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Abstract

The study aimed to examine the effect of individualized (IT) and respiratory muscle training (RMT) on pulmonary

function among collegiate swimmers.

Materials and methods. The study recruited 43 healthy collegiate swimmers aged 18 to 25, and they were freestyle
non-elite swimmers who swam at least three days a week. The participants were divided into three groups of Usual
training (Control Group A), Respiratory muscle training (Experimental Group B) and Combination of respiratory
muscle training and individualized training (Experimental Group C). The repeated measures two-way ANOVA was
used to evaluate the differences within and between (time x group) the groups upon completion of the four-week

intervention.

Results. Both experimental groups (Group B and C) showed significant improvement within the groups. Whereas in
between-group comparison, Group C (RMT and IT) showed tremendous improvement with significant differences
in FVC value, predicted FVC value (percent), FEV1, FEV (percent), and predicted MV'V, with the exception of the

FEV1/EVC predicted ratio percent.

Conclusions. When RMT and IT are used combined, swimmers” performance increases more than when RMT and
usual training are used separately. The findings suggest that training instructors may adapt RMT and IT techniques
to fit the individual demands of swimmers in order to increase progress and performance efficiency, especially among

competitive swimmers.

Keywords: individualized training, respiratory muscle training, pulmonary function, collegiate swimmers, swimming

performance.

Introduction

Freestyle swimming is the common stroke technique
used by participants at various sports levels. Swimming is a
dynamic exercise controlled by multiple stroke techniques,
muscle and lung physiology, as well as related anthropom-
etry (Cohen et al., 2015). Swimming has a variety of effects
on lung functions, such as increased lung capacity and en-
durance over a period of time (Pareek & Modak, 2013).
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Despite this, swimming is a physically challenging sport
that demands the diaphragm and respiratory muscles to
function in order to counteract chest wall expansions and
to tolerate the amount of stress throughout the breathing
cycle caused by immersion in water pressures (Cunha et al
2019, Sable et al 2012). Water pressure in the thorax impairs
respiratory function, resulting in fatigue and an alteration of
the respiratory muscle metaboreflex (Hess & Hostler, 2018).
Respiratory muscle activity is required not just for proper
breathing but also for physical movements. Some research
indicates that professional swimmers are more likely to ex-
perience exercise-induced respiratory symptoms and are
more susceptible to exercise-induced bronchoconstriction
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even in the absence of asthma (Bougault & Boulet, 2012).
Thus, swimmers in need of an excellent respiratory muscle
strength and high aerobic capacity to overcome the chal-
lenges faced under the water (HajGhanbari et al., 2013).

Many studies have been conducted on training for the
respiratory muscles in order to increase swimming perfor-
mance (Lemaitre et al., 2013; Wells et al., 2005; Witt et al.,
2007; Wylegala et al., 2007). One of the exercises that has
been popularized is respiratory muscle training (RMT), a
technique that aims to improve lung functions, reduce the
development of respiratory muscle fatigue metaboreflex oc-
currences through specific exercises (Bagiran et al., 2019;
Espinosa-Mendez et al., 2021; Ren-Jay Shei, 2018; Wilson
etal, 2014). The RMT technique of high-force, low-velocity
contractions improves respiratory muscle strength as well
as pressure generation capacity in the inspiratory and ex-
piratory muscles against a closed glottis (Illi et al., 2012).
Further, the RMT would improve adaptations in muscle fi-
bre structures and improve cross-section muscle strength
and functional adaptations like endurance and inspiratory
flow (Menezes et al., 2016). In addition, the individualized
training (IT) combined with RMT has shown significant
improvement in respiratory functions (Kim et al., 2014; Mu-
thusamy et al., 2021). Evidently, IT enhances sports-related
performances in a various of sporting specialties as the re-
spiratory muscle strength improves significantly under dy-
namic conditions (HajGhanbari et al., 2013; Illi et al., 2012).

Although numerous studies have been published on
the effectiveness of RMT and IT, there is a scarcity of re-
search on the effectiveness of the exercises on swimming
performance in terms of pulmonary function. Thus, the
purpose of this study was to examine the effect of IT and
RMT on pulmonary function among collegiate swimmers.
The study hypothesized that there would be no difference in
the swimmers’ pulmonary functions following IT and RMT
intervention.

Materials and methods

Study participants

An experimental study with forty-three collegiate swim-
mers (Age = 19.53 + 1.12) were recruited in the current
study. All the recruited participants were assessed based on
the predefined criteria by a blinded assessor. The inclusion
criteria were healthy swimmers aged 18 to 25, freestyle non-
elite swimmers, and swims at least three days a week. The
study excluded swimmers with recent infections in lungs,
congenital pulmonary problems, known history of respira-
tory problems like asthma, COPD, etc., recent injuries to the
lower limbs or upper limbs, BMI greater than 24 kg/m? and
those participating in any other research. All swimmers were
explained on the study and informed consent was obtained
prior to the experiment. The current study obtained ethi-
cal approval from Department of Physical Education and
Health Sciences, Alagappa University, India.

Study organization

Selected swimmers were divided randomly into three
group; Group A: Usual training (control group), Group B:
Respiratory muscle training (experimental group) and

Group C: Combination of respiratory muscle training and
individualized training (experimental group). Measurements
of swimming performance were taken before and after the
four weeks of intervention period for the respective groups.
Prior to the intervention, the baseline measurement of the
swimmers such as time taken to complete 100m distance,
max HR, FVC, FEV1, FEV1/FVC, and MVV were obtained.

Participants in Group A (Usual training) had regular
training sessions were given a standard exercise load and a
standard land-based training regimen 0. Cardiovascular ex-
ercises such as jogging, cycling (both static and non-static),
and light resistance training with an emphasis on freestyle
swimming’s major muscles were emphasized in the train-
ing session. Group B (RMT) received respiratory muscle
training throughout the training session prior to warm-up
and cool-down, followed by their normal routine activi-
ties (Cunha et al., 2019, Lemaitre et al., 2013). The RMT
intensity ranged from a low level to a moderate level (Based
on the medium resistance power breathe trainer) (Cunha
et al,, 2019). Group C’s (RMT + IT) training intensity was
prescribed based on each participant’s resting heart rate,
maximum heart rate (220-Age) and Borg’s scale of 10 points
(Grant, 2017; Sadowski et al., 2012). In the first week of train-
ing, exercise intensity was set at 75% and progressively in-
creased depending on the swimmer’s capacity, with RMT
incorporated into the training sessions. Participants in all
three groups were assigned to five-day weekly practice ses-
sions with sufficient rest in between. An expert swimming
coach kept track of the training sessions and progression,
while an expert cardiorespiratory physiotherapist advised
the RMT training and levels. The study procedure has been
explained in Figure 1.

The Garmin Forerunner 935 watch was used to measure
the swimmers’ distance and monitor their heart rates. The data
was recorded using the Garmin app on the smart phone. The
Garmin watch was strapped to the chest with a sensor that con-
nected to the watch, and it was worn throughout the 100-meter
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Fig. 1. Study flow chart.

Note. Forced Vital Capacity (FVC), Forced Expiratory Volume
In 1 S (FEV1), Forced Expiratory Volume In 1s (FEV1), and
Maximum Voluntary Ventilation (MVV)
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swim to accurately measure the heart rate. Precautions were
taken to ensure that the participant’s breathing was not restrict-
ed or that any discomfort was avoided during the swim.

The respiratory muscles were trained with a medium-
resistance trainer, Power breathe® device (Gaiam Ltd; South-
am, Warwickshire, UK) (Nepomuceno Junior et al., 2016).
Before using the power breathe, all participants were given
clear instructions and a practical demonstration. The resis-
tance settings on this trainer range from level 0 to level 9
(Amaro et al., 2017). The resistance can be increased or de-
creased using an adjustable knob at the bottom of the device.
The higher the level, the greater the resistance. Levels 2 to 8
were prescribed for different groups with different exercise
sessions in the current study.

The UBREATH?® Pro Spirometer System PF680 (e-Link-
Care Meditech Co., Ltd, Manchester, United Kingdom) was
used to measure pulmonary function among the swimmers.
The data of three expiratory maneuvers with 1-min intervals
were measured and collected using the best values obtained
for forced vital capacity (FVC) [L], forced expiratory volume
in 1 s (FEV1) [L], forced expiratory volume in 1s (FEV1)/
FVC [L], and maximum voluntary ventilation (MVV) [L].

Statistical analysis

IBM SPSS version 24.0 software (IBM Corp., Armonk,
NY, USA) was used for statistical analysis. Continuous de-
scriptive data was represented by mean and standard devia-
tion, while categorical descriptive data was represented by
frequency and percentages. A repeated measure two-way
ANOVA (group x time) was conducted to examine the ef-
fects and interaction of within and between control group
(Group A), respiratory muscle training (Group B) and respi-
ratory muscle training combined with individualized train-
ing (Group C) during the four weeks of intervention. For
repeated measure tests, the Shapiro-Wilk test revealed that
normality was not violated, and Mauchly’s test revealed that
the assumptions of sphericity were not violated. The a level
was set at 0.05.

Results

Forty-three collegiate swimmers were recruited in the
current. The baseline demographic characteristic of the sub-
jects was shown accordingly in Table 1.

The differences of usual training were evaluated pre and
post 4 weeks intervention among fourteen swimmers. The
predicted FVC value (%), FEV1, FEV (%) showed a signifi-
cant improvement (p < 0.05) following 4 weeks training as
shown in Table 2.

The differences of respiratory muscle training were evalu-
ated pre and post 4 weeks intervention among fourteen swim-
mers. The FVC value, predicted FVC value (%), FEV1, FEV
(%) and predicted MVV showed a significant improvement
(p < 0.05) following 4 weeks training as shown in Table 3.

The differences of respiratory muscle and individualized
training were evaluated pre and post 4 weeks intervention
among fourteen swimmers. The FVC value, predicted FVC
value (%), FEV1, FEV (%) and predicted MVV showed a
significant improvement (p < 0.05) following 4 weeks train-
ing as shown in Table 4.

A repeated measure two-way ANOVA (group x time)
was conducted to examine the effects and interaction of
control group, respiratory muscle training and respiratory
muscle training combined with individualized training. The
Shapiro-Wilk test indicated that normality was not violated
and Mauchly’s test showed that the assumptions of sphericity
was not violated for repeated measure tests.

In the FVC [L] value, no significant differences between
groups F,,6 = 1.307, p = 0.288, small effect size. There is a
significant difference in improvement of four weeks of in-
tervention of the training, F 3 = 179.09, p = 0.000, large

Table 1. Baseline characteristics of the participants

. Group A Group B _
Variables (n=14) (n=14) Group C (n=15)

Gender (n/%)
Male 8 (57.14) 7 (50.0) 7 (46.67)
Female 6 (42.86) 7 (50.0) 8 (53.33)
Age 19.50 £ 1.092 19.50 + 1.225 19.60 £ 1.121
Time  taken for 5 ), (40 3544035  3.66+030
100m distance
Max HR 166.93 +9.19 165.29 + 14.24 161.00 + 12.49
BMI 1490 +4.00 13.56 +3.03 22.18 £1.49

All the data presented in mean + standard deviation except
gender presented in frequencies (percentage), HR - Heart
rate

Table 2. Comparison before and after four weeks of usual training protocol (Group A)

. Pre-training Post-training Mean 95% CI for the Mean
Vel (Mean + SD) (Mean + SD) differences (Lower to Upper) LG Pl
FVC 4.22 +0.27 4.25 +0.26 0.002 -0.045 to 0.000 2.132 (13) 0.053
FVC Predicted (%) 82.40 £1.95 82.85 +2.27 0.045 -0.889 to -0.001 2.168 (13) 0.049
FEV1 (L) 345 £0.23 3.47 £0.23 0.022 -0.004 to -0.008 3.429 (13) 0.004
FEV1 (%) 84.09 +3.00 84.64 +2.95 0.561 -0.903 to -0.218 3.537 (13) 0.004
FEV1/FVC Ratio
+ + -

Predicted (%) 81.82 +3.24 81.93 +3.05 0.106 0.586 to 0.375 0.475 (13) 0.643
MVYV Predicted (%) 80.14 £2.03 81.14 +2.69 1.000 -2.109 t0 0.109 1.947 (13) 0.073

Forced Vital Capacity (FVC), Forced Expiratory Volume In 1 S (FEV1), Forced Expiratory Volume In 1s (FEV1), and Maximum

Voluntary Ventilation (MVV)
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Table 3. Comparison before and after four weeks of respiratory muscle training group (Group B)

Pre-training Post-training Mean 95% CI for the Mean t (df) P value
Variables (Mean * SD) (Mean + SD) differences (Lower to Upper)

FVC 423+0.24 4.44 + 0.28 0.211 -0.026 to -0.166 10.034 (13) 0.000
FVC Predicted (%) 82.72 £2.27 86.82 +£2.51 4.103 -4.920 to -3.286 10.854 (13) 0.000
FEV1 (L) 3.36 £0.16 3.90 £0.22 0.543 -0.227 to -0.132 8.112 (13) 0.000
FEV1 (%) 86.14 + 1.38 90.75 + 2.20 4.611 -5.857 to -3.365 7.995 (13) 0.000
FEVI/EVC Ratio 79.49 £ 2.67 79.820 + 3.74 0.325 -1.507 to 0.856 0.595(13)  0.562
Predicted (%)

MVV Predicted (%) 80.00 £+ 1.96 93.43 £ 5.32 13.429 -16.245 to -10.612 10.299 (13) 0.000

Forced Vital Capacity (FVC), Forced Expiratory Volume In 1 S (FEV1), Forced Expiratory Volume In 1s (FEV1), and Maximum

Voluntary Ventilation (MVV)

Table 4. Comparison before and after four weeks of respiratory muscle training group (Group B)

. Pre-training Post-training Mean 95% CI for the Mean

Ve (Mean + SD) (Mean * SD) differences (Lower to Upper) ety PUEliic
FVC 4.22 +£0.256 4.25+0.252 0.024 -0.045 to -0.003 2.437 (14) 0.029
FVC Predicted (%) 82.42 +1.88 82.90 +2.19 0.481 -0.898 to -0.064 2.472 (14) 0.027
FEV1 (L) 344 +0.23 347 +£0.22 0.024 -0.038 to -0.010 3.804 (14) 0.002
FEV1 (%) 83.80 +3.11 84.39 + 3.01 0.587 0.910 to -0.266 3.917 (14) 0.002
FEV1/FVC Ratio
Predicted (%) 81.59 +3.26 81.69 + 3.09 0.099 -0.544 to 0.344 0.483 (14) 0.637
MVV Predicted (%) 82.27+£2.99 101.20 + 3.91 18.933 -20.588 to -17.279 24.547 (14) 0.000

Forced Vital Capacity (FVC), Forced Expiratory Volume In 1 S (FEV1), Forced Expiratory Volume In 1s (FEV1), and Maximum

Voluntary Ventilation (MVV)

effect size. Besides, the interaction of the group x time also
showed significant differences with F, ;) = 45.163, p = 0.000,
large effect size.

The FVC [L] predicted (%) showed significant changes
between groups, F,,5)=3.871, p <0.05,large effect size; within
the groups over the four weeks intervention, F, ;5 = 216.55,
p = 0.000, large effect size; and a significant difference in the
interaction between group x time, F(,, = 47.97, p = 0.000,
large effect size.

The FEV1 (L) showed significant changes between
groups, F, 5, = 14.093, p =0.000, large effect size. Significant
differences were also seen within the groups over the four
weeks intervention, F, ;) = 383.48, p = 0.000, large effect
size; and a significant difference in the interaction between
group x time, F, 5 = 171.34, p = 0.000, large effect size.

Whereas in the FEV1 [L] (%), all the interaction showed
a significant difference between the groups, F,,, = 2303.72,
p =0.000, large effect size, within the groups, F, ;3 = 6871.93,
p =0.000, large effect size and between group x time,
Fp26 = 6685.49, p = 0.000, large effect size.

The FEV1/FVC [L] ratio showed significant differ-
ence between the groups, F(,,, = 5.114, p < 0.05, large ef-
fect size were seen. The improvement over four weeks also
showed a significant difference with F, ;3 = 23.329, p < 0.05,
large effect size and the interaction between group x time,
Fi26 = 16.616, p <0.05, large effect size.

The final variables, MVV [L] Predicted (%) also showed
a significant difference in the analysis. There was a significant

difference between the groups, F, ,¢) = 74.618, p =0.000, large
effect size. Significant differences were also reported within
the group over the four weeks of intervention, F, 3 = 360.85,
p = 0.000, large effect size and the interaction between group
x time, F(, 5 = 103.99, p = 0.000, large effect size.

Discussion

The purpose of the study was to examine the effect of
individualized training and respiratory muscle training on
pulmonary function among forty-three healthy collegiate
swimmers.

The comparison within the group in RMT and RMT +
IT demonstrated a significant improvement over the four
weeks intervention in the FVC value, predicted FVC value
(%), FEV1, FEV (%) and predicted MVV except the FEV1/
FVC predicted ratio % in the current study. The current
study’s findings are consistent with previous studies that
found RMT to have a positive impact on swimmers’ perfor-
mance (Vasickova et al., 2017; Kilding et al., 2010; Wylegala
et al., 2007). Under normocapnic hyperpnoea conditions,
(RMT) is proven to improve respiratory muscle strength
and enhance pulmonary function (Szczepan et al., 2020).
Researchers found that RMT has a number of positive physi-
ological adaptations, including diaphragm hypertrophy and
increased nitric oxide concentration in airways, as well as a
change in muscle fibre contraction efficiency, advancement
in nervous control and economy of respiratory muscle work
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and reduced dyspnoea, as well as enhanced pulmonary func-
tion that led to decreased ratings of perceived breathless-
ness or exertion (Szczepan et al., 2020; Held and Pendergast,
2014; Ren-Jay Shei, 2018; Wylegala et al., 2007).

Despite the improvement within the RMT groups, the
analysis between the groups (group x time), RMT + IT
showed significant differences in comparison to RMT and
usual training over the four weeks of intervention. Our re-
sults were supported by previous research that stated that
athletes frequently train excessively hard during recovery
sessions, impairing their ability to achieve the desired inten-
sity during more challenging training sessions (Wallace et
al., 2008). By adopting an individualized training approach,
coaches perhaps would be able to measure the intensity of
each training session using the RPE approach, enabling in-
creased intensity during high-intensity training and better
recovery periods (Wallace et al., 2008). Furthermore, a com-
parable study on collegiate swimmers found a considerable
improvement with RMT and IT combination approach on
perceived effort, VO2 max, and a sharp increase in the swim-
mers’ performance (Muthusamy et al., 2021).

To our knowledge, there has been no study on the use of
RMT in combination with IT in swimming, despite the fact
that it has been widely employed in other sports. The current
study shown that by combining the RMT and IT methods, the
pulmonary functions (FVC, FEV1, FEV1/FVC, and MVV) of
swimmers may be significantly improved. The current study
has some limitations, including a focus on solely recreational
collegiate swimmers, an emphasis only on pulmonary func-
tions rather than swimming performances or general fitness,
and a short duration of intervention (four weeks). Future
research should be undertaken over a longer period of time
to assess the long-term effects of RMT and IT on swimming
performance and among competitive swimmers.

Conclusions

The current study’s findings demonstrate that when
RMT and IT are combined, the swimmers” performance im-
proves more than when RMT and usual training are used
alone. The findings imply that training instructors can adjust
RMT and IT approaches to their training to meet the specific
demands of swimmers in order to improve development and
performance even among the athletic swimmers.
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BB IHAUBIAYANI3OBAHUX TPEHYBAHb | TPEHYBAHDb AUXAJIbHUX
M’A3IB HA OYHKLIIO NEFTEHb Y MNABLIB-CTYAEHTIB KOJIEAXKY

ilABCD
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Amb6ycam Cy6pamaniam®®“?, Apyn bamacy6pamuasam®®cP

'VuiBepcuter Anaramnma
*YuiBepcutet imMeHi Tynky A6pgyn Paxmana
*ep>xaBHa nikapus otus Ilepispa, Epone

Pedepar. Crartsi: 7 c., 4 Tab1., 1 puc., 28 mxeper.

Mertoro gocnigKeHHsa 0yn0 BUBYEHHSA BIUIMBY iHAuBigyanisoBanux tpenyBanb (IT) i rpenyBanp auxanpaux M g3is (TIM
y y Yy y

Ha QYHKIIiIO JIeTeHD Y IIaBIIiB-CTYAEHTIB KOTEKY.

Marepianu Ta Metomu. [/ y4acTi B JOCTimKeHH] 0y1o Bifibpano 43 ¢isnyHO 3[0pOBKX IUIABIi-CTYAEHTI KOMEIXKY BIKOM
Bifi 18 mo 25 pokiB, sAKki 6ynmu HempodeciiiHMMY MIABLAMYU BiMbHUM CTWIEM i 3aiiMasiCA IIaBaHHAM NPUHAVIMHI TPM [HI Ha
TIDK/JeHb. YYaCHMKIB POSIONIININA Ha TPU Ipymu: «3Buyarini TpenysanHs» (KoHTponbHa rpyma A), «TpeHyBaHHS [UXalbHUX
M’s3iB» (EkcriepuMeHnTabHa rpyna B) Ta «KombiHalis TpeHyBaHb AMXaNTbHUX M A3iB Ta iHAMBifyamisoBaHNX TpeHyBaHb» (Ekc-
nepumMenTanbHa rpyma C). Iy oLiHky BifMiHHOCTeI! Y TpyIax i Mk rpymnamu (dac X rpyIa) mic/is 3aBeplieHHs YOTUPUTIDKHEBOI
iHTepBeHIIil BUKOPUCTOBYBaIN BO(AKTOPHUI JUCHEPCIITHUIT aHa/Ti3 TOBTOPHUX BUMipIOBAHb.
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Pesynbratu. O6upBi exciepuMenTanpHi rpymu (rpynu B Ta C) mokasanu cTaTUCTIYHO 3HAUYILIE HOKPAIleHHs TOKa3HUKIB
y unx rpynax. Topi sk y mbkrpynosomy nopisasanHi rpyna C (TIIM ra IT) nokasana BemndesHe MOKpalljeHHs TOKa3HUKIB 3i cTa-
TUCTUYHO 3HAYYIIVMIY PiSHULAMU 3HaueHHsI popcoBaHOl >KUTTEBOI eMHOCTI erenb PIKEJ], mporaozosaHoro 3HadeHHss PIKET]
(BimcoToK), 3HaUeHH: 00’eMy (opcoBaHOro Buauxy 3a nepury cekynny O®BI, snadenus OPB (BifcoTok) i mporHo3oBaHOro
3HAYEHHS MAaKCHMAJIbHOI 10BinbHOI BeHTW ALl MJIB, 32 BUHATKOM IPOrHO30BAHOTO 3HAYEHHSA BiJCOTKOBOTO CHiBBi/JHOIIEHHSA
OOB1/DKEL

BucnoBkn. Y pasi kom6iHoBaHOro Bukopucrants TIM ra IT nmokasHuku miaBLiB HigBUITYIOTbCA 6inpiIe, HiX y pasi
oxpemoro Bukopyuctanaa TJIM Ta 3Bu4aiiHux TpeHyBaHb. Ofjep>KaHi pe3y/lIbTaTy 03HA4A0Th, 110 TPEHepU MOXKYTb afJallTyBaTH
mertopu TIIM rta IT BifmoBifHO [0 iHAMBIfyaIbHMX BUMOT IUIABIIiB i3 METOIO TOKPAIleHHA IIOKa3HUKIB MPOodeciiiHOro po3BUTKY
Ta IPOJYKTUBHOCTI, 0co6mMBO cepefi CIOPTCMEHiB-TIaBIIiB.

KrouoBsi cnoBa: iHuBifyanisoBani TpeHyBaHHA, TPEHYBaHHA JMXaNTbHUX M A3iB, QYHKIIiA JIereHb, IIaBIi-CTYIEHTH KOJIe-
JKY, TIOKa3HMKN B IJITABAHHI.
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