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1. Introduction

Background: The thoracic and abdominal muscle strength plays an important role in 

pulmonary function and diffusing lung capacity. The purpose of this study is to observe chest 

and abdominal muscles following period of breath holding which is a part of training for 

swimmers.  Aims and objectives:  To compare the pulmonary function test   among swimmers 

and non-swimmers and to test the hypothesis that ventilatory drive is modified by swimming.
Materials and methods:   In this study 20 subjects aged between 19-35 with 2-5 years 

swimming experience were taken and 20 controls who were in the same age group in SRM 

medical college were included after obtaining ethical clearance and consent. 'Easy one pro 

Spiro meter' was used to find out the pulmonary function test. Results: :   Statistically 

parameters were analyzed by student 't' test. There was no significant difference in age, weight, 

height, BMI between swimmers and non-swimmers. There was a significant difference in mean 

and standard deviation of pulmonary parameters with the p-value <0.005 in swimmers which 

shows that they have greater ventilatory drive. Conclusion: Swimming engages practically all 

muscle groups. Hence O2 utilization for the muscle is higher in swimmers. Regular swimming   

produces a positive effect on the lung by increasing pulmonary capacity and thereby improving 

the lung functioning. Swimmers have greater pulmonary efficiency than non-swimmers which 

acts as a predictor of performance.

Our human body is an amazing machine, in which perfectly 

coordinated events will occur simultaneously. These events allow 

complex function such as hearing, seeing, breathing and 

information-processing to continue without one's conscious effort. 

If anyone performs any activity like swimming, he will be 

successfully shifting his body system from rest to active state. If he 

continues this activity several times, then his body gets adapted to 

that particular activity in a better way. Swimming is a difficult 

process that makes the muscle fit. If anyone wants to be swimmer, 

his or her physical activity level should be high when compared 

with the non-swimmers. Some physiological changes take place in 

the human body, when a person continuously swims. Swimming 

may be looked upon as self imposed changes in a self environment. 

(Jack H Willmore et al., 1994).

Swimming engages practically all muscle groups. Hence O2 

utilization for the muscle is higher in swimmers. The water 

pressure on the thorax makes the respiration difficult. Breathing is 

not as free during swimming, as in most other types of exercise. 

Respiration during competitive swimming is synchronized with 

swimming strokes (Astrond PO et al., 1986). Competitive 

swimmers require a high aerobic capacity to support the sustained 

performance of severe exercise, and the measurements of the 

maximal rate of oxygen uptake which a swimmer can sustain 

during exercise provides a useful index of physical fitness. The 

maximum oxygen uptakes of swimmers have been determined 

under various conditions; running (Astrand and saltin, 1961; 

Rowell et al, 1964)

The breathing (respiratory) muscles which are composed of 

the diaphragm, external and internal intercostals, parasternal, 

sternomastoid, scalene, external and internal oblique and 

abdominal muscles are the vital organ in mammals by which 

oxygen is delivered to the red blood cells and concomitantly 

carbon dioxide is removed and expelled into the environment and 

play crucial role during exercise (Ratnovsky et al, 2008; Amonette 
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and Dupler, 2002). Since the athletes take thousands of breaths 

during the competition and similarly all other skeletal muscles, the 

respiratory muscles also need required amount of oxygen in order 

to work properly (Amonette and Dupler, 2002).

Formerly, it was widely known that the respiratory system 

does not limit the exercise performance in humans (Dempsey, 

1986; Leith and Bradley 1976). However, many researchers stated 

that the respiratory system can impact the strength and exercise 

performance in healthy humans and highly trained athletes 

(Boutellier et al., 1992; Gething et al., 2004; Markov et al., 2001; 

Nicks et al., 2006; Stuessi et al., 2001; Suzuki et al., 1993; Volianitis 

et al., 2001), notably at high intensities (Harms et al., 2000; Wells et 

al., 2005).

Pulmonary functions are generally determined by respiratory 

muscle strength, compliance of the thoracic cavity, airway 

resistance and elastic recoil of the lungs (Cotes JE. 1979). It is well 

known that pulmonary functions may vary according to the 

physical characteristics including age, height, body weight (Polgar 

G et al., 1979), and altitude (hypoxia or low ambient pressure).

The purpose of choosing swimmers instead of any other 

sports person was that previous studies have shown that 

swimming produces maximum effect on the lungs compared to 

any other sport (Lakera SC et al., 1984). Regular swimming   

produces a positive effect on the lung by increasing pulmonary 

capacity and thereby improving the lung functioning. 

Pulmonary functions test was done in subjects aged between 

19 to35.Both swimmers and non-swimmers of the same age group 

were selected. The  study was conducted in the department of 

physiology, SRM Medical College and Research centre, 

Kattankulathur after ethical clearance and informed consent Total 

sample size is 40,  out of which 20 subjects were swimmers with 2-

5 years of experience and 20 subjects were non-swimmers 

without swimming experience, They were equally divided into 

two group A(swimmers) and group B(non swimmers). Easy one 

pro Computerized Spiro meter was used to find the pulmonary 

function test. 

For this study parameters include FVC, FEV1, FEV1/FVC and 

MVV. Written consent was taken and the subject was asked to 

breath as per the instruction to record the parameters. Smokers, 

history of abdominal or thoracic surgery, pulmonary ,cardiac 

disorders and neuromuscular disorders were excluded from the 

study.

The procedure for doing test parameters for FVC, the subjects 

were asked to do tidal breathing and a then asked to exhale as hard 

and fast as possible until the lungs were completely empty .This 

test was repeated 2 to 3 times and the best value was obtained. For 

MVV, the subjects were asked to inhale and exhale as deep and fast 

as possible over a period of 12 seconds during which recordings 

were done.

Statistically parameters were analyzed by student ' t' test

Anthropometric data for pulmonary function test.
There was no significant difference in age, sex, height, weight 

and BMI between swimmers and non-swimmers (Table1)

Anthropometric data for pulmonary function test.
There was no significant difference in age, sex, height, weight 

and BMI between swimmers and non-swimmers (Table1)

Table2: Comparison of Pulmonary function test parameters 

between Swimmers and Non-Swimmers

2. Materials and Methods

3. Result

Pulmonary function test data

Table 1: Comparison of Anthropometric data between 

swimmers and non-swimmers

AGE

SEX

HEIGHT

WEIGHT

BMI

FVC

FEV1

MVV

FEV1/FVC

SUBJECT

CONTROL

SUBJECT

CONTROL

SUBJECT

CONTROL

SUBJECT

CONTROL

SUBJECT

CONTROL

SUBJECT

CONTROL

SUBJECT

CONTROL

SUBJECT

CONTROL

SUBJECT

CONTROL

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

20

24.60

26.40

1.15

1.10

164.85

165.00

65.45

67.85

24.020

24.860

3.476

2.761

2.911

2.194

97.650

65.630

0.856

0.784

5.082

6.320

.366

.308

8.299

9.498

9.473

12.869

2.4533

4.4209

5.082

6.320

.366

.308

8.299

9.498

9.473

12.869

-0.993

0.467

-0.053

-0.672

-0.743

-0.993

0.467

-0.053

-0.672

0.327

0.643

0.958

0.506

0.462

0.327

0.643

0.958

0.506

GROUP

GROUP

N

N

Mean

Mean

Std. 

Deviation

Std. 

Deviation

T value

T value

P value

P value
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Forced vital capacity curve:

Maximum voluntary ventilation curve: 

Chart 1: Comparison of MVV between Swimmers and Non-

Swimmers

Chart 2: Comparison of FEV1/FVC between Swimmers and 

Non-Swimmers

In the present study, we found that there was a significant 

increase in the lung function parameters in swimmers when 

compared to the non-swimmers. This result is in concordance 

with the studies by  Mehorta PK et al. (1997) and Lakera SC et al. 

(1994)

Mehorta PK et al. (1997) found that freestyle swimmers 

exhibited larger VC,FVC,FEV, and MVV than controls. This could be 

explained on the basis of better function of respiratory muscle 

strength, improved thoracic mobility and the balance between 

lung and chest elasticity which the swimmers may have gained 

from training in swimmers (Lakera SC et al., 1994) 
         
      Our results were also similar to previously published data on 

highly trained college swimmers (Magel and Faulkner, 1967) but 

those recorded by the males of the Youth Squad were higher than 

those reported by Vaccaro et al (1980) in well-trained swimmers 

(mean age 15.1 years), perhaps because the Scottish boys were 

taller and heavier. The mean vital capacities of the Scottish Youth 

Squad were also greater than the mean vital capacities of the boys 

and girls attending the 1961 Amateur Swimming Association's 

course, who recorded mean vital capacities of 5.4 litres and 4.2 

litres, respectively (ASA, 1962).

Good swimmers tend to be above average for lung capacity. 

Training during adolescence increases vital capacity and total lung 

capacity due to the development of a broad chest and long trunk 

and this increased vital capacity helps swimmers maintain their 

buoyancy (Shephard, 1978). 

The diaphragm and accessory muscles respond to physical 

training in the same way as other muscles, and it has been 

suggested that hypertrophy of the respiratory musculature may 

account for the higher values of FVC and FEV1 (Stuart and Collings, 

1959; Maksud et al, 1971), since these depend, in part, on the 

muscle power available. Vaccaro et al (1980) found that the FVC 

and FEV1 values of young male swimmers (13-16 years) were 10-

16% above normal. The values of the Scottish swimmers ranged 

4. Discussion
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        Several factors which influence the inspiratory muscle and 

diaphragmatic fatigue include failure of neural transmission in the 

diaphragm, breathing frequency, trans-diaphragmatic pressure 

generation during exercise and rate of working muscle. The 

unifying quantity common to all these mechanical determinants of 

respiratory muscle fatigue may be lesser availability of O2 to the 

respiratory muscles (Mehrotra PK et al., 1997). However, earlier 

studies showed that ventilation decreases rapidly towards 

baseline quickly after the exercise like swimming. (Pathak MS et 

al.,1998).
         The improved efficiency of lung function in breast stroking 

swimmers is again evident when a comparative study was made 

with age-and height-matched controls. VC, FVC, and RV showed a 

higher value in breast strokers than controls. The result can be 

explained on the basis of better functions of respiratory muscle 

strength, improved thoracic mobility and the balance between 

lung and chest elasticity which the swimmer may have gained from 

training as reported earlier in swimmers (Lakera SC et al., 1994).
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Globally many studies have been conducted and documented 

between swimmers and non swimmers by using different 

methods, and standardized criteria. In this study, especially 

students were selected for both the groups. Computerised Spiro 

m e t e r  wa s  u s e d  t o  d e t e r m i n e  t h e  l u n g  vo l u m e s .  

Statistically parameters (FVC, FEV1, FVC/FEV1and MVV) were 

analyzed to compare using students t' test. The result obtained 

from this study showed significant difference in the mean and 

standard deviation. Means of all parameters were significantly 

higher in swimmers. Thus we conclude that regular swimming  

produces a positive effect on the lung by increasing pulmonary

Conclusion
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