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ABSTRACT

The acute effects of aerobic and anaerobic exescise respiratory muscle strength were examined4mdae
subjects using the maximal inspiratory pressureRMheasurement in four different trials. The tdalvas initial
level of MIP and did not involve acute exercisee Tinal 2 (aerobic exercise), trial 3 (anaerobicezgise for lower
extremities), and trial 4 (anaerobic exercise fopper extremities)involved acute exercises beforeP? Ml
measurement. Repeated measures one way analysiariahce test and Bonferroni correction were used f
statistical analysis. Significant decreases in k& were found between the trial 1 and the oth&lsr(p<0.05).
Percent change of the trial 2, trial 3, and trialkre by-9.17%, -15.18% and -22.87% respectivetyn the trial 1.
Percent change of the trial 2, trial 3, and trialo# the eight subjects who had higher MIP valueen®y -6.00% , -
7.40%, and -12.87 respectively, from trial 1. Pericehange of the trial 2, trial 3, and trial 4 ohather selected six
subjects who had lesser MIP value were by -11.30%,/4%, and -26.10% respectively, from trial 1.3deesults
show that the aerobic and anaerobic acute exeraisgmtively affect respiratory muscle strength. édtheless, it
could be said that stronger respiratory musclessshesser decrement in muscle strength.
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INTRODUCTION

During sportive activity, @amount has to increase whepd@mand of tissues increase. The respiratory systam
to efficiently work for the requirement of tissug[From this perspective, working of the respirgtsystem is
mechanically depending on capacity of the respiyatauscles [2].

Besides, respiratory muscles are vital and affeetrase tolerance [3]. Respiratory work increasesng high
intensity exercise. This situation creates respiyamuscle fatigue. The respiratory muscle fatigaases failure to
sending adequate,@o tissue. When the respiratory muscle exhaustdete loses amount of energy capacity by
15% [4-7]. Also, when considering on the respinatmuscles use by 16% amount of iGtake during high intensity
exercise, significance of the respiratory musclemngth can be explained [8].

Previous studies about of the respiratory musalength were carried out with gender aspects [9+1dijth
maximal exhaustive exercises [12-14], but not edrout the aerobic and anaerobic exercise typesouid be
hypothesized that acute exercises may negativédgtathe respiratory muscle strength, and that raiée acute
exercise for upper extremity may be has higherceffa the respiratory muscle strength. The prestity aimed to
investigate the acute effects of the aerobic are@bic exercises on the respiratory muscle sthengell-trained
men.
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MATERIALS AND METHODS

Experimental Design:

This study was designed as a randomized crosstwey.sThe subjects visited the laboratory five ttimBuring
their first visit, they were familiarized with thmaximal inspiratory pressure (MIP) test and acutra@ses. During
the second visit (trial 1), a MIP test was perfodnv@thout acute exercise, and was considered #alitevel of
MIP. During the third, fourth and fifth visits, treubjects randomly performed acute exercises abiaeftrial 2),
anaerobic for lower extremities (trial 3), and andéc for upper extremities (trial 4). MIP test wimsmediately
performed again after the exercise trials. Thdstrigere applied at the same time each day (betW8ed0D and
16:00 h). Exercise and high-intensity physicahdigtiwere not allowed before the trials.

Subjects:

A total of 24 well-trained athletes voluntarily fiaipated in this study (Table 1). The subjectsenercluded if they
had a competitive volleyball history of at least yigars, were currently volleyball training at leéise times per
week for a minimum of 2 hours per day. The subjeaee informed about of the MIP measure and acxeeceses2
days before the study. Ethical approval was obthifrem Gaziantep Clinical Research Ethical Comreitte
Informed consent was obtained from all individualticipants included in the study.

Table 1. Descriptive information of subjects (N = 2)

Means + SD
Age (years) 25.58 +3.80
Height (cm) 193.92 £ 6.57
Weight (kg) 89.08 +10.5
BMI (kg/m?) 23.61 +1.60
MIP (cmH,0) 151.75 + 13.49
VO2peak (mMl/kg/dk) 42.66 +9.2
Peak power (W/kg)* 11.69+1.23
Average power (W/kg)* 7.89+0.41
Peak power (W/kg't 951+1.9
Average power (W/kg)t 4.50 +0.47

*for lower extremities, Tfor upper extremities
BMI: Body mass index, MIP: Maximal inspiratory psese, VQeeax: Peak oxygen uptake

Procedures:

Maximal Inspiratory Pressure (MIP) Measurement

MIP was measured with the respiratory pressure m@técro RPM, CareFusion Micro Medical, Kent, UK),
according to the 2002 guidelines of the Americaror@bic Society and European Respiratory Society. [15
Measurement started from the residual volume. Tde nvas occluded throughout the effort. In ordestitain the
best value, all subjects performed three to fitemapts for not more than a 5% difference betweenattempts. An
average of three acceptable attempts was useé aslhvalue [16].

Aerobic Exercise (trial 2)

Aerobic exercise was carried out with ergoline ey(bana Bike 450F, Ergosana GMBH, Bitz, Germany) an
ergospirometre (Ergol00 PFT System, Medical EleatroConstruction R&D, Brussel, Belgium). Subjects
performed warm-up at least 5-10 minutes beforecdéser Exercise load was started at 50 W and ineckhy 25
W/min. The subjects cycled at 60 rpm during therengxercise time. When the subjects felt exhansttbe
exercise was stopped [17].

Anaerobic Exercise for Lower Extremities (trial 3)

Anaerobic exercise for lower extremities was agpligth cycle ergometer (894E Peak Bike, Monark Eiser AB,
Vansbro, Sweden) and Wingate test procedure. Befpeecise, cycle seat and handle bar was adjustedaich
subject. Resistance load was set at 7.50% of sisbjsady weight. The subjects performed warm-uprapipnately
5-10 minutes. When subject felt warming up, se&bedy/cle and pressed to cycle button for drop 7.5084d. After
than subject pedaled as fast as possible whiledegat 30 seconds. During 30 seconds exercise tioperator
provided verbal encouragement to maximal effodudfject [18].

Anaerobic Exercise for Upper Extremities (trial 4)
Anaerobic exercise for upper limb was performechveitm ergometer (891E Cardio Rehab, Monark ExesBe
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Vansbro, Sweden) and Wingate test procedure. Bedpeecise, resistance load was set at 5% of subjboty
weight. Subject performed warm-up approximatelyO5iinutes. After warm-up, subject seated and statbe
crank. When subject prepared, operator pressedittorband after than subject arm cranked as haddfast as
possible while seated for 30 seconds. During 30rs#s exercise time, operator provided verbal eregement to
maximal effort of subject [18].

Statistical Analyses:

SPSS version 22.0 (SPSS Inc., Chicago, IL) progras used for statistical analyses. The data wareesged as
the mean, standard deviation, and percentage oh migirence. The Shapiro-Wilk test was used faeasing
normality. Repeated measures one-way analysisranee test and Bonferroni correction were usedafalyzing

the differences in the PFT measurements amongite tSignificance was defined as®.05.

RESULTS

Table 2. Differences in MIP between trials.

Means + SD

N . i
(cmH,0) F p Significant difference between trials

Trial1 151.75+13.4

Trial 2 139.00 + 15.69 1-2,1-3,1-4

Trial3 131.75+18.12 49529 0001 2.3,2-4

Trial4  123.50 +19.7 3-4

*1:Trial 1 2: Trial 2 3: Trial 3 4: Trial 4

Comparison of trials in the MIP has presented T&bMIP was observed 151.75 + 13.49 ¢s@Hn the trial 1,
139.00 £+ 15.69 cmp® in the trial 2, 131.75 + 18.12 cra@® in the trial 3, and 123.50 + 19.74 ca®in the trial 4.
There were statistically significance between tiid L and other trials, between the trial 2 anel tifial 3, trial 4,
and between the trial 3 and the trial 4 (p < 0.UBhen the trial 1 assume as base level of the [R;ent change of

the trial 2 was by -9.17% from the base, the Bialas by -15.18% from the base, and the trial 4 byas22.87%
from the base (Figure 1).
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Figure 1. Percent change (%) in maximal inspiratorypressure (MIP) between trials.

Percent change in the MIP parameter between f@ls of important sixteen subjects has shown inufe@. Eight
of them were picked up in the highest MIP valuethattrial 1, and presented the dotted line. O&subjects were
selected in the least MIP values at the trial 1 simowed the straight line. This selection wasegrefl for separate
subjects to two groups according to their respisatouscle strength. It means that if a subjecthigker MIP value
than another, the subject has more respiratory leusteength than another. According to this decositimm,
subjects who had more respiratory muscle strengtle hespectively decrement of by -6.00% in tridhy2;7.40% in
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trial 3 and by -12.87% in trial 4 while other sutige who had less respiratory muscle strength haspectively
reduction of by -11.30% in trial 2, by -17.74% iat 3 and by -26.10% in trial 4.
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Figure 2. Percent change in maximal inspiratory presure (MIP) between trials of 8 subjects who had thhighest values in the trial 1
(dotted line) and 8 subjects who had the least vads in the trial 1 (straight line).

DISCUSSION

Significant decrements were observed in the MIRvbenh initial level and acute exercise trials in pinesent study
(p < 0.05). All exercise types caused acute deergashe MIP from the initial level. It is simildo the previous
studies [9-14]. These results are more understdadaligure 1. Initial level of MIP was trial 1 diit was accepted
base. After aerobic exercise, decline by -9.17% welaserved in the MIP. The aerobic exercise hadlemeifect

than the anaerobic exercises. The trial 3, which areerobic exercise trial for lower extremity, maedium effect
on the MIP, because of trial 3 affected by -15.18%he MIP. After the trial 4 that was anaerobiemise trial for

upper extremity, decrement was observed by -22.Bv#e MIP. It should be noted that the highestlidecwas

observed in the trial 4. On the other hand thelderexercise caused the least decrease from tie.ini

It is considered that reason of smaller effect exfohic exercise on the respiratory muscles is abbwtarm-up
effect. The subjects performed general warm-up reeé@robic exercise. Also, the aerobic exercisequore was
starting from mild to heavy intensity. It is bele that these reasons created warm-up effect ometipératory
muscles. Warming-up provides increment in bloodvfland higher temperature. Thus, the neural actithigt

affects ability to contracting of muscle may ineaand produced power is efficiently used[19-Edfthermore, a
previous study reported that the warm-up can rem@fkex inhibition of the respiratory muscles, anthy

positively affect inter-intra muscular coordinatjag].

It is believed that the effects of the anaerobiereises, especially for upper extremities, werecmlisome reasons.
One of them is the anaerobic exercises had withauwm-up effect on the respiratory muscles. It i®wn that
every 1°C decrease in the muscle temperature nuceeanaerobic power by 5% [23]. Higher temperatnag
have positive effects on the metabolic reactiorgresibility of connective tissue, muscle viscosityd velocity of
action potentials [24]. In this study, subjectsfpened the general warm-up before the anaerobicceses with
Wingate procedure. The Wingate procedure, by cehtnath the aerobic exercise, is very high intgnsind
suddenly give the intensity. In this situation, thmically contracted respiratory muscles [25] cimtie trunk
muscles as unrhythmically for the peak performafid¢es new task could stress on the respiratory teasdhe
respiratory muscles are specialized for win ovestit load, while other skeletal muscles are sfizetto mobility
[26]. The effect of the anaerobic exercises orréispiratory muscles may occur from this reason.
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Present studies showed that the upper body trurdclesi are responsible for supporting to rising dedeeof the
breathing [27-29].Besides, a recent research regdhat the respiratory muscle fatigue can indatigde in the
trunk muscles [30]. When viewed from this perspastit could be believed that the reason of thgdiglecrement
of the respiratory muscle strength in the anaerek@rcise for upper extremity was sudden and exrtatigue in
trunk muscles.

A previous study presented that the aerobic, ab#efactic and anaerobic a lactic energy metabdisantribute
exercise during Wingate procedure by 18.6%, 3148d,50.3% respectively [31].Anaerobic exercise Wiimgate
procedure uses large amount of anaerobic energghmiegm, and causes occurring severe fatigue. égiratory
muscles have resistance to fatigue but have tlistanese for oxidative capacity [32] not for the erabic glycolytic
capacity. This may be another reason of the raspyranuscle strength decrement after anaerobicees.

Strong and resistant respiratory muscles can isereaxercise capacity, because of delaying fatigu¢he
respiratory muscles and adequate amount of blostilwlition on respiratory muscles. Thus, respisafanctions
carry out easier [7,33-35].In the present studg, shbjects who had the highest values of the MtRvel lesser
decrease in the respiratory muscle strength in@lte exercise trials than subjects who had th&t ledues of the
MIP. According to this result, subjects who hadster respiratory muscles could fall down in resjoiry muscle
fatigue more delayed.

CONCLUSION

In conclusion, it could be said that aerobic andesobic acute exercises negatively affect respiratouscle
strength. But the aerobic exercise has lessertdfian the anaerobic exercises. On the other hibad,athlete has
stronger respiratory muscle strength, decreasegginatory muscle strength of athlete can be masbelr. At this
point, athletes should practice exercises intenfdeddeveloping their respiratory muscle strengthoider to
delaying respiratory muscle fatigue.
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