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Abstract

The purpose of the study; It is aimed to evaluate different breathing techniques such as mouth-to-mouth
exhale, mouth-to-nose exhale and mouth-to-mouth and nose exhale to determine which one may have more effect
on swimming performance. 16 female participants who joined swimming training for 1 year were determined as
the study group. This group was called (age 24.44+1.09 years, height 166.06+5.85cm, weight 58.19+3.22 body). The
exercise program applied for 120 minutes, for 2 days a week and lasted 8 weeks. There were 4 techniques (freestyle,
backstroke, breaststroke, butterfly) with varying movements of each technique, with different breathing methods
within each training unit. These breathing methods were mouth-to-mouth exhale (MM), mouth-to-nose exhale
(MN) and mouth-to-mouth and nose exhale (MMN). These breathing methods were planned and practiced.
Windows Excel and SPSS (Statistical Package for the Social Sciences) 25.0 computer programs were used to analyze
the data from the research. Numerical variables are expressed as percentages and mean * standard deviation.
Skewness and kurtosis values were examined to determine whether the data obtained showed a normal
distribution or not. In this context, the -2, +2 skewness and kurtosis values determined by George and Mallery (10)
were taken into account and it was determined that the distribution was normal. Since the data showed normal
distribution, Paired-Sample T test, which is one of the parametric tests, was used to compare dependent variables
within groups. One Way Anova test was used for intergroup comparison. The significance level was accepted as
(p<0.05). When intergroup comparisons before and after training were examined, no statistically significant
difference was found between pre-test and post-test values in the MM group regarding possible effects on 25-meter
freestyle swimming performances (p>0.05). On the other hand, in the intergroup comparisons made in the MN and
MMN groups, an improvement of 1.01% and. 99%, respectively, was observed and the differences were found to
be statistically significant (p<0.05). In the intergroup comparison between the pre-test and post-test values of MM,
MN and MMN groups, no statistically significant difference was found (p>0.05).

In conclusion; No statistically significant difference was found between 3 different breathing techniques
within the training group. In order to reveal this difference, it is recommended to increase and expand the intensity
and scope of training time in different studies. Statistically significant differences were found between the pre-and
post-test breathing types of inhaling through the mouth (IM), exhaling through the nose (EN), and inhaling through
the mouth (IM) and exhaling through both mouth and nose (EMN), thus revealing that they could significantly
affect performance.

Keywords: Inhaling and exhaling, diaphragm, stroke, Leg stroke.
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Ozet
Yiizme Bransinda 3 Nefes Tekniginin 25 m Serbest Teknik Yiizme Performansi Diizeyine Etkisi

Calismanin amacy; farkli nefes tekniklerinin agizdan al agizdan ver, agizdan al burundan ver, agizdan al

agiz-burun birlikte ver, hangisinin yiizme performans: tizerine daha etki olabileceginin tespiti yoniinde
degerlendirilmesi amaglanmistir. Arastirmaya 1 yildir yiizme antrenmanlarina katilan 16 kadin katiime ¢alisma
grubu olarak belirlenmistir. Bu grup (yas 24,44+1,09y1l, boy 166,06+5,85cm kilo 58,19£3,22 viicut) olarak
adlandirildi. Uygulanacak olan egzersiz programinda 8 hafta boyunca, haftada 2 giin 120 dk. 4 teknik olan (serbest,
sirt listli, kurbagalama, kelebek) her teknigin degisen diriller iceriginde hazirlanan programlar, her antrenman
birimi igerisinde farkli nefes yontemleri olan; Agizdan al Agizdan ver (AA), Agizdan al Burundan ver (AB),
Agizdan al Agi1z-Burun birlikte ver (AAB) bu nefes yontemleri planlanarak antrenmanlar uygulatilmistir. Yapilan
arastirmadan elde edilen verilerin istatistiksel analizi i¢cin Windows Excel ve SPSS (Statistical Package for the Social
Sciences) 25.0 bilgisayar programlari kullanilmistir. Sayisal degiskenler, yiizde ve ortalama + standart sapma olarak
ifade edilmistir. Elde edilen verilerin normal dagilim gosterip gostermedigini belirlemek i¢in ¢arpiklik basiklik
degerleri incelenmistir. Bu kapsamda George ve Mallery (10) tarafindan belirlen -2, +2 ¢arpiklik basiklik degerleri
dikkate alinmis ve dagilimmn normal oldugu tespit edilmistir. Veriler normal dagilim gosterdigi icin, grup igi
bagimli degiskenlerin karsilastirilmasinda parametrik testlerden Paired-Sample T testi, gruplar arasi
karsilastirmada ise One Way Anova testi kullanilmistir. Anlamhlik diizeyi p<0,05 olarak kabul edilmistir.
Antrenman Oncesi ve sonrasi grup ici karsilastirmalar incelendiginde, 25 metre serbest yiizme performanslari
tizerindeki olas: etkiler {izere AA grubunda on-test ve son-test degerleri arasinda istatistiksel olarak anlaml bir
farklilik tespit edilmemistir (p>0,05). Buna karsin AB ve AAB gruplarinda yapilan grup ici karsilastirmalarda
sirastyla %1.01 ve %.99 gelisme gozlemlenmis ve elde edilen farklar istatistiksel olarak anlamli tespit edilmistir
(p<0,05). AA, AB ve AAB gruplarinin 6n-test ve son-test degerleri arasinda yapilan gruplar aras: karsilastirmada
ise istatistiksel olarak anlamli bir farklilik tespit edilmemistir (p>0,05).
Sonug olarak; Antrenman grubu igerisinde 3 farkli nefes teknigi arasinda istatistiksel olarak anlamli bir fark
bulunamadi. Bu farklilig1 ortaya koyabilmek icin antrenman siiresi siddeti ve kapsaminin farkli ¢alismalarda
arttirilmasi ve genisletilmesi 6nerilmektedir. Nefesi agizdan al burundan ver ve agizdan al ag1z burun birlikte nefes
ver nefes tipinin 6n ve son test arasinda istatistiksel olarak anlamli farkliliklar bulunmustur boylelikle de
performansi 6nemli 6l¢iide etkileyebilecegi ortaya koyulmustur.

Anahtar Kelimeler: Nefes alip verme, diyafram, kulag, bacak vurusu.

INTRODUCTION

Swimming is a versatile sport that requires a unique blend of strength, endurance and technical abilities.
Optimum performance depends on the harmony and systematic functioning of these functions, like
musculoskeletal, cardiovascular and respiratory systems. A delicate balance between aerobic and anaerobic
energy production requires the ability to maintain effective and efficient striking mechanics under conditions
of fatigue and environmental stress (35). Swimming is one of the best exercises to maintain physical fitness. It
has a profound effect on the individual's lung function (29), and it is thought that emotional and mental factors
also play a major role and can positively affect the performance of individuals at a significant level (37, 26).
Since swimming is a sport performed intermittently, both breathing pattern and breathing frequency are
important. Swimming exercises make almost all muscle groups work. Therefore, the usage of O2 for muscle is
higher in swimmers. Water pressure applied to the chest makes breathing difficult. The amount of breathing
a swimmer does during different strokes varies from stroke to stroke. Lung function status plays an essential
role in swimming performances (15), and is considered a sports branch in which physiological requirements
can lead to lung adaptations (4). In general, swimming coaches recommend 'hypoxic exercises' which
involve holding the breath for approximately 7-10 footstrokes of the individual's total lung capacity
(TLC) and then holding the breath for a prolonged period before breathing in again. Such controlled
frequency breathing during swim training can cause more hypercapnic than hypoxic effects (42). It
is generally accepted that these trainings can increase the fatigue resistance of respiratory muscles over time,
which can lead to improved swimming duration (4). The traditional method used in performance swimming
is to take the head out of the water while underwater and breathe in through the mouth and exhale through

Turkish Journal of Sport and Exercise /Tiirk Spor ve Eqzersiz Dergisi 2024 26(3):574-583 aTa
2024 Faculty of Sport Sciences, Selcuk University



Lbru CEVIZ Oreid 10- 0000-0002-8515-0803

the nose in a short time. Thus decreasing the resistance emerged by turning the head but because of the
increase in exhalation, helping to overcome the resistance of the water, there is a rise in fatigue of the
respiratory muscles. Moreover, there is a decrease in blood flow and oxygen supply to other exercising
muscles (12). Swimming at a competitive level requires a serious and purposeful organization of the breathing
technique in order to achieve maximum oxygen utilization levels in a relatively short period of time.
Techniques developed to improve performance and overcome swimming-related complications focus on
keeping the lungs in good condition, increasing vital capacity, regulating respiratory functions and
strengthening the respiratory musculature (12). The respiratory function plays a fundamental physiological
role in human physiology by providing and its relationship with athletic performance, especially in
swimming, has received relatively little attention in performance studies (43). Given the mountainous activity
performance, methods that include cyclic hypoxia, time loading, stroke technique, patterns dictated by the
position of the body in the water are important (7, 1). Specifically, the muscles involved in respiratory
mechanics, particularly those associated with inhalation, such as the intercostal muscles and diaphragm
muscle, may have an influential role in athletic performance, given their role in exercise tolerance (22).

Correct breathing during swimming provides the speed of movement in the distance the swimmer will
swim and expresses the distance the swimmer must complete. The individual's general condition and fatigue
level are important when breathing during swimming. Wrong breathing during trainings can cause a serious
problem that leads to disabilities. When an athlete starts training in water, it depends on his ability to control
his breathing while swimming and to perform the movements he needs to display with the correct technique.
Correct breathing technique in swimming is an important process during the swimmer's training period. In
order to make athletes successful in teaching swimming, the compatibility of correct breathing technique and
swimming techniques is important. If an individual wants to learn swimming, s/he must first learn to breathe
correctly. A swimmer that has learned how to breathe in the right way can master every kind of swimming
techniques (39). When swimming is performed at a competitive level, increased breathing causes fatigue in
the muscles that contribute to respiration, reducing breathing frequency, endurance and performance during
swimming (20). Studies have reported that serum lactate during swimming causes muscle pain and stiffness
as a metabolic byproduct of the glycolytic pathway (12). The traditional method of competitive swimming
performance is to breathe in through the mouth and out through the nose as quickly as possible while moving
through the water, and to reduce the resistance that occurs when turning the head to the right and left. Thus,
depending on the increase in exhalation, which helps to cope with water resistance that will affect
performance; Respiratory muscle fatigue may decrease oxygen transport and blood flow to other muscle
groups, which contribute to swimming performance. During high-level swimming, the breathing technique
must be well regulated in order to provide maximum oxygen demand in a short period of time. (12).
Techniques developed to have the best performance and avoid swimming-related complications focus on
keeping the lungs in good condition, increasing vital capacity, regulating respiratory activity, and
strengthening the respiratory musculature (20). The breathing technique used during exercise is also very
substantial within the scope of the exercise. Here, changes in blood pressure are also seen when the athlete
inhales, exhales or holds his breath. During exhalation or breath holding, the load on the heart and blood
pressure increases. On the other hand, breathing may also reduce intrathoracic pressure during resistance
exercise and contribute to reducing the increase in blood pressure (21). Correct breathing helps carry enough
oxygen to the tissues and enable better activity (27). The main purpose of breathing exercises is; to increase
relaxation and respiratory efficiency (3). Breath is necessary for life, as well as for protection from diseases,
improvement of quality of life, and health and energy balance. Additionally, with the correct breathing
technique, oxygen consumption can increase by 20% during exercise or sports activities (6).

People generally change their breathing from nose to mouth as the ‘amount of air inhaled per minute’
increases above 40 L/min (30). The breathing cycle rises from approximately 40% of maximum intensity resting
values (E being slightly longer than I) to 50% ‘equal inhalation and exhalation' or higher (26, 18, 32). Shorter
‘exhalation time" and 'breathing time’ mean that the the mean inspiratory flow rate (air flow rate during the
breathing phase) to maintain a constant ‘lung function volume (%)’. Exercise-related ‘amount of air breathed per
minute' and energy increases trigger changing respiratory pump muscular system activity and coordination.
From rest to 70% of maximum workload, diaphragmatic pressure doubles or even more and is accompanied
by increased shortening rate, contributing 70%-80% of the total inspiratory force (40). As fatigue increases
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during swimming, the active exhalation (expiratory muscle activation) reduces the lung volume at the end of
expiration (exhalation) and decreases the inspiratory workload (inhalation). Reach voluntary contraction at
50% of their maximally intense contraction level (2,13). Intercostal muscles, parasternal muscles, scalene
muscles and neck muscles measure ‘lung volume after-inspiratory” and raspiratory diameter, e.g. it contributes
to ventilation at high intensities by regulating dilation and inflammation. In general, the ventilation pump and
diaphragm muscle involved work systemically very efficiently In total, the diaphragm and associated
ventilation pump musculature is highly efficient [~3%-5% total O2 consumption (VO2max)] and Resistant to
fatigue factor at swimming intensities below submaximal fatigue resistant at densities below the maximum
(41, 33). The arm and leg muscles; respiratory frequency, as well as respiration being coordinated with stroke
rate (5). Furthermore, effective stroke mechanics require minimizing the duration of inspiration. Tidal volume
increases proportionally with respiratory frequency restriction (36). For this reason, inspiration must be rapid
in order to maintain ventilation per minute at a level that meets metabolic demand (14). Swimming requires a
sequential breathing system as well as stroke efficiency and buoyancy. During swimming, the respiratory
system is synchronized with the movement system of the limbs, requiring a demanding breathing phase
within the biomechanical constraint of the foot stroke cycle. Sequential breathing can have a significant effect
on tidal volume and respiratory frequency, which can lead to varying degrees of hypercapnia and hypoxemia
(19). During the stroke phase while swimming, exhaling is done when the face is under water and therefore
the breathing technique must be consciously controlled. Buildup in the expiratory muscles. Additionally,
prone body position can cause changes in blood perfusion, capillary recruitment, and respiratory function that
also affect lung function (18). The aquatic environment has been found to pose ventilation, including frequent
breath holding, ribcage submergence, and prone body positioning. Lung volume and other factors such as the
impact of stroke efficiency on metabolic work. Considering these difficulties, it can be assumed that the work
of breathing will be higher during swimming compared to land exercises, thus increasing the for working
respiratory muscles (19). It can also be said that water has a compelling and powerful effect on breathing and
that 'the energy used to cover a targeted distance is equivalent to 4 times the energy to run the same distance'
(32). Considering the challenging effect of the amount of oxygen required for muscle movements during
exercise on the breathing mechanism on performance, it can affect the speed of both training and competitive
level. The aim of the present study is to evaluate different breathing techniques (such as both MM, MN and
MMN) to determine which one may have more effect on swimming performance.

METHOD
Research Group

16 female participants with an average age of 24.44+1.09, who have been participating in swimming
training for 1 year, were determined as the study group. All participants completed and approved the
voluntary consent form declaring that they were volunteers for the research. The purpose and importance of
the study was explained to the participants, and their motivation and desire levels were increased. The 25 m
free technical distance to be swam was practiced two days a week before the experiment at the Bingdl Youth
and Sports Provincial Directorate Indoor Swimming Pool. Demographic information of the participants is
presented in Table 1.

Table 1. Demographic characteristics of the research group

Variables n X Ss
Age (years) 16 24,44 1,09
Height (cm) 16 166,06 5,85
Weight (kg) 16 58,19 3,22

Data collection tools

Height: The subjects held their breath, without shoes, heels and big toes of both feet together, standing
upright on a flat surface, the degree of precision was measured with a 0.01 m. stadiometer (SECA, Germany).

Weight: Subjects were measured with an electronic scale (SECA, Germany) with a precision of 0.1kg,
wearing sportswear (T-shirt, tracksuit) and without shoes.
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25 m Freestyle Technical Swimming Times: The participants' 25 m freestyle technical swimming times
were determined using the "Selex SIx 508 chronometer (30 Lap)" brand chronometer.

Inhaling and exhaling through mouth (MM) Swimming Degrees: Starting from free technical swimming
in the water, the breathing cycle by breathing in through the mouth outside the water and exhaling through
the mouth in the water was completed for 25 m.

Inhaling through mouth and exhaling through nose (MN) Swimming Degrees: Starting from free
technical swimming in the water, the breathing cycle of inhaling through the mouth outside the water and
exhaling through the nose in the water was completed for 25 m.

Inhaling through mouth and exhaling through both mouth and nose (MMN) Swimming Degrees: The
breathing cycle is completed by starting free technical swimming in the water, breathing in through M outside
the water, and exhaling through MN in the water was completed for 25 m.

Training protocol

Three different breathing techniques were explained to the 16 female participants. They continued their
swimming training for 1 year. One week before the first training unit, the types of breathing techniques added
to the exercise content that they will practice for 8 weeks were shown one by one, mistakes were corrected and
opportunities were provided for them to practice the breathing techniques as desired. In the exercise program
to be applied, 120 minutes, 2 days a week for 8 weeks. The programs, which are prepared with 4 techniques
(freestyle, backstroke, breaststroke, butterfly) with varying movements of each technique, are given to the
participants at the beginning of each training unit for the first 15 minutes to increase body temperature and
blood circulation. Training started with warming up in water and lasted 95 minutes. The training content
continued as the main phase, with breathing techniques changing within the specified technical movements
within the specified distances, 10 minutes and completed it with cooling exercises. There are different
breathing methods within each training unit. These breathing methods: Inhaling and exhaling through mouth
(MM), Inhaling through mouth and exhaling through nose (MN), Inhaling through mouth and exhaling
through both mouth and nose (MMN). They were planned and practiced. Five minutes of passive rest was
provided between each phase. The intensity in the 25 m free technique swimming test that the subjects swam
for each breathing method was determined by the target heart rate according to the heart rate reserve
(Karvonen) method. As a result of a 10-second heart rate count from the carotid artery in the neck immediately
after the end of the exercise (9).

Karvonen Method; HRmax=220-Age, HRR=HR max-HR rest, 60% THR=(0.60xHRR)+HR rest (9).
Statistical analysis

Windows Excel and SPSS (Statistical Package for the Social Sciences) 25.0 computer programs were used
for statistical analysis of the data obtained from the research. In the research, firstly, the blank space was
evaluated to check the suitability of the analyzes and the assumptions. As a result of this process, the data of
three participants who were filled in incorrectly and incompletely were excluded from the analysis and
analyzes were made on the data of the remaining 16 participants. Numerical variables are expressed as
percentages and mean + standard deviation. Skewness and kurtosis values were examined to determine
whether the data obtained showed a normal distribution. In this context, the -2, +2 skewness and kurtosis
values determined by George and Mallery (10) were taken into account and it was determined that the
distribution was normal. Since the data showed normal distribution, Paired-Sample T test, one of the
parametric tests, was used to compare dependent variables within groups, and One Way Anova test was used
to compare between groups. The significance level was accepted as p<0.05.

Ethical approval and institutional permission

This research was found ethically appropriate by the Bingol University Health Sciences Scientific
Research and Publication Ethics Committee 'Decision:2) dated 07.05.2024, numbered 24/10'".
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FINDINGS

The research was conducted to evaluate the possible effects of three different breathing techniques for
eight weeks on the 25-meter free swimming performance of subjects who participated in swimming training
for a year.

As seen in Table 2, there was not any statistically significant difference between the pre-test and post-
test values in the MM group (p>0.05). On the other hand, in the intragroup comparisons made in the MN and
MMN groups, an improvement of 1.01% and .99%, respectively, was observed and the differences were found
to be statistically significant (p<0.05). In the intergroup comparison between the pre-test and post-test values
of MM, MN and MMN groups, no statistically significant difference was detected (p>0.05).

Table 2. Comparison of participants' 25 m freestyle swimming degrees within and among the groups

Within Groups Among Groups
Variables Groups n Pre-test Post-test F
X+Ss X+Ss P P
25m MM 16 32,30+6,10 31,92+5,89 ,122
Free Style MN 16 33,98+6,59 32,97+6,68 ,027* 1,076 ,350
Technique MMN 16 35,04+6,99 34,04+6,67 ,016*

*p<0.05. MM: Inhale through mouth and exhale through mouth, MN: Inhale through mouth and exhale through nose,
MMN: Inhale through mouth and exhale through mouth and nose.

40
@ Pre-test
2 30+ Post-test
)
(/2]
Q
@ 20
[V
]
& 10—
0 —
AAB

Groups

Graph 1: Effect of participants' MM, MN and MMN breathing techniques on their 25 m free swimming
degrees *p<0.05.

DISCUSSION AND CONCLUSION

This study was carried out to determine which of the different breathing techniques such as MM, MN
and MMN techniques would be more effective on swimming performance. 16 female participants, with an
average age of 24.44+1.09, trained for 120 minutes, 2 days a week and lasted for 8 weeks. There are 4 techniques
in swimming training (freestyle, backstroke, breaststroke, butterfly) and the programs are prepared with the
changing movements of each technique, with different breathing methods within each training unit. The
breathing methods are as follows MM, MN and MMN. These breathing methods were planned and practiced.

Murlasits et al. (24) conducted a study to determine the responses of young competitive swimmers to
the 200 m swimming test, which increased with different breathing patterns. 8 male swimmers with an average
age of 1522 underwent a 7x200 meter progressive swimming test performed with two different breathing rates.
1; breathing every third beat (BR3) 2; the test was performed twice, 14 days apart, with two different
respiratory rates in random order, breathing every five beats. When the performance values are examined,
stroke speed increased gradually from the first to the seventh series, in agreement with the swimming speed
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showing the main effect in terms of time (p=0.000). However, the time-dependent condition interaction was
not found to be statistically significant (p=0.701). In another study that Lavin et al. (18) conducted to examine
the effects of controlled frequency breathing (CFB) swimming on respiratory function with 18 male swimmers
between the ages of 18-45, who completed each distance of 16x25 meters within 45 seconds, 3 times a week for
4 weeks, and completed each distance within 45 seconds in the first 8 of 16 swimming strokes. 1 of them were
made in a controlled frequency style and the last 8 were made in a beat harmonic style. For the controlled-
frequency breathing condition, they were instructed to inhale nearly maximally, hold their breath for
approximately two-thirds of the distance, and slowly release air through their nostrils for successful
completion of the distance. After 2 weeks of training, the time interval was reduced to 40 seconds. 12 training
distances were completed in which controlled frequency breathing (CFB) subjects took 2 breaths per length
and beat matched (SM) subjects took 7 breaths per length (18). Increases in the exhalation rate are observed in
swimming training performed in a controlled breathing and stroke-synchronous manner. Controlled and
harmonious breathing exercises can also increase performance in the swimming distance, which is parallel to
the results of our study. Turning the head to breathe can potentially affect hydrodynamic resistance and
therefore affect performance. Respiratory restriction can contribute to fatigue. It is more important to breathe
adequately for a long time. Since there are distances where aerobic demand is greater, restricting oxygen
delivery is expected to alter performance (24).

Hakked et al. (12) conducted a study to examine the effects of yoga breathing practices on swimmers'
lung functions and included 27 participants between the ages of 13-20, with 8.29+2.9 in individuals who have
been swimming, who did 9.58+1.81 km swimming training every day. Competitive swimmers (13 men and 14
women) participated. Yoga bellow breathing Hole Breathing exercises were applied. Significant improvement
in maximum voluntary ventilation (p14 0.038), forced vital capacity (pl4 0.026) and number of beats per
breath (p1/4 0.001) in the YBP group compared to the control group. They suggested that YBP helps increase
respiratory endurance in competitive swimmers. In the present study, an improvement of 1.01% and .99% was
observed in the intra-group comparisons made in the MN and MMN groups, respectively, and the differences
were found to be statistically significant (p<0.05). It is parallel to the results of the study that MN and MMN
simultaneously, with a longer nasal exhalation time, positively affects performance.

Jakovljevic and McConnell (14) examined the prescan swimming in the first 4 months of the year in 10
college swimmers with an average age of 21.2+1.9 years who had been swimming for 8.2+2.1 years. In their
study to evaluate the swimmers, the swimmers performed a 200 m pre-scan swim with reported breathing
rates at 90% of race speed: 1; 1 breath (B2) and 2 on every second stroke; 1 breath on every fourth stroke (B4).
Maximum inspiratory pressure (PImax) decreased by 21% after B4 and 11% after B2 compared to baseline
(p<0.05). 12La was 15% lower after B4 than after B2 (p<0.05). There was no significant difference between HR,
B2 and B4. In another breathing cycle study, Key et al. (16) conducted 22 female swimmers aged (19.0+1.1),
performing a maximum effort 100 m swimming test, one with a normal breathing (NB) pattern (1 breath every
2-3 strokes) and the second with controlled frequency breathing (Using the CFB) model (1 breath every 7
beats), post-exercise heart rate increased significantly (p=0.02) higher in the NB trial (184.9+12.0 bpm) than in
the CFB trial (174.8+14.8 bpm). NB 100 m swimming average was 60.23+0.53 sec and CFB trial average was
61.3620.62 sec (p>0.05). In the study of Burtch et al. (4), 25 male and female swimmers aged 18-22 were divided
into 2 experimental (CFB) and control groups (stroke compatible), training lasted approximately 35 minutes,
4 days a week, for 4 weeks, and the swimmers breathed every 7-10 strokes. Controlled frequency breathing
(CFB)) and one breathing every 3-4 strokes (control group) were allocated and the training content was 8-10
breaths at 50 m (control group) and 2-3 breaths at 50 m (control group). CFB group and 12x50 m were recreated
for 5-6 weeks (16 sessions). The CFB group limited their breathing to 2 breaths per round, approximately 24
breaths per workout. The control group was asked to breathe in rhythm with the beat, breathing every 2-3
beats and reaching 10-12 breaths per round. Swimming performance, aerobic capacity, pulmonary diffusion
capacity and running economy did not improve after training in both groups (p<0.05). In conclusion, CFB
exercise appears to prevent inspiratory muscle fatigue; however, no difference was found in performance
results. Jakovljevic and McConnell (14) reported that there was a significant level of inspiratory muscle fatigue
after high-intensity swimming. However, inspiratory muscle fatigue is further increased when respiratory
frequency decreases during high-intensity front crawl swimming. It has been suggested that respiratory
muscle training should be used to enhance its strength in swimmers (14).
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In the study of Stavrou et al. (34), the aerobic training period of 10 fin swimmers with an average age of
15.8+0.5 was 8 hours a week, including 8x25 m freestyle leg strokes, and their training age was 7.8+1.8 years,
using three different breathing techniques. As a result of the study carried out on the effect of submaximal
freestyle leg kick (normal breathing (NB), breath holding (BH) and intermittent breath holding (IBH)),
respiratory showed lower SpO: values immediately after the end of the IBH technique in relation to the IBH
techniques (IBH: 88%=0.9%; BD: 93.3%0.7%; NB: 98.3%0.3%; p<0.001). In a similar study that McCabe et al
(23) conducted with 10 male competitive swimmers with an average age of 18+2.6 swam two 25 m sprints.
When the breathing (Br) group that breathed towards their preferred side compared to the nonbreathing (NBr)
group, the swimming speed was found to be substantial higher. When compared to other breathing
techniques, HR was higher after IBH (IBH: 177+4.2 bpm-1; BH: 165.7+7.9 bpm-1; NB: 158.3+2.2 bpm-1, p<0.001)
and higher PImax after IBH compared to the other two techniques (IBH:168.3+5.3 cmH20; BH:166+11 cmH20;
NB:161.7+11.4 cmH20; p<0.05) result was reached. Formosa et al. (8) studied 20 elite swimmers, 10 males,
21.343.1 years old, and 10 females, 21.3+3.1 years old. Similarly, in the non-breathing condition, there was a
significant difference between breathing and non-breathing values in the footstroke cycle when the symmetry
index of net propulsion force was used for the minimum (P=0.035) and maximum (P=0.011) net propulsion
force (P=0.011). Using the symmetry timing index within the conditions of not breathing (P<0.001) and
breathing (P=0.002), significant differences were detected between not breathing and breathing in the foot
strike cycle. Psycharakis and McCabe (28) conducted two maximum 25 m preliminary survey trials with 12
professional male swimmers, with an average age of 18.9+2.4, one without breathing and the other breathing
towards the preferred side. In the breathing trial, swimming speed was observed to be significantly slower
(p<0.01). Swimmers rotated their hips and shoulders more towards the inhaled side during breathing
compared to the uninhaled side during the trial (SR: p<0.01; HR: p=0.03). However, no significant difference
was found between these studies in terms of SR and HR. In the breathing trial, SR was significantly higher on
the breathing side than on the non-breathing side (p<0.01), but there was no significant difference in HR
(p=0.07). There was no evidence that temporal characteristics of HR or SR were related to performance levels
in swimming. When the studies are examined, a higher performance on the breathing side compared to non-
breathing side and an increase in heart rate were observed in breath holding and intermittent breath holding
groups compared to normal breathing. The study of Stavrou et al. (34) supports that it increases acutely. They
reported that in these athletes, and in this study, the results were parallel to the studies in which three different
breathing exercises positively affected the performance.

Gray et al. (11) carried out a study with 7 female swimmers to examine the effects of 30 sec and 2 min
deep breathing exercises on 50 m and 100 m freestyle performance. After deep breathing for 30 seconds (DB30)
and 2 minutes (DB2), swimmers performed 50 m and 100 m freestyle sprint swimming under normal
conditions (DBNO). However, both in the 50 m freestyle (50 freestyle: DBNO 28.45+1.90 sec vs DB30 28.18+1.59
sec, (p>0.23)) and 100 freestyle (100 freestyle Faster swimming times were observed: DBNO 61.73+4.33 sec
versus DBNO 61.73+4.33 sec. DB30 61.54+5.11 sec p=0.79) After DB30, DB2 resulted in slower swim periods in
both 50 and 100 m swims compared to DBNO (respectively, DBNO 28.45+1.90 sec, DB2 28 .85+2.21 sec P=0.29;
DBNO 61.73+4.33 sec, DB2 62.15+5.52 sec P=0.58). An optional 30-second deep breathing procedure prior to
the race resulted in a slight improvement in the time of the 50m and 100m freestyle race, which could
potentially turn into a competitive advantage.

Vezos et al. (38) included 10 female freestyle swimmers with an average age of 15+1.2 years and a
swimming age of 8.0+1.5 years. In the study, which aimed to determine the effects of breathing on stroke and
fathom kinematics in a three-dimensional underwater environment. Each subject performed a series of 25 m
prescan trials equal to approximately 80% of their performance under breathing and breath-holding
conditions, with a period of 3 min between rests. They reported that breathing during the stroke (19=2,764;
p<0,05) caused significant velocity increases in the displacement of the hand when moving backwards
(t9=2,471; p<0,05) and the displacement of the hand towards the side of the body according to the density of
the water. In contrast to the X-axis (t9=2,638; p<0,05) during the downward sweep of the arm (t9=2,638; p<0,05),
the highest speed of the hand going backward during the sweep of the arm inward (t9=2,368; p<0,05) and the
displacement of the hand during the push phase (t9=-2,297; p<0,05), significant decreases were found when
breathing was needed. From this point of view, it was concluded that the breathing method during swimming
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caused significant changes in both basic stroke parameters and general motor trait models due to the
coordinated forward progression of the body during breathing.

When the literature was examined, it was seen that there were no detailed studies examining the effects
of exercises using different breathing techniques in terms of performance levels. The different breathing
techniques in this study were affecting the stroke coordination of the arms and legs in terms of the distance
covered by swimmers. It is important to ensure that the AA, AB and AAB breathing techniques is well
understood by the athlete. It affects the performance positively in order to minimize the friction effect while
progressing on the horizontal plane in the water and to prevent the body from swaying left and right and
restricting the forward movement in order to show superiority over its competitors.

No statistically significant difference was found between 3 different breathing techniques within the
training group. The aim was to reach a conclusion on which breathing technique can affect performance more
significantly. In order to reveal this difference, it is recommended to increase and expand the intensity and
scope of training time in different studies. Statistically significant differences were found between the pre- and
post-test breathing types, thus revealing that they could significantly affect performance. In most sports
branches, the breathing pattern (mouth breathing, rib cage breathing, diaphragm breathing) and the amount
of breathing are carried out during technical skill learning to ensure that the learning in breathing techniques
is appropriate for the purpose and that the performance development can be demonstrated more healthily. In
order to make athletes successful in swimming teaching, the combination of correct breathing coordination
and swimming movements must be in harmony. In terms of performance development, it is very important
for the athlete and his/her performance to carry the oxygen taken to the relevant muscles to display skill
movements for sports branches and control breathing for the respiratory mechanism, cordovascular system
and metabolic developments.

Suggestions

The same studies can be done on male athletes. Similar studies can be conducted in different age groups. Underwater
cameras can be used to check that the breathing technique is used correctly. In training for coaches and athletes, exercises
such as breathing through the mouth and exhaling through the nose and breathing through the mouth and exhaling through
both the mouth and nose may be recommended.

REFERENCES

1. Adam EK, Kumari M. Assessing salivary cortisol in large-scale, epidemiological research. Psychoneuroendocrinology, 2009; 34(10):
1423-1436.

Aliverti A. The respiratory muscles during exercise. Breathe, 2006; 12(2): 165-168.

Ambareesha K, Rao BM, Suresh M, Ran1 KS, Chandrasekar M. Effect of yogic exercise on static spirometery values in normal healthy
individuals, 2020; 6: 2682-2684.

4. Burtch AR, Ogle BT, Sims PA, Harms CA, Symons TB, Folz R], Zavorsky GS. Controlled frequency breathing reduces inspiratory
muscle fatigue. The Journal of Strength & Conditioning Research, 2017; 31(5): 1273-1281.

5. Dicker SG, Lofthus GK, Thornton NW, Brooks GA. Bagh kontrollii frekansli solunum yiizmeye solunum ve kalp atis hiz1 tepkileri.
Med Sci S51980por Egzersizi, 1980; 12: 20-23.

Edward SD. A psychology of breathing metods. International Journal of Mental Health Promotion, 2005; 7(4): 28-34.
Eisenegger C, Haushofer ], Fehr E. The role of testosterone in social interaction. Trends in cognitive sciences, 2011; 15(6): 263-271.

Formosa DP, Sayers MG, Burkett B. Anlik bir net siiritkleme kuvveti profili kullanarak 6nden taramal1 yiizmede nefes alma eylemi
sirasinda vurus koordinasyonunun 6lgiilmesi. Spor bilimleri dergisi, 2014; 32(18): 1729-1737.

9. Fox BF, 1999. Beden Egitimi ve Sporun Fizyolojik Temelleri, Cerit M (Ceviri), Bagirgan Yayinevi, 2010: 241-266, Ankara.

10. George D, Mallery P. SPSS for Windows step by step. A simple study guide and reference (10. Bask1). In GEN, Boston, MA: Pearson
Education, Inc, 2010.

11. Gray TO, Pritchett R, Pritchett K, Burnham T. Yaris Oncesi Derin Nefes Alma, NCAA Kadin Yiiziiciilerin 50 ve 100 m Yiizme
Performansinm iyile§tirir. Yiizme Arastirmalar1 Dergisi, 2018; 26.

12. Hakked CS, Balakrishnan R, Krishnamurthy MN. Yogic breathing practices improve lung functions of competitive young swimmers.
Journal of Ayurveda and integrative medicine, 2017; 8(2): 99-104.

13. Ito K, Nonaka K, Ogaya S, Ogi A, Matsunaka C, Horie ]. Surface electromyography activity of the rectus abdominis, internal oblique,
and external oblique muscles during forced expiration in healthy adults. Journal of Electromyography and Kinesiology, 2016; 28: 76-
81.

Turkish Journal of Sport and Exercise /Tiirk Spor ve Eqzersiz Dergisi 2024 26(3):574-583 82
2024 Faculty of Sport Sciences, Selcuk University



14.

Lbru CEVIZ Oreid 10- 0000-0002-8515-0803

Jakovljevic DG, McConnell AK. Influence of different breathing frequencies on the severity of inspiratory muscle fatigue induced by
high-intensity front crawl swimming. The Journal of Strength & Conditioning Research, 2009; 23(4): 1169-1174.

15. Kesavachandran C, Nair HR, Shashidhar S. Lung volumes in swimmers performing different styles of swimming. Indian Journal of
Medicine Science, 2001; 55(12): 669-676.

16. Key, M. A, Eschbach, C. L., & Bunn, J. A. (2014). Assessment of the effects of controlled frequency breathing on lactate levels in
swimming. ] Athl Enhancement, 2014; 3(5): 2.

17. Kift J, Williams EM. The respiratory time and flow profile at volitional exercise termination. Journal of sports sciences, 2007; 25(14):
1599-1606.

18. Lavin KM, Guenette JA, Smoliga JM, Zavorsky GS. Controlled-frequency breath swimming improves swimming performance and
running economy. Scandinavian journal of medicine & science in sports, 2015; 25(1): 16-24.

19. Leahy MG, Summers MN, Peters CM, Molgat-Seon Y, Geary CM, Sheel AW. The mechanics of breathing during swimming. Medicine
and science in sports and exercise, 2019; 51(7): 1467-1476.

20. Lindholm P, Wylegala ], Pendergast DR, Lundgren CEG. Resistive respiratory muscle training improves and maintains endurance
swimming performance in divers. Undersea & Hyperbaric Medicine, 2007; 34(3): 169.

21. Linsenbardt ST, Thomas TR, Madsen RW. Effect of breathing techniques on blood pressure response to resistance exercise. British
journal of sports medicine, 1992; 26(2): 97-100.

22. Manenschijn L, Koper JW, Lamberts SW, Van Rossum EF. Evaluation of a method to measure long term cortisol levels. Steroids, 2011;
76(10-11): 1032-1036.

23. McCabe CB, Sanders RH, Psycharakis SG. Upper limb kinematic differences between breathing and non-breathing conditions in front
crawl sprint swimming. Journal of Biomechanics, 2015; 48(15): 3995-4001.

24. Murlasits Z, Laszlo S, Prokai ], Sebesi B, Scherer ], Tovari F, Vaczi M. Physiological responses to an incremental swim test with
different breathing frequencies in competitive male youth swimmers. Journal of Physical Education and Sport, 2023; 23(3): 697-703.

25. Naranjo J, Centeno RA, Galiano D, Beaus M. A nomogram for assessment of breathing patterns during treadmill exercise. British
journal of sports medicine, 2005;39(2): 80-83.

26. Ocal T, Géncii BS. Sporda Miicadele ve Tehdit Algisi ile Brunel Ruh Hali Arasindaki Tliski. Akdeniz Spor Bilimleri Dergisi, 2023; 6(1):
215-224.

27. Penelope L. Updating the principles of the Pilates method-Part 2. Journal of Bodywork & Movement Therapies, 2002; 2(6): 94-101.

28. Psycharakis, S. G., & McCabe, C. (2011). Shoulder and hip roll differences between breathing and non-breathing conditions in front
crawl swimming. Journal of Biomechanics, 44(9), 1752-1756.

29. Sable M, Vaidya SM, Sable SS. Comparative study of lung functions in swimmers and runners. Indian Journal Physiol Pharmacol.
2012; 56(1): pp.100-4.

30. Saibene F, Mognoni P, Lafortuna CL, Mostardi R. Oronasal breathing during exercise. Pfliigers Archiv, 1978; 378: 65-69.

31. Salazar-Martinez E, De Matos TR, Arrans P, Santalla A, Orellana JN. Ventilatory efficiency response is unaffected by fitness level,
ergometer type, age or body mass index in male athletes. Biology of sport, 2018; 35(4): 393-398.

32. Sever MO, Bayrakdaroglu S, Senel E, Ko¢ M. 12-15 yas miisabik yiizme sporcularinin solunum parametrelerinin miisabaka dereceleri
ile iligkisinin incelenmesi. Giimiishane Universitesi Saglik Bilimleri Dergisi, 2021; 10(3): 560-567.

33. Sheel AW, Taylor JL, Katayama K. The hyperpnoea of exercise in health: Respiratory influences on neurovascular control.
Experimental Physiology, 2020; 105(12): 1984-1989.

34. Stavrou V, Voutselas V, Karetsi E, Gourgoulianis KI. Acute responses of breathing techniques in maximal inspiratory pressure. Sport
sciences for health, 2018; 14: 91-95.

35. Tan M, Liang Y, Lv W, Ren H, Cai Q. The effects of inspiratory muscle training on swimming performance: A study on the cohort of
swimming specialization students. Physiology & Behavior, 2023; 271: 114347.

36. Town, GP, Vanness JM. Yarismac yiiziiciilerde kontrollii solunum sikligina metabolik tepkiler. Med Sci Spor Egzersizi, 1990; 22: 112-
116.

37. Tutal V, Goncii BS. Duygusal zeka ve spor. Dr. Ogretim Uyesi Mustafa TURKMEN, Dr. Ogretim Uyesi Mehmet Serif OKMEN
(Editorler), Spor bilimleri alaninda 6zgiin arastirmalar, EGITIM Yayimnevi Istanbul, 2023; 5-15.

38. Vezos N, Gourgoulis V, Aggeloussis N, Kasimatis P, Christoforidis C, Mavromatis G. Solunum ve nefes tutan 6n taramali yiizme
sirasinda su alt1 vurus kinematigi. Spor bilimi ve tibb1 dergisi, 2007; 6 (1): 58.

39. Vyacheslavovna PN, Andreevna RE. Correct breathing in water as the main component of teaching swimming children with mental
disorders. ITeaarornko-ncuxoa0rmgeckne 1 MeAuKo-0moaorudeckue mpodaeMsl pU3NMIEcKolt KyAbTypsl 1 criopTa, 2020; 15(3 (eng)):
23-27.

40. Wallden M. The diaphragm-more than an inspired design. Journal of bodywork and movement therapies, 2017; 21(2): 342-349.

41. Welch JF, Kipp S, Sheel AW. Respiratory muscles during exercise: mechanics, energetics, and fatigue. Current Opinion in Physiology,
2019; 10: 102-109.

42. Woorons X, Gamelin FX, Lamberto C, Pichon A, Richalet JP. Swimmers can train in hypoxia at sea level through voluntary
hypoventilation. Respiratory Physiology & Neurobiology, 2014; 190: 33-39.

43. XieY,BoweB, LiT, Xian H, Yan Y, Al-Aly Z. Higher blood urea nitrogen is associated with increased risk of incident diabetes mellitus.
Kidney international, 2018; 93(3): 741-752.

Turkish Journal of Sport and Exercise /Tiirk Spor ve Eqzersiz Dergisi 2024 26(3):574-583 o83

2024 Faculty of Sport Sciences, Selcuk University





