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CranoBuie
ot npo¢. Buxpen CroiiueB baues, 11

Ha JMCepTalMOHEH TPY/ 3a MPHUCHXKAaHEe Ha oOpa3oBaTeHaTa U HayyHa CTeleH ,,JlokTop®
Ha Tema ,,AJanTalliOHHU NMPOMEeHH B CHJIOBHS NPOGUJ HA eKCTeH30pU U (hieKcopu Ha
KOJIsSIHHA cTaBa npu ¢pyrooauctu®: Jokropant - Mapusi Anbomesa I'anesa.

Hayunu prxkoBonurenu: Ilpog. n-p Hesena CrosinoBa IlenueBa; lou. n-p Karepuna
HNnuonoBa CrambonueBa; bbarapcka  Axagemuss Ha Haykwure; HHceTHTyT 1O
HeBpoouosorna - Codus; npodecuonanHo HampasieHue 4.3 buonornyecku Hayku c
Hay4yHa CelHaIHoCT “DU3H0JI0rus Ha )KUBOTHUTE U YOBEKA .

1. Tema Ha qucepTanUATA, CTPYKTYpPa M NO3HABAHE HA MpodJjemMa

Temama Ha nucepTallMOHHUA TPyH € sicHO (opmynupaHa. [lo3Hara nmo HacodeHoOCT, TS €
aKTyalM3upaHa MO ChIbp)KaHUE, 4ype3 NMpHOaBsHE HAa HOBU M3CIENOBATEICKH JaHHU M aHAIU3U
OTHOCHO YCTaHOBSIBAaHE Ha aJaNTallMOHHU IPOMEHHU B CHJIOBHS MPO(UI Ha EKCTEH30pH U (priekcopu
Ha KOJIIHHA CTaBa NMPH BUCOKOKBaTMHUUpaHu GyTOomuctu u HeTpeHupauu yguua. Ilocpencrsom
OpPUTMHAJIHU anapaTypHU W3CIEABaHMS M CPAaBHEHUS C€ JOCTUIA JI0 PE3YITAaTH KOWTO pas3IIMpsBAT
OCHOBaTa 3a e(eKTHBEH 1MoA0Op, MPEBEHIIMS Ha CIIOPTEH TPaBMaTU3bM M MO-100pO yIpaBieHHUE Ha
chcTe3aTeNHaTa M35Ba U CIOPTHa IMOATOTOBKa BBB (yrOona. IlocoueHoTo MU AaBa OOEKTUBHU
OCHOBAHUS /12 OIIEHS MOJIOXKHUTETHO HEWHUS U300p.

Cmpykmypama Ha pauceprauusTa OTroBaps Ha  METOJOJIOTMYHUTE HACOKU NpH
pa3zpaboTBaHe Ha 000eH Hay4yeH Tpya. Hamucana e Ha 187 cTpaHuim, B KOUTO C€ BKIIOYBAT
TEKCT, 9 Tabmuiu u 36 dhurypu. Usrpagena e ot 8§ ocHOBHU YacTu U ome: “‘braromapHocTr;
,w3nomsBanu cekpamenus; “Ilpunoxenns; ,,Cnuchk Ha 2 MyOJUKAIMU, €THO IUTUPAHE U 5
y4acTHs B HAy9HH (POPYyMH 1O TeMaTa Ha JTucepTaIusTa.

Yact 9-ta, HaumeHnyBaHa “Jlutepatypa“, chabpika 3ariaBus oOmo Ha 284 M3TOUHUKA OT
kouto 14 Ha xupunuia u 270 Ha TaTUHUIA U UHTEpHET caiT. [Ipunoxkenusara ca 8 Ha Opoid.

Yacm 2-pa - ,JlutepatypeH 0030p“ e u3rpazeHa oT 7 paszmena u uma obeM OT 56
CTPaHHITH, KOUTO CHIBPKAT €KCIEPTHU JOCTIDKCHUS W XapaKTEPUCTUKH HA 3HAYUMU M
CHOTBETCTBAIIM HA TeMaTa BBIPOCH OT 2.1. - “Dusmnonorus 1 OnoMexaHuka Ha TeHEPUPAHETO
Ha CWia OT CKeJeTHaTa Myckynarypa®, mpe3 2.2. - ‘“AHatroMo-GyHKIIMOHATHU
XapaKTepUCTHKU Ha €KCTEH30puTe U (JIEKCOpUTE Ha KoJNsHHATa craBa™ mo 2.7.- ,,.Bpemenu
MOKa3aTeldy W poJiiTa UM TMPU TeHEPUpaHEe Ha BBHPTSIl MOMEHT . BmedarnsBam Qaxrt e
,AKTYaTHOCTTa Ha TMOJ3BaHUTE M3TOYHHIM( OT o0m Opoit 284 , 267- Ham 93 % ca
nyonukyBanu cien 2000 r., a 101-nax 35 %, ca ciex 2020 .

ITomecTeHOTO B Ta3uW 4YacT pasKpuBa npodecuoHamHaTa WHPOPMHUPAHOCT H
KOMIIETEHTHOCT Ha JOKTOpaHT Mapus ['aHeBa mo mpobiemMuTe pasriexxJaHu B JUCepTalusiTa.
Bucoxka olieHka 3aciy’kaBaT yMEHHUATA 32 MHTETPUpPAHE, KOPEKTHO MpPEJICTaBsIHE U KPUTUYHO
aHaJIM3MpaHe Ha MyOJNMKAllUM, pe3yJITaTH, aHAIM3U W U3BOJM Ha JApyru aBropu. IIpumepHo
KOHTpOJIa Ha PaBHOBECHETO MPHU BUCOKH BITIOBH cKopocTH. [locouBa ce ,ue TO B 3HaYUTENIHA
CTENEH € TMOBJIUSHO OT TMHKOBHS BBPTAIl MOMEHT Ha (UIEKCOPUTE M EKCTEH30pPHUTE Ha
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xonsHoTo (Sliwowski et al. 2021). OmopHusaT Kpak aGcopOUpa 3HAYMTETHH CHIH OT
peakiusTa Ha oropara M B Ipolieca Ha TPEHUPOBKA IeJIEChOOpa3HU Cce OKa3BaT yIpaKHEHUS
KOUTO YKpenBaT aOyKTOpUTE U BHHIIHUTE POTATOpU Ha TazoOeapeHara cTaBa, MOAIbpXKAT
MPAaBUJIHO TMO3WIIMOHHWPAHE HAa KOJITHOTO M HaMaJsIBaT PHCKAa OT BH3HHKBAHE HA BAITYC B
komsinHa craBa (Brophy et al., 2010) (cTp.29).

2. PabGoTHa xumore3a, eJ M 3aJa44 HA U3CJIeIBaHe

»dacm mpema“ Ha nucepranyaTa € HauMeHoBaHa ‘“‘PaboTHa Xumoresa, LeNl U 3a/laud  Ha
uscnenBaHe u € B o0eM oT 2 crpaHuuu. Pabdommnama xunomesa wu Ilenma ca
GbopMynMpaHM CMHUCIOBO SCHO M ca B CBOTCBETCTBUE C JUcCepTallMOHHara Tema. [lpum
IPEJCTaBIHETO UM € OMJIO BB3MOXKHO IBPBO Ja CE€ MOCOYM KaTO BOJEILI M3CIEI0BATEICKH
IMPUOPUTET YCTAHOBABAHCTO HA aJallTAIMOHHUW U3MCHCHUA B CHJIOBUTC XaPAKTCPUCTHKU HA
eKCTEH30pUTe U (PIEKCOpUTE Ha KOJSHHATa CTaBa, a cJeJ TOBa METOJNOJIOTHSATA Ha
IIPUJIOKEHNUTE OPUTHHAIHY €KCIIEPUMEHTAIIHU U3CJIEIBAHNU.

CBbp3anuTe ¢ uenta 6 M3CIEAOBATEICKU 3adauu OYepTaBaT TOYHO aJIrOpUThMa Ha
M3CIIeI0OBATENICKA JEHHOCT, KaTO OpraHU3alluOHEH Ipoliec. [[eKoMIo3upaneTo Ha MOCIeTHUTE
nBe OuW oueprano Mmo-3aab1004eHO HEeHAaTa Hay4dHa CHITHOCT, HACOYEHAa KbM yCTAHOBSIBaHE
Ha HOBH JJaHHU U 3HAHUS MIPU PYTOOIUCTH U HETPEHUPAHH JUIIA.

3. Metoan

Yact uerBbpTa ,,Memoou® e Hamucana B ob6em oT 10 cTp., KOUTO ChIbpXKaT
n34YepraTesTHO TEKCTOBO ONHMCAHWME M OHArjensBaHe ¢ 4 CHUMKM Ha pealu3upaHara oT
JIOKTOpaHT Mapust ['aHeBa opurmHamHa wu3cienoBaTencka zaeiHoct. I[lpeacraBenn ca B
CbOTBETCTBME C TeMmara ,lelTa M 3aJayuTe Ha JUcepTaluATa peaulla TeCTyBaHUs
ocwuiectBenute npu 32 guna (20 npodecuonanHu ¢yréonuctd u 12 HecrnopTyBalln).
OTt6ensi3BaM HM3CHEABAHUATA C M30KMHETHYEH auHaMoMmeThp Biodex 4Pro HacoueHuW KbM
TECTBaHE Ha EKCTEH30pH U (PIIEKCOpH Ha KOJITHHATA CTaBa B M30METPUYCH, KOHIICHTPUYEH U
eKCIICHTpHUYEH PEeXUM. [Ipn M30METPUYHOTO M3CIIEBAHE Ca BKIIOYECHHU § BIIIOBU IO3UIHUH,
KOUTO pErucTpupar MYCKyJIHaTa Ccuia MpH pa3idyHa Jb/DKMHA Ha y4yacTBAllUTE B
JBUKEHMETO MYCKYJM U CE€ M3NBJHABAT B paHIOMH3UpaHa nocienosaTtenHoct : 20, 40, 60,
70, 80, 90, 100 u 110°. OcHoBeH moKa3aTell € CTOMHOCTTa Ha MUKoBHs BhPTA] MOMeHT (I1T),
OIpeJieJIeH KaTo pe3ysTaT OT MaKCHMallHa BOJEeBa MYCKYJIHAa KOHTpakius. MakCUMaTHHST
BBpTAl MOMEHT (MT) e Hali-BUCOKaTa cujla Ha MyCKYyJia IPH ONTUMAIHUA TECTOBH YCIOBHSL.

[IpoTokonure Ha JUHAMOMETPHUATA B KOHLEHTPUYEH M EKCLIEHTPUYEH PEXKUM
BKJIIOYBAT 6 BIJIOBU CKOPOCTH, KOMTO Ca B JMana3oHa Ha OaBHMUTE, YyMEpPEHHUTE M Obp3uTe
ckopocTH (0aBHa — Mexay 2°/s - 180°/s, ipu Hest ce TeCcTBaT M TPEHUPAT CHIIOBUTE KayecTBa;
ymepeHa — mexay 180°/s - 240°/s, mpu Hes ce TecTBa U TpeHHpa ObpP3MHA; BUCOKA — MEXKIY
300°/s - 500°/s, mpu Hes ce TecTBa U TPEHHPA U3APHKIUBOCT) 3a OLEHKA HAa BBHPTALIMUSL
MOMEHTA TIPH pa3InuHu criopTHH cutyaruu: 60, 90, 120, 180, 240 u 300°/s.

Karo 3HaunMu 10CTOWHCTBA HAa U3BBPIICHOTO OTOENSI3BaM: U3MEPBAHUSITA IIPU TPUTE
THIAa MYCKYJIHHU CHKpAIIEHUs ca U3BBPILIBAHU B PA3JIMYHU JIHU; (PU3MUECKH HATOBApBAHUS B
JeHsl TMpeau IWHAMOMETPUYHOTO TECTBAHE HE Ca MPABEHW; IMPU BCUYKU OCBIIECTBEHU
U3CJIEIBAHMS Ca CIIA3€HU W3MCKBAHUATA 3a CTAHAAPTHOCT U METPOJIOTMYHO OCHUIypsBaHE,
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KOUTO OCHUTYpsiBAT M JIOCTOBEPHOCT HAa U3CJIENOBaTEJIICKUTE MJaHHU. llpubaBsM KbM
MOJIOKUTEITHUTE MU OLEHKH U (pakTa, ye oOpaboTkara M aHalW3a HAa €KCIEPUMEHTAIHUTE
JaHHW ca M3BBPIICHU C MpHJIaraHe Ha aJeKBaTHH MaTeMaTHKO-CTaTHCTUYECKH METOIH
BKJTIOYBAIIM: JICCKPUIITUBHA CTATHUCTHKA ; MOJEIMpaHe Ha KPUBU 3a MpPEJCTaBSIHE Ha
BpB3KaTa MEXIY BBPTSIIUS MOMEHT, TeHEPHpPaH OT MYCKYJ1 (MYCKyJHa Tpyla) W brbja Ha
cTaBara 10 BpeMe Ha aKTHBHOCT WJIM CKOPOCTTa Ha JIBIDKCHHE B CTaBaTa ;U3YUCIIsIBaHE Ha 4
KOS(UIIMEHTH 32 aCHMETPHS 32 ONpE/IeIIsTHE Ha CTENEHTa Ha CHIIOBA aCHMETPHs, B KOJISTHHATA
CTaBa, Ha pHUTalll M OINOPEH Kpak; KOpeJaloHeH aHaiu3. V3monsBaHM ca  ChIIO
cratructuuecku maker Graphpad Prism (Ver. 3); codryepna mporpama Microsoft Excel;
online KajKynaTop 3a ONpeessHe Ha pa3NpeieleHue Ha JaHHUTE.

Ilocouenure mo-r ope 00EKTHBHO XapaKTCpu3npa aBTOpa HaA AUCCPpTALUATA KaToO
BUCOKOKOMIICTCHTCH CICHOUAJIUCT C TCOPCTUYHU IIO3HAHUA W TMPUIOKHHU YMCHUA 34
HU3BBPIIBAHC HA 3am,n6oqua U CliCuaJIM3vpaHa CKCIICPUMCHTAIHA JIEHHOCT.

4. Pesyaratn

YacT mera ,,Pesynratu’ e momectena Ha 33 CTpaHUIM U ChAbPXKa TEKCTOBE, 8 Tabiuim u 36
burypu, MOCIENOBATeTHO CTPYKTypHpaHU B S5 pazfena u 6 moxapasaena. B Hes, B IBIHO
ChOTBETCTBUE C JIOTMKAaTa Ha OCBIIECTBEHATAa W3CJEA0BATENICKa JEMHOCT, ca MpeACTaBEeHU
pe3ynTaTuTe OT CTaTUCTUYecKaTa o0pa0oTKa Ha TMONYyYEHUTE MaHHHW 3a: aHTPONOMETPUYHU
MOKa3aTear; M30METpUYEH M AWHAMHYEH CHUJIOBH Mpo(HiIM Ha eKCcTeH30pu U (Quekcopu Ha
KOJIsIHHa CTaBa, THUIIOBCTEC BBLPTAL] MOMCHT-BI'bJI U BBHPTAIL MOMCHT-CKOPOCT ;3aBUCHUMOCTH 3a
OLCHKAa Ha CTaTU4YHA U JUHAMHWYHA CTa6I/IJ'IHOCT upe3 KO@CI)I/II_II/IGHTI/I Ha 6HnaTepanHa ACUMCTPHUA
MEX/1y PUTAI ¥ OMOPEH KpaK; OlIEHKa Ha MYCKYJIEH JucOalaHC U CTETIeH Ha JUHAMUYEH KOHTPOJ
ype3 Koe(pHIMEeHTH 3a yHUJIaTepaliHa acUMETpUs MEXTy ¢uiekcopu u ekcTreH3opu. Chiure ca
MHOTO OOCTOSITEJICTBEHO M SICHO OHATJIEJICHU 4Ype3 OTIMYHO M3TOTBEHU TAOJIUIM U QUTYpH U ca
MPUAPYKEHU ¢ KPaTKU HAYallHU, HO apTyMEHTHUPAHH U TPO(HEeCHOHATHO 3aAbJI00YCHH aHATH3H.

[To oTHOLIEHHE Ha M3OMETPUYHUS CUJIOB MPOQPMI JOKTOpPaHTKaTa yCTaHOBSABA, Y€ YacCT OT
CpeIHUTE CTOMHOCTH Ha M30METPUYHHUS IHKOB BHPTAIL] MOMEHT Ha €KCTEH30pUTe U (IIeKCOpUTE
Ha xossiHOTO Ha PK u OK He cnensat I'aycoBo pasmpenenenue. ToBa m gaBa ocHOBaHME Ja
Ipujara HenapaMmMeTpU4HM CTAaTUCTUYECKHM TECTOBE M Ja YCTaHOBM HAJIMYMETO Ha peauua
KOHKPETHH W OpUTMHAJIHM (akTH B MaplMajeH M CpaBHUTENEH AacleKT IO OTHOIICHUE
M30METPUYHUS CUIIOB PO Ipu npodecnoHamHu (yTOOIMCTH U HETPEHUPAHH JIUIIA.

3a ga ce mpemMaxHe BIMSHHMETO Ha TEMNIOTO HA JIMLATa B AHAJIM3UPAHETO Ha CUJIOBUTE
XapaKTEPUCTHUKH, IUKOBUST BBPTSIL MOMEHT CE€ CHIIOCTaBsl KbM TeJIECHaTa Maca. Y CTAHOBSIBA Ce
HOpPMAJIHO pa3MpeieleHle Ha JaHHUTE U CTAaTUCTUYECKU 3HAYMMHU Pa3Iudusl P CTOMHOCTUTE Ha:
[1T/kg na excrenzopure Ha PK npu srinosu nozunuu 100° u 110° u va OK npu 70°-100°; kakto 1
[1T/kg na ¢nexcopure Ha PK n OK B mo3umus 20°. OcBeH ToBa, IpU CpaBHUTEIEH aHAINU3 Ha
cunara Ha PK cripsimo Tasu Ha OK, camo nipu ¢yrOoaucTuTe, ce HaOm0qaBaT 3HAYMMHU PA3IIKH B
Hall-yibiDKeHata no3uius Ha ¢guekcopure - 20° (ctp. 80).

CnenBany mpuMep CBbp3BaM C YCTAHOBEHUTE 3aBUCUMOCTH BBPTAILL MOMEHT-bI'bJI. BUCOKO
MO3UTUBHO OLICHSBAM MPWIOKEHUTE MOJEIUPAHUs C MOJUHOMH OT 4-Ta W 3-Ta CTENEH, KOUTO
MO3BOJISIBAT JIa C€ aHAJIM3HMPAT JETANIIHO BPH3KUTE MEXKAY U3XOAHATA ABKUHA Ha QIIEKCOPUTE U



eKCTeH30pUTE Ha KOJSHOTO M CYMapHHUS BBPTSAIl MOMEHT CBOTBETHO MpHU MpOopeCHOHATHU
¢GbyT60IMCTH M HECTIOPTYBAILLH.

Konkpernute mapruannu (HakT, 4e MaKCUMAIHUAT BHPTSIl MoMeHT Ha PK He ce 3acuua ¢
M3M0JI3BaHUTE MO3ULIUU B KOJITHOTO, a € Mexky 90 u 100°, a Ha OK mexnay 80 u 90° u ue kpuBuTe
Ha €KCTEH30pUTE MOKa3BaT, Y€ ONTUMAaIHaTa JbJKUHA Ha ekcTen3opure npu PK e 95°, a nmpu OK
- 85° (ctp.80-82 ) ca eqHM OT MHOTOTO TPUHOCHH IOCTOMHCTBA HA TUCEPTAMOHHUS TPY/I.

AprymMeHTHpaHo U (akTOJIOTHUYHO 0OOCHOBAHO MPUOABSIM oOIle 0OOCTOWHO METOJO0JIOIMYHO U
MOJIEIHO (OPMHUPAHHUTE KaTO Bb3MOXKHHU 6 THUIOBE KoMOuHaimu ot ekcrenzopu (E) u ¢uexcopu
(®) npu HETpeHupaHH JULA U TPU PYTOOIUCTH C TEXHU KOJIHMUECTBEHU XapaKTEPUCTUKH 3a TPUTE
BUJa TWHAMOMETPUYHO TECTBaHE — M30METPHYCH, KOHIIEHTPHUYEH M eKCleHTpudeH. HechMHEHO
IPEACTaBeHOTO € 0a30B MOAEN ,KONTO M3MCKBA 3HAYMTEIHO pAa3MIMpPEeH Opoi M3CIIeABAaHU JINIIA.
PesynraTure OT mM3cieaBaHMATA II€ TMO3BOMAT Ja ce (opmupa OOEKTHBHA, peaJHO HAcOYeHa U
NPUJIIOKHO ajanThpaHa 06a3a 3a moadop Ha npodecHoHanHU (GYTOONUCTH, TEKYL] KOHTPOJI M
yIipaBJIeHUE Ha Mpolieca Ha TsIXHATa CIOPTHA MOJATOTOBKA.

4. OO0cbKIaHE HA MOJYYEHHUTE pe3yaTaTu

Ha 38 ctpannmm nmoxropant Mapus ['aTeBa € paskpuiia B ISIJIOCT CBOUTE MPOGheCHOHATHI
KOMIIECTCHIWHU,Bb3MOXHOCTH 3a AHAJIUTHUYCH,CPABHUTCIICH U KPUTHUYCH aHAJIM3W Ha MHOI'O T'OJISIM
00eM oT CKCIICPUMCHTAJIHU JTaHHU. Bcekn €IUH € B CBOTBCTCTBHUEC C IIOJTYYCHUTC PC3YJITATH H
THPCU OPUTMHAIHU 10 ChAbPKAHUE OTTOBOPHU Ha MOCTABEHUTE 11€J1 U U3CJIEI0BATENICKH 3a1a4uu. B
Ta3d 4YacT ca MHTETpUpaHU B HaW-rosiMa CTENEH M HAyYHUTE NPUHOCH Ha JAHMCEepTalUsTa.
[IspBUTE OT TIX Ce€ ChABPKAT B MPOCIEASIBAHETO HA AHTPONOMETPUYHUTE U3MEHEHHUSI HE CaMmo
KaTo WHAMKATOp 3a (U3MYecKa aJanTaius, HO U KaTo CPEeICTBO 3a MPOTHO3WpaHE Ha CHOPTHHS
MOTEHIIMaJl M pUCKa OT TpaBMU U aHAIM3UTE Ha OOOCOOCHHTE KOpEelalud MeEexXay
AHTPOIIOMCTPUYHUTEC NaHHU W CHUJIIOBUTC XAPAKTCPUCTHKKU HA MYCKYJIHHUTC I'pyIIM Ha KOJAHOTO
TIPH JIBETE TPYNH U3CJICABAHU JINIIA.

3HaYMMHU NPUHOCHM MOMEHTH NPOU3THYAT U OT AHAJIM3UTE HA MOJYYECHHUTE OPUTHHAIHU
€KCIIEPUMEHTAIIHN JTaHHU OT JTMHAMOMETPUYHH M3CIICIBAHNS IPU U30METPUYHH, EKCLIECHTPUYHU U
KOHUEHTPUYHU MYCKYJIHU CBKpallleHuss U TojieMusi Opod CpaBHUTENHU C Hal-aKTyaJTHU
M3TOYHUIIN aHAJIU3H ,0T KOUTO KaTO IIPUMEP IMOCOYBAM:

- yCTaHOBsIBAHE, a CJeJ TOBa OICHKH W CpPaBHEHHS HA W30METPUYHHUTE CHIIOBU
XapaKTCPUCTHUKHU Ha MYCKYJIUTC CKCTCH30pU U (1)J'IeKCOpI/I Ha KOJIMHHaTa CTaBa IIpHU
npodecroHanHy (GyTOONMCTH U HETPEHUPAHU JINLIA;

- YCTAHOBSIBAHE HA 3aBHCHUMOCTHUTE BBPTAL] MOMEHT-BI'BJI U BBPTAILL MOMEHT CKOPOCT, KAKTO
U OCOOCHOCTUTE Ha JBYCTPAHHUTE U €JHOCTPAHHU CHJIOBM aCHUMETPUU NpU ABETE TPyIHU
U3CIIEABaHM JINLA;

- XapaKTepUCTUKU Ha pa3IuuMs B CHJIOBUTE XapaKTEPUCTUKH Ha pa3rbBalllus C€ U OMOPEH
Kpak mpu (yTOOJMCTH KaTo CIEACTBHE OT (YHKIMOHAJIHMU aJalTalyy TpU IOKa3aTeIuTe:
aOCOJIIOTEH MUKOB BBPTSAIL MOMEHT , TUKOB BBPTSI MOMEHT, HOpMAJIM3UPaH CHOPSMO TelecHaTa
Maca, KOe(QHIMEeHTH 3a yHMJaTepalHa M OuiaTepaliHa acUMETpus, KPUBM Ha 3aBUCHUMOCTUTE



BBPTAIl MOMCHT—HI'BJI W BBPTAIl MOMCHT bBIJIOBA CKOPOCT, KAaKTO W HIKOU BpPCMCBU
XapPaKTCPUCTHKU HA TCHCPUPAHCTO HA CUJIA;

- YCTaHOBSIBAHE Ha JOCTOBEPHU PA3IHKU B OTHOCUTEIHUS BHPTSII MOMEHT Ha €KCTEH30pUTE
1 (rexcopuTe Ha KOJISTHO MEeXKAY (PyTOOTUCTH ¥ HETPEHUPAHU JUIA U PA3TUYHUS B ONTHMAITHUTE
MYCKYJHU ABDKHHHM Ha €KCTEH30PHUTE HA KOJSTHOTO MEXAY HaHACSII yAap M OMOPHUS KpakK MpHu
¢GbyTOOIMCTH 3a TeHepHUpaHe Ha MaKCUMaJTHa H30METPUYHA CUJIa;

- dopmupaHe Ha MojaenM 3a THUNOBE (GYTOONMCTH W HETPEHHpAHH JUIa CIIOpea
WHMBUYAIHUS TPO(QUI Ha M30METPUYHATA UM CUJIa U IBYCTpaHHATa CUJIOBA aCUMETPUS;

6. 3ak1r09eHHe, U3BOAH M IPUHOCH

B wacr 7-ma nHa ngmcepranusara ‘“3aknroueHue, JokTopaHTkata M. ['aHeBa cuHTE3Mpa
OCHOBHUTE HAyYHO-TEOPETUYHM M HAYYHO-IPUJIIOKHU JOCTHXKEHHMS Ha JIMCEepTalusATa.
[TpoabkeHNe HA HATUCAHOTO CE ABSIBAT U POPMYITUPAHUTE 5 KOMITJIEKCHU M3BOJIa M OYEPTAHU 3
OCHOBHM HAay4YHU NPHUHOCA HA TPyAd, KOUTO HEMOCPEJICTBEHO NPOU3THYAT OT IOJYyYEHUTE
pe3yATaTH U W3BBPILIECHU aHAJIU3U U Ca B ChOTBETCTBHUE C MOCTABEHUTE M3CIEAOBATEIICKH 3a7auH.
[TocTaBsim M BHCOKA OIIEHKA U TY IpreMaM OE3KpUTHYHO.

CrermanHo otGens3BaM HaydeH mpuHoc Ne2 HacodeH KbM JieUHHpaHHU TUTIOBE (hyTOOTHCTH
U TUINIOBE HETPEHHUPAHU JIMIlA, Ype3 YCTAHOBEHM PA3IIMUUs MEXIYy €KCTECH30pH U (IIeKCOpH Ha
pUTall M OMNOPEH KpaK M BHEAPEH HWHIUBUAYAJIeH IOJAXOJ, KONTO mNpu (QyHKUHOHAIHU
u3cneaBaHus Ha (yTOOJTUCTH OLIEHSBA TNPEAMCIIO3ULMS KbM TpPaBMU WIM CHCTOSIHHUS ClE]
XUPYpruuecKy UHTEPBEHIIMH Ha JIUTaMEHTapHUS anapat Ha KOJITHOTO.

7. KputnuHm OeseskKu
KbM HanmcaHoTo B [ucepTanusaTa IMam U Ollle KPUTHYHU OeNekKKH, a UMEHHO:

- IpeJcTaBeHaTa CTpyKTypa Ha TpyJAa € TBbpJe (pparMeHTHpaHa U B U3BECTHA CTENEH
nebanaHcupaHa, KOETO BOJAM /O JOMyCKaHE Ha TOBTOPSIEMOCT M CMHCIOBU 3aryou mnpu
BB3IIPUEMAHE HA CHABP)KAHUETO HA HAITMCAHOTO;

- HAJIMLE ca OTACJIHU TEPMHUHHU U TIOHATHS, KOUTO €A AUCKYCHOHHU: XapaKTepUCTUKaTa
Ha (yTOO0Ia KaTo CHOPT; MOJI3BAHUTE. “mope-vewi ; “mope-ckopocm ““(bI'bll HA €KCTEH3MS; BIIIOBA
CKOPOCT; BI'bJI Ha BBPTAIL MOMEHT); pumauy kpak(pa3rbBaH KpakK; HAHACAIL yJap Kpak; IIyTHPAIL]
KpakK);

- B "Hact 2-pa,“Jlureparypern o030p“ Ha cTpaHuIy OT 7740 19 ca MOMECTeHH pa3IIUPEHH U
3abJI00YEHN 3HAHUS OT YYEeOHWIIM, KOWTO ca MOIIHM Jaa ObaaT crecteHd. ChIIeBPEeMEHHO
OTCHCTBAT CIIELUATM3UPAHU U OT 00JIacTTa Ha CHOPTa, TPYAOBE CBBP3aHU C MYCKYJIHATa CHJIa Ha
yoBeka. IIpuMepHo nyOnMKanMu Ha €IMH OT CBETOBHUTE KamalMUTeTH - (QUHIAHICKUS
u3cienosaren, buomexanuk u ¢uznoinor npod. P. V. Komi.

- B TIOMECTEHMTE PE3yJITaTH U HApPAaBEHU aHAJIM3U C€ ChAbpXKAT 3HAYMTEIHO IOBEYE HAYYHO
000CHOBaHM OPUTHHAIHHU JOCTH)KEHUS, KOUTO B KOHIIEHTPUPAH BUJ € MOIJIO J1a HAMEPST MSCTO B
W3BOJUTE U HAYYHUTE MPUHOCH.

3aKkjIl0oueHue HA CTAHOBUILETO



Hucepranusta Ha Mapus ['aHeBa € e€KCIEpUMEHTaJIeH HaydeH TpyA , OCHOBAaH Ha
ChbBPEMEHEH Hay4eH MOJAXO0/l 3a M3CJIeBAHE Ha aJaNTal[HOHHUTE MPOMEHH B CHIJIOBHS PO HA
eKCTeH30pH U (hJIeKcopH Ha KOJIIHHA cTaBa mpu (yrOomucty M HecnopTyBamu Jjuna. Cren
3aIbJI00YEHO U KPUTHYHO aHAIM3UpaHE Ha MHOTO TrojisiM Opoil crenualv3upaHd U aKkTyallHd
M3TOYHMIIM 110 TEMATA Ca OCHIIECTBEHU IIUPOK KPbI' OT OPUTMHAIHU u3cneaBanus. [loguepraBam
MIPOBEJIEHUTE C U30KMHETUYEH NuHaMoMeThp Biodex 4Pro HacoueHu KbM TeCTBaHE Ha €KCTEH30pU
1 (rIeKcopu Ha KOJISTHHATa CTaBa B U30METPUYEH,KOHLIEHTPUUYEH U E€KCIIECHTPUUEH PEKUM.

JIOKTOpaHTKaTa JMYHO M C BHCOKa NMpo(ecHoHaTHa KOMIETEHTHOCT € OpraHu3upaia H
yJacTBajla B H3CJe/BaHUATa, 00paboTuia € eKCIEepUMEHTAIHUTE pe3yiaTaTH M € Hamucaia
IIPOM3THYAIINTE OT TAX aHanu3u. dopMmynupaia € H3BOAM M oOuepTajga OCHOBHHM Hay4dHO-
TEOPETHUYHHU U HAyYHO-TNPUIIOKHHU NpuHOcH. Hanuiie ca MHOTO Ha Opoi MOI0KUTEIHA apTyMEHTH,
KOUTO MU JaBaT OCHOBAaHHS Ja C€ MOCTaBU BUCOKA OIEHKAa Ha TMPUIOKEHHS METOJ0JIOTHYEH
MOJIXOJT IPU MPOBEKaHe HA U3CIIeBAaHUATA, aIeKBaTHATA MAaTEMAaTUKO-CTaTUCTUYECKa 00paboTKa
Ha JaHHUTE OT TAX, 3abJI0OYEHATa aHAJTUTHUYHA U B CPABHUTEJEH acHEKT HWHTEpIpeTanus Ha
MOJIyYE€HUTE PE3YyITATH.

I'macyBam ¢ ,,JIA“ u mpeuiaram Ha yBa)Ka€éMUTE WIEHOBE HAa HAy4YHOTO JKypU CBUIO J1a
rmacysat ¢ ,,JIA“ 3a mpuchxkaaHe Ha oOpa3oBaTelHO-Hay4HaTa cremeH “JlokTop” Ha Mapus
AabomieBa I'aneBa B mnpodecnoHanHo HampasieHue 4.3 buonormuecku HaykKd ¢ HaydHa
cnenuaiaHocT “Ou3nonorus Ha )KUBOTHUTE U YOBEKA .
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STATEMENT
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For a dissertation for awarding the educational and scientific degree "Doctor" on the topic
"Adaptive changes in the force profile of the knee extensors and flexors in football
players" : Doctoral student : Maria Alyosheva Ganeva;

Scientific supervisors : Prof. Dr. Nevena Stoyanova Pencheva; Assoc. Prof. Dr. Katerina
Ilionova Stambolieva ; Bulgarian Academy of Sciences; Institute of Neurobiology -Sofia;
professional field 4.3 Biological Sciences with a scientific specialty “Animal and Human
Physiology”

1. Dissertation topic, structure and understanding of the problem

The topic of the dissertation is clearly formulated. The main idea is known, but it has been updated
in content by adding new research data and analyses, regarding the establishment of adaptive
changes in the force profile of extensors and flexors of the knee joint in highly qualified football
players and not training individuals. Through original instrumental studies and comparisons, results
are achieved that expand the basis for effective selection, prevention of sports injuries and better
management of the competitive performance and sports training in football. The above gives me
objective reasons to assess positively its choice.

The structure of the dissertation complies with the methodological guidelines for
developing such a scientific work. It is written on 187 pages, which include text, 9 tables and 36
figures. It is built from 8 main parts and more: "Acknowledgements"; "Abbreviations used";
"Appendices"; "List of 2 publications, one citation and 5 participations in scientific forums on
the topic of the dissertation".

Part 9, titled "Literature", contains the titles of a total of 284 sources, of which 14 are in
Cyrillic and 270 are in Latin, and websites. There are 8 appendices.

Part 2 The “Literary Review" is made up of 7 sections and has a volume of 56 pages,
containing expert achievements and characteristics of significant and relevant issues - from
2.1. "Physiology and biomechanics of force generation by the skeletal muscles", through 2.2.
"Anatomical and functional characteristics of the extensors and flexors of the knee joint" to
2.7. - "Time indicators and their role in torque generation". An impressive fact is the
relevance of the sources used (out of the total 284, 267 - over 93 % , were published after
2000, and 101 - over 35%, are after 2020).

The content of this part reveals the professional awareness and competence of the doctoral
student Maria Ganeva on the issues, addressed in the dissertation. The skills of the integration,
correct presentation and critical analysis of the publications, results, analyses and conclusions
of the other authors deserve high praise. Let’s take for example the balance control at the high
angular velocities. It is indicated that it is significantly influenced by the peak torque of the
knee flexors and extensors (Sliwowski et al. 2021). The supporting leg absorbs significant
forces from the reaction of the support and in the training process exercises that strengthen the
abductors and external rotators of the hip joint, maintain correct positioning of the knee and
reduce the risk of valgus in the knee joint will be appropriate (Brophy et al., 2010) (p.29).



2. Working hypothesis, goal and objectives of research

"Part Three" of the dissertation is entitled "Working Hypothesis, Goal and Research
Objectives" and is 2 pages long. The Working Hypothesis and Goal are formulated in a clear
and meaningful way and are in line with the dissertation topic. In their presentation, it was
possible to first indicate as a leading research priority the establishment of adaptive changes
in the force characteristics of the extensors and flexors of the knee joint, and then the
methodology of the applied original experimental studies.

The tasks, related to the goal precisely outline the algorithm of the research activity as an
organizational process. Decomposing the last two would outline its scientific essence in a
greater depth, aimed at establishing new data and knowledge in football players and untrained
individuals.

3.Methods

Part four, "Methods", is written in a volume of 10 pages, which contain a
comprehensive textual description and illustration with 4 photographs of the original research
activity carried out by the doctoral student Maria Gateva. A number of tests are presented in
accordance with the topic, goal and objectives of the dissertation carried out on 32 individuals
(20 professional football players and 12 non-athletes). I mark the studies with the Biodex 4Pro
isokinetic dynamometer aimed at testing extensors and flexors of the knee joint in isometric,
concentric and eccentric mode. The isometric study includes 8 angular positions that register
the muscle strength at different lengths of the muscles, involved in the movement and are
performed in a randomized sequence: 20, 40, 60, 70, 80, 90, 100 and 110°. The main indicator
is the value of the peak torque (PT), determined as the result of the maximum voluntary
muscle contraction. The maximum torque (MT) is the highest muscle strength under optimal
test conditions.

The dynamometry protocols in concentric and eccentric mode include 6 angular
velocities that are in the range of slow, moderate and fast velocities (slow — between 2°/s -
180°/s, where strength qualities are tested and trained; moderate — between 180°/s - 240°/s,
where speed is tested and trained; high — between 300°/s - 500°/s, where endurance is tested
and trained) for assessing the torque in various sports situations: 60, 90, 120, 180, 240 and
300°/s.

As significant merits of the present work I mark: the measurements of the three types of
muscle contractions were performed on different days; physical loads were not performed on
the day before the dynamometric testing; in all the conducted studies, the requirements for
standardization and metrological assurance were met, which also ensure the reliability of the
research data. I add to my positive assessments the fact that the processing and analysis of the
experimental data were performed using adequate mathematical and statistical methods
including: descriptive statistics; modeling of curves to represent the relationship between the
torque generated by a muscle (muscle group) and the joint angle during activity or the speed
of the movement in the joint; calculation of 4 asymmetry coefficients to determine the degree
of force asymmetry in the knee joint, on the kicking and the supporting leg; correlation



analysis. The Graphpad Prism (Ver. 3) statistical package was also used; Microsoft Excel
software program; online calculator to determine the distribution of data.

The above objectively characterizes the author of the dissertation as a highly competent
specialist with theoretical knowledge and applied skills to carry out an in-depth and
specialized experimental work.

4. Results

Part five "Results" is placed on 33 pages and contains texts, 8 tables and 36 figures, sequentially
structured in 5 sections and 6 subsections. It, in full accordance with the logic of the research
activity carried out, presents the results of the statistical processing of the obtained data for:
anthropometric indicators; isometric and dynamic force profiles of extensors and flexors of the
knee joint; types of torque-angle and torque-velocity; dependencies for assessing static and
dynamic stability through coefficients of the bilateral asymmetry between the kicking and the
supporting leg; assessment of the muscle imbalance and the degree of dynamic control through
coefficients for unilateral asymmetry between the flexors and the extensors. The same are very
comprehensively and clearly illustrated through excellently prepared tables and figures and are
accompanied by short initial, but well-reasoned and professional in-depth analyses.

Regarding the isometric force profile, the doctoral student found that some of the average
values of the isometric peak torque of the knee extensors and flexors of the PK and OK do not
follow the Gaussian distribution. This gives a reason to apply non-parametric statistical tests and
to establish the existence of a number of specific and original facts in a partial and comparative
aspect, regarding the isometric force profile in professional football players and non-training
individuals.

In order to eliminate the influence of the weight of the subjects in the analysis of the strength
characteristics, the peak torque is compared to the body mass. A normal distribution of the data
and statistically significant differences in the values of: PT/kg of the extensors of the RK at
angular positions of 100° and 110° and of the OK at 70°-100°; as well as PT/kg of the flexors of
the RK and OK in the position of 20°. In addition, in a comparative analysis of the strength of the
RK compared to that of the OK, only in football players, significant differences are observed in
the most extended position of the flexors - 20° (p.80).

I connect the following example with the established torque-angle relationships. I highly
positively evaluate the applied modeling with polynomials of the 4th and 3rd degree, which allow
to analyze in detail the relationships between the initial length of the knee flexors and the
extensors and the total torque in professional football players and non-athletes, respectively.

The specific partial facts that the maximum torque of the RC is not detected with the positions
used in the knee, but is between 90 and 100°, and of the OK between 80 and 90° and that the
extensor curves show that the optimal length of the extensors in the RC is 95°, and in the OK - 85°
(pp- 80-82) are one of the many contributing merits of the dissertation work.

Arguably and factually substantiated, I also add the comprehensive methodological and
model-formed 6 types of possible combinations of extensors (E) and flexors (F) in untrained
individuals and in football players with their quantitative characteristics for the three types of the
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dynamometric testing — isometric, concentric and eccentric. Undoubtedly, the presented is a basic
model that requires a significantly expanded number of research subjects. The results of the
research will allow the formation of an objective, realistically targeted and practically adapted
basis for the selection of professional football players, ongoing control and management of the
process of their sports training.

5. Discussion of the results obtained

On 38 pages, the doctoral student Maria Gateva has fully revealed her professional
competencies, capabilities for analytical, comparative and critical analysis of a very large volume
of experimental data. Each one is in accordance with the obtained results and seeks original
answers to the set of goals and research tasks. This part also integrates the scientific contributions
of the dissertation to the greatest extent. The first of them are contained in the tracking of
anthropometric changes not only as an indicator of physical adaptation, but also as a means of
predicting sports potential and the risk of injuries and the analyses of the specific correlations
between anthropometric data and the strength characteristics of the muscle groups of the knee in
both groups of subjects.

Significant contributions also arise from the analyses of the original experimental data
obtained from the dynamometric studies of the isometric, eccentric and concentric muscle
contractions and the large number of comparative analyses with the most current sources, of which
I cite as an example:

- establishment and then evaluation and comparison of the isometric strength characteristics
of the extensor and flexor muscles of the knee joint in professional football players and untrained
individuals;

- establishing the torque-angle and torque-velocity relationships, as well as the characteristics
of the bilateral and unilateral force asymmetries in both groups of subjects;

- characteristics of the differences in the power characteristics of the extending and supporting
leg in football players as a consequence of the functional adaptations in the indicators: absolute
peak torque, peak torque normalized to the body mass, coefficients for the unilateral and the
bilateral asymmetry, torque-angle and torque-angular velocity dependence curves, as well as some
time characteristics of the force generation;

- establishing reliable differences in the relative torque of the knee extensors and flexors
between football players and untrained individuals and the difference in the optimal muscle
lengths of the knee extensors between the the striking and the supporting leg in football players for
generating maximum isometric force;

- formation of models for the types of football players and untrained individuals according to
the individual profile of their isometric strength and bilateral strength asymmetry;

6. Conclusion, conclusions and contributions

In part 7 of the dissertation "Conclusion", the doctoral student M. Ganeva synthesizes the main
scientific-theoretical and scientifically-applied achievements of the dissertation. Continuation of
The written work also includes the formulated 5 complex conclusions and outlined 3 main
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scientific contributions of the work, which directly arise from the obtained results and performed
analyses and are in accordance with the set research tasks. I give them a high rating and accept
them uncritically.

I would especially like to note scientific contribution No. 2, aimed at defining the types of the
football players and the types of the untrained individuals through the established differences
between the extensors and the flexors of the kicking and the supporting leg and an implemented
individual approach, which in functional studies of the football players assesses the predisposition
to injuries or conditions after surgical interventions on the ligamentous apparatus of the knee.

7. Critical notes
I have some more critical notes about what was written in the dissertation, namely:
- the presented structure of the work is too fragmented and to a certain extent unbalanced, which
leads to repetition and loss of meaning when perceiving the content of the writing;
- there are separate terms and concepts that are debatable: the characteristics of football as a sport;
the ones used : "torque-angle"; " torque-speed” (angle of extension; angular velocity; angle of
torque); kicking leg (extended leg; striking leg; kicking leg);
- in part 2, "Literature Review" on pages 7 to 19 is included expanded and in-depth knowledge
from the textbooks that could have been saved. At the same time, specialized works from the field
of sports related to is included human muscular strength are absent. For example, publications by
one of the world's leading experts - the Finnish researcher, biomechanist and physiologist Prof.
PVKomi.
- the presented results and the analyses contain significantly more scientifically based original
achievements, which in a concentrated form could have found a place in the conclusions and the
scientific contributions.

Conclusion of the statement

Maria Ganeva's dissertation is an experimental scientific work, based on a modern scientific
approach to studying the adaptive changes in the force profile of the extensors and the flexors of
the knee joint in football players and non-athletes. After a thorough and critical analysis of a very
large number of specialized and current sources on the topic, a wide range of original studies have
been carried out. I emphasize on those, conducted with an isokinetic dynamometer Biodex 4Pro,
aimed at testing of the extensors and the flexors of the knee joint in isometric, concentric and
eccentric modes.

The doctoral student personally and with high professional competence has organized and
participated in the research, processed the experimental results and written the resulting analyses.
She has formulated conclusions and outlined the main scientific-theoretical and scientifically-
applied contributions. There are many positive arguments that give me grounds to highly evaluate
the methodological approach. used in conducting the research, the adequate mathematical and
statistical processing of the data from them, the in-depth analytical and comparative interpretation
of the obtained results.

I vote "YES" and propose to the esteemed members of the scientific jury to also vote "YES"
for awarding the educational and scientific degree "Doctor" to Maria Alyosheva Ganeva in the
professional field 4.3 Biological Sciences with a scientific specialty "Animal and Human
Physiology".



10.09.2025 Author of the statement:
Sofia Prof. Vihren Stoychev Bachev, DSc
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