Bibliothéque nationale
du Canada

National Library
of Canada

i

Canadian Theses Service

Ottawa, Canada
K1A ON4

CANADIAN THESES

NOTICE

The quality of this microfiche is heavily dependent upon the
quality of the original thesis submittec for microfilming. Every
effort has been made to ensure the highest quality of reproduc-
tion possible.

If pages are missing, contact the university which granted the’
degree.

Some pages may have indistinct print espécially if the original
pages were typed with a poor typewriter ribbon or if the univer-
sity sent us an inferior photocopy.

Previously copyrighted materials (journal articles, published
tests, etc.) are not filmed.

Reproduction in full or in part of this film is governed by the
Canadian Copyright Act, R.S.C. 1970, c. C-30. Please read
the authorization forms which accompany this theis.

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

NL 339 (r. B6/01)

Services des théses canadiennes

g

THESES CANADIENNES

—

AVIS

La qualité de cette microfiche dépend grandement de la qualité
de la thése soumise au microfilmage. Nous avons tout fait pour
assurer une qualité supérieure de reproduction. ’

S'il manque des pages, veuillez communiquer avec l'univer-
sité qui a conféré le grade.

La qualité d'impression de certaines pages peut laisser 3
désirer, surtout si les pages originalns ont été dactylographiées
a l'aide d’'un ruban usé ou si 'uriversité nous a fait parvenir
une photocopie de qualité inférieure.

Les documents qui font déja I'objet d'un droit d'auteur (articles
de revue, examens publiés, etc.) ne sont pas microfilmés.

La reproduction, méme partielle, de.ce.microfilm est soumise
a la Loi canadienne sur le droit d'auteur, SRC 1970, c. C-30.
Veuillez prendre connaissance des formules d'autorisation qui
accompagnent cette thése.

LA THESE A ETE
MICROFILMEE TELLE QUE
- NOUS L'AVONS REGUE

Canadi.



l* National Library Bibliothéque nationale 0-315-24824-6
" of Canada du Canada

Canadian Theses Division Division des théses canadiennes
s

Ottawa, Canada -
K1A ON4

PERMISSION TO MICROFILM — Al JRISATION DE MICROFiLVMER

¢ Please print or type — Ecrire en lettres moulées ou dactylographier -

)

Full Name of Author — Nom complet de 'auteur

L NDIRA S AROYA

Date of Birth — Date de naissance Country of Birth — Lieu de naissance - .

20 Aug., s 4 A - INDIA

Permanent Addresd — Résidence fixe )

‘410 AMARTIT <SING H LuRzrRrRDAR

V.pe- JTALBYHE |
DieTT. JuLLunNDUR L NDIA

Title of Thesis — Titre de la thése

TRe EFregcers CF ‘\,/L»GA PosTURES AND  AREATHING |
FXERCISES ON  SELECTED P/—/Y'S\i\.pL.OQf(/1L; PARANME TEES

|
[

Y FEMALES
University — Université » : -
UNIVERSITY OF ALRLR TA
Degree for which thesis was presented — Grade pour lequel cette thése fut présentée -

Mhe T ER OF SCENCE

Year this degree conferred — Année d'obtention-de ce grade Name. of Supervisor — Nom du directeur de these

| 9% 4 DR. MoHAnN SN GH

Permission is hereby granted to the NATIONAL LIBRARY OF L'autorisation est, par ia présente, accordée 2 la BIBLIOTHE-
CANADA to microfilm this thesis and to lend or sell copies of QUE NATIONALE DU CANADA de microfilmer cette thése et de
the film. ‘ ) preter ou de vendre des exemplaires du film:

The author reserves other publication rlghts and neither the L'auteur se réserve les dutres droits de publication; ni la these
thesis nor extensive ‘extracts from it may be printed or other- ni de Iongs extraits de celle-ci ne doivent étre imprimés ou
wise reproduced wnthout the author’s written permission. : autrement reproduits sans I'autorisation écrite de l'auteur. -
Date o ; . Signature

17 od -, [?e?f o _AHCMCL SQ)U&{,Q

NL-91 (4/77)




THE UNIVERSITY OF ALBERTA

THE EFFECTS OF YOGA POSTURES AND BREATHING EXERCISES
ON SELECTED PHYSIOLOGICAL PARAMETERS OF FEMALES

by

< (: ' INDIRA SAROYA

A THESIS

- SUBMITTED TO THE FACULTY OF GRADUATE.STUDLES AND RESEARCH

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE
OF MASTER OF SCIENCE

e

DEPARTMENT OF PHYSICAL EDUCATION AND SPORT STUDIES

Y

EDMONTON, ALBERTA
FALL, 1984

<~



THE UNIVERSITY 0fF ALBERTA

RELEASE FORM

NAME OF AUTHOR: Indira Saroya
TITLE OF THESIS: The Effects of Yoga Postures and Breathing
Exercises on Se]ected Physiological Parameters
of Females.
DEGREE FOR WHICH %HESIS WAS PRESENTED:  M.Sc.
YEAR THIS DEGREE GRANTED: ‘Fall, 1984
| Permission is hereby granted to THE. UNIVERSITY OF ACBERTA
LIBRARY to reproduce single copies of this thesis and to lend
or se11 such copies for private, scholarly or scientific
research purposes only.
The author reserves other publication rights, and neither
the thesis nor extensive extracts from it may be printed or

otherwise reproduced without the author's writte”lpermission.

(Signed) ...).. el ..iam/
3 /7
PERMANENT ADDRESS :

., V.P.0. Jalbhe .

Distt. Jullundur
India

oATED /. 0Ll 11984



THE UNIVERSITY OF ALBERTA

- FACULTY OF GRADUATE STUDIES AND RESEARCH

’

The unders{éned certify that they have read, and
recommend to the Fagu]ty'of Graduate Studies»and Research, for
_ acceptance,:thesis.entitled ”ThelEffects of Yoga Postures and
: Bregfhing Exercises on Selected Physiological Parameters of
Females" submitted by Indira Saroya in partial fulfilment of

the requirements for the degree of Master of Science.

-

ﬂx/ ¢ s A ’H‘ _

e ,/,/ d KLW/J;/A&-TT.»-,T.\,
Supgrvisor

........ M

o o o



Dedicated in memory of my Papa

a Karma Yogi

jy



ABSTRACT

The growing popularity of Ycga and the paucity of evidence
regarding its effects on bodily functions of tiie females prompted
the need for an empir]ca].investfgation. Tne purpose of the
study wasito-determine the effects (f faga training on selected

physiological parameters, which wer vrelarat..., respiratory

measures, and cardiovascula-~ measures .

“venty-three. females (mean age‘?3.8.year:) volunteered as subjects
for this study. After the preliminary tgﬁts, they were

randomly assigned to two groups, namely Yoga and control. The
Yoga group was trafned“for eight weeks in selected dsana: and
Pranayama, while the control group did not receive any training.
The mid and posf training test; indicated thét certain significant
changes had taken place as a result of training. In the Yoga
group, significant decreases in frontalis EMG activity, resting
“heart rate, blood pressure and exercise heart rate at the 4th
min., while increments in Vital Capacity and chest expansion were
‘observed (p <0.05). ‘The control group did not show any significant
change. Thus, the Yoga group individuals were more relaxed and
improved in cardiovascular and respiratory measures as a

result of dsaras and Pranayama training.
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| DEFINITION OF TERMS AND ABBREVIATIONS
DEFINITIONS

Asana:' [ts Eng]ish translation is seat or pose. It is a

(

static Yoga exercise or pose ma1nta1ned for a spec1f1c
per1od of time. |

Bhujangasana: Its English transTat1on is 'Cobra pose' In

this posture, the chest s fully expanded, the abdominal
muscles are tightened, and the whole spinal region seems'to
‘be -toned. (Fig. TT

Dhanurasana: Its English translation is 'Bou pose'. It
stretches the abdominal section of the body, and the,
muscTes which fTex the hip joints. (Fig. 2)

Ha]asana.,‘Its EngT1sh translation is 'Plough pose'. This
posture stretches the whole sp1ne It streogthens the
abdom1naT muscles. (Fig. 3)

ArdhaTMatsyendrasana' In English it is known as 'Half- Spinal
twist'. This posture is cTa1med to exert tremendous preSSure
on the liver and stomach. 1In addat1on, the pressure is app]1ff>v
to the kidneys and iotest1nes. (Fig. 4)

Matsyasana:- Its English translation is '"Fish pose'. In this
posture the chest is fully expanded and bkeathing becomes

~ deep. The thyroid glahds may be stimulated due to the
-Stretching of the neck.~(Fig. 5)

&
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Maximal Oxygen Consumptjon: The maximal amount of oxygen

!

that can be absorbed hy the cardiorespiratory system
per unit time.

Paschimottanasana: Its English translation is 'Head to
knee pose'. It claims to tone the abdomina1 organs and
improve the spine. (Fig. 6)

“*Pranayama: Its English translation is 'Breath Control'.
It is an element of Yoga involving a specific kind of
respiratory control.

Sarvangasana: Its English translation is 'Candle pose?.

It is known to have a beneficial effect on the metabolism

of the body due to the stimulation of the thyroid gland

from the pressure o% chin against this organ. (Fig. 7)
Savasana: Also known as Shavasana. Its English translation

is 'Corpse pose'. It is known to be a supine posture for

‘relaxation. (Fig. 8)

Shalabhasana: Its English translation is 'Locust pose'. It °
seems to be a fine exercise for the abdomen, the hips,
thé;£e1vis and the Tower back. (Fig. 9)

) ”

Submaximal Work Load: A workload which is within the limit

of the adaptive potential of the cardiorespiratory system

of the individual.



ABBREVIATION

BP
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Dis
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HR
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CHAhTER [
S%ATEMENT OF THE PROBLEM
INTRODUCTION |
Yoga is an aso- d pract1ce 1ntended to satisfy the inner des1res
of ancient saints (74), From a secluded environment this system has

_ become prevalent throughout the world.

'Sanskrit word' Yoga'means yoke, which implies union with the Divine.

A similar concept cen.he traced back to the word're]igion.' It is
derived‘from the Latin Qord ‘Religio' which means to join. This

term Yoga stands, f1rst for the correct1on of the human: d1sharmon1es
into a ‘harmonious un1ty,rsecond for the union of the human

entity with God. According to Dalal (27),

\

Yoga refers to a system of beliefs and
practices whose goal is to attain 4 "union".
of the individual self with Supreme

Reality or the Un1versa1 Self. (P-156)

In the same way Aurbindo”(11) def1neg the union of. the 1nd1v1dua1
soul with the un1versal sou] as the aim of Yoga. Further, §Jnghj
et al. (74) stated that such a union could be attained on]y'

through comp]ete subjection of the se]f to a’ rigorous d1sc1p11ne

accord1ng to trad1t1on based on count]ess centur1es of experience.



There are five main wdys of achieving this union. FEach way has
an ethical-religious system at the core and each sees the
trance-like state of Samadhi as the final step in attaining
union with Supreme Reality. ' As Manuvaryaji (54) states

ATl Yoga is for the Divine - it is the

conversion of the human soul into the
~._Divine soul....... (P-3)

Although each of theée Yogic paths is distinguished by its
particular practices, they cannot be rigidly classified into

watertight compartﬁents. ‘These systems of Yoga are:

a. Jnana nga’or'Yoga of'Knowledge. It teaches

to achieve a goal through wisdom and knowlerqe.

b. Bhakti Yoga or Yoga of Devotion. It emphasizes

the rb]e of love as the way to attain God communion.

C.  Karma Yoga or Yoga of Action. It stresses the
importance of work and duty in their pure forms,

devoid of any desire for material profit.

d.  Raja Yoga or Yoga of Se]f—knqw]edge. It aims at
the deveﬁopment of man's full potential and

expression of his inner spiritual self.



€.  Hatha Yoga or Yoga of Health. It seeks primarily to-
correct physical and mental disharmonies through a
balanced program of physical and ‘mental traiﬁingﬁ
Patanjali (5) in his Yoga Aphorisms refers to Hatha Yoga
as modifications of the thinking principles which is
obtainable through different methodg such as
controlling the vital breath and steady pose, both

of which are intimately connected with the mind.

Traditionally, fn this kind qf Yoga there are eight Timbs to
follow to reach the state of,Samadhi. These limbs are: Yana
(moral restraints); Niyama (spiritual observances); Pratyahara
(withdrawa] 6f hind from external influence); dsana (bodily
postu}és); Pranayama/(reéb]ation‘of breath); Dharna (concentration);
Dhayana (meditation) and Samadhi(unionrwith God). Out of these,
the first five limbs constitute the outer phgse of Yoga. Yama,
Niyama, and Pratychara are ru]es_and regulations to govern the

" body through fhe mind; 4sana and Pranayarma govern the body and

the mind. Whereas the last three 1imbs namely Dharana, Dhayana and

Samadht is known to be the final stage of ‘mind and thus the final

stage of Yoga.

Asana, Pranayama, and Kriya are the three forms of Hatha Yoga
However, Asana and Pranaycma aré\popu1ar in the western world
Their practice is popularized by rich b1b]1ography and partially

\

by some Yoga centres.



AN

Asana is a Sanskrit term, which means a seat and implies
steadiness and comfort. It requires relaxation and meditation
on the immovable. In Hatha Yoga, Asanas include a wide range

of physical and mental e.ercises, classified as stretching,

inversion, balancing, standing and sitting postures.

According to Brena (21) dsana is a particular p]astic:fi .
attitude of the body and mind, through which certain Aﬁzcuyé}
groups are put into action and vitalized. Asanas along with
Yamaland Viyama lead an individual to the threshold of super-
consciousness. Wilson (98) observed that Asanas consist of
slowly stretching and bending oneself .in a particular position
without strain-or pain, holding the position for a length of
time (10 seconds to 5 minutes or morg) and then re]eésing the
pose as s]owly as it began. While ho]ding'a pose, awareness
is integral to the area of stretch; its emotive and physical
sensations are observed; the fest of the body is fe]eased from
tensions; the breath is observed and regu]afed and awareness
is focused on the infinite. Awareness of smooth regular,
diaphragmatic breathing is integral to 4sanas (5). These are
not only for muscular development, balance and flexibility,
but also to give vitality to the whole body. They'aré called
postures because in each case the body bends or stretches

into a special position for the free flow of nervous energy (98).

.S0, Asanas are not exercises in movement.



-Thére are numerous Asanas ranging from simple ones to very
difficult, requiring a deal Qf strength, f]exibi?jty and
control. According to the old legend, Lord Siva, the great
Yogi, said that there are 8,400,000 postures (37). However,
only about thirty-thfee posturés are generally practiced as

observed by Singh et al. (74). , ‘.

Pranayama is an'integrai part of Hatha Yoga. In simple terms,
Pranayama means enefgy control. It consists of special

exercises involving inhalation, exhalation, and retention of
Breath. According to Vishn:devananda (91), the science of |
Pranayama starts with the proper control of the diaphragm

and the respiratory muscles to bring a maximum degree of lung
expansion and to absorb the greatest amount -of Tife-giving

energy from the air. Together With Asanas it keepsran individual
physically and mentally fit. The other general effects of
 Asanas and Pranayara are described as clarity of mind, increased
flexibility, muscular and mental relaxation, improved circulation and

stimulation of the glands and skeletal muscles (72).:

The interesting featuré of datha Yoga is that no apparatus or
équipment is required, and it can be practiced by males and/or
females, individually or in a group. However, - dsanas and
Pranayama seem to be popular among women. Different authors
recommend the practice of these exercises for females for

reasons such as physical, mental and emotional fitness.



Sivananda (76) strongly urged women to practice
as follows:
v

Women should practice Yoga so that they will
have healthy and strong children. If mothers
are healthy the children will be likewise.
The regeneration of young women means the
regeneration of the whole world. Women who
practice a course of systematically

Wwith interest and attention will have
wonderful health and vitality. (P-23)

N
In view of the latter statement, a scientific study of females'
participation in Yoga exercises would enhance the understanding

of the effectiveness on the selected physiological parameters

of females.

STATEMENT OF PROBLEM

The pkoB]em identified for the study was to examine the effects
of eight weeks' Yoga training on selected physiological
parameters using female subjects. The parameters examined were
blood-pressure, cheét expansion, degree of relaxation, resting
heart rate and vital capacity. The secondary purpose of the-
present study was to investigate the Yoga training program's
effect on ihe Exercise hgart rates at the 4th, 8th and 12th

min. as determined by submaximal tests.



HYPOTHESES
It is hypothesized that:
(1) There is no change (p<0.05)
in the selected physiological parameters of
fema]es after Yoga treatment.
For both fhe groups:
Ho: e = wg
where c =-control, and t = treatment
(2) There is no change (p<0.05)
in the exercise HRs.(4th, 8th and 12th m?n.)
determined by submaximal tests before and after
eight weeks of the Yoga treatment.
For both the testing periods:

Ho: by = g

where b = exercise heart rates during submaximal
test before the treatment started.
a = exercise heart rates. during submaximal

test after the treatment completed.

JUSTIFICATION FOR THE STUDY

In this modern world of technology, one is under tremendous

physical and mental stress. According to Buzzard (23) one
~mf1lion working men's weeks are lost every year because of

nervous disorders. The practice of Yoga is highly recommended

to both males and females for physica]yimprovement and mental



relaxation. Contrary to the popular belief, Yoga is not ré]atéd
to so called Yogic phenomena such as fire walking, the Indian®
rope trick, lying on nails or fire eating. Although, Yoga is
based on empirical knowledge and there is nothing mysterious
about it, there is a need for scientific investigation to

clarify common misconceptions about it.

From time to time Yogis have been claiming the development of
voluntary control over autonomic activities of the body.

Regarding this Vivekananda (93) wrote the following:.

-..there is not a single muscle in the
body over which man cannot establish
perfect control by practice, even the
heart can be made to stop or go at his
bidding and in the same way each part .
of the organism can be made to obey him. (P-39)
Some studies have been done to evaluate scientifica]]yawhether
Yogis can voluntarily stop the beating of their hearts @,4). It
Has been suggested that the breathing—éﬁd postural exercises
may change the autonomic balance with possible effects on.
mental and physical health (96). These changes brought by some

Yogic exercises appear to offer réwarding possibilities for

further empirical investigations.



For centuries, the Yoga system was based on Guru to Shisya
(master—to—disciplé) instruction. The_trainipg,waS'a1ways
comprehensive and complete. The‘inf¥uehée of individual
Asanas received no specialvcdnsideration and the scientific -
~ basis of‘eaéﬁ pose wés not investigated until Kuvalayananda (52)
started his inquiry and inferred that particular dsanas
produce particular effects. Based on his findings, he
recommended a set of a few dsanas to meet present-day needs
of busy people in term of time and convenience but kuvalayananda's
findings have to be assessed by further researcq.. Yoga is
considered as a systematﬁc‘tfaining program for all people
regardless of age, sex and level of fitness. Hatha Yoga,
as asserted by Vithaldas (92), would

re-educate .the abdominal muscles, buttocks

and Tumbars to resist the gravitational pull,

keeping the body in a correct posture and

intestines in the pelvic cavity. (P-16)

L

The Yogic exercises increase muscle sfren;th—and co-ordination,
improve flexibility of thé trunk and extremities, help develop

grace and poise of the entire body, reduce nervous tension and

establish a sense of well-being (78).

Some studies (33,83) show that Yoga exercises result in an
increase in the chest girth, highér degree of re]éxation,
decrease in‘festing heart rate and very Tittle or no imprbvement
inAthe physical work capacity. These findings need further

confirmation due to conflicting.results.
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The effects of Yoga are indeed of special interest to exercise
physiologists. Govindarajulu (43) urged that Titerature on
the Subjecf is hard]y»scientific and though there is a great
deal to be said in its favour, one has to move with caution.
Day (32) affirmed that extravagant claims made about Yoga
péstures should be acéepted with reserve. It 1is, therefore,
obvious that there is need for scientific proof concerning

the effects of Yoga training.

Mookerji et al. (59) trained the InQian‘field hockey team
(winners of Third World Cup, 1975) in some Yoga exercises’

and attribqfed the success of the team partially to these
exercises. According to the reséarchers, the 4sanas improved the
degree of relaxation and hehce, overall performanée of the
players. Mayol (56), the world record holder in breath-hold
diving é]so stated that hé‘pract1§ed Yoga regularly. In view

of such claims made about the efficacy of Yoga as being
contributary in the athletic skill and work capacity, there

is a wide spread.interest and curiosity in regard to Yoga among
the research-minded people. Although the field of Yogic
préctices has not been sufficiently explored, whatever little
work has been done indicates that these practices might make a

significant contribution to physical education.



-\

LSd

11

Dhanaraj (33) did an ekperimenta] study in which the
subjects of Yoga group had to follow a schedule of Asanas
and breathing exercises. The investigator observed positive

effects of Yoga training on the physical fitness of males.

It is necessary -here to point out that almost all of these
stddies were done on male sﬁbjébts. ‘Inspite of Yoga's
enormous popularity among wémen, very‘litt]e or no
experimental research has been done on them. Thu§, Qémen
are important subjects to study the effects of Yoga postures

and breathing evercises.

In the present study, the Yoga training group had to follow

a schedule of certain 4sanas and breathing exercises. The
Asanas were so se]ectedjas tb_effect the chosen parameters of
generé] phyéica] fitness. Most]& these Adsanas were part

of a Yoga training program in different studies (42,82). The
order in which dsanas were performed was chosen to balance the
directionin which one was moving. Execution of thﬁ pos?ure,—

was interspersed with short periods”of'relaxation, in which

the practitioner codcehtrated inwards. During the Yoga exercises

“the Subjects were asked to concentrate on muscle groups involved

as this would seem to affect nerve stimuli and consequently
cause physiological changes. To keep the mind calm and increase

the concentration a short peribd of silence was included in the



beginning of the training session. The subjects were asked
to maintain their normal routine of living, in order to
secure conditions of participation similar to those in

western environment.

The lack of information regarding the effest of Yoga training

on the physio]ogical parameters of females providéd a justification
for this study. The effects of Yoga on females would b2 of 0
special interest to exercise physio]ogists. It, therefore,

was imperative that a scientific study in the field of

Hatha Yoga perta1n1ng to females be done A study of effects

of the Yoga on physiological parameters might reveal some
interesting facts With this in view, the parameters of

phys1ca1 fitness, name]y resting heart rate, blood- pressure,

degree of relaxation, exercise HRs (4th, 8th and 12th m1n.)

as determined by submaximal tests and chest expansfon weré

studied. The study has fhus a purpose of determining thé

effects of Yoga training by comparing the measurements so
.obtsined on different pérameters wfth control. Another

purpose of the‘study was to see the rate of improvement of

physiolbgical parameters within eight weeks of Yoga training.

Thus, the present‘study should be useful in extending

the knowledge in the area of Exerd PhysioTogy.

12



13

LIMITATIONS OF THE STUDY

1. Though. the subjects were asked to maintain their normal
pattern of life including physical activity, no controln
was imposed on them.

2. The study was limited bx the individual ability of each
subject to understand and follow the instructions relative
tovtraining and testing.

3. No control was established on the ability of the subjects
to'concentrate on a single thought.

4. The possible errors in testing procedures might have led

to the Timitation of the study.

DELIMITATIONS OF THE STUDY

1. The study wag Timited to 27 female voiunteers aged 17 to

29 years.

2. The training program consjisted of 9 Asanas and 2 Pranayama exercisss.
3. Each training session was held for forty minutes a day, three

days a week for eight weeks.

/",_.



~ CHAPTER II

REVIEW OF THE LITERATURE
HISTORY OF YOGA
Yoga was developed in ancient days és_a spiritual discjp]inex
but its history is obscure. Although it is known that Yoga
origina;ed in India, no one knows exactly when it came into
existénce. In the absence pf autheptic records, it is
surmised that Yoga is about S,QOO years old. The phiTosophy
of Yoga is discussed in details in Bhagavad'Gita (39) and

Upanishads (gg). | \] , ,

It seems Yogalis a s]ow1y deye]oped, body of knowledge,
transmitted from generation to generation through the teachings
of én]ightened_masters, known as Rishis. The earliest text
available an Yoga is Yogasutras of Patanjali (5) which is dated
about 200 B.C. VYogasutra< consists of 185 aphorisoms and
describes fhe definitiohs, philosophical tho&ghts and directions
for practice of Yoga. Among the other texts on Hatha Yoga available
today, thé best known are the Hatha Yéga Pradipika (75) Siva
Samhita (90),.and Gheranda S&mhi?a (89). These are in Sanskrit
and have been translated into many other languages. These
tran;]ations should be read carefully as the meaning of some
original scripts might have changed. These texts deal with

various disciplines and practices of Hatha Yoga. As clajmed by

14
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their authors, extraordlnafy physical and mental powers could

be attained by Yoga practices. Often there are references of
great spiritual achievements following the practice of Yoga
regularly. This leads one to believe that the Yogis.were
interested not*qnly in the physical aspects but a]sovaspired

for the spiritual unfoldment through it.

Tradifiona]]y Yoga training was a Tong procedure controlled and
hand]ed by the Guru or Master who. tutored and watched the Shishya
or disciple strictly according to individual needs. The selection
cf exercises and the intensity of training were left entirely to
the discretion of the Guru. The shishya was expected to be
regular and dedicated. He incorporated Yoga into his daily life
chores to ensure progress. The outcome of ﬁuch a long-term
training was subjectively evaiuated by the Guru. The Guru-shishya
system is vanishing and beihg rep]aced by group instruction.

The term Yoga, in its common usage, has begn associated with 4sang
(physical postures) éhd Prayanama (requlation of breath). An
individual who mere]y_practices the postures and breathing
exerciseé withéut fo]]dwing the other six Timbs is not practising
Yoga in the strict sense. According to Kuva]ayananda.(52),h
Asanas were practiced by the Yogis to enable them withstand

/
the strains of prolonged meditation and direct the spiritual

—

forces when aroused.
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These days Hatha Yoga, especially dsanas, are becoming increasingly
popular in the western world. It is surprising that an original
system is being adapted by the modern pace society. Men and

women of all ages seem to be fascinated by Yoga exercises. Qomen
take Yoga classes to keep them healthy and happy. Iyengar (48%

reported that Asakas help in remaining young, f]exib]é, strong

and vital.

Yoga has lately been introduced in sports to improve the atﬁletic
skills andfﬁork capacity. Mookerji et al.(59) éttributéd the
success of Indian field hockey team (winner of ‘the Third World
Cup, 1975) to Yogic exercises.’ According to the'researchers,

the introduction of Asanas in the training was one of‘the deciding
factors in the success of the hockey teém as it improved the

level of relaxation and se]f—confidence in the_p]ayers. Further
Mayol (56), who held the world record in breath-hold diving,

said in a press interview that he practiced Yoga regularly.

The recent interest of the people from all spheres in Yoga has
drawn the attention of scientists. Attempts to describe Yoga
philosophy and theory of personality in physiopsycb]ogy are
being made with greater frequency (1 ). Relaxation and
meditation components have also received an increasing
attention during last decade, and along with biofeedback they

encompass a large body of literature in their own right (73).
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Investigations into the effects of Yoga practices have been made
in fields as diverse yet interrelated as health and fitness (72),

medicine (46), physiology (83) and Psychoanalysis (20).

PHYSIOLOGICAL EFFECTS OF YOGA

RELAXATION |

Human mind and body is under tremendous stress in this modern era.
The condition or state of stress is not merely discomfort, that

is increased muscle tension, perspiration, rapid and shé]]ow
breathing, increased heart rate, etc - in sum readiness to flee
or to fight. What is df much greateé significance are the
possible consequences o% this jnteraction and response'— poor
health and certain disease. There is even a possibility of as
much as 75 percent of all illnesses being stress related (62).
Yoga he]ps to reduce stress by achieving integration, that is

a state of homeostasis indicating a stable equilibrium of internal

functions (7).

Although Savasana is a épecfaf Yoga technique of re]axation,

all 4sanas tend to induce a qufet state characterised by apparent
relaxation. Armétrong ( 6) stated that regular practice of Yoga
helps to attain 'supreme physica]'re]axatid;'. Mclanhan (57) has
described Yoga practice as an '‘antistress tablet' that helps
people to avoid anxiety and depression. In their report,

Digamberji et al. (35) stated that the regular practice of Yoga

improves the capacity to relax physically and mentally. The
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postures have an influence on balancing the autonomic nervous
syitem that creates a calmer, less anxious physiological
envjronment. There is also a reason to assume that fewer
psychosomatic complaints are'manffest in regu]ar Yoga

practitioner due to the direct manipulation of the muscigs

and viscera, the ANS balance, and the decreased anxiety (7).

Asanas, especially Savasana, as reported by Mclanahan (57),

are useful to relax the tense muscles and released the 'bottled
emotions'. According to ancient claims (75), one should be able
to achieve tranquility and peace through the practice of Savasana.

Wilson (98) described Savasana as follows:

When the resting is consciously cultivated in
supine ‘position while maintaining diaphragmatic
breathing and calm mind, it is called Shavasana
or 'corpse' pose. The name Ts associated with
the 'ultimate relaxation of death. (P-261)

The practfce of Savasana is a systematic technique and not just
allowing inertia or inactivity to take over. During its practice,
heart rate and respiratory rate are minimum and peripheral blood
flow is almost maximum (41). These findings indicate a re]axed
state of body and mind during this posture. Anand and Chinna (3,4)
reported the intensification ofel -waves during Savasana in
Electroencephriographic recordings.‘ [t cannot be compared with

the state ofrsleep which résu]ts in accummulation of carbondioxide

and lactic acid in muscles (§7).
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Datey et al. (28) studied the effects of Saeasana on 47
hypertensive patients with blood pressure in the range of

160 - 279/90 - 145 mm. of Hg. The patients were divided into three
fo]]owing categories: (a) Those on no medication; (b) Those
whose hypertension was controlled by drugs and (c) Those
whose'hypertension was not adequate]y centro]]ed by drugs.

They practiced Savasana thirty minutes daily for three months.
For those not on medicatfon, blood pressure reduced by an
average of 27 mm. of Hg in 7 out of 10 cases. In the second
-group, the effect of Savasana training was gvaluated in terms

of the reduction in patients drug dosage requ1red to bring

their blood pressure.under control. The drug dosage decreased
by 33% or more for 13 out of 22 patients. " In the third group
the effects were evaluated in the same fashion and drug dosage
reduced by 33% for 6 out of 15 eatients. The investigators a]so
reported that nervousness, irritability and 1nsomn1a d1sappeared

in almost all the patients.

Patel -(64) reported a significaet reduction in blood

pressure of 34 hypertensive-patients who practiced Yoga and
biofeedback. They reported an dverage reduction of 27 mm. of

Hg in systolic and 16 mm. of Hg in diastp]ic blood pressure after
a six week training period. Pate] ( 63) further found an average
reductionsbof 20.4 mm. of Hg in systolic and 14.2 mm. of Hg in

diastolic blood pressure at the end of nine months (three times

a week) training among-ZO subjects. As a result of these treatments, o
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~ 'oertensive therapy was stopped altogether in § patients.

B 'ssure control was found to be improved in all the
gati——-- Further, these studies showed that a short training
proc . ‘tga dues have clinically sigﬁificant effects on a
maj-=i ‘ nertensive patients.

Dhanara and Si. v (34) studieq the phyéioiogica] effects of

Yoga on three gr ,.os of ven normal males. One group received

a twelve week class with Yoga postures and Savasana. The second
group practiced TM, and the third group received no treatment.
At the end of the treatment period, data were collected after a
fifteen minutes period of resting in a chair and again after each
group practiced their respective treatments (Savasana, TM and

' réc]infng in a supine position). Sleep was confroT]ed for.
Pretreatment and post treatment values showed a significant
decrease in oxygen consumption for all groupé (Yoga = 10.3%,
™ = ]5.5%,‘Contro] = 3.5%) indicafing general relaxation.

Such a change is Tikely to bring about many other  ANS changes

as well.

Karambelkar et al. (50) studied the effect of Asanas on two .groups
of seventeen subjects each. Significant decrease‘ in muscle
activity in the buttock and calf occured as indicated by EMG

measurements,as subjects relaxed into the pose. Grossbach (44)

?]
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using GSR and EMG biofeedback reported that prisoners trained

in physical postures learned to relax significantly quicker than
prisoners without such training. Udupa and Singh (84) observed

a prominent alpha wave pattern with fewer spikes during EEG
measurements of the subjects practising Yoga thus reflecting a

less irritable nervous system. In a similar Study Udupa et al.
(85) found decrease in plasma acetylcholine and serum‘cholinésterone,
the metabolic jndices of anxiety, among the subjects. Recently
Tulpule and fu]pu]e (82) did a study on 102 Myocardial Infarction

| patiehts. Of the trial group, 96 patients were able to resume work
within 6 months of Yoga préctice»indﬁcating a great decrease in .
mortality rate. The investigators concluded that Asanas bring

about relaxation and hence, help in achieving the results.

CARDIOVASCULAR FITNESS

Digambarji (35) reported that schoo] children t~ained in Yoga for

six weeks showed signs of improvement in cardiorespiratory efficiency
and athletic ability. Ganguly (38) trained eleven male subjects

for eigﬁé;months. The training program was of Yogic practices including
Asanas, Pranavyama, Bandhs and  Mudras. During the training period,
subjects did not engage in any vigorous exercise except the training
schedule prescribed for them. The post tfainfng tests indicated a
significant improvément in cardiovascular efficiency. Contrary to

the above reports, Gharote (40) did not observe any significant
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improvement in cardiovascular efficiency as measured}by Harvard
step test in a study of 49 males (mean age 19.7 years)_trained

for nine wéeks. Harvey (45), on the basis of his personal
experience, stated that the regular practice of Asanas improves
f]ex1b111ty, 1ncreases muscular endurance but deteriorates
cardiovascular efficiency. Romanowski et al. (71) examined
trained Yoga Practitioners to determine their ability to perform
endurance exercises. The subjects found it hard to manage a work
lToad which was moderate forvothers trained in sports. However,
the oxygen debt sufferea by the Yoga Practitioners was smaller
~and their récovery from fatigue was faster. The researchers
attributed this partly to their mastery of relaxation. Rao (€9)
determined the metabolic cost of Sirshasara (described as the v
Topsy-turvy Pose or Heaq—stand)‘using 6 male volunteers aged 19

to 22 years, as subjectsgl The amount of O2 consumed during the
exercise was found to inc}ease 48% above the value obtained in
standing position, 1nd1cat1ng that Sirshasana is a light form of
muscular exercise. This observation suggests that the energy cost
Of;Asanas is rather low, and for this reason, dsanas cahnot be
regarded as endurance exercises. Asanas may be normally regarded,

for the same reason, as non- fatiguing act1v1t1es
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Although the improvement of cardiovascular endurance by Yoga
exercise” "< controversial, it is well established fact that
the restiﬁg heart rate is lowered with the practice of 4dsanas
and Pranayama. Wallace (94) reported significant decrease in
meditators' heart rate during and after the practice of Yoga.
Wenger et al. (96) demonstrated slowing of the heart rate and
pulse in Yogis and proposed the mechanism to be resulting in a

strong increase in vagal tone of unknown origin. However, none

.Qf these researchers made any comparative study.

Datey (28) reported that Shavasang probably influences the
hypothalamus through continuous - feedback of slow, rhythmic
proprioceptive and interceptive impulses and tends to set it at
a fower level in reducing blood pressure. Udupa et al. (86)
trained six male volunteers (meah age 22 years) in breathing
exercises for six months. The tests following the training
indicated:that subjects' mean resting heart rate décreased froﬁ
65.2 to 61.0 beafs per minute. In a simiiar study on 12 males,
Udupa, et al. (85) observed a decrease in mean heart-rate from
66.6 to 62.2 beats per minute. In the comparétiye sfudy (87) of

two different groups practising Yoga, the investigators noticed

23

that six months training in Shirshasana (head stand), Bhujangasana

(cobra pose) and Mayurasana (peacock pose) helped the most in

decreasing the resting heart-rate. On the contréry, the practice
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of Sarvangasana (candle pose)','Matsyasana (ﬁ'sh pose), Halasana
(pTough pose) resulted in a minor decrease in the resting heart-rate;
Dhanaraj (335 observed a significant decrease in the mean resting
heart-rate (72.5 to 62.0 beats per minute) of 15 young adults who
trained for six weeks in Asanas. He concluded that Yoga does not
promote cardijovascular fitness but enhances the general: eff1c1ency
of the heart. Bagga and Gandhi (12) concluded in their study on 18
subjects that Shavasana lowers the heart rate and blood pressure.

CHEST EXPANSION o
In one of the foremost longitudial studies on the effects of Asanas,

Udupa, et al. (83) reported the observations made on 12 ma]és (mean

age 23 years) trained in breathing exercises for six months. After

the training, the investigators.found that the average\chest expansion

of the subjects increased from 3 4 to 4.3 cm in the first three
‘months, and from 4.3 to 4.7 cm in the next three months. Later on,” |
Udupa: et al. (85) observed that the chest girth iTProved significantly
with Sarvangasana (shoulder stand) and Shifsasana (head stand), while
Halasana plough pose) had the reverse effect. Day (32) indicated

that an increase of 7 cm or more or chest expans1on had been claimed

by those who specialize in a Y09a type of breathing éxerc1se A
significant increaga (p<0.05) of 1.8 cm in the mean of chest expansion

was observed by Dhanaraj (33) as a result of Yoga exercises for a

period of six weeks. This increase as a result of 4sanas and

FTaganama was more than that of the 5. BX exercise p]an Nayer etal. (61)

estab]1shed the fact that breath holding time can be significantly

increased by yoga exercises.
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VITAL CAPACITY

In an extensive study on ]47 teachers (aged 18 to 50 years)

lasting for four weeks, Bhole and Karamblker (18) found that

"the mean Vital Capacity increased from 3.4 to 3.6 liters.

Udupa et al. (87) reported that the average Vital Capacity of

12 young male subjects increased significantly (3.7 to 4.6 1 )
~within 6 months of Yoga practice. A mid training test. indicated
~that Vital Capacity increased from 3.7 to 4.3 Titers within 12

" weeks. In another study Udupa et al. (86) observed that the
V1ta1,Capacity of six male subjects (mean age 22 yedrs) did

not alter significantly (4.1 to 4.3 1) with breathing

exercises for six months. Nayer et al. (61), while conducting

a study on 53 cadets of National Defence Academy of India observed
an improvement in the Vfta1 Capacity as a result of Yoga

training along with norhal Defence Academy training. Dhanaraj (33)
found a significant improvement in Vital Capacity (4.3 to 4.8 1)|

for15 male subjects {mean age 18.8 yedrs) trained for six weeks

in Yoga exercises.



CHAPTER 111

METHODS AND PROpEDUREé
SUBJECTS . |
Twenty seven female sfudents and employees of the University of
Alberta volunteered to be“the subjects in this Study. Their
age ranged from 17 to 29 yeafsvand the mean was 23.8 years.
EXPERIMENTAL PROCEDURES
ORIENTATION
The orientation meeting was di?ided into three phases. fheAf{;st ,
phase was to fill in a questionnaire (Appendix A). The subjects

were’asked to complete the questionnaire concerning their state of

"~ health, participation in physical éctivities and other habits.

The purpose of the questionnaireras to ensure that the subjects
were not participating in any vigorous physical training, weré
beginners 1in Yoga, were free from organic diseases and were not
under any medication. Th? secohd phase of the orientation was to

familiarise the subjects with the study. A brief talk was given

to them regarding history, philosephy and mbdern trends of Yoga.
" The subjects were also acquainted with the purpose of the study,

~ the training program &nd the testing procedures. The third phase

of the orientation was a short tour to the Taboratories. Testing
précedures were explained to all the subjects. They were then

given adequate time to observe and understand the working of the

26 .
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apparatus used in the tests. This procedure was followed

for the proper understanding and co-operation of the subjects.

To minimize the effect of other variables, the subjects were

asked to maintain their current physical activity and diet pattern.
They were also instructed not to smoke, nof to take heavy meg]s
and not to engage in a strenuous physical activity two hours prior
to the testing sessions, as all these three factors might af%ect

the results.

APPARATUS AND THEIR' CALIBRATION

,_/KPPARATUS

The apparatus and instruments used for testing included cardiota-

chometer, Collins Standard Vitalometer, Honeywell Electronic Medical
System, Model 250 EMG Integrator ‘Monark Bicycle Ergometer, measuring

tapes, sphygmomanometer and stethoscope, stop watches and weighing scales.

K
CALIBTRATION
A1l the apparatus and ihstruments vere calibrated and checked for
precisi. - in the beginning of the experiment and before each testing
peric . “he Monark Bicycle Ergometer was calibrated according to the
standard procedure. The EMG machine was calibrateg with the

assistance of the laboratory technician, according to the standard

procedure given in EMG manual.
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ACCESSORIES

The accessories pertaining to the apparatus and the instruments
used for testing included surface electrodes, electrode Jjelly and
nose clamps. A1l accéssories were carefully checked to ascertain

accurate measurement.

LABORATORY TESTS
In order to observe the rate of improvement and to evaluate the
significance of the treatment, each subject was tested on three
different’ occasions. The different testing periods w;;e entitled
as follows:

Test 1 (Ty)  Pre-training Test Before treatment

fést 2 (T2) Mid-training Test After fourth week -

Test 3 (T- Post-training Test After eighth week

On -each occasibh, the tests were done at the same time of the day
and under the same laboratory conditio. .. The temperaﬁure of the
laboratory ;és maintained at 20% 1Op during all the tests.

After post training tests, the subjects“were required to complete

another questionnaire (Appendix A) which would help the researcher

to make a subjertive analysis of the effects of training.
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The order of testihg was as follows:

Serial No. . Test
1. Height and Weight
2. Chest Expansion
3. , Resting Heart Rate
4. . Blgnd_E{essure
5. Relaxation
6. Vital Capacity
7. Physica]\Work‘Capacity

DESCRIPTION OF THE TESTS
HEIGHT AND WEIGHT MEASUREMENT
'he height and weight of each subject was obtained during this test.
The data were derived using standard laboratory equipment and
procedures. (25)

s ]
CARDIOVASCULAR MEASURMENTS
RESTING HEART RATE
The resting HR of the subject was measu}ed in a lying position with
a cardioiachometer. fo ;btain the reséing HR of the subject, one
of the Fécording electrode was placed over the midsternum, second
over the fifth rib and the ground electrode was put halfway between
those two. The electrodes wereffirm]y attached with a strong

adheésive. It was observed by Pope (65) that when the elecrodes

are ‘proper]y attached the Eardiotachometer gives reliable recordings.
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EXERCISE HEART RATE AND PREDICTED OXYGEN CONSUMPTION

During this session, the subject wds c]ose]y monitored while she was
pedalling the Monark Bicycle Ergometer. The objective of tris test

was to observe HR changes throughout the period of increasingly
diffié%ﬁt work load. Therefore exercise HRs at increasing work load
over a period of 12 min. were determined. For this test modified
Sjostrand PWC 170 protocol was used. Before adminjstefing the test,
the subject's weight was measured. The subject mounted a Monark
Bicycle Ergometer and the seat was adjusted to a height which allowed

a slight bend in the knees with the pedal at the bottom. The initial
HR was noted and time was allowed till normal resting HR was established.
The subject was required to pedal at 60 RPM in cadence with a metronome
sét at 60 beats per minute for a total timing of tWe]ve‘minutes. This
twelve minute period consisted of three.four-minute rounds of progress-
ively increasing work loads, so édjusted as to induce a HR of about

180 during the third phase of the exercise. The HR was recorded with
the help of a cardiotachometer-at tﬁe eﬁd of the 4th, 8th and 12th min.
The work loads for the Pre Mid and Post te§t were samef‘ The purpose

of this. test was to asses a subject's ability to work at HRs of 130,
150 and 170 b/min. during the 4th, 8th and 12th min. of work on a
Monark Bicycle Ergometer. The work Joad was calculated and plotted
against HR only during the last min. of each work interval as then

the subject attained steady state HR. A predicted value of maximal

O2 consumption was calculated from the nomogram (8).
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RELAXATION

FRONTALIS EMG

Dhring this test, the degree of relaxation of the subject was
measured as electromyographic recording of the frontalis muscle.
While many Qecent 1nvest1gators have agreed that EMG is a re]1ab]e
devise to measure muscle tension (14,15 »22), yet the

disagreement still exists regardfng the muscle groups of which
recordings are to be taken. However, the frontalis muscle is
popularly used to measure relaxation in clinical studies. 1In

the present study the frontalis muscle was chosen since it is

less affected by posture and gravity than most of the other
muscles. ‘In addition, the frontalis muscle is difficult to relax
voluntarily and frequently remain tense in anxious subjects (16).
The wide application of fronta]js EMG biofeedback training rests -
on the important assumption that lower lTevels of frontalis EMG
training éan produce generalized body relaxation. There are

two sources of basic research evidence that bear on this.assumption:
(2) studies that have examined the relationship between frontalis
EMG activity and EMG activity in other musc]e.groups; (b) studies
that have examined the relationship between frontalis EMG activity

and subjective rebort of relaxation (14,22).

The electrodes were placed on the frontalis muscle in the
conventional manner as described by Davis et al. (29). Three silver
chloride surface electrodes were placed across the frontalis muscle

approximately one inch above the eyebrow and two inches lateral to



the_mid]ine. This arrangement measures EMG from the outer two
electrodes using the central electrode as reference. Resistance
between any pair of the three electrodes was always below a
maximum of 10,000 K. This was achieved by cleaning the forehead
with an abrasive cleaner and using electrode jelly. Such an
arrangement measures not only the activity of the frontalis but
also that of the entire facial musculature (15). Budzuski and
Stoyva (22) in a biofeedback study reported that relaxation
follows when patients can reach and maintain a level of .EMG
activity not exceeding 3.0 microvolt peak to peak. The subject
was asked to aly on a couch in semi-reclining position. The
1ab6ratory was dimly 1it and its doors were closed while testing
to avoid any disturbances from outside. Flectronic noise was

controlled using the noise suppressor.

The EMG's data were recorded on Honeywell Electronic Medical
Systems with Fogg Model 250 EMG Integrator; It expressed the
subjects microvolt mfnjmum average over the last 60 seconds.
These 60 second readouts were averaged over the three trials

of each session.

BLOOD PRESSURE

During this tesf, blood pressure was measured with an aneroid
sphygmomanometer with the subject's arm supported at heart level
and a stethoscope applied to the antecubital space over the
brachial artery. The cuff was applied with the 1ower margin about
2.5 cm. above the antecubital space, and the bag was deflated at

the rate of 2 to 3 mm. of Hg. per second.

32
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RESPIRATORY MEASUREMENT

CHEST EXPANSION

During tHis test the chest circumference of the subject was measured
as described by Clarke(25). The chest girth was measured in Tine
with the nipples with a non-stretchable tape, with thé subject
standing and after a full expiration. The second measurement was
faken immediately after a full inspiration. Precaution wds taken

so that the subject did not enlarge the muscles of the chest or

back during the measurement. The meésuremenfs were repeated

and the averages of the two were taken.

VITAL CAPACITY

During this test, the vifa] capacity of the subjéct was measured
with a Collins Standard Vitalometer, accordfng to the procedure
described by Clarke(25). As fecommended by him, the subject was
directed to take one or two deep breaths before the test. After
the fullest possible inhalation, the subject'was required tolexha1e
slowly and steadily into the vitalometer, until all the air was

expé]]ed.

ASSIGNMENT OF TREATMENTS TO SUBJECTS

The 27 subjects were divided into two categories based on fheir Predicted
VO2 max on the pre-training rest. One éategofy was below average

and the other was above average. They were then, randomly

assigned to one of the two groups, Yoga Group (G-1)or control

Group (G-2).

k-]
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J
TREATMENT /
The expefimenta] group (G-1) was subjécted'to an eight weé& Yoga
training program, consisting of 4dsanas and breathing exefciées.
The control Group(G-2) was required to maintain their normal -

daily schedule for eight weeks.

DETAILS OF YOGA TREATMENT

The Yoga training sessions were held in a quiet room in the
Department of Physical Education (forty minutes a day, three
days a week - Mondays, Wednesdays and Fridays, for eight weeks).
Each training session consisted of the nine Asanas as indicated

fufther.

Sarvangasana (Shou]derstaqdvpose)ilHaZasana (P]oughvpose),
Matsyasana (Fish pose), P&shiehihéttanasana (Head to Knee pose):
Bhujangasana (Cobra pose), Shalabhasana (Locust pose),
Dhanurasana (Bow pose), Ardha-Natsyendrasana (Half-spinal Twist)
and Savasana (Corpse pose) along with Pranayama were practiced

regularly. The order and the time for which the Asanas and

Pranayama were performed are given in the Table - I.
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\TABLE -1

Asanas

S. No. Asana ) Time
1 Sarvangasana (Shoulderstand pose) | 1-3  Min.
2 Halasana (Plough pose) 2-3 Sec.
3 Matsyasan& (Fish pose) 30-90 Seéﬁ
4 Pashiehimottanasana (Head to Knee pose) 30-90 Sec.
5 | Bhujangasana (Cobra pose) | 30-90 Sec.
6 Shalabhasana. (Locust pose) ‘ 30-90 Sec.
7 Dhanurasana (Bo@ pose) ‘ 30-90 Sec.
8 Ardha—ﬁatsyendr;sana (Ha]f—spina1 Twist) 30-90 Sec.

i

9 - Savasana (Corpse pose) 10 Min

\

A1l the postures were practiced in the same order as given above
except for Savasana which followed the breathing exercises.

The order of 4sancs was chosen accordjng to the direction of
movement. . The subject was required to concentrate .on the

Asana he .was performing.

Sarvangasana, Halasana, Matsyasana, Pasenimottanasana, bhujangasana,
Shalabhasana, Dhanurasana, and Ardh-Masyendrasana were practiced as
described by Lilac (53). Savasana was practiced according to

Chidananda (24).
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FIG.5 - MATSYASANA-
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FIG. 7 - SARVANGASANA _



FIG. 8 . SAVASANA




FIG. 9- SHALABHASANA
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Pranayama
Pranayama or breathing exercises were practiced as described by

Rama et al. (69). The following procedure was followed:

Serial No. ‘ Time

1 Three cycles of exhaTation'through 90 Sec.
‘ the left nostril and inhalation
through the right nostril

2 Three cycles of exhalation through . 90 Sec.
the right nostril and inhalation “
through the left nostril

This breathing exercise is called Nad: Shodhanam'(channel purification).
During this exercise the exhalation and inhalation were of equal

duration (15 sec. each), without a pause between them.

A S
STATISTICAL ANALYSIS _ | _ | \\
The major purpose of the study was to determiﬁé‘the differential \\\
~effect of the Yoga treatment. The statistical analysis of the | _\\\

dependent variable was done by two-way analysis of variance with
repeated measure on one factor. FuFther Scheffe method of multiple

comparision was applied.



DATA ANALYSIS

The data collected were subjected to a two-way analysis of variance
with repeated measure on one factor for eacﬁxof the following
dependent variable:
1 Weight
2 Resting HR
3 Degree of relaxation (Frontalis EMG)
4 Blood pressure
5  Chest expansion
6 Vital capacity
7 Exercise HR »
a 4th min HR
b 8th min HR
¢ 12th min HR

8 Predicted VO2 Max

Statistical computations‘were made using the Department of
Educational Research Anov. 26. _Age and height were subjeéted
‘to one-way anaTysis of variance on repeated measure on one
factor~and were computed using the Department of Educational
Research Anov. 14.A

Further the Scheffe method 6f multiple compérison was applied
to compare the mean values of different groups during
different tests. The Qtatistica] level of significance

was predetermined at P< 0.05.



~ CHAPTER 1V

RESULTS AND DISCUSSION
RESULTS
The following results were obtafned from the study done during the
course of this research. A total of 27 female vo]unteeré par£1cipaféd
in this study. The subjects were divided into two groups; G-1 (Yoga)
group had 13 subjects and G-2 (control) group consisted of 14 subjects.
(A11 the data reported in this section are in terms of mean and standara
deviation values.)
CHARACTERISTICS OF THE SUBJECTS

Some characteristics of the subjects studied are presented in Table II.

TABLE II

CHARACTERISTICS OF THE SUBJECTS
GROUP | TEST AGE (YEARS) HEIGHT (Cm) WEIGHT (Kg
T 23.7 + 3.8 164 + 7.0 60.6 + 6.6
6-1 T 23.7 + 3.8 164 + 7.0 60.9 + 6.5
T, 23.7 + 3.8 164 + 7.0 61.1 + 6.6
T 24.0 + 4.4 164 + 4.4 59.1 + 4.3
6-2 T, 24.0 + 4.4 164 + 4.4 59.0 + 4.2
T, 24.0 + 4.4 164 + 4.4 56.9 + 4.4

47
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The average age of the subjects was 23.9 years. The G-1 individuals
had average age of 23.9 years whereas the G-2 individuals had 24.0
years of average age. There was not any significant difference in
the average age of two groups. The mean height of G-1 group was

164 cms. while that of group G-2 was 164 cms. The statisﬁica] test
showed that the height is equal for both the gfoups. The average
weight of each group changed during re-training, mid-training and
.post—training tests. A]sa the average weights of the two groups

differed from one another during all the three tests. A1l these

differences in the'average weights were found to be non significant.
h - .

Hence, the two groups G-1 and G-2 were fairly homogeneous for the
three characteristics studied namely age, height, and weight. No
significant change in weight took place as a result of eight weeks

of Yoga training.

MEASURES RELATED TO RELAXATION

FRONTALIS EMG

The average EMG activity of the individuafs of the G-1 group decreased
from 5-7 uv/hin. to 3.9 uv/min. during thé first four weeks of
training. Ithurthef decreased to 1.0 uv/min. after training of

four more Qeeks. A summary of mean values of Frontalis EMG activity

is shown in Table III.
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‘ TABLE TII
FRONTALIS EMG ACTIVITY (pv/min)

GROUP T

G-1 5.7 + 1.9 3.9+ 1.4 1.0 + 0.3

G-2 J_5.711.3 5.4+ 1.6 5.4+1.7

* indicates significant difference from T] value of
Group G-1(at p<0.05 Tevel)

e indicates significant difference from T2 value of

Group G-T(at p<0.05 level)
The statistical tests showeda significant difference in the frontalis
EMG activity of the Yoga and control groups. The interaction in the
treatment and the period of treatment was also significant. The
difference between T] and T3 values; T2 and T3 values of Yoga group
were  significant. Thé differences between G-1 and G-2 values of post N
.training test (T3) showed significant difference. The control group
values of, frontalis EMG activity did not indicate any significant change.
Thus there was a significant decrease in the EMG act1v1ty of fronta]1s
musc]e after eight weeks of Yoga training, most of it taking place during

the last four weeks of training.

BLOOD PRESSURE |

Significant differences for the systolic and diasto]ié blood pressures
were found 1h the Yoga and control groups. The tests showed a . ' LA
significant decrease in diastolic and systd]ic blood pressures of

G-1 subjects after training. The average diastciic blood pressure

- Y
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of the individuals in Yoga group decreased from 80 mm of Hg to

76.1 mm of Hg after first four. weeks of-tréining.

Pre-training

and mid-training tests showed a decrease in the average systolic

blood pressure from 119.9 mm to 115.3 ms of Hg. Further this

pressuré Towered to 108.9 mm of Hg at the end of the training.

The diastolic and systlic blood pressures of both the groups

dﬁring differen; tests are indicated as mean values in the following

"oF Group G-
of “Group G-1

o

Table 1IV.
TABLE IV
. BLOOD PRESSURE (mm of Hg)
GROUP TEST DIASTOLIC SYSTOLIC
BP BP
T 80.0 + 1.5 119.9 + 1.9
G-1 , 76.1 + 1.5 * 115.3 + 1.2%
T, 70.6 + 1.3 ** 108.9 + 1.4%e
T 79.9 + 2.3 119.5 + 1.3
G-2 T, 80.2 + 2.3 119.7 + 1.4~
Ty 80.0 + 2.0 119.8 + 1.3
. PP i T '
T . _ —
o .:; . .
*;ﬁjﬁdi *gpfficani difference (at p<0.05 level) from T] value
Ana 9n _
- v | /
e A pdd . significapt difference (at p<0.05 level) from T, value
AR .
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The total decrgase in avefage diastolic blood pressure was from -
80.0 mm of the Hg to 70.6 mm of the Hg'and average systolic

bTood pressure decreased from ]19;9 mm of Hg to 108.9 mm of Hg
inG-1group. Al11 the above-mentioned differences in the blood
pressures were statistically significant. Pre-traininé, mid-
training and poét-training tests did not show any significant
variation in’the means of diastolic and systolic b{ood pressures
of the subjects of-G-2 group. The differences in G—]land G-2

' groaps during T2 and T3 tests were significant for both diastolic

AY

and systolic blood pressure values.

RESTING HEART RATE | “ ,

The mean resting heart rate of the subjects of group G-1 was
O

79.4 beats/min. 1in pre-training test, 75.0 beats/min in mid-training

-~

tests and 70.0 beéts/min 1nroost training testf So after eiaht weeks

of Yoaa frainina, a sianificant decrease in heart rate from
79.4 beats/min to 70.0 beats/min Was recorded. . A summarv of mean
values of resting heart rate Of‘the subjetps of both the Yoga and

" Control group is given in the Table V.
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TABLE V

RESTING HEART RATE (beats/min)

56

GROUP o T, T,
G-1 | 79.4 +.1.3 [ 75.0 + 1.1%* | 70.0 + 1.1%e
G-2 | 79.0 + 1.2 | 78.8 1_1.4'1 78.7 + 1.3

*indicates significant difference (at p<0.05 ]éve])‘froqg;

T1 value of G-1 group

+ indicates significant difference (
T2 value of G-1 group

at p<0.05 level) from

The difference between T, and T2§ T, and T, of group G-1 were

significant. The differences in the %1, T2 and T3 values of

" group G-2 were non-significant. The differences in G-1 and G-2

ngups of T2 and T3 tests were also significant.

RESPIRATORY MEASURES

VITAL CAPACITY

pn

The mean values of'thé‘test scores on vital capacity are given

in Table VI.
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TABLE VI

VITAL CAPACITY (1)

ROUP T, T, T,
’ 32401 | 3.5+ 0.14 3.8 + 0.1
, -2 32401 | 3.2+ 0.1] 3.2+0.1

*indicates significant difference (at p < 0.05 level) from
T1 value of G-1 group.

*indicates significant d1fference (at p < 0.05 level) from
T2 value of G-1 group.

A”The'ﬁean vital capacjty for G-1 group increased from 3.2 1

to 3.5 1 in the first four weeks of ffaining. "It further

increased to 3.8 ] at the completion of the training.

These increases in vital capacity were significant. The

differences between Yoga and control groups during Mid and Post
training tests were also significant. The v1ta1 capac1ty

value of the contro] group did not change

(o
- ':" i
7
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CHEST EXPANSION

The pre-training chest expansion value of G-1 group was 5.1 cm
and it increased to 6.9 cm after training. This difference was
stat1st1ca11y §1gn1f1cant The difference between T1 and T2 of
Yoga group w;: ;1gﬁ1f1cant but the difference between T2 and T3
values of this group was non-significant. The va]ues for contro]

group (G-2) did not indicate any significant change The

di fference in Yoga and control groups during Mid and Post

- training tests were also significant. The summahy of mean values

of increase in chest expansion is given in Table VII.

TABLE VII
CHEST EXPANSION (Cm)

GROUP N PR T, T,

61 | 5.1+0.2 | 6.6 +0.3% | 6.9 + 0.2%

G-2 5.1+0.5 | 5.3405 | 5.4+0.4

-*indicates significant difference (at p{0.05 level) from
T1 value of G-1 group.

o
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EXERCISE HEART RATE AND PREDICTED OXYGEN CONSUMPTION

61

The mean values of of exercise HRs at the 4th, 8th and 12th min.

along with the predicted maximal 0

Table VIII.

TABLE VIII
EXERCISE HEART RATES AND PREDICTED MAXIMAL OXYGEN CONSUMPTION

o consumption are given in

GROUP ' Test |12ch min e 8th min HR | 4th min ng Predicted VO,
| (beat/Min) (beat/Min) . (ant/Min) ( m1/Kg/min)
'; . . /r,
61 | Ty | 1728%3.9 | 149.9+35 [121.7+3.8 | 37.0+ 6.8
T | 171.6£3.9 | 148.2+3.5 |[118.1+3.7 | 37.8+6.7
T3 | 169.8 3.6 | 145.543.2 | 113.8+2.9¢ | 39.3+67
62 | Ty | 172.2+3.4 | 149.9+ 2.8 | 1201 +3.4 | 36.7+6.5
] T, [ 1719+ 3.3 149.7 + 3.0 | 121.1 # 3.1 36.7 + 6.3
T, | 1721+ 3.4 149.8 + 3.1 | 121.0 + 3.2 36.7 + 6.5
L ' \

* indicates significant difference (at pL0.05 level)

from T] values of G-1 group.
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A significant change in 4th min. HR of G-] group with Yoga tréining
was observed as reflected by decrease in heart rate values. The
difference between T] and T3 values of G-1 group was significant.

While the differences between T] and T2, T2 and T3 were non signi-
ficant. The difference in Yoga and control groups during post

Training tests was non significant. The 4th min. HR values of

G-2 group did not 1nd1cate any significant change. The differeénces

in HR va]ues of 8th min. HR of the G-1 group were non significant.

The change in the values of G-2 group were also non, significant.

~The 12th min. HR and predicted maximal O consumption va]ues d1d

not show any s1gn1f1cant change in either G-1 or G-2.

- O
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DISCUSSION
CHARACTERISTICS OF THE SUBJECTS
A nonsignificant difference in the mean age, height and weight between
the Yoga and control orOUps indicated a similar distribution of these
characteristics in both the .groups. As both groups had a fairly
homogeneous distribution of age, height and weight any difference
in these groups towards the end of the study were 1ndependent of

these factors.

MEASURES RELATED TO RELAXATION

FRONTALIS EMG ;

Research (15,22) has shown that the frontalis muscle is a
rejiable indicator of the striatedmuscle activity in the body. The
- EMG measurement of frontalis musc]e does not only generalize to
striate musc]es of upper body but also serve as a useful indicator
of general activity of the sympathetic nervous system. Therefore
.by monitoring frontalis act1v1ty one should be able to obtain a
representation of the 1eve] of stress in var1ous other_str1ated

muscle groups of the body. _ - . ,

Davms et al. (31) argued that the activity of nearby muscles appear
in frontalis EMG recordings. The combined activity of the neafby
muscles seems desirebie in measuring fhe genema] relaxation in the
,\present study. The subJects were asked to keep the1r eyes c]osed '

and remain motionless dur1ng EMG recordings so that Jaw movement

65



Decreased frontalis muscle activity indicates decreased striate

66

swallowing and eye movement could not interfere with the measurcmonts.
Thus, the EMGbmeasuremehts of the frontalis muscle activity in this

study was considered as a dependable indicator of general muscle

tension.

/

muscie stress and.fncreased relaxation. The subjects of Yoga group
were more relaxed after practice of Yoga as indicated by significant
decrease in the EMG activity. These results are contradictory to

findings of Bagga and Gandhi (12), who did pot find any significant

difference in EMG activity as a result of regular Yoga practice.

f
The authors have not ment1rnf¥ the musc]e group they used for the

study and, 22&@@5 a hea]téy.f

par1son canno& be made.

RESTING HEART RATE

A'decrease in the HR of the'subjects of Yoga group was expected as

~ other physical exercises also resu]t in a s]ower HR in the beg1nners

Low HR in normal people indicates general re]axat1on In the present
study, it was observed that after tra1n1ng for eight weekP the Yoga
group had 1oweh-resting-HR thén prior.to the study and as compared'
to that of the control group. ' This is in agreement with the

studies of Udupa (83), Dhanaraj ( 33, and Bagga et al. (12 ).
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There are'observations that slowing of HR after a period of

physical training with a standard work load, is induced by an increase
ih vagus tone and a reduction in symbathetic drive (9 ).

Tipton {80) confirmed that lTowering of HR is brought about by an
increased vagal impu]se As a decrease in HR of young women has 3
been observed, it a»pears that Yoga training reduces or counteracts
the increased syméethetic nervous system activ1ty respon51b1e for
increased HR. Further it would infer that this type of

training stimulates vagal nerve thus producing more aeety]cho]ine
which results inliowé#/Hé. It might, therefore, be summarised
.thathoge frainiwg results in lowering the HR by (i).a parasympathetic

inhibition, or (i) a decreased sympathetic influence, or (iii)

a combination of both.

If the above assumption is true then it would appear that Yoga

training should be useful in a]]eViating the diseases where increased

sympathetic nervous system activity is a principal factor in the
development of the disease. Hdwever, research is currently being
carried out to test the usefulness of Yoga relaxation in treating

the cardiac problems: Tulpule and Tulpule (82) observed that o
Yogasana and Pranayama trainfhg reduced. mortaiity rate/in/fﬁe/batnents

of myocardiai infraction. They conc]uded that ]ack of relaxation is

an important risk factor and/re]axation could be induced by maintaining
low HR gnd/biGBH/Bressure with the Yoga training.

T
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In normal individuals Tow HR is known to be a positive sign of
cardiovascular efficiency. It is generally believed that a slower
HR accompanies a relatively larger stroke volume, so as to

ma1nta1n a certain level of cardiac output. This, from the energy

had J“}
9 ’(‘

expend1ture po1nt of view, may be interpreted as an economical
adaptation, requiring less oxygen than a faster beating heart at

the same cardiac output level.

- BLOOD PRESSURE

Statistica]]ylsignificant decreases in systolic as well as
d1asto]1c BP weneobserved in the subjects of Yoga group. The
results of the present study are in conf1rmat1on w1th the stud1es
done by Udupa et al. (85,87: )_ In those studies the sub3e§§§»ﬂere

trained in basic Asanas exc]ud1ng Savasana. Howevs{, Bagga

et-al. (12) observed a more pronounced drop in BP with Savasana.

qauasana has been used to reduce the morta]1ty rate due tob
hypertens1on Datey et al. (28) reported that the hypertensive
patients undergoing Savasana training couid _ecrease-their BP.

In similar studies, Patel (64) also observe: lcduct1on 1n the BP
of hypertensive patients with Savasa.. and b1ofeedback training.

Datey et a] (28) suggested that th1s exerc1se probab]y

'1nf1uences the hypotha]amus through cont1nuous feedback

) training. It wou]d appear that'the pract1ce of basic Asanas

" and Pranayama 1nf1uence the circulatory system via.

nervous systems. and- tones down its activity, thus,

-
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- Hre]ax the neuromuscular tens1on with the pract1ce of Savasana

S .
Py D . \

'”No s1gn1f1cant change was observed in the COntr01 group Es "ge'

: of se]ected Asana and -Pranayama have been reported (7) to

'1nduc1ng the re]axat1on stat NaranJo and Ornste1n (60), ca]]ed
jg?

‘lt a foca] dev1ce or someth1

69

produc1ng generalized re]axat1on Diagamberji et al. (35) also reported

3'that the regu]ar pract1ce of xsanas improve ones capacity to

relax phys1ca]]y and mentally.

|

i L
>

; The.Yoéa subjects reported very relaxed after each traininghsesSion.

o

According to their opinion in the post tra1n1ng questionnaire

SN

they were very relaxed.. It is poss1b1e that subJect1ve opinioh
Lo : .

m1ght accurate]y reflect a general relaxation.

Relaxation being inhibitory response of stress, it 1s assumed

“b .'

3'7that the tens1on is reduced 1n Yoga group With the pract1ce of T #;j\;

q Asana&\and Pranayama. It is not possible to spec1fy,wh1§h of the

fo]]ow1ng contribute more to general relaxat1on . The Asanas and' | Q,;e
Pranayama Savasana and FTanauama, or On]y S&vasana. The practtce j . ﬁﬁé
increase stab1]1ty in autonomic responses wtth benef1c1a1

effects »On.umenta] -and. phystca1' heaith’ aTong w1th

: 3,
~greater relaxatiorn and reductidn in tension.: Durlng the

training,’ fo]]ow1ng three factors appeared to have contr1buted

to re]axat1on (i) to focus .ones awareness on phys1ca1 posture,

2 (i1) to pract1ce d1aphragmat1c breath1ng in. PTanayama, 11?} to q;"'>

\ &

Y \
L.
. : R

The pract1ce of Yoga, accord1ng to Eyer]y (36), 1nvo%¥es focusxng

- of one' s awareness on some phy51ca] gpt’wh]Ch has the potent1a1 of

e
. .
"

~'<

to 'dwell upon'.. Exactly o, the - L

,a PN
i
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Yoga works, no one knows for Sure, however, Naranjo -and 0renste1n s
~~theory of foca] device seems appropriate. Accord1ng to them, the
,iiﬁ;“‘role of the focal device is to engage the 1ett hemisphere' s neura]
. Circuitry'to allow the r1ght hem1sphere to become dom1nant Thus,

the foca] dev1ce occup1es the ]eft hem1sphere by engag1ng it in a

L set of postures When the focus dev1se is sudtessfu]]y emp]oyed

'"j,, - the brain order of processrng appears to be altered and thus'resu]ts
in relaxation. Somet1mes,the focal dev1ce gets over]oaded ‘and

} C frustrates- the 1eft hem1sphere This cou]d ‘be the case when one

H

engages in rlgOrous Yoga tra1n1ng w1thout proper guidance. For ... .m

the purpose of safety, 1t is adv1sed to do Yoga pract1ce once- a

LI SN A e -

'ai?_ ; day, not holdzng a posture-for more than 5 to 7 m1nutes and

v not repeating them. - . B o 5 -

iy o o B,
\ 1 4,

@f o Dur1ng the pract1ce of Pra,ayama, the subJects of Yoga group were

3 g
»(M . o

"dlrected to breath in and eut u51ngd1aphragm, since it s the ;n

e A,

ol

<.
&

deepest of all the breaths _ The 11terature of Yoga offers numerous‘
and d1Verse resp1ratory techn1ques for re]axat1on The s1gn1f1cance ) ?1
‘A'of d1aphragmat1c breath1ng is h1gh]1ghﬂed a]though the mechanism
of re]axat1on with d1aphragmat1c breath1ng is not yet ful}y‘understoogk
N Hymes (47) noted that the tone of sympathet1c and parasympaggetzc
a " H'nervous systems is general]y affected by the process of resp1rat1on LJ/

i

- '_and -autonomic funct10n1ng may be vo]untar1ly sh1fted back to calm

N ‘ . - 4;) L l
: : ' by conscious: breath contro] Accord1ng to’ Harvey (45) diaphragmatic

ot

fwa - ' Fa - .
N
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oF twéggofeanxlety and overa]] stressful sympathet1c arousal. A]though,l

o
R

~\
breathing stimu]ates‘both*the'so]ar p]éxuS'and the right vagus
nerve 1n a manner that 1nnervates the parasympathet1c nervous
system, thus fac1]1tat1ng fu]] re]axat1on However, Ballentine
A(13 h&Pothes1zed that exp1rat1on increases parasympathet1c tone.
It is interesting. to note that in Prgnayama d1aphragmat1c breathing
during exp1rat1on is pratracted and thus, likely results in -
parasympathetic relaxation. Although, .the specific'mechanisms
1nvo1ved in stress reduction via breath control may d1ffer trOm

"y via’ breath control may differ- from techn1que to techn1que,
]

.d1aphragmat1c breathing in var1ab1y results in 1nduc1ng a t

temporary state of re]axat1on.

w3,

_ vl e
‘, Savasana is known to be a definfte techn1qoe tdggggdce neuro-
myscular tensa%n and.to achieve greater neuromuscu]ar re]axat1on »
'through tonscious effort Gov1ndara3d$h 43) and Kuva]ayananda (52)
o have descrtbed the eff1cacy of this 4dsana as a sc1ent1f1c way of |
. ,re]1ev1ng fat1gue Jacobson's (49) method of progress1ve ;
re]axat1on is a]so based on neuromuscular re]axat1on In this
type‘bﬁ %?a1n1ng, one 1earns to enhance one S awareness of prop-
) r1a§ept1ve neuromuscu]ar impulses wh1ch or1g1nate “at the per1phera]

- ﬁ'&",; c{ 'r
- NTRGart 1evelsﬁand 1ncrease with striate musc]e tens1on, and it~

- true in the case of Savasana tra1n1ng too.” Accord1ng to

Jacobson, these afferent propr1ocept1ve°1mpu1ses are maJor determ1ners

/\.s, - 4. . ‘. ]

Neadea iy
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it is not clear what mechanisms work in Savasana, however,

the practice of Savasana has been proven scientifically to
improve the degree,of relaxation in hypertensive patients.(82).
The significance of,re]axatfon in sports has Been overlooked

and there is a need for research in this area. Knowing,

whether, the body is relaxed or tense, is basic to physical

“eonditioning. Prior to learning skills and engaging in

'exercise,<%t is perhaps necessary to develop the ability of

’

detect1ng muscular ten510n and the meaps of reduc1ng 1t through

[

o re]axat1on techn1ques DhanaraJ (33) 1n a recent study observed

72 -

‘;that Yoga-type' relaxation practised after sports offers special .

,conclus1on could be drawn § \\ : ‘ 5
; . A ; \ ' (R

benefits to participants However, further investigations &re

necessary 1n phys1o]ogy and psychology, before any def1n1t1ve

\

\RESPIRATORY MEASURES

L)

VITAL CAPACITY -~ - . S

FAlN
-

- The reeu]ts of the test on vita1 capatity points out that as a

resu]t of trasn1ng, the Yoga group has improved s1gn1f1cant]y
The . present study is in agreement w1th the stud{%s of BhanaraJ (
Gopa] et a] (42) and Nayer et al (6]) Udupa et al (85)

observed the eﬁfects of Yoga on vital capac1ty and other phys1o]

meaSures They found a greater 1ncrease in vC w1th the pract1ce

.,,

’_of pOses Tike- Sarvangaouna agd M;tsyasana than PTanayamzc

.....

33)

og1ca]

'3
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_exercises. Some of the other studies (]8) found striking increase

in VC with the comb1nat1on of some Yog1c and Pranayamic exercises.
S

Vital Capacity has been a controversial issue in physical education

2 et
testing, especially since Rodgers (70) included it in his strength

test battery. This,test was also included in”the-studies.by
Tomaras (81); Clarke and Carter (26). In general, it is known to

be a measure of body size but it also has a high'cortc"tion with’

body strength Tomaras obtained a correlation of .86 viln the avérage

- of Smyen upper body cable tension strength tests, é£4 w1tHXMcC1ay S

Q*}D

athletic Strength 1ndex and .80 w1th Rodgers' strength 1ndex For

college men, Davis (30) obta1ned a corre]atlo%?of .59 between Tung

| y@

W1
$‘,"

PR ¥

capacity and time for the 200 yards free style swim. Some researches -

- seem to indicate that physical training*has no effect on vital

RS

cépacity. Based on the f1nd1ngs of others, Astrand and Roghl (9)

‘(w

- inferred that VC 1s ]1ke]y to 1ncrease in the case of young people.

As r= gards Yoga, there 1s p051t1ve ev1dence that Asanas coup]ed
with Pranayama would cause an 1ncrease in VC (19).

e VR

‘ y A."‘l“.' ..' '. . v § l.. ; .
e possible processe ¥chanisms responsibie for the increase

i YC are not clearl) understood.~¢Ppanayamd breathing emphasize®

slow and deep breathing, ‘stress being on more prolonged expiration

LY

; ‘and. eff1c1ent use of abdominal musc]es, this may help to increase

VC - Th1s wou]d further ‘appear to help the eff1c1ent movements of the
(20).

7'.1_" v\x(

d1aphragm and 1mprove 1ung vent1]at1on According to Bhole.et a].\

,Asgnas remove,tens1onufrom the ske]éta].muscles»and'thisjhE]p the
R 41*” S A ) B

B s \,ﬁ'
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diaphragm to function better. However, the practice of Asanas and
;‘-, | - Pranayama seem to increase expiratory reserve volume th%reby
;“?‘ ‘ increasing'the vital capacity.
'kffiif’

% 9 CHEST E)QPANSTION

x

The Yoga group s1gn1f1cant1y improved in chest expansion after

.

_n_’J o~

'tra1n1ng It was 1nterest1ng to note that most of the changes
occured in first four weeks of: the tra1n1ng The overall improve-
ment shown was probab]y due to the effects of breathing exercises
and the 4sanas invo]ving“chest musc1es The resu]ts are in
agreement with thé stud1es of DhanaraJ (33)-and Udupa et al. (86).
However, Udupa et al. observed the s1gn1f1cant changes 1n the
chest expans1on w1th some Yoga postures only (without Pranawzma)

. l

Neverthe]ess, the1r subJects underwent a training for six mon*
h ﬂ%ﬁushould be taken 1nto account that the study was limited to a
smal] samp]e and the treatment group was not compared to any
control. The author did not mention the duration Qf the
training sessions. Dhanarhjv(33) studied the effects of Yoga/
scientificd]]y but?eonfined the study to maie subjects only. -;So,

it may not be fa1r to compare the result of th1s study to any of

the ear11er studies.
* 8
Many Yoga teachers have claimed that the resp1ratory system

“improves w1th Yoga tra1n1ng. From a phys1o]og1ca] point of yjew;
S./

the 1mportance of chest expans10n is not c]ear , Yet’it is known
to be an.indicator of efficient respiration. The deep 1nsp1rat1on o

brought about by the %$t1ve contraction of the diaphragm and the
«i»_. S - .
.!‘;;4'
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intercostle muscle seem to allow the rib cage to expand and fill
the Tungs with air. It would appear that expansion of chest a]]owsl

~optimal interchange of gases in the ]ongs.

. During,the norma] breathing,-ventilation of aiveo]i, where_thev
diffusion proeess occurs, has been attributed to the enlarge-
ment of the'aivéolar duct. The expansion in chest may
faciiitate the eh]argement of alveolar area and consequently
it may 1mprove the whole diffusion process. The movements made
by'diaphragm and thoraoi; cage may'a1so improve the oxygen supply
of the blood by accelerating the venous circulation. Circu]atory
efficiency is closely related to respiration. %tnce,_go work’
efficiently muse]es are dependent upon oxygen'as insufficient .

S amount of oxygen cause the accumulation of ]acttc acid in tHe vf:. -

blood, which.impedes the contraction of muscle.

Physical cond1t1on1ng def1n1te]y affects the eff1c1ency of the
resp1ratory system As a result of tra1n1ng, the expans1on of
"¥f” chest is increased and the depth of breath1ng 1s augmented (41). - S
Furthermore (19) lt has been shown that a person in good phys1ca1 "ég%;'a

w

—v.\ ; ‘

condition breathes less air and at the same time absorbs greater R ¢
percentage of the oxygen from the’air he breathes than does the é;@'wi
average person. However, to determ1ne the 1m$71tat1on of chest | .
expans1on in exerc1se phys1o]ogy further sc1ent1f1c 1nvest1gat1onr _

is. requ1red ) - e SR e &

| %”’
NN
v
-
\Y
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'resu]ts are 1n accordance With' the study of Dhanaraj (33); yet‘

""Z'gfurther 1nvest1gat1ons are needed to evaluate this phenomenon

- EXERCISE HEART RATES AND PREDICTED OXYGEN CONSUMPTION

The 8th min. and 12th HRs did not indicate any significant
change with Yoga training. The difference in the pred1cted

oxygen consumpt1on before and after e1ght weeks training session

was not s1gn1f1cant Yoga tra1n1ng did not have suff1c1ent

1mpact on O2 transport system to elicit a training effect on

exercise HRs at the 8th and 12th min. or maximal O2 consumption.

The post training scores indicate that Yoga group (G- 1) had

improved s1gn1f1cant1y The physical training seems to have

a wide range of_effects on maximal O2 consumption (5-43% 1nprorement)
as given bvaas1cotte._ This improvement cannot be attributed - T
to physical trafning (55), The indications are that Yoga.subjects

developed efficiency at a moderately high HR. Though these

kit

s
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CHAPTER v
¢~ SUMMARY, CONCLPSIONS AND RECOMMENDATIONS
‘ - SUMMARY
The growing popu]arity!of Yoga among females encouraged the investi-
.gater to study the physio]bgica] effects of this training on them.
Twenty- three female students (mean age 23.8 years) were used as
subjects. After the pre-training tests, the subjects were randomly
assigned to two groups,lnamely Yoga (G*])and cohtro] (G-2). Yoga
group was given eight weeks' training in selected Hatha Yoga
exercises, while, contro] group did not receive any training.
The subJects of control group ma1nta1ned the same phy51ca] tra1n1ng
1eve1 to which they were used to. Both the groups were tested

'\

after four weeks and after e1ght weeks. The data co]]ett@d were

TN
subjected to St&SL]C&l tests of s1gn1f1cance at<Q.05 Ieve?
. G ) - Y
'x’)uﬂ, °

The Yog&rgrOup 1mproved in measures re]ated £0 re]axatlon 'The
fronta]ﬁ’*EMG activity of the subjects pract1s1ng Yoga decreaseo
s1on1f1cant1y (from 5.7 to 1.0 u¥/min. ) The rest1ng heart rate
]owered s1gn1f1cant]y (from 79gg to 70.0 beats/m1n ) BOth the

systolic and d1astol1c blood pressures dropped s1gn1f1cant1y

PAd

4(Systo}rc BP: from 119.9 to 108.9; Diastolic BP: 80.0 to 70.6 mm
Cothg. | e,

e

The sighificanfwjncfeAEesvin Vital -Capacity (from 3.2 to 3,813”
and chest expansion (frohksél”to 6,9ﬁcm2 indicated a cohsiderab1e

- improvement in the respiratory measures. The card1ovascu1ar measures
) i . ; s
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3. Research to evaluate thel appTications of - Yoga to sports

/8

of the Yoga group did not improve much, however, the 4th min exercise
HR_va]ues decreased significantly from T1 to T3 The control group

indicated no significant changes in HR response to exerc1se

_ CONCLUSIONS
Within the limitations of this study, the following conclusions
appear justified regarding the phys1o]og1ca1 effects of Yoga

training on young females:

1. Yoga tra1n1ng improves the ability: to relax.

€

2. Yoga training increased the vital capacity and chest expansion.

3. Yoga training does not improve predicted, Vo2 max

The effects of Yoga on females were similar to that of males as

indicated by previous studies.

RECOMMENDATIONS'
1. Stud1es to determine the effects of tra1n1ng of Yoga and

other f1tness programs together
2°, Exper1ments to determine the effects of selected 4sanas,

Pranayama or 4sanas Sepaigﬂe]y

that. requ1re f]ex1b1]1ty, breath ho]d1ng and other fadtars. .

4. Studies to determine the effects of Yoga on peop]e ofﬁgﬁfferent

©
age groups and. both sexes.
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PRE-TRAINING QUESTIONNAIRE

Name ' - B Late of Birth
(First) (Last)

Home Address __ Phone

Did you ever undertake a Yoga Proyram!
NO Yes
If yes, indicate the ‘*otal xefiod 0¥ your —articipation.
DAYS - MONTHS - YEARS

rlow much time do you spend ir physicaT'actjvities (games, sports,
physical recreation)? : ’

HOURS/DAY ~ DAYS/WEEK WEEKS/YEAR

Did you participate in any organized physical training during the
last six months? . : ~ .

NO ) YES
If yes, indicate the type of training and total period of participation.,
Do you have any medical problems?

NO ‘ ‘ YES

- If yes, please specify
Give particulars of past medical history in brief.

£

Do you'smoke?
NO s

Other comments if any

Signature

Date




Name:

POST-TRAINING QUESTIONNAIRE |

Circle one appropriate number of each question.
for additional information. : '

90

Uée(the line below

1 =Yes | 2 = Partly True 3 = Not Sure 4 = No

Durinc Training

1.

Participation experience was satisfactory
1

The sessions where physically taxing

Main*aining the tempo of training was hard

I understood fully the purpose of experiment

My interest remained unabated

After Training

6.

10.

My general health has improved

I am now able to withstand more strain

1 2 3 4

1 2 3 4

1 2 3 4

1 2 3 4

.1. ; .3. é

1 2 3 ‘4

o '1. ; 3 4

1 2 3 4

...... o fé. )
- 1 2 .3. 4
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TWO-WAY ANOVA ON FRONTALIS EMG ACTIVITY

e}

SUMMARY TABLE

105

Source SS - DF MS F p

Bet Sub 190.313 26 |
A 76.63 1 - 76.63°  16.85 0.00%
Sub W Group 113.661 25 4.547
Within Sub 181.297 54

B | . 86.682 2 43.341 - 73.595  0.00*
AxB - 70781 2 35.371 60.061  0.00*
B x Sub W Group 29. 446 50 0.589 K |

*Significant at p < 0.05



TWO-WAY ANOVA ON DIASTOLIC BLOOD PRESSURE

SUMMARYVTABLE

106

Source SS DF MS P

Bet Sub 652.75 26

A 388.96 1 388.96 36.85 0.00%
Sub W Group 263.87 25 110.55

Within Sub 617.37 54

B 301.22 2 150.61  252.60  0.00%
A x B 308.28 2 154.14 258.51 0.00%*
B x Sub W Group 29.813 50 0.596

*Significant at p < 0.05
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TWO-WAY ANOVA ON SYSTOLIC BLOOD PRESSURE

SUMMARY TABLE

Source ss '_\'DF . M F P

Bet Sub : ~.. 585.00 26 ‘
A - 485.33 1 . 485.33  121.33 - 0.00%

Sub W Group 100.00 .. 25 4.00

Within sub 864.00 54 |

B 397.70 2. 198.85 ' 144.09  0.Qo

A x B ’ 427.19 2 213.59  154.78  0.00% . .
B x Sub W Group | 69.00 50 , 1.38

~*Significant at p < 0.05
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TWO-WAY ANOVA ON RESTING HEART RATE

SUMMARY TABLE

108.

SS DF MS

.Source F P

Bet Sub 419.18 26

A 325.39 1 325.39 86.42 - 0.00%
Sub W Group 94.12 2  3.76 E

Within Sub 604.68 54 -

B 20.50 2 160.25 262.16  0.00*
A x B 274.89 2 137.44 224.86  0.00

30.56 50 0.6l |

B X Sub W Group

2

*Significant at p < 0.05 |



109

Source S DF MS F P
Bet Sub 4110 26 "
A ; ' 15.86 1 15.86 15.71 0.00+
Sub W Group 25.23 25 1.00 ’
Within Sub . 28.79 54
B ' | 17.48 2 8.74 174.74 0.00* |
A x B | 9.74 2 4.87 97.32  0.00%
B x Sub W Group 2.50 50 0;05 ' |

-

‘*Significant at p < 0.65

S



.TWO—WAY ANOVA ON VITAL CAPACITY

SUMMARY TABLE

110

Source SS DF MS F P

Bet  Sub 2.61 26

A 1.70 1 1.70 46.83 0.00%
Sub W Group 0.91 25 0.03

Within Sub 2.28 54

B 1.21 2 0.60 517.¢5: 0.00*
A x B 1.09 2 0.54 467.%3 0.00%
B x Sub W Group 0.05 50 0.00

]
3

.

'*Significqnt at p < 0.05

o0
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TWO-WAY ANOVA ON EXERCISE HEART RATE - (4th min.)

SUMMARY TABLE

111

Source SS DF MS . F P

Bet Sub 1153.00 26

A 256.14 1 256.14 7.14 0.01*
Sub W Group 896.00 25 35.84

Within Sub 458.00 54

B 272.00 2 136.07 . 174.46 0.00*
AxB - 162.62 2 81.31 104.24 0.00*
B x Sub W Group 39.00 50 0.78

*Significant at p < 0.05

8]
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TWO-WAY ANOVA ON EXERCISE HEART RATE - (8th min.)

SUMMARY TABLE

Source SS DF MS F P
Bet Sub 895 00 26
A 74.14 1 . 74.14 2.25 0.1
Sub W Group 822.00 25 - 32.88 |
Within Sub 150.00 . 54 |
B ' 69.09 2 3450 95.96  0.00%
A x B 66.56 2 33.28 92.45  0.00%
Bx Sub W Group 18.00° 50 0.36

*Significant at p < 0.05



113

TWO-WAY ANOVA ON EXERCISE HEART RATE - (12th min.)

SUMMARY TABLE

Source SS DF MS F - P
\

Bet Sub 1040.00 26
A 10.95 1 10.95 0.26 0.61
Sub W Group 103200 25 41.28 |
Within Sub 78.00 54 ’
B 35.38 2 17.69 . 55.29  0.00%
A x B 27.80 2 13.90 43.44 0.00*
B x Sub W Group 16.00 50 0.32

*Significant at p <.0.05



‘TWO-WAY ANOVA ON PREDICTED Vo2 MAXIMAL

SUMMARY TABLE

114

Source $S DF T Ms F P
Bet Sub 3600.25 26 |
A } 137.54 1 37.54 0.26 0.61
Sub W Group 3562.68 25 142.50
Within'Sub 44.68 54
B | 18.90 2 9.45 57.29 0.00*
A x B | 18.90 2 9.45 57.29 -, 0.00*
B x Sub W Group 8.25 50 0.16

*Significant at p < 0.05
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