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Abstract: The purpose of this study was to investigate the effect of an eight-week swimming training
programme,  on  capillary oxygen saturation and certain respiratory parameters on sedentary men. A total of
80 voluntary sedentary men were included in the study; 40 men, with no active sports life, an average age of
26.2±2.8 years and an average height of 175±4 cm comprised the experimental group and 40 men, with an
average age of 25.6±2.3 years and an average height of 176±3.4 cm comprised the control group. Members of
the experimental group were accepted as non-swimmers and given an 8-week basic aerobic swimming training
course, lasting 1.5 hours, three days a for eight week. The Capillary Oxygen Saturation (SO ), Forced Expiration2

Volume (FEV ), Forced Vital Capacity (FVC), Peak Expiratory Flow Rate (PEF), Forced Expiratory Rate (FEF),1

Forced Expiratory Centre Flow Rate (FEF ), Forced Expiratory Time (FET), Vital Capacity (VC) and Maximum25-75

Voluntarily Ventilation (MVV) parameters of participants were measured. An statistical analysis program was
used to analyse raw data obtained from conducted measurements. The chosen significance levels used to
interpret the difference between variables were 0.01 and 0.05. The three measurement results taken for the
experimental and control group during the eight weeks were compared. Analysis of variance was used for
repetitive measurements to indentify the difference between the mean of the three measurements conducted
from the experimental and control group; the Tukey-HSD test was used to determine which group caused the
difference. When comparing means of SO and respiratory parameters, there was a statistically significant2

difference (p<0.05) between the mean of Measurement 1 for SO and the mean of Measurement 2 for FEF of the2

experimental group in comparison to the mean of Measurement 1 for SO and the mean of Measurement 2 for2

FEF of the control group. There was a statistically significant difference (p<0.01) between the means of
Measurement 2 and Measurement 3 of SO , Measurement 3 of FEV, Measurement 2 and Measurement 3 of FVC,2

Measurement 3 of PEF, Measurement 3 of FEF, Measurement 3 of FEF , Measurement 3 of FET, Measurement25-75

2 and Measurement 3 of VC and Measurement 3 of MVV. There was no statistically significant difference
(p>0.05) between Measurement 1 and Measurement 2 of FEV , Measurement 1 of FVC, Measurement 1 and1

Measurement 2 of PEF, Measurement 1 of FEF, Measurement 1 and Measurement 2 of FEF , Measurement25-75

1 and Measurement 2 of FET, Measurement 1 of VC and Measurement 1 and Measurement 2 of MVV. There
was a statistically significant increase (p<0.01) in the capillary oxygen saturation and respiratory parameters
of participants in the experimental group; while there was no statistically significant difference between the
capillary oxygen saturation and respiratory parameters of participants in the control group. Study results
illustrate that a regular and well-planned swimming training programme has a positive effect on the capillary
oxygen saturation and respiratory parameters of individuals.
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INTRODUCTION Oxygen saturation is the amount of oxygen carried

Conventional vital signs are body temperature, pulse, normal oxygen carried to these tissues and is an indicator
respiration and blood pressure. In recent years, oxygen commonly used to identify the performance of the
saturation has become the fifth vital sign [1]. cardiopulmonary system. However, it does not illustrated

based on the haemoglobin in blood. It indicates the
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whether or not the amount of oxygen is sufficient to meet age of 26.2±2.8 years and an average height of 175±4 cm
the need of tissues. A low oxygen level based on comprised the experimental group and 40 men, with an
haemoglobin indicates tissue hypoxia [2]. It is important average age of 25.6±2.3 years and an average height of
to prevent hypoxia caused by lack of exercise in order to 176±3.4 cm comprised the control group.
increase exercise capacity. The aim of supplying oxygen The spirometric and capillary oxygen saturation
during exercise is to keep oxyhaemoglobin saturation measurements  of participants were measured daily at
above 90%. Arterial hypoxemia, triggered by exercise, is 08.00 in pre-test and post-test. Those participating in the
defined as haemoglobin oxygen saturation below 95% [3]. study were informed about the purpose of the study and

A decrease in oxygen saturation during maximal were asked to complete a written consent form. Permission
exercise may indicate that the lung volume capacity and was also obtained from an Ethics Commission.
the pulmonary diffusion capacity are not responding to Members of the experimental group were accepted as
fitness training [4]. The most significant effect of training non-swimmers and given an 8-week basic aerobic
is that it is directed at increasing the oxygen diffusion swimming training course, lasting 1.5 hours, three days a
capacity of sportsmen. The oxygen diffusion capacity is week.
used to identify the diffusion speed of oxygen from
alveoli into blood. A great proportion (97%) of oxygen is Swimming Training Programme
carried in blood based on haemoglobin. A very small Warm-Up Stage: During this stage, participants are asked
proportion (3-4%) is disolved in the plasma. One gram of to carry out swimming warm-up exercises for 10-15
haemoglobin has the capacity to bind with 1.34 ml of O . minutes in order to prepare the circulation and respiratory2

Considering that healthy adults with a normal body system prior to swimming training, protect the natural
temperature have 15 grams of haemoglobin, they are flexibility of upper and lower limbs and eliminate the risk
capable of fixing 20.1 ml of oxygen. The SaO of a normal of injuries. The Static Method was preferred for the warm-2

healthy person with a PaO of 95 mmHg is approximately up stage [15]; this method comprises of stretching with2

97% [5, 6, 7]. slow movements, at least a 10-second resting and re-
Water applies hydrostatic pressure to the chest of a relaxing processes, which enables both agonist muscles

person that swims regularly. Under these circumstances to bend and relax and antagonist muscles that establish
the load on functional muscles in the respiratory system such a force.
increases. In the water, breathing must be in sync with
fathoms. In general (excluding backstroke), expiration Basic Stage: This stage makes up approximately 60-70
takes place in the water and in the meantime a minutes of swimming training practices. The various
significantly high pressure (50-100 mm/H O) is change it. exercises conducted in the water on a weekly basis were2

Under such circumstances inspiration is generally short applied to establish 60-75% of the maximal power capacity
[8, 9]. of the moderate exercise load. The heartbeat of

Regular exercise has significant benefits on the participants during swimming training ranged between
respiratory system; increasing cardiovascular resistance, 150-165 beats/min [16].
increasing ventilator performance, increasing muscle
power, increasing flexibility, better body composition and Week 1: Getting used to the water, keeping eyes open
better balance are a few of the benefits. Regular exercise underwater, breathing underwater, kicking exercises
for a healthy lifestyle is accepted as systematic exercise sitting at the side of the pool.
repeated 2-3 times a week, which changes body
composition significantly. This change is seen in all age Week 2: Kicking exercises in the water and holding onto
groups [10-14]. The purpose of this study was to the edge of the pool, breathing underwater, keeping afloat
investigate the effect a regular and well-planned eight- in the water.
week swimming training programme, offered to sedentary
men, on capillary oxygen saturation and certain Week 3: Kicking exercises in the water using a footboard,
respiratory parameters. breathing underwater.

MATERIALS AND METHODS Week  4:  Kicking exercises and breathing coordination

Participants: A total of 80 sedentary men were included stroke coordination sitting at the edge of the swimming
in the study; 40 men, with no active sports life, an average pool.

in the water using a footboard, kicking exercises and
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Week 5: Breathing underwater, kicking exercises in the Vital Capacity (VC): The amount of air (VC) left in the
water using a footboard and right-left arm strokes. lungs, after taking a full breath (with no force), was

Week 6: Kicking underwater, right-left arm strokes and
breathing coordination. Capillary Oxygen Saturation Measurement: A Choice

Week 7: Kicking underwater without using a footboard capillary oxygen saturation. Participants were sat down
and arm strokes. and asked not to move. The light source section of the

Week 8: Swimming exercises using the freestyle three measurements was calculated.
swimming technique.

Cool-Down Stage: During this stage, participants were used to conduct data analysis. Variance analysis was
asked to conduct easy stretching movements for 10-15 used for repetitive measurements to indentify the
minutes that help the metabolism to return to normal after difference between Measurement 1, Measurement 2 and
the main training stage. Measurement 3 for the experimental and the control

groups. The Tukey-HSD test was used to determine
Spirometric Measurements: In this study, Spirobank, which group caused the difference. The significance level
Medical International Research, Italy was used to conduct of differences between variables was chosen as 0.01 and
respiratory tests of participants. Measurements were 0.05.
taken after participants, who were seated and their noses
blocked with a band grip, got used to breathing RESULTS AND DISCUSSION
connected to a spirometre with the help of a mouthpiece,
after taking a few breaths within the set breath volume. There was a significant difference (p<0.05) between
Every measurement was taken three times and the best the mean of Measurement 1 for SO and the mean of
measurement was recorded. Measurement 2 for FEF of the experimental group in

Forced Expiration Volume (FEV ): Identifies the amount mean of Measurement 2 for FEF of the control group1

of air exhaled in the first second of the FEV test. according to comparison of mean of SO  and respiratory1

Normally, FEV = 80-83% of the FVC [17]. parameters. There was a significant difference (p<0.01)1

Forced Vital Capacity (FVC): The amount of air exhaled, 3 of SO , Measurement 3 of FEV, Measurement 2 and
after being forced to rapidly exhale a maximum amount of Measurement 3 of FVC, Measurement 3 of PEF,
air, without taking a full breath. In general, the important Measurement 3 of FEF, Measurement 3 of FEF ,
point is the percentage amount of air, expired by the Measurement 3 of FET, Measurement 2 and Measurement
forced vital capacity, within one second [18]. 3 of VC and Measurement 3 of MVV. There was no

Peak Expiratory Flow: The peek expiration flow rate was of Measurement 1 and Measurement 2 of FEV ,
measured and recorded. Measurement 1 of FVC, Measurement 1 and Measurement

Forced Expiratory Flow: The forced expiration flow rate Measurement 2 of FEF , Measurement 1 and
was measured and recorded. Measurement 2 of FET, Measurement 1 of VC and

Forced Expiratory Flow : The forced expiration centre As illustrated in the Table 2, results of the Tukey25-75

flow rate was measured and recorded. HSD test, conducted to identify the difference between

Forced Expiratory Time: The forced expiratory time was measurements of respiratory parameters of the
measured and recorded. experimental group, concluded that the difference

Maximum Voluntarily Ventilation (MVV): The amount of 1  and that the difference between FEV FVC, PEF, FET,
air inhaled within a minute while taking a fast, deep, full VC and MVV was due to Measurement 1 and
breath was recorded [19]. Measurement 2.

measured [19].

Medical Fingertip Pulse Oximeter was used to measure

pulse oximeter was placed on a fingernail. The mean of the

Statistical Analysis: An statistical analysis program was

2

comparison to the mean of Measurement 1 for SO and the2

2

between the means of Measurement 2 and Measurement
2

25-75

statistically significant difference (p>0.05) between means
1

2 of PEF, Measurement 1 of FEF, Measurement 1 and
25-75

Measurement 1 and Measurement 2 of MVV.

the oxygen saturation percentage and mean of three

between SO , FEF and FEF , was due to Measurement2 25-75

1,
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Table 1: A comparison between oxygen saturation and respiratory parameter measurements for the experimental group and the control group. 
Experimental Group (n=40) Control Group (n=40)
---------------------------------- ---------------------------

Variables Measurements X S.S. X S.S. t p
SO (%) Measurement 1 95,45±0,95 94,65±2,23 2,07 0,05*2

Measurement 2 96,95±0,84 94,37±2,05 7,31 0,01**
Measurement 3 97,27±0,98 94,30±1,98 8,47 0,01**

FEV (L) Measurement 1 4,11±0,92 4,48±0,78 -1,91 0,0591

Measurement 2 4,70±0,85 4,44±0,67 1,52 0,13
Measurement 3 5,43±0,79 4,44±0,52 6,51 0,01**

FVC (L) Measurement 1 4,38±1,08 4,64±0,78 -1,26 0,20
Measurement 2 5,17±0,87 4,57±0,79 3,21 0,01**
Measurement 3 5,99±1,09 4,62±0,73 6,57 0,01**

PEF (L) Measurement 1 8,71±1,98 9,27±1,89 -1,29 0,19
Measurement 2 9,68±2,26 9,16±1,61 1,16 0,24
Measurement 3 11,08±2,28 8,95±1,38 5,03 0,01**

FEF (L) Measurement 1 3,55±1,00 3,71±0,63 -0,82 0,41
Measurement 2 4,26±1,27 3,78±0,74 2,06 0,05*
Measurement 3 4,81±1,51 3,55±0,63 4,84 0,01**

FEF (L) Measurement 1 5,23±1,30 5,28±1,18 -0,14 0,8825-75

Measurement 2 5,74±1,39 5,44±1,44 0,95 0,34
Measurement 3 6,34±1,57 5,47=1,46 2,55 0,05*

FET Measurement 1 2,08±1,21 1,96±0,72 0,56 0,57
Measurement 2 1,71±1,27 1,83±0,65 -0,53 0,59
Measurement 3 1,11±0,71 1,67±0,69 -3,58 0,01**

VC (L) Measurement 1 4,86±1,20 5,16±0,87 -1,26 0,20
Measurement 2 5,74±0,96 5,08±0,88 3,21 0,01**
Measurement 3 6,65±1,21 5,13±0,81 6,57 0,01**

MVV (L) Measurement 1 140,63±30,35 152,54±26,78 -1,86 0,06
Measurement 2 160,08±29,04 151,07±23,09 1,53 0,12
Measurement 3 185,36±28,98 151,26±17,91 6,33 0,01**

* P<0.05 ** P<0.01

Table 2: The difference between oxygen saturation and respiratory parameter
measurements of the experimental group

Difference between measurements
------------------------------------------------------------------

Variables (n:40) X1-X2 X1-X3 X2-X3
SO  (%) -1,50** -1,82** -0,322

FEV (L) -0,58* -1,31** -0,72**1

FVC (L) -0,79* -1,60** -0,81*
PEF (L) -0,96 -2,36** -1,40*
FEF (L) -0,70* -1,25** -0,55
FEF (L) -0,50 -1,10* -0,6025-75

FET 0,37 0,97** 0,59*
VC (L) -0,88* -1,78** -0,90*
MVV (L) -19,44* -44,72** -25,28**
* P<0.05 * * P<0.01

As illustrated in the Table 3, results of the Tukey
HSD test, conducted to identify the difference between
the oxygen saturation percentage and mean of three
measurements of respiratory parameters of the control
group, concluded that there was no statistically
significant difference between SO FEV FVC, PEF, FEF,2, 1,

FEF , FET, VC and MVV (p>0.05).25-75

There was a significant increase between the three
measurements taken for the SO  parameter after the2

training programme and the SO  parameter before2

exercising for the experimental group of this study, in
which sedentary men took part in an eight-week swimming
training programme.

Çelebi [19] measured the oxygen saturation of 60
individuals (14 male control group, 14 male experimental
group, 16 female control group and 16 female experimental
group) as a result of a 12-week regular swimming training
programme; the study concluded that the SO pre-test2

value of men in the experimental group was 96.71±1.20 and
the post-test value of men in the experimental group was
97.64±0.74 (p<0.01). Our study results were similar; the
SO pre-test value was 95.45±0.95 and the SO post-test2 2

value was 97.27±0.98.
The organism needs more oxygen during training.

The circulation and respiratory systems show physiologic
compatibility in line with this increase in order to meet the
need. While a resting person takes 12-16 breaths per
minute,  breathing  frequency  may  increase  up  to 40-50
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Table 3: The difference between oxygen saturation and respiratory parameter

measurements of the control group

Difference between measurements

------------------------------------------------------------------

Variables (n:40) X1-X2 X1-X3 X2-X3

SO (%) 0,27 0,35 0,072

FEV (L) 0,04 0,03 -0,0051

FVC (L) 0,07 0,02 -0,04

PEF (L) 0,11 0,32 0,21

FEF (L) -0,07 0,15 0,22

FEF (L) -0,16 -0,19 -0,0325-75

FET 0,12 0,28 0,15

VC (L) 0,07 0,03 -0,04

MVV (L) 1,47 1,28 -0,18

* P<0.05 * * P<0.01

during training [20]. In our study, swimming training
significantly increased FEV , FVC, PEF, FEF, FEF , FET,1 25-75

VC and MVV parameters of respiratory functions.
Doherty and Dimitriou [21] compared the VC, FVC

and FEV  parameters of 159 swimmers, 130 athletes and1

170 sedentary; the study concluded that the VC, FVC and
FEV  parameters of swimmers and athletes were higher in1

comparison to the control group. Wells, et al. [22]
recorded the pre-test and post-test results of the VC, FVC
and FEV  parameters of 17 12-15-year old elite swimmers,1

17 12-15-year old performance swimmers and a control
group comprised of 17 12-15-year olds; they concluded
that there was a statistically significant increase in the
elite and performance group and the control group was
insignificant. In a similar study, Kubiak and Janczaruk [23]
reported that the pre-test and post-test results for the VC,
FVC and FEV  parameters of 310 12-14-year old elite1

swimmers, at the end of a six-month training programme
were statistically significant.

Bjurstrom and Schoene [24] compared the vital
capacity of the experimental group (18-20-year old elite
swimmers) to the vital capacity of the control group; the
study concluded that swimmers had a significantly higher
vital  capacity  in  comparison  to the control group.
Ghosh et al. [25] compared the respiratory functional tests
of sportsmen (carrying out various sports, including
swimming) and sedentary individuals; the study
concluded that sportsmen had a higher vital capacity in
comparison to the sedentary individuals.

Mehrotra et al. [26] measured the PEF of 20 15-20-
year old male swimmers before and after their season;
results concluded that the PEF measurements post-
season were significantly higher.

The reason behind why respiratory parameters were
higher after the study for the experimental group may be
due to the fact that resistance and exercises conducted
while breathing underwater develop and strengthen
respiratory muscles. Vaccaro et al. [27] identified that the
FVC and FEV of 12 13-16-year old male swimmers that had1

been regularly swimming training for six years was higher
in comparison to their age group.

Study results concluded that there was a statistically
significant relationship between the pre-test and post-test
results of the FEV , FVC, PEF, FEF, FEF , FET, VC and1 25-75

MVV respiratory parameters; these results are support by
those available in literature.

In conclusion, studies in literature touch upon the
importance of oxygen usage in the body during
metabolism and the acute effect exercise has on oxygen
saturation. Even though exercise has no clinical effect on
oxygen saturation at a chronic level, its effect is
statistically significant. Study results conclude that
swimming has a positive effect on these parameters. This
positive effect is observed in all age groups.
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