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Abstract Keywords 
Aim: The purpose of this study was to investigate the effect of 6 weeks respiratory muscle training on 
aerobic power (VO2max) and respiratory parameters in swimmers. 
Methods: A total of 20 male swimmers between 18 and 23 years of age were included in the study as 
volunteers and randomly divided into two groups as control (n: 10) and control (n: 10) groups. 
Respiratory muscle training was applied to the experimental group 5 days a week for 6 weeks. 
Respiratory muscle training device (POWER®breathe, UK) and maximal inspiratory pressure (MIP) 
value of 30% of the respiratory muscle training 30 times twice a day was built. Body mass index, 
VO2max, vital capacity (VC), forced vital capacity (FVC), forced expiratory volume (FEV1) and forced 
expiratory rate (FEV1/FVC) were measured before and after training. Respiratory parameters were 
measured by spirometry. VO2max measurements were measured by cardiopulmonary exercise test on 
bicycle ergometer. Respiratory muscle strength was used to determine the respiratory pressure gauge. The 
data were analyzed in SPSS 22.0 program. Independent Samples T Test was used to assess the 
significance between the experimental and control groups. Paired Samples T Test was applied for intra-
group comparisons. 
Results: As a result of the statistical analysis, there was a significant difference in the respiratory 
parameters of the experimental group (p<0.05). Aerobic power values were not significant (p>0.05). In 
the comparison between groups, there was a significant difference in the values of the respiratory 
parameters in favor of the experimental group. 
Conclusion: As a result, it can be said that 6 weeks of respiratory muscle training affects the respiratory 
parameters positively in swimmers. It is thought that regular respiratory muscle training improves 
respiratory parameters. 
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INTRODUCTION 
Swimming is one of the basic and popular sports in the world. In swimming, swimmers need to 
increase muscle strength. This is important for swimmers to increase their speed and performance 
(Maglischo, 2003). The most unique feature of swimming is the water environment. During swimming 
training, hydrostatic compression around the chest increases, which pushes the chest wall inward when 
the inspiratory muscles relax. Inspiratory muscles need to be stronger because water pressure resists 
inspiratory muscle strength (Frangolias & Rhodes, 1995). 

It is easier to overcome the training load for athletes with strong respiratory system (Öncen, 
2018). Swimming sport imposes different loads on the respiratory system. Increased breathing 
frequency during exercise causes the respiratory muscles to use oxygen more. Respiratory muscle 
training is a resistance training method applied to resistive loading with the aid of device to increase 
the strength of respiratory muscles (Sheel, 2002). This training method has been tested with different 
researches in recent years and contradictory results have been reached. These results showed 
significant improvements in performance after respiratory training, while other studies did not show 
any significance (Holm et al. 2004). 

The cardiovascular and respiratory system acts systemically in the body. It provides a significant 
increase in maximum oxygen consumption of athletes in increasing intensity training (Akgün, 1993). 
Maximum oxygen consumption (VO2max) is the maximum amount of oxygen used in the unit time 
interval. As the amount of oxygen used increases, so does the aerobic capacity. Aerobic capacity is 
important in the development of sporting performance. (Olbrecht, 2000). Gas analyzer system is the 
most reliable and valid test method for measuring maximal oxygen consumption. (Wilmore & Costill, 
2004). 
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The purpose of training in swimmers is to improve race performance and race times. There are 
very small-time differences between winning and losing. So far, studies have focused on skeletal 
muscle strength and endurance. Recently, scientists have focused on studies known as respiratory 
muscle training. This study is important in terms of demonstrating the effect of breathing muscle 
training on aerobic power and respiration parameters for trainers and athletes engaged in swimming, 
and in the development of swimming performance and training planning. The aim of this study is to 
reveal the effect of 6-week respiratory muscle training on aerobic power and respiratory parameters in 
swimmers and to make recommendations for athlete performance and training periodization. 

METHOD 
Participants 
Twenty male swimmers between the ages of 18-23 participated voluntarily as regular swimming 
training. The participants were randomly divided into two groups as experimental (n: 10) and control 
group (n: 10). Respiratory muscle training was applied to the experimental group 5 days a week for 6 
weeks. Both groups continued their normal swimming training. Subjects were given detailed 
information about the study 1 week before the respiratory muscle training. 

Ethics Committee approval of this study was obtained from Gaziantep University Clinical 
Research Ethics Committee (Protocol no: 2018/152). 
Research Design 
Respiratory muscle training was applied to the experimental group for 6 weeks. The control group did 
not respiratory muscle training. Both groups continued their normal swimming training. VO2max, vital 
capacity (VC), forced vital capacity (FVC), forced expiratory volume (FEV1) and forced expiratory 
rate (FEV1/FVC %) were measured before and after training. No special nutrition program was 
applied to the participants. One week before the application, participants were given detailed 
information about the working procedure and practices. 
Respiratory Muscle Training Protocol 
Experimental group received respiratory muscle training 5 days a week for 6 weeks. They performed 
30 repetitive respiratory muscle training twice a day (1-minute rest between repetitions) at 50% of the 
MIP value with the respiratory muscle training device. Respiratory muscle training devices are set 
according to the intensity of the MIP. Saturation values were observed with pulse oximetry to prevent 
hypoxic conditions. 
Data Collection 
Anthropometric Measurements 
The body weight of the subjects was measured with a 0.1 kg weighing scale and the height was 
measured with an electronic height meter. Participants were provided with shorts, t-shirt and bare feet. 
Height in cm, body weight was measured in kg (Fox et al., 1999). 
Measurement of Respiratory Muscle Strength 
During the MIP measurement, an electronic respiratory pressure gauge was used. During the 
measurements, the subject was sitting in the chair. Nasal plugs were used for measurements. The 
athletes who participated in the study had maximum expiration. In addition, the subject was asked to 
give maximum inspiration against the closed airway and was asked to continue for 1-3 seconds. Two 
measurements were taken and the best result was recorded in cmH2O (Barğı et al., 2016). 
VO2max Measurement Protocol 
Subjects were subjected to a gradually increasing cardiopulmonary exercise test (Ramp protocol) on a 
bicycle ergometer (MEC PFT SYSTEMS ERGO). Subjects were informed about the working 
procedure before the test. During the application, a resting time of 3 minutes was given, followed by 3 
minutes of no-load pedaling (warm-up) and then continued with an increase of 25-watt pedal load in 1 
minute. The pedal speed is kept constant at an average of 60-70 rpm. During the measurement, the 
subjects were motivated by voice. At the end of the test, the load was reduced to 25 watts and 
continued for a further 3 minutes (ATS/ACCP, 2003). 
Measurement of respiratory parameters 
Respiratory parameters were measured by M.E.C. Pocket Spiro USB-100 model is used. During the 
measurements, the subject was allowed to wear sports and comfortable clothes. Subjects were 
determined to require maximal effort. A separate measuring nozzle was used for each subject. The 
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subject was closed with a spigot. Mouthpieces are provided with no gaps in the rim. Subjects are 
motivated by voice during measurements. 

VC measurement: For the test, subjects had normal ventilation three times and then filled the 
lungs with inspiration at the highest rate and then exhaled the air slowly to the lungs (Günay et al., 
2010). 

FVC measurement: After the subjects had three normal breaths, the test was terminated by a deep 
and strong maximal inspiration followed by rapid and deep expiration. With this test FVC, FEV1 and 
FEV1 / FVC% values were obtained (Miller el al., 2005). 
Statistical analysis 
SPSS (SPSS for Windows, version 22.0, SPSS Inc. Chicago, Illinois, USA) statistical program was 
used for statistical analysis of the data obtained. Mean and standard deviation values were used as 
descriptive statistics. The Shapiro-Wilk Test was used to determine whether the data were normally 
distributed before the statistical procedures were examined. Independent Samples T Test was used to 
evaluate the significance between the experimental and control groups. Paired Samples T Test was 
also used for intra-group comparisons. Statistical results were analyzed at p<0.05 significance level.  

RESULTS 
  Table 1. Pre-test and post-test analysis results of the experimental group 

 Pre-test (n:10) Post-test (n:10)   
Variable ±SD ±SD t p 
Age (year) 20.05±2.62 20.05±2.62  - - 
Height (cm) 179.42±0.74 179.42±0.74 - - 
Weight (kg) 71.32±4.12 71.32±4.12 - - 
VC (lt) 4.78±1.45 5.41±1.41 -2.52 0.003* 
FVC (lt) 4.23±1.52 4.91±1.12 -2.24 0.011* 
FEV1 (lt) 3.12±0.82 3.97±0.62 -3.11 0.001* 
FEV1/FVC (%) 90.51±2.12 92.81±3.27 -2.14 0.001* 
VO2max (ml/kg/min) 51.52±3.48 52.43±2.82 -1.14 0.142 

*p<0.05 

In Table 1, the comparison of the pre-test and post-test results of the data obtained after the respiratory 
muscle training program applied to the experimental group is given. As a result of statistical analysis, 
respiratory parameters in the experimental group were statistically significant (p<0.05). Aerobic power 
values were not significant (p>0.05). 

Table 2. Pre-test and post-test analysis results of the control group 
 Pre-test (n:10) Post-test (n:10)   

Variable ±SD ±SD t                           p 
Age (year) 20.56±1.16 20.56±1.16  - - 
Height (cm) 178±0.32 178±0.32 - - 
Weight (kg) 72.24±5.11 72.24±5.11 - - 
VC (lt) 4.61±1.19 4.78±0.63 -1.47 0.251 
FVC (lt) 4.29±1.52 4.32±1.12 -1.21 0.314 
FEV1 (lt) 3.52±0.97 3.69±1.32 -1.79 0.312 
FEV1/FVC (%) 89.37±2.16 90.11±1.47 -1.41 0.176 
VO2max (ml/kg/min) 49.74±3.15 49.37±3.11   1.05 0.135 

Table 2 shows the comparison of the pre-test and post-test results of the control group. No 
significant difference was observed in the values of the control group (p>0.05). 

Table 3. Comparison of the experimental and control groups 
 Experimental Group Difference Control Group Difference   

Variable ±SD ±SD t p 
VC (lt) -0.63±0.55 -0.17±0.11 -2.014 0.016* 
FVC (lt) -0.68±0.11 -0.03±0.04 -2.257 0.001* 
FEV1 (lt) -0.85±0.37 -0.17±0.75 -1.225 0.002* 
FEV1/FVC (%) -2.30±2.18 -0.74±1.27 -1.267 0.001* 
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VO2max (ml/kg/min) -0.91±0.82 0.37±0.64   2.253 0.011* 
*p<0.05 

The comparison of the measurement results of the respiratory muscle training program applied to 
the experimental group and control group participating in the study is given in Table 3. Significance 
was found in VO2max, VC, FVC, FEV1 and FEV1/FVC % values in favor of the experimental group 
(p<0.05). 

DISCUSSION 
Twenty male swimmers between the ages of 18-23 participated in this study. The participants were 
randomly divided into two groups as experimental (n: 10, age: 20.05±2.62) and control group (n: 10, 
age: 20.56±1.16). Respiratory muscle training was applied to the experimental group 5 days a week 
for 6 weeks. Both groups continued regular swimming training. The age and anthropometric 
characteristics of the subjects were similar. 
Aerobic Power 
In our study, VO2max values were not significant after the respiratory muscle training program applied 
to the experimental group (p>0.05). The VO2max values of the control group were not significant 
(p>0.05). 

VO2max is important in increasing sporting efficiency during severe and long activities requiring 
endurance (Saltin, 2007). It has been observed that during the physical activities, ventilation and the 
load on the respiratory and circulatory systems accelerate and deepen, while the cardiovascular system 
becomes more powerful and works faster (Vargo & Sanderson, 2014; Ardıç, 2014). There are many 
scientific studies showing that regular training improves VO2max values (Daglioglu, 2013a; Inan & 
Daglioglu, 2013; Gücenmez et al., 2017; İnce & Dağlıoğlu, 2018). 

Romer et al., (2002) found that there was no significant change in VO2max values of subjects 
after respiratory muscle training. Lomax et al., (2011) reported that respiratory muscle training and 
respiratory muscle warmup (MIP 40%) on 12 male football players consisting of two groups increased 
the Yo-Yo test performance compared to the control group. Volianitis et al., (2001) reported that 
VO2max value was higher than experimental group data after respiratory muscle warmup exercise 
performed with branch-specific general warmup in a study performed on female rowing athletes. 
Amonette & Dupler (2002) reported that there is no improvement in VO2max capacity in a study. In 
another study performed on young footballers, it was reported that there was no significant change in 
VO2max values after four weeks of respiratory muscle training program (Özgider, 2009). 

In the literature, contradictory results were obtained in VO2max values after respiratory muscle 
training. The general opinion is that VO2max values did not change after respiratory muscle training. 
The development of VO2max capacity in athletes is achieved through long-term aerobic training. In 
our study, there was no significant improvement in VO2max capacity of the subjects after the 
respiratory muscle training program. The reason for this is thought to be due to the short duration of 
respiratory muscle training. 
Respiratory Parameters 
In the present study, significant differences were found in VC, FVC, FEV1 and FEV1/FVC % values 
after the respiratory muscle training program applied to the experimental group (p<0.05). 

During exercise, an increase in respiratory volume occurs to provide the required O2 with 
increasing metabolic rate. Regular exercise strengthens the respiratory muscles and increases the 
respiratory volume (Fox et al., 1999). Exercises on the lungs are known to have many positive effects. 
The highest respiratory capacity among athletes belongs to swimmers (Mehrotra et al., 1998). The 
performance of the respiratory muscles affects challenging respiratory parameters (thoracic and 
abdominal muscles). Swimming actively affects the muscles of this region. Because the body performs 
in the horizontal position. Horizontal posture is beneficial for respiratory muscles. Therefore, 
swimming provides respiratory development by natural means (Gupta & Sawane, 2012) 

In a study conducted on swimmers, they found that the values of 17 swimmers (FIV1, FEV1) 
increased after inspiratory and expiratory muscle training compared to the control group (Wells et al., 
2005). Respiratory muscle training programs have been reported to increase the performance of elite 
swimmers by 1% in studies (Pyne et al., 2004) elite rowers (Lomax & McConnell, 2003) and cycling 
athletes (Romer et al., 2002) were found to increase performance. Gosselink et al., (2008) it is 
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observed that respiratory muscle training increases respiratory muscle strength. In one study, 28 young 
fin-swimmers reported significant improvement in inspiratory muscles after respiratory muscle 
training (Vašíčková et al., 2017). 
Many studies have shown that respiratory muscle training has positive effects on respiratory muscles 
(Lomax & McConnell, 2009; Kilding et al., 2010). Kubiak Janczaruk (2005) in adolescent swimmers 
VC, FVC, FEV1 parameters are found to be statistically significant pre-test and post-test values. 
Doherty & Dimitrio (1997) in order to compare lung volumes 159 swimmers 130 athletes and 170 
sedentary in their study of VC, FVC, FEV1 and FEV1% parameters compared to the control group 
was higher than the swimmer and athlete group. There are many studies showing that regular physical 
activities improve respiratory function (Ozdal et al., 2013; Daglioglu, 2013b; Kalkan & Daglioglu, 
2018; Yılmaz & Dağlıoğlu, 2018).  

When the literature is examined, it is seen that respiratory parameters values improved after 
different respiratory muscle training. In our study, respiratory parameters values of the experimental 
group were improved after respiratory muscle training. This development can be said to be an increase 
in respiratory muscle strength as a result of respiratory muscle exercise. 

CONCLUSION 
As a result, it is considered that 6-week respiratory muscle training positively affects the respiratory 
parameters in swimmers. In addition to swimming training, respiratory muscle training may be 
recommended for the development of high performance and respiratory parameters in swimming. 

PRACTICAL APPLICATION 
Respiratory muscle training in swimmers is important in terms of positive development on aerobic 
power and respiratory parameters and increase in swimming performance. The effectiveness of 
respiratory muscle training, which is a new approach in training science, needs to be further 
investigated. 
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