likely
intensity-dependent.

Volume of blood being ejected or remained in the heart is another unique
investigation of this study. EDV depends mainly on end-diastolic duration and venous
return (25). This means that the longer end-diastolic duration, the higher blood volume
will be filled in heart chamber. Accordingly, heart rates and stroke volumes during
exercises for all intensities were not significantly different among the groups, thus these
resulted in similar EDV during exercises at any intensities in all groups. EF is a ratio
between SV and EDV, normally expressed as percentage. In normal healthy population,
EF ranges from 55 to 70%. At maximum exercise, EF may rise up to about 80%, which
is known to be an adaptation to physical workload. A higher EF would represent an
increase in ventricular function in healthy individuals, whereas reduction in EF would
represent impairment of ventricular function and used as clinical indicator (25). Since
EDV is likely limited from size of heart chamber, an increasing in EF, therefore,
represents increasing in SV. It is generally known that sympathetic activation during

exercise will stimulate cardiac contraction in parallel with faster cardiac rhythm.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Sports Science) / 55

However, at sub-maximum exercise intensity, cardiac compensation with greater
contraction will bring about higher SV with effective EF (25).

It is generally known that reduction in vascular resistance is due to exercise-
induced vasodilation. Even though, we did not explore for metabolic waste products,
however, strong evidences showed that these products, in blood circulation and
localized in the nearby region known as vasoactive agents, will induce relaxation of
vascular smooth muscles (25).

It is normally found in healthy individuals that SBP and DBP showed
different characteristics to exercise intervention. Accordingly, SBP increases as a result
of higher cardiac contractility, which needs to pump appropriate amount of blood to
effectively supply even the periphery. Pulsatile pressure waves derived from cardiac
contraction will distend vessels’ lumen, this will, therefore, enhance energy stored
within vessels’ wall. DBP, on the other hands, is the stored pressure sustains within the
vessels and will cause recoil of vessels (6). Increasing in SBP while DBP remains or
slightly increases will physiologically set human vascular wall in a safety zone. It is
because of these characteristics, which keep mean arterial blood pressure (MABP) quite
in a low ranges. The present study indicated that MABP of females will be kept in a
safety zone with constant speed run.

The result of this study showed that blood perfusion was not limited in both
CB and SB conditions which may be explained that bra’s shoulder does not induce
excessive pressure on the shoulder. The compressive force of 0.6 g/cm? was found in
the present study shows that pinching or blocking of blood perfusion in under shoulder
strap region is likely to be ignored. In contrast to previous study which revealed that
more pressure of sports bra will limit extreme breast motion during exercise when
compared with fashion bra (9). Blood perfusion of either inside or outside the strap is
the result of physical activity. This was found in all groups. Even though the amounts
of perfusion are different, but no significances between groups were found. Thus we
can, again, conclude that it derives mainly form the result of physical activity. While
NB and SB perfusions remain similar throughout the recovery period, lowest blood
perfusion inside the strap in CB group during recovery may possibly the result of tight
chest straps found in the study. It was one of the benefits of this study to educate subjects

how to determine correct bra size.
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5.2 The comfortable feeling when put on sports bra

In present study, we expected that sports bra will reduce exercise-induced
breast motion together with least of all breast pain. In this experiment, the discomfort or
pain rating scale (scale 0: no hurt, 10: hurts worst) was used an indicator of feeling pain
in all conditions. This subjective evaluation during wearing sports bra and exercise was
slightly more than other conditions. On the other hands, during recovery period found
that discomfort scale in sports bra was less than casual and no bra conditions. Previous
study of treadmill running showed that the association of reductions in breast pain and
discomfort appeared together with diminution in breast motion achieved with highly

supportive brassieres. (9, 28, 32, 35)
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CHAPTER VI
CONCLUSION

This study indicates that there is no limitation of sports bra on
cardiovascular function at rest, during and after exercise. Cardiac functions including
rate and contractility exhibit similarly as when subjects were in no bra or casual bra.
Peripherally, systolic and diastolic blood pressures and total vascular resistance do not
exhibit any changes from casual bra. Even there are fluctuations of some cardiac
variables as sports bra is put on, these changes are considered as minor. It is
recommended from this study that sports bra can be used safely with no cardiovascular

limitations.
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