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Abstract

Introduction: Swimming, especially competitive, is one of the biggest
challenges for the respiratory muscles. Muscles are weaker in the
horizontal position, the hydrostatic pressure requires greater muscle
force during inhalation, in addition, the respiratory muscles are also
involved in stabilizing the torso during swimming. Limited breathing
time is an additional challenge. The purpose of our study was to examine
weather inspiratory muscle exercise also affects the maintenance

of swimming abilities during a swimming break. According to the
literature, increasing the strength of the inspiratory muscles has a

major impact on improving respiratory and swimming efficiency and
performance. Methods: The study involved first-year students of the
Applied kinesiology program (n = 19, age: 19.7 * 0.9 years), who were
divided into an intervention group (n = 11) and a control group (n =

8). They were included in the program of an eleven-day swimming
course, after which we performed the first measurements. The second
measurements were performed ten days after the end of the course. In
the intervening period, none of the subjects performed any swimming
training. The intervention group conducted an inspiratory muscle
training program twice a day with the Powerbreathe Plus device. Results:
The results showed a trend of improvement in maximal inspiratory
strength, maximal inspiratory flow, test of CO, tolerance, breath holding
after a relaxed exhalation (Buteyko test) and in under water breathe
holding test. Statistically significant effect of time was shown in the 50-
100 m and 0-100 m swimming test. In both tests the result deteriorated
in the intervention and control group, but a significant trend was shown.
Namely, in both tests the swimming time in the control group was
longer than in the intervention group. Discussion and conclusions: In

the literature reviewed, we found that simultaneous exercises of specific
sports and inspiratory muscles for at least four weeks, in most cases,
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affect the improvement of respiratory functions and results in various
sports. Based on the results of our research and the literature reviewed,
we can conclude that the inspiratory muscle training in the period
without swimming-specific training, shows a trend of positive effect on
maintaining swimming results.

Keywords: inspiratory muscles, breathing, maintenance of abilities,
Powerbreathe, swimming

Introduction

The aquatic environment is one of the most demanding for respiratory muscles
(hereafter RM), and competitive swimming represents one of the biggest chal-
lenges for them (McConnell, 2011). Lomax and McConnell (2003) showed that
swimming causes a 29% drop in inspiratory muscle (hereafter IM) strength af-
ter exercise, compared to “land” sports, where the drop is between 10% and
20%. Breathing with the chest submerged requires greater IM force due to hy-
drostatic pressure (Wylegala, Pendergast, Gosselin, Warkander, and Lundgren,
2007) and IM are 16% weaker in the horizontal position (McConnell, 2011). The
breathing pattern requires a high degree of body mobility in order to mini-
mize the negative impact on stroke mechanics (Lomax and Castle, 2011, Leahy
etal., 2019). Due to better hydrodinamics, swimmers strive to reduce the num-
ber of breaths and time when the head is out of the watter McConnell (2011), so
they must breathe quickly and as deep as possible (Leahy et al., 2019). In addi-
tion, during swimming, RM participate in trunk stabilization during propul-
sive moments (Vasic¢kova et al., 2017), and muscles with several roles simultane-
ously, are more susceptible to fatigue, reduced capacity and sport performance
(McConnell, 2011).

Inspiratory muscle training (hereafter IMT) is mentioned in the literature
as an effective method for improving efficiency and performance in various
sports. RM are highly adaptive to repeated exercise and show changes in struc-
ture, strength improvement, contraction speed and endurance (Ramirez-Ser-
miento, 2002; McConnell and Romer, 2003, McConnell, 2011). In a study by
Downey et al. (2007), after four to eight weeks of IMT against resistance, biop-
sy has shown an increase in diaphragm thickness by 12%. In addition they no-
ticed an improvement in inspiratory strength by 24% after four and 41% after
eight weeks of exercise.

Some effects of IMT on performance in sports are already known. An im-
provement in the endurance of underwater (33% - 50%) and surface (38% - 88%)
fin swimming was shown, the respiratory volume increased (12%), respiratory
frequency decreased by 19% and energy expenditure by 7,8% (McConnell, 2011).
In underwater swimmers, the improvement was shown in maximal inspirato-
ry pressure (hereafter MIP), inspiratory volume (hereafter IV) and underwa-
ter swam distance (USD) (Pupi$ova, Pupi$, Jancokova and Pivovarnicek, 2014).
Kilding, Brown and McConnell (2010) found an increase in MIP and swim-



ming time for 10om and 200m after six-week IMT, the similar results Nahtigal
(2015) found in 14- to 16-year olds after eight weeks of training.

The purpose of our study was to examine weather IMT also affects the
maintenance of swimming abilities during a swimming break. The purpose of
the research is particularly meaningful at the time, when restrictions and rec-
ommendations due to the declared epidemic of the covid-19 disease occasion-
ally limited the implementation of swimming activities in swimming pool fa-
cilities.

Methods

19 students (5 male and 14 female) of the first year of the undergraduate study
program Aplied Kinesiology participated in the research. They were divided
into an intervention (n = 11; 6 women, 5 men) and a control group (n = 8; 8
women, 0 men).

As a part of the study course, the participants were included in the elev-
en-day swimming course program, after which we took the first measurements.
The second measurements were taken ten days after the course. In the mean-
time, no swimming activities were performed. The intervention group per-
formed an IMT with the Powerbreathe Plus device (A division of Gaiam Ltd.,
Northfield Road, Southam, Warwickshire, CV47 ORD, UK). Exercise consist-
ed of 30 rapid maximum forced inhalations and relaxed exhalations, twice a
day. The intensity (resistance on the device) was set to 60% of the maximal in-
spiratory power (S-index) (McConnell, 2011; Finta, Boda, Nagy and Bender,
2020), which was measured in the first measurements. A specific intensity of
60% MIP has been justified as effective IMT based on optimal response in con-
text of blood flow and generated pressure (Sheel et al., 2001, McConnell and
Griffiths, 2010). The subjects were taught the independent and correct use of
the training device before the intervention.

Statistical package IBM SPSS Statistics 25.0 (Armonk, NY:IBM Corp.) was
used for statistical data processing. Shapiro-Wilk test was used to check the
normal distribution of variables. Analysis of the differences between the indi-
vidual variables between the groups in the initial state was performed using the
independent samples t-test or its non-parametric version, i.e. the Man-Whitney
U-test. The analysis of progress for normally distributed variables was checked
with the analysis of variance for repeated measurements (Two-way/Factorial
RM ANOVA) with the time and group factors (Field, 2009). We also calculat-
ed the interaction of time and group to determine the effect of the intervention.
For non-normally distributed variables, we used non-parametric version, the
Wilcoxon signed rank test. In accordance with selected test, we calculated the
effect size (eta squared (n?)), defining the effect size as small for values > o.o1,
medium for values > 0.06 and large for values > 0.14 (Cohen, 1988; Fritz, Morris
and Richler, 2012). After the analysis of variance, we performed a paired-sam-
ples t-test, to check statistically significant differences for individual variables
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within the group with respect to time. Wilcoxon signed rank test was used for
non-normal distributions. R-value was used to determine the effect size. Values
> 0.3 represented a medium effect size and values > 0.5 a large effect size (Field,
2009). The level of statistical risk was determined at a value of p < 0.05.

Results

The results of Wilcoxon signed rank test show that the intervention had a sta-
tistically significant effect, with a large effect size (Z = —2.934, p = 0.003; r =
-0.626), on the result (11,5%) in maximal inspiratory power in the intervention
group (Figure 1). Statistically significant differences (14%) were also found in
control group (Z = —2.023, p = 0.043; I = 0.640). Results of the same test show a
statistically significant influence of the intervention with a large effect size (Z =
-3.413, p = 0.001, I = 0.588) on the result (9,0%) of the intervention group in the
maximum inspiratory flow parameter (Figure 2). After ten days the results (10,9
%) also improved in control group (Z = —2,023; p = 0, 043, r = —0,649). Time and
group factors could not be calculated in non-parametric tests.

Figure 1: Graphic representation of the box with whiskers for the values
of the variable maximal inspiratory power (cmH20)

Figure 2: Graphic representation of the box with whiskers for the values
of the variable maximal inspiratory flow (I/s)



For the variable FEV1/FEVC (F (1,14) = 4.600; p = 0.019; N2 = 0.335), a sta-
tistically significant effect of time with a large effect size was shown (Figure 3).
The score decreased in the intervention (-1.8%, p = 0.255) and control group
(-11.9%, p = 0.174). The intervention group showed less deterioration than the
control group.

Figure 3: Graphic representation of the box with whiskers for the values
of the variable ratio between FEV1 in FEVC

The results of Buteyko control pause test shows statistically significant dif-
ferences in the effect of time (F (1,13) = 4.667; p = 0.000; N2 = 0.661) and time
and group (F (1,13) = 4.667; p = 0.044; N2 = 0.278) with a large effect size (Fig-
ure 4). The result increased significantly in the intervention group (52.3%, p =
0.001) and insignificantly in the control group (111.3%, p = 0.052). Based on the
results, we can conclude that the control group was better and the intervention
had a negative effect on this variable.

Figure 4: Graphic representation of the box with whiskers for the values
of the variable Buteyko test (s)

The results of the test of CO, tolerance (hereafter TTCO,) parameter
show statistically significant differences in the effect of time (F (1,14) = 4.600;
p = 0.005; N2 = 0.441) with a large effect size (Figure 5). The TTCO, score sig-
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nificantly increased in the intervention (44.2%, p = 0.037) and control group
(37.8%, p = 0.001). We observe a trend towards slightly greater improvement in
the intervention group.

Figure 5: Graphic representation of the box with whiskers for the values
of the variable TTCO; (s)

For the other variables measured (FVC, FEV1, PEF, IV, counting time af-
ter maximum inspiration) there is no statistically significant effect of time or
time and group.

The result of the 50-100m swimming time test show statistically signifi-
cant differences in the effect of time (F (1,14) = 4.600; p = 0.000; N2 = 0.895) with
a large effect size (Figure 6). The result of the test increased significantly in the
intervention group by 30,7% (p = 0.000) and in the control group by 40,1% (p
= 0.001). The trend of a smaller decrease in swimming time in the intervention
group is shown.

Figure 6: Graphic representation of the box with whiskers for the values
of the variable swim time 50-100 m (s)

The results of the 0-100m swimming time test also show statistically sig-
nificant differences in the effect of time (F (1,14) = 4.600; p = 0.000; 12 = 0.830)
with a large effect size (Figure 7). The result increased statistically significant-



ly in the intervention group by 15,5% (p = 0.000) and in the control group by
23.6% (p = 0.007). Trend of a smaller decrease in swimming time in interven-

tion group is shown, and thus the impact of the intervention on swimming
skills.

Figure 7: Graphic representation of the box with whiskers for the values
of the variable swim time o—100 m (s)

Despite statistically insignificant differences, we can mention the result
improvement in intervention group (15.5%, p = 0.124) and control group (2.3%,
p = 0.949) in the breath holding under water test. A trend towards a greater im-
provement in the result in the intervention group is shown.

For other variables (swimming time 0-25 m, 25-50 m, 50-75 m, 75-100 m,
0-50 m, glide length, USD) there is no statistically significant effect of time or
time and group.

Discussion

The analysis of the results showed some changes in variables after the ten-day
intervention. Changes in maximal inspiratory strength were statistically sig-
nificant and the results increased in intervention and control group. Based on
the results, we cannot say with certainty that the increase in inspiratory mus-
cle strength is due to the intervention, although the statistical power is great-
er in the intervention group. Task learning has also an effect, which is reflected
in gradual improvement of inspiratory pressures with repeated measurements
(McConnell, 2011), but this theory can be refuted, since the subjects had the op-
portunity to try a few breaths before the first measures. In addition, we con-
sidered only the best result achieved. We assume that the intervention time
was too short to get larger differences between the group results. The results of
our research are consistent with the findings of the reviewed studies (Voliani-
tis et al., 2001, Romer et al., 2002a, Romer et al., 2002b, Griffiths and McCon-
nell, 2007, Kilding et al., 2010, Janssensl et al., 2014, Okrzymovska et al.,2019),
from which it is possible to determine the trend of greater progress in relation
of time.
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Like the previous variable, result change in maximal inspiratory flow was
statistically significant and increased in intervention and control group. Based
on the obtained results, we cannot claim that the improvement is due to in-
tervention. We can conclude that maximal flow of inhaled air per second in-
creased because of better IM strength, which enable faster and stronger inha-
lation. Romer and McConnell (2003) claim the exact thing, therefore the peak
inspiratory velocity is proportional to inspiratory strength and increases with
training and reduction in fatigue response.

The results of the TTCO, showed statistically significant effect of time
but not time and group. The improvement of the result was shown in the inter-
vention and control group. Although the improvement of carrying the CO, in
the system was greater in intervention group, we cannot certainly say that this
is the result of the intervention. Improving CO, tolerance means less general-
ized anxiety perception, lower cortisol levels and thus better physical and men-
tal performance (Crux fitness, 2020).

In Buteyko control pause test the effect of both time, and time and group
was statistically significant and the results improved in both groups. Although
the improvement in control group was not significant, was greater, therefore
we assume that the intervention had a negative effect on this variable. The in-
tervention included just IM, and it seems that expiratory muscle inactivity af-
fected the worse exhalation control. The “assymetry” in strength and stiffness
could somewhat affect the performance. Even with Buteyko's test there is a
possibility of experience influencing the second measurements. Subconscious-
ly, a person may exhale less air knowing, that he will have to hold his breathe
as long as possible.

As already mentioned, in some articles we found a connection between
inspiratory function improvement and certain swimming skills. We were
mainly interested in maintaining or as little decrease of swimming abilities as
possible.

The analysis showed statistically significant effect of time in the swim
time 50-100m and o-100m test. We observe an increase of time in both groups
in both tests. As the time decreased less in intervention group in both tests, we
observe a trend of smaller decline in swimming skills after intervention, and
conclude that IMT had an impact on maintaining swimming skills.

Considering that S-index and PIF increased in both groups and the swim-
ming result decreased while the effect of time and group was not statistical-
ly significant, we cannot confirm the connection between S-index and swim-
ming time. We assume that the intervention influenced on easier overcoming
of hydrostatic pressure during swimming, since there is no difference between
the groups outside the water. The difference was noticeable only in the water.
We did not find any research studying the effect of IMT without simultaneous



sport-specific training, but Nahtigal (2015) and Kilding et al. (2010) found im-
provement in swimming after additional IMT in the training process.

Additional IMT to swimming, improves the ability to maintain a deep-
er and slower breathing pattern, which improves the efficiency of breath-motor
coordination (McConnell, 2011). Ability to inhale faster and maintain a high
lung volume is improved. This results better body position and stroke mechan-
ics, it is also possible to reduce number of breaths per stroke, all of which is re-
flected in faster swimming.

In the underwater breath holding test we can also notice a trend of im-
provement due to higher result increase in intervention group, but no chang-
es or differences were confirmed in USD test as McConnel (2011) and Pupiso-
va et.al. (2014) detected.

Conclusions

We cannot claim that the improvement of IM strength and PIF is a result of
the intervention, however a positive trend of improvement is shown. We can
confirm that there is a relation between MIP and PIF. A significant improve-
ment was also shown in the TTCO, and Buteyko test, where the contribution
of the intervention also cannot be confirmed, because of the increase of result
in both groups. However, a positive trend towards improvement can be seen. A
significant effect of time was shown in 50-100m and o-100m swimming tests.
Although the result deteriorated in both groups and tests, an important trend
can be observed, namely, in both tests swimming time in the control group in-
creased more than in the intervention group. The result suggests that the inter-
vention may have an impact on the maintenance of swimming ability during
the non-training period.

Based on the reviewed literature and our research, we can conclude that
IMT in the period without swimming-specific training shows a trend of posi-
tive effect on maintaining the swimming result.

We encountered some limitations that should be improved in next sim-
ilar research. We suggest a longer intervention period, as we assume the effect
would be greater. There should be only one gender included or at least evenly
distributed as some studies confirm no differences between gender. There was
a dropout of control group subjects, so we could use only measurements of five
subjects. Larger number of participants should be provided. A third test is sug-
gested after at least twenty days to control the effect of time. In addition, better
monitoring to insure a completely correct implementation would be necessary.

RM exercises offer an additional opportunity to develop the swimmer
himself and swimming result. According to the literature, there is a certain
protocol (intensity, duration, number of repetitions and number of sets) to
achieve the success of such training. This is the way we can make the most pro-
gress in the shortest time possible.
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