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OIOHOCA TEJTECHE KOHCTUTYIOUJE N1 MOTOPNYKNX
CITOCOBHOCTHA
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Caxkerak

IIwpb paja je peries u CyMupame TeOPUjCKUX M eMIMPHjCKUX YnibeHNIa yioTpebe nHpekca TefiecHe Mace BMI (enri. Body Mass Index)
y yrBphuBamy penanuja TeecHe KOHCTUTYIMje I MOTOPMYKNUX CIIOCOOHOCTH. YTBpHEHO je HEeKOMMKO K/bYyYHUX OKOTHOCTH IIPU KOjuMa
MHJIEKC TeIeCHe Mace MOYKe JIaTy IIOTpelTHe MHPOpMalyje O CTBAPHO] TeJIeCHOj KOMITO3UIVjI, @ HOCEOHO O KOMMYMHMA MAaCHOT TKUBA Y TeIy.
dakTOpy Kao ILITO Cy Y3PacT, HOJI, paca, 3[[paBCTBEHO CTambe M MuImMhHA Maca MOTy fia yTudy Ha Besy usMehy BMI-a u temecHux MacTu.
360r peraTMBHO HUCKOT KoeduijeHTa fetepmuHalyje nsmehy BMI-a u nporienTa TenecHux macty, npu kopuihersy BMI-a y npouenn
TeJleCHe KOMITO3VIMje Kao IIPeMKTOPa T0ja3HOCTI MM Kao 3aMeHCKe Mepe Y IIPOLieHN YTUIlaja TelleCHe KOHCTUTYLje Ha e(pUKACHOCT MO-
TOpMUKMX TlepdopMaHcy, Tpeba OUTI OlpesaH. AHalIN3a M3BOPa yKasyje Ha IIOCTOjarbe HepasjallllbeHIX YMIbeHNUIA YIIOTpebe 3aMeHCKIX
Mepa TeleCHe KOMITO3MIIMje VI IbJIXOBO OTPaHNMYEHO KOopHIheme y MCTPaXKMBAUKOj ¥ HEIIOCPEIHOj TPeHaXKHOj Tpakcy. CTora cy Impeyioxe-
HJI HOBY KOHIIEIITU ¥ MOJIE/IN Y eKCIUTMKAIIMjY YTHULaja TeJleCHe KOMIIO3MIMje Ha e(MKacHOCT MOTOPUYKOT UCIIO/baBamba. [Topes HeoxoyHe
HpolieHe Bapyjaby IPOIeHTa MACHOT TKVBA U MPOLIeHTa MUIIMNHOT TKMBA, MOXKe Ce IIPEeTIIOCTABUTH fla OV IIPYIMeHa JJBOKOMIIOHEHTHOT
BMI= FFMI+FMI (enrn.Fat Free Mass Index, Fat Mass Index), Tj. nHziekc 6e3mMacHe TenecHe Mace + MH/eKC MacHor TKyBa /1 MFR (eHr.
Muscle Fat Ratio), 1j. MymhHo-MacHM offHOC MofIena 06e36eu/Ia KBaTuTeTHIjY YBUJL y OBe peranyje.

Kmyune peun: TEJIECHU CACTAB / MOTOPUYKE ITEPOOPMAHCE / MUIINMEHO-MACHUM OJHOC/ MHOAEKC MACHOT
TKMBA / MHJEKC BE3SMACHE TEJIECHE MACE

YBO[, ta (Carter, 1970). Kaxo cBaku cnopT nma cBoje cIe-
duyHe MOTOPUYKE 3aXTeBe, TO Ce MOXKe 3aK/bydM-

PasymeBame TellecHe KOMIIO3MIIMje CIIOPTICTA TO- T f1a 61 CBaKM croptncra Tpebaio fa uma cqeumbm—
KOM HEKOJIMKO IPOTEK/INX JlelleHNja CMaTPaHo je ec- ‘IHE aHTPOIIOMETPU]CKE KAPAKTEPUCTUKE KOJ€ ONrO-
eHLIMja/IHVM Je/IOM YKYITHOT YIIPaB/badyKoT IIpolieca Bapajy HeroBoj/mbeHoj KOHKPETHO] CIIOPTCKO] IT'paHN
tpernHroMm (Wilmore, 1982). MHoru mcrpaxupadn u gucuumniy. [Ipomene y Te/ecHOj KOMIOSUIM{Y 1
CYy CIIOXHMU Jja ce Off CBAaKOI' CIIOPTHUCTE OYEKYjy IO- MOTOPUIKIM gep(bopMchaMa C¢ ficliaBajy Ha CBIUM
TOJJHe aHTPOIIOMETPUjCKe KapaKTEePUCTHKe, TeJleCHa H/BOVMA Kapyjepe 1 CIIOPTCKE YCIEMHOCTI, caMyiM
KOMIIO3UIMja, Kao M (YHKIMOHA/NHE CIOCOOHOCTU TVM OHE c€ OfBIJajy OA MOTETKA 10 Kpaja CIOPTCKE
KOje Cy HOXKe/bHE 32 IXOB PasBoj y CKIajy ca CIie- TpeHaXKHe ¥ TakMuuapcke cesoHe (Silvestre, Kraemer,
UIQUIHOCTIMA TATOT COpTa Wi crioprcke rpane  Westetal, 2006). [lakre, moryhe je rosopuin o mpearn-
(Singh et al., 2010; Massuca & Fragoso, 2011). HO] Te€/IECHO] KOMIIOSUIIV]Y, 3aBVICHO O[f CIIOPTA VIV
AHTpoOIOMeTpMjCcKe ¥ KNHAHTOPIIOMETPUjCKe CTY- AVCHMIVINHE, CTPYKTYpE TAKMIIApCKE aKTUBHOCTH,
[inje TeXe Ja MOKaXy Kako ofpehenn mopdomnomkn Hosuuuje y TMMy 1 CI1. Y HeKMM KOHTaKTHUM CIIOP-
akTopu, yK/Bydyjyhu TeecHe MacT1, TeNecHy Macy, TOBMMa, Kao LITO je HIp. par6u, Beha TemecHa maca
mynmrhHy Macy U TefleCHy BUCKHY, yTUYY Ha KpeTarbe [pencrap/ba MPEAHOCT, IOK y JPYTUM, Kao IITO Cy
— TpeHaKHe U TaKMUYapcKe epdOpMaHCe CIIOpTHIC- TMMHACTVKA, MapaTOH M C/IMYHIY, Makba TeJleCHa Maca
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U BeJIMKe BPEHOCTM OffHOCa CHara/Maca (Tj. Beha pe-
JaTVBHA CMUJIA — IIPOAYKLMja CHUJIe TIO KMJIOTpaMy Te-
JIeCHe TeXIHe), Cy HeoIXogHu. Tako cy Koj Maparo-
Halla UAeHTU(UKOBAHU HajIpUKIAfHUjN TIpodum
U OJJHOCH, HEOIIXOJJHY 33 OCTBApMBaIbe ONTYMATHUX
neppopMaHcK y 0BOj TpKaukoj gucuymmuu (Marc,
Sedeaud, Guillaume et al., 2014). YTBpbeH je ontn-
MajaH MHJEKC TenecHe Mace BMI 3a mymkapue of
19,8 xr/m?, a kop 10 Haj6O/BUX TaKMUYApa CBUX Bpe-
MeHa, OH ce Kpetao mamebhy 17,5 u 20,7 kr/m%. BMI
je MHTeH3MBHO KOpMIIheH Y aHTPOIIOJIOMKIM UCTpa-
JKMBamblMa Kao II0Ka3aTe/b Te/leCHE KOHCTUTYLMje
MCIMTaHNKa. YobudajeHo je y mpakcu ga BMI Huje
caMo IIOKasaTesb caMe TeXMHe , Beh ma mpeko cBoje
CTPYKTypa/lHe KOMIIOHEHTe Te/lleCHe Mace MHAMPEKT-
HO yKasyje ¥ Ha KOJIMYMHY MAacHOT TKUBA, TOCEOHO
y Cly4yajeBUMa eKCTpPeMHMX TermecHux Maca (Malina,
Bouchard & Bar-Or, O., 2004).

Y Behem 6pojy ucrpaxxnsamwa BMI ce kopuctno n
Ka0 MHJMKATOpP Te/leCHe KOHCTUTYIMje Y OfJHOCY Ha
pasmmunte neppopMaHce MOTOPUYKIX aKTVBHOCTIH.
MHora ucTpaxmupama Cy jaCHO yKasajaa Ha I10Be3a-
HOCT TenecHe Kommosuiuje u BMI-a ca epukacHo-
mwhy ncrno/paBamba MOTOPUYKIX CIIOCOOHOCTH, aln Y
HEKNMM JIPYTUM Ta MOBe3aHOCT Huje yrBphena. C 06-
3upoM zia je BMI mopdomeTpujcka kapakTepucTKa
KOja ce IIpe CBera OJHOCK Ha Macy Tea, eBajyanuja
penanyja Mace Tejla ¥ MOTOPMYKOT MCIIO/baBamba Kpe-
Tarba je BeoMa aKTYye/Ha.

OmnpasgaHocT 3a cyMBby 0 HenpuknaagHoctu BMI-a
Kao 3aMeHCKe Mepe, MOIJIa 01 ce IIPeTIIOCTaBUTH Y:

e AHA/IM3M pas3/lIMKa YTUIAja HA MOTOpMYKe IIep-
¢dopmaHce Mace Terma Koja y CBOjoOj CTPYKTypu
yIMa Buile Mynniha HacIpaM MacTy U CYIIPOTHO;

e YMHEHUIY J]a CE M3 IeTrOBOT pe3y/ITaTa He MOXe
YTBPAUTY KOMKN je yAeo 6€CKOPMCHOT MacHOT
TKVBA ¥ KOPUCHOT MUIIMNHOT TKUBA y YKYIIHOj
KOMIIOHEHTH Mace Tera;

« BeJIMKOM Opojy fokasa fia je mumnhHa, a He Mac-
Ha Maca, 3HATHO MO3UTUBHO NOBE3aHa Ca Mepa-
Ma GU3NIKNX HepPOpPMaHCHL.

MHAEKC TEJIECHE MACE
KAO 3AMEHCKA MEPA

VHaeKc TelecHe Mace ce 4eCTO KOPUCTH Kao “3a-
MEHCKa Mepa” TeJleCHe KOHCTUTYIIVje U jeflaH Off KpM-
Tepujyma y npahemy Kako CIOpPTHCTA, TaKO U 0coba
y ApyruM o61acTMa >K1BoTa (MoceOHO OHUX ca CIie-
IUQUIHNM PaJHUM MECTVMMA, Kao LITO CY PerpyTH y
BOjcIy, onmuuyju u ap.). Mebytum, kapa oppebene
rpaHn4He BpegHocTu BMI-a HMcy mocTurHyTe mam
Cy IpeKopadeHe, MOXKe ce IIOjaBUTHU IIPOOTIeM OKO
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uHTepupeTanyuje pesynrtara. CXOZHO TOMe, IOCTOje
onpeheHe OKOMHOCTM y KOj/IMa JI0/Ia3M IO Hec/larama
n3Meby HekMx “3aMeHCKUX Mepa’, a moce6ro BMI-a ca
CTBapHUM TeJIECHNM CacTaBOM, a MOCEOHO ca KOMIIM-
HOM MacHor TKuBa y Teny (Prentice & Jebb, 2001). IIpn
IpolebyBalby TEIECHUX MACTH Y TeNly, OCTamarbe Ha
BMI ka0 3aMeHCKy Mepy, y3pOKYyje HEeIOAYyJapHOCTH
y cBeomnuiroj nomynanuju (Cohn, 1987), a koje Takobhe
MOTY JIa CTBOpe IIOTPENIHY CIMKY BUILKA TeJIeCHe Mace
u kox crioptucra (Heyward & Wagner, 2004). Mepeme
CaMo TeJIeCHe Mace He MOXKe fla ofipeiy KOJIMUMHY Te-
necHyx Mactu y opranmsmy (Pajic, Ilic, Jakovljevic et
al., 2011), 3aTo 1WTO He AUCKPUMMHMUIIE BPEIHOCTI U
opHOCe n3Mely MacHe 1 6e3MacHe Te/lecHe KOMIIOHEH-
te. CTOra IMpy OBaKBMM aHa/lu3aMa Tpeba HaracuTu
orpaHmdeHocT ynorpebe BMI-a 1 HeonmxogHOCT 1pu-
MeHe JIOfIaTHUX Meperba. V3 mpeTXomHuX HaBosia MOXKe
ce IIOBEPOBATH Jla 3aMEHCKEe Mepe MOTY JJaT! IIOTPeNIHe
U He 6aI Tako penyjabuiHe MHPOpMaIje O TeNeCHO]
KOMIIO3MLIMjI, Kao 1 fa je BMI mHpgupekTHa Mepa Te-
JIecHe Mace, a He agumnosHocTi. OBO CTBapa yc/lIoBe 32
HOTPEIIHO AMjarHOCTU(UKOBabe T0ja3HOCTY U CTOTra
HENpUK/IajHe TIOKyIIaje PeAYKIyje TeJleCHE Mace, Kao
U HepadyMeBame epexara yTuIjaja aKTyelHe TelleCHe
KOMIIO3UIMje Ha MOTOpMYKe IepdopMaHce MCINTA-
HuKa. Jlakie, IpeTrocTaB/beHa HermoysmanocT BMI-a
je moryha, ¢ 063upOM J1a ce U3 HErOBOT pe3y/ITaTa He
MOYKe YTBPAMUTH KOMMKIY je YZIeO BUIIKA MacHOT TKMBa
¥ KOPYCHOT MUIIVNHOT TKMBA Y YKYIIHOj KOMIIOHEHTH
Mace Tera.

O6pasnoxema 3a IPETXOAO HaBeleHe IIpeT-
IIOCTaBKe MOpajy ce carefaty Kpo3 oapebhena orpa-
Hudewa ynorpebe BMI, kao Mepe TenecHe mMacty, a
HIOTOTOBO KOJf 0c00a ca IMOBUIIIEHOM TeIeCHOM MacoM,
jep, mpe cBera, BMI je mepa TenecHe Mace, a He IPEKO-
MepHUX TeflecHux MacTu. Takobe, BMI e npaBu pas-
nuky usMeby npexomepne macuohe, munmthue u-mm
KOIITAaHE Mace, U MCTH, He MOXKE JIa YKaXke Ha INCTPU-
Oyumjy MacTu Kofi pasmmantux ocoba. Pakropu kao
HITO Cy Y3PacT, IIOJI, Paca, 34PaBCTBEHO CTAKE Y MUIL-
nhHa Maca Mory fa yTudy Ha penauyjy nusmehy BMI-a
U TEeIECHUX MACTU. Y IPOCEKY, cTapuje ocobe 1Majy
BUILIe MAacHOT TKMBa Of Miabux 3a mcre BpemHOCTH
(BMI), (Cohn, 1987). Tenecua maca u BMI ne ynyhyjy
Ha ,,KOHBep3ujy“ 6esmacHor y macHo Tkuso (Cohn,
1987), 1ITO IIpefCcTaB/ba CacBUMM HOPMA/HY II0jaBY
Koja ce flelIaBa TOKOM cTapema. Crapeme je mpaheno
IPOrPeCHBHUM IIOPACTOM OZHOCA MacTy U 6e3MacHe
TenecHe Mace. OBO ce [ielllaBa 4aK U KOJ, /bY[Y KOju
ycnejy ga sappxe ucre spegHoct BMI. Crora, Besa
usmehy BMI-a u TelecHUX MacTu 3aBMUCK Off TOAVHA.
OBa ofcTynama fonase 10 M3pakaja HAKOH CPEIH-er
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106a ¥ TOKOM MeHOIIay3e KOJI KeHa. Y caBpeMeHOM ce-
TIEHTApHOM CBETY, jaKO je n3pakeH mopact BMI-a kop
sehnne nHIMBUYa. Vako 0BM mOmaI, Kako ce yoou-
YajeHO MIVC/IN, YKa3yjy Ha noBehame Te/leCHNX MacTn
KOJL JbY/IV, TUMe Ce 1 [lajbe 030M/bHO TOTIielbYje IIpaBn
HOpacT y TeecHUMM MacTuMma. Ilocroje npepnkumone
jemHauMHe, Koje YK/by4yjy FOiIMHE 3a IPeTBapambe, Tj.
nobujame onpeheHNX BpeIHOCTU TeIeCHUX MAacTU U3
BMI, u oHe cy epuKacHe y mpeBasuiaKemhy IPeTXO-
HO moMeHyTuX npobnema (Deurenberg, Weststrate &
Seidell, 1991). 3aruMm, komnosunuja munmrha ce Mema
ca nosehanoMm mHunTpanujom mactu. Ilosehana
MacHa MHOWITpauuja y Mmmmhmma ca crapemeM
MOXKe OMTM BaXKaH, aKO He U IJIaBHM acCIIeKT CapKo-
nennje (ryéuraxk munmrhae Mace n MumnhHe cHare),
(Roubenoft & Hughes, 2000). IlITo ce Tiye nporenHa,
IBJIXOB YHOC OOMYHO OIIaia KOf| Ofpacaynx 0coba, mTo
ponpuHOCH rybutky munmihHe Mace ¥ MambeM 6asa-
HOM MeTabonM3My M C/IefICTBEHO BOAM Ka rosehamy
TeXIHe TeJla, YaK U aKO eHepreTCKM YHOC OCTaje UCTH
(Shin, Liu, Panton & Ilich, 2014). OBe mnojaBe mory
OuTY 3HaYajaH MPEeAMKTOp HempukmagHoct BMI-a 'y
IIPOLIeHM Te/leCHe KOHCTUTYLHje.

Kop neue, BMI ce renepanno mosehasa ox 8 1o
18 rofuHa 1 y CBUM y3pacTuMa je BICOKO II0BE3aH ca
MacHOM 11 6e3MacHOM KOMIIOHeHTOM Tera. [lITaBumre,
3a pasIMKy Of OIPACINX, ITe TelleCHa BUcKHa 1 BMI
reHepaTHO HICY ITOBE3aHN, KOJ JIelle - OHU CY TOBe-
3aHu. [ogumme npomene y BMI-y Mory 61ty cHa)KHO
IpOy3pOKOBaHe IIpOMeHaMa KaKo y MacHoj 1 6e3mac-
HOj KOMIIOHEHTH Te/leCHe KOMITO3MIIMje, TaKO ¥ Ipo-
MeHaMa y TeJIeCHOj BUCHHM fieTeTa. [oayimby mopacTu
y BMI-y ToKOM fieTHICTBA Cy IpUMapHO BoheHn mo-
BehamweM y 6e3macHOj KomnoHeHTH BMI-a, moce6HO
KOJI leyaka TOKOM IybepreTa, 360r Op3or mopacta y
BUCVHI U PENTAaTUBHO Ma/IMX TOAVIIIBNX Maf[0BA MK
nosehama y yKymHuM TenecHuM mactuma. OBo pe-
3yATYyje MPOCEYHNMM HEeTaTUBHMM KpeTamlMa MacHe
komnoHeHTe BMI-a (Tj. yKymHe TeriecHe MacTu/BuUCH-
Ha?). CrereH 10 KOra CBaka KOMIIOHEHTA JOIIPUHOCK
npoceyHoM nosehawy y BMI-y 3aBucwy, gemmmmd-
HO, Off TOAVHA 1 mona feTeta. O6UM eKcTpeMuTeTa,
Kao 1 KommumHa MyunmrhHor TkuBa ce nosehasajy ca
rofi¥iHaMa Off PAHOT JeTUICTBA U KPO3 aJo/eclieH-
nujy. Ca 11 rogyuHa CTapoCTH fiella Cy joIl Y epuofy
npepnybeprera u Behe mpoMeHe Ha Tey jour HUCY
uspaxene. Tek ymackoM y mybepTeT (IeBojuniie OKO
12, a evary oko 13 ropuHa) nmounmsy Aa ce forabajy
Behe u Hare mpomeHe o6/MKa ¥ cacTaBa Tena, Koje
TuMe yTudy Ha BMI 1 mocpenno monpunoce Kpanu-
TeTy usBohema MOTOPMYKMX 3ajjaTaka, a HOCeOHO y
ucnopaBamwy mummhae cHare (Malina, Bouchard &

Bar-Or, 2004). OBo jacHO MIyCTpyje KOMIIEKCHOCT
MHTepIpeTpaHux npoMmeHa y BMI-y xop newe, 1 oc-
Ha)XKyje unmeHuny aa je BMI mepa TenecHe mMace,a He
apunosHoctu. Vako BMI moxe 6ty kopucras mpu
neduHMCamy npedepeniie T0ja3HOCTY KOJ OIPacNX,
BMI xop pene u ajioneclieHaTa HeMa JICTa CBOjCTBa.
IIpnmena BMI-a xop felie KOMIUIMKOBAHA j€ lheTOBOM
3aBUCHOIINY Off BUCKHE, pellaTMBHe pas3yKe usmehy
Ly>XKMHe TpyIIa 1 HOTY, 6e3macHe TeniecHe Mace FFM u
H1BOa 3penoctu (Siervogel, Maynard, Wisemandle et
al., 2000). BucrHa 11 HUBO CeKCyaslHe 3Pe/IOCTU YTUIY
Ha Besy maMmehy BMI-a u TenecHux MacTu Kop mele
(Dawkins, 1990). CnencrBeHo ToMe, y Behunu criop-
TOBA, jefJHA Off IPBUX CeJIEKTVBHIX KapaKTePUCTIKA
je BICHUHA, ITa OHa BeOMa 4eCTO PerpyTyje gely — Kao
KMHAHTPOIIOMETPMjCKI IIPUKJIAHE CIIOPTUCTE.

Y mpocexky, keHe uMajy Behe Konmm4mHe yKyImHUX
TeJIeCHMX MacHoha Hero MyIIKapLu 3a JICTe Bpef-
HocTu BMI. One nmajy mawy munmmhnay macy, Behy
MacHy MHGUITpanyjy y muinhe n Mawy mMunmmhay
cuny (Shin, Liu, Panton & Ilich, 2014; Visser, Harris,
Langlois et al., 1998; Visser, Goodpaster, Kritchevskyet
al., 2005). JKene y meHomnaysu uMajy Behy ckoHOCT
Ka JoOujamy TeXXMHe ca MaCHOM MHQWITPALUjoOM Y
muinhe, Kao 1 3a eTO3UILMjOM U PeFUCTpUOYIjOoM
MaCT! y LieHTpa/lHy, abgoMuHamHu pernoH. Vcro-
BpPeMEHO KOJ BJX je IPUCYTaH rybuTak y MUINNHO]j
Macy, LIITO BOAM CApKONEHMjU M TyOUTKY TyCTUHe
KOCTHjy (Tj. JO/Masy O OCTEOIEHNje MM OCTEONOPO-
3e). Oba cry4aja ce memaBajy y cCapKOIIEHNYHOj U Y
OCTEOIIEHNYHO]j FOja3HOCTH.

Ho6po je mosnaro sa BMI He jaje BanujHe mogatke
0 TeJIECHMM MaCTMMa KOJi /by KOjJ IMajy pasBUjeHy
MYCKY/IaTypy, CTe4eHY AyrOTPajHUM BexXOameM M
3axBaspyjyhu npupopHoj Mummhuoj rpabu (renerckn
Hacneheno). MyckynapHe ocobe MOTy MIMaTy BMCOK
BMI 360r nosehane mumuhue mace. 360r unmenuIe
ma cy mumuhu texxu of MacHohe, /byziu Koju Cy Bp/o
mumnhase rpabe Mory mmarm BuCOKe BpPegHOCTH
BMI-a (Sum, Wang, Chooet al., 1994).

Y naHanImeM CeIeHTApHOM OKPY)KemY, MHVBI-
Iye Koje BOfle pauyHa O CBOM 3/IpacCTBEHOM CTamby,
CBe BIIIe yIIPaKibaBajy Kako aepoOHe, Tako u dop-
Me TPEHMHTa ca OTIOPOM, Y HaMepH Aa 6yny y fo6poj
¢bu3nuKoj KOHAUIV Y. MHOTH Off IbYIX He JKeJle Hy>KHO
ma usrybe Ha Macy, Beh Texe Ka mo6osplIaBamy KOH-
AuLVje U TeJleCHe KoMnosumuje. JIpyru mak, ryoburak
MAaCHIX Hac/Iara, CMaTpajy Kao npumapHu uub. IIpo-
MeHe Y TeJIECHOj Macl MOTY Jia 1ajy Bap/buBe yTIUCKe
O TeMe/bHUM IIPOMEHaMa Yy MAaCTMMa, HapOYUTO Yy
BeXXOamy ca 0TIIOpoM Koje usrpabyje mummhny macy
(Prentice & Jebb, 2001). (Cnuxa 1).
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npoMeHa tejiecHe mace(kr)

ca 0TIHOpPOM

CelIeHTapHHU aep06ml

Il 1npeTnocraB/bEHO

"= akryeano

Cinuka 1 IIpernocraB/beHa 1 CTBapHa IIPOMEHA Y Teec-
HVYM MacTMMa HAaKOH TpeHMHra (MopmpmukoBaHO Ipema
Prentice & Jebb, 2001)

“IIpernocTaB/beHa” IPOMEHA Y TEECHUM MacTU-
Ma je jeTHOCTaBHO M3BefeHa Kao 75% Off CBEyKYIIHOT
rybuTKa KMjIorpama, a ,,CTBapHa IIPOMEHa je AMPEKT-
HO MepeH rybourak y Mactuma. IIpoceyno y aHammsn-
PaHUM CTyfiujaMa, pasinmKe HUCY TAKO BENINUKe, ajn
MOTY MMAaTy Ba)KHe MOTHBAILIMOHe e(eKTe Ha BeXXOa-
9a, TaKO Jja, OHM KOj! Cy YHPa)KibaBaay TPEHUHT Ca
onTepehemeM, IPeTNOCTaB/bajy Aa HUCY MOCTUIIN
HMKAKaB I'yOMTaK y MacTUMa.

JemHOCTaBHE Mepe TelecHe Mace (cTora M Mepe
usBesieHe u3 BMI) reHepanHo pmajy sajoBo/baBajyhe
HpoleHe KIMHIYKOT IIporpeca y IporpaMmuma ryout-
Ka Te/lecHe TeXXVHe y3 nomoh aujera. ViHkopnopanyja
BeXOama y peXXyMe TelleCHe pelyKIjyje, OIpaBaHa je
360r myroTpajHujer 3afp)KaBama TelecHe Mace Io-
CTUTHYTe HaKOH rybuTka kmrorpama. Mehytum, mog
OBMM OKOJTHOCTMMA TyOUTaK y Macu HMje jefHaK Iy-
OUTKy y MacTiMa, na TenecHa maca u BMI mory na
7iajy Bap/bJiBe Mepe Iporpeca y T[yOUTKy MacTH.

Komnosunmja ryéurka TenecHe Mace je yTBpheHa
KOJI 72 Cpefitbe TOjasHe 0cobe KojuMa Cy MpUMeHheHN
PpasIMYNTU IPOrPaMM PeRYKIMje TeTIeCHE Mace, a KOju
YKIBYUyjy TenmecHo BexxOame( Pavlou, Steffee, Lerman
& Burrows, 1985), (Cnuka 2). [la Huje 6110 ZOCTYIIHO
Mepeme Te/leCHe KOMIIO3MLNje, TIPeHOCTY BeXKOarmba
6u Hausren 6uie CKpOMHeE M CTaTMCTUYKM He3Ha-
vajHe (11,8 Hacmpam 9,2 Kr rybuTKa Te/mecHe Mmace).
Kaxko rop, aHa/nmsa TelecHUX MacTH je ITOKasasa Jia je
BexkOajyha rpyma msry6mna 11.2 + 1.5 kr MacTu Hac-
mpaMm camo 5.2 + 1.6 Kr y rpynu Koja Huje Be>x6aa
(1<0,001). OBo je camo jegaH of MpUMepa YCIIEITHOT
ryOuTKa TelleCHe Mace, ajy IIOpef; Tora CTIYe a yT-
Bph1Barme caMor ryOuTKa y Macl, a TUMe U OC/Iatbatbe
Ha 3aMeHCKe Mepe, MO)Ke 0TV HeTIPMK/IaTHO.

[N
'S

ryourak
macHohe

= 1M ryonrak

Texknne (Kr)

nmpoMeHa
B
O N B O ON

BeKOAYH He BexOaun

Cmuka 2 Komnosunuja ry6urtka tenecHe mace (Mopuduko-
BaHO mpema Pavlou, Steffee, Lerman & Burrows, 1985)

Y ananornoj crymuju (Whatley, Gillespie, Honig
et al., 1994), anann3upas je 1 ouemNBaH edeKar MH-
TeH3NTeTa BeXKOama Ha IryOMTaK MacHOI TKVMBA KOF
rojasHux >keHa (Cnmka 3). Bupn ce fa je mpomopiuja
TeJIeCHOT I'yOuTKa 6e3MacHe KOMIIOHeHTe Beha y rpy-
M Koja Huje BexkOasna (Tj. y KOHTPOJIHOj Ipymn), Kao
¥ TO 1a je CTBAPHM M3HOC TYOUTKA TeXIHE 6110 HIKIL.
OBy Hajmasy ykasyjy Ha HeNPUMEPEHOCT yIoTpebde
3aMEeHCKMX Mepa I 3Ha4ajHOCT JleTeKTOBaba eeKaTa
IpUMeeHNX MporpamMa MPYMEHOM aHau3e Terec-
HMX MacHoha.
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Cnuka 3 Edextu BexxOara Ha cacTaB U3Iy0/beHe TeXUHE P
kopuhery fujere (Whatley, Gillespie, Honig et al., 1994)

Y eKcnepuMeHTy y KOMe Cy €KCTPEMHO roja3He
ocobe ca BMI>30 nourroBae moce6aH pe>xum ucxpa-
He 11 IIPOrPaMUpPaHOT BeXXOatba, ToOMjeHN Cy CINIHI
Hasasu (Dikic & Andjelkovic, 2013). ITpoceuna tenec-
Ha Maca Ha II0YeTKY ITporpama je 6mna 107,2 + 19,4 xr,
BMI 37,1 + 4,3 xr/M> a mpoceYaH IpOIeHAT TeTeCHNUX
Mactu 41,0 + 5,7. ITocne 90 mana nporpama nmpocedyaH
ryOMTaK TelecHe Mace u3Hocuo je 9,2 + 5,4 kr (9,19%
novyetrHe TM). VHpekc TemecHe Mace je ca Impoced-
Hux 37,1 +4,3 Kr/M? CTaTUCTUYKU 3HA4YajHO CMam€H
Ha 32,7 + 3,4 Ha Kpajy 90 gana mporpama. IIpomenar
TeJIeCHUX MACTHU je, ¢ nmpoceynux 41,0 + 5,7 craTuc-
TUYKM 3HAYajHO CMarbeH Ha 36,4 + 6,3. Vicnurannum
Cy y IpOCeKy U3Tyoumu 7,2 KT MacHOT TKMBA, IITO je
610 CTaTUCTUYKM 3HA4ajHO. IIporieHaT MacTy 1 Ko-
JIMYMHA MacHOT TKMBA Y eKCTpeMUTEeTUMA U TPYIIY Cy
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CTAaTUCTUYKM 3HAYAjHO CMakbeH, IITO TOBOPH Y IpU-
nor edeKTy Bexxbama KOjii ce MOXe, YCIIOBHO, TIpef-
CTaBUTM Kao peMofieNinpame Tena. Pemopenupame
Te/a, CeTMEHTHY T'yOMTaK MAacTy U TyOUTaK MacHOT
TKMBA Off YaK 7,2 KT He 61 MOTao Jla ce HaroBeCT! YKO-
KO 61 ce rnemamu camo BMI u tenecHa maca, mTo
yKa3syje Ha BJXOBY OTpaHNYeHY MHPOPMATUBHOCT Y
CBaKOJHEBHOM pafy.

Kako ronm, y pasHum crenmduyHNM Tpynama, a
Meby ®mVMa M KOJ CIIOPTHCTA, IPOLieHe Ha OCHOBY
IpUMeHe 3aMEHCKMX Mepa, a moce6no BMI-a mory
fla BOJe CHUCTeMaTcKoj rpemnu. Vspasura rpemika
je mpousanuia U3 MOKyIIaja Ja ce MPOLieHe Te/leCHe
MacTy Ha ocHoBY BMI-a ko urpaya amepmakor ¢yn-
6ama n 6anaya xyrme (Katch & Katch, 1984), (Cnnka
4). Ony MMajy Behn mporeHaT 6e3MacHe KOMIIOHEHTe
Hero 1ITo To nokasyje BMI. Ta Be3a Baxku 3a Behuny
CIIOPTHCTA, YaK U KOJ| jaKO HUCKMX Bpegnocty BMI-a.

40 J13-nedaH3uBHU 311

O3-o(han3uBHN 3211

-

30 JUI-nedaH3uBHY IHHU{CKH
OJI-odan3uBHY JIMHU]CKH
20 CIT-onumnujckn Gataun Ky - CII —

U1
10 B,
0 . . 'O,H .
0 10 20 30 40

Cmuka 4 Hecnaramwe nsmehy BMI-a 1 mporjeHTa TenmecHnx
mactu Kop crioptucta (Katch & Katch, 1984)

ITocToje 6pojHa KIMHIYKA CTamba Py KOjuMa MOo-
peMeheH XOPMOHCKM CTAaTyc Mema yoOudajeHy Besy
usMeby GesMacHOT M MacHOT TKMBA M y KOjUMa Te-
necHa maca 1 BMI fajy morpelse yTucCKe O TEIECHO]
KOMITOSMIIVj ¥ IIPOMEHaMa y 10j. Bemuke mpome-
He Y XUApaTalyjy TKMBA MOTY UMAaTU CINYHe edeKTe
(Vukasinovi¢-Vesi¢, Andelkovi¢, Stojmenovi¢ et al.,
2015). Ha npumep, rpymna manyjeHara ca AujarHO30M
cerice M3rybmia je 8 Kr Ha Macu y IPBUX HEKOIUKO
faHa 6ormecTy 6e3 MKAaKBIX 3HAYAjHIHX TyOMTaKa y Te-
necuum MactuMma (Plank, Connolly & Hill, 1998). Ilog
OBMM I C/IMYHUM OKOJTHOCTUMA, INPEKTHO Mepetbe Te-
JIeCHMX MacTy 11 6e3MacHe KOMIIOHEHTe Cy eCeHIIujasl-
HI, 3apaj npahema mporpeca y CTamby YXpameHOCTH.

360r penaTMBHO HMCKOT KoehMIMjeHTa JleTepMu-
Hauyje usmehy BMI-a u mpoleHTa TelecHUX Macty,
kopuithewe BMI-a kao mpeankropa rojasHocTy 6m1o
je kputukoBano. BMI je mpukmagHuju Kao MHIEKC
YKYIIHMX Te/leCHMX MacHoha WM TeJleCHUX MacHoha y
OfIHOCY Ha BMCHHY, HErO YKYIIHVX Te/lleCHMX MacHoha
y ogHocy Ha Macy (Garrow & Webster, 1985). Crenen
a[INIIO3HOCTH je JoHeKIe pensuaus kopucrehn BMI,
6apeM Ha IOIIY/IALIMOHO]j CKaIN, aKO je aAMIO3HOCT Jie-
¢uHNCaHA Ka0 BMUINAK TENECHMUX MACTHU IO jeAVHVLIN

TeJIeCHe BUCUHe, /Il He Kao BUIIAK TeJIeCHNUX MacHoha
o jepuHuImM TenecHe Mace. Kao un npegsubame mpo-
LieHTa TenecHux Macty 13 BMI, npenBubarbe TenecHnx
MacTy/BucuHa® n3 BMI-a je MHOTO TpoMeH/bMBHje KOT
by ca BMI-om ncrop 30xr/m?2.

TojasHocT je neduHmcana ako je BMI Hajmame 30kr/
M> WM aKO je NPUCYTHa KOMMYVHA MAacTy HajMame
25% op yKyIIHe TeflecHe Mace 3a Mymkapie u 30% sa
xeHe (Frankenfield, Rowe, Cooney et al., 2001). Mebhy-
TUM, YTBpIUIK Cy ja je 30% Myukapana u 46% >keHa
ca BMI-oM ucnon 30kr/mM> mMMajio IOBUIIEHE HUBOE
tenecHux Macti. OHM cy Takobe rojasHu u crora 1o-
rpenrHo kinacudukosanu npema BMI. Hajseha Bapuja-
OMITHOCT y npeBubamy MpolLleHTa TeIeCHUX MacT! 1
Te/IeCHVX MACT! IOfIe/beHMX Ca BUCMHOM Ha KBaf[paT
(TemecHe MacTV/BUCHHA?) U3 PEIPECUOHNX jeHAYNHA
kopuctehn BMI je 6una npu Bpegroctuma BMI-a nc-
nop 30 kr/m*. CToTa, Mepeme TeleCHIX MACTH jé MHOTO
IpUKIAJHNjM HAuMH 32 OLeHVBambe I'0jasHOCTY KOT
pynu ca BMI-om ucmog; 30 kr/m?.

Hajseha mana BMI-a je Ta fja ce meropom npume-
HOM He y31Ma y 0031p CTBapHa TelleCHa KOMITO3MI[uja
(Schutz, Kyle & Pichard, 2002). Bumax TenecHe mace
MO>Ke HacTaTu ycyep nopehama MacHOT TKMBA VIV OF
muumthue xuneprpoduje. C gpyre cTpaHe, CMambebe
BpenHocTy BMI-a Mo>xe 6utu ycme ryburtka 6e3mac-
He kommoHeHTe FFM (Tj.capkomnenuja), rybutka mMac-
HOT TKMBa VIV KOMOMHaIuje 06a crydaja.

[Toehana muunaTpanuja mMactu y mumnhe ca
CTapemeM MOXe OMTM KpyIMjaaaH acHeKT CapKo-
HeHyje Koja yTude Ha QYHKIMOHAIHY CTaTyC y CTa-
pocTu. MacHa nHGWITpanyja Muinha je HO3UTUBHO
NOBEe3Ha Ca CBEYKYIHMM TenecHMM Mactuma (Ryan
& Nicklas, 1999; Sinha, Dufour, Petersen et al., 2002)
U Moke 6uTu (aKTop KOjUu HOIPUMHOCK HeafleKBaT-
HocTu npuMeHe BMI-a y mpolieHu TenecHe KOHCTU-
Tynuje. Vlako MHOTe cTynuje IIofip>KaBajy TO /ia j€ M-
muhna Maca jak mpepukrop ¢pusndke QyHKIMje KOX
ofipacnux ocoba, eBUEHTHO je ja 61 ce HIDKa MacHa
uHpuATpanyja y MumnhuMa, kao Mepa muuimhHor
KBa/INTeTa, MOITIA KOPUCTUTH Kao f106ap IpeaynKTop
6omux ¢usnuknx neppopmancu. JlofatHo je ykasa-
HO f1a ocobe Koje Crajiajy y ,,HOpManHy KaTeropujy
no BMI-y mory nmaru nosehaHe BpegHOCTM MacTu
FM, mro ykasyje Ha moTpeby ja Te ocobe Mopajy
HOPMa/IM30BaTy CBOje TeleCcHe MacTu 6e3 003mpa
Ha BpegHocty BMI, (Schutz, Kyle & Pichard, 2002).
Topmwa objammera MUIYCTPYjy HEKONMMKO K/BYYHUX
okonmHOCTM npy KojumMa BMI kao 3ameHcka Mepa
Te/lleCHe KOHCTUTYIMje, a MOCeOHO TeleCHMX MacTu
MO)Xe JaTy IorpeunrHe nHpopMalmje o CTBApHOj Te-
JIECHO] KOMITO3VIIVjY VIHAVIBUJYe, a Ipe CcBera, 300r
HeIloK/IaNama y yobudajHoj Be3u usMmeby Gesmache
FFM u macHe koMmmnioneHTe FM.
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PETAIIMJE MHIEKCA TEJTECHE MACE
N MOTOPUYKHMX CIIOCOBHOCTH

Y Behem 6pojy ucrpaxxnsamwa BMI ce kopuctno n
Kao MH/MKATOP Te/leCHe KOHCTUTYIMje Y OFHOCY Ha

pasmnunre neppopmMaHce MOTOPUYKMX AaKTUBHOCTIHL.
MHora ncTpakupama Cy jaCHO yKasaja Ha IOBe3a-
HOCT TesecHe Kommosuiyje u BMI-a ca edukacHo-
mwhy ncrno/paBama MOTOPUYKMX CIIOCOOHOCTM CBUX
y3pacra (Tabena 1).

Ta6erna 1 ITosesanoct BMI-a ca epukacHomrhy ncrombaBamba MOTOPUYKIX CIOCOOHOCTH

ITosezanoct BMI-a ca MOTOPHYKHM IiephopMaHcama

W3zBopu xoH(pupmanuje

MNuBep3na ITozuTnBHA Hewma nosesanocTtu
OynnamenTante kpetHe Bemtnae OMC (28); (39); (72); (81);
- TpYama, rajol, MOCKOIHU U CKOK Y J1aJh; (88); (97).
reHepaJHe MOTOPUYKE BELITHHE
Wznprxseusoct BO ,max, MOTPOIIbA EHEPTH]E; (8); (11); (15); (55); (62); (64); (81).
aepoOHU (uTHEC
KapIHopecnupaTopHu GUTHEC
MaxkcumaitHa Gp3uHA TpUama (15); (33); (34); (40); (56); (58); (64).
[Ipenus3HOCT, Tj. COPETHOCT y U3BOhemy (22); (35); (97).
JIOKOMOTOPHHX BEIITHHA
EdukacHocT n3Bohema ckokoBa (8); (33); (34); (48); (64).
ATHIIHOCT ATHIHOCT (15); (34); (56); (58); (82); (86).
PaBHOTE)KA (2); (75); (88).

[epuentyaaHo — MOTOpHYKA KOOPIUHALIH]a

(4); (7); (9); (27); (44); (50).

VkynHa u puHa
KOOp/IMHALINja

DrrekcHOUIHOCT (20); (37); (82).

Excrmo3nBHa cHara (7); (20); (87).

IIpenusnoct (22); (35); (53).

VIHTEepecaHTHM Cy Ha/masy Koju Cy fobujeHy momohy JVICTMHKTMBHMX Tpyla HAaCTa/lIuX Jie/bebeM y30pKa
MCINUTAHMKA HA OHE Ca MCIOJ, TPOCEYHUM, IPOCEYHNM I M3HAJL IIPOCEYHUM MHEKCOM TenecHe Mace (Tabena 2).

Ta6era 2 [ToBesaHocT pasmnunTux HUBoa BMI-a ca epukacHoirhy ucrnopaBama MOTOPUYKIX CIOCOOHOCTI

Tlosezanoct HuBoa BMI-a ca MoTopuukuM nepdopmancama

W3Bopu xoHpUpManuje

Hcnon mpocexa ITpocex

W3nan npoceka

Bbp3una

AruaHOCT

BeprukanHu ckok Beprukannu ckok

Beprukannu ckok (36); (82); (54).

Mumuhaa cuia

(20).

DrekcHOUIHOCT DrrekcHOUIHOCT

DrrekcHOUIHOCT (20).

M31pxIbUBOCT y CHa3U

PaBHOTE)KA

IlotniyHO je pasym/puBa CyMiba Jia je Y OBOj
npo6eMaTuIy HeOBOJBHO OC/lamamwe Ha BMI, koju
He TOBOPY O CTPYKTYPM Mace TeNla, Te Cé MOXKe IPeT-
MIOCTAaBUTH Jja OH HUje TOy3/jaH NTOKa3aTe/b Y eKCIUIN-
KallJjy peanyja TpeTUpaHuX MOpQOJIOIKIX Kapak-
TEPUCTUKA ¥ MOTOPUUKUX criocobHocTnn. OTyza je n
IPETIIOCTaBKa Jla y MHOTUM Tope IIOMEHYTUM UCTpa-

10

JKIBalbMMa HMje aHa/lM3MpaHa CTPYKTypa Te/lecHe
Mace, IITO je IPOY3POKOBAJIO IMMOBE3AHOCT WM HETIO-
Be3aHocT BMI-a ca TpeTupaHuM MOTOPUYKUM IIep-
¢dopmaHcama. OnpaBAaHOCT 3a CYMBbY O HEIIPUKIIAJ-
HocTu BMI-a, Kao 3aMeHcKe Mepe, IenyKyje ce Kpo3
aHa/NMM3y pasnMKa yTUljaja Mace Tefa, KOja y CBOjoj
CTPYKTypu uMa Buule Mumnha HacpaMm MacTu u
cynpotHo (Tabena 3).
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Ta6ena 3 AHanm3a pasanka yTuljaja Ha MOTOpIUKe eppopMaHce Mace Tea Koja y CBOjoj CTPYKTYpH MMa BUIIIe

mumnhHe Mace HaclpaM MacHOI TKMBa 1 CYIIPOTHO

Motopuuka ;
COCOGHOCT Tenecna maca W3zBopu xoH(pupmanuje
Mumitho
MacHO TKUBO
TKHBO
Bp3una + - (3); (57); (64).
Bp3uHa npoMene cMepa - 41); (57).
(1); (5); (13); (14); (24); (31); (43); (57); (64); (65); (66);

Cuna, cHara + (67); (69); (70); (73); (83); (85); (89); (96).

Wsppxsbusoct N (1); (16); (43); (45); (55); (57); (64); (69); (76); (89); (O1).

HamomeHa: no3utuBHa 10Be3aHOCT (+) ; MHBEP3HA [IOBE3aHOCT (-); HeMa [0Be3aHOCTH (HII)

Tenecna mMaca MoXe Jja yTude Ha MOTOPUYKe Iep-
¢dbopmaHce U ycex y pasiuuuTM CIIOPTOBMMA, a/ln
Te/IeCHM CacTaB U KOMMYMHA TEIeCHUX MACTH, MOTY
fa Oymy mpenusHuju npepBubad MoTopuuke edukac-
HocTy off TenecHe Mace (Wolinsky & Driskell, 2008).
CnoproBu y KojuMma je Marma KOIMYMHA TENeCHUX
MacT! MMajy MPeRHOCT (Tp4arbe, CKOKOBU Y BOAY,
TMMHACTMKA, KIu3ame ¥ pBame). Mummhnaa maca
1060/blIIaBa CIOPTCKO MOCTUTHYhe y aKTMBHOCTUMA
Koje 3axTeBajy MUIIMNHY CHUITy, CHAary M M3ApP>K/bU-
BOCT, /I M Y OHMMa KOje 3aXTeBajy 3aBUJIHY aepob-
Hy croco6HocT (Ramadan & Byrd, 1987; Rico-Sanz,
1998). VHpaekc TenecHe Mace He y3uMa y o03up Te-
necHy rpaby u He MOXXe MTyCTpOBATI IIPOL[EHAT Mac-
HOT TKVBA Y OfHOCY Ha MULIMNHY W/IM KOIITaHy Macy
(Pajic, Ilic, Jakovljevic et al., 2011). Crnoptuctu ca
BehoM TenecHom macom u Bucokum BMI-om, 3a Koje
je HaheHO fja MMajy BenMKuM yieo MuIIMhHe U KomITa-
He Mace y OJHOCY Ha BUCUHY, He MOTY OUTH TpeTH-
pann kao rojasunu (Pajic, Ilic, Jakovljevic et al., 2011).

Bume ayTtopa (Prentice & Jebb, 2001; Pajic, Ilic,
Jakovljevic et al., 2011; Sporis, Vuleta, D., Vuleta Jr, D.,
& Milanovi¢, 2010) cy nmpumeTwIm jaky HeraTMBHY
Kopenanujy nsMeby TemecHux MacTu 1 MaKCUMasHe
OpsuHe Tpyama. OHM MCTUYY fia je eUKACHOCT JIO-
KOMOIIJje CIIOPTICTa KOMIUIEKCHMja ILIITO je KpeTarbe
6pxe. OHa je 0OPHYTO IPONOPIMOHATHA BOTYMEHY
VI Macu HEroBOr Teja, y CIy4ajy Jja je OHa y BEeu-
KoM fieny oxpebhena macHum TkmBOM. [lakite, yoyaBa
Ce pas/MYuT YTUIAj TeleCHe Mace Ha CIOPTCKO IO-
crurHyhe y 3aBrCHOCTY Off CTPYKTYpe Tena. Vspasu-
TO ,,TeWIKK * Ppynbdanepy, unja je Maca jeTepMUHICAHA
BehoM KOMMYMHOM MacHOT TKVBA, HOCTIXKY Cnabuje
pesynTate y MOTOPMYKMM AaKTMBHOCTVMMA MAaKCH-
MajiHe Op3MHe Tpyama, a U Op3yHe IpoMeHe cMepa
kpetama (Pajic, Ilic, Jakovljevic et al., 2011). Tenecna
Maca MO)Ke YTUL[AT! Ha Op3UHY, U3AP>K/BUBOCT U CHa-
Ty CIIOPTHUCTE, JOK TelleCHa KOMITO3MIMja MOXKe yYTH-
naty Ha jaunHy u armnHoct (Prentice & Jebb, 2001;
Pajic, Ilic, Jakovljevic et al., 2011). [TpeTxoman HaBOAM

yKasyjy fia Tpeba UCTPXUTH M YIIOPERO KOPUCTUTH
U ocraze MOP(OJIOLIKe KapaKTePUCTUKe KOje MOTy
MMaTH yTHUIAj Ha Op3MHY 1 OP3MHY IIpOMeHe cMepa
kpetama (Pajic, Ilic, Jakovljevic et al., 2011). To cy mmo-
per TelecHe BUCHHE ¥ PeIaTUBHA TY>KMHA eKCTPEMIU-
tera (Cronin, McNair, Peter, & Marshall, 2003), Bucnu-
Ha neHTpa Mace (Sheppard & Young, 2006), mporjeHar
MAaCHOT TKMBa I Jp.

C 063upoM z1a je y 0BOj aHa/MM3M TPeTUpaHa MOP-
¢dbomMeTpujcka KapakTepucTuka, ogHocHo BMI, koju
IIpe CBera OfiroBapa Maci Teja, eBajryalyja peanuja
Mace Tea ¥ MOTOPUYKOT CIIO/baBatba KpeTama je Be-
OMa aKTye/lHa. YTUIaj Mace Te/la MPYINKOM IOKpe-
Tama CerMeHTa Teja (TpaHC/IOKalja) U Le/IoT Tefa
(TpaHcmosuiyja) MoxXe 6uTH oTexaBajyhm ¢dakrop
usBobema c 063upoM a ciopTrcTa Tpeba 1a caBaaga
CBOje MHEPLMOHe KapaKTepuCTuKe, Hajuenrhe y mto
kpaheM BpeMeHy fla pousBefie Op3u IpUpacT paj-
Hor Hanopa. OBo ce Hajuenthe Tpaku NMpy UCIO/ba-
Bamy (akropa Op3uHe Wiy Op3VHe MPOMeHe cMepa
kperama (Pajic, Ilic, Jakovljevic et al,, 2011). Vn-
Bep3Ha IOBE3aHOCT uaMeby MOTOpMYKMX BemITHMHA
U TeJleCHe Mace Ca BMIIe MAacHOT TKUBA Ce YIJITABHOM
objairmbaBa ca MeXaHMYKe TayKe ITIEANIITA, jep BHU-
IIAK TEJeCHUX MACTY yTU4e Ha TeleCHY TeOMeTpHjy.
Crora, Ta 6eckopucHa maca (Maca MacHohe) Moxe
IOBeCTU 10 6MoMexaHNYKe Hee(DMKaCHOCTY KpeTama
U MO)Ke OMTH IITeTHA 32 MOTOPMYKY BemTuHy. Ilo-
pen Tora, feTa/bHa KMHeMaTN4Ka aHaau3a obpasaia
KpeTama KOJl CIIOPTUCTA Ca BUIIKOM TeTeCHUX MacTU
MO>Ke IPYXXUTH HofaTHe MHQpOpManuje 1 foKase Aa
ce KOJI MOTOPMYKMX BEITMHA KOje YK/bydyjy BMUILE
Te/IeCHMX CeIMeHara, a TuMe 1 Behy KonmmunHy mace
Te/la, TOTBphyje XuUIoTesa IOAHOIIEHA COICTBEHE
TexxuHe (eHrn. weight-bearing hypothesis), (D’Hondt,
Deforche, De Bourdeaudhuij & Lenoir, 2009). Criop-
THUCTAa Ca BuUIlle MacHOhe y TeleCHOM cacTaBy MMa
Behy MHepIMjy Tema in 1ojeaHNX CerMeHaTa Tea.
To saxteBa Behy mpopykiujy cuae mo Kumiorpamy
6e3macHe Mace, 1a 6u ce usBena ofpeheHa mpomeHa

11
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y OpsMHU WM CMepy KpeTamwa, OHOCHO MMa Mamby
6esmacHy TexxuHy (eHr1. lean body mass; LBM) koja
MOXKe MMAaT! YTHI[aj Ha TpakeHe Op3VHCKe 3aXTeBe,
Kao IITO Cy CTapT, yOpsarbe MU IpOMeHa cMepa Kpe-
tawa (Sheppard & Young, 2006). IToTKO>)KHO MacHO
TKMBO JieNyje Kao 0ajacTHa Maca T3B. ,MPTBa Maca’,
jep cMamyje pelaTMBHY CHary, Tj. ogHoC n3Meby pas-
BUjeHe CHare 1 Mace Tela, KOji je OMTaH 3a yCIIeIHO
nsBohemwe (Godek, S., Godek, J. & Bartolozzi, 2004).
Tume momasu u 1o geduiyra y CBMM BUJOBMMA MaHM-
(ectHe cHare (cTapTHa, yOp3aBajyha, ycropasajyha n
PeakTUBHA), a Koje Cy (Y pasnuunTyM KoMOMHAIjaMa)
HEOIIXOJIHe ITpy M3BoDeby BehnHe TpaXkeHNX KpeTamba
y motopuukuM akTuBHOcTMMA (Pajic, Ilic, Jakovljevic

et al,, 2011). To cy KpeTama y M3MEHEHUM yCTIOBUMA
caB/lajlaBarba I'PaBUTAlIMOHMX CUJA, CUIA peaxiiuje
IIOf7IOTe, OTIIOPA BasfyXa, Kao M MHepLuje Tela UK
IErOBIX eKcTpeMuTeTa. ITokasaHo je, fa je Texxe mome-
paTy cBojy Behy TelecHy Macy, HACYIIPOT IpaBUTALIUjI
(Riddiford-Harland, Steele & Storlien, 2000). axe,
HeraTuBaH yTHI[aj MAaCHOT TKMBA CBMX peruja Tela Ha
epMKacHOCT JIOKOMOLYje je HEOCTIOpaH.

Pasuu ayTopu cy nokasanm ma nosehane 6amactae
MacHOhe y CTpyKTypu Mace Tela, CIeiCTBEHO TOMe U
IPOMEmbEHE MHEPIVOHE KapaKTePUCTUKE Tena UK
cerMeHara Tena Hamehy orpanmdema y oppehennm
nokpetnma (Taberna 4).

Ta6ena 4 Yruuaj nosehane 6anactHe MacHohe y CTpyKTypy Mace Tejla Ha OTpaHMYeba TOKPeTa

Tlokpern u kperama

Edexrn W3Bop xoudupmarmje

VeMepeHH Ka HEKOM LIHJbY
(engl. goal — directed movements)

Heraruan yTuiiaj Ha KOHTPOJIY PaBHOTEKE

(26); (68).

ITponyn3ujy niy noan3ame CONCTBEHE TEIECHE Mace
(engl. weight — bearing activities)

CapnasiaBare HHEpLMje TeJla WM CerMeHara

(26); (68).

OnpkaBama JMHAMUYKE PABHOTEKE Y JIOKOMOIIU)H,
OaxaHca, Op3uHe

®a3ze KOHTAKTa ca jeJlHOM U ca 00e Hore

NyXKE Tpajy (30); (93); (983).

Bp3ux 3aycraBipama 1/nm okpera

CaBagaBame HHEPIMjE TeIa WK CerMeHara

(B4 (41); (57).

IMoHaBsbaHOI OAU3abA TEJIA IIPOTUB CUIIE
rpaBUTALH]C

CaBiiagaBame HHEPIHjE TeIa WK CerMeHara (51).

ITpojexToBatbe Tesla KPO3 BazLyX

(15).

CynpoTHO IpeTXOfHNM HaBoAMMa, Beha kommun-
Ha MymhHor Tk1Ba 06e36ebyje 60/be MOTOpUUKe IIEP-
¢dopmance (Gorostiaga, Granados, Ibanez, & Izquierdo,
2005). Tome monpuHOCE MHOTe JleTepMIHAHTe, a IIpe
cBera crioco6HocCT caBnahyBama 1 ycknahupama feno-
Bama CIIa MHepLyje, peakijyje MOoAJIore, FpaBuTallyje
u cn. Ilocnepuia tora je 1 Beha eKOHOMUYHOCT Y T10-
Mepamy TeXUIITa Tena (Tj. TelecHe Mace) BepTUKa-
HO Harope y CKOK 3a JIOIITOM ¥ Y TpYamy II0 TepeHy
(Gorostiaga, Granados, Ibanez, & Izquierdo, 2005).
ToxoM Tpuama, cuia peakuuje mogiore u Mumuhze
Cijle MOTy IPEeKOPauYMTU BPESHOCTY TelTeCHe TeXM-
He, Tj. Mory 6utnu Behe of TenecHe TexuHe of 2.5 0
5 myta (Weyand, Sternlight, Bellizzi & Wright, 2000;
Wright, S. E. T. H., & Weyand, 2001), (3ato je omacuo
M3PA3NUTO TOja3HNUM 0cobaMa JOIYCTUTH TpUarbe 300r
nperepaHor onrtepehema 3rm060Ba). VcnomaBamwe
OBaKO BE/TMKIX CI/IA TPUIMKOM OP30T TpUyarba 3aXTeBa
fia 6p3y TpKauyu MOpajy IOCEJOBaTH pelaTuBHO Behy
KomnuyHy MuinhHe Mace, Kako 6M reHepucanyu oBe
cune (Hill, 1950; Nelson, Gabaldén & Roberts, 2004;
Biewener, 1989). ITpema Tome, Beha Tenecna maca 6p-
3UX TpKaya je IMPEeKTHO MOBe3aHa ca arcopOoBambeM
Beher ncno/paBama cujie peakiyje Koja je HeOIXOfHa
3apaj] Op>Ker Tpuamba.
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Ayropn (Chaouachi, Brughelli, Levin et al., 2009;
Krustrup, Mohr, Amstrup etal., 2003) cy nokasanmu zia je
VO2max xopenupana ca 6e3MacHOM 1 MaCHOM KOMIIO-
HeHToM. OBaj Hazla3 6y ce MOrao 06jaCHUTY TUMe LITO
OesMacHa, “MplaBa KOMIIOHEHTa IIpefiCTaB/ba MeTa-
6omusam 6e3macHe hemmjcke Mace, Koja Moxe ocTihn
U 006aB/paTy IJIABHY Y/IOTY Y TEIECHOM MeTaboIn3My.
Hexke crynuje cy yrBpamte fa “MpiraBa Maca” CTBapa
CBY MeTabOMMYKY aKTMBHOCT Tena, oapebyje ykymny
KiceoHN4Ky norpousy (Payette, Hanusaik, Boutier
et al., 1998; Newman, Kupelian, Visser et al., 2003;
Pedersen, Ovesen, Schroll et al., 2002).

HOBW KOHIEIITU V1 MOJEIN

Y EKCIDIMKAIINN YTUITAJA
TEJTECHE KOMIIO3UIINJE

HA EOVMIKACHOCT MOTOPUYKOTI
JNCIIO/bABAIbA

HecarmacHocT ca mpeTXogHMM HaBofyMa ymyhyje
Ha TO J]a Cy MOTpeOHM HOBM KOHIIENITU ¥ MOJENN Y
eKCIUIMKaLyju yTHUIdja TeleCHe KOMIIO3MIJje Ha
euKacHOCT MOTOPMYKOT UCHO/baBamwa. [lopen Heo-
IXOJIHe TIpoIieHe Bapujaby MpoIjeHTa MacHOT TKMBa
¥ TIPOIIeHTa MUIIMNHOT TKMBA, MOXKe Ce IIPeTHOoCTa-
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BUTHK Ia 6u mpuMeHa aBokommoHentHor BMI u MFR
(enr. Muscle to Fat Ratio) Mopena o6e30emuia KBaam-
TETHWjU YBUJ, y OBe penauyje. VicnuTnpame TeeCHOr
cacTaBa MMa 3a IIWb /la IIOfe/IN U U3MEPY TeTIeCHY Macy
Ha OCHOBHe KOMIIOHeHTe. Heku Teopujcku Mozmenu cy

y3€TI Ka0 OCHOB 32 Pa3BOj METO/Ia 3a MEPEHbe TeIeCHOT
cacTaBa, Kao HIIP: aHTPOIIOMETPHUjCKa, Meperbe KOX-
HUX Habopa, 6moenekTpuyHa umrenanna u NIR me-
toga (Malina, 2007). Knacuanu mMopnenu fiene TenecHy
Macy Ha KOMITOHEeHTe KaKo je mpukasaHo (Tabena 5).

Ta6ena 5 Teopujcku Mozeny Banupaluje TelIeCHOT cacTaBa

Teopujcku Monenu

Tenecna maca

JIBOKOMIIOHEHTHHU Macny FM besmacny FFM
TpOKOMIIOHEHTHH Tenecny Bomy  CyBy 6e3macny -LBM
YeTBOPOKOMITOHEHTHH Koctn Ocrarak

Jlaxse, MacHO TKMBO U Oe3MacHa TelleCHa Maca
Cy KOMIIOHEHTe yKyIHe TenecHe Mace. Kap ce ysme
y 003Mp ¥ BUCHHA Te/Ia, OHM ITOCTAjy NHIEKC MACHOT
tkuBa FMI 1 nnpexc 6esmacHe tenecHe mace FFMI u
IpENCTaB/bajy MacHy I HeMacHy KoMIoHeHTy BMI-a,
pecnektuBHO. OBU uHAekcu ce gepuunmy (Schutz,
Kyle & Pichard, 2002):

FFMI= 6e3smacHa TenecHa Maca/BucuHa’ (kr/m?)

FMI= macHo TKuBO/BrcuHa®> (Kr/m?)

C o63upom ga je BMI = FFMI + FMI, nosehame
(nmu cMameme) y BMI-y 6u ce Morno objacHutu mo-
pacToM (W1 mafioM) y jefiHOj Wiy y 06e KOMIIOHEHTe.
Haxe, 3a ogpebenn BMI, ako ce FFMI noseha, oupna
6u FMI Tpebasno fja omajgHe, MOIITO IPY KOHCTAHT-
HUM BpepHocTuMa BMI, mamely oBa fBa mHpmekca
IIOCTOjY MHBEP3HAa MareMaTumyka penanuja. Crora,
pefHOCT KOMOMHOBaHOT Kopuirhema OBUX MHIEKCA
MO>)Ke ITOKa3aTy Aa M je AeuIuT Min BUILIAK Y Te-
JIeCHOj Macu HacTao ycneq npoMmerne y FFMI, FM nn
o7 06e KOMOMHOBAHO.

Taxo (Schutz, Kyle & Pichard, 2002), oco6a Bucoka
1.85 m n Temka 100 xr mma BMI 29.2 xr/m?, mto je
CBpCTaBa y KaTeropujy IpeparojasHe ocobe, Koja je Ha
TpaHNIIN fIa TTOCTaHe rojasHa. OBo 611 6110 TAYHO aKO
je FMI Behu op pedepeHTHMX BpemHOCTN 1 OOpPHY-
10, ako FFMI Te ocobe Huje nctoBpemeno nosehaH.
Haxre, FMI moxxe upentndukoBat ocobe ca ,,HOp-
ManHUM  BpegHocTMMa BMI-a koju cy msnoxeHn
HOTEeHIVjaTHOM pU3MKy ycrep nosehama FM. Ocobe
Koje cHajiajy y ,HOpPMajHO yXxpameHe 1mo BMI-y
MOTY, IaKJIe, UMaTu nosehane BpepHocTy ®MI], mto
yKasyje Ha mOTpeOy /ja OHe MOpajy HOpMa/nnu3oBaTH
CBOje TeriecHe MacTy 6e3 063mpa Ha BpegHOCTM BMI
(Schutz, Kyle & Pichard, 2002).

Ha npumep, TokoM MeHOIay3e 1 CTaperma, IpoMe-
He y FFM u FM Hucy agexBatHo mpaheHe mpoMeHnama
y BMI-y nomro, Kao HITO je OIMCaHo rope, fBe KOM-
noHente BMI-a, FFMI n FMI mory Bapupatu y pas-
HUM npaBuyMa. [laj y BucnHu ca cTapemeM IpescTa-
B/ba IofaTHY QaKTop 3a mpopadyHaBawmbe BMI, FMI n
FFMI, (Schutz, Kyle & Pichard, 2002). ITomro Bucnu-

Ha IIPMPOZIHO OIlafia TOKOM T'OfiNHA, BpefHocT BMI,
FFMI u FMI 61 Tpe6arno fa ce nmoehajy ca crapemem.
Jlakse, mpuMeHa OBOT OBOKOMIIOHEHTHOI, CTPYKTY-
panHor koHuenta BMI-a omoryhasa mpensubarme
geTupu TummdHe cutyanyje (Schutz, Kyle & Pichard,
2002):
- Hu3ak FFMI nacnipam FMI - HasBaH capkorie-
HMYHA I'0ja3HOCT;
- Hu3ak FFMI nacipam Huckor FMI - mpepicrasiba
XPpOHIYAH Ne(UINT y eHepruju;
- Bucok FFMI nacipam Huckor FMI - mokas mui-
uhHe xuneprpoduje u
- Brucok FFMI nacipam Bucokor FMI - ykasyje Ha
koMm6uHoBaH Bumak FFM n FM (cymo comaro-
THII).

Ykparko, FMI u FFMI ce mory Kopuctutu Kao
MHJIVKATMBHE BPENHOCTM 32 eBaJyallljy cTaryca
YXpameHOCT! (IIPeyXpameHOCT WIN IOTXPABEHOCT)
KOJl OYMITIEAHO 3ApaBux ocoba u Mory obesbemutu
mopatHe mHpopMauuje y nopebemy ca kaacuuHuM
U3pakaBambeM pepepeHTHUX BPEJHOCTU Te/lecHe
kommosunyje (Schutz, Kyle & Pichard, 2002).

Axo je moryha npernusHa nporeHa Bapujabm mpo-
IIeHTa MacCHOT TKMBa ¥ IPOIleHTa MUIIMNhHOT TKMBa
(Mepeme KOKHIX Habopa, 61oeeKTpUYHa UMIIeTaH-
ja), MOXe Ce IpeTHoCTaBuTH fa 6u npumena MFR
Mopena obe3beanIa KBaIUTETHUjU YBUJ, Y peranuje
TeJleCHE KOHCTUTYIIMje ¥ MOTOPMYKOT MCIIO/baBaiba,
Hero npumena BMI-a.

IenepanHo, MOXKe ce NMPETIOCTaBUTHU A MOCTOjU
obaBesa yBuza y penanuje usmehy BMI-a u MFR-a,
Kaja ce BMI kopucTtu Kao 3aMeHCKa Mepa y Ipolie-
HM YTHUII3ja TelecHe KOHCTUTYLUje Ha e(UKaCHOCT
mMoTtopuukux mnepdopmancu (Andelkovi¢, Baralic,
Dordevi¢ et al, 2015; Djordjevic, Baralic, Kotur-
Stevuljevic et al., 2012). Yobudajeno je TBpauMTH Ha
je 6ope nmaru Mawyu BMI, jep ce noppasymesa na je
Tafla y CTPYKTYpM Te/leCHe KOMIIO3MIMje aKTYeTHOT
CIIOPTUCTEe YpaBHOTEXeHa TelecHa Maca. Mebytum,
3a TaKkBy TBPJIbY He IIOCTOje rapaHIiyje, ¢ 0631pomM
Iia ce MOYKe IEeCUTH [a Y TOj PelTaTMBHO Matb0j Macu
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Tema, KOja je y3poKoBaiaa Mamu BMI, ncro Tako nma
U Mamke MMIIMhHe Mace y OfHOCY Ha MacHy, LITO je
V3 acleKTa yTulidja TeJleCHe KOHCTUTYLMje Ha MO-
TOpMuKe IeppopMaHCe — HemoBo/bHO. VcTo Tako,
MOTOPUYKM ePUKACHUjU MO>Ke OUTY M CIIOPTHCTA Ca
BehyM mmm nosumeHnM BpegHocTMa BMI, mop yc-
70BOM ja je yckinahen myummmhHo-macHu ognoc MFR,
Tj. Jla je Y CTPYKTYpM Te/leCHe Mace IOBUIIEH IIpOolLie-
HaT TeJlleCHUX MuIha y ofHOCy Ha TeecHe MacHOhe.

Hakne, cama nnpoMmeHa y Bpegnocty BMI-a y cmuc-
JTy BeroBor noBehaBama, Hifje a/lapM Jia je TOILLIO 10
HENIPUK/IAJHOCTH TeleCHe KOMIIO3M1Mje Y OJHOCY Ha
eduKacHOCT MOTOPUYKOT MCIIO/baBaba, jep je Moryhe
7ia je TIpM MCTOj TeNeCHOj BUCKHY JIOIITIO o yBehama
TejleCHe Mace, a/Ii Ha Ha4MH fla ce [10J, yTULajeM Tpe-
HuHra nosehera mummnhaa maca, a camMum TuMme n
mumhuao-macHu ogaoc MFR. Beh je 06p3noxen mo-
3UTUBAH YTUIIAj IOBMIIEHe TejlecHe MuinhHe Mace,
a camuM tMe 1 MFR-a Ha edmkacHOCT MOTOpUYKOT
UICIIO/baBaba y BeNMHM MOTOPMYKIX IepPOpPMaHCHL.

Crora mpy 0BaKkBYUM aHaIM3aMa Tpeba HarIacuTn
OIpaHMYEHOCT yIoTpebe MHeKca TefiecHe Mace BMI
U HEOIIXOTHOCT NpMMeEHe NOJATHUX Mepema. Jlakie,
MOpajy ce pasMaTparu ofpebheHa orpaHmyema mpu
yn0Tpe6M BMI, xao mMepe TenecHe MacTy, a IOTOTOBO
KOl 0coba ca MOBUILIEHOM TeJIeCHOM MacoM, jep, Ipe
cBera, BMI je Mepa TerrecHe Mace, a He €KCLeCMBHUX
TefleCHUX MacTu. VIcTo Tako, HaBefleHE YMIbEHMIE
yKasyjy ma ocobe Koje CIajnajy y ,,HOpMaaHy KaTe-
ropujy no BMI-y mory umaTu nosehane BpegHOCTU
mactu FM, mTo ykasyje Ha motrpe6y a te ocobe Mo-
Pajy HOpMajmM30BaT! CBOje TelecHe MacT, 6e3 06-
3upa Ha BpegHocTy BMI. Ilopen HeonxopHe mpotie-
He Bapujabim IpolieHTa MacHOT TKMBA ¥ NPOLeHTa
MumhHOT TKMBA, MOXKe Ce IPeTIOCTAaBUTU ja Ou
npuMeHa gBokomnoHeHTHor BMI u/unmu MFR mope-
ma 06e36enua KBaIUTETHY YBUJ Y OBE penmainuje.
JluckpenaHIyja CBUX NPeTXOJHNUX HaBoja ymyhyje
Ha TO Jja Cy MOTpPeOHM HOBM KOHLENTN U MOJEIN Y
EKCIUIMKAUUju yTULaja TeleCHe KOMIIO3ULMje Ha
epMKaCHOCT MOTOPUYKOT JICIIO/baBAha.
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Abstract

The aim of this paper is to review and summarize the theoretical
and empirical facts of using the (BMI), (body mass index) in
determining the relationship between body constitution and motor
skills. Several key circumstances have been identified in which the
body mass index can give erroneous information about the actual
body composition, and especially about the amount of adipose
tissue in the body. Factors such as age, sex, race, health status and
muscle mass can influence the connection between (BMI) and body
fat. Due to a relatively low coefficient of determination between
(BMI)and percentage of body fat, one should be cautious when
using (BMI) to evaluate body composition as a predictor of obesity
or as a substitution measure in evaluating the influence of body
constitution on the efficiency of motor performances. The analysis
of the sources indicates that the existence of unexplained facts uses
alternative measures of body composition and their limited use
in research and direct training practice. Therefore, new concepts
and models are necessary in order to explain the influence of body
composition on the efficiency of motor performance. Apart from
the necessary evaluation of variables of percentages of fatty and
muscle tissues, it could be assumed that the application of two
component (BMI) = (FFMI+FMI), (Fat Free Mass Index, Fat Mass
Index) and/or (MFR) model (Muscle to Fat Ratio) would provide a
better comprehension of these relations.

Keywords: BODY COMPOSITION / MOTOR PERFORMANCES
/ MUSCLE TO FAT RATIO / FAT MASS INDEX / FAT FREE
MASS INDEX

Resumen

El objetivo de este trabajo es revisar y resumir los hechos tedricos
y empiricos del uso del indice de masa corporal IMC (Indice de
Masa Corporal) para determinar la relacion entre la constitucion
corporal y las habilidades motoras. Se han identificado varias
circunstancias clave en las que el indice de masa corporal puede
dar informacion errénea sobre la composiciéon corporal real, y
especialmente sobre la cantidad de tejido adiposo en el cuerpo.
Factores como la edad, el género, la raza, la salud y la masa muscular
pueden afectar la relacion entre el IMC y la grasa corporal. Debido
al coeficiente de determinacion relativamente bajo entre el IMC y
el porcentaje de grasa corporal, se debe tener precaucion al utilizar
el IMC para evaluar la composicion corporal como predictor de
obesidad o como medida alternativa para evaluar el impacto de
la constitucion corporal en la eficiencia del rendimiento motor. El
analisis de las fuentes indica la existencia de hechos no explicados
del uso de medidas alternativas de composicion corporal y su uso
limitado en la investigacion y la practica de entrenamiento directa.
Por lo tanto, se han propuesto nuevos conceptos y modelos en
la explicacion de la influencia de la composicion corporal en
la eficiencia de la expresion motriz. Ademds de la necesaria
valoracién de las variables entre el porcentaje de tejido adiposo
y el porcentaje de tejido muscular, se puede suponer que la
utilizacién del IMC de dos componentes = FEMI + FMI (Fat Free
Mass Index, Fat Mass Index), es decir, indice de masa corporal
magra + indice de tejido adiposo y/o MFR (Muscle Fat Ratio), es
decir, la relacién musculo-grasa del modelo proporcionaria una
mejor comprension de estas relaciones.

Palabras clave: COMPOSICION CORPORAL / RENDIMIENTO
MOTRIZ / RELACION MUSCULO-GRASA / INDICE DE
TEJIDO ADIPOSO/ INDICE DE MASA CORPORAL MAGRA
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INTRODUCTION

Understanding body composition of athletes was
considered as an essential part of total training man-
agement process (Wilmore, 1982). Many researchers
assumed that favorable anthropometric characteris-
tics, body composition, as well as functional abilities,
needed for their particular sport were required of each
athlete (Singh et al., 2010; Massuca & Fragoso, 2011).

Anthropometric and kinanthropometric studies
aimed at indicating how certain morphological factors,
including body fat, body mass, muscle mass and body
height influenced the competitive performances of
athletes (Carter, 1970). Since each sport has its specif-
ic motor requirements, it could be assumed that each
athlete should have specific anthropometric charac-
teristics which correspond to his/her sports discipline.
Changes in body composition and motor performanc-
es can occur on all levels, from the beginning to the
end of training and competitive seasons (Silvestre et al.,
2006). Therefore, the possible ideal body composition
depends on a particular sport or discipline, structure
of competitive activity, position in a team etc. In some
contact sports such as rugby, higher body mass is an
advantage, while in others such as gymnastics, mara-
thon etc. lower body mass and high values of force/
mass relation (i.e. higher relative force - production of
force per one kilogram of body weight) are necessary.
For example, in marathon runners the most suitable
profiles and relations, necessary for achieving optimal
performances were identified (Marc, Sedeaud, Guil-
laume et al., 2014). Calculated optimal (BMI) index for
men was 19.8 kg/m?, while for 10 best competitors of
all times it was between 17.5 and 20.7 kg/m’. Lately,
(BMI) has been used intensively in anthropological
researches as an indicator of body constitution of sub-
jects. It is customary in practice that (BMI) is not only
the indicator of “weight as such” but it also, through its
structural component, indicates indirectly the quantity
of fatty tissue, especially in the cases of extreme body
masses (Malina, Bouchard & Bar-Or, 2004).

In a large number of researches (BMI) has been
used as an indicator of body constitution in relation
to various performances of motor activities. Many re-
searches have clearly indicated the connection of body
composition and (BMI) with the efficiency of per-
forming motor abilities, but in other researches this
connection was not established. Regarding the fact
that (BMI) is a morpho-metric characteristic which
mostly depends on body mass, evaluation of the rela-
tions of body mass and motor performance of moving
is very up to date. Justification of doubt in the suitabil-
ity of using (BMI) as a substitute measurement could
be assumed in the following:

« analysis of the differences of influence on mo-
tor performances of body mass which has more
muscles in comparison to fat in its structure, and
vice versa;

« the fact that parts of useless fatty tissue and useful
muscle tissue cannot be established from its re-
sult in the total component of body mass;

« a number of proofs that it is muscle mass, not fat
mass, that is significantly positively connected
with measures of physical performances.

BODY MASS INDEX AS A SUBSTITUTE
MEASURE

Body mass index is often used as “a substitution
measure” for body constitution and as one of the cri-
teria in the selection of athletes, as well as persons in
other fields (especially those with specific jobs, such as
military and police recruits etc.). However, when cer-
tain borderline values of (BMI) are not reached or are
exceeded, the problem of interpretation of results can
occur. In accordance with this, there are certain cir-
cumstances in which disagreement can occur in some
“substitution measurements”, especially in (BMI) with
actual body composition, particularly with the quanti-
ty of fat tissue within the body (Prentice & Jebb, 2001).
When evaluating body fat within the body, relying on
(BMI) as a substitution measure can cause inconsis-
tencies in overall population (Cohn, 1987), which
can also create an incorrect picture of exceeded body
mass in athletes (Heyward & Wagner, 2004). Measur-
ing only body mass cannot determine the quantity
of body fat in an organism (Pajic, Ilic, Jakovljevic et
al., 2011), since it does not differ between fat and fat
free body components. Therefore, in such analyses the
limitations of using (BMI) and the necessity of apply-
ing additional measuring should be pointed out. From
the above mentioned, it could be implied that substi-
tution measures could provide wrong and not quite
reliable information on body composition, as well as
that (BMI) is an indirect measure of body mass, not
of adiposity. This creates the conditions for wrongful
diagnosis of obesity and inadequate tries of reducing
body mass, as well as not understanding the influence
of actual body composition on motor performances of
treated athletes. Therefore, the supposed unreliability
of (BMI) is possible, since the quantity of useless fatty
tissue and useful muscle tissue in total component of
body mass cannot be established from its value.

Explanations for the above assumptions must be
considered through certain restrictions on the use
of (BMI), as a measure of body fat, and especially in
people with overweight, because, above all, (BMI) is
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a measure of body weight, not excess body fat. Also,
(BMI) does not differ between excessive fat, muscle
and bone mass, and it cannot indicate the distribution
of fat in various persons. Factors such as age, sex, race,
health status and muscle mass can influence the rela-
tion between (BMI) and body fat. On average, elderly
people have more fatty tissue than the young for the
same values of (BMI), (Cohn, 1987). Body mass and
(BMI) cannot detect the “conversion” of fat free into
fatty tissue (Cohn, 1987), which is a normal process
which occurs while aging. Aging is followed by pro-
gressive increase in relation between fat and fat free
body mass. This occurs even in people who manage
to maintain the same values of (BMI). Therefore, the
connection between (BMI) and body fat depends on a
person’s age. These deviations are especially prominent
after middle age and during menopause in women. In
contemporary sedentary world, the increase of (BMI)
in most individuals is noticeable. Although these data
indicate the increase of body fat in people, they still
severely underestimate the true increase of body fat.
There are prediction equations, which include years
of change, i.e. gaining certain values of body fat from
(BMI), and they are also efficient in overcoming the
afore mentioned problems (Deurenberg, Weststrate
& Seidell, 1991). Also, the composition of muscles
changes with the increased infiltration of fat. Increase
of fat infiltration in muscles with aging can be an im-
portant, if not the main aspect of sarcopenia (loss
of muscle mass and muscle strength), (Roubenoft &
Hughes, 2000). As for the proteins, their intake usu-
ally decreases in adults, which contributes to the loss
of muscle mass and lower basal metabolism, which
consequentially leads to the increase of body weight
even if the energy intake remains the same (Shin, Liu,
Panton & Ilich, 2014). These phenomena can be a sig-
nificant predictor of the fact that (BMI) is not suitable
for evaluating body constitution.

In children, (BMI) generally increases between the
ages of 8 and 18 and is highly connected with fat and fat
free body components in all ages. Furthermore, unlike
the adults whose body height and (BMI) are generally
not connected, in children they are. Yearly changes of
(BMI) can be strongly caused by changes both in fat
and fat free components of body composition, as well
as in a child’s height. Yearly increases in (BMI) during
childhood are primarily led by the increase in fat free
component of (BMI), especially in boys during puber-
ty, due to fast increase of height and relatively low year-
ly decrease or increase in total body fat. This results
in negative average fluctuations of fatty component of
(BMI) (i.e. total body fat/height?). The degree to which
each component contributes to average increase of
(BMI) depends partially on the age and sex of a child.

The circumference of limbs as well as the quantity of
muscle tissue increase through both early childhood
and adolescence. At the age of 11, children are still in
the period of pre-puberty and more prominent body
changes are not noticeable yet. With reaching puberty
(girls around 12 and boys around 13) larger and more
sudden changes in body shape and composition begin
to occur, which further influence (BMI) and indirectly
contribute to the quality of performing motor tasks,
especially demonstrating muscle strength (Malina,
Bouchard & Bar-Or, 2004). This clearly illustrates the
complexity of interpreted changes in (BMI) in chil-
dren and stresses the fact that (BMI) is the measure of
body mass, not adiposity. Although (BMI) can be use-
ful to define obesity in adults, (BMI) in children and
adolescents does not have the same characteristics.
Application of (BMI) in children is complicated by its
dependence on height, relative difference between the
length of body and legs, fat free body mass (FFM) and
the level of maturity (Siervogel, Maynard, Wiseman-
dle et al., 2000). The degree and level of sexual matu-
rity influence the relation between (BMI) and body fat
in children (Dawkins, 1990). Because of this, height is
one of the first selective characteristics in most sports,
and it is used to recruit children as kinanthropometric
suitable athletes.

On average, women have higher quantities of total
body fats than man for the same values of (BMI). They
have lower muscle mass, higher fat infiltration into
muscles and lower muscle strength (Shin, Liu, Panton
& Ilich, 2014; Visser, Harris, Langlois et al., 1998; Viss-
er, Goodpaster, Kritchevsky et al., 2005). Women in
menopause are more prone to gaining weight with fat
infiltration into muscles, as well as to deposition and
redistribution of fat into central, abdominal region. At
the same time they suffer from loss of muscle mass,
which leads to sarcopenia and loss of bone density (i.e.
osteopeny or osteoporosis can occur). Both of these
occur in cases of sarcopenic or osteopenic obesity.

It is well known that (BMI) does not provide val-
id data on body fat in people with developed muscu-
lature, gained through long-term exercising or due
to natural muscle build (genetic heritage). Muscular
persons can have high (BMI) due to increased muscle
mass. Due to the fact that muscles are heavier than fat,
very muscular people can have high values of (BMI),
(Sum, Wang, Choo et al., 1994).

In today sedentary lifestyle, individuals who take
care of their health, continue to practice both aerobic
and resistance trainings, in order to stay physically fit.
Many of them do not necessarily want to lose mass, but
aim towards improving their condition and body com-
position. Others, on the other hand, consider losing
fat layers as their primary aim. Changes in body mass
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can give deceptive impressions on thorough changes in
fat, especially in resistance training, which helps build
muscle mass (Prentice & Jebb, 2001), (Picture 1).

change in body fat (kg)

sedentary resistance aerobic

N assumed
W actual

Picture 1. Assumed and real change in body fat after
training, modified to Prentice & Jebb, (2001).

“The assumed” change in body fat is simply calcu-
lated as 75% of the total loss of weight, while “real”
change is the directly measured loss in fat. On average,
the differences are not so large in all studies, but they
can have important motivational effects. For example,
people who practiced training with load would as-
sume that they did not achieve any loss in fat.

Simple measures of body mass (and therefore
measures deduced from BMI) generally provide sat-
isfactory evaluations of clinical progress in programs
for losing of body weight using diets. Incorporation of
exercising in the regimes of body reduction is justified
due to long term results of keeping body mass after
losing weight. However, under these circumstances,
loss in mass does not equal the loss of fat, so body
mass and (BMI) can lead to deceptive measurements
of progress in losing weight.

The composition of weight loss was determined
in 72 medium obese persons on which various pro-
grams for reducing body mass were applied, including
physical exercise (Pavlou, Steffee, Lerman & Burrows,
1985), (Picture 2). If measuring of body composition
was not available, the advantages of exercising would
at first sight have been small and statistically insignif-
icant (11.8 compared to 9.2 kg of body mass lost). Be
that as it may, the analysis of body fat has indicated
that the group which exercised lost 11.2 + 1.5 kg of
fat when compared to only 5.2 + 1.6 kg in the group
which has not exercised (p<0,001). This is only one of
the examples of successful body mass loss, but it also
points out the fact that establishing the loss of mass
itself, and, with it, leaning on substitution measure-
ments can be ill-suited.
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Picture 2. Composition of losing body mass, modified to
Pavlou, Steffee, Lerman & Burrows, (1985).

In an analogous study (Whatley, Gillespie, Honig
etal., 1994), the effect of intensity of exercising on the
loss of fatty tissue in obese women was analyzed and
evaluated (Picture 3). It can be noticed that the pro-
portion of body loss of fat free component was higher
in the group which has not exercised (i.e. the control
group) and also that the real amount of weight loss
was lower. These findings indicate that the substitu-
tion measures are unsuitable and that detecting the
effects of used programs by applying the analysis of
body fat is important.
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Picture 3. The effects of exercising on the composition of
lost weight while dieting, modified to (Whatley, Gillespie,
Honig et al., 1994).

In the experiment in which extremely obese per-
sons with (BMI) > 30 followed a special diet and ex-
ercise program regime, similar results were acquired
(Dikic & Andjelkovic, 2013). Average body mass at the
beginning of the program was 107.2 + 19.4 kg, (BMI)
37.1 + 4.3 kg/m? and average percentage of body fat
was 41.0 + 5.7. After ninety days of program, average
loss of (BM) amounted to 9.2 + 5.4 kg (9.19% of initial
(BM). (BMI) was statistically significantly lowered
to 32.7 + 3.4 from the initial average 37.1 +4.3 kg/m?
at the end of the ninety-day-program. Percentage of
body fat was statistically significantly lowered to 36.4
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+ 6.3 from average 41.0 + 5.7 at the end of the nine-
ty-day-program. On average, subjects have lost 7.2 kg
of fatty tissue, which was statistically significant. Per-
centage of fat and the quantity of fatty tissue in limbs
and body trunk were statistically significantly lower,
which supports the idea of body remodeling. Body re-
modeling, segmental fat loss and loss of fatty tissue of
as much as 7.2 kg could not be indicated if only (BMI)
and body mass were taken into consideration, which
implies their limitations in everyday work.

Be that as it may, in specific groups such as athletes,
evaluations based on usage of substitution measure-
ments, especially (BMI) can lead to systematic errors.
A prominent error was the result of an attempt to eval-
uate body fat based on (BMI) in players of American
football and hammer throwers (Katch & Katch, 1984),
(Picture 4). They had a higher percent of fat free com-
ponent than their (BMI) indicated. This connection
can be applied to most athletes, even in very low val-
ues of (BMI).
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Picture 4. Disagreement between (BMI) and percentage of
body fat in athletes, modified to (Katch & Katch, 1984).

There are numerous clinical states in which dis-
turbed hormonal status changes the usual connection
between fat free and fatty tissue in which body mass
and (BMI) give wrong impressions on body compo-
sition and changes in it. Huge changes in hydration
of tissue can have similar effects (Vukasinovi¢-Vesié,
Andelkovi¢, Stojmenovi¢ et al., 2015). For example, a
group of patients with diagnosed sepsis lost 8 kg of
mass during the first days of illness without any signif-
icant loss in body fat (Plank, Connolly & Hill, 1998).
Under these and similar circumstances, direct mea-
suring of body fat and fat free component is essential
in order to follow the progress in the state of nourish-
ment.

Due to relatively low coeflicient of determination
between (BMI) and percent of body fat, using (BMI)
as a predictor of obesity was criticized. (BMI) is more
appropriate as an index of total body fat or body fat in
relation with height, then total body fat in relation to
mass (Garrow & Webster, 1985). The degree of adipo-

sity is partially predictable using (BMI), at least on the
population scale, if adiposity is defined as excessive
body mass per body height unit, but not as excess of
body fat per body mass unit. Similar to predicting the
percentage of body fat from (BMI), predicting body
fat/height® from (BMI) is much more changeable in
people with (BMI) under 30 kg/m?.

Obesity is defined if (BMI) is at least 30 kg/m?or if
the amount of fat is at least 25% of the total body mass
for men and 30% for women (Frankenfield, Rowe,
Cooney et al., 2001). However, it has been established
that 30% of men and 46% of women with (BMI) un-
der 30 kg/m* had increased levels of body fat. They
were also obese and therefore their classification ac-
cording to (BMI) was wrong. The highest variability in
predicting the percentage of body fat and body mass
divided by square height value (body mass/height?)
from regression equations using (BMI) was among
the values of (BMI) under 30 kg/m?* Therefore, the
measuring of body fat is a much more suitable way to
evaluate obesity in people with (BMI) under 30 kg/m?.

The biggest flaw of (BMI) is that with its usage,
real body composition is not taken into consideration
(Schutz, Kyle & Pichard, 2002). Excess in body mass
can occur due to the increase of fat tissue or due to
muscle hypertrophy. On the other hand, decrease of
values of (BMI) can occur due to the loss of fat free
component (FFM) (i.e. sarcopenia), loss of fat tissue
or combination of both.

Higher infiltration of fat into muscles with aging
can be a crucial aspect of sarcopenia which influ-
ences the functional status in old age. Fat infiltration
into muscles is positively connected with total body
fat (Ryan & Nicklas, 1999; Sinha, Dufour, Petersen
et al., 2002) and it can be a factor which contributes
to inadequacy of applying (BMI) in the evaluation of
body constitution. Although many studies support the
fact that muscle mass is a strong predictor of physi-
cal function in adults, it is evident that lower fat in-
filtration in muscles as a measure of muscle quality,
could be used as a valid predictor of better physical
performance. It was additionally indicated that per-
sons who fall into the “normal” category according
to their (BMI), can have increased values of fat (FM),
which indicates the need for those persons to normal-
ize their body fat, regardless of the values of (BMI),
(Schutz, Kyle & Pichard, 2002). Previous explanations
illustrate several key circumstances in which (BMI )as
substitution measurement of body constitution, and
especially body fat can provide wrong information on
real body composition of an individual, mostly due to
the disagreement in usual connection between fat free
(FFM) and fat (FM) components.
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RELATIONSHIPS OF BODY MASS INDEX WITH MOTOR ABILITIES

In a large number of researches, (BMI) was used as an indicator of body constitution in relation to various
performances of motor activities. Many researches clearly indicated the connection between body composition

and (BMI) with the efficiency of performing motor abilities in all ages (Table I).

Table 1. Connection of (BMI) with the efficiency of performing motor abilities

(BMI)- motor performance relationship

Source of confirmation

Inverse Positive No relationship
Fundamental movement skills (FMS - running, (28); (39); (72); (81);
gallop, hops & long jump); General motor skills (88); (97).
Endurance (VO,max), Energy consumption; EEB;)-(I(;;);)(B); (55); (62);
Aerobic fitness, Cardiorespiratory fitness ’ '
Maximum runing speed gg;’ 522;’ (34); (40); (56);
Accuracy - dexterity of motor skills (i.e. running) (22); (35); (97).
Jumping efficiency (8); (33); (34); (48); (64).
Agility Agility (15); (34); (56); (58); (82);
(86).
Balance (2); (75); (88).
Coordination Overall & fine E;%;)U); (9); (27); (44);
Perceptual - motor coordination coordination '
Flexibility (20); (37); (82).
Explosive ) )
ensth (7); (20) (87).
Precision (22); (35); (53).

The findings acquired by using separate groups formed by dividing the sample of subjects into groups of sub-

jects with under average, average and above average indexes of body mass (Table 2).

Table 2. Connection of different levels of BMI with the efficiency of performing motor abilities

Different (BMI)levels and motor performance relationship

Below average Average

Source of confirmation
Above average

Speed

Agility

(36); (82); (54).

Vertical jump Vertical jump

Vertical jump

Muscle force

Flexibility Flexibility

o (20).
Flexibility

Strength endurance

(20).

Balance

This is why there is a completely reasonable doubt
that it is not enough to rely on (BMI) which is not
about the structure of body mass, and it can therefore
be assumed that it is not a reliable indicator when ex-
plaining the relations of treated morphological char-
acteristics and motor abilities. This is also the origin
of the supposition that in many above mentioned re-
searches the structure of body mass was not analyz-
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ed, which caused the existence or nonexistence of the
connection of (BMI) with the treated motor perfor-
mances. The justification for the mentioned doubt on
unsuitability of (BMI) as a substitution measurement
could be assumed in the analysis of the differences
of influence of body mass, which in its structure has
more muscles when compared to fat and vice versa
(Table 3).
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Table 3. Analysis of the differences in influence of body mass with larger muscle mass in comparison with fat tissue and vice

versa on motor performances.

Ability Body weight Source of confirmation

Muscle tissue Fat tissue
Speed + - (3); (57); (64).
Change of direction - (41); (57).
speed

(1); (5); (13); (14); (24); (31); (43); (57); (64); (65);

Power, Strength + (66); (67); (69); (70); (73); (83); (85); (89); (96).
Endurance + (1); (16); (43); (45); (55); (57); (64); (69); (76); (89);

(91).

Body mass can influence motor performances and
success in various sports, but body composition and the
quantity of body fat can be more precise indicators of
motor efficiency than body mass (Wolinsky & Driskell,
2008). Sports in which lower quantity of body fat is an
advantage (running, diving, gymnastics, skating and
wrestling). Muscle mass improves sports achievement
in the activities which require muscle force, strength
and stamina, but also in those which require consider-
able aerobic ability (Ramadan & Byrd, 1987; Rico-Sanz,
1998). Body mass index does not take into consider-
ation build and cannot illustrate the percentage of fatty
tissue in relation to muscle or bone mass (Pajic, Ilic, Ja-
kovljevic et al., 2011). Certain players with higher body
mass and high (BMI) who have large content of muscle
and bone mass in relation to height cannot be treated as
obese (Pajic, Ilic, Jakovljevic et al., 2011)..

Several authors (Prentice & Jebb, 2001; Pajic, Ilic,
Jakovljevic et al., 2011; Sporis, Vuleta, D., Vuleta Jr, D.,
& Milanovi¢, 2010) have noticed strong negative cor-
relation between body fat and maximal speed of run-
ning. They point out that the efficiency of locomotion
of players is more complex the faster their moving is.
It is inversely proportional to the volume and mass
of his/her body, if it is largely determined by fatty tis-
sue. Therefore, a different influence of body mass on
athletic achievement depending on body structure is
noticeable. Extremely heavy football players, whose
mass is determined by higher amount of fatty tissue,
achieve weaker results in motor activities of maximal
speed running, as well as in changing the direction
of moving (Pajic, Ilic, Jakovljevic et al., 2011). Body
mass can influence speed, stamina and strength of an
athlete, while body composition can influence force
and agility (Prentice & Jebb, 2001; Pajic, Ilic, Jakovl-
jevic et al., 2011. Previous statements indicate that
other morphological characteristics which could in-
fluence speed and the speed of changing the direction
of moving should also be researched and used at the
same time (Pajic, Ilic, Jakovljevic et al., 2011). Apart
from body height, the following characteristics should

be taken into consideration: relative length of limbs
(Cronin, McNair, Peter, & Marshall, 2003), height of
the center of mass (Sheppard & Young, 2006), per-
centage of fatty tissue etc.

Concerning the fact that in this study a morpho-
metric characteristic, i.e. (BMI) was treated, which
most of all depends on body mass, the evaluation of
the relation of body mass and motor performance of
movement is necessary. The influence of body mass
while moving segments of the body (translocation) or
whole body (transposition) can be an impeding factor
of performance, considering the fact that an athlete
should master his inertial characteristics, which will
usually produce a fast growth of working effort in a
short period of time. This is usually required during
performance of speed factor or speed of changing
the direction of moving (Pajic, Ilic, Jakovljevic et al.,
2011). Inverted connection between motor skills and
body mass with larger fat tissue is usually explained
from the mechanic point of view, since excess of body
fat can influence body geometry. Therefore, this use-
less mass (fat mass) can lead to biomechanic ineffi-
ciency of moving and can be bad for motor skill. Apart
from this, detailed kinematic analysis of moving pat-
terns in athletes with excessive body fat can provide
additional information and proofs that, in motor skills
which include several body segments and higher body
mass quantity, confirms the “weight-bearing hypothe-
sis” (D’Hondt, Deforche, De Bourdeaudhuij & Lenoir,
2009). An athlete with more fat in his body composi-
tion has a higher inertia of the body or separate body
segments. This requires a higher production of force
per kilogram of fat free mass, in order to perform cer-
tain change in speed or the direction of moving, i.e. has
lower lean body mass (LBM) which can influence the
required speed demands such as start, acceleration or
changing of direction (Sheppard & Young, 2006). Sub-
cutaneous fat tissue functions as ballast mass, so called
“dead mass” since it decreases relative strength, i.e. the
relationship between the developed strength and body
mass, which is important for successful performance
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(Godek, S., Godek, J. & Bartolozzi & 2004). This leads
to the deficit in all forms of manifested strength (start,
acceleration, deceleration and reactive strength), which
are (in different combinations) necessary for perform-
ing most of the required types of moving in motor ac-
tivities (Pajic, Ilic, Jakovljevic et al., 2011). These are the
types of moving in changed conditions in order to over-
come gravity, forces of surface reaction, air resistance,
as well as inertia of the body or its limbs. It has been
shown that it is more difficult to move higher body

mass in order to oppose gravity (Riddiford-Harland,
Steele & Storlien, 2000). So, the negative influence of
fat tissue of all regions of the body on the efficiency of
locomotion is indisputable.

Various authors have shown that increased bal-
last fat in the structure of body mass, and, as a con-
sequence, changed inertia characteristics of the body
or its segments, impose limitations in certain types of
movements (Table 4).

Table 4. The influence of increased ballast fat in the structure of body mass on limitation of movement

Movements Reasons Source of
confirmation
Goal oriented .
. Negative influence on balance control (26); (68).
(eng. goal - directed movements)
Propulsion or lifting own body weight Overcoming body or limb inertia (26); (68).

(eng. weight - bearing activities)

Dynamic balance maintenance

Longer duration of contact phase using
one or both legs

(30); (93); (98).

Quick stop and/or turn

Overcoming body or limb inertia

(34) 5 (41); (57).

Repeatedly lifting body weight vs gravity

Overcoming body or limb inertia (51).

In which body is projected through air

(15).

Contrary to previous statements, higher quantity
of muscle tissue provides better motor performance
(Gorostiaga, Granados, Ibanez, & Izquierdo, 2005).
Many determinants contribute to this, first of all the
ability to master and coordinate inertia forces, sur-
face reactions, gravity etc. The consequence is, for ex-
ample, greater motion economy in moving center of
gravity (i.e. body mass) vertically upwards into jump
after the ball and in running around the whole court
area (Gorostiaga, Granados, Ibanez, & Izquierdo,
2005). While running, the forces of surface reaction
and muscle strength can exceed the values of body
weight i.e. are higher than body weight 2.5 to 5 times
(Weyand, Sternlight, Bellizzi & Wright, 2000; Wright,
S. E. T. H., & Weyand, 2001), (that is why it is danger-
ous to allow extremely obese persons to run, due to
possible burden on their joints). Performance of such
strong forces during running requires that the runners
should have a relatively large quantity of muscle mass,
in order to generate these forces (Hill, 1950; Nelson,
Gabaldon & Roberts, 2004; Biewener, 1989). Accord-
ingly, greater body mass of fast runners is directly
connected with higher performance of force reaction
which is necessary for faster running.

The autors (Chaouachi, Brughelli, Levin et al.,
2009; Krustrup, Mohr, Amstrup et al., 2003) have
shown that (VO,max) correlates with fat free and fat
components. This finding could be explained by the
fact that fat free component represents the metabo-
lism of fat free cell mass, which can reach and perform
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the main role in body metabolism. Some studies have
established that fat free component creates all meta-
bolic activity of the body, and determines the total ox-
ygen consumption (Payette, Hanusaik, Boutier et al.,
1998; Newman, Kupelian, Visser et al., 2003; Peders-
en, Ovesen, Schroll et al., 2002).

NEW CONCEPTS AND MODELS IN THE
EXPLICATION OF THE INFLUENCE

OF BODY COMPOSITION ON THE
EFFICIENCY OF MOTOR EXPRESSION

Discrepancy of all previous statements indicates
that new concepts and models are necessary in ex-
plaining the influence of body composition on the
efficiency of motor performance. Apart from the nec-
essary evaluation of variables of fat tissue percentage
and muscle tissue percentage, it could be supposed
that the application of two-component (BMI) and
(MFR) (muscle to fat ratio) models would provide
a better insight into these relations. Examination of
body composition aims at measuring body mass and
dividing it into basic components. Some theoretical
models were taken as basis for the development of
methods for measuring body composition, such as:
anthropometric, measuring skin folds, bioelectric
impedance and NIR method (Malina, 2007). Classic
models divide body mass into components as shown
in Table 5.
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Table.5 Theoretical models of body composition

Theoretical model Body weight

Two component fat (FM) Fat free (FFM)

Three component Body water Lean (LBM)
Four component Bones Rest

Therefore, fat tissue and fat free body mass are the
components of total body mass. When height (stature)
is also considered, they become fat mass index (FMI)
and fat free mass index (FFMI) and represent fat and
fat free components of (BMI), respectively. These in-
dexes are defined in the following way (Schutz, Kyle &
Pichard, 2002).

FFMI = fat free mass/height* (kg/m?)

FMI = fat mass/height* (kg/m?)

Regarding the fact that (BMI) = (FEMI + FMI), the
increase or decrease of (BMI) could be explained by
increase (or decrease) in one or both components. So,
for certain (BMI), if (FFMI) increased, (FMI) should
decrease, since in constant values of (BMI) between
these two indexes there is an inverse mathematical
relation. Therefore, the advantage of combined usage
of these indexes could indicate whether the deficit or
excess in body mass has occurred due to changes in
(FEM), (FM) or both categories combined.

For example (Schutz, Kyle & Pichard, 2002), a per-
son 1.85m tall and lifting 100 kg has (BMI) 29.2 kg/m?,
which places him/her into the category of pre-obese,
on the borderline of becoming obese. This would be
true is (FMI) is higher than referential values and vice
versa if (FFMI) of that person is not simultaneously
increased. Therefore, (FMI) can identify persons with
“normal” values of (BMI) who are prone to potential
risk due to the (FM) increase. Person, who falls into
the “normal” category according to their (BMI), can
have increased values of (FMI) which then indicates
that they need to normalize their body fat regardless
of (BMI) values (Schutz, Kyle & Pichard, 2002).

For example, during aging and menopause, chang-
es in (FFM) and (FM) are not adequately followed by
changes in (BMI) since, as described in the previous
text; two components of (BMI), (FFMI and FMI) can
vary in various directions. Decrease of height with ag-
ing is an additional factor for calculating (BMI), (FMI)
and (FFMI), (Schutz, Kyle & Pichard, 2002). Since
height naturally decreases with age, values of (BMI),
(FFMI) and (FMI) should increase with aging. This is
why the application of this two component structural
concept of (BMI) enables anticipation of four typical
situations (Schutz, Kyle & Pichard, 2002):

- low (FEMI) and high (FMI) - sarcopenic obe-

sity;

— low (FFMI) and low (FMI) - chronic deficit in

energys;

- high (FFMI) and low (FMI) - proof of muscle hy-
pertrophy;

- high (FFMI) and high (FMI) - indicates com-
bined excess of (FFM) and (FM) (sumo somato-
type).

In short, (FMI) and (FFMI) can be used as indicative
values for evaluating the status of nourishment (over
nourishment and undernourishment) in healthy peo-
ple and can provide additional information in compari-
son with the classic presentation of referential values of
body composition (Schutz, Kyle & Pichard, 2002).

If precise evaluation of variables of percentage of
fat tissue and percentage of muscle tissue is possible
(measuring skin folds, bioelectrical impedance or
NIR method), it can be assumed that the application
of (MFR) (muscle to fat ratio) model would provide a
better insight into the relations of body constitution
and motor performance than (BMI).

Generally speaking, it can be supposed that it
is necessary to gain insight into relations between
(BMI) and (MFR), when (BMI) is used as substitution
measurement in evaluation of the influence of body
constitution on the efficiency of motor performances
(Andelkovi¢, Barali¢, DPordevic et al., 2015; Djordje-
vic, Baralic, Kotur-Stevuljevic et al., 2012). It is usual
to claim that it is better to have a lower (BMI), since
this implies that a balanced body mass is in the struc-
ture of an athlete’s body. However, there are no guar-
antees for such a claim, considering the fact that in
this relatively lower body mass which was the cause
of lower (BMI), there is also less muscle mass when
compared to fat mass, which is unfavorable from the
aspect of influence of body constitution on motor per-
formances. Also, an athlete with higher or increased
values of (BMI) can be motoric more efficient, under
the condition that he/she has a harmonious muscle-fat
ratio (MFR), i.e. that the percentage of body muscle
is increased in relation to body fat in the structure of
body mass.

Therefore, the very change in the value of (BMI),
i.e. its increase, is not a signal that there is something
wrong in body composition which could result in inef-
ficiency of motor performance, since it is possible that
an increase of body mass has occurred for the same
body height, but in such a way that, under the influ-
ence of training, muscle mass has increased and with
it, the muscle-fat ratio (MFR). The positive influence
of increased muscle mass has already been explained,
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