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Abstract

Background: The importance of the respiratory system in swimming is recognized by sports scientists. However, the effects of swim-
ming techniques on the respiratory system have not been adequately investigated. 

Objective: Thus, the present study aimed to investigate the acute effects of four different swimming techniques on inspiratory 
strength, endurance, and fatigue. 

Methods: For this purpose, 18 young competitive swimmers participated in this study. First, baseline values in the respiratory system 
of the swimmers were determined for the control measurement without swimming. In the experimental measurement, the subjects 
performed four different swimming techniques randomly. After the swimming techniques were performed, inspiratory strength, 
endurance, and fatigue tests were carried out immediately. Repeated-measures one-way analysis of variance and least significant 
difference tests were used for statistical analysis. 

Results: The four different swimming techniques had decreased the respiratory muscle strength and endurance and had increased 
the respiratory muscle fatigue (p < 0.05). In addition, the negative effects of front crawl and butterfly-style swimming techniques 
were higher than those of other techniques (p < 0.05). 

Conclusion: In conclusion, the four different swimming techniques adversely affect respiratory muscle strength, endurance, and 
fatigue. The main sources of these effects are natural resistance to exercise, water pressure, and horizontal position in swimming.
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Introduction
The respiratory system is the main component of aerobic capacity [1,2]. Oxygen consumption and related cardiorespiratory param-

eters have been traditionally used to study the energetics of swimming in humans [3-5]. The respiratory system, which is important in 
daily life and determining work performance, is also important in terms of sportive performance capacity [6]. Unlike all sports, swimming 
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is performed in a horizontal position. Thus, in this activity, the respiratory system faces difficulties because of the water pressure. During 
swimming, breathing is performed by inhaling orally and exhaling through the nose. For this reason, breathing training is important in 
swimming [7-9]. Previous studies have demonstrated the positive effects of swimming on the respiratory system [10-13]. 

Physiologically, muscle fatigue provides important improvements in muscle endurance with regular trainings [6]. Resistance of the 
respiratory muscles exposed to the water causes fatigue, and if swimming is performed regularly, respiratory muscle endurance increases 
[5,14]. Respiratory muscle fatigue is a contributing factor in reducing endurance exercise performance [15-17]. Altogether, these studies 
suggest that swimming, similar to other forms of physical exercise, has a beneficial effect on aerobic performance and exercise tolerance 
[18,19].

Most studies focused on the effect of the respiratory system on swimming performance. On the contrary, the present study aimed to in-
vestigate the acute effects of four different swimming techniques on respiratory strength, endurance, and fatigue. In the current study, not 
only the effect of swimming on respiratory functions but also the effect of respiratory muscle strength, endurance and fatigue were inves-
tigated. We hypothesized that the swimming techniques will have negative effects on inspiratory muscle strength, endurance and fatigue.

Materials and Methods
Subjects

Eighteen male swimmers aged 18–20 years old volunteered to participate in the study (Table 1). A priori test with GPower 3.1 pro-
gram was used for determining the number of participants. The aim of the study was explained to all subjects and a written informed 
consent was obtained from all subjects in the familiarization session. Exercise and high-intensity physical activity were prohibited before 
the trials. The subjects avoided alcohol, caffeine, and exercise 24 h prior to testing. Inclusion criteria included having been a competitive 
swimmer and practicing regular swimming exercise 5 days/week for at least 4 years.

Min. Max. Mean Std. D.
Age (year) 18.00 20.00 18.82 0.87
Height (cm) 164.00 185.00 176.45 7.58
Weight (kg) 58.00 92.00 69.91 11.53
BMI (kg/m2) 18.41 27.77 22.39 2.85
MVV (L/sec) 96.10 178.50 143.57 25.83
Inspiratory muscle strength MIP (cmH2O) 144.00 176.00 157.00 9.63
Inspiratory muscle endurance MVV2/MVV1 (%) -6.80 -2.83 -4.96 1.17
BMI: Body Mass Index; MVV: Maximal Voluntarily 
Ventilation; MIP: Maximal Inspiratory Pressure

Table 1: Descriptive parameters of the subjects (N = 18).

Research design

This study was developed as a randomized, double-blinded, cross-experimental design with practice-controlled repeated measure-
ments. The study design included one familiarization session followed by five repeated testing sessions for all subjects. During the fa-
miliarization session, the participants experienced laboratory-based tests of maximal inspiratory pressure (MIP, for inspiratory muscle 
strength and fatigue), maximal voluntary ventilation (MVV, twice for inspiratory muscle endurance) tests, and expected 50m sprint swim 
with four different techniques. The subjects were subjected to the second session in the laboratory for the control measurement to deter-
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mine the basic values without swimming performance. Subsequently, the subjects were performed four 50m sprint swimming sessions 
with four different swimming techniques (front crawl, backstroke, butterfly, and breaststroke) randomly with 24h interval. The sessions 
were applied at the same time (between 12:00 and 14:00) each day. The present study was designed and implemented in accordance 
with the Declaration of Helsinki [20]. Approval was obtained from a local clinical research ethics committee (Gaziantep University, Clinical 
Research Ethics Committee, 2017/94).

Sprint swimming performance (50 M) with four swimming techniques

Participants completed 50 m swimming with four techniques (front crawl, backstroke, butterfly, and breaststroke) starting from a 
stationary position on the pool starting blocks, as in official competitions. Swimming was completed individually in a 25 m indoor pool, 
and performance times were measured with a single stopwatch by an experienced time-keeper (swimming referee). Participants were 
instructed to complete the performance as fast as possible, and strong verbal encouragement was provided throughout the testing [21].

Maximal voluntary ventilation measurement

The subjects wore nose clips and breathed deeply (greater than the tidal volume but lower than the vital capacity) and rapidly for 15s 
with a spirometer (Pocket Spiro USB100, Medical Electronic Construction R&D, Brussels, Belgium). After the first three breaths, the sub-
jects were actively encouraged to maintain the same volume and frequency by following an on-line display of the maneuver on a computer 
screen. At least two acceptable maneuvers were obtained, and after flow integration, the highest value was recorded by extrapolating the 
15 s accumulated volume to 1 min MVV (L/min) [22].

Inspiratory muscle strength measurement (MIP)

MIP was measured with a respiratory pressure meter (PocketSpiro MPM-100, Medical Electronic Construction R&D, Brussels, Bel-
gium) to the indicate respiratory muscle strength in accordance with the 2002 guidelines of the European Respiratory Society and Ameri-
can Thoracic Society. Measurement started from the residual volume. The nose was occluded throughout the measurement. To obtain the 
best values, all subjects performed three to five attempts with no more than a 5% difference between two attempts. An average of three 
acceptable attempts was used as the MIP value [23].

Determination of inspiratory muscle endurance

Respifit S (Biegler GmbH, Mauerbach, Austria) respiratory muscle training device was used for the exercise of respiratory muscle 
endurance.

Inspiratory muscle endurance exercise procedure:

• After the nose airway was closed with a clip, the mouthpiece of the device was given to the subject, who then performed forced 
inspiration and expiration for 5x1 min by following the warnings and commands on the device screen [24].

Determination of inspiratory muscle endurance:

• MVV was measured before (MVV1) and after (MVV2) the inspiratory muscle endurance exercise. The percentage difference from 
MVV1 to MVV2 (MVV2/MVV1) was used considered the respiratory muscle endurance [25].

Determination of respiratory muscle fatigue

The percentage difference between respiratory muscle strength values measured before and after each swimming exercise was accept-
ed as the respiratory muscle fatigue [26].
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Statistical analysis

SPSS 22.0 program was used for statistical analysis. Shapiro-Wilk test was used for normality testing and Levene’s test for homogene-
ity. Repeated-measures one-way analysis of variance and least significant tests were performed to determine the acute effect. The data 
were expressed as the mean, standard deviation, and standard error, and significance was defined as p ≤ 0.05.

Result

M ± SD SE p

Respiratory muscle strength

MIP (cmH2O)

1. Control 157.00 ± 9.63 2.90

0.001
2. Frontcrawl 132.18 ± 7.64ace 2.30
3. Backcrawl 140.18 ± 7.63a 2.30
4. Butterfly 126.64 ± 11.14abce 3.36

5. Breaststroke 132.36 ± 9.09ac 2.74
M: Mean; SD: Standard Deviation; SE: Standard Error; MIP: Maximal Inspiratory 
Pressure; a: Significant Difference Between Control Session; b: Significant Difference 
Between Frontcrawl Session; c: Significant Difference Between Backcrawl Session; d: 
Significant Difference Between Butterfly Session; e: Significant Difference Between 
Breaststroke Session

Table 2: Differences in the MIP parameter between swimming techniques.

Table 2 shows that the differences in the respiratory muscle strength (MIP) between the swimming techniques. Significant differences 
were observed among groups (control, front crawl, back crawl, butterfly, and breaststroke) in terms of respiratory muscle strength (p < 
0.05). The results showed that the respiratory muscle strength decreased after the swimming performance, with more decreased respira-
tory muscle strength attributed to front crawl and butterfly swimming (Figure 1).

Figure 1: Differences in the MIP parameter between swimming techniques.
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Table 3 shows the differences in the respiratory muscle fatigue (MIP) between the swimming techniques. Significant differences in 
respiratory muscle strength were noted among groups (control, front crawl, back crawl, butterfly, and breaststroke) (p < 0.05). The swim-
ming performance increased respiratory muscle fatigue due to the decreased respiratory muscle strength. Especially, the front crawl and 
butterfly swimming performance caused more respiratory muscle fatigue compared to other swimming techniques (Figure 2).

M ± SD SE p

Respiratory muscle fatigue (%) 
(control MIP/after swimming 
MIP)

1. Control 0.00 ± 0.00 0.00

0.001
2. Frontcrawl -15.73 ± 3.27ac 0.98
3. Backcrawl -10.61 ± 3.89a 1.17
4. Butterfly -19.39 ± 3.99abce 1.20

5. Breaststroke -15.64 ± 4.11ac 1.24
M: Mean; SD: Standard Deviation; SE: Standard Error; MIP: Maximal Inspiratory Pressure; a: Significant Difference 
Between Control Session; b: Significant Difference Between Frontcrawl Session; c: Significant Difference Between 
Backcrawl Session; d: Significant Difference Between Butterfly Session; e: Significant Difference Between Breaststroke 
Session

Table 3: Differences in the respiratory muscle fatigue parameter between swimming techniques.

Figure 2: Differences in the respiratory muscle fatigue parameter between swimming techniques.
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M ± S.D. Std. E. p

MVV1 (lt/sec) (Before respiratory 
muscle exercise)

1. Control 144.73 ± 23.69bde 7.14

0.001
2. Frontcrawl 130.58 ± 22.78d 6.87
3. Backcrawl 141.58 ± 23.45bde 7.07
4. Butterfly 127.45 ± 22.66 6.83

5. Breaststroke 139.16 ± 22.29bd 6.72
M: Mean; SD: Standard Deviation; SE: Standard Error; MVV: Maximal Voluntary Ventilation; a: Significant 
Difference Between Control Session; b: Significant Difference Between Frontcrawl Session; c: Significant 
Difference Between Backcrawl Session; d: Significant Difference Between Butterfly Session; e: Significant 
Difference Between Breaststroke Session

Table 4: Differences in MVV1 parameter before respiratory muscle exercise between swimming techniques.

Table 4 shows the differences in MVV before the respiratory muscle exercise between swimming techniques. Significant differences in 
MVV before the respiratory muscle exercise were observed among groups (control, front crawl, back crawl, butterfly, and breaststroke) 
(p < 0.05). The MVV decreased after the swimming performance. Especially, the front crawl and butterfly swimming performance caused 
more negative effects on MVV compared with the other techniques (Figure 3).

Figure 3: Differences in MVV1 parameter before respiratory muscle exercise between swimming techniques.
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M ± SD SE p

MVV2 (lt/sec) (After 
respiratory muscle 
exercise)

1. Control 137.66 ± 23.15bcde 6.98

0.001
2. Frontcrawl 117.01 ± 19.86d 5.99
3. Backcrawl 132.28 ± 20.84bde 6.28
4. Butterfly 108.95 ± 19.32 5.82

5. Breaststroke 128.02 ± 21.25bd 6.41
M: Mean; SD: Standard Deviation; SE: Standard Error; MVV: Maximal Voluntary 
Ventilation; a: Significant Difference Between Control Session; b: Significant  
Difference Between Frontcrawl Session; c: Significant Difference Between  
Backcrawl Session; d: Significant Difference Between Butterfly Session;  
e: Significant Difference Between Breaststroke Session

Table 5: Differences in MVV2 parameter after respiratory muscle exercise between swimming techniques.

Table 5 shows the differences in MVV after respiratory muscle exercise between the swimming techniques. Significant differences in 
MVV after the respiratory muscle exercise were observed among groups (control, front crawl, back crawl, butterfly, and breaststroke) 
(p < 0.05). The results indicate that after the swimming performance, MVV, which was measured after the respiratory muscle exercise, 
decreased. Especially, the front crawl and butterfly swimming performance had more negative effects on MVV compared with the other 
swimming techniques (Figure 4).

Figure 4: Differences in MVV2 parameter after respiratory muscle exercise between swimming techniques.
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M ± SD SE p

Respiratory muscle endurance 
(%) (MVV2/MVV1)

1. Control -4.96 ± 1.17 0.35

0.001
2. Frontcrawl -10.27 ± 2.08ace 0.63
3. Backcrawl -6.40 ± 1.91a 0.58
4. Butterfly -14.50 ± 1.88abce 0.57

5. Breaststroke -8.09 ± 1.51a 0.45
M: Mean; SD: Standard Deviation; SE: Standard Error; MVV: Maximal Voluntary Ventilation; a: 
Significant Difference Between Control Session; b: Significant Difference Between Frontcrawl 
Session; c: Significant Difference Between Backcrawl Session; d: Significant Difference Between 
Butterfly Session; e: Significant Difference Between Breaststroke Session

Table 6: Differences in respiratory muscle endurance (MVV2/MVV1) between swimming techniques.

Table 6 shows the differences in respiratory muscle endurance between the swimming techniques. Significant differences in MVV 
after respiratory muscle exercise were observed among groups (control, front crawl, back crawl, butterfly, and breaststroke) (p < 0.05). 
The results showed that respiratory muscle endurance, which was determined as a result of respiratory muscle exercise, decreased after 
swimming performance. Especially, the front crawl and butterfly swimming performance more negatively affected respiratory muscle 
endurance compared with the other swimming techniques (Figure 5).

Figure 5: Differences in respiratory muscle endurance between swimming techniques.
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Discussion
This study aimed to determine the influence of the acute effects of four different swimming techniques on inspiratory strength, endur-

ance, and fatigue using a cross-experiment design with practice-controlled repeated measurements. Two major findings were obtained 
in the present study: first, all swimming techniques negatively affected inspiratory muscle strength, endurance, and fatigue; second, front 
crawl and butterfly swimming techniques showed the highest negative effects.

Swimming exercise has acute adverse effects on inspiratory muscle strength. It is thought to be the luck tiredness because of the neg-
ative effect. The increased muscle temperature, decreased pH, and intramuscular and blood hemostasis are associated with acidosis and 
decrease the performance ability of respiratory muscles [27].

Swimming as a sport causes acute negative effects on respiratory ventilation [8] and increases blood lactate level [28] and serum level 
of hormone-related stress [29-34]. The reduction of respiratory muscle strength and endurance to pressure water [8] may cause insuf-
ficient blood supply to the muscles and insufficient oxygen [16,35]. Insufficient oxygen supply to the muscles and high levels of exercise 
can prevent the healthy contraction of muscles [36]. Given that swimming effectively works on core region muscles, it also affects lung 
volume and capacity [37]. This effect is partly due to water pressure; however, the most important effect is that swimming is performed 
in a horizontal position [38]. Pressure and posture factors create stressor effects [31,33,39].

In addition to the factors mentioned above, the present findings may be attributed to different reasons. Hypoxia occurs due to resist-
ance to water, and this condition is restricted to medulla obstruction. Thus, adaptation is provided by increasing the frequency and depth 
of respiration [40]. On the other hand, along with water pressure and high external pressure to the chest region that occur in swimming, 
resistance develops by decreasing the mechanical operation of the diaphragm [41,42]. Several studies claimed that inspiratory muscle 
training after exercise may alleviate respiratory muscle fatigue and increase respiratory muscle endurance. In addition, follow-up inspira-
tory muscle training increases blood flow and oxygen transport to the working muscle [43,44]. These stressor effects result in decreased 
inspiratory muscle strength and endurance and increased inspiratory muscle fatigue.

In addition, given the amount of muscle and rate of contraction used in butterfly swimming style, butterfly swimming technique is 
accepted as the most difficult swimming technique [45]. This information shows that butterfly-style swimming has a negative effect on 
respiratory muscles.

Conclusion
In conclusion, in the present study, fatigue was assumed to be the main cause of the acute negative effects of swimming exercise on 

respiratory muscle strength, endurance, and fatigue. The main sources of fatigue are natural resistance to exercise, water pressure, and 
horizontal position in swimming. The number of muscles used and the contraction rates are the reasons for the differences between tech-
niques. In summary, different techniques of swimming exercises acutely affect the respiratory muscle strength, fatigue, and endurance, 
and butterfly swimming style has more negative effects on respiratory muscles.
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