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Abstract

The aim of the study was to determine the relationship between diaphragmatic muscle thickness, respiratory
function parameters and respiratory muscle strength in elite athlete groups. Cross-sectional method was used as
research design. 58 male students (age=20,14+2,71) studying at Yasar Dogu Faculty of Sport Sciences participated
in the study voluntarily. When analysed statistically; a positive significant difference was obtained between DiTeks
and MEP. A higher positive significant difference was observed between DiTins and both MIP and MEP. In
conclusion, this study showed that ultrasound imaging of the diaphragm is an important method to visualise many
measurements and to obtain accurate results and that there is a relationship between diaphragmatic thickness and
respiratory muscle strength and function parameters.
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Sporcularda diyafragma kas kalinliginin, solunum fonksiyonlart ve solunum kas kuvveti
arasindaki iliski

Oz

Arastirmada elit sporcu gruplarinda diyafragma kas kalmliginin, solunum fonksiyon parametreleri ve solunum
kas kuvveti arasindaki iliskinin belirlenmesi amaglandi. Aragtirma dizayni olarak kesitsel yéntem kullanild:.
Aragtirmaya randomize yontemle belirlenen Yasar Dogu Spor Bilimleri Fakiiltesinde ogrenim goren 58 erkek
(vas= 20,14+2,71) ogrenci goniillii olarak katildi. Istatistiksel olarak incelendiginde; DiTes ile MEP arasinda
porzitif yonde anlamli farklilik elde edildi. DiTins ile hem MIP hem MEP arasinda daha yiiksek diizeyde pozitif
yonde anlamly farklilik goriildii. Sonug¢ olarak; bu ¢alisma ile diyafragmanin ultrason ile goriintiilenmesi bir¢ok

6l¢iimii goriintiileyebilmek ve dogru sonuclar elde edebilmek adina onemli bir yontem oldugu ve diyafragma
kalinligy ile solunum kas kuvveti ve fonksiyon parametreleri arasinda iligki oldugu gériildii.

Anahtar Kelimeler: Sporcular, diyafram, solunum, diyafram kalinlig
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INTRODUCTION

Diaphragmatic muscle thickness and mobility can be visualized by ultrasound. With its
advantages such as no radiation, portability and real-time imaging, ultrasound is increasingly
used to evaluate diaphragmatic function in many situations (Ueki et al., 1995; Cohn et al., 1997;
Kantarci et al., 2004; Testa et al., 2011; Boon et al., 2013; Cardenas et al., 2018; Erail et al.,
2022; Ho et al., 2022). Ultrasound imaging of the diaphragm eliminates many limitations of
previously used standard imaging techniques (Matamis et al., 2013; Sarwal et al., 2013).
Diaphragmatic ultrasonography is a non-invasive method that provides a very easy evaluation
of diaphragmatic thickness and it is also low in cost (Dhungana et al., 2017). Diaphragm
thickness can be measured by using B-mode with a linear probe, and diaphragmatic movement
and thickness can be measured by using M-mode with a convex probe through ultrasonography
(Beck etal., 2006; Boon et al., 2014; Oguri et al., 2022). While diaphragmatic imaging is mostly
used in clinical cases (De Bruin et al., 1997; Jung et al., 2014; Kim et al., 2017), it has also
recently been used in healthy individuals and athletes (Erail et al., 2017; Cardenas et al., 2018;

Ho et al., 2022) to evaluate various diaphragmatic functions.

The diaphragm is considered the primary inspiratory muscle and also plays a vital role
in breathing by providing 2/3 of the ventilation. Diaphragm muscle is involved in a very
important part of the processes which are required during normal ventilation; other accessory
respiratory muscles become active only when ventilation rate and depth increase (Polla et al.,
2004). While diaphragmatic ultrasound can provide an accurate real-time imaging of
diaphragmatic muscle structure and function, the relationship between diaphragm parameters
and respiratory muscle strength and respiratory function parameters is not clearly known in
athletes. Diaphragm thickness and extension are known to be associated with some respiratory
parameters (forced expiratory volume in 1 second (FEV3), forced vital capacity (FVC),
maximum inspiratory pressure (MIP), and maximum expiratory pressure (MEP)) in healthy
adults (Cardenas et al., 2018; Spiesshoefer et al., 2020).

When current studies in the literature are examined, although a large number of studies
have been conducted on the respiratory system and respiratory muscles, which are one of the
most important factors for the performance of athletes (Karvonen, 1992; Sheel, 2002; Amonette
et al.,, 2002; Forbes et al., 2011; Vasconcelos et al., 2017) and although there are studies
examining various parameters on the diaphragm muscle thickness, which is the main muscle of
this system (Ueki et al., 1995; De Bruin et al., 1997; Enright et al., 2006; Orrey, 2013; Kim et
al., 2017), no studies have been found on the relationship between diaphragmatic muscle
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thickness and various respiratory parameters in athletes. Therefore, in order to evaluate the
relationship between diaphragmatic parameters and respiratory parameters in different
populations, there is a need to determine how thickness, expansion and some specific
parameters are related to respiratory functions parameters. Thus, the aim of this study is to
determine the relationship between diaphragmatic muscle thickness, spirometer parameters and

respiratory muscle strength in elite athlete groups.

METHOD

Study scope and subjects

Cross-sectional method was used as the research design. 58 male (age= 20.144+2.71)
students studying at Yasar Dogu Faculty of Sports Sciences, who were determined by
randomized method, participated in the study voluntarily. The number of subjects was
determined by using G*Power analysis. The study was carried out in accordance with the
Declaration of Helsinki. Ethical approval was obtained from Ondokuz Mayis University

Clinical Research Ethics Committee (OMU KAEK 2022/434).

Test procedure

Evaluations started at 12:00 every day. The volunteers were asked to maintain their
normal dietary intake on days of evaluation. The volunteers made three visits to the laboratory
in total. In their first visit, information was given about the protocols of the tests and the athletes
were divided into two different groups. At the second visit, height, weight, body mass index
and MIP, MEP and lung volume and capacity values were measured. At the third visit,

diaphragmatic thickness measurements were made in the expiratory and inspiratory phases.

Respiratory function tests

Pulmonary function tests were performed by using MGC Diagnostics Brand CPFS/D
USB TM Spirometer. The subjects were informed about the practice. All measurements were
performed in the sitting position according to ATS/ERS standards. FVC (forced vital capacity),
FEV1 (forced expiratory in the first second), and IC (inspiratory capacity) measurement results

calculated at the end of the test were recorded.

Respiratory muscle strength tests

Respiratory muscle strength tests were performed by using a MicroRPM respiratory
pressure gauge (Vyaire, Mettawa, IL, USA) with a flanged mouthpiece to find MIP and MEP
according to American Thoracic Society (ATS) guidelines (ATS/ERS Respiratory Muscle Test
Statement, 2002). Trials were conducted before each measurement. The participants performed
three trials for each test and took a one-minute rest break in-between each trial. All tests were
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performed with a disposable nose clip in seated position, starting with the lungs at residual
volume for MIP and MEP (Ho et al., 2022).

Diaphragm thickness measurement

Ultrasonography measurements were performed by a radiologist specialized in
musculoskeletal ultrasonography with the help of Philips Affiniti 70G ultrasound device
(Philips Healthcare, Bothell, WA USA) and a 12 MHz Linear transducer with a mouth part of
5 cm. The transducer was placed on the right mid-axillary line in the coronal plane for
measurement by using the transducer liver window while the subjects were in the supine
position. The intercostal space between the 8th and 9th ribs was determined for measurement
during DKex, and the optimal diaphragm image was obtained from this window using the liver
window. For measurement during DKins, the intercostal space between the 10th and 11th ribs
was determined and the diaphragm was measured from where the best image could be obtained
(Ueki et al., 1995; Hellyer et al., 2017; Erail et al., 2022). The measurement was performed in
two steps. In the first step, the subjects were asked to exhale as deeply as possible and then hold
their breath. After maximal expiration was achieved in this way, diaphragmatic muscle imaging
and thickness measurements were performed. In the second step, the subjects were asked to
breathe as deeply as possible and hold their breath. Diaphragmatic muscle thickness was
measured by excluding two echogenic lines of the pleura and peritoneum. Measurements were
repeated three times in different expiratory and inspiratory phases and the best measurement
was recorded (Erail et al., 2022).

Statistical analysis

SPSS 26.0 package program (SPSS for Windows, 2008, SPSS Inc., Chicago, Illinois,
USA) was used for data analysis in the study. The obtained data were presented as arithmetic
mean and standard deviation. Pearson correlation was used to determine the relationship
between pulmonary functions and diaphragmatic muscle thickness. Statistical results were

evaluated at p<0.05 and p<0.01 significance level.

RESULTS
Table 1. Descriptive information of the subjects
Variables N Mean S.D.
Age (years) 58 20.14 2.71
Height (cm) 58 181.45 8.92
Body weight (kg) 58 78.86 13.59
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Table 2. Correlation between respiratory muscle strength and diaphragm thickness

Variables DiTex DiTins
r 0.171 0.321™
MIP (cmH20)
p 0.099 0.007
r 0.237" 0.367™

MEP (cmH,0)
p 0.037 0.002

*. Correlation is significant at the 0.05 level **Correlation is significant at the 0.01 level, DiTe: Diaphragm

Thickness In Expiration, DiTins: Diaphragm Muscle Thickness Inspiration,

The correlation between diaphragmatic muscle thickness and pulmonary functions was
investigated. Significant positive difference was found between DiTex and MEP (p<0.05). A
higher level of positive and significant difference was found between DiTins and both MIP and
MEP (p<0.01).

Table 3. Correlation between pulmonary functions and diaphragmatic muscle thickness

Variables DiTex DiTins
Ve () r 0.215 -0.027

p 0.053 0.421

FEVL (L) r 0.180 0.076
p 0.088 0.285

c L) r 0.043 0.040

p 0.374 0.383

*, Correlation is significant at the 0.05 level **Correlation is significant at the 0.01 level, DiTex: Diaphragm
Thickness In Expiration, DiTins: Diaphragm Muscle Thickness Inspiration,

There was no statistically significant relationship between pulmonary parameters and
diaphragm muscle thickness (p>0.05). There was only a positive correlation between DiTinsand
FVC (p=0.053).

DISCUSSION AND CONCLUSION

This study was designed to examine the relationship between diaphragmatic muscle
thickness, spirometry and respiratory muscle strength parameters in athletes of various branches
who continue their sports life at the elite level. As a result of this study, a relationship was found
between diaphragmatic muscle thickness and pulmonary function parameters. A positive
significant difference was found particularly between DKex and MEP data (p<0.05). In addition,
a higher level of positive significant difference was found between DKijns and both MIP and
MEP parameters (p<0.01). Studies examining the relationship between diaphragmatic muscle
thickness and various pulmonary data are quite superficial in the literature. In this context, we

think that our study will make new and important contributions to the literature.
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When previously conducted similar studies were examined, similar to the results we
found in our study, Ho et al. (2022) showed in a study conducted on children that diaphragmatic
parameters are closely related to pulmonary function and MIP-MEP in healthy children.
Diaphragmatic thickness fraction was associated with higher MIP, enhancing the effect of
muscle thickness and contractility on strength production (Farkas et al., 1996). It is an already
known fact that higher pressure occurs with changes in the dimensions of the diaphragm
(Wilson & De Troyer, 2010). In a study on healthy individuals, inspiratory mobility, total lung
capacity and diaphragmatic thickening ratio were found to be statistically significant in relation
to lung function and inspiratory strength (Cardenas et al., 2018). Similar to our study, other
studies examining respiratory muscle strength and diaphragmatic parameters showed a
correlation between diaphragm thickness and inspiratory muscle strength (Ueki et al., 1995;
Souza et al., 2014).

In another recent study, the relationship between ultrasound parameters of the diaphragm
and intercostal muscles and long and short distance running parameters was examined in
adolescent football players (Patac et al., 2023). It was stated that ultrasound parameters of
respiratory muscles were related to velocity parameters in adolescent football players, while
ultrasound parameters were not significantly related to all endurance parameters (p>0.05)
(Patac et al., 2023).

In terms of pulmonary function parameters, consistent with our study, a positive
correlation was reported between diaphragmatic mobility during deep inspiration and FVC and
FEV1 parameters (Cohen et al., 1994; Houston et al., 1994; Cardenas et al., 2018). Apart from
these studies, there are also studies in which no significant relationship was found (Mccool et
al. 1997; Summerhill et al. 2007; Brown et al. 2013). The reason for this difference is likely to

be due to the sample groups included in the studies.

In addition, the diaphragm thicknesses of amateur and semi-professional athletes with
and without lumbopelvic pain (LPP) were compared in a case control study, which was
conducted from a different angle. Compared with healthy athletes, a decrease was found in
bilateral diaphragmatic thickness in DKins in athletes with LPP (p<0.05) (Calvo-Lobo et al.,
2019).

In conclusion, it was found with the present study that taking the images of the
diaphragm with ultrasound is an important method to show many measurements and to obtain

accurate results. As a result of the measurements made, a significant positive difference was

284
©JROLSS


https://www.sciencedirect.com/science/article/pii/S1569904822001094#bib7

Atf/ Cited in: Erail, S., & Mayda, M. H. (2023). The relationship between diaphragm muscle thickness, respiratory
functions and respiratory muscle strength in athletes. Journal of ROL Sport Sciences, Special Issue (1),279-289.

found between DiTex and MEP. A higher level of positive significant difference was observed
between DiTins and both MIP and MEP. However, studies evaluating diaphragmatic thickness
and various respiratory parameters are scarce in the literature, planning studies with more

participants in different sample groups is important in terms of contributing to the literature.

GENISLETILMIS OZET

GIRiS

Diyafragma kas kalinlig1 ve hareketliligi ultrason ile goriintiilenebilmektedir. Radyasyonun
olmamasi, tasinabilirlik, gercek zamanli goriintiileme gibi avantajlariyla birlikte birgok durumda
diyafragma fonksiyonunu degerlendirmek amaciyla giderek daha fazla kullanilmaktadir (Ueki ve ark.,
1995; Cohn ve ark., 1997; Kantarc1 ve ark., 2004; Testa ve ark., 2011; Boon ve ark., 2013; Cardenas ve
ark., 2018; Erail ve ark., 2022; Ho ve ark., 2022). Diyafragmanin ultrason ile goriintiillemesi 6nceden
kullanilan standart goriintiileme tekniklerinin sinirlamalarinin birgogunu ortadan kaldirmaktadir
(Matamis ve ark., 2013; Sarwal ve ark., 2013). Diyafragma birincil inspiratuar kas olarak kabul edilir
ve ayni zamanda ventilasyonun 2/3’iinii saglayarak solunum i¢in ¢ok hayati bir rol oynamaktadir.
Normal ventilasyon ensasinda gerekli olan iglemlerin ¢ok dnemli bir kisminda diyafragma kas1 gorev
almaktadir, diger yardimci solunum kaslar1 yalnizca ventilasyon hizi ve derinligi arttiginda etkin hale

gelmektedir (Polla ve ark., 2004).

Literatiirdeki mevcut ¢aligmalar incelendiginde sporcularin performansint siirdiirebilmesinde en
onemli faktorlerden biri olan solunum sistemi ve solunum kaslari iizerine bir¢ok ¢alisma yapilmis
(Sheel, 2002; Karvonen, 1992; Amonette ve ark., 2002; Forbes ve ark., 2011; VVasconcelos ve ark., 2017)
ve bu sistemin temel kasi olan diyafragma kas kalinlig1 lizerine gesitli parametrelerin incelendigi
caligmalar (Ueki ve ark., 1995; De Bruin ve ark., 1997; Enright ve ark., 2006; Orrey, 2013; Kim ve ark.,
2017) olmasina ragmen, diyafragma kas kalinligimin sporcular iizerinde dogrudan gesitli solunum
parametreleri ile iligkisi lizerine herhangi bir ¢aligmayla karsilasilmamigtir. Bu nedenle farkli
popiilasyonlarda diyafragma paremetreleri ile solunum paremetreleri arasindaki iligkinin
degerlendirilebilmesi i¢in kalinlik, genisleme ve bazi spesifik parametrelerim solunum fonksiyonlar
parametreleri ile nasil bir iligkisi oldugunu belirlemeye ihtiyag¢ oldugu goriilmektedir. Bu dogrultuda elit
sporcu gruplarinda diyafragma kas kalinliginin, spirometre paremetreleri ve solunum kas kuvveti

arasindaki iliskinin belirlenmesi amaglanmustir.

YONTEM

Calisma kapsam ve denekler

Arastirma dizayni olarak kesitsel yontem kullanildi. Arastirmaya randomize yontemle belirlenen
Yasar Dogu Spor Bilimleri Fakiiltesinde 6grenim goren 58 erkek (yas= 20,14+2,71) sporcu goniillii

olarak katildi. Denek sayisit G¥Power analizi kullanilarak belirlendi. Arastirma helsinki bildirgesine
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uygun olarak yiiriitiildii. Arastirma etik onayr Ondokuz Mayis Universitesi Klinik Arastirmalar Etik
Kurulu’ndan alindi (OMU KAEK 2022/34).

BULGULAR

Diyafragma kas kalinlig: ile pulmoner fonksiyonlar arasindaki iliski incelenmistir. DiTeks ile
MEP arasinda pozitif yonde anlamli farklilik elde edilmistir (p<0,05). DiTins ile hem MIP hem MEP
arasinda daha yiiksek diizeyde pozitif yonde anlaml farklilik gériilmiistiir (p<0,01).

TARTISMA VE SONUC

Bu ¢alismada elit seviyede spor hayatina devam eden ¢esitli branglardaki sporcularda diyafragma
kas kalinliginin, spirometre ve solunum kas kuvveti paremetreleri arasindaki iligkinin incelenmesi
planlanmistir. Bu ¢alisma sonucunda; diyafragma kas kalinligi ile pulmoner fonksiyon parametreleri
arasinda iliski oldugu goriilmiistiir. Ozellikle DKexs ile MEP verileri arasinda pozitif yonde anlaml
farklilik elde edilmistir (p<0,05). Ayrica DKins ile hem MIP hem MEP parametreleri arasinda daha
yiiksek diizeyde pozitif yonde anlamli farklilik gorilmiistir (p<0,01). Litaratiirde diyafragma kas
kalinlig1 ile ¢esitli pulmoner veriler arasindaki iligkinin incelendigi ¢alismalar olduk¢a sigdir. Bu

baglamda ¢alismamizin literatiire yeni ve 6nemli katkilar saglayacagini diisiiniiyoruz.

Daha 6nce yapilan benzer aragtirmalar incelendiginde; Ho ve arkadaslar1 (2022)’nin, ¢ocuklar
iizerinde yaptiklari ¢aligmada sonucu itibariyle ¢alismamizda elde ettigimiz sonuglara benzer olarak;
diyafragma parametrelerinin saglikli cocuklarda pulmoner fonksiyon ve MIP-MEP ile yakindan iliskili
oldugunu gostermektedir. Diyafragma kalinlik fraksiyonu daha yiliksek MIP ile iligkilendirilerek kas
kalinlig1 ve kontraktilitenin kuvvet iiretimi tizerindeki etkisini gii¢lendirmistir (Farkas ve ark., 1996).
Diyafragmanin boyutlarindaki degisikliklerde daha yiiksek basing ortaya ¢iktig1 daha 6nceden bilinen
bir durumdur (Wilson & De Troyer, 2010). Saglikli bireyler iizerinde yapilan bir calismada;
inspirasyondaki mobilite, toplam akciger kapasitesinde ve diyafragma kalinlagma orani ile akciger
fonksiyonu ve inspirasyon giicii ile iligkisinin istatistiksel olarak anlamli oldugu belirtilmistir (Cardenas
ve ark., 2018). Solunum kas kuvveti ve diyafragma parametrelerinin incelendigi diger ¢aligmalarda da
bu calismamiza benzer olarak diyafram kalinlig1 ile inspiratuar kas giicli arasinda korelasyon

gostermistir (Ueki ve ark., 1995; Souza ve ark., 2014).

Pulmoner fonksiyon parametrelerine bakildiginda; ¢aligmamizla uyumlu olarak, derin
inspirasyon sirasindaki diyafragma hareketliligi ile FVC ve FEV1 parametreleri arasinda pozitif
korelasyon oldugu bildirilmistir (Cohen ve ark., 1994; Houston ve ark., 1994; Cardenas ve ark., 2018).
Bu calismalarin disinda anlamli iliskinin olmadigi ¢alismalarda vardir (Mccool ve ark., 1997;
Summerhill ve ark., 2007; Brown ve ark., 2013). Bu olusan farkliligin sebebi olarak ¢alismalarda yer

alan 6rneklem gruplarindan kaynakli olma ihtimali yiiksektir.
Sonu¢ olarak; bu c¢alisma ile diyafragmanin ultrason ile gorlintiilenmesi bir¢ok Ol¢iimii

goriintiileyebilmek ve dogru sonuclar elde edebilmek adina 6nemli bir yontem oldugu goriilmiistiir.
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Yapilan ol¢iimler sonucunda; DiTeks ile MEP arasinda pozitif yonde anlamli farklilik elde edilmistir
DiTinsile hem MIP hem MEP arasinda daha yiiksek diizeyde pozitif yonde anlamli farklilik goriilmiistiir.
Ancak, literatiirde diyafragma kalinlig1 ile cesitli solunum parametrelerinin degerlendirildigi ¢caligmalar
azdir, bu alanda daha farkli 6rneklem gruplarinda ¢ok daha fazla katilimci ile ¢caligmalarin planlanmasi

literatiire katki agisindan 6nemlidir.
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