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Effect of Savitri Pranayama practice on peak expiratory flow rate, maximum
voluntary ventilation and breath holding time
Mamatha SD, Gorkal AR

ABSTRACT
Background: Yoga, an ancient culture of Indian heritage, regular practice leads to ideal physical, mental,
intellectual, and spiritual health. Pranayama is one of the yogic practices. These have a number of beneficial
physiological effects on various systems in our body. The present work was taken up as data reported on the
effect of Savitri pranayama alone on peak expiratory flow rate (PEFR), maximum voluntary ventilation (MVV)
and breath holding time (BHT) is scarce.
Aim: To know whether there is any change in PEFR, MVV & BHT in the subjects practicing savitri pranayama
and with that of subjects not practicing any type of yoga.
Materials and methods: Two test groups consisting of 30 male student volunteers from Rama Krishna Institute
of Moral and Spiritual Education (RIMSE), Mysore, of age between 18 to 28 years were selected. They
practiced savitri pranayama for 30 minutes daily for 16 weeks. The control group consisted of age and sex
matched 30 students of JSS medical college. PEFR & MVV were determined by using medspiror, a digital
spirometer and BHT was determined by using mercury manometer.
Results: The study group showed significant increase in all the parameters measured when compared to
control group.
Conclusion: Present study leads to the supposition that Savitri Pranayamic breathing exercise strengthens
respiratory muscles and control it by overriding the usual excitatory stimuli to respiratory centres. Hence there
is increase in PEFR, MVV & BHT.
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INTRODUCTION
Yogic practices, an ancient culture of Indian
heritage, have led to ideal physical, mental,
intellectual, and spiritual health. Yoga has a
number of beneficial physiological effects on
various systems in our body. Regular yogic practices
have been shown to cause profound improvement
in cardiorespiratory,1 thermoregulatory2 and
3
psychologic functions in healthy individuals . Yogic
practices have been also found to be most useful in
alleviating hypertension,4 bronchial asthma,5
diabetes mellitus,6 and coronary artery disease7. A
previous study has shown that there is significant
increase in PEFR in pranayama practicing school
children. 8 Combination of various type of
pranayama including Savitri Pranayama has also led
to significant increase in hand grip strength (HGS),
hand grip endurance (HGE), maximum expiratory
pressure (MEP), maximum inspiratory pressure
(MIP), forced expiratory volume (FEV), forced

expiratory volume in first second (FEV1) and peak
expiratory flow rate (PEFR).9 Statistically significant
increasing trend (P<0.01) in percentage predicted
peak expiratory flow rate (PEFR), forced expiratory
volume in the first second (FEV1), forced vital
capacity (FVC), forced mid expiratory flow in
0.25–0.75 seconds (FEF25-75) and FEV1/FVC% in
bronchial asthma patients practicing combination
of pranayama.10 Fifteen days regular practice of
11
different types of pranayama and practice of
asanas, pranayamas & suryanamaskara12 has led to
increase in the mean breath holding time
significantly alone with other parameters.
There is a need to know the effect of Savitri
Pranayama (which can be done in Savasana
position) training alone on respiratory system, so
that benefits, if any, could be obtained by its
practice and can be advised in non-ambulatory
patients to strengthen respiratory muscles.
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MATERIAL AND METHODS

nostrils. This was repeated for several rounds.

Study was carried out at Rama Krishna Institute of
Moral & Spiritual Education (RIMSE), Mysore and at
department of physiology JSS Medical College,
Mysore. Informed and written consent was taken
from the subjects of both the groups. Our study did
not involve any invasive procedure. Ethical
clearance was taken from Institutional Ethical
Clearance Committee.

Method for recording PEFR & MVV

For the present study, 30 male student volunteers
were selected randomly from RIMSE, Mysore of
aged 18-28 years as the test group. Age matched 30
male student volunteers were selected randomly
from JSS Medical College as control group. They did
not practice any type of pranayama in the past or
during the present study. They were not practicing
or involved in any type of sports or gymnastic
activities regularly. Study was carried out only in
males to avoid the variation in genders. The
subjects in the test and control group had no
history of allergic disorders, respiratory disorders,
and systemic diseases in the past as well as during
the present study. There were no drop outs in the
test as well as in control groups during the present
study.
Test group practiced Savitri Pranayama for 30
minutes in the early morning between 6:00 am to
6:30 am, 6 days per week for 12 weeks under the
guidance of trained yoga instructor. They
performed initial stretching exercise for 10 minutes
before starting pranayama. The details of Savitri
Pranayama procedure is as follows:
Posture
Shavasana i.e., lying supine on a flat surface with
the head preferably to the north or east so as to be
in alignment with the earth's magnetic field. The
upper limbs relaxed and placed by the sides of the
thighs with the palms facing upwards. Feet were
relaxed with heels touching each other lightly. Air
was breathed in through the nose for 6 numeral
counts and held in for 3 numeral counts. Again air
was breathed out through the nose for 6 numeral
counts and then held out for 3 numeral counts.
Breathing was done in and out through both
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Anthropometric measurement was noted. Peak
Expiratory Flow Rate (PEFR) & Maximum Voluntary
Ventilation (MVV) were measured using
medspiror. The instrument is 'Medispiror' brand by
'Recorders and medicare systems', Chandigarh. It
is a type of flow sensing digital spirometer. The
instrument is capable of giving reproducible test
results and represents the major advancement in
computerized pulmonary function testing.
Procedures
The subjects were familiarized with the setup and
detailed instructions and demonstrations were
given to their satisfaction. The subjects were made
to breathe out forcefully following deep
inspiration into the mouthpiece attached to the
pneumatachometer.
Expiration was maintained for a minimum period
of 3-4 seconds. Three to four trails of maximal
inspiratory and expiratory efforts were made and
only the highest reading was taken for data
processing. PEFR expressed in litres/sec was
noted. For measuring MVV expressed in
litres/min, the mouth piece was placed into the
subject's mouth and was instructed to breathe
quietly. When the subjects settled, they were
asked to breathe in and out as rapidly and deeply
as possible for 10 seconds, and then MVV was
calculated for one minute.
Method for recording BHT
It was measured by valsalva manoeuvre using
mercury monometer.
Procedure
According to the specifications laid down in a
13
previous study a mouth piece was constructed
which was required for this study. It consists of a
hollow PVC tube 15 cm length, closed by a PVC cap
at one end with a 2 mm hole in the centre. The
other end was connected to PVC reducer. The
thickness of the tube was 2 mm with an internal
diameter of 3 cm. The bottom of the tube was
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connected to a three way stop cock and linked by a
50 cm rubber tube to the mercury manometer.
The subject was asked to blow through the mouth
piece in sitting posture, after deep inspiration, until
the pressure in the mercury manometer raises up
to 40 mm and is maintained until the subject can no
longer hold the breath voluntarily. The time was
noted using a stop watch, this records the BHT.
The term break point is defined as involuntary
termination of breath holding in response to the
development of net ventilatory stimulus too strong
to be further resisted by voluntary effort. Hence,
reason for the breaking point is that during breath
holding, the pO2 falls and pCO2 rises which
stimulates the respiratory centre.
Two recordings were done on both test and control
groups. In test group first phase of recording (basal
recording) were done before starting pranayama
practice & second phase of recording were done
after 12 weeks of pranayama practice. Same types
of recordings were done on control group also.
To avoid influence of circadian rhythm, the
recordings were done between 8.30 am-9.30 am
only.14 The tests were done in a quiet room in order
to alleviate the emotional and psychological
stresses. During the tests, maximum efforts from
the subjects were ensured by adequately
motivating them to perform at their optimum level.
Statistical analysis: Data are expressed as Mean
±SD. Data analysis was done using Independent
samples't' test to find out the significance of
differences between groups selected. Differences
in means were considered statistically significant
when the two-tailed P value is <0.005.
RESLUTS
First phase recording showed no significant
differences in any of the tested parameters between
Test and Control groups.
Second phase recordings showed significant
differences in all the tested parameters between
Test and Control groups.

I. (a) Comparison of first phase of readings in test
and control groups and results of independent
samples 't' test
PEFR(L/sec)

MVV(L/min)

BHT(sec)

Test

4.35+ 0.42

97.83+7.21

23.54+ 0.48

Control

4.35+ 0.42

94.63+ 5.25

23.24+ 0.88

t value

0.000

1.96

1.605

p value

1.000(NS)

0.54(NS)

0.114(NS)

(NS) – Not significant
I. (b)Physical characteristics of the subjects
during 1st phase of recordings
Age

Weight

Height

BMI

Test

21.06+2.42

164.03+3.10

62.41+2.61

23.23+0.79

Control

20.83+2.35

163.66+3.32

62.28+2.78

23.14+1.38

t value

0.379

0.442

0.191

0.312

p value

0.706 (NS)

0.660 (NS)

0.849 (NS)

0.756 (NS)

II. (a) Comparison of second phase of readings in
test and control groups and results of
independent samples't' test
PEFR (L/sec)

MVV (L/min)

BHT (sec)

Test

5.872+0.98

119.33+14.95

30.42+2.60

Control

4.32+0.37

98.06+ 7.72

23.45+0.63

t value

8.058

6.92

14.25

P value

0.000 (s)

0.000(s)

0.000(s)

(s) – significant- p value < 0.005
II . (b)Physical characteristics of the subjects
during second phase of recording
Age

Height

Weight

BMI

Test

21.06+2.42

164.03+3.10

61.88 +2.38

23.05 +0.84

Control

20.83+2.35

163.66+3.32

62.46+2.52

23.24+1.32

t value

0.379

0.442

-0.919

-0.651

p value

0.706 (NS)

0.660(NS)

0.362(NS)

0.518(NS)

DISCUSSION
Yogic asanas and pranayama have shown to
reduce the resting respiratory rate. Further, they
increase the vital capacity, timed vital capacity,
MVV, BHT and maximal inspiratory and expiratory
15
pressures. Respiration is regulated automatically
by the neural mechanisms through the respiratory
centres (RCs) located in the medulla oblongata
and pons. The cyclic waning of sensitivity of RC is
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determined by impulses from higher centres,
afferent rhythmic discharges modified by pO2 and
pCO2 in blood, and impulses from stretch receptors
in lungs and thorax. Results of our study showed
that practice of Savitri pranayama is an effective
way to develop the strength of respiratory muscles
and to bring respiration under volition.
PEFR is the maximum flow rate attained during
forced vital capacity manoeuvre measured in litres.
Its measurement helps to assess the degree of
opening of small airway passages. Pranayama
involves using of lung spaces, which is not used up
in normal shallow breathing. Therefore, the
increased peak expiratory flow rate might be a
consequence of small airway opening in lungs.1
MVV is the maximum volume of air breathed in and
out of lungs with maximum voluntary effort in
minute (to avoid the effect of increased pCO2 &
decreased pO2 during this procedure, recording is
done for 10-15 sec and the value is calculated for
1min). It is a test for overall function of respiratory
system. It is influenced by the status of respiratory
muscles, the compliance of lung-thoracic system,
condition of the ventilatory control mechanism
and the resistance offered by airways and tissues.
The possible explanation for increased MVV could
be that regular deep inhalation and expiration of
the lungs for prolonged periods has lead to
strengthening of respiratory muscles. Therefore,
strengthening of respiratory musculature occur
incidental to regular practice of pranayamic
breathing, during which the lungs and chest inflate
and deflate to the fullest possible extent, the
muscles are made to work to maximal extent. The
maximum inflation and deflation is an important
physiological stimulus for the release of
16
surfactant and prostaglandins increasing the
alveolar spaces 1 7 thereby increasing lung
compliance and decreasing bronchial smooth
muscle tone activity.
During pranayama, an individual continues the
phase of inhalation with his strong voluntary
control so that lungs are expanded considerably

10

and the walls of the alveoli are stretched to the
maximum thus the chest continues to get
expanded under cortical control. The stretch
receptors are thus trained and adopted to
withstand increased stretching. This helps an
individual to hold the breath for a longer period.
The RC as a group is under voluntary control and
the respiration can be voluntarily arrested for a
variable period during any phase of respiratory
cycle by inhibitory impulses from higher centres
which are able to balance excitatory effect of other
afferents. At the end of breath holding, these
excitatory impulses increase the sensitivity of the
RC to such a level that the voluntary control finally
breaks and respiration commences. Increased
tolerance to higher pCO2 and lower pO2 achieved
due to training could also prolong BHT.18 The
duration of breath holding is gradually increased
as RC is gradually acclimatized to withstand higher
pCO2 and lower pO2 in blood. With this we can
predict that the RC will dominate over other
influences. Therefore in many different ways the
individual practicing pranayama is training the
stretch receptors to withstand more stretching
and to tolerate more and more CO2 tension so that
breath can be held for a longer duration. Hence, in
pranayama practitioners, there is a gradual
increase in BHT as there is increased tolerance to
higher pCO2 and low pO2 that are achieved due to
training. As this pranayama can be done in
savasana position, practice of savitri pranayama
may be beneficial in non-ambulatory patients to
improve respiratory musculature and bronchial
tone.

CONCLUSION
In the test group there is statistically significant
increase in PEFR, MVV & BHT after 12 weeks of
practice when compared to control group. Savitri
pranayama training causes increase in lung and
thorax compliance, respiratory muscle strength
and tolerance of RC against higher pCO2 and
therefore there is significant increase in all the
parameters measured.
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