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JucepTallMOHHUAT TPYA ChAbpkKa 169 cTaHIapTHU MAIIMHONMCHU
crpaunuu. Onarnenen e ¢ 31 rtabmumu, 19 ¢urypm u 15 cHuUMKH.
bubnmuorpadckara crpaBka cpabpxka 206 3arimaBus, oT kowto 61 Ha
kupuinna, 118 Ha natuHuna ¥ 27 eeKTPOHHU U3TOUYHULIM.

Oduumannara 3ammMra HA JMCEPTANMOHHMAT TPYA MIe ce
npoBene Ha 15.11.2024r., B 13:00 yaca, B 3acegaresnna 3aia No 111, I
etaxk B YK No 8 na IOrozanaanust ynusepcurer ,,Heopur Puiickn®,
BaaroeBrpaj, Ha 3acejaHHe HA HAYYHOTO *KYPH.



BBBEJIEHHUE

l'onaprpo3zara € Haii - pa3pPOCTPaHEHOTO XPOHUYHO CTAaBHO 3a00JIIBaHE.
[Mopanu 3actapsiBaHe Ha HACEICHUETO U CMHICMUS OT 3aTIBCTSABAHE, YECTOTATA
MYy TIpe3 MOCIeTHUTE TOANHY HapacTBa. OCHOBHHUTE KIMHUYHU XapaKTEPUCTHKH Ca
00JKa, OTOK, OrpaHUYaBaHE Ha 00eMa Ha IBIKCHHUE U HAaMaJIIBaHE Ha MyCKYJTHAaTa
cuia. BUCOK pUCKOB (hakTop € 3aTIIbCTSABAHETO, TIOPAJH TOBA, Y€ HAJHOPMEHOTO
TErJI0 yBeInYaBa MEXaHMIHOTO HATOBapBaHe Ha KoJsiHHaTa craa (Harding et al.,
2012).

Bpost Ha cnyyauTe Ha MAlMEHTH JUATHOCTUIIUPAHU C OCTCOAPTPUT HA
KOJISTHHATA CTaBa Ce € YBEIWYIII ITpe3 MOCIEHATE HAKOJIKO meceTrneTwst 10 14,8%
OT CBETOBHOTO HacejeHHe Ha Bb3pacT Han 30 roguHu. OyakBa ce OpoOsAT UM Ja
npobJDKH Aa HapacTsa g0 2050 r. (Steinmetz et al., 2023).

ToBa 3a0o0JisiBaHe BIOIIaBa MBIHOICHHUAT HAYWH Ha KUBOT. CKOPOCTTA
Ha TpOTpecupaHe ¢ pasauyHa TpU TalnueHTHTe. JledeHwero 3amouBa ¢
KOHCEpPBAaTUBHU METOAU U TPEMHWHABA KbM XUPYPTUYHHU, KOTaTO KOHCCPBATUBHUAT
moxon ¢ neycnemer (Hsu, Siwiec, 2023).

Pomsra Ha ,,Ergon IASTM Instrument Assisted Soft Tissue Mobilization”
Mpu KOHcepBaTHBHO JeueHHe Ha OA Ha KoOJIIHHaTa CTaBa BCE OlIe HE €
n3cienana. He oTkpuxme mpoydBaHe Ha mpoOJeMbT, KaKTO y HAc, Taka U B
yykOuHa. BbB Bpb3ka ¢ TOBAa XWIIOTE3aTa HA H3CICIBAHETO HU €, 4e
pa3paboTBaHETO HA MHOBATHBHA KWHE3UTEPANECBTHYHA MTPOTrpaMa Iie CIIOMOTHE 3a
KOHCEPBATHBHOTO JICYCHHE Ha OCTEOApTPO3a Ha KOJITHHATA CTaBa.

Nscnensanero e nposeaeno B MBAJI ,,Camokos - EOOI”- rp. CamoKOB,
,Cneunanusupana Oonuuua 3a pexaOwiutauusi (CBP) Camapesa 0ans® — rp.
Canapea Oansi. KOHTUHT€HT Ha M3CJIEIBAHETO ca 32-Ma MalMeHTH OT KOHTPOJIHA
u 34 — Ma OT eKCIIEpUMEHTAJIHA IpyTia.

[MpunoxuxmMe  MHOBAaTHBHA  KHWHE3WUTEPANlCBTHMYHA  Tporpama  3a
KOHCEPBATUBHO JICHCHHEC Ha OA. HpOCHeIII/IXMe BB3CTAHOBUTCIHUAT MPOUEC Ha
KOJISIHHATA CTaBa C NPUIOKEH EKCIIEPUMEHTAICH MOJIC) HAa KHHE3UTEepaIiusl.

3a menTa Mpoy4nxMe pa3indHu METOIUKY Ha KMHE3UTEPAITHs, IpUIaraHu
mipu octeoaptpo3a Ha KC y Hac u B 4ykOWHa, KAKTO U AMATHOCTUYHU CUCTEMH 32
OIIEHKA Ha CHhCTOSIHUETO U e(PEeKTHBHOCTTA Ha MPUIIOKEHNUTE Nporpamu. [lpenn n
Clie[] TpWIAraHEeTO Ha KHHE3WTEpalleBTHYHATA MporpamMa € MpOoCeIeHO
CHhCTOSTHUETO HA W3CJIEIBAHUTE ITOKA3aTEIH MTPH MAIUCHTHUTE.

Pa3paboreH e ekcriepuMeHTalIcH TEXHOJIOIMYEH MOJIE]I Ha KHHE3UTepaIus
3a MalMEHTH C 0CTE0apTPOo3a Ha KoJIsTHHATa cTaBa. [IpoBe/icH € JeCeTIHEBEH Ky pC
Ha WHAWBHyaJlHA KUHE3UTEpPAaIlusi B KOHTPOJIHATA W EKCIICPUMEHTANHA TpyIa.
CrOpaHUsAT eMIHPUYCH MaTepUal € IMOJJI0XKEH Ha MaTeMaTHKO-CTaTHCTHYECKa
00paboTKa, pe3yJITaTHTE Ca AHAIM3UPAHU M Ca U3BEJCHU IMPOU3THYAIIUTE OT
W3CIIeIBAHETO U3BOJIM 32 TCOPUATA, METOMKATA U MPAKTUKATA IO KHHE3UTEePaITusl.
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COLUUAJIHA 3HAYUMOCT HA OCTEOAPTPO3ATA HA
KOJIAHHATA CTABA

l'onapTpo3ara e Hai-pa3smpocTpaHEHOTO 3a00JsIBaHE HA CTaBUTE MpPHU
BB3pPACTHUTE XOpa MO cBeTa. KakTo BBTPEIIHWTE, Taka W BBHHIIHH PHUCKOBU
(hakTOopm HachpyaBaT HETOBOTO paspurtHe. [Ipym MBkere Ha BB3pacT ot 60 mo 64
TOAMHU ASCHOTO KOJISHO € I0-YECTO 3aCErHaTo; MPU XKEHUTE IICHOTO U JISIBOTO
KOJISTHO ca 3acerHary ¢ moutu eqHakea yecrora (Michael et al., 2010).

Cpen xopata B HanpenHaia Bb3pacT Haa 60 rogunu, 10% oT mbxere u
13% ot xeHHUTE ca 3acerHaTH OT CUMITOMATHYHA OCTE0AapTPO3a Ha KOJSHHATA
craBa B CAIll. PasnpoctpanenueTo Ha 3abonsiBaneTo ¢ 7,2% Npu KUTalIUTe Ha
cpenHa BB3pacT U Ipu Bb3pacTHUTE (9,8% u 3,7% CHOTBETHO 3a XCHUTE U
mMbxkeTe). Haif-uecto 3acernato e MeIuanHOTO OTAeNeHUe Ha ctaBata (Zeng et al.,
2017).

B u3cneaBanusTa CU 3a JICUCHHETO HA OCTCOAPTPHUT Ha KOJISIHOTO JOern et
al. (2010) moTBBprkAaBAT U3BOAA, Y APTPO3aTa € HAK-YECTO CPEIIaHOTO CTABHO
3a00JsIBaHE TPU BB3pacTHUTE B cBeTOBeH Mamad. KakTo BbTpemHuTe, Taka u
BBHIHUTE PUCKOBH (PaKTOpU HachbpyaBaT pa3BUTHETO My. M B cBeToBeH Maiad
MBKeTe Ha Bb3pacT oT 60 10 64 1. JSCHOTO KOJISIHO € M0-YECTO 3aCETHAaTO, JOKATO
IIPY J)KEHUTE JIBETE KOJIEHA Ca II0YTH €HAKBO 3aCETHATH.

Hsxonko  HamuoHamHM W MEXKIYHapOOHM  WHCTUTYLHUH, KaTo
EBpomneiickata nura cpemy pesmatusma (EULAR) u MexayHapogHoTo ocTeo-
apTputHo oOmecTBo 3a HayuHu mnpoyuBaHus (OARSI), ca paspaborumm
pBKOBOIHM Hacoku 3a OA B MOMOII Ha JEeKapy M MalWMeHTU. Te3d HACOKH ca
W3TOTBEHH UYpe3 OlLIEHKAa Ha HACTOSIIUTE Bh3MOKHOCTH 32 JICYCHUE B CBETIIMHATA
Ha HayYHHTE JI0KAa3aTelICTBa, KAKTO U €KCIIEPTHU CTAHOBHIIA.

ETunosorusi, naTorene3a u KJIMHUYHA KapTHHA HA TOHAPTPO3aTa

ETtnomnaroreneTnyHo ce JCJIN Ha OBEC IOJIEMU I'PYIIN:
bPBUYHA - C TEHEPATM3UPAHO 3acsiraHe OT JereHEPaTUBHUS MPOIIEC Ha MOBEUE
CTaBU Ha 0a3ara Ha HACIEICTBEHU IeHETHYHH (DAKTOPHU, ChUETAHU C Bb3PACTOBU
MTPOMEHH;
BTOPHYHA - TIPU KOSTO C€ 3acAra €JHa CTaBa Karo pe3yaTaT Ha MEXaHWYHO
oOpeMeHsIBaHe, CTaBHH 3a00JsIBAHUS, XMUPYPTUYHU HMHTEPBEHIIMM I TPaBMHU
(Cmanes u xon., 2014).

[Ipu roHapTpo3aTa BayXHO 3HAYCHUE B €THOJIOTUATA UMAT:
CraTU4HUTE aHOMAJIHMH, TPU KOWUTO C€ OTKJIOHSBAT OCHTE Ha OEIpOTO H
noxdeapuiiata (BapyCHHU U BAJITYCHHU Je(OpMaliiu ).
[NoBTapsia ce TpaBMa, MMaIia Hali-4ecTo MPO(ECHOHAICH XapaKTep.



BwTpecTaBHU QpakTypH Ha KOJISIHOTO U HEJJOOpe HAMECTEHH, JIe3Hsl Ha MEHHCKYC,
CTaBHa HECTAOMIIHOCT, OCTCOXOHJIPUT U JIp.
Bo3nanuTtennu 3a0onsBaHMs, MaTEIOMANAIMS, XOHAPOMATO3a, CHIOKPUHHH
CMYIICHUSI, TIPH KCHHUTE U CJIE]I MEHOIIay3a, ChYeTaHu C HAJJHOPMEHO TETJIO.

Bonenysar skeHM C HAJTHOPMEHO TEINIO, KAaTO TPOLECHT 3aloyBa B
cpenHata Bp3pact. Criopen chBpeMeHHaTa OnoMeXaHHKa, UCTUHCKATa TOHApTPO3a
€ CIIeJICTBHE OT HECHOTBETCTBHUETO HA HATOBAPBAHETO Ha CTaBaTa M CIOCOOHOCTTa
Ha XUAJTMHHUS XPYIISUT 33 TIOHACSHETO MY .

Hait-gecTusiT cuMInToM e 0oJKara Mpy CIIM3aHe MO CTHJIOH U CTaBaHe OT
HUCBK cToi. ChINO W OTOK Ha craBaTa C MPEXOJCH XHJPOIC, CKOBAHOCT,
MOCTEIICHHO OrpaHWYaBaHe Ha (QUIEKCHATA M CKCTEH3UATa, XUNOTpodus Ha
YeTUpUTIaBusi OEIPeH MYCKYJI, HaJTHUUe Ha (ICKCHOHHA KOHTPAKTypa, yBEIHUCH
Q — Bren, BapycHa WU BaJrycHa JaedopMaliusi, HaJWMuue Ha KPEHMUTAIMU TPU
JIBIOKCHUE B KOJITHHATa cTaBa (Oyemos u kon., 2013).

CbBpeMeHHM IOJXO0/AH NPH KOHCEPBATHBHO JieYeHHe Ha TOHApTPo3a

[Ipe3 mocnemnute TOAMHU OsiXa TMOCTUTHATH pPEIHIA TEParneBTUYHU
pe3ynTary, nopaau nogpodpeHo pa3dupaHe Ha OCHOBHUTE MEXaHU3MH, IMarHo3ara
U ynpasieHueTo Ha octeoapTputa (OA) Ha KOJIsIHHATa CTaBa.

EmOpuonanHuTe HHAYIMPAHU IUTYPUIIOTEHTHH H eMOPUOHAIHH CTBOJIOBU
KJIETKH C€ pasfeisiT B XoHAapouutu win me3deHxumHu (MSCs) u morar ma ce
W3I0JI3BaT KaTo U3TOUYHUK HAa MHXKEKIHMOHHH JiedeHus B OA cTaBHara KyXHHa.

M3BectHo e, ye MSC ca Hail-u3zcneABaHUTE MNPOAYKTH 32 KJIIETbUHA
Tepanus B KJIeTbUHO-0azupaHa Tepamus Ha OA, mopaay ciocoOHOCTTa UM Jia ce
nudepeHuupar B XOHAPOLUTH U TEXHUTE UMYHOMOAYIMpAIX CBOHCTBA. Te uMar
MOTEHIUATBT J1a HOAOOPST Bb3CTAHOBABAHETO HA XPYyIUsja U B KpaiiHa CMeTKa jaa
BB3CTAHOBIT YBPEICHUTE CTaBH. BbIpekn ToBa 00ade M BBIPEKH HAIUYHUTE
Tepanuy 1 HampeIbKbT B U3CIEABAHUTA, criopen Jang et al. (2021), mponbikasar
Jla CBIIECTBYBaT HEYJOBIETBOPEHH MEIULIMHCKU Hy XU 3a JiedueHne Ha OA.

KoHcepBaTHBHOTO Jie4eHHE BKIIOUBA: OTOpEeMEHsBaHE Ha KOJISIHHATA
CTaBa, M30srBaHE HAa HATOBAPBAHETO, pEAyIIpaHe HA TEJIECHOTO TEIJIO, MIOKOW Ha
JIero.

banneoneuenne,  ¢GU3MOTEpaneBTUYHM  IMPOLEAYPH,  HECTEPOUIHHU
nporuBoBs3nanutenau cpenacrea (HCIIBC) u obGeszbonsBamy ce HazHavyaBar U
MpenopbyBar OT CIEIHMAIUCTH 32 MAlMEeHTH, HA KOUTO UM C€ Hajlara CUCTEMHO
JICUEHHUE.

IIpu peaxkTuBEeH CHHOBUT M H3pa3eH XHUAPOIC, MACTO Hamupar
BbTPECTABHOTO  IPUJIOKEHME  Ha  koprukocrepounu.  Ilpumarar  ce
XOHJPONPOTEKTUBHU CpeAcTBa Kato: Arteparon, Rumalon, Dona 200 S mo cxema u
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ap. llupoko ce mpuiiarar BbTpECTaBHH aITUKalMK Ha XWAIypOHOBA KHUCEJIHHA.
[Ipu HamM4Me Ha CTaTUYHU aHOMAJIKMHU OTIEPaTUBHOTO JieueHue criopen Cmaegpes u
xon. (2011) TpsiOBa ma 3armoyHe CPaBHUTEIIHO PaHoO.

BbTpecTaBHUTE MHXEKIMHM Ca IIHPOKO TMPHIIATAHW 32 KOHCEPBATHBHO
JIeYeHHe Ha 0CTe0apTpHT Ha KOIHOTO (OA). Bripeku ToBa, TMIICBAT TOUHU JaHHH
OTHOCHO CpaBHHUTEIHATA TepalleBTHIHA (PEKTUBHOCT Ha T€3W HHKEKIWH (13chopp
etal, 2023).

Chavda et al. (2022) ycraHOBsiBaT, 4¢ BBTPCCTABHUTE WHXKEKIIUU C
XHaJypoHOBa KUCEIIMHA C€ TIPUJIaraT moBeye OT TPH JIECETUIICTHS TIPH JICYUEHHETO
Ha roHapTpo3a. Ilo oTHomeHNe Ha TAXHaTa eUKACHOCT, O€30mMacHOCT, Opos Ha
MpWIAraHUTe WHXEKLUH, BUAA Ha Tpernapara U KOMOMHUPAHETO MYy C JAPYTd
JIEKapCTBa ChHIIECTBYBAT IPOTUBOPEUHSI.

YcraHoBeHO e, ue BhTpecTaBHUTE Oorat Ha rmiazma Tpomoonutu (PRP)
n xuamypoHoBara kucenmHa (HA) ca edexkTHBHO KOHCEpPBATHBHO JICUYEHHE 3a
roHaprpo3sara (Huang et al., 2022).

B mpoyuBane Ha Pers et al. (2016) ce u3cnensa Oe3omacHOCTTa Ha
MPOTOKOJIAa 3a TOBHMINIABAaHE HAa J03aTa HAa WHTPAAPTUKYITAPHO HHKEKTHPAHU
CTpOMAaJIHU KJIETKH, MoilydeHH oT MacTHa ThkaH (ASCs) npu nmauuentu ¢ OA Ha
KOJISTHOTO, KaKTO M KJIIMHWYHATA €(PUKACHOCT KaTo BTOPUYHA KpaliHa TOYKA.

Cropen naHHHUTE OT MIPOYYBAHETO, BBTPECTABHOTO MHXKekTHpaHe Ha ASC
¢ Oe3omacHa ajTepHaTHBa 3a JISYeHHE Ha MAIUeHTH, TIPU KOUTO O0JIeCcTTa mpoTHda
no-texxko. HyxHm ca obade m0-00eMHM U KOHTPOJIHUPAHH JIBJITOCPOYHH
MPOYYBaHMS, 32 J]a C€ MOTBHPIU AW HOBaTa CTpAaTerus Ha KIEThYHA Teparws
MOXKe J1a To00pu OoKaTa 1 Ja Mpeau3BUKa CTPYKTYPHA M0J3a TIPU OCTE0APTPUT.

Wntpaaptuxynapuute  (IA) WHXEKIMM ce  mIpwiaraT, KOraTo
KOHCEPBATHUBHOTO JieUeHHE He € e()eKTHUBHO, a CHIONMPOTE3NPAHETO BCE OIIE HE €
nmokasaHno. Hayunu mpoydBaHus mokassart, 4e |A nmxexnuure ca rno-e(peKTHBHA U
0e30macHU OT HECTePOUIHUTE IPpoTHBOBBL3NaNnuTeHu cpeacrea (HCIIBC).

ChbBpeMEHHUTE H3CJCIBAHMS, HACOUYEHH KbM TOA00psiBaHE Ha
BbTpECTaBHATa XOMeOcCTa3a, ce (poKycupaT BbpXy OHMOJIOTMYHH H00aBKH, KaTO
Oorarara Ha TpoMOoIuTH 1a3ma (PRP).

Cunra ce, ye kKaTabOIHNUTE U BH3MATUTEIHN BHTPECTABHHU MPOIECH, KOUTO
CBIIECTBYBAT MPH OcTeoapTpuT Ha KossiHoTO (KOA) Morat na ObJat moBIUSHHE OT
npuwiaraneto Ha PRP u nHeroBure mpousBomnu. PRP moxe ga npeamsBuka
pereHepaTuBeH OTrOBOP M Jia JIOBeAe N0 MOJoOpsBaHe Ha METa0OJIMTHHTE
(YHKIIMU HA YBPEJCHHUTE CTPYKTYPH.

Beopekn ToBa, MONOXHUTENHUAT €QEKT BBPXYy XOHIpOreHe3ara u
nposnudepanuiaTa Ha MEe3eHXUMHH cTBoJioBU KieTku (MSC) Bce omie e CHIHO
MIPOTHUBOPEYHB.



[Nonykonn4yecTBEHUAT METOA 3a OLEHKa Ha MarHUTHO PE30HAHCHHUTE
CTPYKTYpHH npoMmenH Ha msitata KC npy nanyeHTy ¢ roHapTpo3a € M3MO0JI3BaH 3a
IIBPBH ITBT B OBITAapCcKaTa momynanus ot I eopeues u kon. (2018).

Nscneppann ca mupkynupamute mapkepu COMP, MMP-3 u Coll2 — 1
OTpa3siBallli CTaBHaTa peMoJeNalys H € YyCTaHOBEHa Bpb3Kara UM C
TeHepaIu3aluaTa Ha apTpo3Hara OoJieCT U penuiia oOpa3Hu Mmokasatenu. B Haii-
nobpa crenied CRP oTpassBa OosecTHaTa aKTUBHOCT, TEXKECTTa M OOJIKaTa.

[IpoBexxnaneto Ha aBa Kypca ¢ PRP mpe3 6 mecena e cbc chmocTaBuMa
WK TO-ToNisiMa e()EeKTUBHOCT MO OTHOLICHWE Ha OOJIeKYaBaHE HAa CHMIITOMHUTE
0OJIKa W CKOBaHOCT, OICHEHHM B Kpas Ha IbpBaTa TOAWHA, B CPaBHEHUE C
IBYKPaTHOTO HMH)XEKTUpaHE Ha KPBCTOCAHO CBBP3aHAa BHCOKOMOJICKYIIHA
XHaJlypOHOBa KHCENIMHA Mpe3 6 Mecerla.

ABTOpHTE YCTAHOBSIBAT, Y€ CTPYKTypHATa MPOTrpEecHs Ha XPyNsUTHATA
yBpea He 3aBUCH 0T n300pa Ha Tepanwsi, a OT u3xoaHuTe HuBa Ha MMP-3 u U'TM,
KakTo U ue JiedeHueto ¢ PRP e 6e3onacHo (1eopeues u kon. 2018).

CbBpeMeHHM IOXO0/IM NP ONEPATHBHO JledeHUe HA TOHAPTPOo3a
Knuanunusar onut B mpoyuBaHeTo Ha benecamos u xon. (1990) mokasma, ue
BHCOKAaTa KJIMHOBHJHA OCTEOTOMMsI Ha THOUATA AaBa 75% mo0pu u MHOTO J100pH
pesynrath, 14% ynosnersoputensu u 10% momm, 13 r. cien onepanusra.

[IpocnensBanero Ha GonHM oT 4 1o 13 T. cnex omeparusaTa MOKa3Ba, 4e
Ta3u oTliepaTHBHA WHTEPBEHIINS 3a0aBs Pa3BUTHETO B JICTCHEPATUBHUTE MTPOIIECH B
KOJIIHHATa CTaBa.

Bucokara KJIMHOBMAHAa OCTEOTOMHS Ha THOMSTA, CbUETaHa C
BEHTpaJIN3aIMsl Ha TaTesaTa, He TpsioBa o0aye Jia ce MPOTUBOIIOCTABS HA JPYTUTE
OIIEPaTUBHH METO/IN — Pa3JIMYHHUTE BHIOBE OCTEOTOMUSI HA THOHATA UK OEPOTO,
aJIOTIJIACTUKA WM apTpoJie3a Ha KOJsTHHATa cTaBa. T TpsAOBa a ce mpuiara camo
TP CTPOTH MTOKA3aTeINH.

IIpennmMcTBaTa Ha Ta3W omepaiys ce U3pa3sBaTr B TOBA, Y€ CE OCHTYPsSBa
TOYHO M3PsI3BaHE KOCTHUS KJIMH U MeTadu3ara Ha THOUsTA (JOMyCTHMa rPeLiKa 10
1%). BogaubT Ha ANETOTO BHHArHM BOAM OCTEOTOMA B IMOCOKAa ONpEAETIeHA OT
oneparopa (benezanog u xon. 1990).

ApTpoIrutacTiKarta ce npuiiara py TeXXKH CTETIeHN Ha TOHAPTPO3a, TOPaIu
CTENEeHTa Ha YClIoKHeHus. KoHcepBaTUBHOTO JieUYeHHE € IBPBHAT W300p MpH
BB3pPACTHOTO HaceleHne ¢ Tosa 3abomsBane. [loseue ot 10% ot mamuenture ce
MoJyIaraT TOJUIIHO HAa BBTPECTABHU HHXKEKIIMH, OCOOCHO B PaMKUTE Ha TPH
Mecena ciei AuarfHo3ata. MIHXKeKTHpaHe Ha KOPTHKOCTEPOWIM, XUAIypOHOBA
kucemnHa (HA) wu  Oorara Ha tpomOomutn 1nasma (PRP) wHamamsr
CHUMIITOMaTHKaTa.



EctecTBeHMAT X0 HA HEelleKyBaHaTa TOHAPTPO3a € mporpecuBeH. Haii-ynauno
€ PaHHOTO ONEPAaTHUBHO JICUEHHE.

IIpes 2019 r. IepmManus wMa Hal-BHCOK MPOILIEHT OIEpalvHd 3a
SHIIOTIPOTE3UpaHe Ha Ta300eJpeHa CTaBa W YETBBPTH HAH-BHCOK IPOIEHT
SHIIOTIPOTe3UpaHe Ha KoyisiHO cpen moBede oT 30 crpanu ot OpraHuzanus 3a
HKOHOMHYECKO ChTpynHudecTBo u passuture (OMCP). CtaHaapTU3HpaHuTe I10
BB3pacT MPOIEHTH ca orneHeHH Ha 174% mporesmpanus Ha TBC u 137% Ha
koJsinHa ctaBa Ha 100 000 gymmu oT HACEICHHUETO.

W3cnenBaiiku HaydHUTE TEOPUH 32 MPOBEXKIAHE Ha KWHE3UTEpAIUs MpH
TMAIIACHTH C TOHAPTPO3a MOYKEM J1a 000OIIIUM CIIETHOTO:
Ot AOCTBIIHUTEC HHU JIUTCPATYPHU HU3TOYHUIM HE OTKPUXME HU3CIICABAHUA 3a
npuioxenuero Ha “Ergon IASTM Instrument Assisted Soft Tissue Mobilization”
MPY TANUEHTH C TOHAPTPO3a y HAC U B Yy)KOHHA.
OTkpuxme pe3yaTaTd OT HAyYHU U3CIEABAHUS BbPXYy MpUiokeHuero Ha “Ergon
IASTM Instrument Assisted Soft Tissue Mobilization” mnpu CHOPTUCTH ChC
CKBCSIBAHE Ha CyXOXKWIIMeTo Ha M. quadriceps femoris, kouTo mokas3pat, 4e
TEXHHUKaTa uMa 100Bp edexT.
Nma nannu 3a epeKTUBHOCT Ha TEXHHUKATa, KOSTO € eqHa OT Hal-epukacHUTE 3a
MO6I/IHI/I3aHI/I5{ Ha MekuTe ThKanu. Koraro e B KOM6I/IHaHI/I$[ C TCpanCBTUYHU
yrpaxHeHuss (CbOOpa3eHW C HHAMBHIYATHOTO CBHCTOSHHE Ha Tal[MCHTA)
pe3yaATaTUTE ca Mo-Obp3H.
OTkpuxMe JTaHHM 3a €QEeKTHBHOCTTa Ha MacaxbT Mo Tepue, KOHTO oOKa3Ba
MOJIOXKUTETHO Bh3ACUCTBHE BbPXY (DYHKIIMOHATHOTO U CYOCKTUBHO CHCTOSTHHE HA
narmerTuTe ¢ OA Ha KOJITHHATa CTaBa.
Pa3zpaboTrenu ca nporpamu rmpu KOUTO €€ M3M0I3BaT KOMOUHUPAHU TePATICBTUYHU
CpeAcTBa.
Hsama mpotuBopeunst 3a xapaktepa Ha KT, ue ympaxkHeHusita TpsOBa &a ce
npuiarar ¢ GaBHO JI0 YMEPEHO TEMIIO U Jia ObJIaT ChoOPa3eHH ChC ChCTOSHUETO Ha
ManueHTuTe (MHANBUIYAICH TTOIXO).
Hsma mpoTrBOpeurs OTHOCHO HEOOXOAUMOCTTA OT PEAYKIHS Ha TEIIECHOTO TErJI0
[PY MALMEHTUTE C TOHAPTPO3a.
Wma u3BecTHH MPOTHBOPEUHS MO OTHOIICHHE HA PAHHOTO ONEPATHBHO JiCUCHHE
npu OA Ha KOJIIHHaTa CTaBa.

OT JOoCTBPIIHUTE HU JUTEPATypHH M3TOYHULM  pasriefaxme |
aHaJIM3upaxMe TEPAINCBTUYHN IporpaMd 3a KOHCEPBATHMBHO JICUCHUEC Ha
TrOHApTPO3a, KOWTO € Heo0XOJAWMO TIEpPMaHEHTHO Ja ce aKTyalu3upar B
CHOTBETCTBHE C Pa3BUTHETO Ha KWHE3UTEpalleBTUYHATA HAYKa.

YcraHoBeHo Ge, ye posasita Ha ,,Ergon IASTM Instrument Assisted
Soft Tissue Mobilization” npu KoHcepBaTHBHO JieueHUe HA TOHAPTPO3a He €
U3CJIeIBAHA.
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He otkpuxme mpoyuBane Ha MpoOJIeMbT, KAKTO Y Hac, Taka U B 4y>KOMHA,
KOETO MpeoIpesens KOHIeNTyaJHaTa paMKa Ha Hay4dHOTO HM H3CIEJBaHe,
XapaKTePUCTUKATa U PE3yIATaTUTE KOMTO LI M3JI0KHUM B CIEIBAIIUTE IJIaBH U
paszenu.

METOJOJIOT'UsI HA HAYYHOTO U3CJIEIBAHE

Xunore3a Ha U3CJIeIBAHETO

Honyckame, ue pa3paboTBaHETO Ha WHOBAaTMBHA METOJMKA Ha
KMHE3UTepanusi, C eJeMEHTH Ha HOBM M aKTyaJu3upaHH CpeAcTBa Ha
KMHE3UTEpanus 1 NIpUIaraHeTo UM MPU KOHCEPBATUBHOTO JICYEHUETO Ha MAlUEHTH
C TOHaPTPO3a IIe MOI00PU BH3CTAHOBUTEITHHS MPOIIEC Ha JOJHUSI UM KpaHHHK.
IpeameT Ha U3cJIeABAHETO € OCTEOAPTPUTHT Ha KOJISIHHATA CTABA.
O0OekT Ha H3cjeIBaHeTO ¢ e(pEeKTHBHOCTTA Ha pa3paboTeHa eKCIepUMEHTaIHA
METO/MKa Ha KMHE3UTEPAaIlus 3a KOHCEPBATUBHO JICUCHHUE [IPU TOHAPTPO3A.
Hen Ha wu3ciaeIBaHETO € YCTAHOBSBAaHE HAa HHTCH3UTETa W acCHEKTHTE Ha
BBH3CTAHOBHUTEIIHUS TIPOLIEC HA KOJITHHA CTaBa C OCTEOAapTPHUT, BCIEACTBHE Ha
NPUIOXKEHA EKCIICpUMEHTaTHA METOANKA Ha KMHE3UTepanusl.
3anayu Ha M3cJIeBAHETO:
[IpoyuBaHe W aHaJU3 HAa JOCThIIHATA HAydyHA JIMTEpaTypa y HAC U B 4yKOHMHA
OTHOCHO JICYEHHETO U KMHE3UTEPaIusiTa Py NALKEHTH C OCTE0APTPUT Ha KOJISTHHA
CTaBa.
PazpaboTBane Ha TecToBa OaTepusi M aNTOPUTHM 32 (DYHKIIMOHAIHU HM3CIICIBAHUS
3a e()eKTHBHA OLICHKA, TUArHOCTHKA, IPOCIIEASBaHE U aHAIN3 Ha (P)YHKLIMOHAIHUTE
BB3MOKHOCTH Ha MAL[EHTHTE.
PazpaborBane W ampoOuWpaHe Ha eKCIEpUMEHTallHa aBTOPCKA METOJAWKa Ha
KHHE3UTEeparnus 3a MalueHTH ¢ TOHApTPOo3a.
VYcraHoBsiBaHE Ha MBPBOHAYAIHOTO (M3XOOHO) CBCTOSIHHE Ha H3CIICIBAHUTE
ImoKasaTrejii Ha IMalUEHTUTE - IMPEAr IMpUuiIaraHe Ha KWHC3UTCpalius. CJ'Ie)I
JIECET/IHEBEH KypC Ha JICUSHHUE Ja Ce IPOBE/IE KPAHO (3aKIIFOYUTEIIHO) U3CIIE[BAHE
Ha MaeHTHUTE.
Jla ce M3roTBM cTaTHCTHYECKa 00OpabdOTKa Ha EMIHMPHUYHHS MaTepuan U Ja ce
HaTpaBy aHAIN3 Ha PE3YJITATHTE OT HAYYHOTO M3CIIe/IBaHE.
VYcraHoBsBaHe Ha €(EKTUBHOCTTa Ha  EKCHEPUMEHTATHHA MOJeNl  Ha
KUHE3UTEpanusl.

KoHTHHreHT ¥ mpo¢ua Ha U3ciaeIBaHUTe NANMEHTH
Uzcnensanu ca o6mo 66 maumeHT AUArHOCTULUpaHU ¢ ToHapTposa 111 —
Ta cTeneH. B koHTposHaTa rpymna ca n3cieaBanu o01o 32 —Ma alueHTH OT KOUTO:
27 — xenu (84,38%) u 5 — ma muxe (15,62%) Ha cpenHa Bb3pacT 62,69+10,77. B
eKCTIepUMEHTaJIHaTa Tpyla ca u3ciaeaBanu oomo 34 — Ma manueHTH oT Kourto: 30
10



— xeHu (88,24%) u 4 — ma mbxe (11,76%) Ha cpemHa BB3pacT 64,21+7,25.
[IpeobnagaBaml € MPOUEHTHT HA HU3CJIEABAHUTE JIUIA OT JKEHCKH TOJl U B JBETE
rpynu (Qwr. 1).

1. Kenn KI - 84,38% 4 3. Mxe KI' - 15,26%
2. %Kenn ET - 88,24% 3 4. Mbxe ET - 11,72%

Que. 1. I[lonosu paznuuus npu usciedganume nayueHmy om ogeme cpynu

[MonGopbT Ha manmeHTHTE Oelle W3BBPIICH C OIVIeA Ha KPUTEPUUTE 32
NPOTHBONOKA3AHMA HAa METOAMKAaTa Ha KUHE3UTepanus: HH(PEKUno3HU
3a00JsIBaHUs, MCUXUYECKH 3a0oisiBaHusl (KOMTO MOrar Ja I[ompedyar Ha
e(pEeKTHBHOTO YydYacTHe Ha MalMEHTHTE), HEKOHTPOJIMpaHa XWUIEPTOHHUS,
TPOMOOQIIEOUT, TEKKN 3aBUCUMOCTH (JTKOXOJIM3bM, HAPKOMAHHH ), OHKOJIOTHYHH
3a00JsIBaHUS, OCTBD BB3MAJIMTENCH TMPOLEC, CKXUMO3U, IETeXUH, KOXKHH
WHQEKIMN WM PaHU U 3JI0KadecTBeHH oOpa3yBaHus B obnactra Ha KC, kakTo n
MAIMEHTH C TEXKO OrpaHUueHa MOJIBIKHOCT (M3IMOI3BAIIN TTPOXO/IIITKA, KaHAIKH
WM TaTEePULIH ), KOUTO HE ca B CbCTOSIHUE J]a U3IIBJIHABAT KMHE3UTEpaleBTUIHATA
nporpama.

Kputepun 3a BK/IIOYBaHe Ha NANMEHTHTe B H3CJEeJBAaHETO ca:
ycTaHOBeHa nuarHoza ronaptposa Il — ta crened. Ilanuenture He TpsiOBa Aa
NMPOBEXAAT MEIMKAMEHTO3HO JledeHUe Ha FOHApTPO3a KaKTO KbM MOMEHTa Ha
BKJIIOYBAHE B W3CIIEBAHETO, Taka W JO HETOBOTO MpHKIIOYBaHE. ToBa €
HEOOXOJIMMO, 3a Jla Ce TapaHTupa, Y€ HsIMa Ja HACTBIT PE3KH NMPOMEHH B
CBHCTOSIHUETO UM, CBbP3aHH C JIEKAPCTBEHU WHTEPBEHLIUH (IIPHEM Ha HECTEPOUIHU
MPOTHBOBB3IMAIUTEIIHA METUKAMEHTH, KOPTUKOCTEPOHU U U JIP.), KOETO OM MOTJIO
Jla TIOBJIMsie Ha PE3YIATaTUTE OT MPOYIBAHETO.

Kputepun 3a u3K/II04YBaHe HAa NANMEHTH OT H3CJIeIBAHETO ca:
QIEPTUYHN PEAKUUH U CBPBXUYBCTBUTEIHOCT/HEMOHOCUMOCT HPOSIBEHH KbM
HSKOM OT CpEJICTBaTa Ha KWHE3UTEpaIus, NpueM Ha OOJKOYCIIOKOSBAIIN
MeAMKaMEeHTH, JIUICA Ha aHTQXKUPAHOCT U ChTPYAHUYECTBO, OTKa3 OT CIa3BaHe Ha
yKa3zaHUsITa, 370ynoTpeda ¢ BellecTBa, HEBb3MOXKHOCT Ha MAIMEeHTa Aa IOCETH
PEIOBHO CECHHTE MOpaan reorpad)cka OTAaIeyeHOCT WIN JIMYHN aHTAKUMEHTH.
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Wscnenpanutre muma B K[ ca Ha cpeana Bwv3pact 62,69+10,77.
Bw3pacToBara cTpykrypa Ha Ta3u rpymna e cienHara: ot 30 mo 40 r. Be3pact - 1
xeHa u 0 mpixe, oT 40 70 50 r. Bb3pacT - 3 xenn u 0 muxe, oT 50 10 60r. BB3pact
— 9 xenn u 0 mpxe, oT 60 10 70 r. BB3pacT — 12 xeHn u 2 — Ma MBke 1 Hag 70 1.
BB3pacT — 2 )KCHU U 3 - Ma Mbxke (Dwur. 2).

18 Ot 60-70r.

Haa 70r.
5 Ot 30-40r. Ot 40-50r.

, I I
@ue.2. Bv3pacmosa cmpykmypa Ha uzcieoganusim kowmuneenm ¢ K[ u EI’

W3cnenBannre mmma B EI' ca Ha cpemHa Bw3pact 64,2147,26.
Bw3pacroBara cTpykTypa Ha Tasu rpyna e cieanara: ot 30 go 40 r. sb3pacr - 0
xenu 1 0 mpxe, ot 40 10 50 r. BB3pacT - 1 )xena u 0 mbxe, ot 50 70 60 r. BB3pacT
— 8 xenu u 1 Mpxk, oT 60 10 70 r. BB3pacT — 13 xxeHu u 3 — Ma Mbxe 1 Hax 70 T.
Bb3pacT — 8 xxeHH U 0 MBKe.

Ha (®wur. 3) e mpencraBeHa JOKalM3alusTa Ha TOHApPTpo3aTa MpHU
H3CJIEIBAHUTE MALIUEHTH OT JIBETE I'PYIIHN.

B leceH KI' W /Iag KI' W [leceH EI M /1aB El

®Due. 3. Mecmononoscerue Ha ycmaHoeeHama u J1eKyeana conapmposa Ha
nayuenmunie ont KOHmpoJjaHama u eKCnepumernmaiia cpyna
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IS

8.
9.

N3HocBane Ha HegoMuHupamiara KC e ycTaHOBEHO M JIEKYBaHO IIpH 5 - Ma
nauuentu oT KT, oT kouTo 2 sxenu u 3 — ma mbxe u ipu EI” 12 marueHTH, 0T KOUTO
12 xenn 1 0 mpxe. JIOTHIHO HA MMO-BHCOKWTE HATOBApBAHUS HA JOMUHHUPAIIHS
TOJTIEH KpaHUK, mpeodragaBa W3HOCBaHeTo Ha Boxemiara nscHa KC, ycraHoBeHO
u nexyBano npu 19 nanuentu ot KI', ot xouto 17 sxenu u 2 - Mma Mmbxke U ripu EI’
22 —Ma, oT KouTo 18 sxeHn u 4 -Ma MBXKE.

Metoau Ha u3cJieIBaHe

3a peanu3upaHe Ha IENTa U 337a9nTe Ha N3CJIeIBaHETO, N3MOI3BaMe
CIIEIHUTE HAYYHU METOJIH:
AHanu3 Ha IUTepaTypHU U3TOYHUIHM (A€ TyKTUBEH METON)
EkcneprHa oueHka
Tectupane
ExcnepumMenTs (penBapuTeNeH, KOHCTaTUpall, GOpMUPALL).
MeToau Ha MaTeMaTHYECKaTa CTATHCTHKA (BapHaLlMOHEH U AITEPHATHBEH METOJ C
nporpamara GraphPad Prism — 3.0.

3a oueHka Ha (QYHKIUOHATHOTO CBHCTOSHHUE Ha KOJSHHATa CTaBa M
nmpoclie/isBaHe Ha eQeKTa OT TNPUIIOKEHAaTa CKCIepUMEHTalHa METOJUKa Ha
KHHE3UTepanus B KOHTPOJIHATA M eKCIIEPUMEHTAIHA TPYIIa M HACTHITAIHA TPOMEHH
CJIe]T TIPIIIOKEHUETO I, U3IOI3BaXMe CIIeTHUTE PYHKIMOHAIHO-THATHOCTHYHH
METOH U TECTOBA OaTepusi:
Canmumempusa — MeTOJl, Ype3 KOWTO C€ OTYMTAT NMPOMEHUTE B OOWMKOJIKUTE Ha
JOTHUTE KpaitHuIM B caHTuMeTpH (Kapanewes u kon., 1991).
T'onuomempus, Meto]] 3a U3MepBaHe Ha oOemMa Ha IBU)KEHHUE B KOJISTHHA CTaBa, C
OoTYHTaHe Ha pe3ynaTtarure no crangaptHara SFTR meroauka (Kapanewes u xox.,
1991).
H3cnedsane na 6onkama: KOMMUECTBEHO M3MEPBaHE Ha 0OJKaTa MO BHU3YallHO-
ananoroa ckana ( BAC — ot 0 no 10) (T'eopeuesa, 2016).
Manyanno — MycKyano mecmyeane Ha 0CHOGHUME MYCKYJIHU ZPDYRU HAMUPAWLU
ce 6 o01acmma Ha KoaeHHuam Komniaekc (bankos u kon. 1991).
Dyukyuonanna oyenka Ha koasanomo (Knee society knee score) (I pyesa u xoa.
2012).
Tecm na xnvmeanemo (indentation — test) 3a u3cieBaHe Ha HAIMYUETO HA OTOK
B KoJisTHHATA cTaBa (I pyesa u xoa., 2012).
Tecm 3a uzmepeane na namenogemopantuus vewva (Q — v2b1) HA KOJAAHHAMA
cmasa (I pyesa u kon., 2012).
Tecm 3a hnexcuonna konmpaxkmypa ¢ konanomo (I pyesa u xon., 2012).
Tecm — Excyenmpuuna cmwvnka (Ilonos, 2012).

10. Excnepmna ouenka Ha noxookama c u o6e3 ooyexu (Inam u et. al., 2020):
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ook E

- Tecm Oviorcuna na cmvnkama - ¢ BOJCII JISIB U C BOJACIL AECEH KpPaK;
- Tecm wupouuna na cmvnkama.

EKCIIEPUMEHTAJIHA METOJAUKA HA KMHE3UTEPAIIUA
IIPU KOHCEPBATHUBHO JIEYEHUE HA TOHAPTPO3A

Heﬂ 1 3a1a491 HA KHHE3UTEpParnudaTa
]_Ie.J'ITa Ha KHHE3UTEpanuaTa € MaKCUMAJIHO Bb3MOXKHO q)YHKIII/IOHa.]'IHO
BB3CTAaHOBABAHE U 3a0aBsHE HA nmporpecusTa Ha apTpO3HUTC UBMCHCHUS B KC.

3agauu HA KMHE3UTEpPanusTa:
HamansiBane Ha otoka u 6onkara B KC.
[NomoOpsiBare Ha obema Ha nBrxkeHne B KC.
[IpeononsiBane Ha MYyCKYJIHUSI JrcOanaHC.
[IpeBennus u/vnm peonosnsiBaHe Ha iekcnoHHa KOHTpakTypa B KC.
[TomoOpsiBaHe Ha TpONPHUOLIECHITUATA (CJ1a0 MYCKYJICH KOHTPOI).
[TomobpsiBaHe Ha TOXOIKATA.

CpeacTBa Ha KMHe3UTepanus, MPUJI0KeHH B KOHTPOJIHATA U
eKcllepMMeHTAJHA Ipyna

OOmopa3BuBaIlIY U JUXATEHN YIPAKHEHHUS.
Kpuotepanus.
VYopaxknenus B cycneHncus 3a KC.
[Toctuzomerpuuna penakcauust (IIMP) 3a ckbcenara myckynarypa: m.iliopsoas,
UWUOKPYPATHAMA Y 3 M.rectus femoris.
CrpeuuHr 3a m. iliopsoas, m. rectus femoris 1 MIIKOKpypaTHATA TPyIa MyCKYJIH.
YrpaKHEHUs Cpelily JO3UPAaHO CHIPOTHUBRIICHHE.
VYrpaxaeHust 3a nonoOpsiBaHe Ha TPOIIPHOIICTIIUITA.
VipaxxHeHus1 ¢ UIBEHIIapcKa TOTKa.
BxurouBane Ha ypenu (BeIO€proMeThp U ITOCoOus).
OOyueHue B MPaBUIIHO XOJICHE.

VYipaxHeHHs B AOMAIIHU YCIOBHs (IpeiHa3HAYeHU ca KaTo JOMbJIHEHHE
KbM 10-THEBHOTO JIeYEHHE W 3a MPOABIDKABAHE HA TEpaIuATa CJell HErOBOTO
3aBBPIIBAHE).

Komnuiexe Ha KOHTPOJIHATA rPyNa NAaMEeHTH BKJIOYBA:

IloaroTBUTE/IHA YACT
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OO0mIopa3BUBAIIN U AUXATCIHN YIPaKHEHUS (BpeMEeTpacHe 5 MUH)
Kpuotepanus (BpemeTpacHe 4-5 MHUH)

OcHoBHA YacT

UII Tunen ner - akTHMBHU YNpPaKHEHHUS 3a IIE3CHHUTE CTaBH - IUIaHTapHa U
nmop3anHa (iaekcus, Kpbroeu aprwkeHus (10-15 opTH).

UII Tunen ner - akTuBHa (QIIEKCHS M €KCTEH3Ms Ha KOJICHHUTE CTaBU MMOCMEHHO
(10 rpTH).

WII twrmeH jier - akTHBHO MOBAWTAaHE Ha M3MBHAT TOJICH KPAaHUK MOCMEHHO (8-
10 bTH 32 BCUKA CTpaHa).

UII TuneH ner - ©30METPUYHH KOHTPAKIIMK Ha m. quadriceps femoris, nsomerpus
—4 -5 cek. (10-12 mpTH 32 BcSKa CTpaHa).

HII crpanuyeH Jer - ynpaXHEHUETO C€ M3IIBJIHSIBA B CYCIIEHCUS Karo ce
excrensupa KC c texect ot 1kr (8-10 mpTH).

UII tunen ner — noctaBs ce mschbuHa TexecT OoT 1kr Bepxy I'C. IlanueHTsT
exctensupa KC karo B kpast Ha 1BWX. 3abpxka 4 -5 cek. u Bpbia B UII (8-10
I'BTH).

UII ner - nmanuentsT nosunuonupa I'C Ha 90° nop3anHa Qiekcus U ce moaBura
Ha npbetu kato excteHzupa KC. 3aabpika 5 — 6 cek. B Ta3u HO3ULIMS U ClIE TOBA
6aBHO ce Bpbia B u3xoana (10-12 men).

UII ner - manmeHThT ekcreH3upa KC chCc CHIIPOTHBIIEHUE OT JAaCTHK M OABHO
BpbIlla B U3XO/[HA MTO3UIIUS KAaTO JACTUKBT criomara 3a quekcusata (8-10 nbTh).
UII tunen ner - manuenTsbT ekcreH3upa KC kato mpuiiara HaTUCK BBPXY TOIKAaTa
u 3aappxka (m3omerpus) 6 - 7 cex. Crnen ToBa (preKTHpa KOJSHOTO 3a€THO C
TOTIKaTa B MaKCHMalieH akKTUBEH o0eM Ha ABrkeHue (8-10 mbTH).

WUII Tunen ner — npunara ce noctuzoMmerpuyHa penakcarus ([IUP). Texauku 3a:
m.iliopsoas, MITMOKpypaIHaTa 1 3a m.rectus femoris (Bpemerpaene Smun). He ce
MpeAU3BUKBa OCTpa OOJKa.

HUII cenexx — B HAYaJI0TO MALMEHTHT MPUCTHIIBA HAIPE]] KaTo Mocpelia onopara
Ha [IeTa ¥ C IPbCTHUTE YCIIsABa J1a c€ MPHIBMKHU che cTona Hanpen (5 — 10 kpaukwy,
B 3aBUCHMOCT OT ToJIeMUHaTa Ha omeneHneTo). Ciel| Toa 10 ChIIHS HaYHH ce
IPUABMKBA Ha3ax (5-6 MbTH).

UII crtoex - mamueHThT CTa0MIM3Mpa TOMKATa JO0 CTeHaTa W EeKCTeH3Wpa
KOJIsIHHATa cTaBa. 3axbpxa 6 cek. (8-10 mbTH).

UII cToex - mauneHThT U3bBa TOPHUTE KpaHUIM KaTo (piIeKTUpa paMEeHHUTE
craBu 1o 90°. IloBoura equHus Kpak W 3agbpka 2, 3 cek. Y. ce M3IIBIHSIBA
ITOCMEHHO | ¢ nBata Kpaka (10-12 oerh).

HII croesx - xomeHe mo TMMHACTHIECKU ArOTIeK (3-5 MuH).

15



HII cToex 1o mBeacKa cTeHa - MalMeHTHT U3ITBJIHABA KIEKOBE MakcuMyM 10 90 -
100° (8-10 mbTH).

HII cemex — BemoeproMeTpriHa TPEHUPOBKa (5-7 MUH).

HNII croex - xoneHe Ha TpeaMuil. B HayanoTo ce 3amo4Ba ¢ KbCH Kpadku, cJie]] TOBa
ce MpeMHHaBa KbM OaBHU MO-IBJTH. 32 1 — 2 MHH. ce yBelM4YaBa HaKJIOHA Ha
mpTeKara ¢ 2 10 5% (crmopen MHANBUAYaTHUTE Bhb3MOXXHOCTH Ha maruedTta) (5-8
MUH).

3akrounTeIHA YacT
Penaxcupamu u nuxatennu ynpaxxHeHus (5 MUH).

OO0mo BpemeTpacHe Ha KOMIUIeKca OT ympaxuHeHus € 50 — 60 MuH.
W3nwansiBa ce BenHbK OHEBHO 3a 10 qHMH.

ABTOpCKa METOAMKA HA KHHE3UTEpanus 3a CKCICpUMEHTaAJIHATa rpymna
MNAalMEHTH ¢ TOHAPTPO3a BKJIKOYBAa:

ChIIUAT KOMIUIEKC OT ynpaxkHeHus kakTo npu KI, HO ¢ nonmbiHEHHE OT
CIIETHHUTE CIelManu3upany cpeactsa Ha KT:
Kunesnoreiin Merozuka, mpuiara ce npe3 3 qau (00110 4 mbTH).
Epron tepanus ce npuiara npe3 3-4 nau (001110 4 IBTH).
CraBHO-MOOMIM3auonHn TexHukH 3a KC, Bceku nieH (00mo 10 auum).

CraBHo-Mo0mIn3aunonuy Texuuku 3a KC - 3anouBame ¢ MEIUO — JIaTEPATHO
IuTk3rane Ha narenara (2-3 mun). Cres ToBa KayaajHO M KPpaHUAJIHO IUTB3TaHe Ha
narenara (3-4 mun). Jluctpakius Ha matenodeMopanHaTa cTaBa U JUCTPAKIIHS Ha
Trbnodemopanara crasa (3-4 MuH).

Epron_tepanusi - ¢ TexHuku: rub, wave, snake, razor excav. Meronukara
MPEM3BUKBA MTOBUIIIEHA CEH3UTUBHOCT U KOHTPOJHMPAHO Bh3MAICHUE B 00JIaCTTa
Ha 0Opa0oTeHHs pernoH 3a nepuoxn ot 24-48 yaca.

TexHukara ,,rub® ce U3NbBIHIBA C €IUHUYEH 3axBaT. TeMnbT € cpenaeH. Cuiia Ha
HaTHCK — JieK. bren Ha npuioxenue - 30°. [Tocoka — nBynocouna. [Ipu durexcus
ot 80°-90° oOpaboTBamMe OKOJIO TIaTernara. 3arno4Bame 1 3aBbpIBaMe Mporeypara
c (rub). Cmen xaro oOpabotum m. quadriceps femoris mnoarorBaMe u
WIIHOKpYpaJlHaTa MycKyiarypa ¢ Ta3u texHuka (ot UII mer). He paGorum B
30HaTa Ha 33KOJITHHATA SMKA.

TexHukara ,,wave“ ce WU3BBPINBAa C JBOCH 3axBar. TemmbT ¢ OaBeH. Cmiia Ha
HATHCK — MO-CHJICH B CPaBHEHHUE C IThPBaTa TEXHUKA, HO ChoOpa3eH ¢ OOJIKoBaTa
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MOHOCHMOCT Ha manuenTa. [locoka - oT mMpoKcHMaHaTa 4acT Ha MSICTOTO Ha OTOK
KbM JHCTanHarta 3a m. quadriceps femoris ¥ KpaHHO KaygaiHa MOCOKa 3a
WIIHOKpYpaJHa MyCKyaarypa. brei Ha nmpuioxenne nox 40°.

Texnukara ,,snake* ce M3MBIHABA C MONYKPBIOBU JBMXKEHHS. TeMITBT € OaBeH.
Cunara Ha HaTHCK — JIEK B TMOCOKa OT MPOKCHMMAalHaTa YacT Ha OTOKa KBbM
nucranHara 3a m. quadriceps femoris. bren Ha npunoxenue noxa 40°.

Ta3u TexHuka ,,razor ce U3IBJIHABA C 0aBHO /10 yMepeHo TeMmo. Criia Ha HaTUCK
— JIEK B TIOCOKa OT MpPOKCHMMallHaTa 4YacT Ha OTOKa KbM JUCTAJHATa 32 m.
quadriceps femoris.. brei Ha mprTokernne mox 40 °.

Ta3u TeXHHUKa ,,excav® ce u3nbiaHgBa ¢ 0aBHO Temmo. Criia Ha HaTHCK — JIEK B
MocoKa OT MPOKCHUMAajHaTa 4acT Ha OTOKa KbM JHCTanHara 3a m. quadriceps
femoris. brea Ha npunoxenue mox 40 °.

3a WIIMOKpypajHa MYCKylaTypa TEXHHKUTE ca CbIIUTE, KaKTO |
METOANYECKUTE YKa3aHUsl, HO IIOCOKaTa Ha U3ITbIHEHNE € KPaHUo — KaynaiHa. He
ce 00paboTBa 3a/IKOJITHHA SIMKA.

Kune3uoreiin MmeToauKa - npe3 mbpBUTe 3-4 AHU C€ alUIMKHUpa MPOTHBOOTOYHA,
OosikocynpecaropHa amukanus. Mzmon3same “Fan” ammukanus ¢ 10 — 15 %
TeH3us. bazata u xorBara ca ¢ Te3Hus 0%. IIpe3 ocranamure 6 - 7 nHH
MPUWIOKUXME KHHE3UOTEU pu nHXuOUpaH m. quadriceps femoris. M3non3Bame
,, Y armukanus ¢ TeHs3ust 35-50%. Atimkupame oT MPOKCHUMAITHO KbM JTUCTATHO
o Xo/1a Ha m. rectus femoris 2/3 ot 6epoTo U ABKWHATA TPSIOBA 1a CTUTHE IO
MaTeIapHOTO CyXoxuime. ba3ara s mocraBsiMe Ipu eKCTEH3UPAHO KOJISTHO H CIIET
toBa nipu ¢uekcus 90° B KC (cemexx ¢ BUCSIIM KpaHUIM) arTUKUpamMe H
OCTaHaJIaTa 4acT.

[Ipu MexaHWYHA yBpeaa MOXeE Jla ce 3aMEeHH ¢ HOB Teiin. He crou moseue ot 3
JTHH.

PE3VJITATH, AHAJIN3 U JUCKYCHUSA HA EOEKTUBHOCTTA HA
EKCHEPUMEHTAJIHOTO JIEYEHHUE
PesyaraTn n aHaJIM3 OT AaHAMHECTHYHHUTE JAHHU

[Ipn ananm3 Ha cerbpTCTBaIIUTE 3a00maBaHus (Pur. 4) B KOHTpOJIHATA
rpyna ce ycTaHoBsBa IpeoliajaBallla apTepraiHaTa XUIEpTOHUs 2 — pa CTeleH
npu 53,13%, a 18,75% ne cpoOmasar 3a npuIpyKaBauly 3a00NSABaHU, APYTU
12,5% ca cbc 3axapeH auadet tun 2; 6,25% ca ¢ peBMaToMIeH apTPUT, THPCOUUT

Ha XaIluMOTO, TeHEPATTU3UPAHO TPEBOXKHO PA3CTPONCTBO U XPOHUUEH IaCTPUT.
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Que. 4. Ilpuopyscasawu 3ab6ona68anus Ha uzcieosanume auya 6 KI°

B xontpomuara rpyma 3,13% ca auarHOCTMIMpaHU MAIMEHTH ca C
raykoma u 6onect Ha Kpon. [lpu aHanmm3 Ha chmbTcTBAIIUTE 3a00NSIBaHUS Ha
W3CTIeIBaHUTE JINIIA B eKcnmepuMeHTaanarTa rpyna (®dur. 5) ce ycraHoBsBa, ue
OTHOBO Npeo0agaBa apTepraiHaTa XUrnepTonus 2 — pa crenex 41,18%.

IIpunpyxaBanmi 3adonseanns npu ET

-k

CEE- Y, T S TR

Que. 5. llpudpyscasawu 3abonasanus Ha uzciedsanume auya ¢ EI’

Ot numara B rpymara, 23,53% He choOmaBar 3a NPHAPYKABAIIU
3abomnsBanus; 14,71% ca cbe 3axapen quadet tun 2; 11,76% ca ¢ XOBb; 8,82% ca
MMATHOCTHUIIMPAHN C WCXEMHUYHa OojecT Ha cwprero, 5,88% c Tupeomant Ha
Xamumoro u 2,94% oT mauueHTUTe B KOHTPOJIHATA Ipyna ca C PeBMaTOUAEH
apTpUT.

OT aHaMHECTHUYHUTE JaHHH W3YHCIUXME M HWHACKCHT Ha TElIECHA Maca
(UTM) o dopmysnara: U'TM = [Terioro B Kr / BACOUMHATa M?] U B JBETE TPYIIH.
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[NanmenTure ca xnacupuuupanu cnopea UTM cprmacHo kpurepuute Ha C30 :
noaHopMeHo Terio (<18,5 kr/m?), Hopmainno Terio (18,5-24,9 kr/m?), HaTHOPMEHO
terno (25,0-29,9 kr/m? ) u 3atnscTasane (>30 kr/m?) (You et al, 2022). Jlanunte
codar 3a BHUCOK IPOIEHT Ha 3aTIbCTSABaHe W Ipu aBeTe rpymnu (Pur. 6), kato B
KOHTpOJIHaTa Ipyla CpeJHUTe CTOMHOCTH Ha mokasarens ca 28,68 + 4,81, a B
excriepuMeHTanHara rpyma: 29,00 £ 5,35.

B KI' — 75% ot uscnensanute nauna umatr UTM > 25,0 u ena 25% ca ¢
HNTM < 25,0, a nanuuTe Ha nmokaszatens B EI' mokassar, e 73,5% oT uscieBaHuTe
muna umat UTM > 25,0 u enBa 26,47% ca ¢ UTM < 25,0.

Que. 6. Unoexc na menecnama maca npu 0geme epynu (%)

OT aHaMHECTHYHHTE JaHHH € ONpeAeieHa W JIOKaIM3alusITa Ha
ocTeoapTpuTa Ha KosssHHara crapa (Pwur. 7). YcranossiBa ce, ue 46,88% ot
MalUeHTHTE B KOHTPOJIHATA TpyNa ca JAUAarHOCTHUIMPAHU C JECHOCTpaHHA
roHaptposa, 37,5% c neBoctpanna u 15,63% c aByctpanHa. B ekcniepuMenTanHaTa
rpyna 58,82% ca nuMarHOCTHIMpAaHU C JIEBOCTpaHHa ToHapTpo3a, 29,41% c
necHoctpanHa 1 11,76% c nBycrpaHHa.
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Que. 7. Jlokanuzayus na conapmposama

HpI/I AHAJIMU3BT Ha PE3YJITATUTC OT UBMCPBAHHUATA HA 0oJIeH U 3ApaB KpakK
IIpu AByCTpaHHaTa roHapTpo3a 3a ,,3IlpaB“ CC oImpeacisl To3u, Ipu KOMTO MMa I10-
MaJIKO IMpOsABCHA /Mnu He MMposAB€Ha CUMIITOMATHKA.

78,13% 50,82%
%0 32,13%
20
21,8
10
0

KM mEl

Que. 8. Ilpuem Ha HecmepouOHU NPOMUBOEL3NATUMETHY cpedcmaa (%5)

B®B BpB3Ka ¢ mpreM Ha HECTEPOUAHU MPOTUBOBB3MAIUTEIHN CPEICTBA,
KOHUTO BIIHSAT BEPXY OOEKTHBHOCTTA Ha PE3yATATHTE HA MAIMCHTHUTE B ABETE TPYITN
¢ HaripaBeH aHanu3 (Dur. 8). B korTpoHara rpyna 78,13% oT nunara cbo01aBar,
4e He IMpueMar HeCTepOuAHU npoTuBoBh3nanuTenyu cpenctsa (HIIBC), a 21,8%

20



cboOIIaBaT, ye ca MpUEMaH IO JIEKAPCKO MpeaNucaHhe, HO €THOKPAaTHO WIIH
JBYKPaTHO, TIOPaJAH CTPAHWYHU e€PeKTH (Hai-MPUTECHUTENEH OT KOUTO € PA3KOTO
MOBHUINIAaBaHE HA apTEPHATHOTO KPHBHO HANSATAHE, MPEABHI BUCOKHS IPOLEHT
53,13% Ha qUarHOCTHIIMPAHU C apTepUaTHA XUIIEPTOHWS).

B excniepumenTannara rpyna 50,82% oT u3cieqBaHnuTe chOOIIABAT, Ue HE
mpuemat HIIBC, 32.13% npuemar xoMeomaTHIH! MPOAYKTH M OTKAa3BaT IpHUEM Ha
npyT BuI MenukaMmeHTu. Ensa 8,82% ca mpuemann HCBII 3a okono cenmuiia, HO
Mpeay 3all04YBaHETO HAa KHHE3UTEPaIHsATA.

[lanmenTHTe B KOHTpONHA M EKCIIEPUMEHTaJHa Tpyna OTroBapsT Ha
YCIIOBUSTA 32 BKIIIOYBAHE B M3CIIEABAHETO.

PesynraTu u aHaan3 Ha PYHKUMOHAJIHYU U3C/IeIBAHUA CAHTUMETPHS,
ronuomerpust u MMT
Pe3yaTaTu M aHAJIN3 OT CAHTUMETPHUA—TUCTAIHO MO/ NAaTes1a (Mpe3 cTaBHATA
LeNKAa) 32 YCTAHOBSIBAHE HA IPOMEHHU B 0TOKA HA KOJISIHHATA CTaBa

Cratuctiueckata 00paboTKa 1 aHaJIM3 Ha PEe3yJITaTUTE MPEACTABAT JaHHU
OT W3MEPBAHETO HAa IOCOYCHHAT ITIOKa3aTeNl Mpe3 MBPBHUAT W JIECETH JCH B
KOHTpOJIHATAa U SKCIIepUMEHTaIHa Tpyma, kato (Tabdn. 1) mpencraBs CTOHHOCTUTE
Ha YBPEJCHHUS KPaK Ha MaIllMeHTHTE.

Pesynrarure mokasBar, 4e cpegHaTa CTOWHOCT OT CAaHTUMETpPHUATA TIpe3
CTaBHa IIETIKa Ha 37[paBUs U YBPEACH KpakK Mpe3 IbPBUSAT JIeH Ha U3CIICABAHETO Ha
MalMeHTUTe OT KOHTpoJIHATa rpyma e 49.35+7,16 cM. u B pe3ynaTar Ha
MIPHIIIO’KEHA TPATUIIMOHHA KHHE3UTEPAITHs JI0 JieceTus JieH Hamaussa ¢ 0,58cMm mmun
c 1,17%.

B excmepumeHTasIHaTa rpyma cpenHara CTOWHOCT Ha TOKa3aTelsT €
62,15+9,24 cMm. u B pe3ynaTaT Ha MPUIIOKEHATa EKCIEPUMEHTAHA METOJUKA Ha
KHHE3UTEpaIus JI0 IeCeTHs JIeH HamallsiBa B aOCOMIOTHH cToiHOCTH ¢ 1,17cM, a B
OTHOCHUTEIHU cToMHOCTH ¢ 1,88%.

Tabn. 1. [Ipomenu 6 omoxa Ha KOIAHHAMA CMABA - CAHMUMEMPUS OUCTATHO OO
namenama Ha y8peoeHo KOIsIHO

Konmponna zpyna | Excnepumenmanna cpyna | P
Pl P2
§ | Hpesl- | Tlpes IIpe3 [Ipe3
S| sanmen X-s D D | I-a nen X-s1 D | D% | KI'- KI-
3 JieH % JieH Er'l- | ET
l%‘ anaeH | X-a
JIeH
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4935 | 4877 | 05 ] 11 | 6215 | 6098 | 14| 1.88 | 0,057 | 0,012
X 8 | 7 7

S | 7168 | 7,054 9246 | 9,007

m | 1267 | 1247 1586 | 1,560

X

v | 1453 | 1447 1488 | 14,92

%

4 | 02254 | 01978 1,2257 | 0,1658

E | 10,2660 | -1,2796 20,7308 | -0,7462

CraHIapTHOTO OTKJIOHEHHE B KOHTpoJIHATa rpyna - SD = 7,16 cM., koeTo
MOKa3Ba 3HAYUTEITHO pa3celiBaHe Ha CIIy4auTe OKOJIO CPEeIHATA.

AHaJOTHYHO € TOJI0KEHUETO U B eKCIIepUMEeHTalIHara rpymna - SD = 9,24
cM. IIpe3 10-ust aeH u B ABETE TpyNy NPOMEHUTE HA IPU3HAKA Ca HE3HAYUTEIHU.

CpaBHUTETHO HHUCHK € KOoe(pHIMEeHTHT Ha Bapwanus Ve, TPH ITHPBOTO
u3cieqBaHe B KoHTpoiHara rpyna — 14,53%, kodWTo BHIOHO OT Tabmuiara
HE3HAYNTEIIHO HamallsiBa 10 Kpas Ha MPOIEAypHUTe B Tpymara, KOUTO TaHHH
MOKa3Bar MPHUOIM3UTENTHA €IHOPOJHOCT Ha M3BaJKaTa IO OTHOIICHHWE Ha
aHaJIM3UPaHUs TPU3HAK.

U B EI ce ycranossBa V¢, ¢ oTHOocuTenHa ctabmnHoct 1 ot 14,88% npes
1-s nen nmoctura 14,92% npe3 10-ust n1eH, KOETO € MHIMUKATOP 33 CPAaBHUTEIHO
€/IHaKbB MHTCH3UTET HA HAMajsiBaHE HA €JeMa Ha MalMCHTUTE BCJICACTBHE Ha
MPWIOKEHA KMHE3UTEPAIIs.

Wnm, craructuueckuTe MAaHHW TIOKAa3BaT HaMallsiBAHE HAa OTOKBT Ha
nauuentute B KI' u EI' cnex 10 — nueBHa kuHesutepanus. Hamanenuero B EI’
obaue e no-3HauntenHo 1,88%, B cpaBuenue ¢ KI™ - 1,17%.

CroitHocTniTe Ha P, KOWTO € WHAMKATOp 3a OIpeaeisHe Ha
CTaTUCTUYECKaTa 3HAYMMOCT Ha pasiIMKara B CPEIHUTE BEIMYWHHU HA IMOKA3aTels
Mpe3 MIBPBHUAT JI€H B KOHTpPOJHATa W ekcnepuMmeHTtanHa rpyma (p=0,057), mpu
3HAYMMOCT (3aJI0KeHA BEPOSTHOCT 3a T'PEIIKa Ha HAy4YHOTO TBHpmeHue) o=0,05,
MOKa3BaT JIMICA Ha 3HAYUMOCT Ha pa3iiuKara OT KOETO Clie/iBa, 4e TPYIUTE ca
€/THaKBY (OTHOCHTEITHO) TI0 M3CIICABAHUS TIOKa3aTel pe3 [-5 JIeH - mpeny Kypca Ha
KHHE3UTEparus.

Cneo Oecemonesna Kunesumepanus, pasiukama 6 cpeoHume
cmoiinocmu Ha nokazamensn ¢ KI' u EI' e cnamucmuuecka 3nauuma (p=0,012),
Koemo 00Kas3zea, e no-ooopume pezynmamu 6 EI' ca cmamucmuyecku 3nauumu,
C1e006amMeIHO  NPUNIOIHCEHAmMA eKCnepuMenmanna KuHe3umepanus e no-
ehekmusna om mpaouyuoOHHAMA NPUNLOHCEHA 6 KOHMPOTIHAMA ZPyna.
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Taon. 2. Illpomenu 6 omoka OUCMAIHO NOO NAMeLama
(paznuxa Ha y8peoeHo u 30pago KOISHO)

Konmponna zpyna Excnepumenmanna zpyna
Ipusnanu
IIpes I-s1 nen | Ilpes X-s nen IIpes I-1 nen IIpe3 X-g nen
D 3,46 2,88 3,12 1,95
D% 7,53 6,28 5,28 3,30

3a [OMBIHUTENIHA OICHKA Ha CTENeHTa Ha Bb3CTAHOBABAaHE Ha
MAIUeHTHTE, CPABHUXME ITOKa3arensaT Ha OomHUs W 3:paB kpak (Tabn. 2). Ilpu
JUIa C JBYCTpaHHa TOHApTPO3a, Karo ,3/paBaTa” KoJIsIHHA CTaBa € IIO-
He3acerHarara (TIpu KOsTO MMa TI0-MaJIKO MJIH HE ce TPOsIBSBA CHMIITOMATHKA).

Pesynrarute moka3Bar HamalsfBaHE Ha Pa3IMKUTE B OOHMKOJIKAaTa Ha
CTaBHaTa LIETKa Ha 3/IpaB-yBpEACH KPaK BCIEACTBUE HA KWHE3UTEPAIUs B JIBETE
rpynu. B ekcnepuMmeHTanHara rpymna obade MOJOXKUTEeNHaTa MpoOMsHA € IIo-
3HaYMMa, KaTo HaMaJICHHETO Ha pasnukara € oT 3,12 cM Ha 1,95 cMm.

Wnu, B ET" npe3 nbpBUSAT IeH cpeiHaTa pa3iiKa Ha IOKa3aTessT Ha 31paBa-
yBpeJieHa KOJsHHa cTaBa € 5,28% u 10 jmeceTusT AeH HamaisaBa Ha 3,30% wnmm
CBCTOSTHHETO Ha TIoKa3areis Ha yBpeneHara KC cien knHe3uteparius B rpymnara ce
no0KaBa 10 CbCTOSHMETO Ha 3apaBata KC, KoUTo JaHHHM ca MHAMKATOpH 3a I0-
3HaYMMO Bh3cTaHoBsBaHE B EI, B cpaBaenue ¢ KI.

B konTposHaTa rpyna cpejHaTa CTOMHOCT Ha Tokasatens e 49,55+6,13
CM. M B PE3YJITAaT Ha MPUIOKEHA TPAJULMOHHA KUHE3UTEPAIus - 110 JeCeTus AeH
ce ysenmuuaBa ¢ 0,24 cm wiu c¢ 0,48%. Wnu, Hanmuue e HamansBaHE Ha
xunotpodusita Ha m. vastus medialis B n3cnenBaHara o0acT.

B excnepumeHTaTHATa rpyma cpegHata CTOMHOCT Ha OOMKOJIKaTa €
58,82+9,58 cM. 1 B pe3yATaT Ha MPWIOKEHATa €KCIEPUMEHTaJIHA METOJIMKa Ha
KUHE3UTepanus 10 aecetus aeH HapactBa ¢ 0,76cm wim ¢ 1,29%.

Cneodosamenno, oyakeanuam npouec HA HAMAABAHE HA €0eMbm 8
uzcneoeanama oonacm na KC ne ce ycmanoenea, a e nanuye ciada meHoenyus
Ha yeenuuaeane Ha OOUKOIKAMA, WU NPEOOOIABAHE HA XUNOMPODuama na m.
vastus medialis.

Cropen manuu ot Koyowua u kox., (1999) Ha naliMeHTH ¢ paHEH CTauid Ha
TOHApTPO3a 3a MEPUOJ OT 3 CeAMUIIN MOXKE /1A ce Ipeoioiiee O0IKaTa U OTOKBT, HO
HE U MYCKyJIHaTa Xunotpodus.
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IIpu mpoyuBane Ha Oyemos u xox., (2014) cBBp3aHO ¢ U3CICIBaHE HA
epekTa Ha crneuuanusupaHa meroguka Ha KT mpu manmeHTH ¢ ObpBUYHA
TOHApTPO3a € YCTAaHOBEHO, Y€ BBIPEKH OTUETEHUTE IMIOJOOPEHHUs] OTOKBT HE €
HaIbJIHO MPEOAOJISIH U TOBA CE€ ABJIDKM HA XPOHUYHWUTE NEreHEpaTUBHU NPOLECH
BCJIEJICTBHE Ha 3a00JIIBaHETO.

Felson et al. (2003) uscrenBar egeMHuTe JIe3HK B CyOapTHKYTapHATA KOCT
IpY TaUMeHTH C OCTE0apTPUT Ha KOJISHOTO M TAXHaTa Bpb3Ka C
peHTreHorpad)ckaTa Mporpecus U MeXaHWYHUs MaJaJUTHMEHT Ha KpalHHUIUTE
(ocmamHO OTKJIOHEHME Ha KpadHuuuTe). YUpe3 MarHUTEeH pE30HaHC U
peHTreHorpagus nporpecusTa Ha 3a00JBaHETO € OLIEHEHA 4Ype3 CTECHSABaHE Ha
cTaBHara 1enka Ha 15 u 30 mecena.

PesynTaruTe mokaspar, 4e eIEMHUTE JIE3UU B KOCTHUSI MO3BK UMaT BPb3Ka
C IporpecusTa Ha TOHApTPO3aTa.

Sadiq et al. (2023) npocnensBaT eeKTHBHOCTTA HAa YIPAKHCHHUSTA B
KOMOWHAIWS ¢ KpHOTEepanus MpH MalMeHTH ¢ TOHAPTPO3a C el peAylupane Ha
oroka B KC. U3cnenBanu ca o0mo 49 nanueHTH, KOUTO ca pas3npeAesicHd B TPU
rpynu: ekcriepuMeHnTansa (18 mamuMeHTH, Ha KOUTO ce MPOBEeXJa KpHOoTepanus 1
yHpa)xXHeHHUsd) U JBe KOHTpoiHU rpynu (16 u 15 manueHTH, KOUTO U3MBIHSIBAT
caMo yNpaXKHEHU).

Pesynrarute moOKa3Bar, uYe eKCIEpUMEHTAJHaTa TIpyna IOCTUra
3HAYNUTENIHO NOJOOpEeHNE B €KEIHEBHATA aKTHMBHOCT, BKJIFOUMTEIHO HaMaJIsIBaHe
Ha 0oJIKaTa, CKOBAHOCTTA W MOBHIIaBaHe Ha Qu3ndeckaTa QyHKIUS B CPAaBHEHHUE C
KOHTpOJHUTE rpynu. Kpuorepanusita € edeKkTUBHA NONBIHUTEIHA TEpamus 3a
nonobpsiBaHe Ha ¢yHkuumure Ha KC npu maumeHTn ¢ roHaprposa. Bompekn
HaOrofaBaHUTe TMOMOOPEHUs, OTOKBT TMEPCUCTHPA, KOETO c€ IbJDKH Ha
MporpecupaniuTe  XPOHWUYHH  JIETEHEpAaTHMBHU  MpPOIECH, CBBP3aHU  C
naTo(U3U0IOTHATa Ha 3a00JSIBAHETO.

B Ta3u Bpb3Ka KproTepanusaTa ¥ TOIUIMHHATA Teparnus ca BAXHA METO/IN
BBB (u3noTepanuiTa npu maiueHtd ¢ octeoaptpur Ha KC. Kpuorepamusra
HamaJjsiBa Bh3MaJIEHUETO, 0OJKaTa M 0TOKA, KaTO CBHBA KPBBOHOCHUTE CHIOBE H
OJOKHMpa HEPBHUTE MMITYJICH, @ TEXHUKHUTE BKJIIOYBAT JIEIEHU KOMIIPECH M Macaxx
C JIen.

TorumHHaTa Tepamusi crmoMara 3a peJakCHpaHe Ha MYCKYJIUTe U
yBeJIM4aBaHe Ha KPbBOOOPAILIEHNETO, KOETO peayLrpa O0JIKaTa U CKOBaHOCTTA, HO
MOJXE J]a BJIOIIM BB3MAJICHUETO. TEeXHHKHTE 3a TOIUIMHHA Teparusi BKJIIOYBAT
TOpeny KOMITPECH U Jauarepmus. Y jBere Tepanmuu MOTraT JIECHO Jia ce MpriiaraTt
CaMOCTOSITETHO Yy JOMa M Ja ce KOMOMHHMpAT C OPYTrd pexaOMIHTAHOHHH
MHTEPBEHLIMH Ype3 nHauBHayaneH noaxon (Brosseau et al., 2003).

[Ipu nanyeHTH AMArHOCTULIMPAHU C TOHAPTPO3a ce HaOo1aBa MyCKyJIHa
XUMOTpo(us, HapylleHa MPOMPHOLEIIHs, OTOK, OOJIKa, HapylleHa IMOXOJKa.

24



[peononsaBaHe Ha MYCKyJIHATa XHITOTPOMUS, peIyIIHPAHETO Ha OTOKA U OoJIKaTa,
nofoOpsiBaHE Ha  MPONPHOIEIIMATA W  HOCTypajHata CTa0MJIHOCT —ca
B3aMMOCBBP3aHH U IPOMEHHUTE B T€3H (HaKTOPH TPAOBA Ja ce B3eMaT IPEIBH/I IIPH
NpEeBEHIUsATa W pexaOWIMTAlMATa Ha MAlMEeHTATE C TOoBa 3a0OJsBaHeE.
Pa36upaneTo Ha Te3H B3aMMOBPB3KH € OT ChIIECTBCHO 3HAUYCHHUE 3a pa3paboTBaHEe
Ha e(peKTUBHM TepareBTuuHU mporpamu (Zeng et al., 2002).

Pe3ysnraTn u aHaIu3 OT TOHMOMETPHUSTA (BIVIOMETPHS) HA KOJSIHHATA CTABA

IIpomenu B nacuBHaTa (uiekcHsi HA YBpPeAeHMAT KPaK HA NalMeHTH C
TOHAPTPO3a (B rpaaycu)

Ha cratuctiuecka o6paboTka ca nmoaoKeHu U JaHHU oT ronnometpust Ha KC
npe3 MbPBUS U IECETH JICH, B KOHTPOJIHATA U eKCIIepUMeHTaHa rpyma. Tabmuma 3

IpeacraBs CTOMHOCTHUTE Ha MPpU3HAOUTE Ha IOKa3aTeId Ha YBPCACHUAT KpaK Ha
ManuCHTUTE.

Tabn. 3. Ilpomernu 6 nacusnama rexcusi Ha yspedeHusam Kpax (6 epadycu)

Konmponna zpyna Excnepumenmanna zpyna P
N=32 N=34
3 Pl | P2
2| Hpe3l- | Tlpes IIpe3 IIpe3
§ S IeH X-s D D% | I-simen | X-simen | D D% | KI- [KI-El'
N eH EI' |X nen
I ten
_ 97,19 98,09 0,9 0,92 105,2 107,1 1,9 1,80 0,118 0,043
X
S 10,85 11,30 12,49 12,46
m 1,917 1,998 2,143 2,137
V 11,16 11,52 11,87 11,63
%
A 0,3391 0,1595 1,8370 0,7743
E -1,6515 -0,9896 -0,3368 -0,5604

Ot Tabnuiara e BUJIHO, Y€ CpeIHaTa CTOWHOCT Ha acuBHaTa (hJIeKcHs Ha
yBpeanenata KC uzmepena B rpagycu, pe3 MbpPBUAT A€H B KOHTPOJHATA rpyna e

97,19+10,85° n B pe3ynTaT Ha TpaAMLIMOHHA KUHE3UTEPAIHs - 10 AECETUS JEH CE
yBenugana ¢ 0,9° wm ¢ 0,92%.
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B ekcnmepumeHTanHaTa rpyma cpenHaTa CTOWHOCT Ha IOKAa3aTelsT €
105,2+12,49° u cnen npuiiokeHa eKCIIepUMEHTaTHAa METOIMKA Ha KUHE3UTEpaIus
- o necetns AeH Hapactsa ¢ 1,9° (1,83%).

Wnu, pesynrarure moka3BaT yBeIMYEHHE Ha OOEMBT Ha IIaCHBHAra
¢nexcus Ha yBpenenara KC na maumentute u B aBere rpymu. B EI' oGaue,
MpoMsHaTa B pa3jifKara Ha 3[ApaB-yBPEIeH Kpak € Mo-3Ha4nMa, Kosto oT 13,4°
HamajsgBa g0 11,29°.

Tabn. 4. Illpomenu 6 nacusnama guexcust Ha y8pedeHomo KousHO
(paznuxu 6 epadycume Ha 30pag-y8pedeH Kpak)

Konmponna zpyna Excnepumenmanna zpyna

Hpusnayu
P " [Ipes -1 nen [Ipe3 X-s nen Ipe3 I-1 nen IIpe3 X-s nen
D 11,21 10,30 13,4 11,29
D% 10,34 9,50 11,5 9,70

CpenHarta CTOWHOCT Ha TOKa3aTeNsT Ha yBpeAeHaTa KOJSHHA CTaBa € C
11,5% mo-HuCKa OT cpeiHaTa CTOMHOCT Ha 3ApaBus Kpak B EI' ipe3 mbpBus AeH
¢ 9,70% mo-uucka mipe3 10 - ust nen (Tadm. 4).

JlanHWTE TIOKA3BaT, Y€ CHCTOSHUETO Ha MOKA3aTelsIT Ha yBpeeHaTa cTaBa
Ha manueHTtute oT EI' ce momoOpsBa no cremeH mo-Onu3ka 10 ChCTOSTHUETO Ha
3/IpaBaTa CTaBa, Karo MOJ00PEHUETO € Mo-3HaYMTEIHO, B cpaBHeHue ¢ KI, koero
MOKa3Ba TIO-BUCOKA e(EeKTHBHOCT Ha eKCIepHMEHTAIHaTa METOJNKa IpHU
BBH3CTAHOBSIBAHE Ha IMacUBHATa (DIEKCHS HAa KOJITHHATA CTaBa HA MAI[UCHTHUTE.

[lo oTHOIICHHE HA JOCTOBEPHOCTTa HA HAyYHOTO TBBPACHHUE, P-
CTOMHOCTHUTE TPU IBPBOTO U3CJICABAHE Ha IMOKA3aTEJIAT, MPE3 MbPBUSAT JCH ca Hall
0,05 n noxa3sar, ye manueHtuTe B KI' 1 EI' ca ¢ oTHOCUTEIHO €IHAKBO ChCTOSIHUC
Ha macuBHara (JIEKCHsS Ha YBPEICHOTO KOJISHO MPEAu Kypca Ha KHMHE3UTeparus
(p=0,118).

Cneo npunosicena Kuneaumepanus, 6 Kpas HA U3C1E06AHEMO npe3
odecemuam oen p=0,43, koemo 2060pu, ue paznuKume @ cpeOHume CMoOIHOCmU
Ha nacusnama (prexkcus Ha YBPEOEHOMO KOAAHO 6 Oeeme ZPynu e
CIMAMUCIMUYEeCKU 3HAYUMA U RNOCHMUZHAmMUmMe no-000pu peyimamu 6
EeKCHEPUMEHMAIHAma 2Pyna NOKA36am NO-6UCOKA  e(heKmueHocm Ha
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eKcnepumernmainusn M00e/1, 6 CpasHenue c¢ mpaduuuonmm RPpUTIOIHCEH 6
KOHmpoJanama cpyna nauyuenmu.

IIpoMenu B akTHBHATa (pJIeKCUSI HA YBPEIEHUAT KPaK HA NaLMEeHTH C
TOHapTpo3a (B rpagycH)

Pesynrature oT crarnctudeckara o6paboTka Ha JaHHWTE HAa aKTHBHATA
¢dnexcns Ha KC Ha mamueHTHTEe OT MBPBUAT M JIECETH NIEH Ha HM3CIICIBAHETO B
KOHTPOJTHATA U €KCIIEPHMEHTATHA TPYTIa ca MPEACTaBEeHH B TA0I. S MO-JOTy.

Ta6n. 5. Ilpomenu 6 akmusnama ¢pnexcus na KC na yspedenuam xpax
Ha nayuenmume (8 epadycu)

Konmponna zpyna Excnepumenmanna zpyna P
3 Pl P2
2 [Ipe3 [Ipe3 IIpe3 IIpe3
2 I-s X-st D D% I-s X-s1 D D% @ KI- KT-ET"
S’ IIeH IIeH JIeH JeH ET’ X-IeH
I nen
)_( 96,46 97,10 0,64 | 0,66 98,91 100,4 1,49 | 1,51 0,194 0,047
S 10,62 10,88 11,89 11,49
1,877 1,923 2,039 1,970
X
V 11,00 11,20 12,02 11,45
%
0,3970 0,2881 1,200 1,022
A
E | -1471 -0,735 0,5755 0,1023

Ot Tabnuiara e BUIHO, Y€ CpeHaTa CTOMHOCT OT akTUBHATa (hJIeKcHs Ha
yBpenenata KC w3mepeHa B rpajycu, mpe3 IIbPBUSAT JIEH NPU HAIUSHTUTE OT
KOHTpoJHaTa rpyna e 96,46°+10,62° u B pe3ynTar Ha JieceTAHEBHA TPAIUIIMOHHA
KuHe3uTepanus ce yBenudana ¢ 0,64° umu ¢ 0,66%.

B ekcnepuMeHTajHaTa rpyna cpegHata CTOMHOCT Ha aKTHUBHATa
¢nexcus Ha KC e 98,914+11,89° u BciaencTere Ha HACOYEHU KUHE3UTEPATICBTHYHU

27



BB3JICHCTBHS, Upe3 MPHIIOKEHA SKCIIEPUMEHTAIHA KUHE3UTEPAIUs - 10 JCCETUSL
neH ce yBenuyana ¢ 1,49° wnu ¢ 1,51%.

[To oTHOIIEHNE HA PA3IUKNATE B aKTUBHATA (DIEKCHS Ha YBPEICHO - 3APaBO
konstHO (Tabmn. 6) pesynrarute u B [BETE TPyNH MOKa3BaT yBelIn4yaBaHe Ha obema
Ha akTHBHaTa (uiekcus Ha ctaBara. CpeHaTa CTOMHOCT Ha aKTUBHATa (ISKCHs Ha
yBpeneHara KojsHHa craBa € ¢ 13,54% mo-Hucka OT cpefHara CTOHHOCT Ha
3npaBus kpak B EI" ipe3 mbpBus neH u ¢ 12,23% mno-nucka npe3 10 - us gex.

Tabn. 6. Paznuxu 6 akmuenama rexcus Ha 30pago- y8peoeHo KousiHO

Konmponna zpyna Excnepumenmanna zpyna
Ilpusnayu IIpes I-s1 nen IIpes X-s1 nen IIpes I-s nen IIpes X-s1 nen
D 8,24 7,6 15,49 14,00
D% 7,87 5,40 13,54 12,23

Cmoiinocmume na P noxazeam, ue paznukama 6 cpeoHume 6enuduHu
Ha nokazamenam ¢ EI'-KT npe3 nwpeusam Oen e cmamucmuuecku He3HAYUMA
p>0,05, m.e. cocmoanuemo na akmusnama gpnexcusn na KC na nayuenmume 6
o0seme zpynu e omuocumenno eonaxeo (p=0,194).

Cneo 10-onesna kunesumepanusn obaue, paznukama e snavuma p<0,05,
Om Koemo c1e08a, ue NOCHUZHAMUME NO-000pU pe3ymamu Ha aKmueHaAma
tnexcua na yepeoenama KC npu nayuenmume ¢ EI' ¢ npunoscenu
uHoeamusnu memoou u cpeocmea na KT noxkazeam no-eucoxa epekmugnocm
HaA eKCHnepUMEeHMATHUAM MOo0ed, 6 CPAGHEeHUe C MPAOUYUOHHUA MOO0el HA
KuHe3umepanus npunoxcer 6 Konmpoanama zpyna nayuenmu (p=0,047).

IIpoMeHU B AKTHBHATA €KCTEH3USI HA YBPeJAEeHUAT KPAaK HA NAIUEHTH €
roHapTpo3a (B rpaaycu)

Y cTaHOBSIBaHETO HA MPOMEHU B aKTHBHATA €KCTEH3HS Ha YBPEICHUSAT KPaK
Ha TAIUEHTH C TOHApPTPO3a, CIlieA MPWIOKESHH J[BA MOJEla Ha KUHE3UTEpaIus
npocinensaBa (iekcrnonHaTa KoHTpakTypa Ha KC Ha numara.

3a ompocTsBaHe Ha HH(pOpPMAIMITAa, Ha CTATUCTHYECKa 00pabOTKa H
aHaJIM3 ca MOJUIOKEHU pa3IMKuTe B akTuBHATA (prekcus Ha KC Ha 3apaB-yBpecH
Kpax Tpe3 MbPBHUS U JICCETH JICH B KOHTPOJTHATA M EKCIIEpUMEHTAITHA IPyTIa.
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Pesynrarute ca nmpencraBeHu B TaOJMIa 7 OT KOATO € BUIHO, Y€ CpeHATa
pasnuka Ha akTHBHaTa ekcreH3us Ha KC, mpe3 mbpBUAT JCH B KOHTPOJIHATA
rpyna e 5,28+3,78° u B pe3ynraT Ha IPUJIOXKEeHA TPATUIIMOHHA KHHE3UTEPAIHS JI0
necerns AeH ce yBenudana ¢ 0,68° wmm ¢ 13,18%.

Tabn. 7. I[lpomenu 6 paznuxume Ha AKMUBHAMA eKCMEH3US HA
30pas-yepeoder Kpax (6 2padycit)

Konmponna epyna Excnepumenmanna zpyna P

S Pl | P2

3 IIpe3 | Ilpe3 IIpe3 | Ilpes

2| I« | Xs | D |[D% | I« | X« | D |D |KI- | K[-ET
S‘ JIeH JeH JIeH JeH % ET X nen

I nen

_ 5,219 4,531 0,68 | 13,18 8,06 4,29 | 3,77 | 46, | 0,108 0,007
X 71

S 3,782 3,005 4,55 3,294
my | 0.6686 | 0,5313 0,7805 0,5649
A% 72,47 66,32 56,47 76,76

%

A 0,6968 | 1,4006 0,2456 0,4791

E 0,1544 | -0,310 1,0541| -1,767

B excnepuMeHTasTHaTa rpyna cpeiHara pazluKaTa Ha 37paB-yBpeleH
KpakK Ha akTUBHAaTa ekcTeH3us € 8,06+4,29° u cre mpuiiokeHa eKCIepuMeHTaTHa
METOAVKA Ha KHHE3UTEpaIHs HapacTBa J0 JECETHS JICH - B a0COIFOTHH CTOMHOCTH
¢ 3,77°, a B OTHOCHUTEIIHH CTOMHOCTH ¢ 46,77%.

Ot TabmuuaTa € BUJeH BUCOK KOS(DUIIMEHT Ha BapHalys Ha Pe3yaTaTUTe
(V%) B rpymmre, KOeTO I[OKa3Ba TOJEMH WHAWBUAyATHM pPa3iduds Ha
W3CIIEIBAHUTE JIUIIA 110 OKa3aTersl.

CpenHoTo cTaHIapTHO OTKIOHeHUe SD e ¢ TeHIeHIVs KbM IOHMKEHUE OT
I-s1 o X-us nen u B ABere rpynu. Penpe3eHTaTuBHATa rpenika My Ha MOKa3aTess €
HHCKa, KOETO TPENIOCTABS MaTbK JOBEPHUTENICH HHTEepBal (A) Ha X Ha aKTHBHATA
excren3us Ha KC 3a reHepanHata ChBKYITHOCT MAIMEHTH Y HAC ¢ TOHapTpo3a (A =

Cmoiinocmume na P noxazeam, ue paznuxkama é cpeoHume CmoiHocmu
Ha nokazamensn na KI'-EI' npe3 nwpeusam den e cmamucmuyecKku He3HAYUMA
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(p=0,108), a cneo 10-0oneeno npunorcenue Ha 086a mooena Ha KUHe3Umepanus,
pazniukama e 3nauuma (p=0,007), xkamo no-ooopume pesynmamu ¢ EI
yoocmogepagam u nO-6UCOKA eheKMUBHOCI HA eKCREPUMEHMATHUAN MOOel
Ha Kuhe3umepanus, 6 CPAGHEHUE ¢ MPAOUYUOHHUSA 6 KOHMPOIHAMA Zpynd.

Tabn. 8. Paznuxu 6 akmuenama eKCmeH3ust Ha 30pago-yepedeHo KOHO (2padycu)

Konumponna zpyna Excnepumenmanna 2pyna

Ipuznayu IIpe3 I-s IIpe3 X-s IIpe3 I-1 nen [Ipe3 X-s nen
JACH JICH
D 5,22 4,53 7,97 4,20
D% 0 0 9,05 4,77

YcraHOBEHUTE pa3nMKM B aKTHBHATa €KCTEH3Us Ha YBPEAEHO-3IpaBoO
KOJISTHO ¥ TIpu fiBeTe Tpymu (Tadm. §) mokaspar HamasiBaHe Ha 00eMa Ha aKTHBHATA
excrer3us Ha KC. Ilpu EI' ce nHaOmromaBa mo-3HaumMa pasziuka ot 7,97°.,
HamansBama g0 4,20° mo kpas Ha wu3cienBanero. CpemHara CTOWHOCT 3a
yBpeieHaTa KoJsiHHA cTaBa € ¢ 9,05% mno-Hucka OT cpeaHaTa CTOMHOCT Ha 3/1paBus
kpak B EI' ipe3 mepBus neH u ¢ 4,77% no-aucka npe3 10 - TH J1eH Wik JaHHUTE
MOKAa3BaT, Y€ ChCTOSIHUETO Ha YBpeJieHaTa CTaBa MOCTENEHHO ce J00NmkKaBa Jio
CHCTOSTHHETO Ha 37paBaTa CTaBa Ha NallUEHTHUTE.

IIpomMeHH B NacMBHATA €KCTEH3Ms HA YBPeAeHUA KPaK Ha NMALUEHTH ¢
rOHAPTPO3a (Pa3JIMKHU 31PaB-yBpeleH KPaK - B TPaycu)

3a mnpociensBaHe Ha (JICKCHOHHATA KOHTPAaKTypa Ha MAlHUEHTH C
TOHAPTPO3a, HA CTATHCTHUECKAa 00paboTKa M aHaIN3 ca TOJJIOKEH! PE3yJITaTh OT
M3MEepBaHe Ipe3 IMbPBUS U JIECETH JICH Ha Pa3lIMKUTE B MTACUBHATA €KCTEH3Us Ha
KC Ha yBpeneH-3paB Kpak Ha MAIlMEHTH OT KOHTPOJIHATA M CKCIEpUMEHTAHA
rpymna. Pesynrarure ca npeacrtaBenu B Tabimma 11.

Ot tabmuna 9 e BUIHO, Y€ CpeJHaTa pa3iiiKa B MaCMBHATA SKCTCH3MS Ha
3npaBa-yBpeneHa KC npe3 mbpBuUs JIeH HA U3CIIEBAHETO B KOHTPOJIHATA TPyTIa €
3,156+3,063° u B pe3yiaraT Ha MPWIOKEHA TPATUIIMOHHA KWHE3WTEpAIusi - 0
JeceTtus AeH pasznukara Hamasssa ¢ 0,093° unu ¢ 2,95%.

B ekcnepuMenTanmHaTa rpymna cpeiHaTa pa3jivka Ha 3/IpaB-yBpeIeH Kpak
B macuBHata ekcteH3us Ha KC (I-Bu men-ipenm kuHesuTepanus) € 5,29+1,97° u
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CJIe]l NTECETIHEBHA CKCIICPUMCHTATHA KWHE3UTEpaIus pasiiuKaTa HaMaysBa J0
1,97° unu nono6penueto € ¢ 62,78%.

HabmromaBa ce obaue, Bucok koeduimenT Ha Bapuanus (V%) u B aBere
TPYIH, KOETO TIOKa3Ba TOJIEMH HHANBUIYATHN Pa3IMYHUs Ha U3CIIeIBAHNTE JINIIA 10
OTHOIIIEHHE HA U3XOJHOTO ChCTOSHHE Ha ITOKA3aTEs.

VYcraHoBsBa ce M TEHICHITMSA KbM HapacTBaHE Ha BapHATHBHOCTTA Ha
nacuBHaTa excters3us Ha KC, oco0eHo B ekcliepruMeHTalIHaTa TPyTia, KOETO TOBOPH
3a MHAMBUIyaJICH TEMIT Ha Bb3CTaHOBSIBAHETO M.

3a mpoBepKa Ha XUIIOTE3H U YCTaHOBSIBaHE Ha P — CTOHHOCTHUTE, TIopaau A
u E W3BBH TPaHHIHUTEC HAa HOPMAIHOTO pasmpeaeiieHue ot -1,1, mpuimoxuxme
HemapaMeTpUYHUS TeCT Ha MaH-YUTHH 32 He3aBUCUMU M3BAIKU.

Cmoiinocmume na P nokazeam, ue ycmanoeenama pasiuka 6
cpeonume eeauuunu Ha noxazamena 6 KI-EI' npe3z nwpeuam Oen e
cmamucmuyecku He3nayuma (p=0,115) unu nacuenama excmeH3us Ha
yepeodenama KC e 6 omnocumenno eOHaKeo cvbCmoaHue npu nayueHmume u 6
oseme zpynu.

Ta6n. 9. Ilpomenu 6 nacusnama excmensus na ygpedenama KC
(pasauxu 30pas-yepeoen Kpax 6 epadyci)

Koumponna zpyna Excnepumenmanna P

S zpyna

S Ipe3 Ipe3 D D IIpe3 | Ilpe3 D |D | PI P2

g I-s X-51 % I-s1 X-s1 % | K[-ET" | KI'-
é JIeH JIeH JeH JleH 1 nen EI' X

JCH

_ 3,156 3.063 0,093 | 2,94 5,294 1,971 33 | 62, 0,115 0,037
X 6 23 78

S 2,142 2,047 3,695 | 2,181
myx 0,378 0.3618 0,6337 | 0,3740

Ve, 67,86 66,84 69,80 110,7

A -0,0272 | -0,0897 0,5893 1,250

E -1,046 -1,091 -0,063 1,757

Cneo 10-oneena xkunesumepanus, odaue, paziukama 6 pesyimamume e
snauuma (p=0,037), om Koemo ciedea, ue no-cvujecmeeHume HPOMeHU 8
nacuenama excmensusn npu nayuenmume ¢ EI’ ca cnedcmeue om nooxooume,
cpedcmeama u Memooume Ha eKCHEPUMEHMATHAMA KUHe3Umepanus, KOsimo e
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no-ejpekmuena 6 cpasHenue ¢ MpAOUYUOHHA RPUNONHCEHA HA NAUUEHMUME 6
KOHmpoainama zpyna.

Tabn. 10. [Ipomenu 6 paznuxume 8 NACUBHAMA eKCMEH3UsL HA YBPEOeHO - 30PA80
xonano (8 epadycu)

Konmponna zpyna Excnepumenmanna zpyna

Hpusnayu | Hpesl-sinen | Tpes X-a nen IIpes I-s1 nen Ilpe3 X-s1 neH
D 3,16 3,063 4,99 1,67
D% 0,93 0, 89 1,70 1,3

Hannaute (Tabn. 10) moka3sar oie, 4e ChCTOSHHETO HA yBpEJCHATa CTaBa
Mo m3cnenBaHuAT mokasaren B EI' ce moOmmkaBa 7O ChCTOSHHUETO HA 37paBara
CTaBa Ha MaIMEeHTHTE.

Bucokusar koeduimeHT Ha Bapuanms obaue € WHIUKATOP 3a TOJEeMHU
VHAWBHUIyaIIHU Pa3JIndvisi BbB Bb3CTaHOBSBaHE Ha macuBHara excreH3us Ha KC,
KOETO O3HauaBa, Y€ BH3CTAHOBIBAHETO M IpH HAKOW mamueHTtH ot El e mo-
WHTEH3UBHO, a MPU JAPYTH NoI00peHneTo e mo-ciabo.

BbB Bpb3ka ¢ orpaHnyaBaHeTo Ha oOemMa Ha JIBWKEHHE Ha (IIEKCUATa U
excrensusaTa B KC npu manuenTy ¢ roHaptposa B u3ciensaHe Ha Cmagpakosa u
xkon. (2002) ce ycTaHOBsBa, Y€ clied MNPUIIOKEHHETO Ha KpuoTepamus (He ca
MpWJIATaHN CIIEIUAM3UPAHH YIIPAKHEHHUSA) Ce MOA0OpsSBa MACHUBHUAT O00eM Ha
nBwkeHne (mpu (rekcWss W eKCTEeH3Wsl), ChINO Taka HamalsiBa OOJKOBaTa
CHMIITOMATHKA BCIIEJICTBHE HA TPETHpaHe Ha MEPUAPTHKYIAPHUTE CTPYKTYPH ChC
CTYJOBUSI IPa3HUTEIL.

[Ipu npoyuBane Ha Caszooea u xkon. (2014) cbiio ce OTYNTa yBEIHMYaBaHE
Ha MmacuBHATa (IIEKCHsI, KOETO ce JIbIDKH Ha MoJI00psBaHe Ha TOABHXKHOCTTA HA
naTeJyara B KayJaliHa OCOKA ¥ TUIB3TaHeTO MEX/y CTAaBHHTE MOBBPXHOCTH CIIE]T
MPUIOKEHHE HA CTAaBHO — MOOMJIM3ALlMOHHY TEXHUKU Ha KOJITHHA CTaBa.

3a mojo0psiBaHETO Ha AaKTHBHHUS 00E€M Ha JBIKCHUE W pelylupaHe Ha
6onkara B KC npu ToHapTpO3a ca MOAXOASIIM YIPKHEHHS, KOUTO UMAT II0-
KpaTka TPOABDKUTETHOCT W C€ M3NBIHSIBAT 0€3 TEXEeCTH C YMEPEHO
cenporusnenue (Tanaka et al., 2013).

[Ipu xuHE3WTEpanmsITa HAa TMAIMEHTH JAMArHOCTUIIUPAHW C TOHAPTPO3a
KJIFOUOB €JIEMEHT OT TepanusITa € HHIUBHIyalIeH monxon (Oyemos u xoi., 2014).
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Kato nonsinenue [lannute ot npoyuBanero Ha Nakazoe et al. (2022) za
KMHEMaTUKaTa Ha KOJCHHMYCHETO MpPH MBKE ITOKa3BaT 3HAUYMMH pPa3iuKd B
pOTalMOHHATa KHHEMATHKa MKy (pa3ute Ha (hIeKCus U eKCTeH3Ms, 0COOEHO 10
OTHOLICHUE HAa MEUAaIHAaTa 1 JIaTepajlHaTa KOHTAKTHA TOYKA.

Tesu paznuuust MoTaT a IMaT OTHOLICHUE KbM o0ema Ha nBikeHne B KC,
THH KaTo yBeJIMUCHATA IPEIHA TPAHCIAlM Ha MEAUAIHATa KOHTAKTHA TOYKA H TI0-
MaJIKaTa JaTepajHa TpaHClIalys BbB (a3ara Ha eKCTEH3Us IPEeAroaraT IpoMeHH
B HaTOBapBAaHETO HA CTAaBHHsI XPYILUI U MEHHCKyca. ToBa MOKe Ja MOBJHse Ha
(YHKIMOHAIHOTO IBM)KCHHE HA KOJSTHOTO W J1a OTpaHH4YM oO0eMa Ha JIBHIKEHHE,
0c00€HO MpH MAIMEHTH ¢ TOHAPTPO3a, KOUTO BeUe UMAT HapyILlIeHa IOABHKHOCT.

Paznukure B KHHEMaTHKaTa MEXIy ha3uTe Ha QIIEKCHUS U €KCTEH3US CHILO
MOrar Aa A0Be/AaT 0 aCHMETPUYHO HATOBapBaHE, KOETO Ja OrpaHWYH [UTaBHOCTTA
Ha JIB)KEHHETO U J1a Ch3JaJle NONBJIHUTEIHN (QYHKUMOHATHN OTPaHUYEHUs MU
JBIDKEHHS KaTO KOJICHUYCHE.

BbB Bpb3ka ¢ macuBHaTta U akTuBHA ekcTeH3us B KC mo maHHH OT
npoyusane Ha Kojo et al. (2018) ¢nekcusita B KC penyimpa 60e3HeHUS CTUMYJT
Ype3 HaMaJIsIBaHE Ha HAJSITAHEeTO B CTaBaTa U OTIIyCKAaHE Ha 3aHaTa Kancyia. To3u
mporec BOOU [0 MO-ToisiMa (IIEKCHOHHA KOHTPAaKTypa C HalpeBaHETO Ha
Oonectra. B pesynraT Ha TOBa MAIIEHTHTE PSJIKO YCISBAT Jla €KCTCH3HPAT
KOJITHOTO HAmbJIHO M TOBa € (pakTop 3a Mo-paHHA JereHepalus Ha CTaBHUA
XPYLISUL

@nexkcuonnute kKoHTpakTtypu Ha KC mnpu roHaprpos3a, BOAAT [0
3HAYNUTEJIHO OrpaHMYEHHE B IACHBHUS M AaKTHBEH oOeMa Ha [IBIDKCHHE Ha
KOJIIHHAaTa CcTaBa. e TMpelNCcTaBisBAaT CEPUO3HO MPEAM3BHKATEICTBO 34
KIMHUAIUCTUTE TIpU ToTanmHa apTporiactuka Ha KC. Ycmemnara xupyprudecka
KOPEKIIMSI Ha Te3W KOHTPAKTYpH, C (QOKYC BbPXY YCTaHOBSBAaHETO Ha 3aJHaTa
BUIbOHATHHA Ha KOJSIHOTO, € OT KIIIOUOBO 3HAUEHHE 33 Bb3CTAHOBSIBAHE HA ITbJIHUS
00eM Ha JIBHKEHHE.

AKO HE ce TIOCTHTHE ITRJIIHO pa3rbBaHe [0 BpeMe Ha OIepanusTa,
ocTaBallaTa KOHTPAKTypa Ile MPOABIDKU Aa OrpaHHMuaBa oOeMa Ha JBHXKEHHE,
KOETO MOXKE Ja BIOIM (QYHKIHOHATHOCTTa Ha manueHnrta. CliemoBaTesHo,
MOCTUTaHETO Ha WBJIHA EKCTeH3Ws B OlepallMOHHATa 3aja € BaXKHO 3a
BBH3CTAHOBSIBAHE Ha HOPMaJHHUS 00€M Ha ABIKCHHE M 3a IOCTHraHe Ha ao0pu
IBITOCPOYHH PE3yTAaTH Clell XUPYPrHYHO JIeUEeHHE.
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Pe3ynraTu M aHAJIHM3 0T MAHYaJIHO MYCKYJIHO TeCTYBaHe HA MALUEHTH C
rOHapTpo3a

Pesynrarute OT MPOBEACHOTO MaHyaJIHO MYCKYJIHO TECTyBaHE Ha
M3CIIeIBaHUTe TAIMEeHTH C TOHAPTPO3a B KOHTPOJIHATA IPyMa ca MpeJCTaBeHH B
(Tabm. 11).

MMT Ha m.quadriceps femoris Ha yBpeAeHUs] KpaK Mpe3 TbPBUAT JIcH
nokasBa, 4e 59,38% oT uzciaenBaHuTe JuIa ca oleHeHu ¢ ,4-“ u go 10 -9 men
OTHOCHUTEIHHUAT UM JsU1 HaMassiBa 10 3,13%, kaTo ¢ ouenka ,,4° ca ouenenu 50%
ot nunara. [lanuenture ¢ oneHka ,,5* Hapactear ot 0 10 12,5%.

Pesynrarute ot MMT Ha m.quadriceps femoris Ha TalUEHTHTE OT
eKcllepMMeHTAIHATa rpyna Impe3 IbpBUAT AeH mnokasear, e 70,59% or
H3CJICABAHUTE JIMIIA ca ¢ OleHKa ,,4-“, koiiTo no 10-u nen HamansBa o 32, 35%;
29,41 ca c onenka ,,4%, koiTo KOHTUHTeHT 70 10 — 51 neH ce yBenuyasa 70 55, 88%.
HabmonaBa ce HapacTBaHe W Ha TMPOIEHTHT MAIMEHTH C OIeHKa ,,5° or 0 1o
11,76%.

Januurte orpaszsBar e(pEKTHBHOCTTa Ha MPOBEACHATA KUHE3UTECPAIUS U
MPOM3THYAII0 Bh3CTaHOBsABaHe Ha M. quadriceps femoris B mBere rpymu, Kato
MoT0OPEHNETO € 3HAYUTEIHO.

Taon. 11. Pesynmamu om MMT na m.quadriceps femoris ¢ KI'u EI' na yspeden
Kpax - npedu u cied Kunesumepanus 6 (%)

I'pynu Onenka | Onenka | Ouenka | Omenka | Omenka | OuneHka
3+ 4- 4 4 + 5- 5

KI' N=32 0% 59,38% 34,38% 0% 6,25% 0%

1 — BHu aeH
EI' N=34 0% 70,59% 29.,41% 0% 0% 0%

1- BU J1eH

KI'10 — 1 0% 3,13% 50% 25% 9,38% 12,5%
ACH

EI'10-tun 0% 32,35% 55,88% 0% 11,76 0%
IeH

JlanauTe Ha wu3CICABAaHUS II0Ka3aTel B EKCIEPUMEHTATHATA TpyIia
OTUYHUTAT 00aue, MO-3HAYNTEITHO HaMaJlsIBaHe Ha JINIATa C OIICHKa ,,4-* B CpaBHEHHE
C B KOHTpOJIHATA TpyIIa.

B excnepumenTasiHaTa rpyna MMT Ha m.quadriceps femoris Ha 3npaB
Kpak-Ipeau U clie]] KUHe3uTepanus nokassa, ue 50% oT nuiara ca ¢ oneHka,, 4+,
23,53% c onenka,,5%“, 20,59% c onenka ,,5-“ u 5,88% ca c onenka ,,4.

CrenoBareHo, YCTaHOBSIBA CE€ IMOAOOPECHHE Ha MYCKyJHATa CHJia Ha /.
quadriceps femoris Ha yBpeleHUs KPaK Ha W3CJICBAaHUS KOHTHHICHT JIUIA CJICH
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10 — IHEBHOTO JICUCHHE, KaTo MPUIOKEHATa METOIMKA Ha KuHe3uTepanus B EI” e
JIOTIPUHECIIA B TIO-TOJIIMA CTETICH 3a MOJIOKUTESITHUTE MPOMEHH Ha TIOKa3aTesl.

Pesynrarute or MMT Ha m.vastus medialis B KOHTpoOJHaTa rpyna
rokazaau B (Tabmn. 12) mpe3 mbpBHSA ACH — NpEad KHHE3UTEpanusl MOKa3Bart, ue
71,88% ot aumara ca ¢ oneHka ,,4-“ u 10 10 - U 1€H OTHOCUTEIHHAT UM ST
HamansBa 10 62,50%, karo c¢ oreHka ,,4“ ca omeHenu 23,53%. IlamueHnture c
oteHka ,,5° mapactBar ot 0 mo 9,38%. Ilpu pesynrarure Ha MMT Ha m.vastus
medialis B KOHTpOJIHATA TpyNa Ha 3[paB KpakK - MPEAH U CJIe] KHHE3UTEepanusl ce
ycTaHOBsBa cieAHoTo: 43,75% ot nuiara ca ¢ oreHka ,,5 -, 15,63% c onenka ,,5%,
21,88% c onenka ,,4+“ u 18,75% c oueHka ,,4.

Taon. 12. Pezynmamu om MMT na m.vastus medialis ¢ KI'u EI"
Ha y8peden Kpax - npeou u cied Kunesumepanus é (%)

I'pynu Onenka | Onenka | Onenka | Onenka | Onenka | Onenka
3+ 4 - 4 4 + 5- 5

KI' N=32 12,50% 71,88% 15,63% 0% 0% 0%

1 —BH aeH

ET" N=34 2,94% 88,24% 8,82% 0% 0% 0%

1- BM aeH

KI' 2,94% 12,50% 62,50% 0% 9,38% 0%

10 — i aen

Er 0% 23,53% 64,71% 11,76% 0% 0%

10 — Tk nen

Pesynrarute B ekcmepuMeHTanHara rpyma or MMT Ha m.vastus
medialis ipe3 MbPBHS JICH MOKa3BaT, 4e 88,24% oT numara ca ¢ oleHka ,,4-, Koo
OTHOCHTEJIEH 1 HamaisgBa 1o 10-s neH po 23,53%; 8,82% ca c onenka ,,4“ u 10
10-st men ce yBenmuuana a0 64,71%. He ce HabnrogaBa HapacTBaHe Ha MPOICHTHT
TIpU TAIMEeHTHUTE ¢ OIeHKa ,,5° (octaBa — 0%).

Pesynrarure Ha MMT Ha m.vastus medialis 8 EI" Ha 31paB Kpak - npenu u
clen KMHE3UTEepanus IMoKaszpar cienHoro: 23,53% ot aurmara ca ¢ OIeHKa ,,5°,
20,59% c ouenka ,,5-“, 32,35% c ouenka ,,4*“ u 23,53% c onenka ,,4+.

Te3u maHHHM coyar 3a TOJOXKUTENICH €PEeKT Ha KUHE3UTEPAIUATa BHPXY
BB3CTAHOBSIBAHETO Ha m.vastus medialis v B IBETE TPy, KaTO MOJOOPEHUETO HA
MoKazaTtens € 3HauuTenHo. Pesynrtarure B EI' mokas3Bar obadye mo-chIIECTBEHO
HaMallsiBaHE Ha MPOLICHTa MAMEHTH C OlEHKa ,,4-* B cpaBHeHue ¢ KI'.

Pesynrarute or MMT Ha m.vastus lateralis npencraBenu B (Tabum. 13) mpe3
II'BPBHST JIEH B KOHTPOJIHATA Ipylia npeacTaBeHy B Ta0u. 18. mokassar, ue 53,13%
OT W3CIIEIBAHUTE JIUIIA ca olleHeHH ¢ ,,4-“. JIo 10 - us meH o6ade OTHOCUTEITHUST
uM Aa1 HamansaBa 1o 12,50% karo c oneHka ,,4° ca ounenenu 53,13%. Ilanuenture
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¢ olmeHka ,,5 - cpmo or 0% ce yBenmuuaBa 10 12,50% mnpe3 10- g nmen. [lpu
pesynrarute Ha MMT Ha m.vastus lateralis B KOHTpOJTHATA rpyIa Ha 37[paB KpakK -
Mpequ U cJeql KHHe3UTepanus ce ycTaHoBsBa cieanoro: 40,63% ot numara ca c
oneHka ,,4“, 37,50% c onenka ,,5-“, 9,38% c onenka ,,4+“ u 12,50% c ouenka ,,5.

Pesynrature or MMT Ha m.vastus lateralis mpe3 ObpBUSAT ICH B
eKCIepUMEeHTAIHATA TPYNa IMOKa3BaT clieAHOTo: 64,71% oT nuiara ca ¢ oreHKa
,4-“, KoTo oTHOCcUTEeNeH 11 A0 10-1 meH HamansBa 1o 8,82%; 29,41% ca c
o1leHKa ,,4%, kouto 10 10-u neH ce yBenuyasar a0 58,82%. HapacTBa u nponeHThT
Ha MaIUEHTHUTE C OLIEHKa ,,5-“, koitTo oT 0% cTura g0 17,65 mpe3 10-1 aeH.

[Ipu pesynararute Ha MMT Ha m.vastus lateralis B EI" Ha 3mpaBuAT Kpak -
Ipeau U cliel KHHe3uTepanus ce Habmopasar ciaeqHoTo: 32,35% ot nuuara ca ¢
olleHKa ,,5-“, 23,53% c ouenka ,,5“, 55,88% c onenka ,,4“ u 2,94% c oneuka ,,4-*.

Te3u maHHM codaT 3a MONOXKUTENEH e€(eKT BhPXY BH3CTAHOBSIBAHETO HA
m.vastus lateralis n B nBete rpynu. Ilpu pesynrarute ot EI” ce ycTanoBsiBa obade
M0-3HAYUTEIHO HaMaJsIBAHE Ha MAIMEHTHUTE C OlleHKa ,4-“ B CpaBHEHHE C
naruenture B KI' u yBennuaBaHe Ha nunata c oueHka 5- no 17,65% B EI' B kpas
Ha u3cinensaneTo, npu 12,5% B KI).

Taon. 13. Pesynmamu om MMT na m.vastus lateralis ¢ KI'u EI”
HA y8peoen Kpax - npeou u cied Kunesumepanus é (%)

I'pynu Onenka | Ounenka Ouenka Onenka Onenka Onenka
3+ 4- 4 4+ 5- 5

KI'N=32 | 3,13% 53,13% 43,75% 0% 0% 0%

1-Bu nen

EI' N=34 0% 64,71% 29,41% 0% 0% 0%

1-Bu

JeH

KI' 0% 12,50% 53,13% 21,88% 12,50% 0%

10-1 nen

ET 0% 8,82% 58,82% 14,71% 17,65% 0%

10-u nen

Pesynrarute or MMT Ha m.tensor fasciae latae Ha yBpeaeHUsl Kpak Ha
MAIMEHTHTE OT KOHTPOJIHATA IPyNa, peacTaBeHu B Ta0l. 19 mnpe3 mbpBus IeH
OT H3CJIeABAaHETO MoKa3nart, ye 59,38% or nmiara ca oueHenu ¢ ,,4-“ u no 10-us
JICH OTHOCHUTEIIHHUAT MM JsJ1 HamajisaBa 1o 2,94%, karo ¢ onenka ,,4“ ca 74,47% ot
koHTHHTeHTa. Orenkara ,,5% cwimo ot 0% ce yBenugasa g0 11,76% mnpe3 10-us nen.

[Ipu pesynrarute or MMT Ha m.tensor fasciae latae B KOHTpoOJTHATA TpyIIa
Ha 3ipaB KPaK - Ipeau U Cle] KHHE3UTEPaIus ce ycTaHoBsABa cieqHoTto: 31,25%
OT JHuIlaTa ca ¢ oreHka ,4+“ 28,13% c omenka ,,5“, 28,13% c omenka ,,5-“ u
12,50% c ouenka ,,4°.
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Pesynrarute or MMT Ha m.tensor fasciae latae B ekcniepuMeHTAJIHATA
rpyna npes mbpBHs JIcH moka3Bat, 4ye 50% OT u3cienBaHuTe JHIla ca C OlCHKa ,,4-
“, kouto g0 10-u meH mamamsear mo 8,82%; 29,41% ca c¢ omeHka ,, 4%, KOHTO
KOHTUHTEHT 10 10-u nen ce ysenmudaBa 10 58,82%. HapacTBa u mpoueHTHT mpu
MalKUeHTUTE C OLICHKa ,,5-*, koiTo oT 0% moctura go 11,76% mpe3 10-us nex.

[Ipu pesynrarure or MMT Ha m.tensor fasciae latae B EI' Ha 31paB Kpak -
MIpeqiu U cliel] KHHe3nuTeparus ce Habimronasa ciexHoTo: 32,35% ot n3cnenBaHuTe
JIMIIA ca ¢ OIeHKa ,,5-“, 23,53% c oueHnka ,,5%, 29,41% c ouenka ,,4“ u 14,71% c
olleHKa ,,4+.

Tesu gamHM couar 3a TONOXKHUTENeH e¢geKT Ha MpoBeAeHaTa
KHHE3UTEpanus BbPXY Bb3CTAHOBSIBAHETO Ha m.tensor fasciae latae u B nBeTe
rpynu. [Ipu nanmenTure ot EI' 06ave ce ycTaHOBsIBA O-3HAYUTEIHO HaMallsiBaHE
Ha OTHOCUTEJIHUAT JsU1 HA JIMLATA C OLIEHKa ,,4-“ B CpPABHEHHE C KOHTUHI€HTA B
KT.

Taon. 14. Pezynmamu om MMT na m.tensor fasciae latae ¢ KI["u EI’
HA y8peoen Kpax - npeou u cied Kunesumepanus é (%)

I'pynu Onenka Onenka | Onenka | Onenka | Onmenka | OneHka
3+ 4 - 4 4 + 5- 5

KI' N=32 0% 59,38% 40,63% 0% 0% 0%

1-BM el

EI' N=34 0% 50% 41,18% 0% 5,88% 2,92%

1-BH 1eH

KI' 10-u nen 0% 12,50% 40,63% 46,88% 9,38% 3,13%

EI' 10-u nen 0% 2,94% 76,47% 8,82% 11,76% 0%

Pesynrarute B KOHTpoOJHATa rpymna mnokasand B Tao6n. 14 or MMT Ha
UWMUOKpYparIHama 2pyna Myckyau Tpe3 IbpBUAT AE€H Noka3par, 4e 84,38% ot
M3CIICIBAHUTE JIUIIA Ca OLIEHEHH C ,,4-. JIo 10-ms1 1eH mponeHThT UM HaMaJIsBa JI0
13,13% xaro c ormenka ,,4“ ca 71,88% ot nmarmenTure B rpynara. OTHOCUTEITHHSIT
JIs11 Ha JTMuaTa ¢ oueHka ,,5“ Hapactsa ot 0% Ha 6,25% npe3 10- g ngen.

Ilpu pesynrarure Ha MMT Ha wwuokpyparnama epyna Myckyiu B
KOHTPOJTHATA TPYIIa Ha 3IpaB KpakK - MPEAH U ClIe] KHHEe3UTEePaITis Ce YCTaHOBSIBA
caennoto: 37,50% ot u3ciaeaBaHuTe IUIA ca ¢ oIeHKa ,,5-%, 21,88% c onenka ,,5%,
15,63% c onenka ,,4+“ u 25% c onenka ,,4°.

B excnepumenTannara rpyna MMT Ha uwuokpyparnama epyna myckyiu
Ha yBpeaeHuss kpak (Tabn. 15) mpe3 mbpBusAT mokasBa, e 70,59% or
H3CJICIBAaHUTE JIUIIA ca ¢ OICHKa ,,4-, kouTo 10 10-u nen Hamamsasar 1o 0%; 6,25%
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ca c oleHka ,,4%, kouto 10 10-u aex ce yBenuuanat 10 50%. HapacTtBa u mpoLeHTHT
Ha MaIlMEeHTUTE C OLEHKA ,,5-“, koitTo oT 0% moctura no 14,71 mpe3 10- 51 geH.

Tabn. 15. Pezynmamu om MMT na uwuoxpypannama epyna myckyau ¢ KI'u EI’
Ha y8peoeH Kpak - npeou u cied Kkunesumepanus 6 (%)

I'pynu Onenka
3+ 4 - 4 4+ 5- 5

KI' N=32 9,38% 84,38% 6,25% 0% 0% 0%
1-Bu aeH

EI' N=34 0% 70,59% 11,76% 0% 0% 0%
1- BM 1eH

KT 10-u nen 0% 13,13% 71,88% 18,75% 0% 6,25%
EI' 10-u nen 0% 0% 50% 3529% | 14,71% 0%

IIpu MMT na uwuoxpypannama epyna myckyau B EI' Ha 31paB kpak -
IPEay U cliell KWHE3UTEpaIksl ce yCTaHOBsIBa, 4e 55% OT Jauuara ca ¢ oueHka ,,4°,
20,56% c ouenka ,,5“, 11,76% c ouenka ,,5-“u 11,76% c ouenka ,,4+.

[MocoyeHnuTe NaHHU ca WHAUKATOP 32 €(PEKTHBHOCTTA Ha MPHUIOKECHUTE
MONENM Ha KWHE3UTEepanus 3a BBH3CTAHOBABAHE HA UWUOKPYPATHAMA 2PYNa
myckyau u B nBere rpynu. llpu pesynararure B EI' obade ce ycraHoBsiBa m0-
3HAUYUTEITHO HAMAaJISIBaHE Ha OTHOCHUTEIHUS U Ha MAIUEHTUTE C OlleHKa ,.4-“ B
cpaBHenue ¢ KI'.

Bonpeku nonoxxurenHuTe npoMeHu B oueHkara Ha MMT ,ouenka 5% e
oTYeTeHa caMo mpu 4 — Ma marenTs 3a M. quadriceps femoris, koeto o3Hauasa,
4e 3a Moj0OpsBaHE M MOJIbPKAHE HAa MYCKyJIHaTa (DYHKIHS M3MTBIHCHUETO Ha
yHpaXHEHHsI TpAOBa fa npoabinku (Oyemos u xon., 2014).

3acuiBaHETO Ha KBaJpHUIIETICA C 1IeJl JOCTUTaHe Ha ,,0leHKa 5 mo MMT
MIPU TAITUEHTH C TOHAPTPO3a € CIIOPHO MOPAIX HEMPABIITHOTO TIO3UITMOHUPAHE Ha
ocTa Ha JOiIHUS KpaiHuk. CHITHHTE KBaJPHIICTICH MOTAaT Ja yBEIMYaT PHCKa OT
nporpecust Ha octeoapTpuT Ha KC mpu xopa ¢ HaManeHa cTabMITHOCT Ha KOJITHHATA
ctaBa. OT ipyra cTpaHa CUjIaTa Ha KBaJIpUIEIICUTE HE KOPEIUpa ¢ eKCIIEHTpUYHATa
ycroitanBocT Ha KC, He3aBUCHMO OT BapyCcHATa MO3UIIHL.

Bobnpeku Te3u 1aHHU, U3CIIEIBAHMS IOKA3BAT, Y€ MO-CUITHUTE EKCTEH30PU
Ha KC npu nuna vag 50 roquHu MOTaT Jia peayIpaT CAMITOMUTE HA TOHAPTPO3a,
a 12-cemMuyHa TIporpaMa 3a yKperBaHe Ha MyCKyJIaTypara B 00acTTa Ha KOJICHHHS
KOMIUIEKC € JIOBEJIa 10 HaMalsiBaHe Ha O0JIKOBaTa CUMIITOMATHKA IIPH MAIUEHTH C
MenuaiaHa ronaptposa (Fryzowicz et al., 2018).
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[MogabpkaHeTo Ha MyCKyJqHAaTa (QYHKIHS € OT BaKHO 3HAUCHHE B
MpeBeHIMATa Ha TOoHapTpo3ara. MyYCKyIuUTe HMaT ydyacThe H3TpakgaHe Ha
cTaOMITHOCTTA Ha CTaBHUTE U a0copOmmATa Ha yaapa. XumnoTpodusta Ha MyCKyJIUTe
W TIOBUIIIEHOTO MEXAaHMYHO HATOBAapBaHE JOBEXKIAT J0 paHHA JereHepamus Ha
craBara (Becker et al., 2004).

B mpoyuBane mposemero ot Sadeghi et al. (2023) e mpocnenena
e(eKTHBHOCTTA Ha YINPAKHEHUATA 33 YKPEIBaHE HA MYCKYJIHTE MPH IMAIUCHTH C
ocreoaptputr Ha KC. H3crnenBanu ca obmo 96 manueHTH c JIeK A0 yMepeHa
roHaptpos3a. Pasznenenn ca Ha dYeTHpPH TpyNH, KOWUTO C€ MpPOCIEAsBaxa B
npoabKeHne Ha 8 cenMunu. [IbpBUTE TpU TPyNH MOMyYHXa YHOPKHEHHS 32
ykpernBane Ha M. quadriceps femoris, ummokpypaiHata MycKyiatypa u JIp.,
JIOKaTo YeTBbpTaTa rpymna Oellle KOHTPOJIHA W He Moay4yd Hameca. Haii-moOpu
pe3yNTaTH, BKIFOYMTEIHO HaMajieHa 00JIka U CKOBaHOCT, Osixa HaOI0aBaHu MPU
KOMOWHHPAHOTO YKpElBaHEe Ha KBAJPUIICTIC M HINMHOKPYPaTHA MYCKyJaTypa.
OCHOBHOTO OrpaHHYCHHE Ha M3CICABAHETO € KPATKUAT MEPUOJT Ha MpOCIe/IIBaHe,
KaTo C€ MpEIopbYBaT MO-ABJITOCPOUYHHN IPOYUBAHUA 3a OLICHKA HAa ABJITOCPOYHUA
e(eKT OT yIpaKHEHUsATA.

Cnopen wuscnensane Ha Muyaxuc u xon. (1997) 3a mocturade Ha
XHMOTPO(HUST HA MYCKYJIHTE ca HEOOXOAMMH MHOTO MHTEH3MBHHM HATOBApBaHUS,
KOUTO MpH NarueHTH ¢ ocreoapTput Ha KC He ca mpuiiokumy.

IMo mammum nHa Kasumovic et al. (2013) craruunWTe H3OMETPUUYHU
YIPKHEHMsI OKa3BaT 3HAUUTEIHO BIMSHUE BBPXY YKpeIlBaHeTO Ha m.quadriceps,
ocobeHo Ha m. vastus medialis. J[MHAMUYHWTE IBWKEHHUS TPEIOTBPATSIBAT
HapyIIaBaHETO Ha IUPKYyJAlUATa, TPUYMHEHA OT MPOABIDKHUTEIHH CTATHYHU
no3unuu. [1o Bpeme Ha JIe4UeHHEeTO ce BKITIOUBAT U [IEIEHACOUYCHH YIPAKHEHHS 32
pasTsraHe Ha CKbCEHH MYCKYJIH M YKpeTBaHe Ha OTCiIabeHuTe, KaTo 1Mo TO3U HAUWH
Ce OCHUTYypsBa KakTO CTaTHKa, Taka W JUHAMHKA B OHOMEXaHHUYHOTO
(yHKIIMOHMpPaHe Ha CTaBaTa.

B nombiiHeHHE KBM JICUEHHETO, OT ChIECTBEHO 3HAUYEHHE € J1a ce 00ydJar
MalMEeHTHUTE J]a TPOABIDKAT J]a IPaBST YIPAKHEHHS B JOMAIIHU yciIoBHs. [1o To3u
HauWH M€ ce NMOoAoOpH KadecTBO Ha JKMBOT M LIe ce 3abaBH Ipoleca Ha
JiereHepanusi.

IIpoMeHu B HHTEeH3MBHOCTTA Ha fokaTa no BAC

W3cnenpaneTo Ha HHTEH3UBHOCTTA HA OOJIKOBaTa CUMIITOMATHKA IPOSIBEHA
TIpY MMAIIUCHTH TUATHOCTUITUPAHH C TOHAPTPO3a € mpoBeneHo upe3 BAC (Bu3yasrHoO
— aHajoroma ckana). I3aMepeH € MHTEH3UTETHT Ha OoJIKara 2 IMTH: B HAYAJIOTO Ha
W3CIIeIBAaHETO — Npean KuHe3uTepanws (1-Bu 1eH) U B Kpas Ha npouexaypure (10-
Y JICH) B KOHTPOJIHATA U SKCIIEPUMEHTAITHA TpyTIa.
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Hpe)_II/IMCTBOTO Ha TCCTBT €, Y€ CC MPOBLIKAA JICCHO U 6’Bp30, HO Tpﬂ6Ba Ja
CC MMa npeaABUl, Y€ JaHHUTE OTpa3daBar Cy6eKTI/IBHI/ITe yCellaHusA Ha MAalIUCHTUTC.

Taon. 16. [Ipomenu 6 unmensuenocmma Ha boaxama no BAC

s Konmponna zpyna Excnepumenmanna zpyna P

3 Pl | P2
i Ipe3 | Ilpe3 Ilpez I-1 | IIpes K[-EI | KI-
N I-s X-51 D D IIeH X-51 D D% || gen | ET X

JIcH JIcH % IIeH et

_ | 6,500 | 6.188 |0,312 | 4,8 5,324 3,088 |2,236 (41,99 | 0,058 | 0,046
X

S 1,136 | 1,203 - - 1,430 1,545 - -

mx | 0,200 | 0,212 - - 0,2452 | 0,2649 - -
Vo | 17,48 | 19,44 = = 26,85 50,02 = =

A 4,222 | 0,028 - - 0,0177 0,0011 - -

E -1,38 | -1,04 - - | 0,0002 0.4372 = =

B Tabn. 16 ca mpencraBeHn pe3yaTaTtd OT MPOBEACHHUTE U3CIEABAHUSA, OT
KOMTO € BUJHO, Y€ B KOHTPOJIHATA TPyIia He ce HAOMI0AaBaT ChIECTBCHU PAa3INYH,
HO € OTYeTeH Jier cnaj B Ooskara ¢ 4,8%.

[Ipu ompenensHe Ha HOPMAIHOCTTAa Ha pa3lpeelieHUsATa Ha CIydauTe
ycTaHoBUXMe A u E U3BbH rpanuiuTe Ha -1,1, mpu koeTo 3a poBepKa Ha XUITOTE3U
MpUWIOKIXME MeToAa Ha Man — Yutau (Mann — Whitney) 3a He3aBUCUMU H3BAIKH,
C KOHTO YCTAaHOBHXME CTaTHCTUYECKaTa 3HAYUMMOCT Ha IIPOMEHUTE B OoJkara ot I-
st 10 X-Usl JIeH B JIBETE TPYIIH.

CroiiHoctuTe Ha P moOKa3Bar, e yCTaHOBEHATa pas3iinka B CpPEIHHUTE
BennuuHu Ha mokazarenss B KI' u EI' mpe3 mbpBUSIT JeH € CTaTUCTUYECKH
He3HaunMa (p=0,058), oT KoeTo ciieBa, e U3CIeIBAHUTE TPYITU Ca OTHOCUTEITHO
€IHAKBH 110 OTHOIIICHUE Ha CaMOOIICHKaTa Ha O0JIKaTa B yBpeeHaTa KOJSTHHA CTaBa
Ha naruentute (dur. 15).

Cnen 10-1HeBHA KMHE3UTEpaNus 00ade, pa3iuKara B CPEIHUTE BETMYHHU
Ha TIOKazareyis € cTaTucThdecku 3Haumma (p=0,046), oT KoeTo ciieqBa, 4e I0-
noopure pe3ynratu yctaHoBeHH B EI' B kpas Ha W3clenBaHETO, MOKa3BaT U IO-
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BHCOKa e(l)eKTI/IBHOCT Ha TMPWIOKCHUAT MOACIT Ha KHHC3UTCpalus, nOopaau
(p<0.05).

Elr 1-eu geH

Elr 10-mu geH

Kr 1-su geH KIr 10-geH

Que. 15. [Ipomenu ¢ borkama no BAC ¢ KI'u EI’

[IpoyuBanmsitTa cBbp3aHN ¢ OONKOBaTa CHMIITOMATHKA TPU TAIMEHTH C
TOHApPTPO3a MPEJCTaBIsABa 0cOOeH uHTEpec 3a m3cienoBarenure (Parkes, 2016).

[To nanuu Ha Wang et al. (2018) cnabara xopenaius Mexy OoJikoBaTa
CUMIITOMaTHKa ¥ CTPYKTYpPHUTE IPOMEHH TIpU TOHAPTpPo3a € OOIIUPHO
nokyMeHTHpaHa. [IpoydeHa e Bpb3Kkara Mexay paJuoJOTHYHATa OCTEOApTPUTHA
naronorus (ROA) u Gonkara B KC cpen mer pa3nuuHH pacoBU M €THHYECKH
MOMyJTalui. YYacTHUIMTE ca o0mo 252 KuTailliu (KOUTO >KUBEAT B rpan), 221
KHTalM (KOUTO JKUBEAT Ha ceno), 297 smoHiu, 122 xopeiinu, 1735 kaBka3my u
394 apo-ameprKaHCKH TIAIIEHTH.

N3snon3Bana e ycioBHA JIOTUCTHYHA perpecus. AHaJu3UpaHa € Bph3KaTa
Mexay ROA u Texectra Ha Oonkarta.

Pesynrarute mokassar, ye gopu Jiekatra ROA e 3HauuTeaIHO CBbp3aHa C
yecra O0onka B KC. CTpykTypHara maroyiorusi € cBbp3aHa ¢ 00JIkaTa B KOJISTHOTO
MIPU Pa3IYHU ETHHYESCKH TOITYIIAIUH.

B Ttasu Bpw3ka B mpoyuBaHe Ha Altuwairqi et al. (2023) ca cpaBHeHU
pesynrarute ot Kellgren-Lawrence (KL) grading scale, Ha peHTTeHOBU CHUMKH C
OonkoBa ckana ot ,,0-10°. /laHHMTE TOKa3BaT 3HAYMTEIIHA BPb3Ka MEXKIY JieKa
00JIKOBa CUMIITOMATHKA M TE€XKH PaJAMOJIOrMYHHA U3MEHEHHS, KAKTO 1 O0paTHOTO.
CaIo Taka ce ycTaHOBsABa Bpb3ka Mexny KL pesyararure u 3aTpynHeHHATA TPU
ceaene (Western Ontario and McMaster Universities Osteoarthritis Index) xaro
yMEpEeHUTe 3aTpyIHEHHs KOpPEeIupar C TEeXKKH PaIUOJOTHYHM HaxoAKH. ToBa
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npearnonara, 4e IeHTpajHaTa ¥ nepudepHara CEHCHOMIU3AMs MOXE Ja Urpae
pOJIst B IpUUMHKTE 32 OoJKaTa.

Cropen maHHUM OT TpoyuBaHeTro Ha Parkes et al. (2020), xumnoresara
npesmnosara, 4e e(peKTHBHOTO JieueHHe Ha OOJIKOBaTra CHMIITOMAaTHKAa MOXE Ja
JOBeZie JI0 yBeJMYaBaHe Ha PU3MUECKaTa akKTUBHOCT, KOETO OT CBOSI CTPaHa MOXKE
na Birommm O6onkata B KC. ToBa O HampaBmiIo JICYCHUETO Ja M3DICKIA ITO-MaIKO
e(eKTHBHO, aKO C€ OIeHsIBa CaMO BH3 OCHOBAa Ha peAylMpaHe Ha Ooikara.
WzmepBaHusaTa Ha aKTUBHOCTTA, MIPOBEACHH C aKCEJIEPOMETHP MPeaH U 10 Bpeme
Ha JICYEHHETO, TIOKa3BaT HE3HAYUTENHU TpoMeHH. Clie0BaTeHO, TE3U Pe3yNTaTu
HE TPEIOCTaBAT JOCTAThYHO JOKA3aTeNICTBA, e (pU3NIecKara akTHBHOCT € Onia
MPOMEHEHAa WIIM Y€ € OKa3alia BIIHsIHUAE BbPXY OIICHKaTa Ha OoJKara.

Bpb3kara mMexmy Oonkara M (u3nveckaTa aKTHBHOCT Ce€ OKa3Ba ciada.
EnmHCTBEHO CTAaTMYHOTO HATOBapBaHE Ha KONSTHOTO (BPEMETO, IMPEKapaHO B
M3MPaBEHO WM 3aceqHANI0 TOJIOKEHHE) MOKa3Ba ciada Bph3Ka ¢ Ooikara, U TO
camo B €IMH OT TPHUTE TECTBAHU MOJIEINA.

Ipu pesynraru ot npoyusanus Ha Oyemos u kon. (2014), Hopoanos u kon.
(2013), Cmaspaxosa u xon. (2002) 6onkoBara CUMITOMATHKA MPH TAIUEHTH C
TOHAPTPO3a HaMassiBa, HO HE M34Ye3Ba HAIBJIHO MMOpPAJX XPOHHYHHS XapakTep Ha
TOBa 3a00JIsSIBaHE.

Cpen naumeHTHuTe TUarHOCTULMPAHU C TOHAPTPO3a U HAAHOPMEHO TErvo,
nuerata U (QU3NYECKUTE YIPaKHEHUS OCHOBHO JOBEJOXa JI0 CTaTUCTHYECKH
3HAUUMH Pa3IMK{ NpY HamassiBaHe Ha OoJKara, KOsTO € CyOeKTHBEH MmoKa3aren 1
HE M34Ye3Ha HaIThJIHO NIPY U3CIIEABAHUTE JIHIIA, 2 CAMO HaMaJIsi TOPaJd XPOHUYHUTE
BB3MAIUTEITHA M3MEHEHHS M KparkKaTa MPONBIDKATEIIHOCT Ha JedeOHUs Kypc
(Messier et al., 2022).

Cnopen Hinman et al. (2007) KMHE3UOTESUTIMHTBT € €IHA OT MAJKOTO
HEXHUPYPTrUIHH WHTEPBEHITUH, HACOYCHH KbM OCTE0apTPUT Ha
narenopemMopanHara crapa. MeJHaIHOTO TeHITUpaHe Ha Tareiara Mpy NanueHTH
ChC CTECHEHHUE U ocTeo(uTH 001aCTTa Ha MmaTesiopeMopaiHara crapa Boau 10 25%
HamassiBaHe Ha Oonkara. [locienBaio paHIOMU3UPaHO KOHTPOIMPAHO MPOyYBaHe
npu 87 manuentd ¢ OA Ha KOJSIHOTO HMOTBBPKAaBa €()EeKTUBHOCTTA HA TEHMUHTa
3a HaMaJsiBaHe Ha OO0JIKara M yBPEXKIAaHETO.

HpOMeHI/I BbBB (l)yHK].[HOHaJIHaTa OIICHKA HA MAIIMCHTUTE 3a CbCTOAHUETO HA
koJisiHoTo (Knee society knee score)

HW3crenBaHeTo Ha MPOMEHH BbB (DYHKIIMOHAIHATA OIICHKA Ha MAHEHTUTE
3a ChCTOSTHMETO Ha KOJIsTHOTO (Knee society knee score) ce mposexia upe3 TOUKoBa
CKaja - 2 IIbTH: B HAYaJI0TO Ha M3cieaBaHeTo (1-BU JeH) U B Kpas Ha MPOLIETYPHUTE
(10-u 1eH) B KOHTPOJIHATA M CKCIICPUMEHTAIHA IPyIIa.
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Pesynaratute oT mpoBeneHUTE U3CNEIBAaHUSA HA MAlUCHTHTE OT
KOHTPOJIHATA IPyNa MOKa3BaT BUIHO HAMaJIIBaHE Ha 0OJIKOBaTa CUMIITOMATHUKA
ot 28,9148,204 touku no 29,22+12,06 npe3 10-us ieH OT MPOYIBAHETO.

KoedunmeHtsbT Ha Bapuaius HapacTsa o 10-usl IeH, OT KOETO cle/Ba, 4e
BB3JICHCTBUETO HA TepaNUsITa BbPXY (YHKIIMOHATHUSAT [TOKA3aTe) Ha KOJISTHOTO Ha
MalMEeHTUTEe B KOHTPOJHATA TpyNa € WHIUBUIYAIH3UPAHO W Pa3IUIHO.
ColrieBpeMeHHO 00EeMbBT Ha IBHKEHHE HapacTBa oT 18,79+2,45 no 19,12+2,58.

dnexcroHHaTa KOHTpakTypa HaMmaisiea ot 3,53+3,016 mo 3,06+2,57 mpes
10-u nen. Bucokust koeuueHT Ha Bapuanus obade MOKa3Ba pa3HOPOAHOCT HA
CHhCTOSTHUETO Ha TOKazarels B rpymara. Excrenzopuust nedurur o 10-u gen
HamaysiBa oT 6,72+2,73 no 5,78+2,57, kato u Tyk V% € CpaBHHTEIHO BHCOK.
HaGmonaBa ce mogoOpeHre B MOXOJAKATa, KAKTO M KAa4BaHETO U CIM3aHETO IO
CTBIIOH.

CrenmoBarenHo, MPHWIOKEHATa METOJMKATa HA KHHE3UTEpamus Ha
naimenTure B KI' mokasBa momoOpeHusi BbB (YHKIHMOHATHATa OICHKAa Ha
CBCTOSIHUETO Ha KOJISTHHATA UM CTaBa.

Ot u3cnenBane Ha MPOMEHHUTE BBB (DYHKITMOHATHOTO cheTosiHE Ha KC Ha
MalMEHTHTE OT eKCHePMMEHTAJTHATA Tpyla BCIEACTBUE Ha NPUIOKEHA
eKCTIepUMEHTATHA KHHE3UTEPAIHsl Ce YCTaHOBSIBA, Ye C YBEIMYaBaHE HA TOUKUTE
or 26,76x10,51 mpe3 I-1 men mo 31,18+8,622 mpe3 X-1 neH, OoikoBaTa
CHUMITTOMATHKA HaMaJIsiBa.

KoeduimenTsT Ha Bapualus Ha [OKazaTels € C TCHICHIUS KbM
HapacTBaHe OT I-1 10 X-Ms J€H OT KOETO CleiBa, Y€ CKCIepPUMEHTAIHATA
KHHE3UTEparus BIHsIC MOJOKUTEITHO, HO MHIUBHIYaTHO HA MAIUCHTUTE, KaTOo MPH
YacT OT TAX MOJI0OPEHNETO Ha (DYHKIIMOHAIHOTO ChCTOSIHIE HA KOJISTHOTO € B I10-
BHCOKa CTETIEH OT JPYTUTE C MM0-c1abo MoJo0peHne, KOUTO Tpoliec ce HabojaBa
u B KoHTponHata rpyna. OOembT Ha ABmKeHue HapactBa oT 19,12+2.58 no
19,89+2,12.

dJiekcHMOHHAaTa KOHTPAKTypa ChIo HamaisiBa ot 2,58+2,12 no 3,06+£2,57.
Bucokusr xoedunmeHT Ha Bapuanus, odade, IoKa3Ba pa3HOPOJIHOCT Ha rpyraTta.

Excrenzopuusar npedpunmt namansBa no 10-us gen or 6,72+2,73 nmo
5,5812,047. [Toxoakara ce moA00psiBa, KAKTO M KAYBAHETO U CIIM3AHETO 110 CTHJIOH.
Wnu uscnenBaneTo Ha BB3ICHCTBUETO HA eKCIIEpUMEHTaIHATa MeTonukara B EI
YCTaHOBSIBA II0O-CBHIIECTBEHO TOJ00peHne Ha (YHKIMOHAIHATA OICHKA 3a
cocrossarero Ha KC Ha marnmenTuTe, B cpaBHEHUE ¢ mogodpenuero B KI'.

CpenHure CTOWHOCTH M TIpU JBETE TIPYNU IOKAa3BaT MOAOOpEHHE Ha
¢dyHKIIMOHAIHATa OleHKa, kato npu EI' mpomenute ca mo-3Haunmu (D% B KT e
0,89%, a B EI' - 2,09%). IloBumniaBaHeTo Ha CTaHAAPTHOTO OTKJIOHEeHHE (SD)
MOKa3Ba IMHPOKO pa3ceiiBaHe HA MHIUBHIyaTHUTE PE3YJITATH Ha ITOKA3aTellsl OKOJIO
cpenHara My BennuuHa rpe3 10-us JeH OT U3CIeBaHeTo.
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Taon. 17. Ilpomenu 6 komnnexchama pynkyuonanna oyenxa Ha KC na
nayuenmume ¢ KI'u EI" (Knee society knee score)

Koumponna zpyna Excnepumenmanna zpyna P
Pl P2
IIpe3 | Ilpes IIpes [Ipe3 KI-EI' | KI-
I-g X-q D D I-a X-q D D% I nen Er
JIeH JIeH % JIeH JIeH X xen

142,07 | 143,5 | 1,43 | 1,0 | 136,8 1399 | 3,12 | 2,28 | 0,497 | 0,023

X

S | 14,47 | 15,82 - - 13,08 13,28 - -
m | 2,558 | 2,796 - - 2,244 | 2,278 - -
V| 10,31 | 10,99 - - 8,565 8,514 - -
%

A | 0,327 | 0,195 - - 1,6277 | 0,3116 - -
E | 0942 | 1,841 - - | 0,3429 | -0,619 - -

CTOHHOCTHTE Ha EKCIIEChT Ha MOKA3aTeis U Ha aCUMETPUSTAa UM B JIBETE
rpynu (Tabm. 17) mokasar, 4e pa3npeaeneHueTo UM € HeHopMaitHO ( M3BBH -1,1),
nopaju, KOeTo MpH POBepKaTa Ha XHUIIOTE3U € PUIIOKEH METOAbT Ha MaH- YUTHH
3a He3aBUCUMH H3BaJIKH.

PI-croitHOCTHTE Ha cCpeHUTE BeMYMHM Ha oka3aTenaT B KI'-EI' npes I-
s JIeH TOKa3BaT, 4e JIBETe TPYIH Ca OTHOCUTEIHO €JIHAKBU B CaMOOIIEHKAaTa Ha
MAIMeHTHUTE 33 00II0TO ChCTOSIHUE HA yBpeIeHaTa UM KoJistHHa cTaBa (p=0,497).

Cneo doecemonesna kunesumepanus, P2=0,023 na noxkazamenam uiu
P<0,05, om Koemo cnedsa, ue paziuKama ¢ cCaMOOUEeHKAmMa Ha nayueHmume e
3HaQuUUMaQ U no-000pume pe3yImamu 6 eKCNEPUMEHmAIHama 2pyna ca
pe3ynmam om no-epeKkmusen Mooei Ha KUHe3Umepanus.

IV. 5. IIpoMeHHu B eieMbT HA KOJISIHHATA CTAaBa ,, TECT HA XJIbTBAHETO*
(indentation test)

W3cnensaneTo Ha MPOMEHUTE B €1€MbT P MMALMEHTH TUarHOCTULIMPAHU
C TOHapTpO3a ce U3BbpIIBa B Hayasnoto (1-Bu AeH) u B Kpas Ha npouenypure (10-u
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JIeH) B KOHTpOJIHAaTa U €KCIIEpUMEHTallHa Ipyna. M3cienBan € caMo yBpeIeHUAT
kpak. [Ipu To31 TecT ce mpociensBa HATMYMETO JOPU HA MUHUMAJIEH OTOK.

C ,,monokuTeneH* ce oTOeNsA3Ba Pe3yiITar, KOWTO MO3UTUBUPA HATTMINETO
Ha eIeM B KOJSIHHara cTaBa NpH u3ciensanure ymna. C ,,0oTpumareneH” ce
oTOesA3Ba pe3yaTaT NoKa3Balll JIUIIcaTa Ha e/IeM B KOJISTHHATa CTaBa Ha JIULATA.

Tabn. 18. [Ipomenu 6 edemvm Ha KONAHHAMA CMABA,, MeCM HA XIbMEAHemo **

”+“ ”_“
I'pynu pe3yJararu D D% pe3yararu D D%

(%) (“o)

KT 90,63 3,13 3,45 9,38 3,12 | 33,26

(I — BM 1eH)

KI' 87,5 - - 12,5

(X —TH aeH)

El 94,12 11,77 12,50 5,88 8,83 | 60,02

(I — BM 1eH)

ET 82,35 14,71

(X' — TH aen)

B Ttabn. 18. ca mpepcraBeHH pe3yiTaTUTE OT MPOBEACHUAT TecT. B
KOHTpoJHAaTa rpyna mpe3 mbppus JaeH 90,63% oT numara mokasBar HaIMIHUE Ha
OTOK B yBpeJeHara KOJsSHHA cTaBa, a mpe3 10-us JeH NpOIEeHTHT HaMamsBa C
3,45%. OTpuiareTHUTe pe3yaTaTH ChIo HaMamsBar ¢ 33,26%.

100 il 94.12% Kr 1-eu peH "+"

87.5% Elr1-en peH "+"
A 82.35 Kr1-empgen"™"
Elr 1-en peH "-"
60 KF10-u peH "+"
Er 10-u peH "+"
40 Kr10-u pen "-"
12.5% 14.71%
20
0

Que. 16. Paznuuusa 6 pesyimamu om npomexu 6 edema ,, mecm Ha
xnvmeanemo (indentation test) “ na ygpeoeno konsino 6 KI'u EI"
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B excnepumenTannara rpyna 94,12% ot nunara uMar €eM B KOJISTHHA
craBa, HO A0 10-us neH HamamsBa ¢ 12,50%, koero € BumHO BbB (ur. 16.
OtpuniareHUTE pe3ynTaTu chino Hamamssar ¢ 60,02%.

[Ipunoxxenara MeTrogwKka Ha KWHE3WTEpanuss W B JABeTe rpynu (mo-
3HaunTenHo B EI') crmomara 3a penynpaHeTo Ha OTOKa B KOJITHHATa CTaBa, KOETO €
0Tpa3eHo B ,,MTOJIOKHUTEITHHUTE pe3yaTard. BbIpekn ToBa HEe ce HaOImomaBa
CBHINECTBEHO pa3ure B IBETE TPYINH MPH yBeIUYaBaHe HA Opos Ha MAIMEHTHUTE,
KOUTO ca 0e3 OTOK B Kpasi Ha U3CJIEABAHETO MOPaAX KPaTKHsI IEPUOA Ha JICUCHUE U
XPOHUYHUTE IMPOMEHH, KOUTO Ca HACTHITWIIN BCJICACTBHE Ha 3a00JIIBAHETO.

IV. 6. Pe3yaraTtu u aHaau3 oT U3MepBaHeTO HA Q -bI'bJIBT HA KOJISIHHA CTaBa
(maresiopeMmopasieH brbJi)

W3zcneapanero Ha marenodemopainus brojl (Q - Br'bjl) NpU MAUEHTH
JUarHOCTHLMPAHU C TOHApTpO3a, Ce MPOBEXkAa B HAYaJloTO Ha mpoyuyBaHeto (1 —
BU JIEH) U B Kpas Ha npouenypure (10-u 1eH) B KOHTpOJIHATa U eKCIIEPUMEHTalIHa
rpyIma, B TpaaycH.

Taon. 19. Pezynmamu om usmepeane Ha Q -vevla (namenogphemopainus vevi
Ha KonssHHama cmasa (8 epadycu)

KonTpoJsna rpyna ExcnepumenTanna rpyna P
P1 P2
IIpes I- IIpe3 IIpe3 IIpe3 KTI'- KTI'-
s IeH X-ust D D I-s1 X-ust D D EI EI'
JeH % aeH aeH % |Inen | XpeH

5,406 5,406 | 0 0 2,485 6,103 | 0 0 0,455 | 0,447

X

S 3,809 3,809 3,542 3,915
My 0,6733 | 0,6733 2,918 | 0,6715
Ve, 70,45 70,45 42,422 64,16
A 0,640 0,640 1,238 | 0,8267
E -0,298 0,298 3,034 | 0,0567
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B Ttabn. 19. ca mpencraBeHu pe3ynraTH OT uU3MepBaHe Ha (Q -BI'BIBT
(marenodemMopaliHus BI'bJI) HA KOJISTHHATA CTaBa B TPAIYCH.

B mpoyuBane na Imhoff et al. (2021) ce mocouBa, 4e mpu KOMOWHUpPaHE Ha
CHITPTCTBAINH 3200JIIBaHUS KaTO 3aTIIBCTSIBAHE, OTKIIOHEHHE B TTaTeI0(heMOpaTHHAS
BI'BJ M TPaBMa Ha CTaBara (MEHHCK, XPYUISUI, JIMTAMEHT) BOAM JO MPOrpecHpan
OCTEOapTPUT HA KOJNSHHATA CTaBa W (U3NOTEpamusATta HE MPOMEHS
narenodeMopaHus BI'bJI, BCIEICTBHE HA TOHAPTpo3a. JleueHneTo e omeparuBHO.
Haii-uecTo ce npuiara 0CTe0TOMHSL.

[Narenodemopanuara nedopmaius € crpykrypHa u npu SIMP mnokaszea
PHCK OT TOHapTpo3a. ACHMETpHsATA Ha mareiaodeMoparHaTa cTaBa Mpy MO-MJIanTe
XOpa € CBbp3aHa C yBpEXKJaHe Ha CTaBHMA XPYLIsUT U mpexaeBpemeHHa OA Ha
narenodemopanHara ctaBa. HempaBriiHOTO HaTOBapBaHE HA CTaBUTE MPUYUHIBA
MPOMEHN B CTaBHUS XPYIIsUI, KOUTO Morar jaa ObIaT BPOACHH WM TOpaaH
HapaHABaHUS Ha KOCTHUTE KaTo TpaBMa u oneparus (Khoroushi, 2022).

CTpyKTypHUTE MPOMEHH B KOJIIHHAaTa cTaBaTra IMpH TOHApTpO3a TPYIHO
Morar Jia ObJIaT KOPUTHPAHH 3a KPAThK IMEPUO OT BpeMeE.

Tosa obsacuasa u Pl u P2 —cmoithocmume na nokazamenam na KI'-ET -
novpeu oen (p=0,455) u oecemu oen (p=0,447), kKoumo nokazeam, ue paziuxama
¢ O -v2bia Ha KonAHHAmMA cmaea @ 0geme ZpPynu, 6 HAYAAOMO U 6 Kpasa HA
U3CNIe08AHEMO € CMAMUCHUYECKU He3HaAYUMd, Mm.e. eKCnepUMeHMmAanHusm
MoO0en Ha KUHe3umepanus He e nPeou3suUKal nNPoMeHu 6 namenogpemopannus
2B/l HA RayUeHmume.

IV. 7. IIpoMmeHu BbB (JIEKCMOHHATA KOHTPAKTYPA HA KOJSHHATA CTaBa

W3zcnensaneTo Ha NpOMEHH BbB (DIIEKCHOHHATA KOHTPAKTYpa Ha KOJISIHHATa
CTaBa MpH MAIMEeHTH AUArHOCTUIIUPAHH C TOHAPTPO3a, BCIAESICTBHE Ha IPUIIOKESHN
JIBE MOJIeNIa Ha KHHE3UTeparus, ce MPOBeX/ia B HaUaIoTo, npe3 -1 JieH U B Kpast
Ha npouexnypure npe3 10-us JeH, B KOHTPOJIHATa U EKCIIEpPUMEHTalIHa Ipyrna Ha
yBpeZieH Kpak. Pesynrarure ca B Tpajycd, Karo pasiukara or 1 cM e paBHa
MPUOTM3UTENHO Ha 1° B 3aBHCUMOCT OT JbJDKUHATA Ha rofo0eapunara. Hamiuuero
Ha OTOK CBIIIO MOXE Ja O3UTUBHpPA TECTA.

B Tabn. 20. ca mpeacraBeHM pe3yiTaTH OT MPOBEACHUAT TecT. B
KOHTPOJIHATA rPyNa npe3 MbPBUSAT ACH CpeIHaTa CTOMHOCT Ha rmokasarens e 5,43°
3a yBpeaeHara KoisiHHa cTaBa u 10 10-usg aen namanssa ¢ 0,34° (6,26%).

KoedunuentsT Ha Bapuarus (V%) € BUCOK, KOETO IMOKa3Ba Pa3HOPOIHOCT
Ha pe3yJTaTuTe B rpynara U € ¢ TeHICHUXs Ha HapacTBaHe 10 10-us neH, KoeTo
O3HauaBa, 4€ M3CJEIBAaHUTE JMLA CE BIMSAT MHIUBUIYaIHO OT NPHIIOXKEHAaTa
KnHe3uTepanus. EMuH OT yyacTHHLIMTE He yCId Jla 3aeMe MOJIOKEHHE ,,JIeT Tpe3
1-Bust IeH OT m3ciieABaHeTo, a npe3 10- Tn oTkasza na onwmra.
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B excnepumeHTaNIHATA Ipyna cpeaHATa CTOMHOCT Ha MOKA3aTelsT Mpe3
OBPBUS ICH OT u3cienBanero ¢ 6,70° u namanssa no 10-us gen mo 5,62°, wnu
HamaneHueto e ¢ 16,12%.

Tabn. 20. [lpomenu 6v6 (prekcuonHa KOHMPAaKmypa
Ha KOAHHAMA CMAsa cied KUHesumepanus

KonTpoJuna rpyna ExcnepuMeHTaHa rpyna P
N=32 N=34
=
g PI P2
£ | Ipes Ipe3 IIpe3 | Ilpe3 I-Bu X-u
§ I-s1 X-s1 D D% I-s1 X-s1 D D% | nen JIeH
: J€H JeH eH IeH
X 5,43 5,09 | 0,34 | 6,26 | 6,70 5,62 | 1,0 | 16,12 | 0,074 | 0,036
8
S 2,964 | 2,857 3,445 | 3,181
myx | 0,5207 | 0,5050 0,590 | 0,545
v 54,27 | 56,05 51,44 | 56,62
%
A | 0,3276 | 0,1960 0,495 | 1,390
E | 1,2718 | 0,1696 0,072 | -0,938

KoeduruentsT Ha Bapuarms (V%) Hapactsa noseue, B cpaBHenue ¢ KT,
KOETO O3HayaBa, Y€ W TYK MAIUCHTHUTE C€ BIUAAT PA3IMYHO OT NpPUIIOKEHATa
kunesurepanus (Our. 17). M B Ta3u rpyna oTJelHN NAlMEHTH CE 3aTPYyIHUXA B
3a€MaHETO Ha MOJI0KEHHUE ,,JIeT .

Upes metombT Ha Man — Yutrau (Mann — Whitney) ce ycTaHOBH
CTaTUCTUYECKaTa 3HAYMMOCT Ha pa3jiKaTa BbB (MIEKCHMOHHATa KOHTpPAKTypa Ha
yBpenena KC B nBere rpymnu, KOSTO pa3jiMka B HAyajlOTO Ha M3CIICABAHETO €
HemocToBepHa (p>0.05).

Hnu, PI noxazea, ue paznukama 6 cpeonume 6eu4unU Ha NOKA3aAmens
6 KI' u EI' npe3 nwvpeusm Oen e Hesnauuma (P1=0,074). Cneo 10-onesna
KuHe3umepanusa obaue, paziuxama e 3nauuma (P2=0,036), om xoemo cneosa,
ye no-0oopume pezynmamu 6 EI' ca pesynmam om no-eucoka efpexkmugnocm na
RPUNONHCCHUA MOOCT HA KUHE3UMEPAnus, 6 CPasHeHue ¢ MpAaouuuUoOHHUA 6
KOHmpoanama zpyna.
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Que. 17. Unousudyannu cmouHoCmu Ha (leKCUOHHAMA KOHMPAKmMypa Ha
yepedenama KoasHHa cmaea om KI'u EI" npe3 10-us den

Ot ananmuzupanute 6284 cratuu, 9 paHIOMHU3UpPAHU KOHTPOJIHPAHU
MpOyYBaHUs OICHsABAT e()eKTUBHOCTTA Ha cTpeunHra npu @K Ha KonsHHA cTaBa
Ha MalUeHTH ¢ TOHAPTPO3a.

Pesynrarute mokasBar, Y€ CTPEUMHI'BT Ha CKbCEHaTa MYCKyJaTypa
nmoo0psiBa 001U 00eM Ha aBrxkeHue ¢ 9,3°, duekcus, ¢ 10,8° excrensusi u ¢ 9,1°
B CpPaBHEHHE C KOHTPOJIHUTE rpynu. OCBEH TOBA, CE€JIeM NPOYYBAHUS YCTaHOBSBAT
HamajieHue Ha Ooiikata ¢ 1,9 ctanmapTU3HpaHu cpelHu pa3iuky. JlokazaTencrsara
3a e(eKTUBHOCTTa HAa CTPEUYMHra Ha CKbCEHAaTa MYCKyJlaTypa ca C YMEPEHO
KauecTBO, KOETO TOJAKpEeNs HEeroBoTo MpujaraHe KaTo KOHCEepBaTHUBHA
WHTEPBEHLMS 32 MOAOOpsBaHE HAa KIMHUYHHUTE PE3YJITaTH NPU OCTEOApTPUT Ha
konstHoTo (Campbell et. al., 2023).

TonapTpo3ara vecto e chIpoBojeHa ¢ (uiekcnoHHa KoHTpakTypa (DPK),
KOSATO BJIOIIABAa KJIMHWYHUTE pe3ynTtatd. IIpoyusane Ha 600 mnammeHTH C
ocreoaptput Ha KC ot ,,IHunmatusara 3a ocreoaptput™ (OAI) nokassa, e 33,4%
oT nanuenTute umat @K, cBbp3aHa ¢ 1ereHepaTuBHU IPOMEHH, 3acHeTH ¢ SIMP.
Tesn mpoMeHM BKIIOYBAT 3aryba Ha XpyHOsuT W KOCTHH JIE3UH B
natenodemMopaiHaTa cTaBa, OCTEO(UTH, MEHUCKYCHH YBPEXIaHHS M U3JHB B
ctaBara. Pesynratute mpeamomarar, ye 3aryoara Ha ekcreHsus npu OA e
mHorodakropeH crpykrypen mnpoiiec (Campbell et. al., 2022).

B Tasm Bpb3Ka paznuuHU (PU3MOTEpaneBTHYHH MPOLEAYPH OKa3BaT
TepaneBTHYeH edekT nmpu (iaekcMOHHM KOoHTpakTypu Ha KC mpu mamueHTtH c
rOHapTpo3a. AepoOHHTE YIpaXHEHHS pexynupar Oonkata M HOmoOpsBaT
¢usnueckara QyHKIMS, a CHIOBaTAa TPEHUPOBKA € epeKTUBHA CPEelly MYCKYyJIHATa
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xunotpopusi. HeBpoMyckynHuTEe ynpakHEHHss M TPEHHPOBKUTE 3a OanaHc
noJ00psIBaT MPONPHOLENIHUATa U CEH30MOTOPHUS KOHTPOJ, JOKaTO BOJHUTE
VOpaXHEHWsT MpeiaraT [O-MajJko CTpaHWYHH eQeKTH. TpaguLuOHHH
YOpa)XHEHHs, Karo OT Hora, ChIIO C€ W3IOJ3BAaT yCIEIHO. Bbrmpeku TOBa,
HACTOSIIUTE HW3CJICABAHUS Ca HEJOCTAThYHM, KOETO HM3UCKBa M0-33bJI00YCHH

KJIMHUYHA TPOYYBaHMS ¥ KOMOWHHpPaHHM TeparneBTHYHH momaxomu (Zeng et al.,
2021).

IV. 8. Pe3yaraTn 1 aHa/IM3 OT TECT HA eKCHEHTPUYHA CTHIIKA

TecTpT ,,eKCIIEHTpUYHA CTHIKA MNPHU MANUCHTH JUATHOCTULIUPAHU C
TOHAPTPO3a, CE MPOBEXKAA ABYKPAaTHO: B HAYaJIOTO Ha M3cieaBaHeTo (1-Bu meH —
npeau Kypca MO KMHEe3uTepanus) W B Kpas Ha mpouenypure mnpe3 10-us neH B
KOHTpOJTHATa U eKCIIepUMEHTalHa rpyna. V3cneasar ce B U 1eceH Kpak. TecTbT
MpociieAsiBa HAIMYMETO Ha (yHKIMOHAJIHM OTrpaHn4eHus. [lanueHTsT cTtom Ha
cThmano ¢ BucounHa 15 cm. Pwrete ca Ha xpnbomure. Ciier ToBa cliv3za HalloMy,
KaTo BOJIEII € JICBHAT KPakK, CIIel TOBa CIIN3a C JECHHUSI.

TecThT € MONIOKUTEINICH, aKO TIPOBOKKpa OoJika. Mnu ¢ ,,1oJoXKHUTEIeH ce
oTOeIs3Ba PE3yNTaThT, KOUTO MO3UTHUBUPA HAIMYHETO Ha OONKa B oOmacTra Ha
KOJITHHaTa crasa npu junara. C ,,oTpuuareneH” ce orbens3Ba pe3yaTarsT, IpU
KOWTO MAallMEHTHT HsIMA OOJIKa B KOJISTHHATA CTaBa.

Taon. 21. “Honoxcumennu** pesyimamu 0m mecm eKCYeHmpuyHa CmvnKka

I'pynn IloJioKuTE THI D IHonoxkuTeHU D
3a JIAB KpaK 3a leceH Kpak
(%) (%)
KI' 31,25 3,12 46,88 6,26
(I — BU 1en)
KI' 28,13 40,62
(X' —TH aen)
EI 50 5,88 41,18 2,94
(I — BU 1en)
El 44,12 38,24
(X — TH AeH)

B Tabn. 21. ca mpeacraBeHM pe3yiTaTH OT MPOBEACHUAT TecT. B
KOHTPOJIHATA Ipyna mpe3 IbpBUAT JeH ce ycraHoBsBar 31,25% ot nunara c
,,[TOJIOKUTETICH * Pe3ynTaT 3a JISB Kpak, Koitto 1o 10-us nen namainssa ¢ 3,12%.
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IIOKa3Bar

Tabn. 22. “Ompuyamennu* pezyimamu om mecm eKCyeHmpuyHa Cmonka

I'pynu OTpunaTeTHu D OTpunaTeTHH D
3a JIIB KpaK 3a JleceH Kpak
(%) (%)

Kr 15,63 3,12 6,25 6,25
(I — Bu gen)

KI' 18,75 12,50
(X — TH 1€H)

ET 5,88 5,88 2,94 11,77
(I — Bu gen)

ET 11,76 14,71
(X' — TH aeH)

3a nmecHuAT (Tabn. 22) kpak mnpe3 mbpBus JAeH 46,88% oT marnmeHTuTe

,,JIOTIOJKUTEIIEH

pesyarar,

KOMTO OTroBapsd Ha MPOLCHTHT Ha

JIOKaJIM3upaHa TOHapTpo3a Ha AeceH kpak (Pwur. 18). J{o 10-wst 7eH OTHOCHUTEHUAT
UM A5 HamassiBa ¢ 6,26%. B exkcriepuMeHTaJHATA IPyNa Ipe3 IbPBUST JIEH ce
ycranoBsiBaT 50% OT ciiyqaute ¢ ,,[IOJIOKHUTENICH  Pe3yiITar 3a JisiB Kpak, KOUTO 10
10-ug nen Hamanssa ¢ 14,71%.

50
40
30
20
10

28.13

31.2

Nsg "+"

KoHTponHa rpyna

40.62

46.88

,EI,eceH ngn

Nag "-"

1-Bu peH
10-u peH

18.75

12.5
15.6
6

HeceH

Que. 18. Oyenka Ha ekcyenmpuunama cmvnka Ha nayuenmume om KI'

om 1 — 6u 0010- mu Oer Ha npuNOHCEHA KUHE3UMepanus
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3a gecHUAT Kpak, npe3 mbpBus AeH 41,18% ot uscienBanute nuia
MOKa3Bar ,,onokuTeneH” pesynarar. Jo 10-us MeH OTHOCUTEIHHUAT UM JIST
HamausBa ¢ 2,94%.

Ha (¢ur. 7) ce Bmkna AuarHOCTUIIMpaHa JIOKANIHA3alys HAa TOHAPTPO3a,
KOsITO € 58,82% 3a JIB Kpak MpH U3CIeABAaHUTE JIUIla B eKCIIEPUMEHTAIHATA TPyIIa.

KommeHncaropanTe MexaHW3MHU, W3TPaXJAaHW OT TMAIMEHTUTE 3a
HamMaJsiBaHe Ha OOJIKOBaTa CHMIITOMAarvKa Ha YBPEIECHHUST Kpak € Bb3MOXKHO Ja
Mpean3BUKBAT OOJIKa U B 3[paBUsl KPaK, IOPaaH MPETOBAPBAHETO MY.

B Tabmn. 26. ca npencraBeHu ,,0TPULIATEITHATE  PE3YITATH OT MPOBEACHUST
TecT. B KOHTpo/JHaTa rpyna npe3 mbpBUAT AeH ce HaOmomasar 15,63% c
,,OTpHIIATEICH  pe3yaTaT 3a JIAB Kpak, KoiuTo 1o 10-ust nen ce yBenuuana ¢ 3,12%.

3a JecHUAT Kpak, MbPBU JICH OT H3CieABaHeTo, 6,25% oT mamueHTuTe
MOKa3BaT ,,0TPULIATENICH  pe3ynTart, KoiTo 1o 10-u aeH ce ysenuuasa ¢ 6,25%.

EkcnepuMeHTanHa rpyna

50
1-Bu OeH
50 44.12
41.18 38.24 10-n neH
40
30
14.71
20 11.76
0
Ng "+ [ecen "+" Mg "-" [ecen ™"

Que. 19. Oyenxa na excyenmpuunama cmvnxa na nayuenmume om EI"om 1 — eu
0010- mu 0en Ha NpuULOICEHA KUHe3UMepanust

[Ipu mamueHTHTE B eKCMepUMEHTAJHATA IPyNa Ipe3 MbPBUAT JACH Ce
ycta"oBsBaT 5,88% c ,,oTpHumareneH* pe3ynrar 3a JisiB Kpak, KoWto no 10-us neH
HapacTBa ¢ 5,88%. 3a gecHMAT Kpak npe3 ImbpBus AcH 2,94% OT manueHTUTe
MOKa3Bar ,,0TpunaTeneH pesynrar, kouto no 10-1 nen ce yBenmvaBa ¢ 11,77%
BUHO Ha ¢wur. 19.
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[MareHTH ¢ TOHAPTPO3a Cca U3JIOKEHH HA MO-BUCOK PHUCK OT MajaHe Mo
BpEMe Ha TPEXOl MEX/IY XOJCHE IO MoJa U MO CTHIOUTE MOpaau XUIOTpodus Ha
MYCKYNHTe Ha JoiaHuTe Kpaitauuu (Chai et al, 2023).

VYcraHOBEHO €, Ye TAlMeHTH C OCTCOAPTPHUT Ha KOJSHOTO H3IUTBAT
3aTpyAHEHHS TPW M3KauBaHEe W CJIM3aHE MO CTHJIOH U TOBA MPEIN3BUKATEICTBO
ocTaBa J0pH clieq eHponporesupane (Whitchelo et al., 2014).

Ot mpoBeneHo n3cnenBane Ha lijima et al. (2018) ce nabmonaa, 3a0aBeHO
aKTUBUPAHE HA m. qudriceps femoris MIPU MAIMEHTH C TOHAPTPO3a MO BpeMe Ha
M3KauyBaHe WM CIM3aHe 10 CTHIOW. belle OTKpUTa JMIca Ha JOKa3aTejacTBa 3a
MPOMEHU BbB BBHHIIIHUS MOMEHT Ha aJUTyKIHsI Ha KOJITHOTO IO BpeMe Ha W3KauBaHe
Ha CTHIOU. XunoTpodusta Ha m. qudriceps femoris 3HAYUTEIHO 3aTPYIHSIBA
M3KaYBaHETO U CJIM3aHETO IO CTHIIOH.

1V. 9. IlpoMenu B moxoakara ¢ u 0e3 00yBKH (eKCIIEPTHA OLIEHKA)
3a aHaIM3 Ha [IOXOJKATa U3II0J3BaMe TECT 3a U3MEpBaHE Ha IbJDKUHATA Ha
CTBIIKAaTa M TECT 3a IIMPOYMHA HA CTHIIKATa, KaTO TECTYBaHETO ce mpoBeae mpe3 1-
sl IGH — TIPeJ Kypca 1o KUHe3uTepanus U B Kpas Ha nponenypute (10-u neH) B
KOHTpOJIHATa U eKCIIEpUMEHTAIHA IpyTIa.

Pe3yaTaTu OT TeCT ,,AbJGKMHA HA CThIKATA®
TecryBa ce qb/DKMHATA HA CTHIIKATA, IBPBO C BOJACHI JISIB M CJIE/ TOBA C
BOJIEN JieceH Kpak (c u 6e3 oOyBkm). B Tabm. 23. ca mpencraBeHu pe3ynraTd OT
npoBeneHuTe wu3cnenBanusa. HaOmomaBatr ce momoOpeHuss B IBJDKMHATA Ha
CTBITKaTa ¢ BOJIeI JIsIB Kpak Oe3 00yBku npe3 10-ust neH ¢ 0,81 cM. B KOHTpoHAaTa
rpyna uinu nogodpenueto e ¢ 1,77% u ¢ 1,63% nonodpenue ¢ 00yBKH.

Tabn. 23. Pezynmamu om mecm ,, ObANCUHA HA CIMbRKamMa * ¢ odeuy 158 Kpax

Konrtposina rpyna N=32 Konrpoana rpyna N=32
< 0e3 00yBKH ¢ BoJell JSB KpaK ¢ 00yBKHM ¢ BOjell JISIB KpaK
s
2
S
é* Ipes Ipes Mpes I | Ipes X-
I nen X nen D D% IeH JIeH D D%
X 45,77 46,58 0,81 1,77 47,34 48,11 0,77 1,63
S 10,29 | 10,52 10,64 11,07
mx 1,820 1,860 1,881 1,956
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Ve, 22,49 22,59 22,47 23,00
A 1,215 | 0,21,58 0,0168 -1,2147
E 0,679 1,5633 0,0726 -0,9388

Huckusar xoepunuent Ha Bapuauus (V%) moka3Ba XOMOTEHHOCT Ha
pesynrtarute B rpynara. JlaHHWTE MOKa3BaT, ye OOYBKHUTE WMaT BIHUSHHUE BBPXY

ITOIOOpSBAHETO Ha IMOXOIKATa Ha TAIlUCHTUTE, HO HE ca OCHOBEH (haKTop.

Pezynmamu om mecm ,, 0b1CUHA HA CIBRKAmMa*“ ¢ 600euy 0ecen Kpak

¢ KI'

B Tabn. 28. ca mpeacraBeHu pe3ysiTaTH OT MPOBEACHO HU3CJICIBAaHE Ha
JbJDKWHATA HA CTBIIKATA, C BOJCIHI JCCEH KPaK, B KOHTPOIHATA TPyTIa.
JlaHHUTE TIOKa3BaT IMO-CHIIECTBEHU MOMOOpEHHsT B JbJDKMHATA Ha
CTBIIKaTa C BOJEII JeCeH Kpak, Oe3 oOyBku mpe3 10-us aed c¢ 2,59 cm. wim
nopoopenueto € ¢ 5,39%, kakro u ¢ 3,23% nonodpeHue ¢ 00yBku. CpaBHUTEIHO
HUCKHAT Koe(pureHT Ha Bapuauus (/%) nokassa XOMOT€HHOCT Ha PE3YyJITAaTUTE B

rpymnara.
Tabn. 24. Pezynmamu om mecm ,, ObJdiCUHA HA cmbnkama *
¢ 8o0ewy decer kpak 6 KI'
Konrtposna rpyna N=32 Konrpoana rpyna N=32
< 0e3 00yBKH C BOJIELI JleCeH KPaK | ¢ 00YBKHM ¢ BOJell JeceH KpaK
§
2
S
@ Ipe3 Ipe3 Ipe3 Ipe3
I nen X nen D D% I nen X nen D D %
X 48,02 | 50,61 259 | 539 49,17 50,75 | 1,58 | 3,21
S 11,09 10,55 11,57 10,88
My 1,960 1,864 2,046 1,923
Vo, 20,09 20,84 23,54 21,43
A 04171 | 0,4355 1,421 0,469
E -0,374 -1,349 0,625 0,622
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Hucka e u penpe3ecHTaTUBHATA TpEliKa HA CPeIHATa CTOWHOCT My - OT
1,820 no 1,860 B KI" Tectupana ¢ BozeI JisiB Kpak, 6e3 00yBku (Tabi. 24) v my OT
1,8811 no 1,956 mpu Tectupane ¢ BOAEMNI JIsIB KPaK, C 00YBKH, KOETO MPENIOCTABS
MaJIBK JOBEPUTEIICH HHTEPBaT AX Ha TeHepalHaTa ChBKYITHOCT MAIMEHTH Y HAC C
ronaprposa (AX=x + my).

Tabn. 25. Pesynmamu om mecm ,, ObJdiCUHA HA cmbnkama *
¢ godewy 1116 kpax 6 EI’

< ExcnepumenTtanna rpyna N=34 ExcnepumenTtanna rpyna N=34
g 0e3 00yBKH, ¢ BoJel JSAB Kpak | ¢ 00yBKH, ¢ BOJeLL JSIB KPaK

:

é‘ IIpe3 IIpe3 IIpe3 IIpe3

I-s1 nen X-s1 D D% I-51 nen X-sngen | D D%
eH

X 38,96 39,51 0,55 1,41 40,64 41,63 0,99 2,43
S 14,59 14,45 15,32 15,29

my 2,502 2,477 2,627 2,62
Ve, 37,45 36,56 37,69 36,74

A 0,2976 0,2562 0,1243 1,0619

E -1,243 -1,2336 -0,7662 -0,835

B Tabm. 25. ca npencTaBeHn pe3ynTaTH OT U3CIEABaHE Ha MOKa3arenis B
eKCIepUMeHTATHATA TPyna. YCTaHOBsSIBA Ce€ MOMOOpEHHE B Jb/DKMHATA Ha
CTBIIKAaTa C BOJCII JISIB Kpak Oe3 oOyBku, mpe3 10-u men ¢ 1,41% u ¢ 2,43%
moo0peHne ¢ OOYBKH.

Koeduimentsr Ha Bapuarus (V%) Ha mokaszarens MOKa3Ba yMEpPEHU
pasnuuMs B PE3yITaTHTE HA HM3CIEABAHUTE JIMIA, KOUTO ca C TCHICHIUS KbM
3amgbprkane. B Tabm. 26. ca mpeacTaBeHU pe3yaTaTH OT U3CeABAHE Ha TIOKA3ATEIISAT
B EKCIIEPUMEHTATHATA IPyTIa.

YcTaHOBEHO € MoI00PEHNUE B IBIDKUHATA HA CTHITKATa C BOZICII] ICCEH KPaK,
0e3 o0yBku, mpe3 10-us nen ¢ 3,61% u ¢ 3,46% nomnoOpenue ¢ 00yBKH, KaTo
koeduienta Ha Bapuanus (V%) 3ama3Ba OTHOCHUTENIHA EIHOPOJHOCT Ha
pe3ynTaTuTe B Tpymnara.
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Tabn. 26. Pezynmamu om mecm ,, ObINCUHA HA CMbRKama *’,
¢ godewy decen kpak 6 EI’

ExcnepumenTtanana rpyna N=34 ExcnepnMeHTaJHa rpyna
< 0e3 00yBKH ¢ BOJell ieceH KpaK N=34
4 ¢ 00yBKH ¢ BOJIell ieceH KpaK
3
é Ilpes |Mpes X Ipe3 I |IIpes X
I nen JeH D D% JeH JeH D D%
_ 45,96 47,62 1,66 3,61 4536 46,93 1,57 | 3,46
X
S 12,63 12,75 11,42 11,44
myx 2,166 2,187 1,958 1,962
Vo 27,48 26,78 25,17 2438
A 0,447 0,325 1,2905 | 0,1635
E -1,371 1,555 0,1475 0,095

Pe3y.11TaTn OT TECT ,, LIMPOYMHA HA CThIKATa* B KOHTPOJHaTa U

eKCIepHMeHTAIHA Tpyna

B Tabn. 27. ca npeacraBeHn pe3ynTaTH oT mpoBeaeHuTe uicneapanus B KI'
u EI' mo mocouenwust nmokasarein. B KI' ce HaOitonaBa HamalisiBaHe Ha IIMPOYHMHATA
Ha cThrkata ¢ 1,36% mpe3 10-us neH, a npu ekcnepumenTtannara rpyma ¢ 0,37%.

Tabn. 27. Pesyimamu om mecm ,, wiupovuna Ha cmonkama *
Ha nayuenmume ¢ KI'u EI’

= Konrponna rpyna N=32 | ExcnepumenTtanna rpyna N=34
g
z
- Ipes | Ilpes Mpe31 | Ipes X
= Inen | X aen D D% JeH JeH D D%
X 19,01 | 1875 | 026 | 1,36 | 2115 | 21,07 | 008 | 037
S 7,892 7,773 10,7 10,16
Mx 1,395 1,374 1,727 1,742
Vo 41,51 41,45 47,61 48,21
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A 1,002 | 1,124 0,7828 0,8052

E 0,215 | 0,400 -0,5828 | -0,5536

Koeduuumentst Ha Bapmauus (V%) e BUCOK M HpHU JBETE TPYNHU, KOETO
M0Ka3Ba Pa3IMYHO CHCTOSHUE Ha IMOKa3aTess MpU MalMeHTUTE, WM HaJudue Ha
WHIMBUAYAJICH TEMII Ha Bb3CTAHOBSBAHETO MY.

3AKIIOYEHUE

I'onaptpo3sara e 3a0osBaHe ChC 3HAUYUTEIHO COLIMAIHO 3HaueHHe. 3a 1aa
Ce ONTHMH3MpAa KOHCEPBATHBHOTO JIEUEHHE € HEOoOXOIMMO J1a ce Cb3JaBarT,
AKTyaJIu3upar U npujiaraT MTHOBAaTUBHU MCTOAWKHU HAa KUHE3UTCPAIIUA.

ETtvonorusita € KOMIUIEKCHa. XWIOAWHAMHATA CBIIBTCTBAHA C
MOBUILIABAHE HA TEJIECHOTO TEIJIO MMAT BaXKHA POJIS B MO-0BP30TO MPOrpecupaHe
Ha 3abonsaBaHero. HamamnsBaHeTo Ha CHMITOMAaTHKaTa MMa 3a 1€l 3a0aBsHE
Iporpeca Ha CTaBHAaTa JETeHepaLusl.

Hay4nust uHTEpec KbM H3CIEIBAHETO HA KOHCEPBATHBHOTO JICYEHHE HA
TOBa 3a00JIBaHE € BHCOK B CHbBPEMEHHATa KHUHE3UTEPATICBTUYHA, MEJIUIIUHCKA U
npyru obnactu. ToBa BOAM 70 MOJOOpsiBaHE HA CHIIECTBYBAIUTE ¥ MPHJIATaHH
CTaHAAPTHU (PU3HOTEPAIIEBTUYHI METOAUKH.

He otkpuxme mpoyuBaHe 3a ponsita Ha ,Ergon IASTM Instrument
Assisted Soft Tissue Mobilization” npu KoHcepBaTHBHO JieYyeHMe Ha
rOHAPTPO3a, KakTO y Hac, Taka U B 4yyxOuHa. 3a mbpBu IbT B bwarapus ce
u3cieBa NpUIOKEeHUeTo Ha Epron Tepanusita npy nayeHTH ¢ TOBa 3a00JIsBaHe.
Pa3paboTBaneTo Ha Ta3u MHOBAaTHBHA KHMHE3UTEpANeBTUYHA MpOrpaMa CIioMOrHa
3a MOJOOpsiIBaHE HAa KOHCEPBAaTHBHOTO JIUEHHE HA OCTEOAPTPUT Ha KOJISIHHATA
CTaBa, Karo € HEoOXOAMMO IEPMAHEHTHO aKTyalu3WpaHe B CHOTBETCTBHE C
Pa3BUTHETO HA HAyKaTa.

B nmucepranmonHus Tpyn ce oOoOImaBaT W aHAJIM3UpPAT PE3yiaTaTH OT
Pa3NMYHU MPOYYBAHMS CBBP3aHM C KOHCEPBATUBHOTO JICUEHHE Ha TOHAPTpO3arTa,
IIPOCJICAABAHE N aHAJIU3 Ha q)YHKIII/IOHaJ'IHI/ITe BB3MOKHOCTH HA IMAITUCHTUTE.

B npoBeneHoTo n3cieBane ca MPOyYeHW METOJMKHUTE HA KHHE3UTEPaIus
npu OA Ha KOJSIHHA CTaBa, NPWIAraHUTE JWArHOCTHYHH CHUCTEMH, KaKTO MU
e(eKTHBHOCTTAa HA KOHBEHIIMOHAIHATA KHHE3UTEPAIIHSL.

Ha 6a3ara Ha HTHOBaTUBHY TEOPUH U MPAKTHKH € pa3paboTeHa U MPHUII0KeHa
WHOBaTHBHAa METOAMKAa Ha KuHesuTepanusa. CpelncTBata W METOAMKaTa Ha
npuiarase ca akTyalu3upaHu.
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Hayunusat npoOmnem, KoWTO € pa3paboTeH B AMCEPTALlMOHHUAT TPY[ €
Haco4YeH KbM TNpuaoOMBaHE Ha CHBPEMECHHH 3HAHMS 3a MNPWIATaHETO H
e(eKTUBHOCTTA HAa WHOBAaTHBHA METOAMKA 3a KOHCEPBAaTHBHO JICUCHHE Ha
rOHapTpo3a.

Pasrnegano e KOMIUIEKCHOTO BB3/IeiicTBUE Ha Epron Tepamnus, KHHe3HOTeHI
U CTaBHO—MOOMIN3AIMOHHN TEXHUKH NpH ocTeoapTput Ha KC 3a penyuupane Ha
0oJKOBaTa CHMIITOMAaTHKAa W OTOK, mojoOpsBaHe obema Ha mBrwkeHne B KC m
npeonossiBaHe Ha (PJIEeKCHOHHATa KOHTPAKTYpa.

Cpuio Taka e pasriegaHa MPOINPHUOLIETITHBHATA TPEHHPOBKA, KOATO HMa
Ba)KHA POJIA 332 Bb3CTAHOBSBAHE HA IPONPHOLENLUITA, IOA0OpsiBaHE Ha OanaHca,
PaBHOBECHETO U MOXOIKaTa MPH MALMEHTH ¢ TOBa 3a00JIsBaHeE.

Upe3 TpWIOKEHH [IOKA3aTEICTBEHH METOAM Ha MareMarhdeckara
CTaTUCTHKA € OCUTypeHa NOCTOBEPHOCTTa HAa HAay4YHHUTE TBBpAcHMA. JlokazaHa e
e(eKTUBHOCTTA HA EKCIIEPUMEHTAIHATA METOIUKA.

Bb3 ocHOBa Ha MONMy4YEHHUTE pe3yNTaTH ca pa3pabOTEHH METOJHYECKH
HACOKM C yKa3zaHWs M NPENopbKU 3a MPUIOKEHHE HA aBTOPCKAaTa METOAHMKA Ha
KUHE3UTepanus.

HpI/IHOC KbM KHUHE3UTCpanudaTa cCa YCTAHOBCHUTC H CTATUCTHUYCCKH
JIOKa3aHU aCMeKTH Ha e()eKTHBHOCT Ha aBTOPCKHS MOJIET B ITPAKTHKATA.

W3cnenpaiiku Hay4YHUTE TEOPHMM Ha KHHE3WTepamus NpU IalUeHTH
OCTEOapTPUT Ha KOJSHHA CcTaBa pa3pabOTEHHs W MPUIOXKEH EeKCIIEPHMEHTAaJCH
MOJIEJI Ha KWHE3UTEpalusl C YCTaHOBEHaTa MYy IO-BHCOKa €(QEKTHBHOCT OT
TPaJUIMOHHUS, KOHBEHIMOHAJIEH NpWIaraH NpHU MNalMeHTHTE C TOHapTPO3a,
J0Ka3Ba e(EeKTUBHOCTTA HA MPHJIOKEHATAa HHOBATHBHA METOAMKA Ha IIOCOYEHATa
yBpeaa.

Ilonmyyenure pe3ynratu B JAMCEPTALMOHHMUS TPyJX JONPHUHACAT 34
MpeooJIsiBaHe Ha JeULUTa OT JaHHH 3a e(peKTUBHOCTTAa Ha Eprox tepamnusra npu
MaMUMEHTH AUAarHOCTUIHUPAHN C TOHAPTPO3a U € IPUHOC KbM KUHE3UTEpaIuiaTa.

Pa3paboteHusT mucepTallioHeH TPy Npeasiara Ha KHHE3UTEPANIeBTUTE OT
aKaJeMUYHUTE CPEeAM W OT NpaKTUKaTa paspeliaBaHe Ha IpolieMa CBBp3aH ¢
JUIICaTa Ha MIPOYYBaHMUs, KOUTO J1a ObJIaT CBbP3aHH C pOJIsiTa U €(heKTUBHOCTTA OT
NPUIIOKEHUETO Ha WHOBaTtuBHata ,Ergon IASTM Instrument Assisted Soft
Tissue Mobilization” npn xoHcepBaTHBHO JieueHHe Ha OA Ha KOJsIHHaTa
CTaBa, C KOETO Ce pa3IIUpsABa MpaKTHYEeCcKaTa, HAyyHa U TEOPETUYHA OCHOBA Ha
KHHE3UTCpanumsaTa.
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N3BOIN:
OT IpOBEIEHOTO HU3CIIEABAHE IPOU3THUAT CIICTHUTE TI0-BaYKHU U3BOIH:

[IpoBeneHo e npoy4BaHe M aHAW3 Ha JOCThIIHATa HAy4YHA JIMTEpaTypa y Hac U B
qy)KOMHA OTHOCHO JICYEHUETO W KHHE3UTEePaIusITa MPH MAIlUeHTH C TOHAPTPO3a.
Pa3paboten e anropuTbM u TecTOBa 0aTepus 3a PYHKINOHAIHN H3CIEABAHUS MTPH
MalMeHTH C TOHApTPo3a 3a e(eKTHBHA OLEHKA, AMAarHOCTUKA, MPOCIeAsBaHEe U
aHaJIM3 Ha QYHKIUOHATHUTE Bb3MOKHOCTH Ha MALlUCHTHUTE.

Pa3paborena u anpobrpana € ekcriepuMeHTalTHa METOANKA Ha KHHE3UTEPaIus 3a
NanmMeHT C TOHApTpPO3a, KOATO BKIIOYBA JOIIBJIHUTCIHO EpFOH TCpamnus,
KMHE3UOTEUI U CTaBHO—MO6I/IJ'II/I3aHI/IOHHI/I TEXHUKU.

NzcnenBano e mbpBOHAYATHO (M3XOIHO) CHCTOSIHAE Ha U3CIICABAHHUTE TIOKA3ATEIH
Ha narmmeHntute (npenu npumiarane Ha KT). IlpoBeneH e meceTmHeBeH Kypc Ha
kuHesutepanus B KI™ u EI'. [IpoBeaeHo e kpaitHO (3aKIIOUUTENTHO) U3CIEBAHE HA
IIauECHTUTC.

AHanu3bpT Ha PE3yNTATUTE OT HAYYHOTO H3CIEABAHE IMOKA3Ba CTATUCTUYECKH
3HaYMMa T[O0-BUCOKa e(EKTHBHOCT Ha  pa3paboTeHWss ©  anpoOupaH
CKCIICPUMCHTAJICH MOJCJ Ha KHHE3UTCpAIluAd IMpU MalUuCHTHU C TOHapTpo3a B
CpaBHEHHE C KOHBEHI[MOHAIHATA KHHE3UTEPAITHSI.

ITPEIIOPBKU:

Or MMOJIYYCHUTEC PE3YJITAaTU U NMMPOBCACHUA aHAJIN3 Bb3HUKBAT CIICAHUTE I10-
BaXXHU NPCTIOPHKU 3a KUHE3UTCpAIATa:

IMopamm  craTHCcTHYeCKH  J0Ka3aHaTa e(QEeKTHBHOCT Ha  anpoOupaHaTta
CKCIICpUMMCHTAJIHA METOAMKA U IIPUIIOKEHATaA KOM6I/IHaI_II/I$I OT CH€UaIu3upaHn
CpPEeICTBa Ha KWHE3UTEpPANMATa, MpEnopbyBaMe Ts Ja C€ 3aCThIM IIHUPOKO B
MpaKTUKaTa, 3a BB3CTAHOBSBAHE HA JBUraTenHata (DYHKIMS Ha KOJCHHUST
KOMIUIEKC ITPH KOHCEPBATHUBHO JICYeHNE Ha TOHAPTPO3a.
3a penyuupaHe Ha OOJNKOBaTa CUMITOMAaTHKa M OTOK, MOJOOpsBaHE obeMa Ha
nsmwkenne B KC u npeononsiBane Ha ¢ieKCMOHHATA KOHTPAKTYpa MpernopbyBaMe
KMHE3WUTepanusaTa Ja BKIOYBa Epron Tepanus, KHHE3UOTEHII M CTABHO—
M06I/UH/I33HI/IOHHI/I TEXHUKH ITPU I'OHAPTPO3a.
[IpenoppuBame mpomnpHOLENTHBHATa TPEHUPOBKA Ja C€ BKIIOYBA B
KMHE3UTEpaleBTUYHUTE NpPOTpamMH 3a BB3CTAHOBSIBAHE Ha MPOINPUOLIETILHUATA,
nogoOpsiBaHe Ha OanaHca, PaBHOBECHMETO M IIOXOAKAaTa IIPU MAIHUCHTH C
octeoaptput Ha KC.
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NPUHOCHU HA JTUCEPTALHIMOHHMUSA TPY J{

I. KbM TeopusiTa Ha KHHE3UTEePANUSTA:

Pa3rnenanu ca pa3ivMyHu HAYYHU TE€OPHM OT HAYYHH IIIKOJIA B UYy)KOMHA U y HAC,
KOUTO Ce 3aHMMaBaT ¢ M3ydaBaHe Ha e(eKTa Ha KOHCEPBATHBHOTO JICUCHHE TMPH
TOHApPTpO3a.

CucremaTu3upaHd U OOCHJICHM ca Pe3yJaTaTH OT ChbBPEeMEHHH HayYHH
W3CJeIBAHUS HA BOJCIIU CICIUAINCTY Yy HAC U B UyKOWHA (KUHE3UTCPAIICBTH,
(hn3moTepaneBTH, OPTONEIH, TPABMATONIO3H, XUPYP3HU H JP.) 32 KOHCEPBATUBHO H
OTIEPAaTUBHO JICUCHHUE HA TOHAPTPO3aTa.

YcraHOBeHM ca  pe3yATaTUBHUTE M NPOIECYaJlHW  OCOOCHOCTH  Ha
EKCIIePUMEHTAHUS MOJIe]I Ha KWHE3UTEPaIlns M aCTIEKTUTE Ha e()eKTUBHOCTTA MY,
KOUTO PE3yJTaTh Ca HHOBATHBHU.

3a mppBU BT B bhirapus ce uscieqsa MNpuiiokeHueTo Ha Epron tepanusita npu
MAIMEHTH C TOHAPTPO3a.

II. KbM npakTHKATA HA KHHE3UTepanuaTa:

Pa3paboreHa u ampoOupaHa B INpaKTUKaTa € TECTOBAa OaTepusi 3a OLEHKA U
npociessBaHe Ha (PYHKIMOHATHOTO ChCTOSIHUE W Bh3CTAHOBSIBAHE HA KOJICHHHSAT
KOMIUIEKC ITPH TTAIUEHTH C TOHAPTPO3a.

Pazpaborena m ampoOupaHa e WHOBAaTHBHa NporpamMa Ha KHHE3UTepamus 3a
KOHCEPBATHBHO JICUEHUE HA MALMEHTH C FTOHAPTPO3a. Y CTAaHOBEHH ca €(EeKTH OT
npuilaraHe Ha MHOBaTHUBHHM cpeacTBa U Metoau Ha KT, kakTo u € ycTraHOBeHa 1o-
BUCOKa e(eKTHBHOCT Ha eKcrepruMeHTanHarta metojuka Ha KT B cpaBHeHue c
TpaauMOHHATa KUHEC3UTEPpAIIUs IPU MaAllMEHTHU C TOHApTPO3a.
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INTRODUCTION

Gonarthrosis is the most widespread chronic joint disease. Due to
population aging and the obesity epidemic, its prevalence has increased in recent
years. The main clinical characteristics are pain, swelling, limitation of movement,
and reduced muscle strength. Obesity is a high-risk factor, as excess weight
increases the mechanical load on the knee joint (Harding et al., 2012).

The number of cases of patients diagnosed with knee osteoarthritis has
increased over the past few decades to 14.8% of the global population over the age
of 30. This number is expected to continue rising until 2050 (Steinmetz et al.,
2023).

This disease worsens the quality of life. The progression rate varies among
patients. Treatment starts with conservative methods and transitions to surgical
ones when the conservative approach is unsuccessful (Hsu, Siwiec, 2023).

The role of “Ergon IASTM Instrument Assisted Soft Tissue Mobilization”
in the conservative treatment of knee OA has not yet been studied. No research has
been found on this issue either in Bulgaria or abroad. Therefore, the hypothesis of
our study is that developing an innovative kinesitherapy program will help in the
conservative treatment of knee osteoarthritis.

The study was conducted at ""Samokov - EOOD" Hospital - Samokov, and
the "Specialized Hospital for Rehabilitation (SBR) Sapareva Banya" - Sapareva
Banya. The study group consisted of 32 patients in the control group and 34 in the
experimental group.

We applied an innovative Kkinesitherapy program for conservative
treatment of OA. The recovery process of the knee joint was monitored using an
experimental kinesitherapy model.

To achieve this, we studied various kinesitherapy methods applied in knee
OA both in Bulgaria and abroad, as well as diagnostic systems for assessing the
condition and effectiveness of the applied programs. The condition of the studied
parameters in the patients was monitored before and after the application of the
Kinesitherapy program.

An experimental technological model of kinesitherapy for patients with
knee osteoarthritis was developed. A ten-day course of individual kinesitherapy
was conducted for both the control and experimental groups. The collected
empirical material was subjected to mathematical-statistical analysis, and the
results were analyzed. Conclusions were drawn regarding the theory, methodology,
and practice of kinesitherapy.



SOCIAL SIGNIFICANCE OF KNEE OSTEOARTHRITIS

Gonarthrosis is the most widespread joint disease among the elderly
worldwide. Both internal and external risk factors contribute to its development. In
men aged 60 to 64 years, the right knee is more frequently affected; in women, both
knees are affected with almost equal frequency (Michael et al., 2010).

Among people over the age of 60, 10% of men and 13% of women in the
U.S. are affected by symptomatic knee osteoarthritis. The prevalence of the disease
is 7.2% among middle-aged and elderly Chinese (9.8% and 3.7% for women and
men, respectively). The medial compartment of the joint is most commonly
affected (Zeng et al., 2017).

In their research on knee osteoarthritis treatment, Joern et al. (2010)
confirm the conclusion that osteoarthritis is the most common joint disease among
the elderly worldwide. Both internal and external risk factors encourage its
development. Globally, men aged 60 to 64 years are more likely to have the right
knee affected, while in women, both knees are almost equally affected.

Several national and international institutions, such as the European
League Against Rheumatism (EULAR) and the Osteoarthritis Research Society
International (OARSI), have developed guidelines for OA to assist doctors and
patients. These guidelines were created by evaluating current treatment options in
light of scientific evidence as well as expert opinions..

Etiology, Pathogenesis, and Clinical Picture of Gonarthrosis

The etiology and pathogenesis of gonarthrosis are divided into two large
groups:
Primary - characterized by generalized involvement of multiple joints due to
hereditary genetic factors combined with age-related changes;
Secondary - affecting a single joint as a result of mechanical strain, joint diseases,
surgical interventions, or injuries (Stanev et al., 2014).

Important factors in the etiology of gonarthrosis include:
Static anomalies, where the axes of the femur and tibia are misaligned (varus and
valgus deformities).
Recurrent trauma, often occupational in nature.
Intra-articular fractures of the knee and improperly aligned ones, meniscal lesions,
joint instability, osteochondritis, etc.
Inflammatory diseases, patellomalacia, chondromatosis, endocrine disorders, in
women post-menopause, combined with overweight.

Women with excess weight are more commonly affected, with the process
starting in middle age. According to modern biomechanics, true gonarthrosis is a



result of the mismatch between the joint load and the ability of the hyaline cartilage
to withstand it.

The most common symptom is pain when going down stairs and getting
up from a low chair. Other symptoms include joint swelling with transient effusion,
stiffness, gradual restriction of flexion and extension, hypotrophy of the quadriceps
femoris muscle, flexion contracture, increased Q-angle, varus or valgus deformity,
and crepitus during movement of the knee joint (Otschev et al., 2013).

Contemporary Approaches to Conservative Treatment of Gonarthrosis

In recent years, numerous therapeutic advancements have been made due
to improved understanding of the fundamental mechanisms, diagnosis, and
management of knee osteoarthritis (OA).

Embryonic induced pluripotent and embryonic stem cells differentiate into
chondrocytes or mesenchymal stem cells (MSCs) and can be used as a source of
injectable treatments in OA joint cavities.

MSCs are the most studied products in cell-based therapy for OA because
of their ability to differentiate into chondrocytes and their immunomodulatory
properties. They have the potential to improve cartilage regeneration and ultimately
restore damaged joints. However, despite available therapies and advancements in
research, according to Jang et al. (2021), there are still unmet medical needs in the
treatment of OA.

Conservative treatment includes unloading the knee joint, avoiding weight-
bearing, reducing body weight, and bed rest.

Balneotherapy, physiotherapeutic = procedures, nonsteroidal anti-
inflammatory drugs (NSAIDs), and pain relievers are prescribed and recommended
by specialists for patients requiring systematic treatment.

In cases of reactive synovitis and pronounced effusion, intra-articular
corticosteroid injections are administered. Chondroprotective agents such as
Arteparon, Rumalon, Dona 200 S are used according to a scheme, and intra-
articular applications of hyaluronic acid are widely used. In the presence of static
anomalies, surgical treatment, according to Stavrev et al. (2011), should start
relatively early.

Intra-articular injections are widely used for conservative treatment of knee
osteoarthritis (OA). However, there is a lack of precise data on the comparative
therapeutic effectiveness of these injections (7Tschopp et al., 2023).

Chavda et al. (2022) have established that intra-articular injections of
hyaluronic acid have been used for over three decades in the treatment of
gonarthrosis. There are controversies regarding their effectiveness, safety, the
number of injections administered, the type of preparation, and its combination
with other drugs.
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It has been established that intra-articular injections of platelet-rich
plasma (PRP) and hyaluronic acid (HA) are effective conservative treatments for
gonarthrosis (Huang et al., 2022).

In a study by Pers et al. (2016), the safety of an escalating dose protocol
of intra-articularly injected stromal cells derived from adipose tissue (ASCs) in
patients with knee OA was evaluated, along with clinical efficacy as a secondary
endpoint.

According to the data from the study, intra-articular injection of ASC is a
safe alternative for treating patients with more severe disease. However, larger and
controlled long-term studies are needed to confirm whether the new cell therapy
strategy can improve pain and provide structural benefit in osteoarthritis.

Intra-articular (1A) injections are administered when conservative
treatment is ineffective, and endoprosthetics are not yet indicated. Scientific studies
have shown that 1A injections are more effective and safer than nonsteroidal anti-
inflammatory drugs (NSAIDSs).

Modern research focused on improving intra-articular homeostasis
emphasizes biological additives such as platelet-rich plasma (PRP).

It is believed that the catabolic and inflammatory intra-articular processes
present in knee osteoarthritis (KOA) can be influenced by the application of PRP
and its derivatives. PRP may trigger a regenerative response and lead to improved
metabolic functions of damaged structures.

However, the positive effect on chondrogenesis and the proliferation of
mesenchymal stem cells (MSC) remains highly controversial.

The semi-quantitative method for evaluating MRI structural changes of the
entire knee joint in patients with gonarthrosis was first applied to the Bulgarian
population by Georgiev et al. (2018).

Circulating markers such as COMP, MMP-3, and Coll2-1, which reflect
joint remodeling, were studied, and their connection to the generalization of
osteoarthritis and various imaging indicators was established. CRP best reflects
disease activity, severity, and pain.

Two courses of PRP, administered six months apart, have comparable or
greater efficacy in alleviating pain and stiffness symptoms, as assessed at the end
of the first year, compared to two injections of cross-linked high-molecular-weight
hyaluronic acid administered six months apart.

The authors found that cartilage damage progression does not depend on
the therapy choice but rather on baseline MMP-3 levels and BMI, and that PRP
treatment is safe (Georgiev et al., 2018).



Modern approaches to surgical treatment of gonarthrosis

The clinical experience of Beleganov et al. (1990) shows that high wedge
tibial osteotomy yields 75% good to very good results, 14% satisfactory, and 10%
poor, 13 years after surgery.

Follow-up of patients from 4 to 13 years after surgery shows that this
surgical intervention slows the progression of degenerative processes in the knee
joint.

High wedge tibial osteotomy, combined with patellar ventralization,
should not, however, be opposed to other surgical methods such as various types
of tibial or femoral osteotomy, alloplasty, or knee arthrodesis. It should be applied
only under strict indications.

The advantages of this surgery lie in ensuring precise cutting of the bone
wedge and tibial metaphysis (allowable error up to 1%). The chisel guide always
directs the osteotome in the direction determined by the surgeon (Beleganov et al.,
1990).

Arthroplasty is performed in severe cases of gonarthrosis due to the
complexity of complications. Conservative treatment is the first choice in the
elderly population with this condition. More than 10% of patients undergo intra-
articular injections annually, especially within three months of diagnosis. Injections
of corticosteroids, hyaluronic acid (HA), and platelet-rich plasma (PRP) reduce
symptoms.

The natural course of untreated gonarthrosis is progressive, and early
surgical treatment is most appropriate.

In 2019, Germany had the highest percentage of hip replacement surgeries
and the fourth-highest percentage of knee replacements among more than 30
countries in the Organization for Economic Cooperation and Development
(OECD). Age-standardized rates were assessed at 174% hip replacements and
137% knee replacements per 100,000 population.

Examining scientific theories on the application of kinesitherapy in patients
with gonarthrosis, we can summarize the following:

From the available literature, we did not find studies on the application of "Ergon
IASTM Instrument Assisted Soft Tissue Mobilization" in patients with
gonarthrosis in our country or abroad.

We found results from scientific studies on the application of "Ergon IASTM
Instrument Assisted Soft Tissue Mobilization™ in athletes with shortening of the m.
guadriceps femoris tendon, which show that the technique has a good effect.
There is evidence of the technique's effectiveness, which is one of the most efficient
for soft tissue mobilization. When combined with therapeutic exercises (tailored to
the patient's individual condition), the results are faster.



We found evidence of the effectiveness of Terrier's massage, which positively
affects the functional and subjective condition of patients with OA of the knee joint.
Programs have been developed that use combined therapeutic means.

There is no disagreement regarding the nature of kinesitherapy, where exercises
should be applied at a slow to moderate pace and tailored to the patient's condition
(individual approach).

There is no disagreement about the need for weight reduction in patients with
gonarthrosis.

There are some controversies regarding early surgical treatment in OA of the knee
joint.

From the available literature, we reviewed and analyzed therapeutic
programs for conservative treatment of gonarthrosis, which need to be continuously
updated in line with the development of kinesitherapeutic science.

It was found that the role of ""Ergon IASTM Instrument Assisted Soft
Tissue Mobilization™ in conservative treatment of gonarthrosis has not been
studied.

We did not find research on this issue either in our country or abroad, which
determines the conceptual framework of our scientific research, the
characteristics, and the results that will be presented in the following chapters and
sections.

METHODOLOGY OF THE SCIENTIFIC RESEARCH

Research Hypothesis

We assume that the development of an innovative methodology of
kinesitherapy, with elements of new and updated kinesitherapy tools and their
application in the conservative treatment of patients with gonarthrosis, will
improve the recovery process of their lower limb.
The subject of the research is osteoarthritis of the knee joint.
The object of the research is the effectiveness of a developed experimental
methodology of kinesitherapy for conservative treatment of gonarthrosis.
The aim of the research is to determine the intensity and aspects of the recovery
process of a knee joint with osteoarthritis as a result of the applied experimental
methodology of kinesitherapy.
Research tasks:
Study and analysis of available scientific literature in our country and abroad
regarding the treatment and kinesitherapy of patients with osteoarthritis of the knee
joint.
Development of a test battery and algorithm for functional studies for effective
evaluation, diagnosis, monitoring, and analysis of patients' functional capabilities.
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Development and trial of an experimental author’s methodology of kinesitherapy
for patients with gonarthrosis.

Determining the initial (baseline) condition of the studied indicators of the
patients—before applying kinesitherapy. After a ten-day course of treatment, a
final (concluding) examination of the patients will be conducted.

Statistical processing of the empirical material and analysis of the results of the
scientific research.

Determining the effectiveness of the experimental model of kinesitherapy.

Contingent and Profile of the Studied Patients
A total of 66 patients diagnosed with grade I1I gonarthrosis were studied.
In the control group, a total of 32 patients were studied, of whom 27 were women
(84.38%) and 5 were men (15.62%), with an average age of 62.69+10.77. In the
experimental group, a total of 34 patients were studied, of whom 30 were women
(88.24%) and 4 were men (11.76%), with an average age of 64.21+7.25. The
percentage of female participants was predominant in both groups (Fig. 1).

1. Women CG - 84,38% 3. Men CG - 15,26%
2. Women EG - 88,24%§ 4 4. Men EG - 11,72%

Fig. 1. Gender differences among the patients in both groups

The selection of patients was based on the contraindication criteria for the
kinesitherapy methodology: infectious diseases, mental illnesses (which may
hinder  effective  patient  participation),  uncontrolled  hypertension,
thrombophlebitis, severe addictions (alcoholism, drug addiction), oncological
diseases, acute inflammatory processes, ecchymoses, petechiae, skin infections or
wounds, and malignant formations in the area of the knee joint, as well as patients
with severely restricted mobility (using walkers, crutches, or canes), who are
unable to perform the kinesitherapy program.

Inclusion criteria for patients in the study are: diagnosed grade Il
gonarthrosis. Patients should not undergo medicinal treatment for gonarthrosis
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both at the time of inclusion in the study and until its completion. This is necessary
to ensure that there are no sudden changes in their condition related to drug
interventions (use of non-steroidal anti-inflammatory drugs, corticosteroids, etc.),
which could affect the study results.

Exclusion criteria for patients in the study are: allergic reactions and
hypersensitivity/intolerance to some of the kinesitherapy tools, use of pain-
relieving medications, lack of commitment and cooperation, refusal to follow
instructions, substance abuse, inability of the patient to regularly attend sessions
due to geographic distance or personal commitments.

The average age of the participants in the control group (CG) is
62.69+10.77. The age structure of this group is as follows: from 30 to 40 y.0. - 1
woman and 0 men, from 40 to 50 y.o. — 3 women and 0 men, from 50 to 60 y.o0. —
9 women and 0 men, from 60 to 70 y.o. — 12 women and 2 men, and over 70 y.o.
— 2 women and 3 men (Fig. 2).

18 From 60 -
16 70 y.0.
14
12
10
8
6 From From
4 30-40y.o. 40-50 y.0.
2
I

Fig. 2. Age structure of the study participants in the Control Group (CG) and
Experimental Group (EG)

The participants in the EG have an average age of 64.21+7.26. The age
structure of this group is as follows: from 30 to 40 y.o. - 0 women and 0 men, from
40 to 50 y.0. - 1 woman and 0 men, from 50 to 60 y.o. - 8 women and 1 man, from
60 to 70 y.o. - 13 women and 3 men, and over 70 y.o. - 8 women and 0 men.

Fig. 3 presents the localization of gonarthrosis in the studied patients from
both groups.
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HRight CG ® Left CG Right EG m Left EG

Fig. 3. Localization of diagnosed and treated gonarthrosis in patients from the
control and experimental groups

Degeneration in the non-dominant knee joint was diagnosed and treated in
5 patients from the control group (CG), including 2 women and 3 men, and in the
experimental group (EG), 12 patients, all of whom were women. Logically, due to
the higher load on the dominant lower limb, the wear of the dominant right knee
joint prevails, diagnosed and treated in 19 patients from the CG (17 women and 2
men) and in 22 patients from the EG (18 women and 4 men).

Research methods

To achieve the research goals and objectives, the following scientific

methods were used:

Analysis of literature sources (deductive method)

Expert assessment

Testing

Experiments (preliminary, diagnostic, and formative)

Methods of mathematical statistics (variation and alternative method using
GraphPad Prism 3.0).

To evaluate the functional condition of the knee joint and monitor the effect
of the experimental kinesitherapy method in both the control and experimental
groups, the following functional-diagnostic methods and test batteries were
used:

Circumferential measurement (Centimetry) — to measure changes in lower limb
circumference in centimeters (Karaneshev et al., 1991).

Goniometry — a method for measuring the range of motion in the knee joint, with
results recorded using the standard SFTR method (Karaneshev et al., 1991).
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Pain assessment: quantitative measurement of pain using a visual-analog scale
(VAS — from 0 to 10) (Georgieva, 2016).

Manual muscle testing of major muscle groups around the knee complex
(Bankov et al., 1991).

Functional knee assessment (Knee Society Knee Score) (Grueva et al., 2012).
Indentation test for detecting the presence of knee joint swelling (Grueva et al.,
2012).

Test for measuring the patellofemoral angle (Q-angle) of the knee joint (Grueva
etal., 2012).

Flexion contracture test of the knee (Grueva et al., 2012).

Eccentric step test (Popov, 2012).

. Expert gait assessment with and without shoes (Inam et al., 2020):

- Step length test — with the left and right leading leg
- Step width test

EXPERIMENTAL KINESITHERAPY METHODOLOGY FOR
CONSERVATIVE TREATMENT OF GONARTHROSIS

Objective and tasks of kinesitherapy
The main goal of kinesitherapy is the maximum possible functional recovery and
slowing down the progression of arthritic changes in the knee joint.

Goals of Kinesitherapy:
Reduction of knee swelling and pain.
Improvement of the range of motion in the knee joint.
Addressing muscle imbalance.
Prevention and/or treatment of flexion contracture in the knee.
Enhancement of proprioception (poor muscle control).
Improvement of gait.

Kinesitherapy techniques applied in the control and experimental
groups
General developmental and breathing exercises.
Cryotherapy.
Suspension exercises for the knee joint.
Post-isometric relaxation (PIR) for shortened muscles: m. iliopsoas, hamstrings,
and m. rectus femoris.
Stretching for m. iliopsoas, m. rectus femoris, and hamstrings.
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Resistance exercises.
Proprioception improvement exercises.
Exercises with a Swiss ball.
Use of devices (stationary bike and accessories).
Walking training.
Home exercises (designed as a supplement to the 10-day treatment and for
continuing therapy after its completion).

The exercise complex for the control group includes:

Preparatory part
General developmental and breathing exercises (5 min)
Cryotherapy (4-5 min)

Main part
SP supine - active exercises for the ankle joints: plantar and dorsal flexion,
circular movements (10-15 times).
SP supine - active flexion and extension of the knee joints alternately (10 times).
SP supine - actively raising the extended lower limb alternately (8-10 times for
each side).
SP supine - isometric contractions of m. quadriceps femoris, isometry — 4-5 sec.
(10-12 times for each side).
SP lateral lying - exercise performed in suspension, extending the knee joint with
a lkg weight (8-10 times).
SP supine — place a 1kg sandbag on the knee joint. The patient extends the knee
joint, holding at the end of the movement for 4-5 sec, then returns to the starting
position (8-10 times).
SP lying - the patient positions the ankle joint at 90° dorsal flexion and rises on
the toes while extending the knee joint. Holds for 5-6 sec in this position, then
slowly returns to the starting position (10-12 times).
SP lying - the patient extends the knee joint with resistance from an elastic band
and slowly returns to the starting position, with the band assisting in flexion (8-
10 times).
SP supine - the patient extends the knee joint while applying pressure on the ball
and holding (isometry) for 6-7 sec. Then flexes the knee along with the ball in the
maximum active range of motion (8-10 times).
SP supine — post-isometric relaxation (PIR) is applied. Techniques for: m.
iliopsoas, hamstrings, and m. rectus femoris (duration 5 min). No acute pain is
caused.
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SP sitting — initially, the patient steps forward, meeting the support with the heel,
and manages to move forward with the chair using the toes (5-10 steps, depending
on the room size). Then, they move back in the same way (5-6 times).

SP standing - the patient stabilizes the ball against the wall and extends the knee
joint. Holds for 6 sec (8-10 times).

SP standing - the patient stretches the upper limbs by flexing the shoulder joints
up to 90°. Raises one leg and holds for 2-3 sec. The exercise is performed
alternately with both legs (10-12 times).

SP standing - walking on a gymnastics mat (3-5 min).

SP standing next to the Swedish wall - the patient performs squats up to a
maximum of 90-100° (8-10 times).

SP sitting — cycling workout (5-7 min).

SP standing - walking on a treadmill. It starts with short steps, then transitions to
slow, longer ones. After 1-2 min, the incline of the treadmill increases by 2-5%
(depending on the patient's individual abilities) (5-8 min).

Concluding part
Relaxation and breathing exercises (5 min).

The total duration of the exercise complex is 50-60 min. It is performed once
a day for 10 days.

Author's methodology of kinesiotherapy for the experimental group of
patients with gonarthrosis includes:

The same exercise complex as for the control group, but with the addition of
the following specialized kinesiotherapy techniques:
= Kinesio taping technique, applied every 3 days (a total of 4 times).
= Ergon therapy is applied every 3-4 days (a total of 4 times).
= Joint mobilization techniques for the knee joint, daily (a total of 10
days).

Joint mobilization techniques for the knee joint - Start with medio-lateral
gliding of the patella (2-3 min), followed by caudal and cranial gliding of the
patella (3-4 min). Distraction of the patellofemoral joint and distraction of the
tibiofemoral joint (3-4 min).
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Ergon_therapy - Techniques: rub, wave, snake, razor, excav. The method
provokes increased sensitivity and controlled inflammation in the treated area for
24-48 hours.

The “rub” technique is performed with a single grip. The pace is medium.
Pressure strength — light. Angle of application — 30°. Direction — bidirectional.
When flexing at 80°-90°, we treat around the patella. We start and finish the
procedure with "rub". After treating m. quadriceps femoris, we prepare the
hamstring muscles with this technique (from a supine position). We do not work
in the popliteal fossa area.

The “wave” technique is performed with a double grip. The pace is slow. Pressure
strength — stronger compared to the first technique but adapted to the patient’s pain
tolerance. Direction — from the proximal part of the swelling site to the distal part
for m. quadriceps femoris, and cranio-caudal for the hamstring muscles. Angle of
application under 40°.

The "snake" technique is performed with semicircular movements. The pace is
slow. Pressure strength — light, directed from the proximal part of the swelling to
the distal part for m. quadriceps femoris. Angle of application under 40°.

The "razor" technique is performed with a slow to moderate pace. Pressure
strength — light, directed from the proximal part of the swelling to the distal part
for m. quadriceps femoris. Angle of application under 40°.

The "excav" technique is performed with a slow pace. Pressure strength — light,
directed from the proximal part of the swelling to the distal part for m. quadriceps
femoris. Angle of application under 40°.

For the hamstring muscles, the techniques are the same, and the
methodological instructions are identical, but the direction is cranio-caudal. The
popliteal fossa area is not treated.

Kinesio Taping Technique - In the first 3-4 days, an anti-swelling, pain-
suppressor application is applied. We use the "Fan" application with 10-15%
tension. The base and anchor have 0% tension. In the remaining 6-7 days, kinesio
taping is applied to inhibit m. quadriceps femoris. We use a "Y" application with
35-50% tension. The tape is applied from the proximal to the distal part along m.
rectus femoris for 2/3 of the thigh, and the length should reach below the patellar
tendon. The base is placed with the knee extended, and then with 90° flexion in
the knee joint (sitting with hanging limbs), the rest of the tape is applied.

In case of mechanical damage, it can be replaced with a new tape. It should not
stay on for more than 3 days.
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RESULTS, ANALYSIS, AND DISCUSSION OF THE EFFECTIVENESS OF
THE EXPERIMENTAL TREATMENT
Results and Analysis from the Anamnesis Data

In analyzing the accompanying diseases (Fig. 4) in the control group,
arterial hypertension of the 2nd degree is predominant at 53.13%, while 18.75%
report no accompanying diseases. Another 12.5% have type 2 diabetes; 6.25% have
rheumatoid arthritis, Hashimoto’s thyroiditis, generalized anxiety disorder, and
chronic gastritis.

60
A 3 39
40 6,25%
20 12,50%
. 18,75%

53,13%

Fig. 4. Comorbidities of Participants in the CG

In the control group, 3.13% of diagnosed patients have glaucoma and
Crohn’s disease. Upon analyzing the comorbidities of the experimental group
participants (Fig. 5), arterial hypertension of the 2nd degree is again predominant
at 41.18%.

1 4118 |
2 | 23.53 |
3 | 14.17 |

4
5
6 | 588 |

7 294

Fig. 5. Comorbidities of Participants in the EG
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In the EG, 23.53% report no comorbidities, 14.71% have type 2 diabetes,
11.76% suffer from chronic obstructive pulmonary disease (COPD), 8.82% are
diagnosed with ischemic heart disease, 5.88% with Hashimoto's thyroiditis, and
2.94% of patients in the control group have rheumatoid arthritis.

From the anamnesis data, we also calculated the body mass index (BMI)
using the formula: BMI = [Weight in kg / Height in m?] for both groups. Patients
are classified according to BMI as per WHO criteria: underweight (<18.5 kg/m?),
normal weight (18.5-24.9 kg/m?), overweight (25.0-29.9 kg/m?), and obesity (>30
kg/m?) (You et al., 2022). The data indicate a high percentage of obesity in both
groups (Fig. 6), with the average BMI in the control group being 28.68 + 4.81, and
in the experimental group: 29.00 £ 5.35.

In CG, 75% of participants have a BMI > 25.0, and only 25% have a BMI
< 25.0, while in EG, 73.5% have a BMI > 25.0 and only 26.47% have a BMI <
25.0.

Fig. 6. Body Mass Index in Both Groups (%)

From the anamnesis data, the localization of knee osteoarthritis was also
determined (Fig. 7). In the control group, 46.88% of patients were diagnosed with
right-sided gonarthrosis, 37.5% with left-sided, and 15.63% with bilateral. In the
experimental group, 58.82% were diagnosed with left-sided gonarthrosis, 29.41%
with right-sided, and 11.76% with bilateral.
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Fig. 7. Localization of Gonarthrosis

When analyzing the results from measurements of the affected and healthy
leg in cases of bilateral gonarthrosis, the "healthy" leg is considered to be the one
with less or no symptoms.

78,13% 50,82%
30 32,13%
20 8,82%
21,8%
10
0

B CG MEG

Fig. 8. Use of Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) (%)

In terms of NSAID intake, which influences the objectivity of the results
for patients in both groups, an analysis was conducted (Fig. 8). In the control group,
78.13% of participants reported not taking NSAIDs, while 21.8% reported having
taken them once or twice upon medical recommendation due to side effects (the
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most concerning being a sharp increase in arterial blood pressure, given the high
percentage of hypertension diagnoses at 53.13%).

In the experimental group, 50.82% reported not taking NSAIDs, 32.13%
took homeopathic products and refused other medications, and only 8.82% took
NSAIDs for about a week but stopped before starting kinesiotherapy.

Both control and experimental group patients meet the inclusion criteria
for the study.

Results and Analysis of Functional Tests: Centimetry, Goniometry, and
MMT
Results and analysis from centimetry — distal below the patella (through the
jointlLine) for changes in knee joint swelling

The statistical processing and analysis of the results show measurements
on the first and tenth days in both the control and experimental groups, and (Table
1) presents the values for the affected leg.

The results show that the average centimetry value for the joint line of the
healthy and affected legs on the first day of the study in the control group is
49.35+7.16 cm. After the traditional kinesiotherapy, by the tenth day, the
measurement decreased by 0.58 cm or 1.17%.

In the experimental group, the average value of the indicator was
62.15+9.24 c¢m, and after the experimental kinesiotherapy, by the tenth day, the
value decreased by 1.17 cm in absolute terms, or 1.88% in relative terms.

Table 1. Changes in Knee Swelling - Centimetry Distal to the Patella on the

Affected Knee
Control Group | Experimental Group | P

g Pl P2
2

5 CG- | CG-
S | Onthe | Onthe | D | D% O? g’e O)‘(“ Iﬁe D |D% |EG |EG
§ I-stday | X-thday d-a dé-l I-st | X-th
) Y Y day | day
T 49,35 48,77 058 | 1,17 | 6215 60.98 117 | 1,88 | 0,057 | 0,012
. 7,168 7,054 9,246 9,097

e 1,267 1,247 1,586 1,560
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Vo 14,53 14,47 14,88 14,92

A 0,2254 0,1978 1,2257 0,1658

E -0,2660 -1,2796 -0,7308 -0,7462

The standard deviation in the control group is SD = 7.16 c¢m, indicating
significant case dispersion around the mean.

A similar situation is observed in the experimental group, with an SD =
9.24 cm. By the tenth day, the changes in both groups are insignificant.

The coefficient of variation (V%) is relatively low, with 14.53% in the control
group at the first measurement. This value shows a slight decrease by the end of
the procedures, indicating the approximate homogeneity of the sample regarding
the analyzed characteristic.

In the EG, V% also shows relative stability, from 14.88% on the first day
to 14.92% on the tenth day, indicating a relatively uniform reduction in edema due
to the applied kinesiotherapy.

Statistical data demonstrate that both groups experienced a decrease in
knee edema after 10 days of kinesiotherapy. However, the reduction in the
experimental group is more significant, at 1.88%, compared to 1.17% in the control
group.

The p-value (P), which determines the statistical significance of the
difference in mean values between the control and experimental groups on the first
day (p=0.057), with significance set at 0=0.05, indicates no significant difference,
meaning the groups are relatively equal for the analyzed characteristic on the first
day before kinesiotherapy.

After ten days of kinesiotherapy, the difference in mean values between
the control and experimental groups is statistically significant (p=0.012), proving
that the better results in the experimental group are statistically significant.
Therefore, the experimental kinesiotherapy is more effective than the traditional
kinesiotherapy applied in the control group.

Table 2. Changes in swelling distal to the patella (difference between affected and
healthy knee)

Control Group Experimental Group

Characteristics
On the I-st day | On the X-th day | On the I-stday | On the X-th day
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3,46 2,88 3,12 1,95

D% 7,53 6,28 5,28 3,30

For an additional assessment of the degree of patient recovery, we
compared the results for the injured and healthy legs (Table 2). In individuals with
bilateral gonarthrosis, the "healthy" knee joint is the less affected one (with fewer
or no symptoms).

The results show a reduction in the differences in joint gap circumference
between the healthy and injured legs as a result of kinesitherapy in both groups.
However, in the experimental group, the positive change is more significant, with
the difference decreasing from 3.12 cm to 1.95 cm.

In the experimental group (EG), on the first day, the average difference
between the healthy and injured knee joint was 5.28%, and by the tenth day, it
reduced to 3.30%, indicating that the condition of the injured knee joint after
kinesitherapy in this group became closer to that of the healthy joint. These results
are indicators of more significant recovery in the experimental group compared to
the control group (CG).

In the control group, the average value was 49.55+6.13 ¢cm, and as a result
of traditional Kkinesitherapy, it increased by 0.24 cm or 0.48% by the tenth day,
showing a reduction in the hypotrophy of the m. vastus medialis in the studied area.

In the experimental group, the average circumference was 58.82+9.58
cm, and after applying the experimental kinesitherapy method, it increased by 0.76
cm or 1.29% by the tenth day.

Thus, the expected process of reducing the edema in the studied area of
the knee joint was not observed; instead, there was a slight increase in
circumference, indicating the overcoming of the hypotrophy of the m. vastus
medialis.

According to data from Kocona et al. (1999), in patients with early-stage
gonarthrosis, pain and swelling can be overcome within three weeks, but muscle
hypotrophy cannot.

In a study by Otsetov et al. (2014) on the effect of a specialized
kinesitherapy method on patients with primary gonarthrosis, it was found that
although improvements were noted, the swelling was not completely resolved, due
to the chronic degenerative processes caused by the disease.

Felson et al. (2003) examined edematous lesions in the subarticular bone
of patients with knee osteoarthritis and their relationship with radiographic
progression and mechanical misalignment of the limbs. Using MRI and
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radiography, disease progression was assessed by joint gap narrowing at 15 and 30
months.

The results showed that edematous lesions in the bone marrow were
associated with the progression of gonarthrosis.

Sadig et al. (2023) monitored the effectiveness of exercises combined with
cryotherapy in patients with gonarthrosis to reduce knee joint swelling. A total of
49 patients were studied, divided into three groups: an experimental group (18
patients who received cryotherapy and exercises) and two control groups (16 and
15 patients who performed only exercises).

The results showed that the experimental group achieved significant
improvement in daily activity, including a reduction in pain, stiffness, and an
increase in physical function compared to the control groups. Cryotherapy was an
effective additional therapy for improving knee joint function in patients with
gonarthrosis. Despite the observed improvements, the swelling persisted, due to the
progressive chronic degenerative processes related to the disease's
pathophysiology.

In this regard, cryotherapy and heat therapy are important methods in
physiotherapy for patients with osteoarthritis of the knee joint. Cryotherapy reduces
inflammation, pain, and swelling by constricting blood vessels and blocking nerve
impulses. Technigues include ice compresses and ice massage.

Heat therapy helps relax muscles and increase blood circulation, reducing
pain and stiffness, but it may worsen inflammation. Techniques for heat therapy
include hot compresses and diathermy. Both therapies can easily be applied
independently at home and combined with other rehabilitation interventions
through an individualized approach (Brosseau et al., 2003).

Patients diagnosed with gonarthrosis experience muscle hypotrophy,
impaired proprioception, swelling, pain, and gait disturbance. Overcoming muscle
hypotrophy, reducing swelling and pain, and improving proprioception and
postural stability are interconnected, and changes in these factors must be
considered in the prevention and rehabilitation of patients with this condition.
Understanding these interrelationships is essential for developing effective
therapeutic programs (Zeng et al., 2002).

Results and analysis from goniometry of the knee joint

Changes in passive flexion of the injured leg in patients with gonarthrosis (in
degrees)
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Data from the goniometry of the knee joint on the first and tenth days in
both the control and experimental groups were statistically analyzed. Table 3
presents the values for passive flexion of the injured leg in patients.

Table 3: Changes in passive flexion of the injured leg (in degrees)

Control Group Experimental Group P

- N=32 N=34
Q9
S Pl
g P2
E On th On th CG-
§ |Onthel- | & . .°| D | D% | Onthe | .= |D |[D% | EG |CG-EG
= X-th X-th
o st day I-st day [-st [X-th day

day day

day

)? 97,19 98,09 0,9 0,92 105,2 107,1 1,9 1,80 | 0,118 0,043
S 10,85 11,30 12,49 12,46
mx 1,917 1,998 2,143 2,137
Vo 11,16 11,52 11,87 11,63
A 0,3391 0,1595 1,8370 0,7743
E -1,6515 -0,9896 -0,3368 -0,5604

From the table, it is evident that the average value of passive flexion of the
injured knee joint, measured in degrees, on the first day in the control group was
97.19£10.85° and as a result of traditional kinesitherapy, it increased by 0.9° or
0.92% by the tenth day.

In the experimental group, the average value was 105.2+12.49°, and after
the application of the experimental kinesitherapy method, it increased by 1.9° or
1.83% by the tenth day.

Thus, the results show an increase in the range of passive flexion of the
injured knee joint in both groups. However, in the experimental group, the change
in the difference between the healthy and injured legs was more significant, with a
decrease from 13.4° to 11.29°.
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Table 4: Changes in passive flexion of the injured knee (difference in
degrees between healthy and injured leg)

Control Group Experimental Group
Characteristics 3 :
G el On the X-th day QoI On the X-th day
day day
D 11,21 10,30 13,4 11,29
D% 10,34 9,50 11,5 9,70

The average value of the passive flexion indicator for the injured knee joint
was 11.5% lower than that of the healthy leg in the experimental group on the first
day and 9.70% lower by the tenth day (Table 4).

The data indicate that the condition of the passive flexion in the injured
joint in the experimental group improved to a degree closer to that of the healthy
joint, with the improvement being more significant compared to the control group,
demonstrating higher efficiency of the experimental method in restoring passive
flexion in the knee joint of the patients.

In terms of the scientific validity of the findings, the P-values on the first
day of the passive flexion indicator exceeded 0.05, indicating that the patients in
both the control and experimental groups were in relatively similar condition
regarding passive flexion of the injured knee before kinesitherapy (p=0.118).

After kinesitherapy, by the tenth day, p=0.43, which suggests that the
differences in the average values of passive flexion of the injured knee between
the two groups were statistically significant. The better results in the
experimental group reflect the higher efficiency of the experimental model
compared to the traditional method applied in the control group.

Changes in active flexion of the injured leg in patients with gonarthrosis (in
degrees)

The results of the statistical analysis of the data for active flexion of the
knee joint in the patients on the first and tenth days of the study in both the control
and experimental groups are presented in Table 5 below.
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Table 5: Changes in active flexion of the injured knee joint in patients (in

degrees)
Control Group Experimental Group P

v

-

2 Pl P2

s

Q

S On the | On the On the = On the CG- | CG-
5 I-st X-th D D% I-st X-th D D%  EG EG

day day day day dayl | day X

X | 9646 97,10 0,64 | 0,66 9891 1004 | 1,49 1,51 | 0,194 | 0,047
S 10,62 | 10,88 11,89 | 11,49
me | 1,877 | 1,923 2,039 | 1,970

Vo | 11,00 11,20 12,02 | 11,45

A | 0,3970 | 0,2881 1,200 | 1,022

E | -1471 | -0,735 0,5755 | 0,1023

The table 5 shows that the mean value of active flexion of the injured knee
(Knee Joint, KJ), measured in degrees, on the first day for patients in the control
group is 96.460+10.620, and after ten days of traditional kinesitherapy, it increases
by 0.64° or 0.66%.

In the experimental group, the mean value of active flexion is
98.91£11.89°, and due to the applied experimental kinesitherapy, it increases by
1.49° or 1.51% after ten days.

Regarding the differences in active flexion between the injured and healthy
knee (Table 6), both groups show an increase in the range of motion of the joint.
The mean active flexion of the injured knee is 13.54% lower than that of the healthy
leg in the experimental group on the first day, and by the tenth day, it is 12.23%
lower.
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Table 6. Differences in active flexion between healthy and injured knees

Control Group Experimental Group
Characteristics a - -
On the I-st On the X On the I-st On the X-th day
day th day day
D 8,24 7,6 15,49 14,00
D% 7,87 5,40 13,54 12,23

The values of R show that the difference in mean values between the
experimental and control groups on the first day is statistically insignificant
(p>0.05), i.e., the state of active flexion of the knee in both groups is relatively
the same (p=0.194).

However, after ten days of kinesitherapy, the difference becomes
significant (p<0.05), indicating that the better results in active flexion of the
injured knee in the experimental group demonstrate higher effectiveness of the
experimental kinesitherapy model compared to the traditional method used in the
control group (p=0.047).

Changes in Active Extension of the Injured Leg in Patients with
Gonarthrosis (in degrees)

The tracking of changes in the active extension of the injured leg in patients
with gonarthrosis after the application of two kinesitherapy models examines the
flexion contracture of the knee joint in the patients.

To simplify the information, statistical processing and analysis are
conducted on the differences in the active flexion of the knee joint between the
healthy and injured leg on the first and tenth day in the control and experimental
groups.

The results are presented in Table 7, from which it can be seen that the
average difference in active extension of the knee joint on the first day in the
control group is 5.28+3.78°, and after applying traditional kinesitherapy, it
increases by 0.68° or by 13.18%.
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Table 7: Changes in the differences in active extension of healthy and injured legs
(in degrees)

. Control Group Experimental Group P
2
‘:% PI s (2}
S ) .
§ 0;3‘:;’ th(:l;(- D | D% tlf:enl- th(zl;(- D | D% (I:E((}} ga(;
@) th day st day | th day day [ X
)—( 5,219 4,531 0,68 | 13,18 8,06 4,29 3,77 | 46,77 | 0,108 0,007
S 3,782 3,005 455 | 3204
my 0.6686 0,5313 0,7805 0,5649
Vo, 72,47 66,32 56,47 76,76
A 0,6968 1,4006 0,2456 0,4791

0,1544 -0,310 1,0541 | -1,767

In the experimental group, the average difference in active extension
between the healthy and injured legs is 8.06+4.29°, and after applying the
experimental Kinesitherapy method, by the tenth day, it increases in absolute values
by 3.77°, and in relative values by 46.77%.

From the table, a high coefficient of variation (V%) in the results is evident
in both groups, indicating large individual differences among the patients regarding
the measured parameter.

The average standard deviation (SD) tends to decrease from the first to the
tenth day in both groups. The representative error mx of the indicator is low, which
suggests a small confidence interval (A) for the average value of active extension
of the knee joint for the general population of patients with gonarthrosis (A = X +
mx).

The R-values show that the difference in the average values of the
indicator between the control and experimental groups on the first day is
statistically insignificant (p=0.108), while after ten days of applying the two
kinesitherapy models, the difference is significant (p=0.007), with the better
results in the experimental group confirming the higher effectiveness of the
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experimental kinesitherapy model compared to the traditional one used in the
control group.

Table 8: Differences in active extension of healthy and injured knees (in degrees)

Control Group Experimental Group
Characteristics G i sl On the X-th On the I-st day On the X-th
day day
D 5,22 4,53 7,97 4,20
D% 0 0 9,05 4,77

The established differences in active extension of the injured and healthy
knees in both groups (Table 8) show a reduction in the range of active extension of
the knee joint. In the experimental group, there is a more significant difference of
7.97°, decreasing to 4.20° by the end of the study. The average value for the injured
knee joint is 9.05% lower than the average value for the healthy leg in the
experimental group on the first day and 4.77% lower on the tenth day, indicating
that the condition of the injured joint gradually approaches that of the healthy joint.

Changes in Passive Extension of the Injured Leg in Patients with
Gonarthrosis (differences between healthy and injured leg - in degrees)

To monitor the flexion contracture in patients with gonarthrosis, the results
from the measurements of the differences in passive extension of the knee joint
between the injured and healthy legs on the first and tenth days in the control and
experimental groups were subjected to statistical processing and analysis. The
results are presented in Table 11.

Table 9 shows that the average difference in passive extension between the
healthy and injured knee joint on the first day of the study in the control group is
3.156+3.063°. As a result of the applied traditional kinesitherapy, by the tenth day,
the difference decreases by 0.093° or by 2.95%.

In the experimental group, the average difference in passive extension
between the healthy and injured knee (on day 1, before kinesitherapy) is
5.29+1.97°, and after ten days of experimental kinesitherapy, the difference
decreases to 1.970°, which represents an improvement of 62.78%.

However, a high coefficient of variation (V%) is observed in both groups,
indicating significant individual differences among the participants regarding the
initial state of the indicator.
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There is also a tendency for increased variability in passive extension of
the knee joint, especially in the experimental group, indicating an individualized
recovery rate.

For hypothesis testing and determining the p-values, due to skewness and
kurtosis beyond the normal distribution range of -1,1, we applied the Mann-
Whitney non-parametric test for independent samples.

The p-values indicate that the difference in mean values between the
control and experimental groups on the first day is statistically insignificant
(p=0.115), meaning that the passive extension of the injured knee joint is in
relatively similar condition in both groups.

Table 9. Changes in passive extension of the injured knee joint (differences
between healthy and injured leg in degrees).

% Control Group | Experimental Group | P
S | Onthe | On the o On the | On the o CG- i
S| kst | x| PP e | oxem | PP G | 1O
S day day day day day I Y
X
)
3 62,7
3,156 3.063 0,093 2,946 5,294 1,971 32 8, 0,115 0,037
3
S 2,142 2,047 3,695 2,181
my 0,378 0.3618 0,6337 0,3740
Vo, 67,86 66,84 69,80 110,7
A -0,0272 -0,0897 0,5893 1,250
-1,046 -1,091 -0,063 1,757

After 10 days of kinesitherapy, however, the difference in the results is
significant (p=0.037), suggesting that the more substantial changes in passive
extension in the patients from the experimental group (EG) are due to the
approaches, tools, and methods of the experimental kinesitherapy, which is more
effective compared to the traditional therapy applied to the patients in the control
group (CG).
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Table 10. Changes in the differences in passive extension of the injured-healthy
knee (in degrees)

Control Group Experimental Group
Characteristics
On the I-stday | Onthe X-th | On the I-st day On the X-th
day day
D 3,16 3,063 4,99 1,67
D% 0,93 0, 89 1,70 1,3

The data (Table 10) further shows that the condition of the injured joint in
the experimental group (EG), based on the studied indicator, approaches the
condition of the healthy joint in the patients.

However, the high coefficient of variation is an indicator of significant
individual differences in the recovery of passive extension of the knee joint (KJ),
which means that recovery in some patients from the EG is more intense, while in
others, the improvement is weaker.

In connection with the limitation of the range of motion in flexion and
extension of the knee joint in patients with gonarthrosis, Stavrakova et al. (2002)
found that after cryotherapy (without the application of specialized exercises),
passive range of motion (in flexion and extension) improves, and pain symptoms
decrease due to the treatment of periarticular structures with a cold stimulus.

In a study by Sazdova et al. (2014), an increase in passive flexion is also
noted, attributed to the improved mobility of the patella in a caudal direction and
the gliding between the joint surfaces after the application of joint mobilization
techniques on the knee joint.

For improving the active range of motion and reducing pain in the knee
joint in gonarthrosis, exercises of shorter duration, performed without weights and
with moderate resistance, are recommended (Tanaka et al., 2013).

In kinesitherapy for patients diagnosed with gonarthrosis, an
individualized approach is a key element of therapy (Otsov et al., 2014).

Additionally, data from a study by Nakazoe et al. (2022) on the kinematics
of kneeling in men show significant differences in rotational kinematics between
the flexion and extension phases, especially regarding the medial and lateral contact
points.

These differences may relate to the range of motion in the knee joint, as
increased anterior translation of the medial contact point and reduced lateral
translation in the extension phase suggest changes in the load on the joint cartilage
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and meniscus. This can affect the functional movement of the knee and limit the
range of motion, especially in patients with gonarthrosis, who already have
impaired mobility.

The differences in kinematics between the flexion and extension phases
may also lead to asymmetrical loading, which can limit smooth movement and
create additional functional limitations in activities such as kneeling.

Regarding passive and active extension of the knee joint, data from Kojo
et al. (2018) indicate that knee flexion reduces pain stimulus by decreasing intra-
articular pressure and relaxing the posterior capsule. This process leads to greater
flexion contracture as the disease progresses. As a result, patients rarely manage to
fully extend the knee, which is a factor in earlier degeneration of the joint cartilage.

Flexion contractures of the knee joint in gonarthrosis lead to significant
limitations in both passive and active ranges of motion of the knee. They represent
a serious challenge for clinicians during total knee arthroplasty. Successful surgical
correction of these contractures, with a focus on establishing the posterior
concavity of the knee, is crucial for restoring the full range of motion.

If full extension is not achieved during surgery, the remaining contracture
will continue to limit the range of motion, which may worsen the patient's
functionality. Therefore, achieving full extension in the operating room is
important for restoring normal range of motion and obtaining good long-term
outcomes after surgical treatment.

Results and analysis from manual muscle testing (MMT) of patients with
gonarthrosis

The results of the manual muscle testing (MMT) of the studied patients
with gonarthrosis in the control group (CG) are presented in (Table 11).

MMT of the m. quadriceps femoris of the injured leg on the first day
shows that 59.38% of the examined individuals were assessed with a "4-" rating,
and by the 10th day, their relative share decreases to 3.13%, while 50% of the
individuals were rated "4." The number of patients rated "5" increases from 0 to
12.5%.

The results of MMT of the m. quadriceps femoris of patients in the
experimental group (EG) on the first day show that 70.59% of the examined
individuals were rated "4-," which decreases to 32.35% by the 10th day; 29.41%
were rated "4," and this group increases to 55.88% by the 10th day. An increase is
also observed in the percentage of patients rated "5," from 0 to 11.76%.

The data reflect the effectiveness of the applied kinesitherapy and the
resulting recovery of the m. quadriceps femoris in both groups, with significant
improvement.
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Table 11. Results from MMT of m. quadriceps femoris in the control and
experimental groups on the injured leg - before and after kinesitherapy (in %).

Groups Assessment | Assessment | Assessment | Assessment | Assessment | Assessment

3+ 4- 4 4+ 5. p
ga(; 1-st 0% 59,38% 34,38% 0% 6,25% 0%
g:; st 0% 70,59% 29,41% 0% 0% 0%
gﬁii& e 3,13% 50% 25% 9,38% 12,5%
glrdg; 0% 32,35% 55.88% 0% 11,76 0%

The data for the studied indicator in the experimental group, however,
shows a more significant reduction in individuals with a "4-" score compared to the
control group.

In the experimental group, MMT of m. quadriceps femoris on the healthy
leg—before and after kinesitherapy—shows that 50% of the individuals were rated
"4+",23.53% rated "5", 20.59% rated "5-", and 5.88% were rated "4".

Therefore, an improvement in muscle strength of m. quadriceps femoris on
the injured leg is observed in the studied contingent of individuals after 10 days of
treatment, with the applied kinesitherapy methodology in the EG contributing to
more positive changes in this indicator.

The results of MMT of m. vastus medialis in the control group shown in
(Table 12) on the first day—before kinesitherapy—show that 71.88% of the
individuals were rated "4-", and by the 10th day, their relative share decreased to
62.50%, with 23.53% rated as "4". Patients rated "5" increased from 0 to 9.38%.
The MMT results of m. vastus medialis in the control group on the healthy leg—

33




before and after kinesitherapy—show the following: 43.75% of the individuals
were rated "5-", 15.63% rated "5", 21.88% rated "4+", and 18.75% rated "4".

Table 12. Results from MMT of m. vastus medialis in CG and EG on the injured
leg—before and after kinesitherapy in (%)

Groups Assessment | Assessment | Assessment = Assessment = Assessment Assessment

3+ 4- 4 4+ 5- 5
lstday | 1250%  TLS®%  1563% 0% 0% 0%
lstday | 254% 88,24% 8,82% 0% 0% 0%
G
10-th | 2,94% 12,50%  62,50% 0% 9,38% 0%
day
EG
10-th 0% 2353% | 6471% | 11,76% 0% 0%
day

The results in the experimental group from MMT of m. vastus medialis
on the first day show that 88.24% of individuals were rated "4-", which decreased
to 23.53% by the 10th day; 8.82% were rated "4" and increased to 64.71% by the
10th day. No increase in the percentage of patients rated "S5" was observed
(remained at 0%).

The MMT results of m. vastus medialis in the experimental group on the
healthy leg—before and after kinesitherapy—show the following: 23.53% of
individuals were rated "5", 20.59% rated "5-", 32.35% rated "4", and 23.53% rated
"4+IV‘

These data indicate a positive effect of kinesitherapy on the recovery of m.
vastus medialis in both groups, with a significant improvement in the indicator. The
results in the EG, however, show a more substantial reduction in the percentage of
patients rated "4-" compared to the CG.

The MMT results of m. vastus lateralis presented in (Table 13) on the first
day in the control group (shown in Table 18) show that 53.13% of the examined
individuals were rated "4-". However, by the 10th day, their relative share decreased
to 12.50%, with 53.13% rated as "4". Patients rated "5-" also increased from 0% to
12.50% by the 10th day. The MMT results of m. vastus lateralis in the control group
on the healthy leg—before and after kinesitherapy—show the following: 40.63%
of individuals were rated "4", 37.50% rated "5-", 9.38% rated "4+", and 12.50%
rated "5".
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The MMT results of m. vastus lateralis on the first day in the experimental
group show the following: 64.71% of individuals were rated "4-", which decreased
to 8.82% by the 10th day; 29.41% were rated "4", increasing to 58.82% by the 10th
day. The percentage of patients rated "5-" also increased from 0% to 17.65% by the
10th day.

The MMT results of m. vastus lateralis in the EG on the healthy leg—
before and after kinesitherapy—show the following: 32.35% of individuals were
rated "5-", 23.53% rated "5", 55.88% rated "4", and 2.94% rated "4-".

These data indicate a positive effect on the recovery of m. vastus lateralis
in both groups. However, in the EG results, a more significant reduction in patients
rated "4-" compared to the CG was observed, as well as an increase in individuals
rated "5-" to 17.65% in the EG by the end of the study, compared to 12.5% in the
CG.

Table 13. Results from MMT of m. vastus lateralis in CG and EG on the injured
leg—before and after kinesitherapy in (%)

Assessment | Assessment | Assessment = Assessment | Assessment | Assessment

Groups 3+ 4- 4 4+ 5- 5

CG
1-st 3,13% 53,13% 43,75% 0% 0% 0%
day
EG
1-st 0% 64,71% 29,41% 0% 0% 0%
day
CG
10-th 0% 12,50% 53,13% 21,88% 12,50% 0%
day
EG
10-th 0% 8,82% 58,82% 14,71% 17,65% 0%
day

The MMT results of m. tensor fasciae latae on the injured leg of patients
from the control group, presented in Table 13, on the first day of the study, show
that 59.38% of individuals were rated "4-", which decreased to 2.94% by the 10th
day, with 74.47% of the contingent rated as "4". The "5" rating also increased from
0% to 11.76% by the 10th day.

The MMT results of m. tensor fasciae latae in the control group on the
healthy leg - before and after kinesitherapy - show the following: 31.25% of
individuals were rated "4+", 28.13% rated "5", 28.13% rated "5-", and 12.50% rated
"4".
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The MMT results of m. tensor fasciae latae in the experimental group on the
first day show that 50% of the examined individuals were rated "4-", which
decreased to 8.82% by the 10th day; 29.41% were rated "4", which increased to
58.82% by the 10th day. The percentage of patients rated "5-" also increased from
0% to 11.76% by the 10th day.

The MMT results of m. tensor fasciae latae in the EG on the healthy leg—
before and after kinesitherapy—show the following: 32.35% of examined
individuals were rated "5-", 23.53% rated "5", 29.41% rated "4", and 14.71% rated
"4+",

These data indicate a positive effect of the applied kinesitherapy on the
recovery of m. tensor fasciae latae in both groups. However, in the EG patients, a
more significant reduction in the relative proportion of individuals rated "4-" was
observed compared to the contingent in the CG.

Table 14. Results from MMT of m. tensor fasciae latae in CG and EG on the
injured leg—before and after kinesitherapy in (%)

Assessment | Assessment = Assessment = Assessment | Assessment | Assessment

Groups 3+ 4- 4 4+ 5- 5
o 0% 59,38% 40,63% 0% 0% 0%
1-st day
EG 0% 50% 41,18% 0% 5,88% 2,92%
1-st day
CG
lg;;h 0% 12,50% 40,63% 46,88% 9,38% 3,13%
EG
lg:yh 0% 2,94% 76,47% 8,82% 11,76% 0%

The results in the control group shown in Table 15 of the MMT of the
hamstring muscle group on the first day indicate that 84.38% of the examined
subjects were rated "4-". By the 10th day, this percentage decreased to 13.13%, with
71.88% of the patients in the group being rated "4". The relative proportion of
subjects rated "5" increased from 0% to 6.25% by the 10th day.

For the MMT results of the hamstring muscle group in the control group
of the healthy leg—before and after kinesitherapy—the following was observed:
37.50% of the examined subjects were rated "5-", 21.88% were rated "5", 15.63%
were rated "4+", and 25% were rated "4".
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In the experimental group, the MMT of the hamstring muscle group of the
injured leg (Table 15) on the first day showed that 70.59% of the examined
subjects were rated "4-", which decreased to 0% by the 10th day. Meanwhile,
6.25% were rated "4", increasing to 50% by the 10th day. Additionally, the
percentage of patients rated "5-" increased from 0% to 14.71% by the 10th day.

Table 15. Results from MMT of hamstring muscles group in CG and EG on the
injured leg—before and after kinesitherapy in (%)

Groubs Assessment

p 3+ 4- 4 4+ 5- 5
CG N=32 9,38% 84,38% | 625% | 0% 0% 0%
1-st day
EG N=34 0% 70,59% 11,76% 0% 0% 0%
1-st day
CG 0 0 0, 0, 0, 0,
T0-th day 0% 13,13% 71,88% | 18,75% 0% 6,25%
EG 0 0 © 9 9 9
10-th day 0% 0% 50% 35,29% | 14,71% 0%

Upon conducting manual muscle testing (MMT) on the hamstring muscle
group of the healthy leg in the experimental group (EG), both before and after
kinesitherapy, it was found that 55% of individuals scored "4", 20.56% scored "5",
11.76% scored "5-", and 11.76% scored "4+".

These data indicate the effectiveness of the applied kinesitherapy models
in restoring the hamstring muscle group in both the control and experimental
groups. However, in the experimental group, there was a more significant decrease
in the relative proportion of patients scoring "4-" compared to the control group.

Despite the positive changes in MMT scoring, only four patients achieved
a score of "5" for the quadriceps femoris, suggesting that exercises to improve and
maintain muscle function should continue (Ocetov et al., 2014).

Strengthening the quadriceps to achieve an MMT score of "5" in patients
with gonarthrosis remains controversial due to the misalignment of the lower limb
axis. Strong quadriceps can increase the risk of osteoarthritis progression in patients
with reduced knee stability. On the other hand, quadriceps strength does not
correlate with eccentric resistance of the knee joint, regardless of varus positioning.

Despite these findings, studies have shown that stronger knee extensors in
individuals over 50 can reduce symptoms of gonarthrosis, and a 12-week program
to strengthen the musculature around the knee has led to a reduction in pain
symptoms in patients with medial gonarthrosis (Fryzowicz et al., 2018).
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Maintaining muscle function is crucial in the prevention of gonarthrosis,
as muscles contribute to joint stability and shock absorption. Muscle hypotrophy
and increased mechanical stress lead to early joint degeneration (Becker et al.,
2004).

In a study conducted by Sadeghi et al. (2023), the effectiveness of muscle-
strengthening exercises in patients with osteoarthritis of the knee joint was
monitored. A total of 96 patients with mild to moderate gonarthrosis were studied,
divided into four groups, and monitored over an 8-week period. The first three
groups received exercises aimed at strengthening the quadriceps femoris, hamstring
muscles, and others, while the fourth group served as a control and received no
intervention. The best results, including reduced pain and stiffness, were observed
in the combined strengthening of the quadriceps and hamstring muscles. The main
limitation of the study is the short follow-up period, and longer-term studies are
recommended to evaluate the long-term effect of the exercises.

According to a study by Mitsakis et al. (1997), achieving muscle
hypertrophy requires very intense loads, which are not applicable to patients with
knee osteoarthritis.

According to Kasumovic et al. (2013), static isometric exercises
significantly impact the strengthening of the quadriceps, especially the vastus
medialis muscle. Dynamic movements prevent the disruption of circulation caused
by prolonged static positions. The treatment also includes targeted exercises to
stretch shortened muscles and strengthen weakened ones, thus providing both static
and dynamic balance in the biomechanical functioning of the joint.

In addition to treatment, it is essential to educate patients to continue
exercising at home. This will improve the quality of life and slow down the
degeneration process.

Changes in Pain Intensity Measured by VAS

The study of pain intensity in patients diagnosed with gonarthrosis was
conducted using the Visual Analog Scale (VAS). Pain intensity was measured
twice: at the beginning of the study—before kinesitherapy (Day 1)—and at the end
of the procedures (Day 10) in the control and experimental groups.

The advantage of this test is that it is quick and easy to perform, but it
should be noted that the data reflect the patients' subjective sensations.
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Table 16. Changes in Pain Intensity According to VAS

Control Group Experimental Group p

g P2
S PI

5 ce | X~
S | onthe | ™ \p D |onther | 2% |p | D% |ec 1| EE
S I-st day il % st day 2 td X-th
= day day stday day
QO

3 6,500 6.188 (0,312 | 4,8 5,324 3,088 |2,236 (41,99 | 0,058 | 0,046
s 1,136 1,203 - - 1,430 1,545 - -

m 0,200 0,212 - - 0,2452 0,2649 - -

X

17,48 19,44 - - 26,85 50,02 - -

Vo

A 4222 0,028 - - 0,0177 0,0011 - -

E 1,385 -1,042 - - | 0,0002 0.4372 - -

The results presented in Table 16 show that in the control group, no
significant differences were observed, but a slight reduction in pain by 4.8% was
recorded.

When determining the normality of the case distributions, we found cases
A and E outside the -1.1 range, leading us to apply the Mann-Whitney test for
independent samples to check the hypotheses. We established the statistical
significance of the changes in pain from Day 1 to Day 10 in both groups.

The values of P indicate that the established difference in the mean values
of the indicator between the control group (CG) and the experimental group (EG)
on the first day is statistically insignificant (p=0.058), from which it follows that
the examined groups are relatively similar in terms of self-assessment of pain in
the affected knee joint of the patients (Fig. 9).

However, after 10 days of kinesitherapy, the difference in the mean values
of the indicator is statistically significant (p=0.046), from which it follows that the
better results observed in the EG at the end of the study indicate a higher
effectiveness of the applied kinesitherapy model (p<0.05).
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EG 1-st day

EG 10-th day

0 CG 1 -st day CG 10-th day

Fig. 9. Changes in pain based on VAS in the control group CG and EG

Studies related to pain symptoms in patients with gonarthrosis are of
particular interest to researchers (Parkes, 2016).

According to data from Wang et al. (2018), the weak correlation between
pain symptoms and structural changes in gonarthrosis is well documented. The
relationship between radiological osteoarthritic pathology (ROA) and knee pain
(KP) was studied among five different racial and ethnic populations. Participants
included a total of 252 urban Chinese, 221 rural Chinese, 297 Japanese, 122
Koreans, 1,735 Caucasians, and 394 African American patients.

Conditional logistic regression was used, and the relationship between
ROA and pain severity was analyzed.

The results showed that even mild ROA is significantly associated with
frequent knee pain. Structural pathology is associated with knee pain across
different ethnic populations.

In this context, a study by Altuwairqgi et al. (2023) compared the results of
the Kellgren-Lawrence (KL) grading scale from X-rays with a pain scale of “0-10.”
The data showed a significant association between mild pain symptoms and severe
radiological changes, as well as the reverse. A connection was also found between
KL scores and difficulty in sitting (Western Ontario and McMaster Universities
Osteoarthritis Index), where moderate difficulties correlated with severe
radiological findings. This suggests that central and peripheral sensitization may
play a role in the causes of pain.

According to the study by Parkes et al. (2020), the hypothesis suggests that
effective treatment of pain symptoms may lead to increased physical activity,
which, in turn, could worsen knee pain. This could make treatment seem less
effective if evaluated solely based on pain reduction. Measurements of activity,
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conducted with an accelerometer before and during treatment, showed insignificant
changes. Therefore, these results do not provide sufficient evidence that physical
activity was changed or that it influenced the pain assessment.

The relationship between pain and physical activity appears weak. Only
static knee load (time spent standing or sitting) showed a weak correlation with
pain, and only in one of the three models tested.

According to the studies of Otsotov et al. (2014), Yordanov et al. (2013),
and Stavrakova et al. (2002), pain symptoms in patients with gonarthrosis decrease
but do not disappear completely due to the chronic nature of the disease.

Among patients diagnosed with gonarthrosis and overweight, diet and
exercise mainly led to statistically significant differences in reducing pain, which
is a subjective indicator. However, the pain did not disappear completely in the
subjects, only decreasing due to chronic inflammatory changes and the short
duration of the treatment course (Messier et al., 2022).

According to Hinman et al. (2007), kinesiotaping is one of the few non-
surgical interventions targeting osteoarthritis of the patellofemoral joint. Medial
taping of the patella in patients with narrowing and osteophytes in the
patellofemoral joint leads to a 25% reduction in pain. A subsequent randomized
controlled study in 87 patients with knee OA confirmed the effectiveness of taping
in reducing pain and disability.

Changes in the functional assessment of patients' knee condition (Knee
Society Knee Score)

The study of changes in the functional assessment of patients' knee
condition (Knee Society Knee Score) was conducted using a point scale twice: at
the beginning of the study (day 1) and at the end of the procedures (day 10) in the
control and experimental groups.

The results of the studies on the patients from the control group showed
a noticeable reduction in pain symptoms, from 28.91+8.204 points to 29.22+12.06
on the 10th day of the study.

The coefficient of variation increased until the 10th day, from which it
follows that the impact of therapy on the functional indicator of the knee in the
control group patients was individualized and varied. At the same time, the range
of motion increased from 18.79+2.45 to 19.12+2.58.

Flexion contracture decreased from 3.53+£3.016 to 3.06+£2.57 by day 10.
However, the high coefficient of variation indicates heterogeneity of the indicator
in the group. The extensor deficit decreased from 6.72+2.73 to 5.78+2.57 by day
10, with the V% also being relatively high. Improvements were noted in gait, as
well as in stair climbing and descending.
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Therefore, the applied kinesitherapy methodology for patients in the CG
shows improvements in the functional assessment of the knee joint.

From the study of the changes in the functional condition of the knee joint
in patients from the experimental group following the applied experimental
kinesitherapy, it was found that with an increase in points from 26.76+10.51 on day
1 to 31.18+8.622 on day 10, pain symptoms decreased.

The coefficient of variation of the indicator showed a trend towards an
increase from day 1 to day 10, indicating that the experimental kinesitherapy had a
positive but individualized effect on the patients, with some showing greater
improvement in knee function than others, a process also observed in the control
group. The range of motion increased from 19.12+2.58 to 19.89+2.12.

Flexion contracture also decreased from 2.58+2.12 to 3.06+2.57.
However, the high coefficient of variation again indicates heterogeneity in the
group.

The extensor deficit decreased from 6.72+2.73 to 5.58+2.047 by day 10.
Gait improved, as well as stair climbing and descending. In other words, the study
of the impact of the experimental methodology in the EG showed more significant
improvements in the functional assessment of the knee joint in comparison to the
improvements in the CG.

The average values in both groups showed improvement in functional
assessment, with changes being more significant in the EG (D% in the CG was
0.89%, while in the EG it was 2.09%). The increase in standard deviation (SD)
shows a wide dispersion of individual results around the mean value by the 10th
day of the study.

Table 17. Changes in the comprehensive functional assessment of the knee joint
in CG and EG (Knee Society Knee Score)

Control Group Experimental Group P
v
5 Pl | P2
3 On CG- | CG-
S | Onthel- | the On the | On the EG | EG
§ st day xth | P | D st X-th D | D% | dayI | dayX
S day % day day Y Y
% 142,07 143,5 | 1,43 | 1,0 | 136,8 1399 | 3,12 | 2,28 | 0,497 | 0,023
s 14,47 15,82 - - 13,08 13,28 - -
m 2,558 2,796 - - 2,244 | 2,278 - -
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10,31 10,99 - - 8,565 8,514 - -
Vo

A 0,327 0,195 | - - | 1,6277 | 03116 | - i

E ooa | LS| - | - 0349 ] 0619 ] - :

The values of the skewness and kurtosis of the variable in both groups
(Table 17) indicate that their distribution is non-normal (outside -1,1), which is why
the Mann-Whitney method for independent samples was applied for hypothesis
testing.

The P1 values of the mean scores in the KG-EG on the first day indicate
that the two groups are relatively equal in patients’ self-assessment of their overall
condition of the injured knee joint (p=0.497).

After ten days of kinesitherapy, P2=0.023 for the variable or p<0.05,
which indicates that the difference in patients' self-assessment is significant, and
the better results in the experimental group are a result of a more effective model
of kinesitherapy.

Changes in knee joint edema "indentation test"

The study of changes in edema in patients diagnosed with gonarthrosis is
conducted at the beginning (1st day) and at the end of the procedures (10th day) in
both the control and experimental groups. Only the affected leg is examined. This
test checks for the presence of even minimal swelling.

A "positive" result indicates the presence of edema in the knee joint of the
examined individuals, while a "negative" result indicates the absence of edema in
the knee joint of the individuals.

Table 18. Changes in knee joint edema "indentation test"

”+“ ”_“
results o results o
Groups (%) D D% (%) D D%
cG 90,63 3,13 | 345 938 | 3,12 | 33,26
(l-St day) > 9 9 > 9 9
CcG
(X-th day) 87,5 - - 12,5
EG
94,12 11,77 | 12,50 5,88 8,83 | 60,02
(I-st day)

43



EG

X.th da3) 82,35 14,71

The results of the conducted test are presented in Table 18. In the control
group, on the first day, 90.63% of individuals show edema in the affected knee
joint, while on the 10th day, this percentage decreases by 3.45%. The negative
results also decrease by 33.26%.

100 CG 1-st day "+"

B C0.63% 94.12% 87.59% EG 1 -st day "+"

82.35 CG 1-st day "-"

< EG 1-st day "-"
70

60 CG 10-th day "+"

50 EG 10-th day "+"

b CG 10-th day "-"

x EG 10-th day "-"

12.5% .719
20 0 14.71%

10
0

Figure 10. Differences in results from changes in edema "indentation test" of the
affected knee in KG and EG

In the experimental group, 94.12% of individuals have edema in the knee
joint, but by the 10th day, it decreases by 12.50%, as shown in Figure 10. The
negative results also decrease by 60.02%.

The applied kinesitherapy methodology in both groups (more significantly
in EG) helps reduce the edema in the knee joint, which is reflected in the "positive"
results. However, there is no significant difference between the two groups in the
increase of the number of patients without edema by the end of the study due to the
short treatment period and the chronic changes that have occurred as a result of the
disease.

Results and analysis of the measurement of the Q-angle of the knee joint
(patellofemoral angle)

The examination of the patellofemoral angle (Q-angle) in patients diagnosed
with gonarthrosis is conducted at the beginning of the study (1st day) and at the end
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of the procedures (10th day) in both the control and experimental groups, measured
in degrees.

Table 19. Results from measuring the Q-angle (patellofemoral angle) of the knee
Jjoint (in degrees)

Control Group Experimental Group P
P1 P2
CG- CG-
onthe | O"the | | po, | 00 | On T po | EG | EG
Lst da X-th theI- | the X- davi | dav X
y day stday | th day Y y
X 5,406 5,406 | 0 0 2,485 6,103 | 0 0 0,455 | 0,447
S 3,809 3,809 3,542 3,915
my 0,6733 0,6733 2,918 | 0,6715
Vo, 70,45 70,45 42,422 64,16
A 0,640 0,640 1,238 | 0,8267
E -0,298 0,298 3,034 | 0,0567

The results from measuring the Q-angle (patellofemoral angle) of the knee
joint in degrees are presented in Table 19.

In a study by Imhoff et al. (2021), it is stated that the combination of
comorbid conditions such as obesity, deviation in the patellofemoral angle, and
joint trauma (meniscus, cartilage, ligament) leads to progressive osteoarthritis of
the knee joint and that physiotherapy does not change the patellofemoral angle as
a result of gonarthrosis. Surgical treatment is most commonly applied, with
osteotomy being the preferred method.

Patellofemoral deformity is structural and poses a risk of gonarthrosis, as
shown on MRI. Asymmetry of the patellofemoral joint in younger individuals is
associated with cartilage damage and premature OA of the patellofemoral joint.
Improper loading of the joints causes changes in the cartilage, which can be
congenital or due to bone injuries such as trauma and surgery (Khoroushi, 2022).
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Structural changes in the knee joint due to gonarthrosis are difficult to
correct in a short period.

This explains the P1 and P2 values for the variable in KG-EG on the first
day (p=0.455) and the tenth day (p=0.447), indicating that the difference in the
Q-angle of the knee joint between the two groups at the beginning and end of the
study is statistically insignificant, i.e., the experimental model of kinesitherapy
did not induce changes in the patellofemoral angle of the patients.

Changes in the flexion contracture of the knee joint

The study of changes in the flexion contracture of the knee joint in patients
diagnosed with gonarthrosis, following the application of two models of
kinesitherapy, is conducted at the beginning, on the first day, and at the end of the
procedures on the tenth day, in the control and experimental groups of the affected
leg. The results are measured in degrees, with a difference of 1 cm approximately
equal to 1° depending on the length of the lower leg. The presence of swelling can
also positively influence the test.

Table 20 presents the results from the conducted test. In the control group,
on the first day, the average value of the indicator is 5.43° for the affected knee
joint, and by the tenth day, it decreases by 0.34° (6.26%).

The coefficient of variation (V%) is high, indicating heterogeneity of
results within the group and shows a tendency to increase until the tenth day, which
means that the examined individuals are influenced individually by the applied
kinesitherapy. One of the participants was unable to assume the "lying" position on
the first day of the study and refused to attempt it on the tenth day.

In the experimental group, the average value of the indicator on the first day
of the study is 6.70° which decreases to 5.62° by the tenth day, resulting in a
reduction of 16.12%.

Table 20. Changes in the Flexion Contracture of the Knee Joint After

Kinesitherapy
" Control Group Experimental Group P
L2 N=32 N=34
2
3 . Pl | P2
§ On the On D D% the On D | D% I-st X-th
I} I-st the X- the X- day day
< I-st
S day th day day th day
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X 5,43 5,09 |1 0,34 | 6,26 | 6,70 5,62 1’3 16,12 | 0,074 | 0,036
S 2,964 | 2,857 3,445 | 3,181
my 0,5207 | 0,5050 0,590 | 0,545
Vo, 54,27 | 56,05 51,44 | 56,62
A 0,3276 | 0,1960 0,495 | 1,390
E 1,2718 | 0,1696 0,072 | -0,938

The coefficient of variation (V%) increases more in comparison with the
control group (CG), which indicates that the patients here are also influenced
differently by the applied kinesitherapy (Fig. 11). In this group, individual patients
also struggled to assume the "lying" position.

Using the Mann-Whitney method, the statistical significance of the
difference in the flexion contracture of the affected knee joint in both groups was
established. This difference at the beginning of the study is not significant (p>0.05).

Or, R1 indicates that the difference in the average values of the indicator
in the control group (CG) and experimental group (EG) on the first day is not
significant (R1=0.074). However, after 10 days of kinesitherapy, the difference is
significant (R2=0.036), indicating that the better results in the EG are due to the
higher effectiveness of the applied model of kinesitherapy compared to the
traditional one in the control group.

20 EG

10 CG 10-th day

1355
S 11
13 15 17 19 21 »3 25 27
29 31 33

Fig. 11. Individual Values of the Flexion Contracture of the Affected Knee Joint
from CG and EG on the 10th Day
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From the analyzed 6,284 articles, 9 randomized controlled trials assess the
effectiveness of stretching in the flexion contracture (FC) of the knee joint in
patients with gonarthrosis.

The results show that stretching of the shortened musculature improves the
overall range of motion by 9.3°, flexion by 10.8°, and extension by 9.1° compared
to the control groups. Additionally, seven studies report a reduction in pain with a
standardized mean difference of 1.9. The evidence for the effectiveness of
stretching of the shortened musculature is of moderate quality, supporting its
application as a conservative intervention to improve clinical outcomes in knee
osteoarthritis (Campbell et al., 2023).

Gonarthrosis is often accompanied by flexion contracture (FC), which
worsens clinical outcomes. A study of 600 patients with knee osteoarthritis from
the "Osteoarthritis Initiative" (OAI) shows that 33.4% of patients have FC related
to degenerative changes observed via MRI. These changes include cartilage loss
and bone lesions in the patellofemoral joint, osteophytes, meniscal injuries, and
joint effusion. The results suggest that loss of extension in OA is a multifactorial
structural process (Campbell et al., 2022).

In this context, various physiotherapeutic procedures exert therapeutic
effects on flexion contractures of the knee joint in patients with gonarthrosis.
Aerobic exercises reduce pain and improve physical function, while strength
training is effective against muscle hypotrophy. Neuromuscular exercises and
balance training enhance proprioception and sensorimotor control, while water
exercises offer fewer side effects. Traditional exercises, such as those from yoga,
are also successfully used. However, current research is insufficient, necessitating
more in-depth clinical studies and combined therapeutic approaches (Zeng et al.,
2021).

Results and Analysis from the Eccentric Step Test

The "eccentric step" test in patients diagnosed with gonarthrosis is
conducted twice: at the beginning of the study (first day — before the kinesitherapy
course) and at the end of the procedures on the tenth day in both the control and
experimental groups. Both the left and right legs are examined. The test monitors
the presence of functional limitations. The patient stands on a step with a height of
15 cm, with hands on their hips. The patient then descends, leading with the left
leg, followed by the right.

The test is positive if it provokes pain. A "positive" result indicates the
presence of pain in the area of the knee joint in the individuals. A "negative" result
indicates that the patient does not have pain in the knee joint.

48



Table 21. Positive Results from the Eccentric Step Test

Positive for .

Groups the(l((;z; leg D Pfisglﬁtvleego(r (ytor;e b
(1 —(s:tGday) 31,25 3,12 46,88 6,26
(X —Ct:hG day) 28,13 40,62
( _EtGday) 50 5,88 41,18 2,94
X —Etﬁday) 44,12 38,24

In Table 21, the results of the conducted test are presented. In the control
group, on the first day, 31.25% of the subjects show a "positive" result for the left
leg, which decreases by 3.12% by the 10th day.

Table 22. “Negative” results from the eccentric step test

Positive for the .
Positive for the
Groups left leg D right leg (%) D
(%) Ied
CG
(1 - st day) 15,63 3,12 6,25 6,25
CG
(X — th day) 18,75 12,50
EG
(1 - st day) 5,88 5,88 2,94 11,77
EG
(X — th day) 11,76 14,71

For the right leg (Table 22), on the first day, 46.88% of patients show a
"positive" result, which corresponds to the percentage of localized gonarthrosis in
the right leg (Figure 12). By the 10th day, their relative share decreases by 6.26%.
In the experimental group, on the first day, 50% of cases show a "positive" result
for the left leg, which decreases by 14.71% by the 10th day.
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Figure 12. Assessment of the eccentric step in patients from the control group
from the 1st to the 10th day of applied kinesitherapy

For the right leg, on the first day, 41.18% of the subjects show a "positive"
result. By the 10th day, their relative share decreases by 2.94%.

In (Figure 7), the diagnosed localization of gonarthrosis is shown to be
58.82% for the left leg among the subjects in the experimental group.

The compensatory mechanisms developed by the patients to reduce the
pain symptoms in the affected leg may cause pain in the healthy leg due to
overloading.

In Table 26, the "negative" results of the conducted test are presented. In
the control group, on the first day, 15.63% show a "negative" result for the left
leg, which increases by 3.12% by the 10th day.

For the right leg, on the first day of the study, 6.25% of patients show a
"negative" result, which increases by 6.25% by the 10th day.
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Figure 13. Assessment of the eccentric step in patients from the experimental
group from the 1st to the 10th day of applied kinesitherapy

In the patients of the experimental group, on the first day, 5.88% show a
"negative" result for the left leg, which increases by 5.88% by the 10th day. For the
right leg, on the first day, 2.94% of patients show a "negative" result, which
increases by 11.77% by the 10th day, as seen in Figure 13.

Patients with gonarthrosis are at higher risk of falling during the transition
between walking on flat surfaces and climbing stairs due to muscle hypotrophy in
the lower extremities (Chai et al., 2023).

It has been established that patients with knee osteoarthritis experience
difficulties when climbing and descending stairs, and this challenge persists even
after knee replacement surgery (Whitchelo et al., 2014).

From a study by [lijima et al. (2018), delayed activation of the m.
quadriceps femoris was observed in patients with gonarthrosis during stair
climbing and descending. No evidence was found for changes in the external
moment of knee adduction during stair climbing. Hypotrophy of the m. quadriceps
femoris significantly impairs the ability to climb and descend stairs.

Changes in gait with and without shoes (expert assessment)
To analyze gait, we use a test to measure step length and a test to measure
step width, conducted on the 1st day — before the kinesitherapy course and at the
end of the procedures (10th day) in both the control and experimental groups.
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Results of the "step length" test
The step length is tested first with the leading left leg and then with the
leading right leg (with and without shoes). Table 23 presents the results from the
conducted studies. Improvements in step length with the leading left leg without
shoes are observed on the 10th day, with an increase of 0.81 cm in the control
group, representing an improvement of 1.77%, and a 1.63% improvement with
shoes.

Table 23. Results from the "step length" test with the leading left leg

8 Control group N=32 Control group N=32
‘g without shoes with leading left leg with shoes with leading left leg
[
=t
o
I On the
6 On the I- X-th D D% On the I- | On the X- D D%
st day st day th day
day
X 45,77 46,58 0,81 1,77 47,34 48,11 0,77 1,63
S 10,29 10,52 10,64 11,07
mx 1,820 1,860 1,881 1,956
Vo, 22,49 22,59 22,47 23,00
A 1,215 0,21,58 0,0168 -1,2147
E 0,679 1,5633 0,0726 -0,9388

The low coefficient of variation (V%) indicates homogeneity of results
within the group. The data show that shoes influence the improvement of patients'
gait but are not the main factor.

Results of the “step length” test with leading right leg in the CG

Table 28 presents the results of the study on step length with the leading
right leg in the control group.

The data show more significant improvements in step length with the
leading right leg, without shoes, on the 10th day, by 2.59 cm or an improvement of
5.39%, as well as a 3.23% improvement with shoes. The relatively low coefficient
of variation (/%) indicates homogeneity of results within the group.
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Table 24. Results of the “step length” test with leading right leg in the CG

9 Control group N=32 Control group N=32
= without shoes with leading right leg | with shoes with leading right leg
)
3]
s
«©
< |On theI-st | On the o On the I-st | On the D
S day X-th day D DE day X-thday | © | %
48,02 50,61 2,59 5,39 49,17 50,75 1,58 | 3,21
S 11,09 10,55 11,57 10,88
my 1,960 1,864 2,046 1,923
Vo, 20,09 20,84 23,54 21,43
A 0,4171 0,4355 1,421 0,469
E -0,374 -1,349 0,625 0,622

The representative error of the mean mx is also low—from 1.820 to 1.860

in the CG tested with the leading left leg, without shoes (Table 24) and mx from
1.8811 to 1.956 when tested with the leading left leg, with shoes, which suggests a
small confidence interval AkX for the general population of patients with

gonarthrosis in our study (AX=X + mx)..

Table 25. Results of the “step length” test with leading left leg in the EG

" Experimental Group N=34 Experimental Group N=34
;:’) without shoes, with leading left leg | with shoes, with leading left leg
5
g On the
5| ometst | Ka® | p | o | gt | One |y o
S y b y y

38,96 39,51 0,55 1,41 40,64 41,63 0,99 2,43
S 14,59 14,45 15,32 15,29
my 2,502 2,477 2,627 2,62
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Vo, 37,45 36,56 37,69 36,74
A 0,2976 0,2562 0,1243 1,0619
E -1,243 -1,2336 -0,7662 -0,835

Table 26. Results of the “step length” test with leading right leg in the EG

Table 25 presents the results of the study of the indicator in the
experimental group. An improvement in step length with the leading left leg
without shoes was established on the 10th day, with a 1.41% increase and a 2.43%
improvement with shoes.
The coefficient of variation (V%) of the indicator shows moderate
differences in the results of the examined individuals, which tend to stabilize. Table
26 presents the results of the study of the indicator in the experimental group.
An improvement in step length with the leading right leg, without shoes,
was found on the 10th day, with a 3.61% increase and a 3.46% improvement with
shoes, while the coefficient of variation (V%) maintains relative homogeneity of
results within the group.

Experimental Group N=34

Experimental Group N=34

[72]

% without shoes, with leading right | with shoes, with leading right
= leg leg

S

£ On th

© n the

< On the I- | On the o ) On the o
o stday [X-th day D 1 fl st IX-th day D e

ay

X 45,96 47,62 1,66 3,61 45,36 46,93 1,57 | 3,46
S 12,63 12,75 11,42 11,44

my 2,166 2,187 1,958 1,962
Vo, 27,48 26,78 25,17 24,38

A 0,447 0,325 1,2905 | 0,1635

E -1,371 1,555 0,1475 0,095

54



Results of the “step width” test in the control and experimental groups

Table 27 presents the results of the conducted studies in the CG and EG for
the indicated parameter. In the CG, a reduction in step width by 1.36% was
observed on the 10th day, while in the experimental group, it was 0.37%.

Table 27. Results of the “step width” test of patients in the CG and EG

8 Control Group N=32 Experimental Group N=34
=}

z

5

I On On the

5 0; g;e | thex- | D | D% I?S'; (tjge Xth | D | D%
5 Y th day y day

X 19,01 18,75 | 0,26 | 1,36 21,15 21,07 0,08 0,37
S 7,892 1,773 10,7 10,16

My 1,395 1,374 1,727 1,742
Vo 41,51 41,45 47,61 48,21

A 1,002 1,124 0,7828 0,8052

E 0,215 0,400 -0,5828 -0,5536

The coefficient of variation (V%) is high in both groups, indicating a
different condition of the indicator among the patients or the presence of individual
recovery rates.

CONCLUSION

Gonarthrosis is a disease of significant social importance. To optimize
conservative treatment, it is necessary to create, update, and implement innovative
methods of kinesiotherapy.

The etiology is complex. Hypodynamia, accompanied by an increase in
body weight, plays an important role in the faster progression of the disease.
Reducing symptoms aims to slow down the progression of joint degeneration.
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Scientific interest in the research of conservative treatment for this disease
is high in contemporary kinesiotherapy, medicine, and other fields. This leads to
the improvement of existing and applied standard physiotherapeutic methods.

We found no study on the role of “Ergon IASTM Instrument Assisted
Soft Tissue Mobilization” in the conservative treatment of gonarthrosis, both
domestically and abroad. For the first time in Bulgaria, the application of Ergon
therapy in patients with this disease is being studied. The development of this
innovative kinesiotherapy program has contributed to improving the conservative
treatment of knee osteoarthritis, necessitating ongoing updates in line with
scientific advancements.

This dissertation summarizes and analyzes results from various studies
related to the conservative treatment of gonarthrosis, tracking and analyzing the
functional capabilities of patients.

The conducted research examined kinesiotherapy methodologies for knee
OA, applied diagnostic systems, and the effectiveness of conventional
kinesiotherapy.

Based on innovative theories and practices, an innovative kinesiotherapy
methodology was developed and applied. The means and methods of application
have been updated.

The scientific problem addressed in the dissertation is aimed at acquiring
contemporary knowledge about the application and effectiveness of an innovative
methodology for the conservative treatment of gonarthrosis.

The complex effects of Ergon therapy, kinesiotaping, and joint mobilization
techniques on knee osteoarthritis are discussed to reduce pain symptoms and
swelling, improve the range of motion in the knee, and overcome flexion
contracture.

Proprioceptive training, which plays an important role in restoring
proprioception, improving balance, stability, and gait in patients with this disease,
is also considered.

Using applied evidence-based methods of mathematical statistics, the
reliability of the scientific claims is ensured. The effectiveness of the experimental
methodology is proven.

Based on the obtained results, methodological guidelines with instructions
and recommendations for applying the author’s kinesiotherapy methodology have
been developed.

Contributions to kinesiotherapy include the established and statistically
proven aspects of the effectiveness of the author's model in practice.

By exploring the scientific theories of kinesiotherapy in patients with knee
osteoarthritis, the developed and applied experimental model of kinesiotherapy
with its established higher effectiveness compared to traditional methods
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demonstrates the effectiveness of the applied innovative methodology for the
specified impairment.

The results obtained in the dissertation contribute to overcoming the data
deficit regarding the effectiveness of Ergon therapy in patients diagnosed with
gonarthrosis and represent a contribution to kinesiotherapy.

The developed dissertation offers kinesiotherapists from academic and
practical backgrounds a solution to the problem of the lack of studies related to the
role and effectiveness of the innovative “Ergon IASTM Instrument Assisted Soft
Tissue Mobilization” in the conservative treatment of knee OA, thereby
expanding the practical, scientific, and theoretical foundation of kinesiotherapy.
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CONCLUSIONS:
From the conducted research, the following major conclusions arise:

A study and analysis of the available scientific literature domestically and abroad
regarding the treatment and kinesiotherapy of patients with gonarthrosis have been
conducted.

An algorithm and a test battery for functional studies in patients with gonarthrosis
have been developed for effective assessment, diagnosis, monitoring, and analysis
of the patients' functional capabilities.

An experimental kinesiotherapy methodology for patients with gonarthrosis, which
additionally includes Ergon therapy, kinesiotaping, and joint mobilization
techniques, has been developed and tested.

The initial (baseline) condition of the studied indicators in the patients (before
applying kinesiotherapy) has been examined. A ten-day kinesiotherapy course was
conducted in both the control and experimental groups. A final (conclusive)
examination of the patients was conducted.

The analysis of the results from the scientific research shows statistically
significant higher effectiveness of the developed and tested experimental model of
kinesiotherapy in patients with gonarthrosis compared to conventional
kinesiotherapy.

RECOMMENDATIONS:

Based on the obtained results and the conducted analysis, the following
important recommendations for kinesiotherapy arise:

Due to the statistically proven effectiveness of the tested experimental
methodology and the applied combination of specialized means of kinesiotherapy,
we recommend that it be widely adopted in practice to restore the motor function
of the knee complex in the conservative treatment of gonarthrosis.

To reduce pain symptoms and swelling, improve the range of motion in the knee,
and overcome flexion contracture, we recommend that kinesiotherapy include
Ergon therapy, Kinesiotaping, and joint mobilization techniques in cases of
gonarthrosis.

We recommend that proprioceptive training be included in kinesiotherapeutic
programs to restore proprioception, improve balance, stability, and gait in patients
with knee osteoarthritis.
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CONTRIBUTIONS OF THE DISSERTATION

L. To the theory of kinesiotherapy:

Various scientific theories from scientific schools both abroad and domestically
that deal with studying the effects of conservative treatment for gonarthrosis have
been discussed.

Results from contemporary scientific research by leading specialists in our
country and abroad (kinesiotherapists, physiotherapists, orthopedic surgeons,
trauma surgeons, etc.) on the conservative and surgical treatment of gonarthrosis
have been systematized and discussed.

The results and procedural characteristics of the experimental model of
kinesiotherapy and its aspects of effectiveness, which are innovative results, have
been established.

For the first time in Bulgaria, the application of Ergon therapy in patients with
gonarthrosis is being studied.

I1. To the practice of kinesiotherapy:

A test battery for evaluating and monitoring the functional state and recovery of
the knee complex in patients with gonarthrosis has been developed and tested in
practice.

An innovative program of kinesiotherapy for the conservative treatment of patients
with gonarthrosis has been developed and tested. Effects from the application of
innovative means and methods of kinesiotherapy have been established, as well as
a higher effectiveness of the experimental kinesiotherapy methodology compared
to traditional kinesiotherapy in patients with gonarthrosis.
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