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Caxxetak

MopepHa AMjarHOCTMKA MPUIIPEM/BEHOCTH CIIOPTHUCTE MOApasyMeBa aKBU3MILN]y BEIMKOr Opoja MOfaTaka IITO 3aXTeBa BPXYHCKO
3Hame, 0301/bHY JIOTUCTHUKY, IPOTOKOJIE. Kaf[poBe, BpeMe, UTH. TeXHONIomKy npo6oju moBpumHcKe enekrpomuorpadumje (eHr. surface
electromyography, SEMG) y Mepemwy aKTMBHOCTY PeCHMPATOPHUX Muiivha MH BUBO OTBOPWIM Cy HOBe MOTYNHOCTH y OBOM CMepy.
Kopenanuja usmely ¢usuixe mpumpeM/beHOCTI ca COCOOHOIINY IITO Ay)KeT 3afip)kKaBamba [aXa IIPefCcTaB/ba TeOPHjCKO-TIPAKTUIHI
¢denomeH Beh aysxe off jenHor Beka. Pe3yntar Ha TecTy Tpajama 3aipkaBama iaxa (T3]]) ce reHepa/THO cMaTpa MO3UTYBHIM MOKa3aTe/beM
BOJTyMeHa JIVCajHOT KamaliTeTa TOKOM (usiuke akTMBHOCTU. CepujoM eKCIIepMMEHTAaTHUX MCTpaXMBamwa yTBpheHe cy HeBO/bHe
aKTUBHOCTY IOMOhHe pecnypaTopHe MycKyaaType (eHr. involuntary breathing movement, IBM) Ha Kpajy MUpHOT 3afpKaBama fjaxa, I
VICTH CY IeTepPMMHIICaHN Kao (U3MOIOLIKA TayKa IpeKniatba 3aip)KaBarba Jjaxa. BpeMe off moyerka 3ajip)kaBara Jaxa 1o npsor IBM-a
HasuBa ce KoHTponHa maysa (KII). Kako ycta He npepicTaB/ba GU3MOIOMKY MaKCMMaTHO Moryhe 3afip)kaBarbe fjaxa, TO je BeoMa BaXKHO
YTBPAUTI TadaH TPEHYTaK Jocesarma IpBor IBM-a, kao u BpeMeHCKO-(pekBeHTHe KapakTepucTuke SEMG curnana Tokom IBM mokpera
HEBOJBHOT Jicama (mpobem paja). Bejsier MeTofama usspiueHa je ananusa SEMG curHana Tpu ckenerHa Muinha, Ba MHXaIaTOpHA
(m. scalenus - anterior et medium - SC, u m. parasternal intercostales - IC) u jegHor excxamaropHor (m. rectus abdominis - RA), xoju,
HOpel OCTA/INX MMajy HOMONHY yrory 1 GyHKINjy ¥ pecupaToOpHUM LIMKIYCUMA, a 3a KOje je yTBpheHO [ja ¢y oceT/b1BY Ha GU3MOTIOIIKeE
IpOMeHe MH/IYKOBaHe 3aJpKaBalbeM Jlaxa, IIa y CBOM HEYyPOMOTOPHOM OJTOBOPY IIPECTaB/bajy MOryh MHAMKATOp MeTabONMYKUX
Hpolieca Kojit ce IeTeKTYjy Kao HeBO/bHM JMCAjHY IIOKPeTI. BullecTpyKy NpupalTajy y e1eKTpUYHOj aKTMBHOCTY HaBefeHuX Muimnha
TokoM IBM-a y oppehennm ¢pexBeHTHUM omcesymMa oMOryhuan cy mpennsHo mMepeme IBM-a, a TuMe u yrBphuBame pusnonomxu
npuxsaT/buBor Tpajama KII. OncepBanuja n aHammsa crenndUYHOCTI pecnuparopHor munmhHor ofrosopa ymyhyje Ha jomMmHaiuje
XUIIOKCUYHOT WV XUIIEPKAITHIYHOT MeTabOIMIKOT CTama (IpefMeT UCTpaxyBama). Ha ocHoBy npahema HaBeleHUX IpoMeHa Koy 12
MCIUTaHMKA PasBPCTAHMX Y IPYILY KaTeTOPMCAHMX U CIOPTUCTA aMaTepa YTBPheHo je 1a 60/be TpeHMpaHu NCINTaHNIN nMajy Tyxu KII
U pearyjy XMIepKaIlHNYKY. 3aK/bydLy OBe HeeKCIIePUMEeHTa/IHe CTyiuje C/Iy4yaja OfiroBapajy Ipakcu TpeHaXHe IIpUIIpeMe, /iyl OTBapajy
IPOCTOP HOBUX MICTPXKMBaMha, IIPe CBera OHNX Koja Oy Tpebasa Jja JoBely KO pasBoja IPUCTYNaYHOr METO/ja 38 HeMHBA3UBHY IIPOLICHY
busMUKe MPUIPEM/BEHOCTI CIIOPTICTE ¥ PeasHOM BPeMeHY.

Kmyune peun: 3AJJPYKABAILE JAXA / IIOBPIIMMHCKA EJJEKTPOMMOIPA®UJA / BEJBJIET AHAIN3A / XUTIOKCUJA U
XUITEPKAITHUJA.

YBO/[I

JemHO oOf KJIACMYHUX INUTama Koje cebu TIIo-
CTaB/bajy MHOTU TPeHePHU je KaKO BOJUTY CIOPTUCTE
U TMMOBE JI0 MHAMBYIYaJTHO ONTUMAJIHUX pPe3y/Ta-
Ta. BakHu Jieo mbUX0Be THEBHE PYTIHE Ce CacToju Of,
IUTaHMPakba Pa3Boja TPEHAKHMX ¥ TAKMIUIAPCKIX I10-
TEHI[jajIa CIIOPTICTA, Kao 1 pahema 1 Mepema bii-
XOBOT IIpOrpeca y CTaHIapHAHOM OKpyKemwy. OcHOBHa

MICHja TIPOBEpPE 3[paBCTBEHOr CTamba CIIOPTUCTA je
usberaBame HEKe/bEHIX CTaba y TOKY U HEIOCpes-
HO HaKOH TPEHMHIA, OJHOCHO CIIOPTCKOT HACTYyIIa,
Kao u obe36ehuBae XPOHUUHNX — LIETOKUBOTHUX
edexara Bexxbama. /[3a30BM 10 3paBCTBEHY MHTe-
TPUTET CIIOPTUCTE, Ha IPBOM MECTY YK/bY4yjy MHCYII-
Te (030M/bHA CTakba ca TYOUMTKOM CBECTH) KOjU MOTY
moBecTu o cMpTHOr ncxona (Schmidt i sar., 2013),
a Takohe 1 cpuaHe MaHe KOje MOTY OCTaT! TOAMHAMA
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npukpusere (Panagotakos i sar., 2004). Kop cBakor
3aXTeBHOT IIVK/Iyca TPEHMHIQ, Off TPeHepa U CIOp-
TICTE ce O4eKyje /la CTPYKTyMpajy ONTUMATHN TI/IaH
Y IIpOrpaM TPEHVHTIA 33 CBAKM J]aH, HeJle/bY, MecCell,. ..
(Foster, 2016). Ja 61 ce MOCTUI/IM ONTUMATHU pe-
3yITaTV U HAIpefjaK, a IIpe CBera 04yBajio 37IpaBibe
CIIOPTHUCTA, Ofi KPUTUYHE je Ba)KHOCTHU [IOHOIIEbe
OfITyKa LITa 3afIp>KaTH, a IITa IPOMEHUTH Y TPEHVH-
ry. K/byuHe cTparelke ofijryke ce JJOHOCe Ha OCHOBY
aHA/IMTHKE TPOTpaMa TPEHMHTA, Kao M MHAMKATOpPa
IMjarHOCTMKE MPUIPEM/bEHOCTU CIOPTUCTE KOja, Y
KBa/INTETHO Pa3BMjeHOM cHcTeMy npahemwa cropTuc-
Te, Ofipa3yMeBa aKBY3MIIMjy BEIVKOT 6poja rmogaTa-
Ka ¥ Mepema, Koja Ce, 3aBICHO Of CIIOPTCKe TpaHe I
CIOPTCKe AUCUUIIINHE ofHOCe Ha VO2Max, TaKTaTHU
npar, 6uoxemujy renecuux reynoct, EKG, EEG, nrp.
360r Mepema BenmuKor 6poja pusnonomKmx mapame-
Tapa, IPaBUTHO TyMaderhe Pe3y/aTaTa je off KpyIuja-
He BKHOCTIA, IIITO 3aXTeBa BeoMa 00y4eHe 1 UCKYCHe
aHa/mMTUYape. Y [laHAIlbeM CHOpTy ce Hamehe KoH-
IeNT MHTEP M MYITUANCIUIUIMHAPHOCTY Ca TeHJeH-
1UjoM mopacTa 6poja casHajHUX OO/IACTU U BEMUUM-
He TuMa. [Topen Tpenepa, ¢pusnonora, MeAUIMHCKOT
0c067pa, HEPETKO Ce y IUIAHMpamby IOCTU3ama BP-
XYHCKOT CIIOPTCKOT pe3y/iTaTa Hajlase YK/bydeH) MH-
JKemepy MHPOPMAIMOHNX HayKa, O1OMeXaHMKe, CTa-
TUCTUYAPU... CBY OHM KOjU ITIOMa)Ky IIPU aKBUSUI)I
u nspauyHaBawy TRIMP pesynrara. ®ocrep (2015)
MCTMYe HACTOjalbe Ja Ce LITO BHMINE ITapamMeTapa JMH-
Terpullle y jefHy OLieHy, IITO OJAKIIaBa JOHOIIEHe
OflTyKa TPEHEPUMa, a y C/Iy4ajy JIoLIer pe3ynaTara je
CaMo IOACTULIAj 33 U3Pa/y jOLUI AeTa/bHUjUX aHA/IM3A.
OBaj mpucTym 3axTeBa 030M/bHY JIOTUCTYUKY U BpeMe,
a HMje 3aHeMap/bMBa HU 1I€Ha, Ka0 U BeVKY IPUTH-
CaK KOjM Taj IMKIYC Mepema U TeCcTMpama JMMa Ha
TpeHepe U cnopTucre. Mepema 1 mbyMa afieKBaTaH
u300p TecToBa Cy YC/IOB CBUX Ca3HAjHUX HAIOPa, 3a
KOje ce 3Ha Jja ,3aMapajy CIIOpTHUCTe M 3aTO Ce TH-
IIYHO pajie OJIBOjeHO Off TPEeHMHTA.

ITPAKTUYHU MT3A30BU ITPOBEPE
ITPUIIPEM/BEHOCTMU CIIOPTUCTA

OCHOBHU MOTHB CBAaKOT TPEHMHTA je IIOMEpare
3axXTeBa y je[UHNILIM BpeMeHa — MHKPeMeHTa/THU ede-
KaT KOTa IIpaTy Ofip)KaBabe CTAOMTHOCTY BELITHHE U
TeXHIKe KpeTama I 13Bobhema. Y paKTUIHOM CIIpO-
Bohemy cTpaTeruje waM Teopuje TPEHaXKHOT OIITe-
pehemwa 1 onopaBka mpuIpemMe CIIOPTUCTE TEMEBHO
ce mpoyuasajy gBa konuenTa: NFOR (non-functional
overreaching) m OTS (overtraining syndrome),
(Meeusen isar., 2012). Ca jenHe cTpaHe CIIOPTHCTA Ce
MOpa IpeonTepeTuTy 1 TuMe usahm us 3one KoHdpo-
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pa TPEHYTHOT HMBOA TPEHa)KHe IpuUIlpeMe. YKOJIM-
KO ce He IIperno3Ha XpoHNYHO Aenosawme OTS, moxe
nohu 10 HapylIaBama CHOPTCKe IIPUIPEM/bEHOCTH, a
ako ce He npeno3Ha NFOR, ry6u ce Bpeme 3a mpu-
IpeMy U JocCe3arbe MAKCHMAaJIHe MPUIPEM/bEHOCTI.
OsBa 71Ba CTama HEMCKYCHOM TpPeHepy, CIIOPTUCTH ca
HEJJOCTaTKOM pasyMeBama TpPeHaKHMX edekara u
nparehnx crama, je BeoMa TEIIKO pasinKoBaTi. [/ias-
HJ Ipo6JIeM y OiITOBOPY Ha 13a30Be OBOT IIpoIieca je
KBa/INTETHO VI KBAHTUTATUBHO IIPEIIO3HaBae CTPYK-
Type TpeHa)KHe IpUIpeMe, Kao 1 HbUMa pasByjeHNX
00jeKTMBHIX TeCTOBA KOj! peayHO IOoBe3yjy mabopa-
TOpUjcKa U Mepema Ha TepeHy. Kapn ®octep je nsHeo
npo6IeMaTnKy pasinkoBama y npakcy nsmehy OTS
u NFOR, re fa je Hajuemnhm yspok remkohe y mu-
XOBOM pas/IMKOBamy IPOAYKeHO IpuiarobhaBame.
Y ToM Ipoliecy ce YMTaB [Mjalla30H MEJVIMHCKNX
CTarba MOPa HajIIpe NCK/BYIUTH. YKOMMKO Mehy muma
HeMa HUKAaKBMX [TOKa3aTe/ba, IPeIa3u ce Ha IPOBepPy
nopemeheHe xoMeocTase, 6pOjHIX XOPMOHA, a 3aTUM
Ha Ccepyjy KpBHMX y30paka pajy IpoBepe: KPBHUX
JIaKTaTa, KpeaTyH KMHase, I/TyTaMaTa. AKO HUIITA Of
TOTa HMje M3BaH TPaHNIIa HOpMaJle, Ha Kpajy M MeH-
Ta/IHa NIPUIPEM/BEHOCT MOYKe OIMUTPATH CBOjy Y/IOTY
— Y TOM CMUCIy Cy pa3BMjaHM OPOjJHIU IICHXOJIOLIKM
ymuraunyu (So i sar., 2016). Cakako jegHoM yTBphe-
HM IUTaH TPEHMHTA je MOTPeOHO MCIIYHUTN 32 CBAKU
JaH Iporpama, ajam ca TuM ce Mebyrum He cme mhn
Heo6a3puBo. CriopTncTa MoXKe 6UTH J1ew U Tpeba ra
CTUMY/IMCATY I VICIIYHU JHEBHM IUIAH, /U YKOJIVKO
MMa 06jeKTHBHI IPOO/IeM ca VICITyhaBambeM JTHEBHOT
IJI1aHa, Y 6MIo Kojoj ¢asm cBOTr )XMBOTA U TPEHUHTa,
TO MOKe JOBECTH JI0 HEKOHTPO/IMCAHMX aTpUOyTa OII-
tepehema npu yeMy 61 HacTaB/bambe Ca JATUM BeX-
6ameM OMI0 KOHTpa-IPOAYKTUBHO. MeTop Mepema,
ofjabypa aJeKBaTHUX TECTOBA, HIXOBE aKBUSMINje
U VIHAVMBUlya/lHe aHa/lu3e Cy YCIOB/beHe BeIMKNUM
6pojem daxTopa, mpe cBera (Foster, 2015):

BpeMeHCKM OKBUpP TpEeHMHIAa je NpPBU U Of-
nyayjyhu/xkpyaan unnmnan. lobujame peneBaHTHUX
U TIOY3[aHUX Pe3yNTaTa, MOYEBIIN Off CaMOT TeCTH-
pama 10 IpaBWIHE MHTepIpeTanyje, HeKaja Tpaje
jako JIyTO TaKo jja Ce JOBOAMU Y IIUTAe HUXOB HEllo-
cpefiaH MH(OPMALMOHY U CTPATELIKM KallallNTeT.

JIorucTukKa OBaKBMX MepeHa je 3aXTeBHa: HUje
JIaKO MMATy IOTPpeOHy oIpeMy U 1abopaTtopujy mpu
pyuu, jep TUIIMYHA Meperba 3aXTeBajy IPUCTYII 10 He-
KOJIMKO pasnmunTux ypehaja/monyna.

®uHAHCHjCKM aCIeKT Kao IITO je LieHa alaparTy-
pe, U3pajie TeCTOBA 1 HUXOBO IIPABIIHO TyMauee
OfI CTpaHe CIeLVjaNINCTa je (PAKTOp KOju OfIydyje
fia 71 ce MeTOJa MOXKe Y IPAaKCy IPUMEHWUTH WIN He,
Tj. Ha KOM HUBOY 0aB/berba CIIOPTOM je 0BO Moryhe
(Matthew i sar., 2010).



Mupxko Ocrojuh n capagnauny, JnjarHocTHKA IPUTPEM/BEHOCTL. .

OU3UMYKA KYITYPA 2023; 77(1): 43-54

IIcnxonomko/conmonomku ¢akTop je y TecHOj
Besnu ca noyspanouhy ogpebene merone. Hup. EKG je
49ak y 50% cimy4ajeBa KO BpXYHCKMX CIOPTHUCTA IIpe-
HyH ,abHopmammrera“. OBO HUCY IIATOreHe U3MEHe Yy
CPYaHOM PUTMY, a OrpelrHo TyMademe EKG-a moxe
6e3pa3noXHO OICTPAHUTH CIOPTUCTY Ca TaKMUYEHha
3a Koje ce OH MOkfia rogmHama ciipemao (Corrado i sar.,
2010). JacHa je moc/efmIIa Ha IICUXY CIIOPTHCTE, @ U Y-
HaHCHjcKN epekaT ce Takobe He MOXKe 3aHEMapUTIL.

Ocraje ytucak fa je janaume npaheme copTic-
Ta M3a30BHO, HATIOPHO 1 CTPECHO, Te Jja b1 ynoTpebda
jeIHOCTAaBHUjUX METOJA JOIpPUHENA KBaIUTETHUjEM
IJIaHVpalby TPEHAKHUX IOACTMIIAja KOju BOJE Ka
VHAVBUYaTHOM IIPOTpecy CIOPTUCTe. Y OBOM pagy
IIPE/IZIOKEHO je UMEJHO pelllehe Koje MOXKe Jla UCITY-
HI METPUYKE 3aXTEBE, a 3aCHOBAHO je Ha aKBUSULIMjU
IapaMeTapa Koji Cy II0OBe3aHu ca (GU3MOIOIIKIM Of -
TOBOPOM OpraHM3Ma IPUIMKOM IIPOJY>KEHOT 3afip-
>KaBarba flaxa.

Ou3NONOMIKN OTOBOP HA IPOY>KEHO
3aJp>KaBambe Jjaxa 1 lberoBa
yHOTpe6/BUBOCT Y MCTPAKMBAYKOj M
TPEeHEePCKOT MpaKcn

Ynpkoc BeMKMM Bapujanujama y JbyAcKoM ¢u-
3MOJIONIKOM OJ[TOBOPY Ha IIPOAY>KEHO 3aipKaBarbe
llaxa, Koju ce Takobe mpummcyje pedekcy pomerma
crcapa, \eropa KpUTNIHa QyHKINja je odyBame Ki-
CeOHNKA 3a Ofp’KaBambe IepebpamHor QyHKIVOHM-
cama, M CaJip>kK! IBa LIEHTPAJTHA IIpoIleca KOju OIM-
cyjy (I) mepudepHy Ba3OKOHCTPUKIUjy ITOBE3aHY Ca
[IOYETHOM XMIIEPTEH3MjOM, Y3 IOCPejoBatbe CUMIIa-
TYKOr HepBHoOr crcteMa u (II) 6paguxapanjy nose-
3aHy ca CMambemheM MMHYTHOT BOTTyMeHa, y3 BarajHo
nocpepoBame (Lindholm & Lundgren, 2009; Foster &
Scheel, 2005; Bain i sar., 2018).

[TouetHO moBehamwe cpenmer apTepujcKoOr Hpu-
TIICKA MOK/IAIa Ce ca KOHTPAKIMjoM 1 n3baljBameM
»CBEXe“ KpBU U3 Cie3nHe, mWTo 0b6e3bebyje u ,HOBU
KICEOHUK" Y KPBOTOKY a, CBE€ 3ajeflHO, OYMIJIEHO
uMa 6/1arOTBOPHO /1ejCTBO HA IOYETKY 3aJp)KaBarba
naxa (Palada i sar., 2008).

ToxoM MHIyKOBaHe allHEMYHE PeaKljyje, yo4aBajy
ce IBe OCHOBHe (hase, 1 TO: (asa ,,JJAKOT OfiBMjarba”
KOjy opukyje HernocTtojatbe EMG akTMBHOCTH pec-
nuparopHux muinha u ¢asa ,60p6e” rae Gemexn-
MO putMmuuke QAyKTyanuje mputucka y mayhuma
u purmmike EMG curHane, a 1 BUXOBY TauKy pas-
rpaHndemna. VgeHTnuKoBame OBOT IIpenasa Ipe-
cTaB/ba (QUINOJOIIKY TAauKy IPeKNfa, Kao IOCIean-
Ija MeTaboMMYKMX U BUMa nparehux AMHAMUYKKX
pearoBama pecnupaTopHux munmha, 1 Koja ce Kao
TaKBa CMaTpa IPBUM HEBO/BHMM IIOKPETOM [ycarba
(IBM, involuntary breathing movement). ®a3y ,,60p-

6e“ kapakrepuury cBe cHaxHuje IBM koHTpakuuje
pecnimparopHux mumunha 36or moehama Hu3a Me-
TabOMNMYKMX IMpuarohaBama Koja OICTMKaBa U eKcec
CO2 KoHLIeHTpalLMje KPBYU, KOji, KAO OATOBOP MMa
YTUIIAj Ha pafi IeHTPaJHOT PecIMpaTOPHOT CUCTeMa
nponssogehy pecrmparopun HaroH. OBe IpoMeHe
cy npahene ocehajeM HemocTaTka Bas3gyXxa, TOKOM
Kojux he MOTMBMCAaHM anV HaWBHM UCIUTAaHMLIN
NPEeKMHYTH 3aJp>KaBaibe Jjaxa U MOBPATUTH JAVICAjHU
npouec (Parks, 2006; Bain i sar., 2018). Yuecranoct
nojaB/pyBama 1 MHTeH3uTeT IBM-a ce mosehasa npn
Kpajy Tpajama alHee, IITO YKasyje a TO CTambe MMa
o6jammyB yTuiaj Ha IBM. U mopey uBpcTHX fOKasa,
je ynora, a caMuM TyMe noysgaHocT IBM-a samaribe-
Ha YMIEHUI[OM JIa KOJ HEKMX VICHUTAHMKA HY TOKOM
Ly>KeT Ileprofia 3afip)KaBara Aycama Huje Moryhe yT-
Bpautu IBM (Willie i sar., 2015). [lepuop HeBO/BHOT
pecnyupaTopHOr KpeTama WHYKYyje KpaTKOTpajHa
nosehama cpemer apTepujcKor IPUTUCKA Y3 MO3MU-
TUBHO-KOpe/ICaHe OCUWIallyje Y 3allpeMIHN Liepe-
OpayiHe KpBU 1 OKCUTEHallMje XeMOITIOOMHa, IITO je
BEpOBATHO IOCHEANIA CTUMY/Alije XeMUOpelel-
TOpa U KOHCEKBEHTHOT e(epeHTHOI PeCHMPATOPHOT
moropHor oarosopa (Willie i sar., 2015, Joulia i sar.,
2003). IIpaheH je cMamemeM 3anpeMuHe KpBHI Y Clie-
3VIHU U IIpOIleca ofpKaBamba XeMOMHAMMKe, LIITO Be-
POBaTHO OJIaKIIaBa Kopuirhemwe IOCTeAHbIX pe3epBr
KVICEOHMKa ITpe IIpecTaHKa 3afip)kaBara fgaxa (Palada
i sar., 2008).

Mepeme 3ampxkaBama fgaxa ce suie og, 100 rogu-
Ha KOPMUCTY Kao OuTaH (pakTop MpUIIPeM/beHOCTH
akTyBHMX BojHUX muorta (Flak, 1920). HemnBasusHO
Mepeme MUPHOT 3ajjpXKaBama jjaxa 1o IBM ¢usno-
JIOLIKOT OATOBOpPA CIajja y HajMame CTPECHO Off CBUX
BapujeTeTa 3afpKaBama gaxa. On 1960-ux roguHa y
Cosjerckom Casesy (Kazarinov, 1990) mepeme 3aap-
JKaBama Jlaxa II0Ka3ajao ce Kao OI/IMYaH IoKas3aTesb
34PaBCTBEHOT CTalba U €HePreTCKOT KalalyTeTa M-
POKOT CIIeKTpa UCINTAHMKA Off KOCMOHAYTA JIO Telll-
Ko 6onecunx. Mehytum, oBaj deHomeH Huje Morao
OUTY Yy HOTIYHOCTH JIeTeKTOBAH U objalrmeH pusno-
JIOLIKMM aHa/ln3aMa TOT BpeMeHa, HapO4YNTo y loMe-
Hy npahema mpoMeHa akTMBHOCTY MUIIMDHMX rpyna
KOje Y4ecCTBYjy y Ipoliecy Aucama (pecmupaTopHe
MYCKyJIaType).

3ajip)KaBame Jlaxa Moce yoOMdajeHOT fucama U
HAKOH CIIOHTAHOT M3/laxa He JOBOAM 10 6110 KaKBUX
teHsnja (Ostoji¢ & Stefanovi¢, 2020). Bpemencku me-
pMof, O IOYeTKA 3ap>KaBarba Jlaxa Ha OBAaKaB HAuNH
no npsor IBM-a cosjercka rpyma oko K.II. bytejka
HasBanma je KII (koHTponmHa maysa) M Ay>KMHA TOT
nepuoga ce KOpPUCTU Kao MHAVKAIMja IpUIpeMIbe-
HOCTM U OIIIITET 3[jpaB/ba ucnuTanuka. IBM ce moxe
jaB/paTH y JiBe Tomorpadcke 30He y Ipefeny Bpara
wn wrekcycy (Credanosuh, 2020). [To mocrenmux
npo6oja MOBPIINHCKe e/leKTpoMuorpaduje y aHamm-
31 pecnupaTopHux ¢eHoMeHa Huje 610 omoryhen
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00jeKTMBHU YBUJ Y paji pecIpaToOpHe MYCKyIary-
pe u TauHe TpeHyTKe IBM-a. ManyenHa peTteknuja
IBM-a ce paHnje yrimaBHOM obaB/baa Cy6jeKTUBHIM
MeTofjlaMa TaKTWIHE AUCKPYMMHALMje, OIUIIABAbeM
IJIEKCYCa NMPCTUMA, CTaB/balbeéM 3BOHIIETA MM IIjIe-
T3Morpada Ha Ty permujy, ca IubeM Jja ce OCeTH Ip-
4eme MM NOfpXTaBaibe Te Peruje, IOK ce Ha BpaTy
npaTno ocehaj Kao 1a UCIIMTAHMK M3BOAM aKT Iy Tamba.
IBM peakumja UCK/bYYMBO Ha IIJIEKCYCY je IPUCYTHA
Ha OKO 16 % mcrnmuTaHuka, Ha Bpary pearyje Behn-
Ha (76%), a 20% ncnmTaHNKa pearyjy Ha obe peruje
(Ostoji¢ i sar., 2020).

ITpunukom mnpaxtuyHor Mepema KIl-a youasa
ce IBOCTpaHy Npo6IeM. YKOIUKO MCIUTAHUK CaMo
»yMucin'“ ia je noxxuseo IBM, onna fobujenn pesyi-
Tat OuBa Kpahm o peanHor. ¥ ciydajy 3agp>kaBama
maxa HakoH IBM-a, pesynraT je IOTPEIIHO NY>KMN.
Ospne Tpeba HamoMeHYTM fia je OOjeKTMBHO BpeMe
MakcuManHO Moryher 3ajpxaBama gaxa u fo 30%
nyxe Hero KII, a oBaj mporeHaT omaja ca JyXUM
3aJp>kaBama jaxa Ha oko 10% (Ostoji¢, 2017). JacHo
je ma caMo BpeMe 3afipyKaBarba MOXe Jla ce MOJENnn y
HEKOJIVKO KJ/Iaca Ha OCHOBY KOjJX O MOIJIN Jia ce KJIa-
cnuKyjy 3mpaBbe U IPUIPEM/bEHOCT MCIUTAHUKA.
MebyTum, oBe ce mocraB/ba MUTabE MOY3AAHOCTU
Mepema KII-a, kao u ma mu je moryhe Ha OcHOBY Ka-
pakrepuctuka IBM curHajma 13 HasHa4YeHUX peruja
Te/la U3BeCT O3y U NPaBUIHY IPOLIeHY 3/IpaBCTBe-
HOT CTama ¥ IPUIIPEM/bEHOCTI CIIOPTUCTA.

METO]I PATIA

Axsusunyja SEMG nopataka ogabpannx muinha
je obaBbeHa KopuihemeM HeMHBA3UBHOT MCTPAXKN-
Baykor Delsys TrignoTM 6exudnor sEMG cucrema
BUCOKMX IeppOpMaHCH, yIeCTaHOCTU ofabupama Of

Scalenus ant. et .
imed. (SC)

[Parasternal
intercostal (IC)

1926 Hz, xopuuthewem deTrpu XubpuiHa HOKpeTHaA
SEMG censopa u 16-6utHor A/]] xonBepTopa. IIpn-
MEHEHO je Xap/iBepcKo Gpunrpupame (BUCOKOIPOITyC-
Hu FIR ¢urep op 7 Hz, BarepBopTos ¢untep mporryc-
HIIK oIicera apyror pema usmehy 20 + 5 Hz n 450 + 50
Hz n ¢punrep HenmpomycHuk yckor omcera oko 50 Hz).

CrekTpasHa aHamu3a y MPeTXOJHNUM pagoBMMa
je ToKasazia Ja je MHULMja/IHO IIpMMeIb/BaHa yJec-
TaHOCT ofabupama op 200 Hz (Ostoji¢ i sar., 2020;
Ostoji¢ & Milosavljevi¢, 2019) 6una HemoBo/BHA Ha
IpuKaxke MyHy AMHaMMKy curHaima. CeM fobujama
IITO KBA/INTETHYjUX MTapaJIe/THUX CUTHAIA, Off BEIVIKe
BOXHOCTHU HaM je 6mma MoryhHocT cipoBobema Mep-
He IIpoLefype y jefHOCTaBHOj CAMOCTa/IHOj IOCTABL
3a akBM3uLMjy. Mepemwe npsor IBM-a nocie mupHor
u3fiaxa je NyOIMKOBaHO Yy IpeTXofHoM pany (Misic i
sar., 2023) e cMo IoKa3au jia je oBe epexre moryhe
3a0€/IeXUTY VM aHAIU3UPATY BEjBJIET CIEKTPATHOM
aHa/IM30M IIOf] YCTIOBOM fia CY CUTHA/IM Y30PKOBaHU
JIOBO/BHO BIUCOKOM (ppeKBEHINjOM Ofiabuparma.

MoruBaunja 3a msbop mummmha je ga ce Mory
00yXBaTUTU NPUMAPHY YAMCAJHU U M3AMCAJHY MMUII-
nhn. Scalenus anterior et medium (SC) n Parasternal
Intercostales (IC) cy mpumapuy mumhn npu yamcajy,
a Rectus Abdominis (RA) npu napucajy. IC je npecek
nsmeby SC u RA, rne Behuna /pymu pearyje, u camum
TUM je go6ap 3a aujarHoctuky. M. Pectoralis je aktu-
BaH y IyOOKOM WM IPVHYJHOM YHaxy, JOK Y U3Jaxy
HeMa YJIOry, OHOCHO HUje My IIpMMapHa yjIora Au-
came, I1a 3arto Huje MepeH. Kao pedepentnn mummnh
KOj¥ Ce MOYKe KOPYICTUTH Y IIPOLeCY OTK/Iabarba IIyMa
MepeH je nokomoropHm mummh M. Brachioradialis
KOju He YYeCTBYyje y IUCamy, BUU CIUKY 1.

SN

Cruxa 1 ITocrasmame Delsys TrignoTM 6exxnaHux ceH30pa 3a jeFHOCTpaHO (fecHa cTpaHa) Geexxerbe MIUOEIeKTPIIHe aKTUBHOCTH TPY
pecnupaTopHa I jefHOT TOKOMOTOPHOT MuIyha

Hamnomena: [Tomohun nucnnparopun mutunh Scalenus anterior et medium (SC), npumapun nacnimparopun muiuh Parasternal Intercostales

(IC), nomohum excmparopuu mutunh Rectus Abdominis (RA) u mokomortopun muinh Brachioradialis (BR)).
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3a LEJIOKYIHY eKCIIepUMMEHTa/lHy IIOCTaBKY, JieCHa
CTpaHa Tefla je msabpaHa 3a aKBU3MLMjy 300r MMu-
HIMMU30Balbha CMETIY CUTHA/IA CpYaHe aKTMBHOCTH,
KOjU je BuUIIe U3pa’keH Ha JieBoj cTpannu Tena. [lopen
Tora, cybjektu cy 6unm ynyhenu ga msberapajy ax-
TUBMpae CBOjuX nepudepHux munmrha, ocuM kaga
6u Tpebany fa O3Haye MOYETAK M 3aBpIIETAK 3ap-
XKaBama Jlaxa, ITo je Takohe 610 3HaK omeparepy na
CTaBM, OJHOCHO YK/IOHM Komdy 3a Hoc. OBaj 3HaK je
laT CIIOPUM IOAM3ABEM U CHYIITAlheM KaKUIPCTa
JieBe pyke fa 6u ce fja/be M30era aKTUBHOCT JIeCHe
CTpaHe TejJla TOKOM KpuUTHuHe paze Mepema (IoueTak
U Kpaj MaHeBpa 3a/ip>KaBama gaxa (3]11)).

CeM K/IacMYHOT Mepemwa Tpajama 3afp)KaBamba
paxa (T3]1), rmaBHM QOKYC y OBOM pajy Cy BpeMeH-
cKko-¢ppekBeHTHe KapakTepuctuke SEMG curnasna ro-
koM IBM nokpeTta HeBo/bHOT Aycama. Obe BpcTe pe-
3y/iTara Cy TeHepaaTHO MOAy/IucaHe MHOTUM (akTo-
pumMa. [lopen nojenuHavyHMX, 0TI, TOVHE, BEIMYNHA
Tesa, OOIVK TPYAN, IIONI0KA]j Aujadparme, 3sapeMuHa
TOpaKajHe KPBU, Cafip)kaj XeMOIIo01MHa Y KpBH, Op-
3uHa MeTabo/nM3Ma, rojasHoCT, 6ONeCT WUTH., APyru
yobudajenu pakTopy, Kao IITO Cy ITOYeTHA 3aIIpeMu-
Ha U ip>Kabe Tyha, nMajy 3Hadajad yTuiaj Ha sSEMG
curnasne u T3]I (Lumb, 2017a; Lumb, 2017b). Behuna
CTyAuja 3afip>kaBama flaXxa 3acHNUBA Ce Ha 3ajpiKa-
BamYy Jjaxa U3 MOTIIYHO IyHuX Ivtyha, aym Takas Io-
4eTHU BOTyMeH IUTyha cTBapa HaleTocT y CBUM pec-
IMUPAaTOPHUM OpraHynMa Mumnha 3a mpeBasmIaxeme
nosehaHor ormopa yamcaja u IUTyhHOT IpUTHCKA.
Oso npoussoau pedrexc nupmnanuje (exr. inflation
reflex) u takobhe nmosehasa yTniaj moMeHyTHX mOje-
muHavarx dakropa (McCulloch i sar., 2012). C 06-
3MPOM JIa CMO y OBOj CTYAMjU LM/bEBE UCTPAXKMBAIbA
yriaBHOM orpaHuumnn Ha SEMG oprosop pecnupa-
TOpPHMX MMIIMNa Ha XUIIOKCMYHE U XUIIeP-KaITHIYHe
CTUMY/IyCe, IOMeHYT! yobudajeHu $pakTopy Cy nsa-
OpaHM a MUHMMM3Yjy BUX0B yTuIaj Ha EMG akTis-
HOCT CMambemheM JIOJATHUX HeXKeJbeHMX eTacTIIHIX
CIIa y pecIMpaTOpHUM MuIIMhyMa ¥ IpoMeHaMa y
3anpeMuHM myha, ynMe ce cMamyje HeXKe/beHa CTH-
My/alyja KOHTPOJIe peCIMpaToOpHOr LeHTpa. [IpeBa-
3MIaKeme OBIX GaKTopa MOXKe ce mocTihn 3apia-
BameM JlaXxa TOKOM IIOTIIYHO ONYHITeHMX pecrupa-
TOPHMX MUIINNA, IITO je KAPAaKTePUCTUIHO 3 BONY-
MeH Inyha Ha Kpajy HOpPMaTHOT M3/IMCaja, OMHOCHO
¢dyHKuMOHaMHOT pe3uayanHor kananurera (OPK).

IIITo ce Tnue fpkama, nexxehn nmonoxaj mosehasa
HIpUTHUCAK TPOYLIHOT cafpkaja Ha aujadparmy, gaxie
cripeuaBajyhu ma ce gujadparma HOTIyHO OMyCTH Ha

Kpajy M3[Mcaja ¥ 3HaYajHO CMakbyje 3allpeMUHY IPy-
JHOT KOIIIa, IITO Ha Taj HAYMH yTUYE HA 3alPEMUHY
rryha Ha Kpajy mspucaja y muposamwy mwim OPK. Y
nopebemy ca ycmpaBHuM cepmehuM monoxkajem, se-
xehn 1monoxkaj cMamyje eTacTUIHOCT TPYAHOT KOIIa
u pujadparme, penykyje yckaaheHocT rpygHOr Komra
3a 30% ¥ YKyIHY CTaTU4Ky ycknaheHOCT pecrmpa-
TopHOT cuctema 3a 60% (Ostoji¢ i sar., 2020). Jomar-
HO, 3aycTaB/bambe flaxa U3 OPK u ycnpasHo cefere
CMamyjy OTHOp IUTyhHOT IPOTOKa KPBU U 3alpeMM-
HY, YMMe Ce CIIpe4aBajy WIM CMambyjy HEXKe/beHe CTU-
Mynanuje perenitopa. CBU HaBeleH! Pa3iosy Cy Hac
HaBe/IM [lJa OCMUCIMMO €KCIePUMEHT Ca MaHEeBPOM
3]y cenehem ycrmpaBHOM II07I0Kajy ITpaBe KuMe, 6e3
nymMbaHe OAPIIKE, Y MUPHOM OKPYXXeHY y3 IIOBpe-
MeHO U 0/1aroBpeMeHO obaBelITaBame IPeoCcTasor
BpeMeHa 10 OKBMPHOT II0YeTKa 3a/Ip>KaBarba Jaxa.

IIporokon mepema

[lemarcku npukas Mma"eBpa 3/1 ca mweroBum saja-
nuMa, ¢pasaMa 1 TpajameM je faT Ha cxemu 1 (Bpe-
MEHCKV OKBVIPY CIIOHTAHOT JJCama Cy yTBpheHM Ha
ocHOBY (Stewart & Bain, 2021; Perini i sar., 2008)). 3a-
Ip>KaBarbe laxa je I09e/l0 HAKOH CIIOHTaHOT U3/1caja
no OPK, ys cyrectujy ucnmTaHuIMMa Jla C€ y3[pKe
oJ IpUIIpeMHe XUIIepBeHTWIalMje, a 3aBpLUINIO Ce
CIIOHTAHVM YJycameM, 1o cinefehnm dasama:

MupHa, nacuBHa ¢asa: UCIIUTAHUK OU Cefleo OKO
3 MUHYTa ca IIaKaMa MMPHO HO/IOXKEHVM Ha Oy TuHa-
Ma U IIOCTaB/bEHUM CBUM eJleKTpofama. MupHo 6u
IJCA0 Ha HOC Ca HOPMAJIHMM YJAaXOM ¥ CIIOHTAaHUM
U3JjaxoM, omymTajyhu neo mummhuu cucreMm.

AKTUBHA (basa, 3a/ip)KaBarbe Jjaxa: 110 CBOjOj Ke/bl,
UCIIUTAHNK OV HAKOH CIIOHTAQHOT M3JMCaja MOAUTA0
KOKUIPCT Harnamasajyhm omeparepy crmposobeme
npoueaype 3aTBaparba HOCHMUIIA POHMIAYKOM INTH-
na/bKOM. VIcnuTaHuK 6M MEHTa/IHO Jaj/be HacTaBUO
ma omymrta cBe Mummhe, mpomao Kpo3 ¢asy nakor
OJlBMjarba U JO3BO/INO Jja C€ peclpaTOpHe KOHTPaK-
Iyje pasBUjy ,IIPUPOJHO" TIped Kpaj 3afp>kaBama
naxa (¢asa 60pbe, moveTak Pp13MOIOLIKe TaUKe IIpe-
Kupa 1 jaBpambe IBM curnana). Vicnuranuk 6u 3agp-
)KaBao JIaX IOK MO>Ke, 0 CIIOHTaHOT IIPeKN/a, Iie ou
JlaBao 3HAK oIlepaTepy /ja 0CI000AM I TUIIA/bKY, YUMe
OV MCTIMTAHUK HACTABMO Ca HOPMA/THUM JVICAEbeM.

Mupha 3aBpuiHa ¢asa: MCOUTAHUK OM OCTao y
MMPY Kao Ha IT0YeTKY Be>KOe jolI HajMarbe TPV MUHY-
Ta, Y3 MUPHO JiVICatbe ¥ ONyIITambe LIeTOKYIIHE MYCKY-
naType, JOK OM ce paji Cplia, fucame 1 MeTabommIKn
npouecyu Bpahamm y Hopmary.
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MaHeBap 3agpXxaBaka gaxa

3AIATAK

DA3A

TPAJAME ;

3appxaBake
paxa (30)

Tstop

Cxema 1 O6pasari iucama y eKCIIepUMEHTY 3a/ip)KaBarba Jlaxa.

HamomeHna: 3a)1p>1<aBa1—be Jaxa je II04€/I0 HAaKOH 3aBpUI€TKa CIIOHTAHOT Msumcaja oo ¢)YHKIII/IOHaHHOI‘ pe3npyantor KamaguTeTa U 3a-

BPIIWIO CIIOHTAHMUM YANCajeM O HOpManHoOr KamauuTeT 1ryha. Mapkepu Tstart u Tstop medyHuiry moderax 1 3aBpIIeTaK LUKIyca

3aJp)KaBama Jaxa).

Ncnnrannm

Y crymuju je [o6poBo/bHO ydecTBOBano 12 3apa-
BUIX, PeJOBHO (PM3MYKM aKTUBHMX, CIUTAHNKA HEIy-
IIaYa, KOjy Cy IPUIIaZia/ii ABeMa MOfjeJHAKO OpOjHIM
rpyIaMa 3aBJCHO Off HUBOA 6aB/berba CIOPTOM—IIPO-
(decroHaTHN ¥ aMaTepCcKy HUBO. 3a YYeCHUKe je 3a-
Oere>xeHa BHYXOBA IVIaBHA CIOPTCKA AMCLMIUIMHA/aK-
TUBHOCT, TOfIMHE, T10JI, BUCMHA U TeXXIHA, Kao U CTaTyC
npodecroHanija Win CHOpTUCTe amarepa. VI3abpann
Cy 3[paBM CYOjeKTI KOju Cy MMajIyi HOPMAJIHY TeJIeCHY
TEeXVHY U MHJEKC TenecHe Mace (eHr. Body mass index,
BMI) y pacnony oz 21,8-25,3 kg/m2. Y4yecHum oBe
CTyzuje JOoOMIM Cy HEeOIIXO/IHA 06jallberha M MIHCTPYK-
1uje, a 3aTUM IMCMEHO U3jaBUIN Jla Pa3yMejy L/beBe
¥ TIpOLIeRype, Kao U TOOPOBO/BHO MPYICTAIN [ yIeCT-
BYjY Y CTY[uju. 32 CBAKOT MCIMTAHMKA IIOHOB/bEHA je
IBa IyTa IpoLenypa ca cmke 1, Tako fla mumamo 122 =
24 curHana Koju 6u Tpe6aino ga cagpyxe IBM. Pannjum
CY0jeKTMBHMM MepemuMa MM HUCMO 3HAJIM fid I je
6umo IBM-a, a cajja OBOM amapaTypoM 1 IpOTOKOTIOM
TO MOXXeMO 007be [1a YTBPAVIMO.

Pesynratn

VcnuTaHMIy CAMYHUX KapaKTePUCTHKA YHyTap
CBaKe Off /iBe IPyIIe y CTYAMj!U Cy NOKa3a/ly 3HA4ajHy
BapujabMIHOCT PM3MOOLIKYX OfiroBopa Muinha Ha
maneBap 3]] (Cxema 1), ynMe ce cMamyje CTaTUCTUY-
Ka KOH3UCTEHTHOCT pe3ynTaTa. [la 6u n3Byk/Im Bajpa-
He 3aK/bydKe 13 BapujabWIHNUX IHOfiaTaka, QoOKyc je
6110 Ha pasyMeBamwy Kopenauuje nsmehy pusmononr-
KIX OZITOBOpA U IpolieibeHe (puamuke IpUIpeM/be-
HOCTV/ TpeHuHra nojepmHana (Misi¢ i sar., 2023).
Ou3nonolKe UMIIIMKaLMje CY aHA/IU3VMPAHE U WH-
TepIIpeTHpaHe yITTABHOM Y KOHTEKCTY XUIIOKCUYHOT
/MM XUTIePKAITHIYHOT Of[TOBOPa, Kao ¥ MUIIMhHIX
TI0f] TUIIOBA BJIaKaHa.

VsBpuieHa je BejBmeT (TajacHa) M CTAaTUCTUY-
Ka aHaIM3a MOBPIIMHCKUX eIeKTPOMMOrpadCcKux
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CUTHaJIa TpM pecnmparopHa muimha (fBa ypucajHa,
SC un IC, u jemnor m3pucajuor, RA) u jemnor moko-
MoTopHor muinha BR TokoMm 3apprkaBama fjaxa ca
IWbeM IpOHA/NTKewa HajupuKkiIagHujer mynmha 3a
HeTeKIMjy M KapaKTepusalujy HEBObHUX IMUCAjHUX
MIOKpeTa, Kao U 3a IIPOLIEHy OiITOBOPA HA TKUBHY XM-
HOKCHjy (MambaK KMCEOHMKA) VI XUTIePKAITHMjy (BUIIAK
yIJbeH-AMOKCKAR). PesynTatu Mepemwa Cy NpuKasaHu
y Tabenu 1, re cy MCIMTaHUIV TTOAE/bEHN Y TPYITy Ka-
TETOPYCAHMX CIIOPTIUCTA U aMaTepa, 3a0e/e>KeHN Cy 1
IJIXOBY JIPYTY IIOflAllM, @ Pe3y/ITaT Mepema Tpajama
3agp>kaBarba axa (T3]1) 3a o gBa Meperba je mpuka-
3aHa y Kpajibe JIBe KOJIOHE.

Jlyropounu 1jubeBu oBe CTyAuje Cy MoOosbIIame
tectoBa ¢usnmuke npunpembeHoctn (Misi¢ i sar.,
2023). KopumrheHno je Hexkonuko meropa 6asyupanux
Ha BejBJIET aHA/VN3Y, U TO, 3a BU3Ye/NM3aLNjy U KBa-
JIMTATYBHY aHA/IN3y CUTHa/Ia KopuitheHM cy ckamo-
rpaMu (KOHTMHYaJIHA BejB/IeT TpaHCPOopMaIyja), JOK
je 3a KBaHTUTATUBHY aHa/MM3y KopuinheHa AMCKpeT-
Ha BejB/leT TpaHcpopmanyja (eHr. Discrete wavelet
transform - DWT) y penyananTHOj hopmu, T3B. MaK-
cumasHo npeknanajyha DWT (enr. Maximal Overlap
DWT - MODWT). Ha ocaoy MODWT, nsspuieHo
je BuUINle aHA/IM3a Off KOjUX Cy IIaBHe: 1) Mynrtupe-
30/IyIMOHA aHamM3a y3 ofipebuBame BejBlIeT CIek-
Tapa eHepruje curHana (eHr. Wavelet Energy Spectra
- WES), 2) oppebuBame xopenamuje puctpudynuja
WES xkopumrhemeM nporeHe ryctiHe BepoBaTHohe
U KIacu(UKOBAHNUX IIpeMa Pa3IMuUTAM KPUTEepUjy-
MMMa (HMBO CIOPTCKE aKTMBHOCTY, TUIIOBY MMIIN-
ha u MODWT xommoHeHTe) ca umbeM yTBphuBama
penpopyktuBHocTM IBM denomena, 3) ananmmsa
BejBJIET BapMjaHCK Ca IMOKPETHMM IIPO30POM (HUKC-
He mmpuHe nojepuHadHux MODWT kommoneHTH
CHUTHAJIa 32 aHA/IN3Y TPAH3MjeHTHUX (eHOMEeHa TOKOM
IBM-a, Hapounto oppehuBame KapaKTepUCTUIHUX
(dbpexBeHTHUX oIcera, 1 4) KOMIIapaTUBHA aHAIM3a
npomeHe penarusHe eHepruje MODW'T koMiioneHTH
U Ly>KVHE 3aJIp>KaBama Jjaxa.
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Ta6ena 1 Tpajame 3ampkaBama faxa (T3]l) kateropucanux u coprucra amarepa (N=12)

Hueo CrapocTt BucuHa Te>xuHa BMI 3401 T3402
AuncumnnavHa Mon 2

YyTPEHUpaHOCTN (roaunne) (cm) (kg) (kg/m?) (6) (s)
1 MpodecmnmoHanHa Mansarse HeHcKun 20.9 168 63 22.3 24 27
2 MpodecroHanHa Becname HeHcKkun 29.4 180 75 23.2 31 28
3 MpodecroHanHa Becnawe MyLwikn 30.5 195 92 24.2 51 53
4 MNMpodpecmroHanHa Becname MyLwikun 26.9 197 90 23.2 64 81
5 MpodecroHanHa ATneTmnka MyLiKkn 25.1 192 85 23.1 57 52
6 MpodecroHanHa Porserse MyLwikn 27.2 186 80 23.1 70 66

MPO®ECUOHANLMU CPEAMbA BP. 26.7 186.3 80.8 23.2 49.5 51.2

CT. AEB. 3.1 10.0 9.8 0.6 16.7 19.3
7 AmaTepcka Opb6ojka MyLwikn 20.6 204 95 22.8 27 29
8 AmaTepcka Lnyumnuy MyLikm 36.7 185 76 22.2 43 52
9 AmaTepcKa Lvyyunuy MyLwikn 19.2 178 69 21.8 34 37
10 AmaTepcka Lnyunuy MyLikmn 44.9 180 80 24.7 40 57
11 AmaTepcka Lnyumuy MyLiKkmn 40.1 180 82 25.3 36 49
12 AmaTepcka Jora MyLwikn 45.0 197 93 24 21 24

AMATEPU CPEAOHSA BP. 34.4 187.3 82.5 23.5 33.5 41.3

CT. AEB. 10.7 9.8 9.1 1.3 7.5 12.2

VKYMHO CPEAHA BP.

CT. AEB.

OBa munoTr crynuja je NMpeNMMMHAPHO YKasaja
Ha BJCOKY PENpOAYKTUBHOCT IpefeTePMUHMCAHNX
OZIrOBOpA pecnypaTopHux mminha, Kao u jja ce jo-
MMHAHTHY OATOBOp pecnuparopHux muinha u IBM
CUTHA/IM MOTY IeTeKTOBaTM Mau Ha yaucajuoM IC
wi uspucajioM RA. Pasnuka je 6mia mosesaHna ca
TPeHaKHMM CTaTyCOM, M TO TaKO Ja Cy KaTeropuca-
HU CHOPTUCTU MMAJIU Iy>Ke 3afipKaBarbe U jauy Xu-
MepKaIlHNYKM OATOBOP Y u3mmcajHoM RA of pekpe-
aTMBHUX CHOPTHUCTA KOjU CY MMAa/M jayyu XMUIIOKCHUY-
H1 ofrosop y yaucajaom IC. Takobe cy onpehenn n
(peKBEHTHM OIICe3U, U1 TO XUIOKCUYHO OCET/BUB YAM-
cajun IC ce akTMBMpao 3a Kpahe BpeMe U IIOCTEIEHO Y
oncery ¢pexsenimja on 250-450 Hz 3a pexpearusiie
(He3aBUCHO Off 0cobe M JyXXUHe 3a[p)KaBama faxa),
HaCyIpOT XMUIIEPKAITHNYHO OCET/BMBOM M3[IMCajHOM
RA xoju ce xop npodecuoHaNHUX CHOPTUCTA AKTH-
BIJIPA0 caMo IIpM Jy>KeM 3a/ip>KaBaby [axa, a/li HaIjlo
y onicery ucmog, 250 Hz, y 3aBucHOCTHN 0f 0cobe n 1y-
XKVHe 3a/jp)KaBama faxa. [Tlopeheme myxuHe 3agpxka-
Bamba Jlaxa 1 BejBIeT KapakTepuctuka SEMG curnama
II0Ka3aJIo je MpoMeHe Koje Cy buie y cKmafy ca Me-
XaHM3MOM perpyrauyje MOTOPHUX jefUHMIA U TIpe-
JIACKOM CHOPOTP3ajHUX OKCUJATMBHUX MMIIMhHMX
B/1aKaHa (Tui 1) y 6p3orp3ajHa (HUCKOOKCU/IATUBHA)
IIMKOMUTNYKA Myumuhaa BrakHa (tun 2). Cryauja je
OTKpWI/Ia U IIOjefiMHEe ITapaMeTpe KOjU YKa3yjy Ha II0o-
pemehaje, a off Kojux cy HeKy 6N Y CaITTaCHOCTH ca
Hajasuma y nocrojehoj mureparypu. Ienepanno, uc-
TpaKVBame je IoKasano fia je kopumhemem sEMG
TEXHUKe I BejB/IeT aHa/Iu3e MOryhe Ha HeMHBa3VMBaH
HayyMH IPOLEHNUTU CKIAJVIITeHhe KUCEOHNUKa Y CKe-
JeTHUM MUIMhyMa ¥ TMMe yKaszajao Ha MoryhHocT
no60/blIIaba TeCToBa PM3MIKe IPUITPEM/BEHOCTH YC-
nocrapjbabeM Omnke Bese usMmehy gusnukor crama
ca TpajameM 3afprkaBama faxa 1 SEMG kapakrepuc-
THKa IIOBUIIEHe MUOeNIeKTpUYHe akTuBHOCTU IC 1
RA mummha TokoM 3apprkaBama axa.

OVICKYCUJA

Npejno pememe MeToAa 32 IPOBEPY
3paB/ba M MPUIPEM/bEHOCTH CIIOPTIICTA

OcHoBHa 1zieja Koja clnefy U3 AUCKycHje paja cac-
TOjU Ce Y UMIbeHUIY a TT0CToje Tpy Muumnha Koje 6u
Tpebasio MpaTUTH C LUbeM IpoBepe 37IpaBba U IPH-
IIPEM/bEHOCTY CIIOPTUCTE A KOjU Cy Y Be3) Ca allTHEOM
nto: IC, RA u SC, npu uemy ce SC mepu 360r KOHTPO-
Jle HaUMHA IMCaba, 1a 61 ce BUJIENIO fla I MCIUTaHM-
IV IPaBUJIHO M3BOJie BeKOY 1 He pajie MpUIPEeMHY
XUIIEPBEHTUIALA]Y.

IToyyenn pmocajjalimuM pes3ynaTaTMMa YBOIM Ce
3aXTeB Jla IPUIIPEMa MCINUTAHMKA M IIPOTOKOI He-
OIIXO[fHO MOpajy OuTM IpenyusHuje M pUropo3Huje
JCIIOLITOBAHMU fa 01 ce 06e36enyo 60/bM KBaJIUTET
CMPOBYX IOfjaTaKa 6e3 YI/IMBa CMETHMU 1 TUMe OJaK-
113710 MCIIPABHO TyMadYerbe.

ITpumeheno je ma ce KII xmacuynuM MeTomama
MO>Ke TIOy3[JaHO MEPUTH jeIMHO KOJ 0OpO yTpeHu-
paHuX MCOUTAaHMKA KOjU 3HAjy Ja ce OIYCTe, I0K Cy
pesynTaTy reHepaaTHoO YeCTO HEeNOy3JaHy KOf| MCIN-
TaHMKa KOju Cy IIOf] CTpecoM U y rpuy. Takse ucnu-
TaHUKe Tpeba IIpe Mepera OMYCTUTH Ha IIPYMep pas-
TOBOPOM, MY3MKOM, jOHM3aTOPOM, €IMMMHAIINjOM
CTaTUYKOT eleKTpuiuTeTa 1 cnndHo. [la 6u ce 60spe
youuie 3aKOHUTOCTY U JIaKIlle TyMadVIu pe3ynTaTu,
HpeIaXxy ce JofaTHe aKTMBHOCTY ¥ Ipahema:

- BusyenHo mnpaheme peakijyje ¥ IIOHAIIama
MCHNUTaHMKa KaMepoM, Kako OM ce KOJ HeodeK1Ba-
HUX 0jaBa Ha CUTHATy HAKHAJHO MOIJIO MIPOBEPUTH
MOHAIIaIbe MICIUTAHMKA

— IPOLIMPUTY Mepeme Ha JoJaTHe peclpaTopHe
mymmhe, HAPOUUTO TOJATU Meperbe Ayjadparme.

- Mepeme MYJICa, Tj. MHTepBana usMehy oTkyIaja
cpua (ECG), mpoyuaBare BapyjaOMIHOCTY TUX MHTEP-
Bajla y TOKy BpeMeHa M IIOKYIIAj JieTeKIyje CUHYCHOT
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PUTMA, Tj. peCHMPATOPHOI HArOHA, PAil YCTAHOB/bA-
Bamba I10CTOjarba LEHTPA/THOT PeCIPATOPHOT pUTMa I
IBM curHana TokoM 3appkaBama faxa (Parks, 2006).

- pobap mokasares/b yTPEHMPAHOCTY CIIOPTUCTE je
6p3uHa Bpahamwa cpyaHOr puTMa y HOpMajlay HaKOH
BexxOama. IIITo je HUBO QU3NUKe NMPUITIPEM/BEHOCTI
CIIOPTUCTE BUILY, TO MY Ce IIyJIC Op>Ke CITyIITa, U OBO
BpeMe ce MO)XKe IIOpeANTI Ca BPeMEHOM peKyllepa-
nuje gobujenor n3 sEMG curnana (o6jamrmeHo Kac-
HUje y3 CIIUKY 5).

- usfiBajame curHana cpua us sEMG curnana u
kopenanyja ca ECG-om, ga 61 ycTaHOBMIN fIa /N Ce
mync Moxe noyspano pobutu n3 IC u RA sEMG-a
pecIMpaToOpHUX CUTHATIA.

- JIOJAT! CTAaH/IAPOHY METOAy Mepema OKCHUIeHa-
1yje TKMBa MHPpaipBeHoM KamepoM (near-infrared
spectroscopy, NIRS), ma 6u ce kanubpucana Besa
oxcureHanyje ca SEMG mepemnma Ha Mymhuma

- notpebaH je Behu y3opak ncnuranmka, ga ou ce
60/pe younie 3aKOHUTOCTY U Pe3y/ITaTy CTaTUCTUY-
K11 607be MOIJIM TPYNMCATH IO CIIOPTCKMM IpaHama/
AUCUMIUIMHAMA, IOy, BPCTU TPEHMHTA, BeNUYMHA
OpraHu3Ma, UTH.

- tpebano 6u obaButu SEMG Mepema mpe u 1mo-
C7le TPEHUHTa, Ca I[V/beM JIa Cé YCTAHOBM JIa JIM Ce KBa-
JIMTATUBHO Mewa oarosop mMumnha npu samopy. [Ipn
toMe, SEMG curHase Tpeba MepUTH 3ajelHO ca JIpy-
I'MM CTaHAApAHMM MepemuMa kao mto ¢y EKG, EEG,
Ouoxemmja, Kanaunurer Iryha, UTH., M Kopenuparu
VX Ca IIWJbeM YCIIOCTaB/bakba penaliyje, Tako ja 6u ce
CKYIIa CTaHJAp[iHA Meperba MMOTeHIIMjaTHO MOITIA 3a-
MeHuTy SEMG Mepewuma Ha Mymmhuma.

- ycranosuty Besy O®PK ca gy>xuHOM 3afip>KaBama
Jlaxa Kako 61 60/be pasyMenn HeypOMYCKY/IapHM Ofi-
3UB Ha 3aJIp>KaBambe Jlaxa U MOIJIM reHepucaru pede-
penTHe BpenHocTH T3] 3a 3;;paBe 0cobe, Koje OAroBa-
P3jy KOHTPOJIHOj IIay3M ¥ MAaKCUMAJIHOj IIO3UTUBHO]
naysu. Kop mpeamkimje MaKCMManTHOT 3afip>KaBarba
flaxa MOXKe ce y3eT! y 003up 1 KanmauureT Iryha, jep
ce o4eKyje aa ocobe Beher kamanurera mwiyha nmajy
lly’)ke MaKCUMajHO 3afipykaBame faxa. Hamme, bBy-
TEjKO CMaTpa Ja ce pOHMIAYKUM TPEHMH3VMA U pas-
BOjeM pOHMIAYKOT pedriekca Moxke mosehatm Makcm-
MaJIHO 3aJp)KaBame Jjaxa, aai He ¥ KOHTPOJIHA I1ay3a.
KII ce moxe moseharn camo ako ce nosehajy germon
CO2 y henmjama 0 pusmononkor onTuMyma of 0Ko
6.5-7.5% 3a 3npase ocobe (Yakovljeva, 2013). Tpeba
uspauyHatu OPPK Teopmjcku kamanureT (Ha OCHOBY
BucKHe, crapoctu u BMI, (Lumb, 2017a)), a Takobe n
U3MEPUTHU Taj KallallUTeT ¥ YHOPEIUTHU UX, OJTHOCHO
TaKo Kamubpucatu rpy6y HpeayKuujy OYeKMBaHMX
Heprofia 3aip>kaBama iaxa Kof 3[paByux ocoba.
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- Finapres 3a Mepeme KpBHOI HpPUTHCKAa KOju
MOXKe fia fieTeKkTyje IBM.

Bejsrer anammsom ce sEMG curHan pgenm Ha
¢dpexsennujcke omcere D1 (480-960 Hz), D2 (240-
480 Hz), D3 (120-240 Hz), D4 (60-120 Hz), D5 (30-
60 Hz), D6 (15-30 Hz), D7 (7-15 Hz), D8 (4-7 Hz) u
S8 (0-4 Hz). V3 mocapmammux Mepema 3aK/bydeHo je
nma je peaxnuja Behune ucnmranuka Ha IC ygucajaom
munhy TakBa a eHepruja MocTerneHo pacTe y ONCery
ox 120-480 Hz (D2-D3), nok enepruja naga ox 7.5-30
Hz (D5-D6). Hapounto je uspakeH naj eHepruje 3a
UICIIMTAHMKE ca CMabujuM pesynTatuma y omcery D6
ox 15-30 Hz. Ha SC mummnhy je npumeraH pact eHep-
ruje o 240-480Hz (D3), a HemTo Mame of 120-240Hz
(D2), mox je map eHepruje mpucyraH on 15-120Hz
(D4-D6). Ca gpyre cTpaHe, fok je Ha IC 1 SC pacr 1mo-
CTEIleH, OH je Ha RA Harao, 1 jaB/ba ce yIlaBHOM caMO
3a HajyTpeHUpaHUje UCHUTaHUKe Koju umajy T3] >
50s, y omcery o 60-240Hz (D3-D4), a genmummuyHo n
ox 240 - 480 Hz (D2). OBe 3aKOHUTOCTY ¥ BPELHOCTU
dbopmupajy pedepenny koja he ce ymopegutn ca Ho-
BIM MepemuMa fia 61 KmacuduKoBanu HOBa Mepera
y opHOCy Ha nocrojehy pedepenuy.

Ha cmuum 3 je npukasan sEMG opsus 3a Tpeher
ucnuranuka Ha IC yaucajuom mumnhy, no ppexsen-
LOUjCKUM CKajlaMa, Ife je nmpukasaHa RMS eneprumja
CHUTHa/Ia M3padyyHaTa Kao KBajipaT BejBIET Koedu-
I[MjeHaTa INOjefMHAYHMX CKaja, YCpe/llbeHa Ha IIpo-
3opy of 1,5 s (Tako fja obyxBara gBa OTKYyIaja CpIa).
[TpumeTHO je 3HayajHO mocTerneHo noBeharmwe ox3nBa
y omcery 120-480 Hz (D2-D3) nerne o cpenune 3],
IITO IpEefCTaB/ba €HePreTCKN ,IIOTINC  XMUIIOKCUY-
Hor IBM nponeca. Cnuka 4 npukasyje RMS eneprujy
(xBappar BejBrer koeduumjenara) sEMG curnama
YeTBPTOr MCIMUTaHUKa Ha RA m3pgucajaom mummhy.
ITpumehyjemo 3HavajHO Harno nosehamwe eHepruje y
¢dpekseniujckom oncery ox 60-480Hz (D2 - D4) ann
6mxe Kkpajy 3]1, IITO je eHepreTCKM ,,IOTINC  XUIIEP-
kanHuuHor IBM npoueca.

3a Mepeme MOXeMO KOpuUCTUTM —1ocTojehy
TRIGNO amnapatypy a y cucrem jopatu codrBep-
CKM Jleo 3a 00Opajy CUTHa/Ia: YK/Iamame IIyMa 1 I10-
Jielly CUTHaJIa Ha KOMIIOHEHTe BejByeT Tanacuha (kao
IITO je IMpUKas3aHo Ha caukaMa 3 u 4). [locmarpamem
SsEMG op3uBa 1o ¢ppeKkBeHINjCKIM CKa/laMa, Ha IIPH-
mep ckane D2 wa IC mymmhy u ckane D3 Ha RA mn-
mnhy, Mory ce usmeputyu cinefehn napamerpu (Bupn
CIIMKY 5):

o moueTak Mepema KII je TpenyTax Tstart u on
IpefiCTaB/ba YHIBEP3aTHO BpeMe TajMepa Kafia ce Io-
AVTHe KOKUIIPCT Kao CUTHAJI 32 3aTBapame HOCHUIA.
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Cinxka 5 Mepeme mapamerapa 3/1: BpemeHa akor ofsujama T'1, mepuozna 6op6e T2, Tpajame sagpkaBama gaxa (T3]]) T1+T2, Bpeme

pekynepanuje Trek, Bpeme no nmpsor IBM-a Tibm , Homuuanza Enom 1 makcumanza Emax enepruja.
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e  Mepu ce [JyXMHA IIepyofia JIAKOT OfiBMjarba
T1, o 3aycTaB/baiba fAycama 10 MOYeTKa Iepuoja
60pbe kapakrepucanor pactom sEMG curnana.
Hy>xe Bpeme T1 ykasyje Ha 60/by IPUIIPEM/bEHOCT
UCIUTAHMKA ¥ TUINYHO j€ jeHAKO IIOJIOBMHU
T3] (Bain i sar, 2017), mro je u BepudukoBaHo
eKCIIEPYMEHTOM.

« VY mepuony 6opbe T2 youaBajy ce 3Ha4ajHe
peakuuje Ha Muimhy u moyetak perpyTaunuje Mo-
TOpHUX jemmHuna ca sehum 6pojem croporpsaj-
HMUX OKCUIATUBHMX MuinuhHux Brakana (tum 1)
u/mnmm 6p30TP3ajHUX IMKOMUTUYKUX MUIIMhHa
BlakaHa Tuma 2. Opsus Mummha pacre n y jen-
HOM TpeHyTKy he fohu o npse IBM koHTpakuuje
(ito HaM maje nepuop Tibm, Buay MoMeHat 03Ha-
JeH 3e7leHOM cTpemioM Ha cvun 5), KIT = Tibm.
. Ilocne nmpse IBM KoHTpakumje fonasu [0
omyuiTama pecrnuparopHor mumnha (mazga eHep-
ruje), a IOTOM Ce NePUOANYHO jaBjbajy u ciepehe
IBM konTpakiuje mnosehaHor WHTeH3uTETa U
dpekBeHIyje, a pu Kpajy nepruoga 6opde Beoma
jake KOHTpakumje (Harmym maj u nosehame eHep-
ruje, BUAM LIPBEHY CTpe/MIly Ha ciunym 5). Yop3o
IoC7Ie TOTa JIO07asy [0 IIOHOBHOI YCIIOCTaB/baka
Aucamay TpeHyTKy T'stop : ;y>xe Bpeme T2 ykasyjy
Ha 60/bY IIPUIPEM/bEHOCT UCIIUTAHNKA.

«  Hakon ycrocrapbama fycama MEPUMO Bpe-
Me pekynepanuje, Tj. Bpahama sEMG curnama
y Hopmany (Bpeme Trek). Kpahe Bpeme ompaBka
yKa3yje Ha 60/by IPUIIPEM/bEHOCT.

» IloBehame eHepruje y BpeMeHy y OfHOCY Ha
pedepenTHy (HOMuHanHy) eHeprujy Enom ca no-
JeTKa 3ajp)KaBama faxa (ycpelmeHy Ha IIpo30-
py on ls, moce npse 2s of M0OYeTKa 3a7pKaBarba
Jaxa).

o  bpsuHy nmopacTa eHepruje of HOMUHAIHE [0
MakcuMainHe BpegHocty (Emax - E nom) / T2.

3AK/bYYAK

Y OBOM HeeKCIepMMEHTAJTHOM IIOCMaTpamy,
IpENIIOXKEH je jeflaH off IIPOTOKO/IA 3a OLIeHY 3/jpaB/ba
U IPUIIPEM/bEHOCTY CIIOPTUCTA HAa OCHOBY CIIEL M-
buraHOT Of13MBa OPraHN3Ma Ha IMCAjHOj MYCKYIATypu
M3a3BAHMX AITHEOM.

AHanusa je mokasana fia je moryhe 3abenexnrtu
crienduyHe npomene TokoM IBM-a sEMG cHumnm-
Ma IC, RA n SC mummnha. YoueHe cy peakunuje Ha cBe
Tpu peruje kopi BehmHe ncnnranmka, a Takohe u moje-
nuHe crienyduIHe IpOMeHe.

JMHaMM4Ka aHaIM3a IpOMeHe CIIeKTpa TOKOM Iie-
TIOKyIIHE IIpoLieflype HeJBOCMICIEHO IIOKasyje 3Ha-
JajHe IpoMeHe Koje cexy o 60 Hz ma go mpexo 600
Hz. Kop Hekux ucnuTaHmka Hitje 3abeneXkeH 3Ha4ajaH
oprosop Ha mumnhuma, HajsepoBaTHuje 360r TOra
mTOo HUCY focermy IBM: Mornu cy u fy>xe fa safgpxe
Tax amm To Hucy yuuHuau. OBo roBopu jia je 3a yc-
TexX eKCIePUMEHTa jaKo BayKHO IIPABUIHO u3Boheme
Mepema, IITO Cé MO)Ke IIOCTMNRM KBaTUTETHOM yTpe-
HMpaHouNy NCIIUTAHNKa, a/IU U1 Y3 KOMIUIEeMeHTapHa
Mepema, Ha IpyMep MHPPALPBEHOM M KIACUYHOM
KamepoM, Mepema SEMG curnana aujagparme, cpya-
HOT IIyJICa, UTH., KOja 61 mompuHena 60/beM pasyme-
Bamby IIPOyYaBaHUX (peHOMEHa.

JenHOo of MHTepecaHTHuX MoryhHocTu je ma ce
U3BpIIN Kopenanuja u kambpanuja sSEMG pesynra-
Ta ca pyroM GMU3MOIOIIKOM AMjarHOCTUKOM. IIpBo
moryhe pocturayhe je morsphuBame Heke of mo-
crojehyx [UjarHOCTIYKMX MeToza Koje Cy Ouio cKy-
Ile, TELIKO JOCTYIIHE MM 3aXTeBajy Ayro BpeMe 3a 00-
pany, a cBe TO Y3 KOMQOP ¥ HeMHBA3UBHOCT. YKOINKO
ce MOTBPAM KOpenalyja, Tajia je Moryhe memMMmaHoO
3aMEHNTHM MOCTOjehy MeTOmMKy TecTMpama HOBOM
SEMG MeTof0oM ca OpUI'MHAIHUM IIapaMeTpyuMa.
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Abstract

Modern diagnostics of athlete preparation involves the acquisition
ofalargenumber ofdata, whichrequiressuperiorknowledge,serious
logistics, protocols, staff, time, etc. Technological breakthroughs
in surface electromyography (SEMG) in measuring the activities
of respiratory muscles in vivo opened new possibilities in this
direction. The correlation between physical preparedness and the
ability to maintain breath has been a theoretical phenomenon for
over a century. The result at the duration of the breath holding time
(BHT) is generally considered a positive indicator of the volume
of respiratory capacity during physical activity. Experimental
research determined involuntary activities of auxiliary respiratory
musculature at the end of the quiet retention of breath and are
determined as a physiological break point of breath holding. The
time from the start of the breath holding to the first involuntary
breathing movement (IBM) is called the control pause (CP). Since
this time is not the physiological maximum of breath holding,
it is very important to determine the exact moment of reaching
the first IBM and the time-frequency characteristics of SEMG
signals during the IBM phase (work problem). Using Wavelet
methodology, the analysis of SEMG signals is performed on three
skeletal muscles, two inhaling (M. Scalenus - Anterior et Medium
- SC, and M. Parasternal Intercostales - IC) and one exhalatory (M.
Rectus abdominis - Ra), that in addition to others, have auxiliary
role and function in the respiratory cycle, and that are sensitive
to physiological changes due to apnea, so in their neuromotor
response are a possible indicator of metabolic processes that are
detected as involuntary breathing movements. Multiple growths
in the electrical activity of these muscles during IBM in certain
frequency ranges have enabled precise IBM measurement, thus
determining the physiologically acceptable duration of the CP.
Observation and analysis of the specific respiratory and muscular
response indicate dominations of hypoxic or hypercapnic

metabolic condition (subject of research). Based on monitoring
these changes in 12 subjects classified in the group categorized
amateur athletes, it was determined that better-trained subjects
have longer CP and react hypercapnically. The conclusions of this
non-experimental case study correspond to the practice of training
preparation but open the space for new research, primarily those
who should develop an affordable method for non-invasive real-
time physical preparation.

Keywords: Breath holding / Surface Electromiography / Wavelet
Analysis / Hypoxia and Hypercapnia.

Resumen

El diagndstico moderno de la preparaciéon de un atleta
implica la adquisicién de una gran cantidad de datos, lo que
requiere conocimientos superiores, logistica y protocolos
serios, profesionales, tiempo... Los avances tecnol()gicos en
electromiografia (surface electromyography SEMG en inglés)
para medir la actividad de los musculos respiratorios in vivo han
abierto nuevas posibilidades en esta direccion. La correlacion
entre la preparacion fisica y la capacidad de contener la respiracion
el mayor tiempo posible es un fenémeno tedrico-practico desde
hace mds de un siglo. El resultado de la prueba de duracién de
la contencién de la respiracion (DCR) generalmente se considera
un indicador positivo del volumen de la capacidad respiratoria
durante la actividad fisica. A través de una serie de investigaciones
experimentales, se determinaron las actividades involuntarias de
la musculatura respiratoria auxiliar (ing. involuntary breathing
movement, IBM) al final de la contencién de la respiracion
tranquila, y los mismos se determinaron como el punto fisiologico
de detener la contencién de la respiracion. El tiempo desde el
inicio de la contencion de la respiracion hasta el primer IBM se
denomina pausa de control (PC). Dado que la misma no representa
la méxima contencién de la respiracion fisiologicamente posible,
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es muy importante determinar el momento exacto en que se
alcanza el primer IBM (problema de trabajo). Con los métodos
wavelet para analizar las sefiales EMGs de tres musculos
esqueléticos, dos inhalatorios (m. scalenus - anterior et medium
- SC, y m. paraesternal intercostales - IC) y uno exhalador (m.
rectus abdominis - RA), que, entre otros, tienen un papel y
funcién auxiliar en los ciclos respiratorios, y para los que se ha
encontrado que son sensibles a los cambios fisioldgicos inducidos
por la contenciéon de la respiracion, por lo que en su respuesta
neuromotora representan un posible indicador de procesos
metabdlicos que se detectan como movimientos respiratorios
involuntarios. Multiples aumentos en la actividad eléctrica de
los musculos mencionados durante la IBM, en ciertos rangos de
frecuencia, permitieron una medicién precisa de la IBM y, con
eso, la determinacion de la duracién fisiolégicamente aceptable
del CP. La observacion y analisis de la especificidad de la respuesta

de los musculos respiratorios apunta al predominio de un estado
metabdlico hipdxico o hipercapnico (tema de investigacion).
A base del seguimiento de los cambios mencionados en 12
examinados clasificados en el grupo de deportistas categorizados
y aficionados, se determiné que los examinados mejor entrenados
tienen un CP mads prolongado y reaccionan hipercapnicamente.
Las conclusiones de este estudio no experimental de caso
corresponden a la practica de la preparacién del entrenamiento,
pero abren espacio para nuevas investigaciones, principalmente
aquellas que deberfan conducir al desarrollo de un método
accesible para la evaluacion no invasiva de la preparacién fisica de
un deportista en tiempo real.

Palabras clave: CONTENCION DE LA RESPIRACION /
ELECTROMIOGRAFIA DE SUPERFICIE / ANALISIS DE
WAVELET / HIPOXIA E HIPERCAPNIA

INTRODUCTION

One of the classic questions many coaches ask
themselves is how to lead athletes and teams to indi-
vidually optimal results. An important part of their
daily routine consists of planning the development of
athletes” training and competitive potential, as well as
monitoring and measuring their progress in a stand-
ard environment. The primary mission of checking
athletes’ health status is to avoid adverse conditions
during and immediately after training or competition
and to ensure the chronic - lifelong effects of exer-
cise. Health integrity challenges for athletes primarily
include strokes (serious conditions with loss of con-
sciousness) that can lead to fatal outcomes (Schmidt
et al., 2013), as well as heart defects that can remain
hidden for years (Panagotakos et al., 2004). During
any demanding training cycle, coaches and athletes
are expected to structure an optimal training plan
and program for each day, week, month, etc. (Foster,
2016). To achieve optimal results and progress, and
above all, to preserve athletes” health, it is critically
important to make decisions about what to retain and
what to change in training. Key strategic decisions
are made based on training program analytics and
indicators of athlete readiness diagnostics, which in
a well-developed athlete monitoring system involves
the acquisition of a large number of data points and
measurements. These, depending on the sport and
discipline, relate to VO2max, lactate threshold, body
fluid biochemistry, EKG, EEG, etc. Due to the meas-
urement of a large number of physiological parame-
ters, the correct interpretation of results is crucial, and
it requires highly trained and experienced analysts.
Today’s sports impose the concept of inter- and multi-
disciplinary approaches with a tendency to increase
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the number of knowledge areas and team size. Besides
coaches, physiologists, and medical staff, it is not un-
common for information science engineers, biome-
chanics experts, statisticians, and others to be involved
in planning to achieve top sports results. They assist
in the acquisition and calculation of TRIMP scores.
Foster (2015) emphasizes the effort to integrate as
many parameters as possible into a single assessment,
which facilitates decision-making for coaches and, in
the case of poor results, incentivizes to create even
more detailed analyses. This approach requires serious
logistics and time, and the cost is not negligible, nor is
the significant pressure that this cycle of measurement
and testing places on coaches and athletes. Measure-
ments and appropriate test selections are prerequisites
for all cognitive efforts, known to “tire” athletes, and
are therefore typically done separately from training.

PRACTICAL CHALLENGES OF
ASSESSING ATHLETE READINESS

The primary motivation of any training regimen
is to shift demands within a unit of time—an incre-
mental effect that maintains the stability of skill and
movement technique. In the practical implementa-
tion of the strategy or theory of training load and re-
covery, two concepts are thoroughly studied: NFOR
(non-functional overreaching) and OTS (overtraining
syndrome) (Meeusen et al., 2012). On one hand, the
athlete must be overloaded to step out of the comfort
zone of their current training level. If the chronic im-
pact of OTS is not recognized, it can disrupt sports
readiness, and if NFOR is not recognized, time is lost
for preparation and reaching maximum readiness.
These two conditions are challenging to distinguish
for an inexperienced coach or an athlete lacking an
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understanding of training effects and accompanying
conditions. The main problem in responding to the
challenges of this process is the qualitative and quan-
titative recognition of the training structure, as well as
the objective tests developed that realistically connect
laboratory and field measurements. Karl Foster high-
lighted the practical issues in distinguishing between
OTS and NFOR, noting that prolonged adaptation is
the most common difficulty in their differentiation. In
this process, a range of medical conditions must first
be excluded. If there are no indicators among them,
the next step is to check for disturbed homeosta-
sis, numerous hormones, and then a series of blood
samples to check: blood lactates, creatine kinase, and
glutamate. If none of these are outside normal limits,
then mental readiness can also play a role—in this
sense, numerous psychological questionnaires have
been developed (So et al., 2016).

A training plan, once established, needs to be fol-
lowed for each day of the program, but this must be
approached with caution. An athlete may be lazy and
need to be stimulated to complete the daily plan, but
if they have an objective problem fulfilling the daily
plan at any stage of their life and training, this can lead
to uncontrolled load attributes, making continued ex-
ercise counterproductive. The measurement method,
selection of adequate tests, their acquisition, and in-
dividual analysis are conditioned by numerous factors
primarily (Foster, 2015):

The time frame of training is the first and deci-
sive/key factor. Obtaining relevant and reliable results,
from testing to proper interpretation, sometimes takes
so long that it questions their immediate information-
al and strategic capacity.

The logistics of such measurements are demand-
ing: having the necessary equipment and laboratory
at hand is difficult, as typical measurements require
access to several different devices/modules.

The financial aspect, such as the cost of equipment,
test development, and their correct interpretation by
specialists, determines whether the method can be
practically applied or not, i.e., at what level of sports en-
gagement this is possible (Matthew et al., 2010).

The psychological/sociological factor is closely
related to the reliability of a particular method. For
example, EKG in top athletes is full of “abnormalities”
in 50% of cases. These are not pathogenic changes in
heart rhythm; misinterpreting the EKG can unneces-
sarily exclude an athlete from a competition they may
have been preparing for years (Corrado et al., 2010).
The consequence for the athlete’s psyche is clear, and
the financial effect cannot be ignored either.

It remains apparent that today’s athlete monitoring
is challenging, strenuous, and stressful. Using simpler

methods would contribute to better training stimulus
planning and individual athlete progress. This paper
proposes a conceptual solution that can meet metric
requirements based on the acquisition of parameters
related to the body’s physiological response during
prolonged breath-holding.

Physiological Response to Prolonged
Breath-Holding and Its Use in Research
and Coaching Practice

Despite significant variations in the human physi-
ological response to prolonged breath-holding, which
is also attributed to the mammalian diving reflex, its
critical function is preserving oxygen to maintain cer-
ebral function. This includes two central processes
that describe (I) peripheral vasoconstriction associat-
ed with initial hypertension, mediated by the sympa-
thetic nervous system, and (II) bradycardia associated
with decreased cardiac output, mediated by the vagus
nerve (Lindholm & Lundgren, 2009; Foster & Scheel,
2005; Bain et al., 2018).

The initial increase in mean arterial pressure co-
incides with the contraction and expulsion of “fresh”
blood from the spleen, providing “new oxygen” in the
bloodstream, which has an apparent beneficial effect
at the start of breath-holding (Palada et al., 2008).

During induced apnea, two main phases are ob-
served: the “easy-going” phase, characterized by the
absence of EMG activity of respiratory muscles, and
the “struggle” phase, marked by rhythmic fluctuations
in lung pressure and rhythmic EMG signals and their
demarcation point. Identifying this transition repre-
sents a physiological breakpoint, a consequence of
metabolic and dynamic responses of the respiratory
muscles, considered the first involuntary breathing
movement (IBM). The “struggle” phase is character-
ized by increasingly stronger IBM contractions of the
respiratory muscles due to a series of metabolic ad-
justments, reﬂecting the excess CO2 concentration in
the blood, which in turn affects the central respira-
tory system by producing a respiratory drive. These
changes are accompanied by a feeling of air hunger,
during which motivated but naive subjects will inter-
rupt breath-holding and resume the breathing process
(Parks, 2006; Bain et al., 2018). The frequency and
intensity of IBM increase towards the end of apnea
duration, indicating that this state has a discernible
impact on IBM. Despite strong evidence, the role, and
thus the reliability of IBM, is blurred by the fact that
in some subjects, IBM cannot be detected even during
extended breath-holding periods (Willie et al., 2015).
The period of involuntary respiratory movement in-
duces short-term increases in mean arterial pressure
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with positively correlated oscillations in cerebral
blood volume and hemoglobin oxygenation, likely
due to chemoreceptor stimulation and consequent ef-
ferent respiratory motor response (Willie et al., 2015;
Joulia et al., 2003). It is accompanied by a decrease in
spleen blood volume and the process of maintaining
hemodynamics, which probably facilitates the use of
the last oxygen reserves before the end of breath-hold-
ing (Palada et al., 2008).

Measuring breath-holding has been used for over
100 years as an important readiness factor for active
military pilots (Flak, 1920). Non-invasive measurement
of calm breath-holding to the IBM physiological re-
sponse is among the least stressful of all breath-holding
varieties. Since the 1960s in the Soviet Union (Kazari-
nov, 1990), breath-holding measurement has proven to
be an excellent indicator of health status and energy ca-
pacity across a wide range of subjects, from cosmonauts
to the seriously ill. However, this phenomenon could
not be fully detected and explained by the physiological
analyses of that time, especially in tracking changes in
the activity of muscle groups involved in the breathing
process (respiratory musculature).

Breath-holding after normal breathing and fol-
lowing spontaneous exhalation does not lead to any
tension (Ostoji¢ & Stefanovi¢, 2020). The time period
from the start of breath-holding in this way to the first
IBM was called CP (control pause) by the Soviet group
around K.P. Buteyko, and the length of this period is
used to indicate the subject’s readiness and overall
health. IBM can occur in two topographical zones, in
the neck region or the plexus (Stefanovi¢, 2020). Until
the recent breakthroughs in surface electromyography
in analyzing respiratory phenomena, objective insight
into the work of the respiratory musculature and the
exact moments of IBM was not possible. Manual de-
tection of IBM was previously mostly performed using
subjective methods of tactile discrimination, palpat-
ing the plexus with fingers, placing a bell or plethys-
mograph on the region to feel twitching or trembling,
while the neck followed the feeling as if the subject
was performing a swallowing act. IBM reaction exclu-
sively in the plexus is present in about 16% of subjects,
in the neck in most (76%), and 20% of subjects react
in both regions (Ostoji¢ et al., 2020).

When practically measuring CP, a twofold problem
is observed. If the subject merely “imagines” they have
experienced IBM, the obtained result is shorter than
the real one. In the case of breath-holding after IBM,
the result is falsely longer. It should be noted here that
the objectively maximum possible breath-holding
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time is up to 30% longer than CP, and this percent-
age decreases with longer breath-holding to about
10% (Ostoji¢, 2017). It is clear that the breath-holding
time itself can be divided into several classes based on
which the health and readiness of the subjects could
be classified. However, the question arises of the reli-
ability of CP measurement, and whether it is possible
to derive a quick and accurate assessment of the health
status and readiness of athletes based on the character-
istics of IBM signals from the indicated body regions.

METHOD

The acquisition of SEMG data from selected mus-
cles was carried out using the non-invasive research
Delsys TrignoTM wireless SEMG system, known for
its high performance. This system enables a sampling
frequency of 1926 Hz, using four hybrid mobile sSEMG
sensors and a 16-bit A/D converter. Hardware filtering
was applied, including a high-pass FIR filter of 7 Hz, a
second-order Butterworth band-pass filter between 20
+ 5 Hz and 450 + 50 Hz, and a narrow band-stop filter
around 50 Hz.

Previous studies have shown that an initial sam-
pling frequency of 200 Hz was insufficient to capture
the full dynamics of the signal (Ostoji¢ et al., 2020; Os-
toji¢ & Milosavljevi¢, 2019). Therefore, a higher sam-
pling frequency was applied to ensure higher quality
parallel signals and to facilitate a simple, self-sufficient
setup for acquisition. Measurement of the first IBM af-
ter a calm exhalation has been published in a previous
study (Misi¢ et al., 2023), where it was demonstrated
that these effects could be recorded and analyzed using
wavelet spectral analysis, provided that the signals are
sampled at a sufficiently high frequency.

The motivation for selecting the muscles was to
include primary inspiratory and expiratory muscles.
Scalenus anterior et medium (SC) and Parasternal In-
tercostales (IC) are primary inspiratory muscles, while
Rectus Abdominis (RA) is a primary expiratory mus-
cle. IC is an intersection between SC and RA, where
most people exhibit a reaction, making it suitable for
diagnostic purposes. M. Pectoralis is active during deep
or forced inhalation but does not play a primary role
in breathing during exhalation and was not measured.
M. Brachioradialis, a locomotor muscle that does not
participate in respiration, was measured as a reference
muscle to aid in noise removal, See Figure 1.
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Figure 1 Placing of Delsys TrignoTM wireless sensors for one-sided

and one locomotor muscle

(right side) recording the myoelectric activity of the three respiratory

Note: Auxiliary inspiratory muscle Scalenus anterior et medium (SC), Primary inspiratory muscle Parasternal Intercostales (IC), Auxiliary

expiratory muscle Rectus Abdominis (RA), and a locomotor muscle Brachioradialis (BR)).

For the entire experimental setup, the right side of
the body was chosen for acquisition to minimize in-
terference from heart activity signals, which are more
pronounced on the left side. Additionally, subjects
were instructed to avoid activating their peripheral
muscles, except when indicating the beginning and
end of breath-holding. This indication was a cue for
the operator to place or remove the nose clip. This
signal was given by slowly raising and lowering the
index finger of the left hand to further avoid activi-
ty on the right side of the body during the critical
phase of measurement (the beginning and end of the
breath-holding (BH) maneuver).

In addition to the classical measurement of
breath-holding duration (BHD), the main focus of
this study is the time-frequency characteristics of
sEMG signals during IBM movements of involuntary
breathing. Both types of results are generally modu-
lated by many factors. Apart from individual factors
such as sex, age, body size, chest shape, diaphragm po-
sition, thoracic blood volume, blood hemoglobin con-
tent, metabolic rate, obesity, illness, etc., other com-
mon factors such as initial lung volume and posture
significantly impact sEMG signals and BHD (Lumb,
2017a; Lumb, 2017b). Most breath-holding studies
are based on holding the breath with fully inflated
lungs. Still, such an initial lung volume creates tension
in all respiratory muscles to overcome increased in-
halation resistance and lung pressure. This produces
an inflation reflex and increases the influence of the
aforementioned individual factors (McCulloch et al.,
2012). Given that this study mainly limited the re-
search objectives to the SEMG response of respirato-
ry muscles to hypoxic and hypercapnic stimuli, the
common factors mentioned were chosen to minimize

their impact on EMG activity by reducing additional
unwanted elastic forces in the respiratory muscles and
changes in lung volume, thereby reducing unwanted
stimulation of respiratory center control. These fac-
tors can be overcome by breath-holding during fully
relaxed respiratory muscles, which is characteristic of
lung volume at the end of a normal exhalation, i.e.,
functional residual capacity (FRC).

Regarding posture, a supine position increases
abdominal pressure on the diaphragm, thereby pre-
venting the diaphragm from fully relaxing at the end
of exhalation and significantly reducing thoracic vol-
ume, which thus affects the lung volume at the end
of resting exhalation or FRC. Compared to an upright
sitting position, the supine position decreases the
elasticity of the chest and diaphragm, reduces chest
compliance by 30%, and overall static compliance of
the respiratory system by 60% (Ostoji¢ et al., 2020).
Additionally, breath-holding from FRC and upright
sitting reduce pulmonary blood flow resistance and
volume, thus preventing or reducing unwanted recep-
tor stimulations. All these reasons led us to design the
experiment with the BHM maneuver in an upright
sitting position with a straight spine, without lumbar
support, in a calm environment with occasional and
timely notification of the remaining time until the ap-
proximate start of breath-holding.

Measurement protocol

The schematic representation of the BH maneu-
ver, along with its tasks, phases, and durations, is pre-
sented in Scheme 1 (with time frames of spontaneous
breathing established based on Stewart & Bain, 2021;
Perini et al., 2008). Breath-holding commenced after
a spontaneous exhalation to FRC, with subjects be-
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ing instructed to refrain from preparatory hyperven-
tilation, and concluded with spontaneous inhalation
through the following phases:

Calm, Passive Phase: The subject sat for approxi-
mately 3 minutes with their hands resting quietly on
their thighs and all electrodes in place. They breathed
quietly through their nose with normal inhalation and
spontaneous exhalation, relaxing their entire muscu-
lar system.

Active Phase, Breath-Holding: At their discretion,
after a spontaneous exhalation, the subject raised their
index finger to signal the operator to close the nos-
trils with a diving clip. The subject mentally contin-
ued to relax all muscles, went through a phase of easy

maintenance, and allowed respiratory contractions to
develop “naturally” towards the end of breath-holding
(struggle phase, beginning of the physiological break-
point, and the onset of IBM signals). The subject held
their breath for as long as possible until spontaneous
termination, at which point they signaled the operator
to release the clip, allowing them to resume normal
breathing.

Calm Final Phase: The subject remained calm, as
at the beginning of the exercise, for at least three more
minutes, breathing quietly and relaxing their entire
musculature while heart activity, breathing, and meta-
bolic processes returned to normal.

Breath-Holding Maneuver

TASK Spontaneous Breathing

reath-Holding

xh

B N
(BH) : Spontaneous Breathing :

4| Exhalation BH

Tstop

Figure 2 Breathing pattern in the breath-holding experiment.

Note: Breath-holding began after spontaneous expiration to functional residual capacity and ended with spontaneous inspiration to normal

lung capacity. Markers Tstart and Tstop define the beginning and end of the breath-holding cycle).

Participants

This study included 12 healthy, regularly physical-
ly active, non-smoking volunteers divided into two
equally sized groups based on their level of sports en-
gagement—professional and amateur. For each par-
ticipant, their primary sports discipline/activity, age,
gender, height, weight, and status as a professional or
amateur athlete were recorded. The participants se-
lected were healthy individuals with an average body
weight and a body mass index (BMI) ranging from
21.8 to 25.3 kg/m*. All participants received nec-
essary explanations and instructions and provided
written consent, acknowledging that they understood
the study’s objectives and procedures and agreed to
participate voluntarily. Each participant underwent
the procedure depicted in Figure 1 twice, resulting
in a total of 24 signals (12 participants x 2 sessions)
that should contain IBM. Previous subjective meas-
urements did not determine the presence of IBM, but
with this equipment and protocol, we aim to identify
it more accurately.
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RESULTS

Participants with similar characteristics within
each of the two study groups demonstrated signifi-
cant variability in muscle physiological responses to
the BH maneuver (Scheme 1), reducing the statistical
consistency of the results. To draw valid conclusions
from the variable data, the focus was on understand-
ing the correlation between physiological responses
and individuals’ estimated physical fitness/training
levels (Misi¢ et al., 2023). The physiological impli-
cations were analyzed and interpreted mainly in the
context of hypoxic and/or hypercapnic responses, as
well as muscle fiber subtypes.

Wavelet and statistical analysis of surface electro-
myography (sEMG) signals from three respiratory
muscles (two inspiratory, SC and IC, and one expir-
atory, RA) and one locomotor muscle (BR) was per-
formed during the BH maneuver to identify the most
suitable muscle for detecting and characterizing invol-
untary breathing movements, as well as assessing re-
sponses to tissue hypoxia and hypercapnia. The meas-
urement results are shown in Table 1, where the par-
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ticipants are categorized into groups of athletes and
amateurs, with other recorded data and BH duration
measurements for each of the two trials presented in
the last two columns.

The long-term goals of this study are to improve
physical fitness tests (Misi¢ et al., 2023). Several wave-
let analysis methods were used: scalograms (contin-
uous wavelet transform) for signal visualization and
qualitative analysis and discrete wavelet transform
(DWT) in redundant form, known as maximal over-
lap DWT (MODWT), for quantitative analysis. Based
on MODWT, several analyses were performed, with
the main ones being: 1) multiresolution analysis to

determine wavelet energy spectra (WES) of signals,
2) correlation analysis of WES distributions using
probability density estimation and classification by dif-
ferent criteria (level of sports activity, muscle types,
and MODWT components) to determine the repro-
ducibility of the IBM phenomenon, 3) wavelet vari-
ance analysis with a moving window of fixed width for
individual MODWT components to analyze transient
phenomena during IBM, particularly determining
characteristic frequency ranges, and 4) comparative
analysis of changes in relative energy of MODWT
components and BH duration.

Table 1 Breath-holding duration (BHD) of categorized and amateur athletes (N=12)

- S Age
Training Level Discipline
(years)
1 Professional Swimming Female 20.9
2 Professional Rowing Female 29.4
3 Professional Rowing Male 30.5
4 Professional Rowing Male 26.9
5 Professional Athletics Male 251
6 Professional Scuba diving Male 27.2
MEAN 26.7
PROFESSIONALS 6

SD 3.1
7 Amateur Volleyball Male 20.6
8 Amateur Jujutsu Male 36.7
9 Amateur Jujutsu Male 19.2
10 Amateur Jujutsu Male 44.9
11 Amateur Jujutsu Male 40.1

12 Amateur Yoga Male 45
MEAN 34.4

AMATEURS

SD 11.7

Height Weight BMI

(cm) (kg) (kg/m?)
168 63 223 24 27
180 75 23.2 31 28
195 92 242 51 53
197 90 23.2 64 81
192 85 231 57 52
186 80 231 70 66
186.3 80.8 23.2 49.5 51.2

10 9.8 0.5 16.7 19.3

204 95 22.8 27 29
185 76 22.2 43 52
178 69 21.8 34 37
180 80 247 40 57
180 82 253 36 49
197 93 24 21 24
187.3 82.5 23.5 33.5 41.3
10.7 10 1.4 7.5 12.2

This pilot study preliminarily indicated high re-
producibility of predetermined respiratory muscle
responses, as well as the detection of dominant res-
piratory muscle responses and IBM signals either in
the inspiratory IC or the expiratory RA. The difference
was associated with training status, with categorized
athletes showing longer BH duration and a stronger
hypercapnic response in the expiratory RA compared
to recreational athletes, who exhibited a stronger hy-
poxic response in the inspiratory IC. Additionally, fre-
quency ranges were determined: the hypoxia-sensitive
inspiratory IC activated in a shorter time and grad-
ually within the frequency range of 250-450 Hz for
recreational athletes (independent of the individual
and BH duration), whereas the hypercapnia-sensitive
expiratory RA activated only with longer BH duration
but abruptly in the frequency range below 250 Hz,

depending on the individual and BH duration. Com-
parison of BH duration and wavelet characteristics
of SEMG signals showed changes consistent with the
mechanism of motor unit recruitment and the transi-
tion from slow-twitch oxidative muscle fibers (type 1)
to fast-twitch (low-oxidative) glycolytic muscle fibers
(type 2). The study also revealed certain parameters
indicating disorders, some of which were consistent
with findings in existing literature. Overall, the re-
search demonstrated that using SEMG techniques and
wavelet analysis could non-invasively assess oxygen
storage in skeletal muscles, suggesting the potential to
improve physical fitness tests by establishing a clos-
er link between physical condition, BH duration, and
SEMG characteristics of increased myoelectric activity
in IC and RA muscles during BH.
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DISCUSSION

Conceptual solution of a method for the health
check and sports preparedness

The conceptual solution for assessing the health
and readiness of athletes revolves around monitoring
three apnea-related muscles: IC, RA, and SC. SC is
particularly measured to control breathing technique,
ensuring that participants perform exercises correctly
without preparatory hyperventilation.

Building on previous findings, there is a demand
for precise and rigorous preparation of participants
and protocols to ensure high-quality raw data, mini-
mizing interference and facilitating accurate interpre-
tation.

Classical methods reliably measure CP only in well-
trained individuals who can relax, whereas results of-
ten prove unreliable in stressed or tense subjects. To
mitigate this, subjects should be relaxed before meas-
urements through activities such as conversation, mu-
sic, ionization, static electricity elimination, etc.

Additional activities and monitoring are proposed
to observe patterns better and facilitate result inter-
pretation:

Visual monitoring of participant reactions and be-
haviors via camera to verify unexpected signal occur-
rences retrospectively.

Expansion of measurements to include additional
respiratory muscles, particularly adding diaphragm
measurements.

Measure pulse rate intervals (ECG) to study vari-
ability over time and attempt sinus rhythm detection
for establishing central respiratory rhythm and IBM
signal during breath-holding (Parks, 2006).

Monitoring post-exercise heart rate recovery time
as an indicator of athlete fitness level, comparing it
with recovery time derived from sEMG signals (ex-
plained later in Figure 5).

Isolation of heart signals from sEMG signals and
correlation with ECG to ascertain whether pulse can
be reliably obtained from IC and RA sEMG respirato-
ry signals.

Standard tissue oxygenation measurement meth-
ods using near-infrared spectroscopy (NIRS) were
added to calibrate oxygenation linkage with SEMG
muscle measurements.

A larger sample size is needed to detect better pat-
terns and statistically group results by sports branch-
es/disciplines, gender, training type, body size, etc.

Pre- and post-training sEMG measurements
should be conducted to qualitatively assess muscle
response to fatigue alongside standard measurements
such as EKG, EEG, biochemistry, lung capacity, etc.,
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correlating them to possibly replace standard meas-
urements with sSEMG muscle measurements.

To establish the relationship between FRK (func-
tional residual capacity) and breath-holding duration
(BHD), for a better understanding of the neuromus-
cular response to breath-holding and to generate
reference values for T3]] in healthy individuals cor-
responding to the control pause and maximum posi-
tive pause, several considerations are pertinent. When
predicting maximum breath-holding duration, lung
capacity should also be taken into account, as individ-
uals with greater lung capacity are expected to have
longer maximum breath-holding durations. Specifi-
cally, Buteyko posits that maximum breath-holding
duration can be increased through diving training
and developing the diving reflex, but not the control
pause. Control pause can only increase if CO2 depos-
its in cells are elevated to a physiological optimum of
approximately 6.5-7.5% for healthy individuals (Yak-
ovljeva, 2013). The FRK should be theoretically cal-
culated based on height, age, and BMI (Lumb, 2017a),
and this theoretical capacity should be measured and
compared. This comparison will calibrate the rough
prediction of expected breath-holding periods in
healthy individuals.

Utilizing Finapres for blood pressure measure-
ment, capable of detecting IBM, would enhance the
comprehensive assessment.

The sEMG signal is divided into frequency bands
D1 (480-960 Hz), D2 (240-480 Hz), D3 (120-240
Hz), D4 (60-120 Hz), D5 (30-60 Hz), D6 (15-30 Hz),
D7 (7-15 Hz), D8 (4-7 Hz), and S8 (0-4 Hz) using
wavelet analysis. From previous measurements, it was
concluded that the response of most participants in
the IC inspiratory muscle is such that energy gradu-
ally increases in the 120-480 Hz range (D2-D3), while
energy decreases in the 7.5-30 Hz range (D5-D6).
There is a particularly pronounced energy decrease
for participants with poorer results in the D6 range
of 15-30 Hz. On the SC muscle, there was observed
energy increase from 240-480 Hz (D3), and somewhat
less from 120-240 Hz (D2), while energy decrease was
present from 15-120 Hz (D4-D6). In contrast, while
the increase on IC and SC muscles is gradual, it is
abrupt on the RA muscle, and mainly present for the
most trained participants who have BHD>50s, in the
range of 60-240Hz (D3-D4), and partially in 240-480
Hz (D2). These regularities and values form a refer-
ence that will be compared to new measurements to
classify new measurements in relation to the existing
reference.

Figure 3 shows the SEMG response of the third
participant in the IC inspiratory muscle by frequency
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scales, where the RMS energy of the signal is shown
calculated as the square of the wavelet coefficients of
individual scales, averaged over a window of 1.5 s (so
that it covers two heartbeats). A significant gradual in-
crease in response in the 120-480 Hz range (D2-D3) is
noticeable somewhere from the middle of the inspir-
atory process, representing the energy “signature” of
the hypoxic IBM process. Figure 4 shows the RMS en-
ergy (square of the wavelet coefficients) of the SEMG
signal of the fourth participant on the RA expiratory
muscle. We notice a significant sharp increase in ener-
gy in the frequency range from 60-480Hz (D2 - D4)
but closer to the end of the inspiratory process, which
is the energy “signature” of the hypercapnic IBM pro-
cess.

Existing TRIGNO equipment can be used for
measurements, with a software component added for
signal processing: noise removal and signal division
into wavelet components (as shown in Figures 3 and
4). By observing sEMG response across frequency
scales, such as D2 scale on IC muscle and D3 scale on
RA muscle, the following parameters can be measured
(see Figure 5):

The start of CP measurement is marked as Tstart,
representing the universal timer start when the index
finger signals the closing of nostrils.

The duration of the easy-going period T1 is meas-
ured from the cessation of breathing to the beginning
of the struggle period characterized by the increase
in sSEMG signal. A longer T1 indicates better prepar-

edness of the subjects and typically equals half of the
CP (Bain et al,, 2017), which has been experimentally
verified.

During the struggle period T2, significant muscle
responses are observed, marking the recruitment of
motor units with more oxidative slow-twitch muscle
fibers (type 1) and/or fast-twitch glycolytic muscle fib-
ers (type 2). Muscle response increases until the first
IBM contraction occurs at a certain moment (which
gives us the IBM period Tibm, see the moment marked
by the green arrow in Figure 5), where CP = Tibm.

After the first IBM contraction, the respiratory
muscle relaxes (energy decrease), followed by peri-
odic subsequent IBM contractions of increased inten-
sity and frequency. Towards the end of the struggle
period, very strong contractions occur (sharp energy
decreases and increases, see the red arrow in Figure
5). Shortly thereafter, breathing is restored at moment
Tstop: longer T2 times indicate better preparedness of
the subjects.

After breathing is restored, recovery time is meas-
ured, i.e., the return of the sEMG signal to normal (re-
covery time Trec). A shorter recovery time indicates
better preparedness.

Increase in energy over time compared to the
nominal reference energy (Enom) from the beginning
of breath-holding (averaged over a 1s window, after
the first 2s from the beginning of breath-holding).

The rate of energy increase from nominal to maxi-
mum value (Emax - Enom) / T2.
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Figure 3 RMS signal energy calculated as the square of the wavelet coefficients (wk?) in the third subject, the IC muscle shows a
significant increase in responsiveness at the moment of IBM, in freq. range 120-480 Hz (D2-D3).
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CONCLUSION

In this non-experimental observation, a protocol
for assessing the health and readiness of athletes based
on the specific response of respiratory musculature to
apnea was proposed. Analysis revealed that detecting
specific changes during IBM through sEMG record-
ings of IC, RA, and SC muscles is possible. Responses
were observed in all three regions in most subjects,
along with some specific changes.

Dynamic analysis of spectrum changes through-
out the entire procedure unequivocally demonstrated
significant alterations ranging from 60 Hz to over 600
Hz. There was no significant muscle response in some
subjects, likely because they did not reach IBM. Al-
though they could have held their breath longer, they

54

did not. This underscores the importance of correct-
ly conducting measurements for experiment success,
achievable through high-quality subject training and
complementary measurements such as infrared and
conventional camera measurements, SEMG measure-
ments of the diaphragm, heart rate, etc., contributing
to a better understanding of the studied phenomena.

One intriguing possibility is correlating and cali-
brating sEMG results with other physiological diag-
nostics. The initial achievement could confirm exist-
ing diagnostic methods that are expensive, inaccessi-
ble, or time-consuming to process, all while ensuring
comfort and non-invasiveness. If correlation is con-
firmed, partially replacing existing testing methodol-
ogies with the new sEMG method using original pa-
rameters becomes feasible.
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