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PELLEH3USA

oT
nou. A-p Munena ['eopruea Hukonosa, 1okrop

Hanmonanna cnopraa akagemus ,,Bacwun Jlescku”, Kareapa ,,@usuonorust u Ouoxumus’™
Ha JucepTaluoHHMs Tpya Ha Mapust AnbomieBa ['aneBa Ha Tema:
»AJANTallMOHHY MPOMEHHU B CHIIOBHUS IPO(MIT Ha EKCTEH30pU U (JISKCOPU Ha KOJISTHHA CTaBa MpU
¢byTdonucTu*

3a MpUCHXKAaHE Ha oOpa3oBarenHa u HayyHa cteneH ,,JJOKTOP”

o npodecruoHanHo HanpapieHue 4.3 buonornueckn HayKu
C Hay4yHa crenuaiHocT ,,Ou3nonorus Ha )KUBOTHUTE U YOBEKa™

Hayunu pbproBOAuTENN:
npod. a-p Hesena CrosiHoBa [lenueBa

notl. 1-p Karepuna Mnnonosa Crambonuesa

O01a xapaKkTepuCTHKA HA JUCePTANMOHHNUS TPy: [IpencTaBeHuAT AUCepTalluoOHEeH TPy
or Mapus AnbomeBa ['aHeBa Lenu Ja H3clelBa MPOMEHHUTE, KOUTO BOJAT /10 acCUMETpUS B
MYCKY/IUTE Ha KOJSIHOTO Ha DPHTAIIMS M ONOPHMS KpakK, HAOIIOAaBaHH IPH IMPOPECHOHATHU
¢GyTOOMMCTH UYpe3 W30KMHETHYHA TUHAMOMETpHs. BB3HUKHAmUTE aganTaldoOHHUM HPOMEHH B
CHJIOBHSI TIPO(HIT MOTaT Ja MPENCTaBIsABaT MOTCHIUAIHN AUCOANAaHC U PUCKOB (HaKTOp 332 TPAaBMH
Ha JOJHUTE KpaitHunu. ToBa MOXKe J1a JOBeZE 10 HapylllaBaHe Ha TPEHUPOBBUHUS PEXUM, CIIUPAHE
Ha CIIOPTHA JAEHHOCT 3a M3BECTEH IEPHOJ OT BpPEME WIM OKOHYATEIHO, MOXE Ja 0 IOBJIHsC
HETaTUBHO CIIOPTHUTE IMOCTIKEHHA. PasmmepaHusT mpoOieM OT JOKTOpaHTKara € akTyaJeH WU
3HauMM. BCHYKO TOBa € HM3KIIOUUTEITHO BAXKHO 3a MPO(ECHOHATHHS CIOPTHCT M MPEICTBEHUST
JMCEePTALlMOHEH TpPYyJ IIe JOMpHHECE MHOTo 3a paborara Ha TPeHbOPH, (PyTOOTUCTH, CHIOPTHU
Nelaro3y M aHaJIM3aToOPH, CIIOPTHU JIEKapH, peXaOMIINTaTOpU U KHHE3UTEPAIICBTH.

Merononoruara e Oa3upaHa Ha W30KMHETHYHATAa JWHAMOMETpHS, KOSTO TIIO3BOJISABA
M3MEPBAaHETO HAa MYCKYyJHATa CHJIAa TPU PA3IUYHH YCIOBHUS - H30METPUYCH, KOHICHTPUYEH U
eKCIIEHTpUYEH pexuM. He3aBucHMO OT HaTpymaHusi OTPOMEH ONMUT B OOJIACTTA HA aJlanTanusaTa Ha
OpraHm3Ma KbM (HM3MYECKH HATOBAapBaHHS M pOJATa HA CHEHU(PUYHATE 32 BCEKH CIOPT
TPEHUPOBBYHH TEXHUKU U PEKHMHU BCE OIE MMa KAaKBO J1a C€ JONPHHECE KbM YCHBBPIICHCTBAHETO
Ha paboTara Ha CIOPTHUTE CIEHHUAIUCTH 3a TOAMOMAaraHe Ha Bb3CTAHOBSIBAHETO W MOCTHUTaHE HA
M0-BUCOKH CTIIOPTHHU MOCTWXeHHUs. [IpaBUITHOTO MilaHUpaHe M KOHTPOJIMPAaHE Ha TPEHUPOBKATa € OT
KJIIOYOBO 3HA4YCHHE 3a BCEKU eauH cropT. llpodecmonanmHoTO HM3MON3BaHE Ha aHAIM3UTE OT
M30KMHETHYHATa JUHAMOMETPHS e JONpPUHECE 3a ONTHMU3MPaHE Ha TPEHUPOBBYHHMS IPOIEC,
HaMaJsIBaHE Ha TpaBMaTH3Ma M 3a IOJOOpsSBaHE HA CHOPTHHUTE pe3ynTard. ToBa ompenens

AKTyaJIHOCTTA U 3HAYMMOCTTA Ha AUCCPTallUdTa.

JlucepraiuOHHUAT TPyZ € IpeacTaBeH Ha 187 cTpaHuIy, CTPYKTYPHUPAH € 110 ONPEIECIICHUTE
M3MCKBAaHUS - YECTO W3IMOJI3BaHU CHKpAIICHUS, BbBEACHUE, JINTEpATypeH 0030p, XUIOTEe3a, el U



3aJa4, METOAM, PE3YJITaTH W OOCHXKAaHE, 3aKIOueHHe, M3BOAM M MPHUHOCH, Oubmuorpadus u
npunoxenus. Jlobpe e onarnenes ¢ 37 purypu u 9 Tabnuum.

I'maBa nwpBa ,Jluteparypen 0030p” obxBama 56 crpanunu. CunraM, ye TOW € aKkTyalieH,
KOETO Ce JIOmbJBa U OT ¢akTa, 4e MOYTH %3 OT LUTHpaHaTa juteparypa (284 3armmaBus - 14 or
Obsrapcku aBropu 1 270 - Ha TaTUHMLA) ca MyOJIMKYBaHU 1pe3 nociaeaaure 20 roauHu, a OKoJo 3 -
npe3 nocaeanute S5 roa. Toit BKiIroUBa ChbBPEMEHHHUTE NO3HAHUS 110 MpoliieMa U IIOKa3Ba OTIIMYHATA
OCBEJIOMEHOCT Ha JJOKTOPAHTKAaTa 110 TeMaTHuKaTta.

JloOpe CcTpyKTypupaHO W JIOTHYHO ca MpeICcTaBeHd (yHIAaMEHTAIHUTE MPHUHIIUIN, KOUTO
CTOST B OCHOBATa Ha M3CJICBAHETO HAa MYCKyJHaTa cuja. ABTOPBT YCHEIIHO CBbP3Ba OCHOBHUTE
(GU3MOJOrMYHM  MEXaHU3MH Ha MYCKYJIHOTO CbKpallleHHe ¢ OHOMEXaHMYHMTE acleKTH Ha
JIBMDKEHUETO, BKJIFOUYMTETHO 3aBHCHMOCTTA CWJIA-IBIDKHHA W CHIIA-CKOPOCT. TWIOBETE MYCKYITHH
CHKpAIIEHUs Ca pasrieaHd ACTAMITHO OT (PU3MOIOTHYCH, OMOXUMUYCH U OMOMEXaHUYCH aCIIeKT.

IlonpoOHO W MHOrO KOMIIETEHTHO ca pas3miefaHd (U3HOJIOTMYHUTE TPOLECH MpHU
TeHEePUPAHETO Ha MYCKYyJHa CHJa U TUIIOBETE€ MYCKYJIHHU BJIaKHA, KAKTO U TEXHUST METaOOIU3bM.
Pasrnenanu ca aciekTuTe Ha CrOpTHaTa (PU3MOJOTHS M TPEHUPOBKA 110 OTHOIIIEHHE HA PA3BUTHETO
" ajanTtanuyiaTa Ha pa3JIMYHUTC MYCKYJIHHU BJIaKHA KbM (1)I/I3I/I‘-ICCKO HaTOBAapBaHC.

OCHOBHUAT aKIEHT Ha TEKCTa € MOCTABEH BbPXY BAXHOCTTA HAa MEXAYAUCLUIUIMHAPHUS
noaxon (pusunonorus u OMoMexaHUKa) 32 KOPEKTHOTO ThJIKYBaHE Ha JAaHHUTE OT JUHAMOMETPHSITA.
Oco0eHo Ba)XXHO € MOJUepPTaBaHETO Ha CHelUPUUHOCTTA Ha (PyTOOIIA KATO CIOPT, KOMTO U3UCKBA HE
camMo CHujia, HO U OajlaHC MEXIy MYCKYIHHUTE rpynH ((Iekcopu M eKCTeH30pH) 3a MOCTUTAaHE Ha
BHCOKH PE3yATaTu U HaMaJsiBaHE Ha pUCKa OT TpaBMH. 3aabJI00YCHOTO pa3dbupaHe Ha Te3u 0a30BU
INPUHIUIN € KPUTUYHO 3a Jo0paTa CIIOPTHA NPAKTUKA.

Bropust pasnen e o3arnaBeH ,,XHIOTe3a, LeJ M 32/1a4M HA M3CJIeIBaHeTo” 1 oOXxBala 2
crpanuuu. IlocraBeHata Xumore3a Ha HACTOSILOTO M3ClE€ABaHE IVacH: ,,ACUMETPUYHUTE
HaTOBapBaHMs IpU NpodecuoHaIHu (GyTOOIUCTH C MPOIBIIKHUTEIECH TPEHUPOBBUYEH CTaX, BOAST 10
CHGIII/I(bI/I‘-IHI/I 3a JBaTa KpakKa aJallTaHiuOHHHU HW3MCHCHUA B CHIIOBUTC XApPaKTCPHUCTHUKU Ha

EKCTEH30puUTe U (IEKCOPUTE Ha KOJITHHATA CTaBa.”

Lenra e: ,,JIa ce mpoyun cruinoBus MpoduiI Ha PUTAII ¥ OTIOPEH KpakK Ha KOJISTHHA CTaBa, 3a
OLICHKAa Ha aJanTallMOHHU TPOMEHU npu mpodecuoHanHu (GyrOoiarcTH, Ype3 MpOoBEXKIAHE Ha
IIMPOKOOOXBATHO H3CJEBAaHE C HM30KMHETHYHA JUHAMOMETPHS Ha €KCTEH30pU M (IEKCOpH Ha
KOJISIHO, TIPU: PAa3IMYHK PEXUMH Ha HaTOBapBaHE, TEHEPUPAHE HA BHPTSI] MOMEHT-BI'BJI M BbPTSIL
MOMEHT-CKOPOCT 3aBUCHMOCTH, W U3YMCIISIBaHE HAa KOC(PHUIIMEHTH Ha yHHUJIATEepaaHa U OuiaTepaiHa
CUJIOBA aCUMETpHUsL. .

HpaBI/IJIHO ca (I)OpMyJII/IpaHI/I mecCT 3aJa41, KOUTO, OTTOBAPAT Ha LECJITA.

B Tpera masa ca npencrasenu ,,Meroan” u o6xBamia 11 ctpanunu. IlogpobHo ca onucanu
JM3aiiHa U MPOTOKOJA Ha M3CJIECABAHETO. BCHYKM €KcliepuMeEHTH ca mpoBeacHu B LleHTwvpa 3a
(GYHKIIMOHATHU H3CJeBaHUS B cropTa W kuHesutepanuara kpM KO3V [ Heodutr Puncku” u
BimouBa 32  ywactHuiu: 20 mnpodecuoHamHu pyrOomuctd U 12 HETpEHHWpaHH JIHIIA.
ExcniepumenTtute ca omoopenu ot KomucusiTa mo eTrka Ha yHUBEPCUTETA.

N3cnenBanero € pas3ieieHo B TPH MOCIEAOBATEIHU IHU, KaTO B IIbPBUS JICH Ca HANIPABEHU
AHTPONOMETPUYHM H3MEpBaHMs. 3a OICHKAa Ha CHJIaTa Ha EKCTEH30puTe H (rIekcopuTe Ha



KOJISTHHATa CTaBa € M3IOJI3BaHA M30KMHETHYHAa TUHaMoMmeTpust ¢ ypen Biodex System 4 Pro.
[Ipunoxenu ca TpU IPOTOKOJIA 33 MYCKYJHH CBKpALIEHUS: W30METPUYEH, KOHLCHTPUYEH WU
eKCLIEHTPUYEH, KOUTO ca MOAPOOHO ONMKMCAHU B MPUIIOKEHUATA Ha JUCEPTALIUATA.

1. buomexaHMYEH U CTAaTUCTUYCCKH aHAIN3

3a ga ce MozpenMpar 3aBUCHMOCTHTE MEXIy BBPTAIIMS MOMEHT, BI'bJla Ha CTaBaTta W
CKOpPOCTTa Ha JBW)KCHHE, Ca HW3IOJI3BAHM PA3IMYHU CTATUCTHYCCKH MOJCITH KAaTO TOJMHOMH H
BonmmanoBa curmownsia. ToBa mo3BOMIsIBa IPELIM3ECH aHATN3 HA MYyCKyTHaTa (DyHKITHUS.

W3nom3Banu ca kakro mapameTpudHu (One-way ANOVA), Taka u HemapaMeTpHUYHU
(Mann-Whitney n Kruskal-Wallis) TecToBe 3a cpaBHeHHE Ha CPETHUTE CTOMHOCTH MEXTY TPYTHTE.
3a &1a ce OIEHM Bpb3KaTa MEKIY M30METPHUYHUS MHUKOB BBHPTAI] MOMEHT W aHTPOIIOMECTPUIHHTE
MOKa3arey, € MPUIoKEH KopeIalnoHeH ananu3 Ha Pearson.

2. OLICHKa Ha aCUMCTpUsATA: Pa3pa60TeHH ca W Ca U3NOJI3BAHHU 4YCTUPU CHCI_II/I(I)I/IIIHI/I
KOC(bHHHeHTa 3d OCHKA Ha aCUMCTPUATA HA CHJIATaA:

a. bunarepanna acuMmeTpus (CpaBHEHUE MEXTY JIEBUS U IECHUS KPaK);

b. Yaunarepanna acuMmerpus (CpaBHEHHE MEXIYy (PIEKCOpH M €KCTEH30pH Ha €AMH U
CBIIH KPaK);

c. OyHKIMOHANICH KOSPHUIIMEHT 38 TUHAMUYCH KOHTPOJL.

Ta3um KOMIUIEKCHA METOMOJIOTHSI OCUTYpsiBA 3aIBJIOOYCHO W MPEIHU3HO H3CIEABAHE Ha
OMOMEXaHUYHHUTE XapaKTEPUCTUKH Ha MYCKyJaTypaTa Ha KOJSIHHATa CTaBa MPU CIOPTUCTH U
HETpPEeHUpaHU JIULA.

,Pe3yJrarure” ca IpeJCTaBEeHU B YETBbPTA IVlaBa Ha 34 cTpaHUILM OT auceprauusara. Te ca
no0pe oHarieaeHu upe3 26 purypu u 6 Tabnuuu.

N3cnenBanero cpaBHsBa aHTPOMOMETPUYHUTE MOKA3aTeNd, U30METPUYHATA M TUHAMHUYHA
MYCKyJIHa CHJIa, OWiIarepaiHara U yHUIarepaaHara aCUMEeTpHs npu npodecruoHaaHu GyTOoNIuCTH U
HETPEeHUPAHH JIUIIA.

[IpencraBenuTe pesynraru Morat a Ob1aT 0000IIEHY 110 CIICIHIS HAYHH:

1. AHTpOTIOMETpHSI ¥ CHJIOBU TTPOQHITH

@yTboaMCTUTE UMAT JOCTOBEPHO MO-HUCKA MacTHA Maca U MO-BHCOKa o0IIla MyCKyJIHa Maca
B CPAaBHEHHE C HETPEHUPAHUTE JIUIIA.

a. N3omeTpuyeH cuiioB mpogu:

o Brprsamy moment: I[lpu ¢dyrOonmucTuTe HSAMa CBHINECTBEHH pPAa3uKd B
aOCONIFOTHUS BBPTAI] MOMEHT MEXKIy PabOTHHSI M OMOPHHUS KPaK, KAKTO M CIPSMO
HETpeHUpaHuTe. MaKCUMaTHUAT BBPTSIL MOMEHT 32 €KCTEH30pHUTE € MpPU bIJIU OT
80-90°, a 3a dmekcopute — mipu 20°;



e Hopmanu3upaH BBPTSI MOMEHT: AHAJIU3bT Ha OTHOCUTEITHATA CHJIA TIOKa3Ba
3HAYUTETTHU PA3JIUKH MEXAY JIBeTe H3CJICIBAHU TPYNUd H MEXAYy OINOPHUA U
paboTHus Kpak Ha pyTOONUCTHUTE;

e Bpn3ka ¢ tenecHara maca: [Ipu ¢yrbomucture ce HabMOgaBAT YMEPEHH J0
BHCOKH KOpEJAlUA MEXIY BBPTSIIAS MOMEHT W TEIVIOTO, MACTHATa M MYCKyJHATa

Maca, J0KaTo Npru HETPCHUPAHUTC Ta3U 3aBUCUMOCT € ci1a0a WIN JIUIICBA.

b. JunamuueH cuiioB npodui:

o KOHLEHTpUYHU CBbKpameHus: HopManusupaHuaT BBPTAL] MOMEHT IIpU
¢GyTOOoNUCTUTE € JOCTOBEPHO TMO-BUCOK MNP HUCKH JO YMEPEHH CKOPOCTH
(60-180°/s), ocobeno mpu ¢uieKkcopuTe Ha pabOTHHS Kpak;

e EkcueHTpuYHHM  CbKpameHus: DyrOonucTuTe  MOKa3BaT  MO-BUCOKA
OTHOCHTEJIHA CHJIa OT HETPEHUPAHUTE JIMIa, 0COOEHO Npu (prekcopuTe Ha pabOTHHS
Kpax;

e Bpewme 3a nocturane Ha nukoB BepTALl MoMmeHT (TPT): Hsama 3nHaummu
pasiauKu MeXIy rpynure. BpemeTo 3a ycKOpeHHE NMpH €KCTEH30pPUTE Ha OMOPHHS
Kpak Ha ()yTOONHUCTUTE € 3HAYUTEIHO MO-KPATKO IPH HUCKU CKOPOCTH.

2. bunarepanHa u yHUJIaTepajlHa aCUMETPUS

a.

BI/IJ'IaTepaJ'IHa ACUMCTpUA

W3cnenpanero negunupa tpu thna Herpenupanu guua (I, 11, III) u Tpu tuna dyrdonuctu

(A, B, C) B3 ocCHOBa Ha CHJIOBAaTa acUMETpHUs Ha KOJECHHHUTE eKcTeH3opu. DyrOomucTute

ACMOHCTpHUpAT CHCLII/I(I)I/I‘{HI/I HpO(I)I/IJ'II/I Ha aCuMCETpusaA B PpEe3yjlTarT Ha TPCHUPOBBUYHUTC

HaTOBApBaHUA:

Tun A (35% ot ¢yréoaucTure): Hucka acumerpus (<10%) BbB BCUUKHU PEKUMHU
Ha ChKpAIlEHHs, KOETO MOKa3Ba OallaHCHpaHa CUIIa;

Tun B (30% ot d¢yrodoaucrure): [lo-cunen paboreH Kpak, OCOOEHO TpHU
eKCLIEHTPUYHM CBHKPALIEHUSI C BUCOKU CKOPOCTH;

Tun C (35% ot ¢yroéoaucrure): Ilo-cuieH omopeH Kpak, OCOOEHO TpH

HU30MCTPHUYHHU CHKPAILICHHA.

IIpu drexcopute ce pa3rpaHnyaBaT JBa THIAa HETPEHUPAHU JIUIA U JBa THNA QyTOOIUCTH.

(DYT6OJ'II/ICTI/ITG HMaT 3HAYUTCIIHO I10-BHCOKaA 6I/IJ'IaTepaJ'IHa ACUMCTpUA.

b.

Tun a (45% ot ¢yréoancrure): YMmepeHa acuMeTpusi HpPU H3OMETPUYHU
CBKpAIIEHUs, HO IT0-BUCOKA MPH JUHAMUYHHU, KBJIETO PAOOTHHUAT KPaK € MO-CHJICH;
Tun b (55% ot ¢yréonucTure): Bucoka acumerpus (17-25%) BBB BCHYKH
PEKUMU, KaTO pAOOTHHUAT KPAK € 3HAYUTEITHO TO-CHJIICH.

VYHunarepainHa acCUMETpus



e (CuioB Oamanc: Bwbnpekn nurmcara Ha CTaTUCTUYECKH pA3iIMKH B CPETHHUTE
CTOMHOCTH, MO-TOJIIM MPOLEHT OT (yTOOMUCTUTE MMAT YHWJIATepaHA aCUMETPHS B
TpaHUIIUTE HA HOPMATa,

o Oynknuonanen koedunueHt: [Ipu GyrdOoaUcTHTE TO3M KOSPHUIIMEHT € TOCTOBEPHO
MO-BUCOK 32 PAaOOTHHUSI KpaK MPU yYMEPEHW W BHCOKH CKOPOCTH, KOETO ITOKa3Ba
10-A00Bp KOHTPOJI U OaraHC MEXIY MYCKYJIHUTE TPYIIH.

CucreMHUTE TPEHUPOBKHU BBB (yTOOIa BOASIT 0 CrieHU(UIHH CUIIOBH aanTalluu, KOUTO Ce
pasnuyaBaT OT Te3W MPH HETpeHUpaHu Xopa. Te3u ajanTanuy BKIIOYBAT MPOMEHU B MYCKyJHATa
cuila, OusarepajiHaTa U YHUIaTepajlHaTa aCUMETPHsl, KOETO MOXKE J1a CE M3I0JI3Ba 32 ONTUMU3UPAHE
Ha TPEHUPOBBYHUS MIPOLIEC.

Tunuzupaneto Ha GyTOOTUCTUTE U HETPEHUPAHUTE JIUIIA 10 OTHOILIIEHUE Ha EKCTEH30pUTE U
(drekcopuTe € HU3KIIOYUTENHO IIEHEH pe3yiTar, KOWTO Ie ce€ IMOJ3Ba YCHEIIHO B CIIOpTHaTa
MpaKTHKA.

PaznensT ,,00chKIaHe HA TOJyUYEeHHUTE Pe3yJTaTH € MPEACTBEH Ha 39 cTpaHuIy.

B nero Mapus ['aneBa ymeno aHanusupa aganTalliOHHUTE IPOMEHHU B CHIJIOBUS po¢uil Ha
KOJICHHUTE MYCKYIU TpH npodecrnonantu GyTOOIMCTH B CPAaBHEHUE C HETPEHUPAHH JIUIIA.

YcraHoBeHO e, ye (yTOONMCTUTE MMAT MO-BHCOK OTHOCHUTENIEH BbpTAIl MOMEHT (Nm/kg)
IIPU BCUYKHM PEKUMH Ha CHKpAIEHUS, KOETO MOKa3Ba aJalTalus KbM CUCTEMHU HAaTOBApBaHMS.
JlokazaHa e (QyHKUMOHAJIHAaTa CHE[Ualn3aldsg Ha pUTAlIMS M ONOPHUS Kpak, Karo Mpu
¢GyTOONMCTHTE ONTUMAllHATa MYCKyJHAa JBDKMHA 32 MakCHUMajHa CUla € H3MecTeHa KbM
MO-yABDKEHU MO3UIMH. Te TposBSBaT MO-BUCOKAa OWilaTepajiHa acUMETpHs, 0co0eHO B
EKCLIEHTPUUYEH PEXHUM, KOETO € CBbpP3aHO C IIOBHUIIEH PHUCK OT TpaBMU. B chIIOTO Bpeme,
YHWIATEpaTHUAT OanaHC € mo-100bp mnpu paboTHHUS Kpak Ha (GyTOOIMCTUTE, KOETO IMOKa3Ba
o700peH TMHAMUYEH KOHTPOJI U CTA0OMIIHOCT Ha CTaBara.

Bb3 ocHOBa Ha MHAMBUAYAIHUS CWIOB NMpoduiI U OuiarepasHaTa aCUMETPUs, YHaCTHULIUTE
ca KIacupUIMpaHU B PA3JIMYHU TUNOBE. ToBa MO3BOJISIBA MO-TOYEH AHAJIN3 HA WHAMBHUIYATHUTE
aJlanTalyy U € KJII0YOB MPUHOC 3a MPEBEHIUATA Ha TPABMU U ONTUMHU3UPAHETO Ha TPEHUPOBBYHUS
poLec.

[lomydeHnuTe pe3ynraTu MOrar Ja MociayXar 3a Chb3/laBaHE Ha CTaHAAPTU3UPAHU IIPOTOKOIH
3a TECTBaHE U MOHUTOPHUHI HAa CHOPTUCTH.

Mapust ['aneBa 00chHk/1a HAMEPEHUTE CTAaTUCTUYECKH PA3JIMKKU U KOPEJIAliH, ChIIOCTaBs TH
C MOJO0OHM M3CIeBAaHUA U 000CHOBABA MOJTYUYCHUTE PE3YNITATH, B CIIydal Ha pasJiKa ¢ pe3yaTaTuTe
Ha Jpyrd aBTOpu. TyK OTHOBO JIMYM MHOTO J00paTa OCBEJOMEHOCT Ha JOKTOPAHTKaTa Mo TemMara
yMeJ0TO OopaBeHe ¢ Marepus, KoATo i e 1oOpe mo3Hata. ToBa 3aTBbpkIaBa yOSKIECHUETO MU, 3a
nobpara npodecruonaina u 0011a HayyHa ToAroToBKa Ha Mapwst ['aHesa.

[IpoBenenu ca romsiM Opol HW3CleABaHUS, W3BBPIICHA € 3HAYUTENIHA Mo oOeM paboTa 3a
aHalu3 W CcTaThucThdyecka oO0paOoTka Ha mosyuyeHuTe pesynrard. Ha Oasara Ha TOBa ca
(GbopMynTupaHu MHTEPECHHU U C Ba)KHA MPAKTHUECKA HACOYCHOCT U3BOAM U MPUHOCH.

I'maBara ,,M3Boau, mpenopbKH W NMpUHOCH” oOxBaiia aABe crpaHuuu. Hampasenute 5
13BOJIA U 3 IPUHOCA HAII'BJIHO OTIOBapAT Ha 0000IIEHNEeTO Ha pe3yaTaruTe. JJucepTaluoHHUAT TPy
JOTIPUHACS. C HSKOJIIKO TOJE3HM 3a IPAKTUKAaTa NPENOPbKUA. THUNM3UPAHH Ca EKCTCH30PUTE U
¢rexcopure npu GyTOONUCTH W HETPEHUPAHU JIMIA YPE3 BBPTSI MOMEHT-BI'BJI 3aBUCHMOCTH H
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KoeuIMeHTH 3a OuWjlarepaiHa CHJIOBA acMMETpHs. ToBa THNU3MpPaHE MO3BOJISIBA pa3rpaHHYaBaHE
Ha PUCKOBETE OT TPABMU IIPH JABETE MYCKYJIHU I'PYyNHU Ha KOJSHHATA CTaBa M MPEJOCTaBs JAETaIIHa,
U KOHKpeTHa WH(OpManus 3a CHJIOBUTE AWUCOATaHCH HAa TPEHBOPCKH M MEIUIMHCKH CKUMU U
ONITHMHU3UpPAHE Ha TPEHUPOBBYHUS MIPOIIEC YpPE3 HAIaraHe Ha YTBBPJCHU CTAaHIAPTH B Ta3H 00JIACT.

YcranoBeHo e, ye cneuudukara Ha (yTOonHaTa Urpa, CBbp3aHa C BUCOKU CKOpPOCTH,
BHE3aITHM TPOMEHH B ITOCOKATa U YCKOPEHUETO, CE OCUTypsiBa OT aJanTauusaTa Ha (iekcopute Ha
pUTaIIMs Kpak Ja TeHepHpaT J0CTaThbueH BbPTAI] MOMEHT B €KCIICHTPUYCH PEXUM, KOHTO J1a yCTOU
Ha TO3M Ha EKCTEH30PHUTE B KOHIICHTPUYEH.

[IpoBeneHUAT aHATU3 OXapaKTEepU3Upa CHIIOBHS PO Ha EKCTEH30pUTE U (IIEKCOPUTE HA
KOJISIHOTO TpH npodecronanuau GyTOoarcTH B CpaBHEHHE C HETPEHMPAHM JIUIA, CIY)KEHKU KaTo
MHIUKATOp 3a aJaNTallMOHHH TIPOMEHM B TO3U CHOPT. BB3 ocHOBa Ha KoepuIMEHTHUTE 3a
OwrarepaiHa acUMeTpus ca JAedUHUpPaHU THIOBE (PyTOOIMCTH, KOETO MO3BOJISIBA IIPEIIM3HA OI[CHKA
Ha TpeApas3nojImKeHOCTTa KbM TpaBMU. OCBEH TOBa, ca MPEAJIOKEHN KOHKPETHH BITIOBH TO3ULIUU
3a pyTUHHO ONpeesHe Ha aCUMETPHTA, OCUTYPABAHKU MPAKTHYECKO PHKOBOACTBO 3a MIPEBEHIUS
n pexabwmmranus. ToBa 1aBa ONTUMH3BM 3a NMPOABIDKABAaHE HA HM3CIEABaHUATa B oOlacTTa M
YCTAHOBSIBaHE Ha CIIeNU(DUYHMA CTAaHIAPTH B Ta3H OOJIACT.

IIpencraBenu ca 1Be myONMKalMy BbB Bpb3Ka ¢ JUCEpTallMOHHUS TpyX B Q3, KaTo B enHaTa
Mapus I'aneBa € mbpBHM aBTOp, KAKTO W €JHO LMUTUpaHe. J[oKTopaHTKara € B3ejla y4yacTtue B 5
Hay4YHH (popyma 1o TemMaTukara.

ABTOpedeparbT TOYHO U SICHO MPEICTABs OCHOBHHUTE aCTIEKTH HA JUCEPTAIMOHHUS TPYI U €
no0pe oopmeH.

3akouenue: J(pcepTalMOHHUAT TPY/ € HAMKWCaH Ha J0Obp HAy4YeH €3UK W MPEICTaBIIsIBA
Ba)XHO 3a ChBPEMEHHATAa CIIOPTHA Hayka M3ciieaBaHe. Toii HEChbMHEHO TOMPHHACS 32 yBEIHUUaBaHE
Ha HAYYHO-TCOPETUYHHUTE U MPUJIOKHH MO3HAHUS B 00TaCTTa HA AMHAMOMETPUYHOTO TECTBAHE IIPH
npodecuonanun (GyroonaucTi. M3moa3BaHUSAT WHOBAaTHBEH ITOIXOJ 3a M3CIEABAHE HA CHUJIOBUTE
XapaKTePUCTUKA W YCTAHOBCHHWTE aJalTal[MOHHK TMPOMEHH TMpU HecnenuGuaHo (HU3NICCKO
HaToBapBaHe BbB (pyTOOIA MOTraT Ja ce M3IMOJ3BaT 3a IUIAHUPAHE, KOHTPOJIMPAHE U ONTUMHU3UPAHE
Ha TPEHUPOBBYUHHS MpoIeC. Pe3yntaruTe MpeaocTaBiT Ha TPEHLOPHUTE M M3CJICIOBATEIIUTE [IEHCH
MPAKTHYECKH CIMoco0 3a aHajgu3 Ha TECTOBETE Ha EKCTEH30pH M (IEKCOPH Ha KOJSHOTO.
TunusupaHeTo Ha HETPEHUPAHUTE JHia U (GyTOOTUCTH I MOCTYXH KaTo 0a3a 3a CpaBHCHHE B
OBICIIN IPOYIBAHHS.

ToBa nmaBa cTaTyT Ha JUCEPTALIMOHHUS TPYJ Ha LIEHHO PBKOBOACTBO, KOETO IIIE€ C€ IOJI3Ba
IBJITO BpEME KaTo CTaHAAapT IPHU TECTBAHETO HA CIOPTHCTUTE U HEMHBA3UBHOTO INPOCIIEAsIBAHE HA
JMHAMUKaTa W/WIM aJlanTalysaTa Ha CHOPTHUCTA B XO/Aa Ha TPEHUPOBbUHMA mpouec. Ilomydyenute
3HaHUS NpPEJCTaBIsABAaT MHTEPEC 3a CIOPTHUTE (PM3MOJIO03H, TPEHbOPHU, CIIOPTUCTH U JpP. CHOPTHU
cneuuanuctyd. Temara e akTyanHa, JucepTaOWiIHA, a IONY4YEHUTE M3BOAM U TNPUHOCU ca C
TEOPETUYEH U MPUIIOKEH XapaKTep.



Cunram, 4e ca M3MBIHEHH BCHUUKHUTE (DOpMaTHM M3UCKBAHUS Ha 3aKOHA 3a pa3BUTHE Ha
aKaJieMu4Husi cbcraB B PemyOnmka bovarapus. Ha 0azata Ha ropensnokeHOTO aaBaM yOeaeHO
MOJIOKUTENIHA OLIGHKa Ha JUCEpPTAllMOHHUS TPYyAd U MpeljaraM Ha YyBa)KaeMUTE YJICHOBE Ha
Hay4yHOTO JKypH Ja riacyBar Ha Mapus AunborieBa ['aHeBa mpuchkxkaaHe Ha oOpa3oBaTelHATA U
HayuHa crerneH ,,JJOKTOP” no nmpodecnonanno HamnpasneHue 4.3 buojgornuecky HayKu ¢ HaydyHa

crenMaHOCT ,,PU3N0I0rus Ha JKUBOTHHUTE U YOBEKa™

16.09.2025 . PeIlCHBEHT: .o,

rp. Codus /mott. n-p Munena ['eoprueBa Hukonosa, mokTop/
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General characteristics of the dissertation: The presented dissertation by Maria
Alyosheva Ganeva aims to investigate the changes leading to muscle asymmetry in the kicking and
support legs of professional football players using isokinetic dynamometry. The adaptive changes in
the strength profile that arise can represent potential imbalances and a risk factor for lower limb
injuries. This can lead to a disruption of the training regimen, a temporary or permanent cessation of
sports activity, and can negatively affect athletic performance. The problem examined by the
doctoral student is relevant and significant. All of this is extremely important for the professional
athlete, and the presented dissertation will contribute greatly to the work of coaches, football
players, sports educators and analysts, sports doctors, rehabilitators, and kinesiotherapists.

The methodology is based on isokinetic dynamometry, which allows for the measurement of
muscle strength under different conditions: isometric, concentric, and eccentric modes. Despite the
vast experience accumulated in the field of the body’s adaptation to physical loads and the role of
sport-specific training techniques and regimens, there is still much to contribute to improving the
work of sports specialists in supporting recovery and achieving higher athletic performance. Proper
planning and control of training are of key importance for every sport. The professional use of
isokinetic dynamometry analyses will contribute to optimizing the training process, reducing
injuries, and improving athletic results. This determines the dissertation's relevance and
significance.

The dissertation is presented on 187 pages and is structured according to the specified
requirements: frequently used abbreviations, introduction, literature review, hypothesis, aims and
objectives, methods, results and discussion, conclusion, findings and contributions, bibliography,
and appendices. It is well-illustrated with 37 figures and 9 tables.

Chapter one "Literature review" covers 56 pages. I believe it is current, which is further
supported by the fact that nearly % of the cited literature (284 titles - 14 by Bulgarian authors and
270 in Latin script) has been published in the last 20 years, and about '5 in the last 5 years. It
includes modern knowledge on the problem and shows the doctoral student’s excellent awareness of
the subject.



The fundamental principles underlying the study of muscle strength are well-structured and
logically presented. The author successfully links the basic physiological mechanisms of muscle
contraction with the biomechanical aspects of movement, including the force-length and
force-velocity relationships. The types of muscle contractions are examined in detail from a
physiological, biochemical, and biomechanical perspective.

The physiological processes involved in generating muscle force, the types of muscle fibers,
and their metabolism are discussed in detail and with great expertise. The aspects of sports
physiology and training concerning the development and adaptation of different muscle fibers to
physical loads are also reviewed.

The main focus of the text is on the importance of an interdisciplinary approach (physiology
and biomechanics) for the correct interpretation of dynamometry data.

It is particularly important to emphasize the specificity of football as a sport that requires not
only strength but also a balance between muscle groups (flexors and extensors) to achieve high
results and reduce the risk of injury. A thorough understanding of these basic principles is critical
for good sports practice.

The second section is titled ""Hypothesis, Aims, and Objectives of the study" and covers 2
pages. The hypothesis of the present study states: "Asymmetrical loads on professional football
players with long-term training experience lead to leg-specific adaptive changes in the strength
characteristics of knee joint extensors and flexors."

The aim is: "To study the strength profile of the kicking and support legs of the knee joint to
assess adaptive changes in professional football players by conducting a comprehensive study with
isokinetic dynamometry on knee extensors and flexors, at: different loading modes, generating
torque-angle and torque-velocity dependencies, and calculating coefficients of unilateral and
bilateral strength asymmetry."

Six objectives, which correspond to the aim, are correctly formulated.

In chapter three are represented "Methods" and covers 11 pages. The study design and
protocol are described in detail. All experiments were conducted at the Centre for functional
research in sport and kinesiotherapy at the "Neofit Rilski" South-West University and included 32
participants: 20 professional football players and 12 untrained individuals. The experiments were
approved by the university’s Ethics committee.

The study was divided into three consecutive days, with anthropometric measurements taken
on the first day. Isokinetic dynamometry using a Biodex System 4 Pro device was used to assess the
strength of the knee joint extensors and flexors. Three protocols for muscle contractions were
applied: isometric, concentric, and eccentric, which are described in detail in the dissertation's
appendices.

1. Biomechanical and statistical analysis

To model the relationships between torque, joint angle, and movement speed, various
statistical models such as polynomials and Boltzmann sigmoid functions were used. This allows for
a precise analysis of muscle function.

Both parametric (One-way ANOVA) and non-parametric (Mann-Whitney and
Kruskal-Wallis) tests were used to compare the mean values between groups. Pearson's correlation



analysis was applied to assess the relationship between isometric peak torque and anthropometric
indicators.

2. Assessment of Asymmetry: Four specific coefficients were developed and used to assess
strength asymmetry:

a.  Bilateral asymmetry (comparison between the left and right legs);
b.  Unilateral asymmetry (comparison between flexors and extensors of the same leg);
c.  Functional dynamic control coefficient.

This complex methodology provides for a thorough and precise investigation of the
biomechanical characteristics of the knee joint musculature in athletes and untrained individuals.

"Results" are presented in chapter four on 34 pages of the dissertation. They are
well-illustrated with 26 figures and 6 tables.

The study compares anthropometric indicators, isometric and dynamic muscle strength,
bilateral, and unilateral asymmetry in professional football players and untrained individuals.

The presented results can be summarized as follows:
1. Anthropometry and strength profiles

Football players have significantly lower fat mass and higher total muscle mass compared to
untrained individuals.

a. Isometric strength profile:

e Torque: In football players, there are no significant differences in absolute torque
between the kicking and support legs, or relative to untrained individuals. The
maximum torque for extensors is at angles of 80-90°, and for flexors, at 20°;

e Normalized torque: The analysis of relative strength shows significant differences
between the two study groups and between the support and kicking legs of the
football players;

e Relationship with body mass: In football players, moderate to high correlations
are observed between torque and weight, fat mass, and muscle mass, while this
relationship is weak or absent in untrained individuals.

b. Dynamic strength profile:

e Concentric contractions: Normalized torque in football players is significantly
higher at low to moderate speeds (60-180°/s), especially in the flexors of the
kicking leg;

e Eccentric contractions: Football players show higher relative strength than
untrained individuals, especially in the flexors of the kicking leg;

e Time to peak torque (TPT): There are no significant differences between the
groups. The acceleration time for the extensors of the support leg in football
players is significantly shorter at low speeds.
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2. Bilateral and unilateral asymmetry
a. Bilateral asymmetry

The study defines three types of untrained individuals (I, II, III) and three types of football
players (A, B, C) based on knee extensor strength asymmetry. Football players demonstrate specific
asymmetry profiles as a result of training loads:

o Type A (35% of players): Low asymmetry (<10%) in all contraction modes,
indicating balanced strength;

e Type B (30% of players): Stronger kicking leg, especially during eccentric
contractions at high speeds;

e Type C (35% of players): Stronger support leg, especially during isometric
contractions.

For flexors, two types of untrained individuals and two types of football players are
distinguished. Football players have significantly higher bilateral asymmetry.

e Type a (45% of players): Moderate asymmetry during isometric contractions, but
higher during dynamic ones, where the kicking leg is stronger;

e Type b (55% of players): High asymmetry (17-25%) in all modes, with the
kicking leg being significantly stronger.

b. Unilateral Asymmetry

e Strength balance: Despite the lack of statistical differences in mean values, a
larger percentage of football players have unilateral asymmetry within the normal
range;

e Functional coefficient: In football players, this coefficient is significantly higher
for the kicking leg at moderate and high speeds, indicating better control and
balance between muscle groups.

Systematic training in football leads to specific strength adaptations that differ from those in
untrained people. These adaptations include changes in muscle strength, bilateral, and unilateral
asymmetry, which can be used to optimize the training process.

The classification of football players and untrained individuals concerning extensors and
flexors is an extremely valuable result that will be successfully used in sports practice.

The section "Discussion of the obtained results" is presented on 39 pages. In it, Maria
Ganeva skillfully analyzes the adaptive changes in the strength profile of knee muscles in
professional football players compared to untrained individuals.

It was found that football players have a higher relative torque (Nm/kg) in all contraction
modes, indicating adaptation to systematic loads. The functional specialization of the kicking and
support legs has been proven, as the optimal muscle length for maximum strength is shifted toward
more extended positions in football players. They exhibit higher bilateral asymmetry, especially in
eccentric mode, which is associated with an increased risk of injury. At the same time, unilateral
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balance is better in the kicking leg of football players, indicating improved dynamic control and
joint stability.

Based on the individual strength profile and bilateral asymmetry, participants are classified
into different types. This allows for a more accurate analysis of individual adaptations and is a key
contribution to injury prevention and the optimization of the training process.

The results can be used to create standardized protocols for testing and monitoring athletes.

Maria Ganeva discusses the found statistical differences and correlations, compares them
with similar studies, and justifies the obtained results, especially in cases of differences with the
results of other authors. This again shows the doctoral student’s very good knowledge of the topic
and skillful handling of the subject, which is well known to her. This confirms my conviction of
Maria Ganeva's good professional and general scientific preparation.

A large number of studies have been conducted, and a significant amount of work has been
done on the analysis and statistical processing of the results. Based on this, interesting conclusions
and contributions with an important practical focus have been formulated.

The chapter "Conclusions, recommendations, and contributions' covers two pages. The
5 conclusions and 3 contributions made fully correspond to the summary of the results. The
dissertation contributes several useful recommendations for practice. Extensors and flexors in
football players and untrained individuals are typified through torque-angle dependencies and
coefficients for bilateral strength asymmetry. This classification allows for the differentiation of
injury risks in the two muscle groups of the knee joint and provides detailed and specific
information on strength imbalances to coaching and medical teams, as well as for optimizing the
training process by imposing established standards in this area.

It has been found that the specificity of football, involving high speeds, sudden changes in
direction, and acceleration, is ensured by the adaptation of the kicking leg's flexors to generate
sufficient torque in eccentric mode to withstand that of the extensors in concentric mode.

The analysis conducted characterizes the strength profile of the knee extensors and flexors
in professional football players compared to untrained individuals, serving as an indicator of
adaptive changes in this sport. Based on the coefficients of bilateral asymmetry, types of football
players are defined, which allows for a precise assessment of injury predisposition. Furthermore,
specific angular positions for the routine determination of asymmetry are proposed, providing a
practical guide for prevention and rehabilitation. This gives optimism for the continuation of
research in this area and the establishment of specific standards.

Two publications related to the dissertation are presented in Q3, with Maria Ganeva being
the first author in one, as well as one citation. The doctoral student has participated in 5 scientific
forums on the topic.

The abstract accurately and clearly presents the main aspects of the dissertation and is
well-formatted.

Conclusion: The dissertation is written in good scientific language and represents an
important study for contemporary sports science. It undoubtedly contributes to increasing the
scientific-theoretical and applied knowledge in the field of dynamometric testing in professional
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football players. The innovative approach used to study the strength characteristics and the
established adaptive changes during non-specific physical loads in football can be used for
planning, controlling, and optimizing the training process. The results provide coaches and
researchers with a valuable practical tool for analyzing knee extensor and flexor tests. The
typification of untrained individuals and football players will serve as a basis for comparison in
future studies.

This gives the dissertation the status of a valuable guide that will be used for a long time as a
standard for athlete testing and non-invasive monitoring of an athlete's dynamics and/or adaptation
during the training process. The knowledge gained is of interest to sports physiologists, coaches,
athletes, and other sports specialists. The topic is relevant, suitable for a dissertation, and the
conclusions and contributions are of a theoretical and applied nature.

I believe that all formal requirements of the Law on the Development of the Academic Staff
in the Republic of Bulgaria have been met. Based on the above, I confidently give a positive
evaluation of the dissertation and propose to the esteemed members of the scientific jury to vote to
award Maria Alyosheva Ganeva the educational and scientific degree of "DOCTOR" in the
professional field 4.3 Biological Sciences with a scientific specialty in "Animal and Human

Physiology".
16.09.2025 REVIEWET ...ttt
Sofia Assoc. prof. Milena Georgieva Nikolova, MD, Ph.D.
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