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Abstract

This paper aims to highlight the effect of endurance training on the development of the
swimmers' performance, vital capacity, inspiratory muscle power, and inspiratory flow.
The research was conducted on two directions: establishing the differences in lung
capacity, inspiratory power, and inspiratory flow in CmH20 between open water
swimmers and indoor pool swimmers, and establishing the differences in lung capacity,
inspiratory power, and inspiratory flow between swimmers in the 2nd - 4th places and
swimmers in the 8th - 32nd places at the last national championships. The research
methods used in this study were: the study of professional literature, the observation
method, the experiment method, the statistical-mathematical method, and the graphical
representation method. The Powerbreathe K series device was used to measure the
efficiency of inspiratory muscles, recording the values of lung capacity, inspiratory flow
and power, and output in CmH20.

1. Introduction

A swimmer's primary goal is to record the shortest time possible in a race,
but this depends on many factors, studied in detail on elite swimmers (Alberty et al.
2006; Costill et al. 1985). Professional literature states that top swimming
performance is linked to various anthropometric, physiological, and biomechanical
parameters (Smith, Montpetit, & Perrault, 1988; Hue, Galy, Blonc, & Hertogh,
2006; Uschel, Araujo, Pereira, & Roesler, 2007; Vantorre, Seifert, Fernandes,
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Boas, & Chollet, 2010; Dadashi, Millet, & Aminian, 2015; Mooney, Corley,
Godfrey, Quinlan, & Olaighin, 2016).

As a result, coaches manipulate the training task, regardless it is physical
conditioning or technical-tactical perfecting (usually described as a combination of
volume, intensity, frequency, and land training) in various training periods, trying
to maximize the performance capacity of the swimmers.

In this context, the efficiency of the respiratory system is extremely important
in top swimmers, because swimming requires an ability to regulate the breathing
patterns to volumes and flows that are higher than in other sports, because diving
forces the swimmers to extend their thorax against a higher pressure and to increase
the contraction speed of their inspiratory muscles and current volume, which could
lead to muscle fatigue (Kilding, Brown, & McConnell, 2010)

Studies show that inspiratory muscle training can be used to improve
performance and increase respiratory efficiency in swimmers (llli, Held, Frank, &
Spengler, 2012; Wells, Plyley, Thomas & Duffin, 2005).

In order to create individualized training programs, one needs to monitor the
vital capacity and inspiratory muscle strength using various techniques and
instruments.

2. Material and Methods

Purpose To highlight the differences in the inspiratory muscle efficiency
between swimmers of various training/performance categories and making a
comparison between the differences in vital capacity, inspiratory muscle strength
and power in athletes of various training categories performing in swimming and
triathlon.

Research Hypotheses

e Open water swimmers have a higher inspiratory muscle efficiency than the
indoor pool swimmers ?

e Swimmers with a higher inspiratory muscle efficiency tend to record
better results during their favorite events ?

The research methods used in this study were: the study of professional
literature, the observation method, the experiment method, represented by the tests
conducted on the subjects using the Powerbreathe K series device, the statistical-
mathematical method, which consisted in the Levante statistical tests and the t-test,
and the graphical representation method.

Procedure This research used the Powerbreathe K series - an electronic
device that is connected to a computer and can measure the subjects’ vital capacity
in liters, inspiratory power in Watts, inspiration volume in liters/second and
inspired air flow in CmH20O. The device takes 3000 measurements per second, so
its results are very accurate and reliable.

The tests used in this research consisted of 2 challenges of 10 inspirations
each. The subjects performed 2 times 10 inspirations in the device, after which the
machine calculated the average result for each athlete.
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The authors chose to perform the tests using this device because it can do
measurements during inspirations not just during expirations, and it calculates the
arithmetical mean automatically, without any other calculations after the testing.
Also, the authors believe that the use of data recorded during continuous inspiration
10x is more relevant than the expiration data recorded with the spirometer, this way
being able to get the athletes' real results, not the hypothetical ones. The subjects,
being forced to performed 10 breathings, could not deceive the device using
residual breathing, thus the results are the real vital capacity and power results that
are available to the athletes during the competition or during training.

Participants The research was conducted in 3 Romanian swimming centers,
in Targu Mures, Bacdu, and Miercurea Ciuc. The subjects were athletes who
practiced swimming daily from the ages of 4-5 years old, and belong to the clubs
CSM Bacau, AS. Nautica Bacdu, CSS Targu Mures, CSM Térgu Mures, H20
Targu Mures and CSM VSK Miercurea Ciuc, with ages between 10 and 18 years
old. Swimming = 55 athletes participating in all events.

The research contains the data recorded with the Powerbreathe K Series
device and its interpretation in accordance with the research hypothesis, the table
with the names, ages, gender, height, weight, average volume per 10 inspirations,
inhaled volume in I/sec., inspiratory power in watts, and inspiratory pressure in
cmH20. The results from the device for each subject are presented as diagrams and
numbers:
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Figure 1. Inspiratory flow in liters in relation to the inhaled volume in I/sec.
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Figure 2. Inspiratory flow in I/sec in relation to the inspiration time in sec.
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Figure 3. Inspiratory power in watts in relation to the inhaled volume in liters.
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Figure 4. Inspiratory energy in joules in relation to the inhaled volume in liters.
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Figure 5. Inspiratory pressure in cmHO in relation to the inspiration time in sec.
Where 1cmH;0 = 98.0638 Pa
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POUER BlIOLaster>

the workt's no.1 breathing trainer™

1D: L-Norber-171221-235702  Age: 33

Last Name: Norbert Weight: 90.00
First Name: Trandafir Height: 190.00
Date of Birth: 08/02/88 BMI: 24.93
Gender: Male PNV (cmH20): 133.00
Type: Training History

First Session Date: 17.12.2021 First Session Time: 23:37:31
Last Session Date: 17.12.2021 Last Session Time: 23:38:47

No.Of Sessions: 2
Max. Training Load:18

ParameterUnits  Peak PB Avg.SB Avg.PB Percentage
Pressure CmH20 20.33 5.28 7.93 -33.45
Power Watts 4.48 1.76 1.66 6.04

Flow Litres/Sec4.67 3.53 3.26 8.33
Volume Litres  3.32 4.07 3.17 28.49

ParameterUnits  Total S. Best P. Best Percentage
Energy Joules 3.91 20.22 1584 27.67

Figure 6. Chart with the athlete's name, gender, age, weight, height,
the date and time of testing, and the measurement data.

3. Results and Discussions

Results for the hypothesis: The open water swimmers have a higher vital
capacity than the indoor pool swimmers.

This research contained 28 professional swimmers who practice swimming
since they were 5 years old, at least 7 times a week, with ages between 12 and 18.

The study compared the swimmers' vital capacity, separately for indoor pool
events and open water events, in order to see if there are differences between the
two types of swimmers.

The indoor pool events are: 50m fly, 50m back, 50m breast, 50m free, 100m
back, 100m breast, 100m free.

The open water events are: 100m fly, 200m fly, 200m breast, 200m back,
200m free, 400m free, 800m free, 1500m free.

Two groups were created, the first containing 14 open water swimmers, and
the second containing 14 indoor pool swimmers.

The average age of the subjects in the first group was of 13.79 years old, and
the average age of the swimmers in the second group was of 14 years old.
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Table 1. Open water swimmers' results

Average

Statistical Age Height Weight  volume per 10 Inhaled Power CmH:20
marker MR volume
msplratlons
A”t:]?:rf'ca' 1379 16693  54.43 1.98 2.87 581 8555
Minimum 12.00 155.00 39.00 1.37 1.89 1.56 46.29
Maximum 16.00 184.00 73.00 3.00 4.39 11.68 135.75
Module 14.00 156.00 49.00 - - - -
Median 14.00 165.50 52.00 1.76 2.61 4.59 79.70
Stroke length 4.00 29.00 34.00 1.63 2.50 10.12 89.46
Variability 1543 695 19.64 25.56 2882 6292  35.72
coefficient
Standard dev. 1.42 10.43 10.69 0.51 0.83 3.66 30.56
Table 2. Indoor pool swimmers' results
L. Average .
Statistical Age Height Weight volume per 10 Alr Power CmH20
marker S volume
|nsp|rat|ons
Arithmetical 14 169 57 2 2 4 71
mean
Minimum 12 154 39 1 1 1 39
Maximum 18.00 185.00  78.00 2.93 3.88 8.89 109.64
Module 12 165 55
Median 14 168 57 2 2 3 63
Stroke length 6.00 31.00 39.00 2.11 3.04 8.27 70.55
Variability 1551 5044 1651 28.8698 42657 73.12029 34.37531
coefficient

Standard dev. 1.71 8.8442 9.353 0.547908 1.01737 2.950926 24.27535

Table 3. Compared analysis of the open water and indoor pool swimmers - t-test

Levene test for T test - for the means equality
. dispersion Equal . Effect
Variable equality dispersions I_leferences t df P increase
= Sig. in averages
Age 3.755 0.061 0.17 0.11 0.632 34 0.265 0.097
Height 0.416 0.524 1.666 1.83 -0.699 13 0.248 0.244
Weight 0.340 0.564 21.565 2.21 -1.025 13 0.161 0.220
Average
Vo'ulmoe PeT 0169 0683  0.058 008 0399 13 0347  0.150
inspirations
Inhaled 4 935 0175  0.345 048 1635 13 0062  0.196
volume
Power 1.999 0.169 1.256 1.77 1.814 13 0.045 0.771
CmH,0 2.050 0.164 10.561 14.90 1.957 13 0.036 0.209
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The comparison of the results recorded during the tests highlights that both
groups had close values in regards to age, average height and weight, even lung
volume, with a difference of only 0.08 liters, but there was a significant difference
in the inspiratory power of 30.46% in the favor of open water swimmers, meaning
an average of 4.04 watts in the indoor pool swimmers and an average of 5.81 watts
in the open water swimmers, and in regards to the inspiratory flow, there was a
difference of 17.41% in the favor of the open water swimmers, meaning 70.65
c¢cmH20 in the indoor pool swimmers, and 85.55 c¢cmH.O in the open water
swimmers.

Supporting these results are the t-test values (table 3) regarding the average
age, weight, height, lung volume and inhaled volume in I/sec, with a P value of
0.134; 0.244; 0.220; 0.347, and 0.062, which reveals that the difference between
the two groups is statistically insignificant. In contradiction with these results are
the values recorded for the inspiratory power and inspiratory flow in cmH20, with
a P value of 0.045 and 0.036, which highlights that the difference between the two
groups is statistically significant.

The results show that vital capacity, height, weight, age do not influence the
swimmer's specialization on indoor pool events or open water events, but the
inspiratory power and inspiratory flow influence this aspect.

As a result, the hypothesis stating that the open water swimmers have a
higher vital capacity than the indoor pool swimmers, was confirmed.

Results for the hypothesis: Swimmers with a higher vital capacity tend to
record better results during their favorite events.

In this sense, the authors compared the vital capacity of 14 athletes aged 14-
16 years old with different results at a national level, in order to see whether the
vital capacity influences positively or negatively their performances. The first
group contained 7 athletes, 4 females and 3 males, ranked between 2nd and 4th
place nationally in their events, while the second group contained also 4 females
and 3 males, ranked 8th-34th in the national championships of 2021.

Table 4. Results of the athletes ranked 2nd-4th place at the 2021 National Championships

Average
Statistical Age Height  Weight volume per  Inhaled Power CmH.0
marker 10 volume
inspirations
Arithmetical mean  14.43 171.86 61.00 2.05 2.85 6.65 83.52
Minimum 14.00 155.00 53.00 0.82 1.44 0.84 39.09
Maximum 15.00 186.00 73.00 2.68 4.77 16.28 124.34
Median 172.00 60.00 2.24 2.68 6.38 98.07 98.07
Stroke length 1.00 31.00 20.00 1.86 3.33 15.44 85.25
Variability 3.70 5.99 11.20 31.45 4492 8414  39.49
coefficient
Standard dev. 0.53 10.29 6.83 0.64 1.28 5.60 32.98
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Table 5. Results of the athletes ranked 8th-34th place at the 2021 National Championships

Average
Statistical marker Age Height  Weight volume per  Inhaled Power CmH20
10 volume
inspirations
Arithmetical mean 14.43 169.00 57.86 1.86 2.76 5.35 87.45
Minimum 14.00 157.00 49.00 1.62 1.89 1.56 46.29
Maximum 16.00 180.00 67.00 2.63 3.74 8.37 121.55
Module 14.00 169.00 67.00 #N/A #N/A  #N/A #N/A
Median 169.00 57.00 1.74 2.63 6.24 95.45 95.45
Stroke length 2.00 23.00 18.00 1.01 1.85 6.81 75.26
Variability 5.45 5.17 12.87 18.84 2478 4943  32.86
coefficient
Standard dev. 0.79 8.74 7.45 0.35 0.68 2.65 28.74

Table 6. Comparative analysis of the results recorded by the group of swimmers ranked 2-
4 vs the group of swimmers ranked 8-34 in the National Championship — t-test

Levene test for T test - for the means equality
Variable dispersion Equal _ Effect
equality dispersions Differences df p increase
- in averages
F Sig.

Age 0 1 0 0 0 6 0.5 0
Height 0.313 0.585 2.02 2.86 0.626 6 0.276 0.300
Weight 0.676 0.426 2.22 3.14 1.317 6 0.117 0.439

Average
volume per 10 0.428 0.524 0.128 0.19 0.633 6 0.274 0.383
inspirations
Inhaled 5 56 087 0.064 0.09 0.234 6 0411 0091
volume
Power 0.307 0.589 0.918 1.3 0.474 6 0.326 0.315
CmH0 0.056 0.815 2.783 3.93 -1.023 6 0.172

Table 6 shows that there is not a statistically significant difference regarding
age, height, average lung volume, inhaled volume, inspiratory power, and
inspiratory flow in cmH20, between the swimmers ranked 2-4 vs the swimmers
ranked 8-34 in the national championships.

As a result, the hypothesis stating that swimmers with a higher vital capacity
tend to record better results during their favorite events, was not confirmed.

Discussions

The results recorded in this research are confirmed also by other studies:

Volianitis et al. (2000) conducted a study on 14 elite female rowers where
they observed whether the inspiratory muscle training (IMT) influences the rowing
performance, reaching the conclusion that after 11 weeks of training using a device
for these muscles, the intervention group recorded an increase of 44+25 CmH?2O0,
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compared to the control group, with an improvement of the results per 5000m of
36+9 seconds.

The research conducted by McFadden (2011) on 23 cyclists highlighted that
the use of a device to develop the inspiratory muscle strength increases the
anaerobe effect on the final sprint.

The study by Wilson et al. (2013) regarding the effect of specific warm-up of
respiratory muscles in elite swimmers before the 100m free event was conducted
on 15 athletes. The athletes performed the 100m challenge in 3 ways, the regular
warm-up, just in water, the warm-up of only the respiratory muscles, and the third
time, warm-up in water plus warm-up of the respiratory muscles. The results have
shown that the third way brought an average improvement of swimming time of
1.18 seconds, compared to the warm-up of just the respiratory muscles, and of 0.62
seconds compared to the warm-up just in water.

Rozek-Piechura et al. (2020) analyzed the effects of inspiratory muscle
training (IMT) on 25 long-distance runners over the course of 8 weeks of training.
The athletes were divided into 3 groups, one that used the Powerbreathe device (the
one used also in this research), another that used an IMT threshold device, and a
control group. They measured the vital capacity, the forced vital capacity, the
forced expiratory volume in one second, and the peak expiratory power. The results
have shown that group 1, who used the Powerbreathe device, recorded a significant
increase in all the measured variables; group 2, who used the IMT threshold device,
recorded a significant increase only in regards to the vital capacity; whereas the
control group did not record any significant change.

Turner et al. (2012) in their study on 16 male cyclists have shown that the
inspiratory muscle training reduces the cost of body oxygen during the voluntary
hyperpnea exercises. That research suggested that the reduced cost of oxygen in the
respiratory muscles can facilitate the availability of oxygen for the active muscles
during the exercise, this improving the athletes' results.

Romer, McConnell, and Jones (2002) have evaluated the influence of
inspiratory muscle training on 16 professional cyclists, specialized in 20km and
40km races. They reached the conclusion that at the end of the races, the maximum
inspiratory pressure was reduced by 18% and 13% after two minutes from the end
of the race, and remained under the pre-effort values after 30 minutes. At the same
time, there was a significant IMPROVEMENT of the results during the timed
challenge, of 1.7%-1.9%.

Menzes, Nascimento, Avelino, Polese, and Salmela (2018) in their paper, “A
Review on Respiratory Muscle Training Devices”, have compared 14 devices for
inspiratory muscle training, their searches being done in databases, books, websites
that sale products about REHABILITATION, and reference lists of the used
studies. Their analysis have led them to the conclusion that out of the 14 devices
that are currently available on the market, there isn't a best one, based on their
technical information and clinical usefulness, although some devices seem to be
better than others. In order to choose the best one, one needs to consider the
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subject's health, the purpose of use, and whether it is available for use in a research
or clinical context.

Chang et al. (2021) have assessed the influence of inspiratory muscle training
on 22 amateur athletes who trained at least 3 times per week on 800m. Both groups
have performed the same strength and running training for 4 weeks, the control
group performing extra training with an inspiratory muscle training device. The
results indicated that the 4-week IMT training (twice a day, 5 days per week)
significantly improves the subjects' inspiratory muscle strength and their 800m
running performance.

4. Conclusions

The analysis of the data recorded during the tests highlights that a very good
differentiation of the athletes can be made based on vital capacity, their
examination representing a good clue in directing the coaches' effort to choose the
path toward they guide their athletes. The tests also showed that a higher strength
in the inspiratory muscles makes possible the inspiration of a higher volume of air
at the same time. Knowing that in all sports, the more the inhalation is shorter and
ampler, the more air and oxygen gets into the lungs, and passed to muscles and the
brain, the inspiratory power is a clue to the fact that the athlete is capable of better
results, indicating that the coaches must dedicate time for the development of the
respiratory capacity.
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Rezumat

Lucrarea isi propune evidentierea efectului antrenamentului de rezistenta asupra dezvoltarii
performantei, a capacitatii vitale, a puterii musculaturii inspiratorii si a debitului de aer
inspirat de inotdtori. Cercetarea s-a desfasurat pe doua directii: stabilirea diferentei
capacitdtii pulmonare, a puterii inspiratiei si a debitului in CmH2o intre inotatorii de probe
de fond si notétorii de probe de sprint si stabilirea diferentei capacititii pulmonare, a
puterii inspiratiei si a debitului in CmH2o intre sportivi cu clasari intre locurile 2-4 si
sportivii cu clasari intre locurile 8-32 la ultimele campionate nationale la care au participat.
Metodele de cercetare utilizate au fost: documentarea, metoda observatiei pedagogice,
metoda experimentului, metoda statistico-matematica si metoda grafica. Pentru masurarea
eficientei musculaturii inspiratorii a fost utilizat aparatul Powerbreath K-Series si au fost
inregistrate valori ale capacitétii pulmonare, ale fortei si puterii inspiratiei si ale debitului
in CmH2o.

1. Introducere

Obiectivul principal a unui inotdtor este de a obtine un timp cat mai mic pe
cursd, dar acest lucru este dependent de foarte multi factori, care au fost studiati pe
larg la sportivii consacrati (Alberty et al. 2006; Costill et al. 1985). In literatura de
specialitate, performanta in inot a fost legata de diferiti parametri antropometrici,
fiziologici si biomecanici (Smith, Montpetit, & Perrault, 1988; Hue, Galy, Blonc,
& Hertogh,2006; Uschel, Araujo, Pereira, & Roesler, 2007; Vantorre, Seifert,
Fernandes, Boas, & Chollet, 2010; Dadashi, Millet, & Aminian, 2015; Mooney,
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Corley, Godfrey, Quinlan, & Olaighin, 2016).

Ca urmare, antrenorii manipuleaza sarcina de antrenament, indiferent ca este
vorba despre conditionare fizicd sau perfectionare tehnico-tactica (de obicei
descrisa ca o combinatie de volum, intensitate, frecventd si antrenament pe uscat)
in diferite perioade de pregitire, in incercarea de a maximiza capacitatea de
performanta a propriilor sportivi.

In acest context, eficienta sistemului respirator este deosebit de importanta la
inotatorii de performantd, deoarece inotul necesitd capacitatea de a regla
paterrn/urile de respiratie la volume si debite care sunt mai mari decat in alte
sporturi, in conditiile in care scufundarea in apa ii obligd pe sportivi sa extinda
peretele toracic impotriva unei presiuni mai mari si sd creasca viteza de contractie a
muschilor inspiratori si volumul curent, care ar putea duce la oboseald musculara
(Kilding, Brown, & McConnell, 2010)

Cercetdrile arata ca antrenamentul muscular inspirator poate fi utilizat pentru
a imbunatati performanta si pentru a creste eficienta respiratorie a sportivilor (Illi,
Held, Frank, & Spengler, 2012; Wells, Plyley, Thomas & Duffin, 2005).

Pentru a stabili programe de instruire individualizate este necesard
monitorizarea capacitatii vitale si a fortei musculaturii inspiratorii, prin utilizarea
diferitelor tehnici sau instrumente.

2. Material si metode

Scopul Evidentierea eventualelor diferente referitoare la eficienta muculaturii
inspiratorii a Inotatorilor de diferite categorii de instruire/performantd si realizarea
unei comparatii privind nivelul capacitatii vitale, a fortei si puterii inspiratorii a
sportivilor de categorii de instruire diferite care performeaza in natatie si triatlon.

Ipotezele cercetarii

e Inotitorii din probele de fond au o eficientd a musculaturii inspiratorii mai
mare comparativ cu a celor specializati in probe de sprint ?

e Inotitorii cu o eficientd a musculaturii inspiratorii mai mare tind si aiba si
rezultate mai bune in probele lor favorite ?

Metodele de cercetare folosite in cercetare au fost: documenatrea, metoda
experimentului in cadrul caruia s-au efectuat testele pe sportivii participanti la
studiu cu ajutorul aparatului Powerbreathe K series, metoda statistico-matematica
apresupus efectuarea testelor statistice Levante si testul T si metoda grafica.

Procedura Pentru aceasta cercetare s-a folosit aparatul Powerbreathe K series, un
aparat electronic care se cupleaza la un calculator si este in stare sd mdsoare capacitatea
vitala 1n Litri, puterea inspiratiei in Watts, volumul inspiratiei in Litri/secunda si debitul
de aer inspirat in "CMH20” a subiectilor. Aparatul face 3000 de masuratori pe secunda,
asadar rezultatele date de aparat sunt foarte precise si de incredere.

Testele utilizate in aceastd cercetare au constat in 2 probe a cate 10 inspiratii.
Subiectii care au participat la cercetare au facut de 2 ori 10 inspiratii prin aparat
dupa care aparatul a facut media rezultatelor fiecarui sportivi.

Am ales sa facem testele cu acest aparat pentru ca asigura posibilitatea de a
face masuratori pe faza de inspir, nu doar pe expir, si asigurd calcularea mediei
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aritmetice a datelor automat, din soft, fara a mai fi nevoie de alte calcule dupa
executarea testarilor. Totodatd consideram cad este mai relevanta folosirea datelor
pe inspiratie continud de 10x, decat pe expiratie ca in cazul spirometrului, asa
putand ajunge la rezultatele reale a sportivilor, nu doar cele ipotetice. Sportivii fiind
obligati sd execute 10 respiratii nu au putut induce 1n eroare aparatul prin respiratia
reziduala, astfel rezultatele date de aparat sunt rezultatele reale de capacitate si
putere vitala care stau la dispozitia sportivilor in timpul probei de concurs sau in
timpul antrenamentelor.

Participantii la cercetare Cercetarea s-a desfasurat in 3 centre de natatie din
tard, Targu Mures, Bacau si Miercurea Ciuc.

Subiectii cercetarii sunt sportivi care practica notul zilnic de la varsta de 4-5
ani si sunt membrii ai cluburilor CSM Bacau, AS. Nautica Bacau, CSS Targu
Mures, CSM Targu Mures, H20 Targu Mures si CSM VSK Miercurea Ciuc, cu
varsta cuprinsa intre 10 si 18 ani,

Inot = 55 de sportivi participanti la toate probele

Cercetarea contine rezultatele si datele obtinute din aparatul Powerbreathe K
Series si interpretarea lor Tn conformitate cu ipotezele cercetarii, tabelul cu numele,
varsta, sexul, inaltimea, greutatea, media volumului vital celor 10 inspiratii,
volumul inspirat in 1/sec., puterea inspiratiei in Wati, si presiunea aerului inspirat in
CmH2o0. Rezultatele primite din aparat pentru fiecare sportiv sunt in forma de
diagrame si numere:

Inspiratory Flow

0 1 2 3 4
Volume(Litres)

Figura 1. Debitul de aer in Litri raportat la volumul de aer in l/sec

Inspiratory Flow

Max Y = 4.27

0 0,2 0,4 0,6 0,8 1 1,2 1,4
Time(s)

Figura 2. Debitul de aer in l/sec raportat la timpul inspiratiei in sec
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Figura 3. Puterea inspiratiei in Wati raportat la volumul de aer inspirat in litri.
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Figura 4. Energia inspiratiei in Joules raportat la volumul inspiratiei in litri
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Figura 5. Presiunea de aer in cmH20 raportat la timpul inspiratiei in secunde.
Unde 1cmHO = 98.0638 Pa
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15 BiIOLaster’

the workt's no.1 breathing trainer™

1D: L-Norber-171221-235702  Age: 33

Last Name: Norbert Weight: 90.00
First Name: Trandafir Height: 190.00
Date of Birth: 08/02/88 BMI: 24.93
Gender: Male PNV (cmH20): 133.00
Type: Training History

First Session Date: 17.12.2021 First Session Time: 23:37:31
Last Session Date: 17.12.2021 Last Session Time: 23:38:47

No.Of Sessions: 2
Max. Training Load:18

ParameterUnits Peak PB Avg.SB Avg.PB Percentage
Pressure CmH20 20.33 5.28 7.93 -33.45
Power Watts 4.48 1.76 1.66 6.04

Flow Litres/Sec4.67 3.53 3.26 8.33
Volume Litres  3.32 4.07 3.17 28.49

ParameterUnits  Total S. Best P. Best Percentage
Energy Joules 3.91 20.22 1584 27.67

Figura 6. Fisa cu numele sportivului, data nasterii, sexul, virsta, greutatea,
inaltimea, data si timpul testarilor si datele de masurare facuta

3. Rezultate si Discutii

Rezultatele cercetrii la ipoteza: Inotitorii din probele de fond au o capacitate
vitala mai mare decat cei care concureaza la probele de sprint ?

In aceasta cercetare au participat 28 de inotitori de perfomanti, care practica
inotul de la varsta de 5 ani, de cel putin 7 ori pe sdptamana, cu varsta cuprinsa intre
12-18 ani.

A fost comparatd capacitatea si forta vitald a sportivilor separat pe probe de
sprint si pe probe de fond, pentru a vedea daca exista diferentd intre Inotatorii de
fond si inotdtorii de viteza.

Probe de sprint sunt considerate: 50m fluture, 50m spate, 50m bras, 50m
craul, 100m spate, 100m bras, 100m craul.

Probe de fond sunt considerate: 100m fluture, 200m fluture, 200m bras,
200m spate, 200m craul, 400m craul, 800m craul, 1500m craul.

S-au creat 2 grupe, prima grupa fiind grupa inotatorilor de fond, alcatuita din
14 sportivi, a doua grupa fiind grupa sportivilor sprinteri alcatuitd tot din 14
sportivi.
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Varsta medie a sportivilor din prima grupa este de 13,79 ani, grupa doi fiind
alcatuita de sportivi cu varsta medie de 14 ani.

Tabel 1. Rezultate sportivi care inoatd probe de fond

Indicator Volum mediu  Volum

o Varsta Iniltime Greutate L Putere CmH:0
statistic ’ 10 inspiratii aer
Media 1379 166,93 5443 1,98 2,87 581 8555
aritmetica
Minim 12,00 155,00 39,00 1,37 1,89 1,56 46,29
Maxim 16,00 184,00 73,00 3,00 4,39 11,68 135,75
Modul 14,00 156,00 49,00 - - - -
Mediana 14,00 165,50 52,00 1,76 2,61 4,59 79,70
Amplitudine 4,00 29,00 34,00 1,63 2,50 10,12 89,46
Coeficientde 4 44 6,25 19,64 25,56 28,82 6292 3572
variabilitate
Dev Standard 1,42 10,43 10,69 0,51 0,83 3,66 30,56
Tabel 2. Rezultate sportivi care inoata probe de Sprint
Indicator statistic VAarsta Iniltime Greutate VOIL.jm fT‘ed.'.“ 10 Volum Putere CmH20
’ inspiratii aer
Media aritmetica 14 169 57 2 2 4 71
Minim 12 154 39 1 1 1 39
Maxim 18,00 185,00 78,00 2,93 3,88 8,89 109,64
Modul 12 165 55
Mediana 14 168 57 2 2 3 63
Amplitudine 6,00 31,00 39,00 2,11 3,04 8,27 70,55
Coeficientde 1)) 5041 1651 28,8698 42,657 73,12029 34,37531
variabilitate
Dev Standard 1,71 8,8442 9,353 0,547908 1,01737 2,950926 24,27535

Tabel 3. Analiza inotatori probe fond vs probe sprint — testul t

Test Levene Testul t pentru egalitatea mediilor
pentru . . < .
Variabila  egalitate  2Pe'S pifereng Marime
dispersii egale 7 medii t df P efect
F Sig.

Varsta 3,755 0.061 0.17 0.11 0.632 34 0,265 0.097
Inaltime 0.416 0.524 1,666 1,83 -0.699 13 0.248 0.244
Greutate 0,340 0.564 21,565 2,21 -1,025 13 0,161 0,220

volum mediu o 159 683 0,058 008 0399 13 0347 0,150
10 inspiratii

Volumaer 1,936 0,175 0,345 0,48 1,635 13 0,062 0.196

Putere 1,999 0,169 1,256 1,77 1,814 13 0.045 0,771

CmH,0 2,050 0,164 10,561 14,90 1,957 13 0,036 0,209
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Compararea rezultatelor obtinute in urma testdrilor evidentiaza faptul ca
ambele grupe prezinta valori apropiate la varsta, media inaltimii si a greutatii,
chiar si a volumului pulmonar, cu o diferentd de doar 0,08 litri , dar la puterea
inspiratiei am observat o diferenta semnificativa de 30,46% 1n favoarea Inotatorilor
de fond, adica 4,04 Wati la inotétorii sprinteri si 5,81 Wati media la inotatorii de
fond, iar la debitul de aer inspirat am observat o diferentd de 17,41% in favoarea
fondistilor, adica 70,65 cmH20 la sprinteri si 85.55 cmH:0 la fondisti.

In sprijinul acestor rezultate vin si valorile testul T (tabel 3) privind media
varstei, a greutatii, a indltimii, a volumului pulmonar si a volumului de aer in 1/sec
cu o valoare a lui P de 0,134, 0,244; 0,220, 0,347 si 0,062 ceea ce releva faptul ca
diferenta intre cele 2 grupe masurate nu este semnificativd din punct de vedere
statistic. In contradictie cu aceste rezultate sunt valorile obtinte la puterea
inspiratiei si debitul de aer inspirat In cmH20 cu o valoare P de 0.045 si 0,036 ceea
ce evidentiaza ca diferenta Intre grupele testate, inotatori profe fond comparativ cu
inotatori probe sprint, este semnificativa din punct de vedere statistic.

Rezultatele obtinute ne arata ca, capacitatea vitala, inaltimea, greutatea,
varsta nu influenteaza specializarea sportivului pe probe scurte sau lungi, insa
puterea inspiratiei si debitul de aer inspirat influenteaza acest aspect.

Ca urmare, ipoteza cdi inotdtorii din probele de fond au o capacitate vitali
mai mare comparativ cu cei de sprint se confirmd.

Rezultatele cercetirii la ipoteza: Inotitorii cu o capacitate si fortd vitald mai
mare tind sd aiba si rezultate mai bune in probele lor favorite ?

In acest sens, am comparat capacitatea si forta vitald a 14 sportivi cu varsta
cuprinsd intre 14-16 ani cu diferite rezultate la nivel national, pentru a vedea daca
capacitatea si forta vitala influenteaza pozitiv sau negativ performantele sportivilor.
Prima grupa contine 7 sportivi 4 fete si 3 baieti, clasati intre locul 2 si locul 4
national in probele lor favorite, iar a doua grupa contine la fel 4 fete si 3 baieti,
clasati pe locurile 8-34 la ultimele campionate nationale la care au participat in anul
2021.

Tabel 4. Rezultate sportivi ocupanti ai locurilor 2-4 la Campionatele Nationale din anul

2021
Indicator statistic Varsta Iniltime Greutate VOIlf'm r.ned.l.u Volum Putere CmH20
’ 10 inspiratii aer
Media Aritmetica 14,43 171,86 61,00 2,05 2,85 6,65 83,52
Minim 14,00 155,00 53,00 0,82 1,44 0,84 39,09
Maxim 15,00 186,00 73,00 2,68 4,77 16,28 124,34
Mediana 172,00 60,00 2,24 2,68 6,38 98,07 98,07
Amplitudine 1,00 31,00 20,00 1,86 3,33 15,44 85,25
Coeficient de 3,70 5,99 11,20 31,45 4492 8414 39,49
variabilitate
Dev Standard 0,53 10,29 6,83 0,64 1,28 5,60 32,98
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Tabel 5. Rezultate sportivi ocupanti ai locurilor 8-34 la Campionatele Nationale 2021

Volum

Indicator statistic ~ Varsta finiltime Greutate mediu 10 Vgleurm Putere CmH:0
inspiratii
Media Aritmetica 14,43 169,00 57,86 1,86 2,76 535 8745
Minim 1400 157,00 49,00 1,62 1,89 156 46,29
Maxim 16,00 180,00 67,00 2,63 3,74 837 12155
Modul 1400 169,00 67,00 #N/A NIA  #NIA  #N/A
Mediana 169,00 57,00 1,74 2,63 6,24 9545 9545
Amplitudine 2,00 23,00 18,00 1,01 185 681 7526
coeficient de 5,45 5,17 12,87 18,84 2478 4943 32,86
variabilitate

Dev Standard 0,79 8,74 7,45 0,35 0,68 265 2874

Tabel 6. Analiza rezultatelor obtinute de grupa de inotdatori clasati locurile 2-4 Vs grupa
de inotdtori clasati locurile 8-34 la Campionatul National — testul t

Test Levene Testul t pentru egalitatea mediilor

. ..« pentruegalitate Dispersii . 9 Mairime
Variabild dispersii egale ? ~ Diferentd t df P efect
- medii
F Sig.

Varsta 0 1 0 0 0 6 0,5 0
inéltime 0,313 0,585 2,02 2,86 0,626 6 0,276 0,300
Greutate 0,676 0,426 2,22 3,14 1,317 6 0,117 0,439

Volummediu o 158 o504 0,128 0,19 0,633 6 0274 0,383
10 inspiratii
Volum aer 0,026 0,87 0,064 0,09 0,234 6 0,411 0,091

Putere 0,307 0.589 0,918 1,3 0,474 6 0,326 0,315

CmH,0 0,056 0,815 2,783 3,93 -1,023 6 0,172

Analizand datele din din tabelul nr. 6 putem afirma ca nu exista o diferenta
semnificativ statistica privind varsta, indltimea, greutatea, volumul pulmonar
mediu, volumul pulmonar, puterea inspiratiei si debitul de aer in cmH2O intre
sportivii Tnotatori ocupanti ai locurilor 2-4 si sportivii inotatori ocupanti ai locurilor
8-34 la campionatele nationale.

Ca urmare, ipoteza conform cireia [notdtorii cu o capacitate si fortd vitald
mai mare tind sa aiba si rezultate mai bune in probele lor favorite, nu se confirma.

Discutii

Rezultatele obtinute de noi sunt confirmate si de alte studii evidentiate in
literatura de specialitate, la care facem referire, in continuare:

Volianitis et al. (2000), au efectuat un studiu pe 14 canotoare de performanta
in care au urmarit daca antrenamentul de forta a musculaturii inspiratorii
(Inspiratory muscle training, IMT) influenteaza performanta de vaslire, si au ajuns
la concluzia cd dupd 11 sdptamani de pregatire cu un dispozitiv destinat pentru
antrenarea acestei musculaturi, la grupul de interventie s-a observat o crestere de
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44+25 CmH2o, fata de grupul de control si o imbunatitire a rezultatelor pe 5000m
de 36+9 secunde.

Cercetarea efectuatda de McFadden (2011) pe 23 de ciclisti a evidentiat faptul
ca folosirea unui aparat pentru dezvoltarea fortei inspiratorii creste efectul anaerob
pe sprintul final in proba de atac la timp.

Cercetarea realizata de Wilson et al. (2013) privind efectul incalzirii specifice
a musculaturii respiratorii la inotatori de performanta, inaintea probei specifice de
100m Liber s-a adresat unui numar de 15 sportivi. Sportivii au efectuat proba de
100m Liber in 3 feluri, incalzirea obisnuitad, doar in apa, incalzirea doar a
musculaturii respiratorii i a treia oard cu Incélzire in apa plus incalzirea specifica a
musculaturii respiratorii. Rezultatele obtinute au aratat ca incalzirea specifica a
musculaturii respiratorii a adus o inbunatatire a timpilor de inot in medie cu 1,18
sec fatd de incalzirea doar a musculatutii respiratorii si 0.62 sec fatd de incalzirea
obisnuita doar 1n apa.

In cercetarea intreprinsd de Rozek-Piechura et al. (2020) au fost analizate
efectele antrenamentului pe musculatura inpiratorie (inspiratory muscle training
IMT) pe 25 de atleti alergatori de fond, pe parcursul a 8 saptimani de pregatire.
Sportivii au fost impartiti in 3 grupe, una care folosea aparatul Powerbreathe (cel
folosit si de noi in cercetare), a doua care folosea un dispozitiv IMT de prag si
grupul de control. A fost masurata capacitatea vitald, capacitatea vitala fortata,
capacitatea expiratd Intr-o secundd, debitul maxim expirat, si puterea maxima a
expirdrii. Rezultatul a aratat ca grupul 1 care a folosit apratul Powerbreathe a avut o
crestere semnificativa pe toate variabilele masurate, in grupul 2 in care s-a folosit
aparatul IMT de prag, doar capacitatea vitala a crescut semnificativ, iar in grupul
de control niciuna dintre variabile nu s-a schimbat semnificativ.

Turner et al. (2012) au demonstrat pe 16 ciclisti masculini ca antrenamentul
musculaturii respiratorii reduce costul de oxigen corporal in exercitiile de
hiperapnee voluntara. Aceasta cercetare sugereaza ca reducerea costului de oxigen
in musculatura respiratorie poate facilita disponibilitatea oxigenului pentru muschii
activi in timpul exercitiului, in acest fel fiind imbunatatite rezultatele sportivilor .

Romer, McConnell, and Jones (2002) au evaluat influenta antrenamentului pe
musculatura inspiratorie a 16 cislisti profesionisti, specializati pe distantele de
20km respectiv 40 km. Acestia au ajuns la concluzia cd la finalizarea curselor de
incarcare presiunea maxima inspiratorie a fot redusa cu 18% respectiv 13% dupa 2
minute de la terminarea cursei, si a ramas sub valorile preefort la 30 de minute.
Totodata s-a observat o imbunatatire semnificativa a rezultatelor in timpul probei
contra cronometru de 1,7%-1,9%.

Menzes, Nascimento, Avelino, Polese and Salmela (2018) in cercetarea ”A
Review on Respiratory Muscle Training Devices” au comparat 14 dispozitive
pentru antrenamentul muschilor respiratorii, cautarile lor fiind efectuate in baze de
date, carti, site-uri de vanzare produse legate de reabilitare si liste de referinte ale
lucrarilor preluate. Analiza intreprinsa de ei a condus la concluzia ca din cele 14
dispozitive disponibile in prezent pe piata si raportate de diferite publicatii, nu se
poate alege un dispozitiv ca fiind cel mai bun, bazat doar pe informatiile tehnice si
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utilitatea lor clinicd, desi unele aparate par a fi mai avantajoase decat altele. Pentru
a-1 selecta pe cel mai potrivit, este necesar sa se ia in considerare starea de sanatate
a subiectului, scopul utilizarii, si daca este pentru utilizare in contexte de cercetare
sau clinice.

Chang si altii (2021) au evaluat influenta antrenamentului musculaturii
respiratorii pe 22 de subiecti, atleti amatori care se antrenau de cel putin 3 ori pe
saptdmand, pe distanta de 800m. Ambele grupe au efectuat aceleasi antrenamente
de sald de forta si de alergare timp de 4 saptdmani, grupa de control efectuand in
plus antrenament cu un dispozitiv de antrenare a musculaturii respiratorii.
Rezultatele indica ca antrenamentul IMT de 4 saptamani (de doua ori pe zi, 5 zile
pe saptdmand) Imbundtiteste semnificativ puterea muscularii inspiratorii a
participantilor si performanta de alergare la 800 m.

4. Concluzii

Prelucrarea si analiza datelor obtinute in urma testarilor efectuate evidentiaza
faptul ca se poate face o foarte buna diferentiere a sportivilor pe baza capacitatii si
a fortei vitale, examinarea acestora reprezentand un bun indiciu in dirijarea muncii
antrenorilor, in a alege directia in care indruma si antreneaza sportivii pe care 1i au
la antrenament. Totodata, testele facute aratd ca o fortd mai mare a musculaturii
plamanului face posibila inspirarea unui volum mai mare de aer in acelasi timp.
Stiind ca la toate sporturile, cu cét inspiratia este mai scurta si mai ampla, cu atat
ajunge mai mult aer si implicit oxigen in plamani, la musculaturd si creier, puterea
inspiratiei este un indiciu si pentru faptul c@ sportivul este capabil de rezultate mai
bune, ceea ce indicd faptul cd antrenorii trebuie sd dedice timp special pentru a
dezvolta capacitatea respiratorie.
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