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JlucepTalluOHHUAT Tpyd cbabpxka 240 cTaHgapTHU MAIIMHONKMCHH CTPAHUIIM.
Onarnenen e ¢ 48 Tabmuum u 62 Gurypu. bubmmorpadcekara cipaBka cbabpxa 368 3arnasus,

ot kouto 18 Ha xupmimna, 340 Ha natuanna u 10 eNeKTPOHHN N3TOYHHKA.

3amuTaTa Ha JUCEepPTAIlMOHHUS TPy e ce mposee Ha 20.02.2024 roa. ot 13,00 yaca
B 3aya 1412 na YK Ne 1 na I03Y ,,Heo¢pur Puickn”, rp. biaroesrpan Ha Hay4HO XypH B

ChCTaB:

. Jou. Mapus IlerpoBa I'pamaTukoBa, TOKTOP (perieH3Us)
. IIpod. n-p Teomopa KprueBa UamoBa, 1MH (perieH3us)

1

2

3. IIpod. Errenus bopucoa JlumutpoBa, 1H (CTaHOBHUIIE)

4. Jom. n-p Benuna Henemuesa ['epremuera, 1M (CTaHOBHIIIE)
5

. Hom. Cramenka CrnaBelikoBa MuToBa, TOKTOp (CTAaHOBHIIIE)

Martepuanure mo 3amurata ca MyOJMKYBaHM Ha HMHTEpPHET cTpaHunara Ha HO3Y
,2Heodur Puncku”, rp. braroesrpan.
3ab6enesxcku: Homepara Ha Tabnumure B aBTopedepara HE CHOTBETCTBAT HA HOMEpaTa

B JUCCPTALIUOHHUA TPYA.
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BBBEJIEHUME

[IporpecuBnara myckynna auctpodus tun [romen (IIMZ tun romen) e psaxo
HACJIEICTBEHO HEBPOMYCKYJIHO 3a00JIsIBaHe, IBJDKAIIO Ce HA TeHETHYeH Ne(eKT (MyTauus) B
TUCTPO(UHOBHSI T€H, JJOKAJIU3UPAH B KbCOTO paMO Ha X—XpOMO30MaTa, KOJUpaIl MPOTEHH -
IcTpo(MH OT cakpojiemMara Ha MyCKyJHaTa KieTka. Jlumcara Ha qucTpo(uH B MYCKYJIHUTE
BOAM 1O pPAa3BUTHETO Ha KIMHWYHATA M3siBa Ha 3a00isBaHeTO - 0aBHO Mporpecupaiia
MyCKyJqHa C1aboCT 0 TEXKa WHBAIWIW3AIMSA, KaApAHUOMHUONATHS ©  JHUXaTeliHa
HEJ0CTaThbUYHOCT, KOUTO Ca Hali-ueCTUTE NMPUUYMHU 3a JeTajleH u3xoa. MycKyluTe craBar Io-
KPEXKHU U MOJATIMBU Ha YBPYK/IaHUs, a Bb3HUKBAHETO Ha Xuneprpodus u ¢pudposa comarar
3a Pa3BUTUETO HAa KOHTPAKTypu M AePOPMUTETH, BOJEIIM A0 HapyluleHHEe U 3arydoa Ha
CaMOCTOSITEJIHA IOXO/IKA, 3aTPYAHEHUS IPU U3BBPILIBAHE HA IEHHOCTUTE OT €XKEIHEBUETO.

C mpoBeXJIaHETO Ha EKCIEPUMEHTAIHU W3CJICIBAHUS W KIMHUYHU TPOYYBAHUS B
pasnmuuHu  etanu mnpe3 mocinennute 20r., ce HaOMI0OgaBa CHINECTBEH HANpeabK B
€THOIAaTOr€HEeTUYHOTO JIedeHHe Ha AucTpoduHonaruute. PazpaboTeHH U MpHeTH ca mpaBuiia
U KOHCEHCYCH 3a KOMIUJIEKCHA Tepamus, LeNsIiyd NoJoO0psiBaHE KaueCTBOTO Ha JKUBOT Ha
MallMeHTUTe B YETHPUTE OCHOBHHM HAINpaBJCIHUS - TOAIbpP)KaHE W TMOJA00psBaHEe Ha
MyCKyJqHaTa cuia U (QyHKUUs, OpeBeHUMs Ha jaedopmanuure Ha TpbOHAYHMS CTHIO,
npoduIaKTHKA HA TUXATEITHUTE YCIIOKHEHUS U JICYCHHE Ha KapIUOMHUOTIATHSATA.

Ot 2012r. no nHec B bbarapusi ocBeH yTBbpJEHATa CUMIOTOMATHUYHA TEparus, KaTo
4acT OT KIMHWUYHU U3MUTBAHUS CE MMPOBEXKAAT TEPAIUU C IPECKAYaHe Ha €K30H 3a MAllUEeHTH C
Myranuu Tan genenus. B kpas Ha 2018r. European Medicines Agency omo0psiBa
MEIMKaMEHT 3a JiedeHne Ha nhonsense myranmuu (NMDMD) u B nHawamoto Ha 2019r. ¢
Hamnmonanen koHCEHCyC 3a AMAarHOCTHKA, JIEYEHHE U TMPOQHUIAKTHKA HAa HACJIEICTBEHUTE
HEBPOMYCKYJIHU 3a00JIIBaBHUS Y HAC 3a1104YBa JICYCHUETO HA TaKUBA MAIMEHTH.

B ycnoBusta Ha Obp3 TeMIl Ha pa3BUTHE HAa HOBU TEPAlUU U MEIUIIMHCKU CTpaTeruu
Ipu cbBpeMeHHOTO JedeHre Ha [IMJ] tun lromieH mpenx KWHE3uTepamnusaTa, KaTO OCHOBEH
€JIEMEHT OT MYJITHAUCUMIUIMHAPHHUS MTOAXO0 3a JICUEHHUE C€ MOCTABSAT BUCOKU M3UCKBAHUSA 32
pazpaboTBaHe M YTBpPBXKIaBaHe Ha CTaHJAPTU3MPAHU METOOM 3a TOYHA OLEHKAa Ha
(YHKIIMOHATHOTO CBhCTOSIHME U e(deKkTa OT MPOBEKIAHOTO JIEYCHHE Ha MalUEHTHUTE.
HezaBucumo oT TOBa, mMpocCle[sBaHETO Ha (PYHKIIMOHATHOTO CHCTOSHHE M KayecTBOTO Ha
*uBOT Ha mauuenture ¢ [IMJl tun lromeH y Hac ocraBa Bce olle HeusciueasaHo. Hsma
ONMCaHa €IMHHA CTAH/IapTHA KUHE3UTEPANEBTUYHA METOIUKA.

3a0aBsHETO Ha MporpecusTa Ha 3a00sIBaHETO, MOI00psBaHE Ka4eCTBOTO HA KUBOT U
3IpaBHUTE  TPUXKU  HW3UCKBAT  3aABJIOOYEHH  TO3HAHUS 32  BJIMSHHETO  Ha
KUHE3UTEPANIEBTUYHUTE TEXHUKU BBPXY MATOJIOTMYHUTE MPOMEHU B JBUTATETHHS NEPUIUT
MIpH MyCKyNHaTa Auctpodus tum JlroreH.

OcHOBHa 1€l Ha HACTOSIIOTO H3CJIEABaHE € NPOy4YBaHE Ha (PYHKIHOHAIHOTO
CbCTOSIHUE M KA4eCTBOTO MM Ha XMBOT Ha nanueHtutre c¢ [IMJ] tun [lromen, xato ce
M3y4aBaT B3aUMOBPB3KUTE MEKIY MPOMEHUTE BB ()YHKIIMOHATHUAT Ne(DUIIUT U OLIEHKATa Ha
KaueCcTBOTO Ha JKMBOT. AKTyaJqHOCTTa Ha H3CJEJBaHETO € oOycloBeHa OT IMIcaTa Ha
JOCTaThUHO MPOYYBAHUS MO TemaTa MPH XOJEHIM MAlUMEHTH U TAKWBA C OTpaHMYEHA WU
3ary0eHa caMOCTOsATEeIHA OX0/IKa, TPOBEKIAIIN WIH HE KOPTUKOCTEPOUIHA, TeHHA Teparus
Y KMHE3UTepanusi.



XHUITIOTE3A

HpI/IHO)KeHI/IeTO Ha CUCTCMHA KHUHE3UTCpAIlusd, KaTro 4YacT OT CbBpPCMCHHATA

KOMIUICKCHAa CUMIITOMAarTnu4iHa Tepanuvsd U CbUCTAHUCTO U C MHOBATHUBHU TCPAIIUU (OI[O6p€HI/I

niM B C€Tall Ha KIMHUYHU I/ISHI/ITBaHI/Iﬂ), me aJO0BCAC 10 3a0aBsHE nmporpecusaTa Ha

3a6OJI$IBaH€TO, YABJDKAaBaHC Ha II€pHoJa Ha CaMOCTOATCIIHA II10XOJKa, OTCPOYBAHC Ha

BTOPUYHHUTC YCIIOKHCHHUA W NOAABPIKAHC Ha d)YHKHHOHaJIHOTO CbCTOSAHHUEC N KAaYCCTBOTO Ha

>)kuBOT Ha nauuentute ¢ [IMJ] Tun liomieH.

HEJ, 3AJAYU, OBEKT U IPEAMET HA U3CJIEABAHETO

He.]'l Ha M3CICABAHETO: € a CC HAllpaBU MPOYYBAHC WU MPOCIICAABAHC HA BIIMAHUCTO

Ha KOMINICKCHOTO JICHCHUC, C AKNCHT BDLPXY KHHE3UTCpAIIMATA, KAa4YCCTBOTO Ha XHUBOT,

JBUTATETHUS U QyHKIMOHANIEH Ae@uuut npu nauueHTH ¢ [IM/] tun Jromes.

10.

3agauu HA U3CTIEABAHETO:

[IpoyuBane n 060011aBaHe HAa HAYYHU U3CIIEIBAHUS B 00JIaCTTa;

CoOupane Ha KOXOpTa OT TAIMEHTH C TEHETHYHO BepUUIIMpaHa IUArHO3a
[IporpecuBna myckyiaHa auctpodus tun Jlromen;

N3paboTBane Ha crienuuaan OaTepuu 3a OICHKA Ha (YHKIIMOHATHOTO CHCTOSIHHE W
KayeCTBOTO Ha >KMBOT Ha marenTute ¢ IIMJI tum Hromex;

OnpenenssHe M CpaBHSABAHE Ha CTENEHTA Ha JBUTATENIHO 3aCAraHe MpU IMAaUUEHTH C
pa3iinyHa CTENEH Ha OrpaHMYECHHME Ha CaMOCTOSTEIHATa IOXOJKAa W IPOBEXJAIIU
pa3InyHU TEpanuu.

Ananuzupane Ha (akTOpUTE BB3pPACT U €Tall Ha pa3BUTHE Ha 3a00isIBaHETO 3a
M35ICHSBAaHE KOpEJAlMUTE MO OTHOLIECHHME TEXECTTa Ha 3acsiraHe Ha JBUTATEIHUTE
byHKINH.

Ananuszupane Ha (aKTOpUTE ONpEAeIAlIN AUXaTeTHUTe HapyUICHUs, OrpaHUYCHUATA
B CIIOCOOHOCTTA 332 CaMOCTOSITEIIHO XOJICHE U TEeXEeCTTa Ha MyCKYJTHOTO 3acsrane npu
manuenTy ¢ [IM/] tun dromieH.

OrnpenensiHe Ha CTENEHTA U TEXKECTTAa HA MOTOPHUTE HAPYIICHHS IMPHU MAaLUEHTUTE C
pa3iinyHa CTENEH Ha OPaHUYEHUE HA CAMOCTOSATEIHATA IMOX0/IKA CIPSIMO, IPOMEHHTE
Ha BpeMeBHUTE (PYHKIMOHAIHM TECTOBE M KOJIUYECTBEHUTE OLeHKH oT MMT wu
Jlunamomerpusita.

AHanu3upaHe CTENeHTa Ha 3acAraHe U (YHKIIMOHATHA OI[CHKA HAa TOPHUTE KpaHUIIH
IpU MalUEHTH ¢ pa3inyeH aMOyIaTOpeH CTaryc.

N3roTBsine Ha KUHE3WTepaleBTUYHA MporpaMa (3a CHUCTEeMHa pexaOWauTanus B
JIOMAIITHU YCJIOBHS).

[IpocnensBaHe W aHadM3MpaHE HA OLEHKATa KAuyeCTBO Ha JKMBOT MPU NMALUEHTUTE
¢ [IM/] tun TrorieH.

O0ekT Ha N3CJICABAHETO € IIPOCIICASABAHETO Ha (byHKI_[I/IOHaJ'IHOTO CbCTOSHUEC H

KaueCcTBOTO Ha )KMBOT Ha nanueHTurte ¢ IIMJI tun [ro1ieH.

Hpez[MeT Ha MHU3CjIeIBaHETO € pa3pa60TBaHeTo Ha aJI'OpUTbM 34 OICHKAa Ha

(bYHKL[I/IOHaJ'IHOTO CbCTOSHUC U KAaUCCTBOTO HaA XKUBOT IIPU IMALIUCHTH C HMI[ THII I[IOH_ICH,
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HOCPE/ICTBOM CHELHUATU3UPAHA METOIM M CKAIM 32 OLCHKAa M IpOCIeAsiBaHE Ha XOJa Ha
3200JsIBaHETO U e(eKTa OT MPHUIIOKEHUTE TEPAITHH.

Opraﬂmaunﬂ Ha N3CJI€IBAHETO

[IpoyuBanero ce mnpoBeae B Kimnukara mno HepBHHM Oonectu Ha YMBAJI
"Anekcanaposcka', rp. Codust B nmepuoaa ot ssuyapu 2018 - ronmu 2023 roguna. Brinrouenu B
HACTOSIIOTO M3cienBaHe ca 40 reHeTHYHO BepuUIMPAHH TAMEHTH Ha BB3pacT Mexay 4-50
rOJWHHU, HA KOUTO 3a ICPpUOJ OT 2 TrOJAWHU Ca NPOBCACHU IICT CCprIHH OICHKH, BKJIIFOUYBAaII1
TECTOBE 3a (PYHKIIMOHAIHA OILIEHKA, JIOHTHUTYINHAIHO MPOCIE/sIBAaHEe HA €CTECTBEHHUS XOJ Ha
3a00715BaHeTO, €eKTa OT IMIPOBEKIaHATA TEPAMHS U KaYeCTBOTO HA KUBOT.

CepuilHUTE OLEHKM BKJIIOYBAIIM M3CJIEIBaHUSA Ha (YHKIMOHAIUS CTAaTyc 3a
MPOCIIE/SIBAHETO Ha eeKTa OT MpUIaraHaTa Tepanusi 1 KadeCTBOTO Ha JKMBOT CE MPOBEXKIAT
Ha BCEKH IIECT Mecela 3a MEePHOJ OT JBE T'OJHHH.

KonTunrenr

B HacrosmmusaT aucepranuoHeH Tpyn ydactBar o0mo 40 mamMeHTa ¢ TeHETHYHO
Bepudurupana aumarnoza [IMJI Tun romen Ha BB3pact mexay 4 - 50 roguau. Te Osxa
pasfesieHn B ILIECT TPyNH, CHOpes MpuiaraHaTa Tepamnus U CIOCOOHOCTHTE UM 3a XOJIeHe
(Ta6amua 1).

Tabauya 1. Xapakxmepucmuka Ha u3cied8anus KOHMUH2EHM

TunoBe rpynu | I'pynu OO0 Opoii | Mbxe Kennu
Y4ACTHHIH
I'pymn cnopen | 1. Kunesurepanusi 15 12 3
MPHI0KEHATA
Tepanus 2. Kunesurepanusi u Koprukocreponnna | 14 14 -
Tepanus
3. Kunesutepanus, Koprukocrepouana | 9 9 -
u ['eHHa Tepanus
4. Kunesunepanusi u I'eHHa Tepanus * 2 2 -
OBILIO 40 37 3
I'pynu coopen | 5. Xomemm 10 350Mm. 18 16 2
CIIOCOOHOCTHTE 7 1 1
32 XOIeHe 6. Xoneumu Hax 350m.
OBIIO 40 37 3

[Tpu mogOopa HA MAIIMEHTUTE U3IOJI3BAXME CIICTHUTE BKIFOYBAIIN KPUTCPHUH:

e [lammentu c reneTnuHo Bepuduuupana nuarnosa [IM/] tun dromien;

e Bwp3pact Ha mauueHTUTe Haj 4 TOANHM;

N3kirouBaiy KpuTepuu:

e HeBepuduurpanu reHeTUYHO TAIUEeHTH;

e Jlpyru MyCKyJIHH TUCTPO(UU U MUOTIATHH;

e KOrHUTMBHM WM TIOBEJACHYECKH MpOOJIeMHU, CBBP3aHU C HEBB3MOKHOCTTA 3a
W3BBPIIBAHETO HA PYHKIIMOHAIHUTE TECTOBE;

e [lanueHTH OTKa3BaIlK WJIM HEMOKEILM J1a 3aBbPLIAT ITPOYYBAHETO.



XapaKTepHCTI/IKa Ha n3C¢jJeJIBaHusd KOHTUHI'CHT

KontunrentsT Ha u3cnensanero ca BkimouBa 40 manuentu, or kouto 37 (92,5%)
Mbxke U 3 (7,5%) xxenu ¢ auarHosa I[IporpecuBHa mMyckynHa nuctpodus tum J{fomeH Kato
cpeaHaTa Bb3pacT Ha yyaCTHMLMTE B npoyuBaHero € 10,27+7,41 roquHu U IbPBU CUMIITOM
42,59+31,12 mecemna B uatepBasia Mexay 1,5 u 180.

I[IMJI tun dromen 3acsira OCHOBHO Momuera. [Ipy nBama OT MAaLMEHTUTE € HaIule
pOJICTBEHA BpB3Ka - Opars, Onu3HaIM. BKIIOYeHWTE B HAIIETO MPOYYBAHE TPH JKCHU Ca
MaHu(pecTHU HOocuTenKu. [Ipu emHa OT TAX, HA 9 TOAWHM, SAUHCTBEHUS CHMIITOM € MHAJITHS.
OcrananuTe JBE KEHU - MOMHYE Ha § TOJMHH ChC CEPHUO3HA MYCKYJHA clabocT, 3arydeHa
CaMOCTOSITEIIHA TIOXOJIKa M TEKKH KOHTPAKTYpH, U keHa Ha 50 ToJuHU, ChC CUMIITOMH Ha
0aBHO TMporpecupaia MycKyiaHa c1adocT, u3passiBaiia ce B Obp3a yMopa U 3aTpyJHEHUs MpU
M3MPaBSIHE OT KJICK.

AUATHOCTHUYHHU U TEPAIIEBTUYHU METO/IN HA HAYYHOTO
N3CJIEABAHE

JAMarHocTuyeH HHCTPYMEHTAPUYM

B croTBeTcTBHE C IeNTa M 3aJlaUATe HA HACTOSIIOTO W3CJIEJBAHE 32 paHHA M TOYHA
(hyHKIIMOHATHA OIIEHKA, J1aBallla Bh3MOHOCT 3a OIleHKAa Ha (DYHKIIMOHAIHUS CTAaTyC, U300p
Ha TepameBTHYHA CTpaTerus M TpOCIieasBaHe Ha edeKTa OT MpHiaraHara Tepamus IpH
narieHTd ¢ [IporpecwBHa MycKyiaHa aucTpodust THUN J{IOIeH ce H3M0J3Ba CICTHUST
WHCTPYMEHTAPUYM TIpeICTaBeH B Taduuma 2:

Tabnuya 2. M3nonzeanu memoou u mecmose 3a uscie0samne

MeToam 1 TeCTOBE 32 U3CJeBaAHE Mepna IToka3zaren
eIMHHMIA
JlaHHM OT aHaMHe3aTa XapakTepuCcTHKa Ha KOHTUHI€HTa
D YyHKIMOHAIHO U3CJIeBaHe HA % O®BK, ®EOI
AUIIAHETO
6 MUHYTeH TeCT X0eHe METpU CriocoOHOCT 3a XO€HE, MYCKYJIHA €1aboCT U
KapIHOopeCIIUpaTOpeH OTIOBOP

Tect 4 cTpnana CEKyHIH CrocoOHOCT 32 M3KaYBaHEe U clie3aHe Ha 4

CTaHJAPTHHU CThIIaIa

North Star Ambulatory Assessment
CKaJ1a

17-toukoBa, Tpu
CTEIIeHHA CKaJa;

OLICHKA Ha TEXECTTa Ha MYCKYIIHOTO 3acsiraHe
pu xojewmu nauueHt ¢ [IMJ]

I'onnomerpust

cKana
‘brnosu rpanycu

- M3npaesine ot moga (RFF) CeKyHIN
- 10 meTpa 0sirane/xoneHe
Performance of Upper Limb Module  ckana c 22 o0mia (pyHKIMOHAIHA OLICHKA Ha TOPEH
€JIeMEHTa KpalHUK
Phuna iuHAMOMeETpUs KT OreHKa Ha MyCKyJIHATa ()YHKIHS,OMPeNeIs
CTEIICHTA HA MYCKYJIHATA CHJIA
MaHya/lHO MYCKYJIHO TeCTyBaHe 6 creneHHa OreHKa Ha MyCKyJTHATa (DYHKIHS, OIPEAEIISII

CTeTleHTa Ha MYCKYJTHaTa ciabocT
O0eM Ha IBIDKEHHE

Bbnpocauxk DMDSAT

Cy6eKTI/IBHa OIICHKa 3a Ka4€CTBOTO HA )KUBOT




1. THoapodna anamHe3a, BKJI. paMUITHA.

2. MYHKUHOHAJIHO HU3cjaeABaHe Ha aumaHero (Cnupomerpusi) - 3a OIEHKa Ha
oenonpoOHaTa QyHKIMSA. BaxkeH KIMHUYEH MapKep MO3BOJISIBAI OIICHKA HA ChCTOSHUETO Ha
JIUXATEJIHUTE MYCKYJIM Npu Xxonemu u Hexoxeuwu mnamuente ¢ I[IMJ] tun [lromen. 3a
KIMHAYHA (yHKIMOHATHA OIIGHKa Ha CBhCTOSIHHMETO ce wm3cieaar @Dopcupan Buranen
Kananurer (PBK) nu ®opcupan Excnuparopen Ob6em (PEOI1) u3uucnenu B npoueHTtH %.
U3cnenBanero Ha manuentute a0 18r. Bb3pact (N=38) ¢ um3pbpumicHo B KimHHKara 1o
nenuarpus, a Ha Te3u Haj 18r. Be3pact (N=2) B KiuHuMkata mo BBTpEIIHU 0OJIeCTH Ha
YMBAIJI "AnekcanapoBcka” cbe ciupomeTbp MasterSceen.

3. 6-Munyren Tect xomene (6MWT) - oOekTMBHA OlleHKa 33 (QYHKIMOHAIHUTE
CIIOCOOHOCTH Ha JBUraTelIHaTa akKTUBHOCT, U3MEpBallla M3MHUHATATa OT MallMeHTa Npu Obp30
XOJIeHe JMCTaHLUs 3a LIeCT MHUHYTHM B MeTpu. lIpeacraBnsiBa NpeaukTop 3a paHHa
WHBAaTUAM3AIMS, 3ary0a Ha CaMOCTOSATENHA IOXOJIKa W KapAHOpPECIHUpPaTOpeH OTroBOpP.
NzcnenBaxme 35 aMOynmaTopHU TalMEeHTH (ChC ChXpaHEHA CaMOCTOSITENIHAa moxonaka >10
MeTpa) Haja 4 TOJ. BB3PacCT M CIIOCOOHOCT Jia CJIEIBAT MAJCHUTE UM UHCTPYKITUH.

4. Tectr 3a wu3kauBaHe/ cau3aHe Ha 4 crbnajga. CraHgapTU3upad TeCcT 3a

(yHKIMOHATHA OIEHKa Ha JBUraTesHaTa (DYHKIUS Ha JOJMHHUTE KpaHWLIKM M HaAEKICH
MapKep 3a OIleHKa Mporpecusta Ha 3aboisBaHeTo. TecThbT, MpelcTaBisBa OLEHKAa Ha
KpaTKOCPOYHO M3MEHsIIaTa ce€ MHKOBAa JEMHOCT - HW3KauBaHE/CIM3aHE Ha CTHIOM U
KOMITCHCATOPHHUTE JBUXEHHS, KouTo mMomdyerata ¢ [IM/] tun /lromeH wu3BbpmiBatr, 3a 1a
M3MBIHAT MOCTaBeHaTa 3aja4a. OTunTa CKOpOCTTa B CEKYH/IU W W3MBJIHEHHE Ha 3aJajieHaTa
JNEMHOCT B IIECT CTENEHHA CKajla, B 3aBUCUMOCT OT TEXHHMKAaTa Ha W3KauBaHE/CIM3aHE U
CTETEeHTa Ha U3I0JI3BaHe Ha TOPHUTE KpalHUIIH.
NzcnenBaxme 32 amOymatopHu (ChC ChXpaHEHa caMOCTOsATENHa Moxojka Hajg 10 mMerpa)
MaueHTH CHocoOHM Ja wu3Kauar/cias3aT 4 craHJapTHU CThlajla, KaTo U3M0JI3BaxMe
CTaHJIAPTU3UPAHO CTBHJIOUIIHO YCTPOMCTBO C YETHUPU CThMajla C BUCOYMHA HA CTHIAJIOTO
15cm. (6") 1 maparneT ¢ peryaupyemMa BUCOYHHA OT JABETE CTPAHH.

5. ManyanHo MmyckyJaHo TectryBane (MMT). Meton 3a olleHKa Ha MYCKyJHaTa
(byHKIMS, OTpeeNsl] CTeIeHTa Ha MyCKyJIHaTa c1abocCT, ¢ KOMTO mpereHsBaMe Jajil cuiiara
Ha U3CIeIBAaHUTE MYCKYJIM € HOpMaliHa WK 00JIECTHO HamalleHa U aKko € HaMaJieHa, 0 KakBa
crened. [lpu u3cneaBaHWTE OT HAC MAUEHTH H3MOJ3BaXME TeCTa Ha NPEBb3MOrBaHE U
MpeuynBaHe, KaTO HAYWH Ha OKa3BaHE Ha MaHYaIHO CHIPOTUBIIEHHE - MOAXOSII IPU MaIIbK
O/l wiu npu HalMyue Ha CTaBHU KOHTpakTypu. TectyBanute ¢ MMT myckynHu rpynu
OTHCAaHU B JUCEPTAIIMOHHUS TPy pu Bcuuku 40 (X0A€1y U HEXO SN ) TAI[UEHTH

- abayKuus B [IICHA U JIsIBa paMEHHA CTaBa;

- (pexcust B IiCHA U JIABa JIaKbTHA CTaBa,

- €KCTEH3Us B JIICHA U JIBA JIAKbTHA CTaBa,;

- abyKuus B JSICHA U JIsiBa Ta300epeHa CTaBa;

- €KCTEH3Us B JIICHA U JIsIBa KOJIIHHA CTaBa;

- (pexcust B IiCHA U JIIBA KOJITHHA CTaBa.

6. KoamuyecTBeHa muomerpusi/ ppuna nuHamomerpust (Hand Held Dynamometry)
32 U3MUTBaHE CWJIaTa MpPU U30METPUYHA KOHTPAKIMs Ha TECTYBAaHUTE MYCKYJIH CpeIly
3HAYUTEIHO HEOTCTHIBAILI0 MaHYaJllHO CBIPOTHUBIEHHE, NPU CTAaHAAPTHA U TOCTOSHHA
u3xoaHa mosunus. Ilogxonsmy 3a TecTyBaHe Npu CTaBU ¢ orpaHudeH u OoisiezHeH O/
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OneHkara Ha CWiaTa, KOSTO MYCKYJIHTE Da3BHBAT NpPU HM30METPUYHATA KOHTPAKLUS Ce
U3MepBa B KHJIOTPaMu, OCPEICTBOM CIICIUAM3UpaHa anaparypa - quHamometrsp MicroFet2.
[Mpu Bcuuku manentu (N=40) ce mpoBeXIaT TPU MOCIEAOBATEIIHU TECTYBaHUS, OT KOMTO ce
n30Mpa Haii-Io0pHs pe3yaTar 3a BCsKa MYCKYyJIHA TPyIa B CICTHUTE MYCKYJIHU TPYIIH:

- abyKIMs B JSICHA U JIsIBa paMEHHA CTaBa,

- (pmexcust B 1sicHA U JIsAIBa JIaKbTHA CTaBa,

- €KCTEH3Ms B JIICHA U JISIBA JIAKHTHA CTaBa;

- abayKus B JIICHA W JIsiBa Ta300€peHa CTaBa;

- (pexcust B sicHA U JIsIBa KOJISTHHA CTaBa,

- €KCTEH3Ms B IICHA M JISIBA KOJITHHA CTaBa.

7. Tectr 3a odem Ha aBuxkenue. I'onmomerpusi. EnemMeHTapeH M JIECHO TNPHIIOKUM
METOJ| 3a m3MepBaHe oOema Ha jaBmwkeHHe B ctaBute. SFTR meroamka /"HeyTpanHO-HYyIEB
MeTo/"/ € cTaHIapTHa METOAMKA OCUTYPsIBaIlla Bh3MOXKHO HAW-CUTYPHO U TOYHO OTYUTAHETO
Ha ¢yHKImoHaneHus nmokazaten O/, n1aBa Bb3MOXKHOCT 3a CEpHifHA OLIEHKA U CPAaBHUMOCT Ha
pe3yiTaTuTe B Pa3IMIHATE €TAIU Ha M3CIIC/IBaHE, JICUCHUE U TIPOBEKIaHE HA KHHE3UTECPATTHSI
npu yBpexxaanusi, 3acsramu OJIA. M3nonsBa ce crangapTeH brioMep 3a U3MepBaHe Ha oOeMa
Ha JIBIDKEHWE B Jop3aiiHaTta (IIEKCUs Ha JsCHA W JsBa TJIE3€HHHW CTaBH Npu Bcuuku 40
MaIeTH.

8. North star ambulatory assessment scale (NSAA) - Ckaa 3a olieHKa Ha TEKeCTTa Ha

MYCKYJTHOTO 3acsiraHe MpH NanueHTH c¢ auctpodunonatuu. CrenuanHo pa3paboTeHa
(yHKIIMOHATHA cKaJjla 3a OIIeHKAa Ha JBUTATEIHUTE CIIOCOOHOCTH, MPOCIEAsIBaHEe PA3BUTHETO
Ha 3a00JIIBaHETO M €(DEKTUTE HA MPUIIATAaHOTO JIYCHHE TTpH aMOynaTopHu nanueHTy ¢ [IM/]
tuin Jromien. Ckanara BkiarouBa 17 TecToBH AciHOCTH. OTUMTA C€ JIMIICAaTa UM HATUYMETO Ha
pasno3HaBaeMy KOMIIEHCAIIMM 3a MOCTUTaHe Ha JajieHa (eHKIMOHaHA 1en crenuduyHa 3a
I[IM/] knacuduiupanu u orieHaBaHu B 3-cTeneHHa ckana ot 0 - 21. MakcumaieHn Opoi TOUkH
- 34.
B Hamieto wu3cienBaHe MOAPOOHO H3CIEABAXMe [BETE MOJACKanM (BpEMEBH TECTOBE) -
N3npaesine ot nona (exkBuBasieHT Ha (peHomena Ha [ayspc) u 10Merpa Osrane/xoneHe ¢ B
u3cleBaHeTo ce BKItouuxa 35 amOynaTopHu (cbc chxpaHeHa Haja 10 meTpa moxojka mpu
I'bpBa OIICHKA) MAIMEHTH OT BCHYKHU TPYIH, CMa3Ballki HHCTPYKLIUUTE 3a crenupudHa
MOCJIEIOBATETHOCT MPU U3IMTBIHEHUETO HAa TECTOBUTE ACHHOCTH.

9. Performance of Upper Limb module (PUL) 3a o6ma ¢yHknuoHamHa OICHKa,

XapaKkTepHu3upallla TeKeCTTa U Mporpecusara Ha 3a00IsIBaHETO, KaTO MPOCieInd IpOrpecuBHATa
CTEpUOTHIHA 3ary0a WJIM YCTAaHOBH BB3MOXEH €(EeKT OT MPOBEACHO JIEYECHHE BBPXY
(GyHKIMATa HA TOPHUTE KpaWHUIM, IPU JBETE TPYNH MAIMEHTH - XOJCUIU CAMOCTOSITETHO U
3aryOuiy crocoOHOCTTa CH J1a XOASIT MoM4eTa, U Bb3pacTHU ¢ [IM]] tun [romieH.
PUL e ckana BkiouBaia 22 eneMeHTa C BXOJACH €NeMEHT 3a JAedUuHUpaHe Ha HAYaIHOTO
¢dbyHkmonaTHo HUBO (0ocHOBaHO Ha Brooke upper extremity scale) u 21 enemenra, pa3aeneHu
Ha HHUBA: MPOKCUMAJTHO HUBO WJIM PaMO, CPEIHO HUBO WJIM MPEIMUIIHHUIIA U TUCTAIHO HUBO,
KuTKa U npbeTu. OlieHsBaHE: B OTIENHTE MOJApa3Jelld Ha TecTa Kacaelld TeCTYBaHETO Ha
HUBO, OIICHKHUTE BapupaT B paMKuTe Ha ckanata Mexy 0—1 u 0—6 copes eeKTUBHOCTTA Ha
U3BBpIIEHATa AeHHOCT/IBIKeHUEe. MakcuMareHn ooy pesynrtar 74t. M3cieaBaHu ca BCHUKU
40 aMOynaTopHH U HeaMOYIaTOPHU MAIUEHTH OT BCUUKU TPYITH.
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10. BbnpocHUK 3a caMOoOleHKAa HAa (PYHKIHOHAJTHATA CIHOCOOHOCT M KAYeCTBOTO HA
#kuBoT npu [MMJ] tun Jrwomen (DMDSAT) ¢ noxiazBaHu OT MAalMEHTUTE PE3YJITATH.
BbnpocHuka BkIIOUBa 8 BbIIPOCA, pa3NpeIeiieHU B YUETUPH pa3jielia, KOUTO ONMKMCBAT CTENEHTA
Ha aKTUBHOCT TI0 OTHOIICHHWE Ha (DYHKIMATA HA PBIETE, MMOJABIKHOCTTA, MPEMECTBAHUATA H
HYy)KJaTa OT U3KycTBeHa 0enoapoOHa BeHTunanus. JleifHocTuTe ca noapeieHu no TPYAHOCT.
OtroBoputre Ha BBIPOCHTE OTTOBApAT HA CTEINECHTA HA HACTOSIIOTO (DYHKIIMOHAIIHO
CBhCTOSTHUE.

Metoauka Ha KUHe3uTepanusaTa npu nauueHTu ¢ IIM/I Tun lomen

He.]'l HA KUHE3UTEepanuaATa:

3abaBsiHe TIporpecusita Ha 3a00JIIBAHETO W  MOJUIbpXKAaHE Ha  ONTHMAITHO
(1)YHKIII/IOH3J'IHO CBCTOSIHHE U Ka4eCTBOTO Ha )KUBOT Ha OOJIHUTE.

3ajauM HA KMHE3UTePaNnusaTa:

* Jla 3a06aBu pa3BUTHETO Ha MyCKYJHaTa c1aboCT;

 Jla ce Hamamu MYCKyJTHHs naucOamaHc dYpe3 M30MpPATENIHO BB3JCHCTBHE BBPXY
OTIEITHUTE MYCKYIIHU TPYIIH;

* Jla moappika ONTUMAITHO €ITaCTHYHOCTTAa HA MYCKYJIHTE;

e Jla mpenotBpatyu U 3a0aBU Pa3BUTUETO HA CTABHU KOHTPAKTYpU U AedopMalyu Ha
rpbOHAYHUS CTHIIO;

e Jla moanoMara JBUraTesHaTa akTUBHOCT U MOJbprKa IBUraTeIHaTa HE3aBUCUMOCT;

e Jla moagbpika cuilata M M3APBAJIMBOCTTA HA JUXaTelIHaTa MYCKYJlaTypa, MYCKYJIUTe
Ha Tpyna, FTOpHU U J0JIHU KpallHUIIY;

e IIpo¢unakrTuka Ha TUXaTEITHUTE YCIOKHEHNUS.

e OOyueHue Ha MALUEHTUTE U POAUTEINTE/OOrpMKBAIMTE JIUIA KbM H3IIBJIHEHHE Ha
YIpaKHEHUsI B TOMAILIHU YCJIOBHSL.

CpencrBa Ha KHHE3UTEPANUATA
AnanutuyHo noaOpaHu (U3MYECKU YIPAKHEHUs, CbOOpPa3eHU C HUHIUBUIYAITHUTE
HYKJIU ¥ QYHKIHOHATHOTO ChCTOSIHUE HA MAlMeHTa:
» OOmoyKpenBaIliy - akTHBHH, TTACUBHU M MACUBHO-aKTUBHH YIPAYKHCHHUS
» CTpeuuHr;
» YHpaXHEHUs C U Ha YPEJIU.
» M30MeTpuYHU M N30TOHUYHU KOHTPAKIINY;
» JluxareinHu yIpaKHEHHs U TIOCTYpajHa TPCHUPOBKA,
» CIopr ¥ €JIeMEHTH OT CIIOPT.

MeToau4HH yKa3aHUs

IIpenopbuBa ce KMHE3UTEpANMATa a 3all0YHE [a CE Ipujara cief IOCTaBIHETO Ha
JMarHo3ata ¥ BbB BCHYKHM €Tal OT Pa3BUTHETO Ha 3aloijsBaHeTo. IIporpecuBHUAT X04 Ha
3a00JIBAaHETO  W3UCKBA  CTPOTO  WHAMBUIYAJHO  KHUHE3UTEPANEeBTUYHO  IIOBEJICHHE.
[To3HaBaHeTo Ha 3a00JIIBaHETO W €TAlUTE Ha TNpOsiBa Ha CHEUM(PUYHUTE KIMHUYHU
CHUMIITOMHM, OIpeNeNAT U300pa W KOMOMHAIMATA HA KMHE3UTEPaNeBTUUHUTE HWHTEPBEHIIHH.
JIaBHOCTTa Ha CTpa/JlaHUETO, CTENEeHTa HAa MYCKYJIHA CJa0OCT W HAJMYUETO Ha JIBUTATEIHU
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neUuIUTH ca OT CHIIECTBEHO 3HAUYECHHUE 32 PELIaBaHETO HAa KUHE3UTEPANEBTUYHUTE 3a/1aUH.
W3rpaxaaneTo Ha WHAMBHyalHA KHHE3UTEPANIEBTUYHA MIPOrpama, cboOpa3eHa ¢ HyKAUTE U
JIBUTATEIIHUTE CIIOCOOHOCTH Ha MalMeHTHTe ce 0a3upa Ha OIEHKaTa Ha (YHKIHOHAITHOTO
CBCTOSIHHE Ha MAIIHEHTHUTE.

KommuiekebT mo nedeOHa (GU3KYITypa BKJIIOYBA AKTHBHH W OOIIOpPA3BHBAIIH,
YKpenBaIly yIpaXHEHHs C TIOJUYEPTAaHO BH3/ICHCTBHE BBPXY AWXATEIHATA, TPOKCUMAIHATA U
aKcHaliHa MYCKyJaTypa Ha TOPHHUTE W JIOJHH KpaiiHunu. HartoBapBaHeTo € cyOMakCHMaiHO,
0e3 JomycKaHe Ha yMOpa. YIPaXHEHHATA C€ M3BBPIIBAT OT PA3IMYHHU M3XOJHU TO3HIUU B
3aBHCHUMOCT OT CTENEHTa Ha MyCKyJHaTa ciaboct. KuHesurepamneBTnyHaTa mporpama ciensa
NPUHIUITBT HAa Pa3CesHOCT, C LeN M30SrBaHe yMopara W MPETOBAPBAHETO HA €IHA W ChINa
MyckynmHa rpyma. CrenBa Ja ce W3MBIHSABAT CHCTEMHO, NPENOPBUYUTETHO 4-6 IIBTH
cenmmMuuHO. [logbpikaHEeTO Ha ONTUMAaliHA EJACTUYHOCT Ha Myckymute, m00sp OJ] B
3aCTpallleHUTE CTaBH, 3alla3BaHETO CHUJIaTa Ha JUXaTellHaTa M CKeJeTHaTa MYCKylaTypa, ca
OCHOBHHTE aKIIEHTH Ha KMHE3WTEpareBTHYHATa mporpama. HactemBanero Ha Obp3a ymopa u
PHCK OT MpeTOoBapBaHe, HajaraT CyOMaKCHMalleH WHTCH3MTET Ha KHUHE3WTEparieBTUYHATA
nporpama. BpemerpaeHero Ha mpomenypara € okojo 30 - 40 mMuHyTH. 3a 3ama3BaHe Ha
epeKTa OT yNpaXHEHHsTa, B JOMBIHEHHE CE MPErnophbuBa PYTHHEH CTPEYHHI B JOMAITHA
cpeia M M3MOJI3BAaHETO Ha HOIIHU OpTe3H. M3roTBeHaTa KHHE3UTEpAIIeBTUYHA ITporpama JiaBa
BB3MOKHOCT 32 TIPUJIOKEHUE B IOMAIITHU YCIIOBUS IPH aKTUBHOTO YJacTHE HAa CEMEWCTBOTO.

VYrpakHeHUATa OT KWHE3UTEPAIEBTUYHUS PEKUM ca IEMOHCTPHPAHN HAa YHaCTHUIIUTE
B HAIIETO MIPOYYBAHE U TEXHUTE OOTPIIKBALIH JINIIA.

HN300p u koMOMHAIIMS HA IPUJIATAHUTE CPeICTBA

KunesutepaneBtuyHara mnporpama BKJIIOYBa KOMOMHALMS OT OOIIOpa3BUBALIU U
CHelHaIHU YIPa)KHEHUS U3ITBIHIBAHU OT pa3InyHa U3XO0/IHA MO3UIIHSL.

N300pbT Ha mNOAXOIAIIA H3XOJHA TO3MIMS 3a pa3IMYHUTE YIPAKHEHHUS ce
cbOOpa3siBa CbC CTEMEHTa Ha MYCKyJHaTa cila0OCT U OrpaHMYEHHSITa B TACHUBHHUS WU
aKTUBHUA 00eM Ha nBwkeHHe. UecroTaTa M MHTEH3MBHOCTTA HAa KHUHE3UTEPANCeBTHUHUTE
yIpa)XHEHUS 3aBUCAT OT aKTUBHOCTTA Ha MallMEHTa U TOJIEPAHTHOCTTa MY KbM MPOBEXKAaHATA
Tepanus.

Yupa:kHeHus1 3a OAIbprKaHe HA 00eMa Ha IBUKEHHE

- IlpenoppuBame KHHE3WTEpaneBTHUYHATA IporpaMa Ja 3aloyHe C MacHBHH
ynpaxsHenus. C IOaXos11a aMILTUTYAa U BbB (PU3UOJOTUYHUTE OCH, 0€3 J1a MPUIU3BUKBAT
ycemiane 3a Oousika. [locTemeno yBenunyaBaHe oOema Ha JABIDKEHHWE MpPH IMOBUIIABAaHE Ha
€JIACTUYHOCTTA HA CYXOKUITHO-MYCKYITHUTE CTPYKTYPH.

- M3oMeTrpuyHM yhOpa)KHEHHUs] C HHUCKAa HWHTEH3MBHOCT W CBIPOTHUBICHHE 3a
yCTaHOBSIBaHE Ha MYCKYJIEH KOHTPOJI, U MO00psiBaHE HA KHHECTETUYHOTO BB3MPUSITHE.

YrnpaxHeHus 32 NO/IbPKAHEe HA MYCKYJHATA CHJIa

- AKTMBHM aHTMIPAaBUTAIMOHHM YHPAXXHEHUS M OT €IMMHMHHUpaHA I'paBUTAlUs B
MaKCUMaJIHUSI Bb3MOXKEH 00eM Ha JIBUKEHHME, HaCOYEHM ITbPBOHAYAIHO KbM aKcHaJIHaTa U
IIpOKCUMalIHaTa MycKyiaTypa. [Ipu Myckynarypa ¢ HeJocTaTbyHa CHJIa 3a IPEOJIOJIIBAaHE Ha
rpaBUTalMATa, C€ MPErnopbuBa YIPAKHEHUSATA Ja C€ U3IBJIHABAT KAaTro aKTUBHU-
noanoMorHatu (¢urypa 1).
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Queypa. 1. Ynpascnenus 3a nooowvpaicane Ha MyCKYIHAMA CUid

- PesuctenTHm  ympakHeHuUsT ChC CcyOMakcMMalHO  HaroBapBaHe. Karo
II'bPBOHAYAIIHO CHIPOTHUBIIEHUE, MOXKE Jla C€ M3IMO0J3Ba COOCTBEHATa TEKECT Ha CErMeHTa.
YBennuaBaHeTO Ha CHIIPOTHUBIIEHUETO TPsOBa /1a CTaBa MOCTENEHHO, aJIeKBaTHO Ha CTEMEHTa
HAa MYCKyJHa cuja. YHOpaxHeHHs ¢ U Ha ypenu. llpermopbuuMTenHO € HM3MOJ3BAaHETO Ha
PE3UCTEHTHU JICHTH M MaJKd ypeau. 3a HEyJauHO CE€ CUYMTa H3IOJ3BAHETO Ha CBOOOJHU
TEXECTH, Thil KaTo yrnoTpedara UM MOBUIIIABA PUCKA OT yMOPA U TPABMATU3bM.

YrnpakHeHusI 32 0aJIaHC U IPABHJIHO TeJIoAbp:kaHe (hurypa 2).

CkopocTTa M TeXecTTa Ha 3aciraHe Ha pa3jIMYHUTE MYCKYJIHU TPYINU BOIU JIO
Pa3BUTHUETO HAa MYCKYJIEH TucOaIaHC, KOMIIEHCATOPHU MEXHU3MHU U MOCTYPAICHU IPOMEHHU.

- AKTUBHM DaBHOBECHH, AaCHUMETPUYHHU YIPAKHEHHUS C OTBOPEHA M 3aTBOpEHA
KMHETUYHA Bepura.

- HrpoBu ynpaxHeHUs! OT CElEK U CTOEK C XBBHPJISHE U XBalllaHE Ha TOIKa, C eIHa
WJIH JIBE pPbLIE.

Queypa 2. Ynpadxcnenus 3a 6ananc u npasuino menoovpicame

- YmpaxHeHHs 3a TpeHHpaHe Ha CToexa M moxojkara. [Ipu 3amasena cnocoOHOCT
3a CaMOCTOSITENICH CTOSK W MOXOJKa - Pa3lIMdyHH BHJOBE XOJeHE, ¢ U 0e3 onopa. AKTHBHU
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WIA U30METPUYHH YINPaXHEHUs 3a TPbOHA M KOpEMHA MYCKYJarypa, Ta30BHs U paMEHHUS
IOsIC.

CnopTt Wiu eJieMeHTH OT CIOPT

- AepoOHu ynpakHEHHs TIOJOOPSABAIIN IICUX0-EMOIIMOHAIHUS TOHYC: TUTYBaHE TN
urpa B Bojara (BbB BCHYKHM €TalmM Ha 3a00JIIBaHETO); KOJOE3JeHE (CaMOCTOSITETHO WIIA
ACHCTUPAHO) U BEJIOEPTOMETPHS 32 PBHIETE; PA3XOIKH B MapKa.

3a mocTUraHe 1enTa Ha KHHE3UTEpaIusaTa TOYHHUAT, aHAIUTHYEH MOI00p Ha CpeAcTBa
€ OT W3KIIOYUTEeNHa BaXHOCT. KomOWHamusTa Ha MpHIAraHUTe KWHE3UTEPAIleBTUYHU
cpenctBa TpsiOBa na ObJe BHUMATEIHO MpEIUM3UpaHa Ha BCEKH €Tam OT 3a00JIIBAHETO.
[IporpecupamusaT xoa Ha 3a00JSBAaHETO, MPOsIBaTa HA PA3NMYHUATE KIMHHUYHU CUMIITOMH U
BTOPUYHHU YCJIOXKHEHHS, 3aTPYyAHSBAT HW3TOTBSHETO Ha KHHE3WTEpaleBTHYHA Mporpama
MOIXOSIIA 32 BCHUKH MMAallMEeHTH. Bh3pacTTa Ha MallMeHTHTE, HATMYHUAT JBUTATENIEH pecypc,
TOJIEPAHTHOCTTa U MOTHBAIMsATa ca (aKTOpU, OT KOUTO 3aBUCH MOJ00pa HA (PU3UUECKUTE
ynpaxkaeHusi. OrneHkara Ha (YHKIMOHATHHS CTaTyC CHoMara 3a pa3OupaHeTo Ha
3a00JIIBaHETO U 110100pa Ha Hal-e(DEeKTUBHUTE YIIPaKHEHUS 32 OTACTHUS MalleHT.

Crpeuunr/ Pa3rsirane

Xapakrepusupamara [IMJ] tunm JlrommeH mnporpecupaimiara MYCKyidHa ciaabocT,
aHTXHpaIlla akcuajgHaTa U IbPBOHAYAIHO MPOKCUMATHATA MYCKYyJaTypaTa Ha Ta30BUS TOSIC
U JOJHUTE KpalHMIIM, 3acAra ¢ pa3jiiyHa CKOPOCT M TEXKECT MyCKylaTypaTa B oOiacTra Ha
cTaBuTe. B pe3ynraT Ha TOBa ce pa3BUBAT KOMIIEHCATAPHU MMPOMEHH B CTOIKATa U MOXOJKaTa,
KOETO Ch3/1aBa MPEINOCTaBKa 3a Pa3BUTHETO HA KOHTPAKTYPH.

MeTonuyHUTEe MPENOPHKU U KUHE3UTEPANeBTUUHUTE WHTEPBEHIIMM HACOYEHH KbM
Mpela3BaHeTo U 3a0aBSHETO Pa3BUTHETO HA KOHTPAKTYpPHUTE, U OTpaHNYaBaHETO Ha oOeMa Ha
JBUKEHHE B CTAaBUTE, BKJIIOYBAT MPOBEKIAHETO HA PyTUHEH CTPEUUHT.

IIpu momuyerata ¢ [IMJ] tun [lromeH ce mnpenopbyBaT TPU pa3IMUHM THUMA Ha
CTPEYHHT - TACUBEH, aKTUBHO-TIOJJIIOMOTHAT U CAMOCTOSITEITHO U3BBPIIECH CTPEUUHT.

IIacMBHUSAIT CTPEYHHI € OCHOBEH €JIEMEHT OT KMHE3UTEepaneBTUYHATA MporpaMa Ha
nanuentute ¢ [IMJ] Tun J{rorieH BbB BCEKH €IMH €Tal OT Pa3BUTHUETO Ha 3a0osiBaneTo. [1pu
HEro MaiueHTa He ydacTBa aKTHBHO B Mpolieca Ha pasTsraHe. [acUBHUST CTpedywHr ce
U3BBPIIBA OT KUHE3UTEPAIEeBT, WM OT POAUTEN/OOTPIKBAIIO JIMLE CIe] MpPeABapUTEITHO
oOyueHue.

[IpenopbuBa ce Haii-manko 4-6 IbTH CEAMUYHO, PYTUHHO Ha TJIE3CHHUTE, KOJICHHUTE
u Tazo0eapeHuTe CcTaBU B amOynaTOpHUS M HeaMOylIaTOpHHsS eTam OT 3a00JsBaHETo.
[IpuopureTHOTO pa3TAraHe Ha €lIHAa CTaBa MU MHTEH3UBHOCTTA HA PaA3TIATAHETO 3aBUCAT OT
(GyHKIIMOHATHATa OIEHKAa - HAJIMYUMe Ha CTEeTHaTa C OTpaHUYEHa eJacTUYHOCT MYCKYJIHa
rpymna, orpaHHYeH o0eM Ha JBUKEHHE B JaJieHa CTaBa W aCHUMETPUYHO IMO3HIIMOHUpPAHE.
CTpeunHI'bT Ce M3BBPIIBA C MPOIBIKAUTETHOCT Ha 3aAbpikaHe Ha pasTsaraneto 3a 30 mo 60
CeKYHJIM U TIOCJe/IBalla pellakcallys NPUOTU3UTETHO ChIOoTO Bpeme. [loBTaps ce mo Tpu mbT
3a BCSIKA CTaBa M CTPaHA.

AKTHMBHO TOANOMOIHAT CTpe4YHHr. TO3u THUI CTPEUYUMHI C€ W3BBPIIBA OT
KUHE3UTEpaneBT WM POJUTEN, KaTo NalMeHTa NOoJANOMara pas3TAraHEeTO W3BbPIIBANKU
crenuduIHa MycKyiaHa KOHTpakuus. [Ipu akTUBHUSAT MOJMOMOTHAT CTPEUMHI CE pa3TsaraT
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CTETHATUTE MYCKYJIH U c€ pabOTH aTMBHO B IPOTHBONOJOXHATAa MyCKyiaHa rpyna. CuiHO
IIpENOpbYUaH TUIl pa3TAraHe 3a IJIE3€HHATa CTaBa.

CaMocCTOAATeTHO M3BBPUIEH CTPeYUHr. To3W TUN CTPEYHHTr € Hai-e()eKTHBEH 3a
IJIE3€HHUTE, KOJIEHHUTE U Ta300€ApEHUTE CTaBU NPU MALUEHTU ChC 3al1a3¢Ha CaMOCTOSITEIHA
oxojKa. VM3BbpplIBaHETO HAa TO3M CTPEUYMHI M3UCKBA MPEABAPUTEIHOTO O00yUYE€HUE HA caMUs
MAIMEHT.

IIpaBu/1a 1 MeTOAMKA 32 CTPEYMHI':
® ITocTaBsiHE Ha ImanyueHTa u KpaﬁHHKa/CTaBaTa B 11oaxXoad11a U3X0JHa IO3UI s,
e Jla ce crabunm3upa cTaBara U Jja ce U30J1pa JIBUKEHUETO;
¢ Jla ce mpuiiara caMoO CyOMaKkCUMaJIHO pa3TSATaHe;
e Jla ce u30dArBa rnpepasTAraHe Ha CTaBarta;
e Jla ce 3aapp>ka Bb3MOXKHO Hal-IbJITO BpEME B KpalHa MO3ULIHS;
* Jla He ce nIpeaU3BUKBA yCelllaHe 3a 00JIKa;
* Jla He ce U3BBpIIBA CPEILY CBIIPOTUBIICHUE.

YecToTa U NPOABIKUTETHOCT:

[Ipu amOynaTopHuTE M HEaMOYIaTOPHUTE MAMEHTH PYTUHHOTO pa3TsraHe (MacuBHO
U CaMOCTOSITETTHO) Ha MYCKYJIUTE M CTaBUTE C MOBHILEH PUCK OT CTSTaHe, ce MPEnopbyuBa HE
MO-MaJKO OT 4 - 6 MbTH CEIMHUYHO.

IIpu HeamOynaToOpHUTE MAIMEHTH CTPEUMHI HA (UKCHUPAHUTE KOHTPAKTYpU HE ce
IIPENOPbYBA.

[IpenopbuBaMe BKIIOYBAHETO HA pa3IUYHU IO3MLMOHUpAIIM yCTpOWCTBA -
1aTGOpMU WIM BEPTUKAIU3UPAIIM PAaMKH, B JHEBHUS PEXUM Ha JI€TETO, KOMTO OKa3BaT
100bp epeKT BbPXY MYCKYJIUTE, OCUTYpsIBAaT IMOCTOSHHO U MPOABIKUTEIHO pa3TsAraHe Ha
IJIE3EHHUTE, KOJIEHHUTE M Ta300eIpeHUuTe CTaBU, MOANOMAaraT CTOeXa M IPaBHIHOTO
TeJNOoAbpKaHe, U 3a0aBAT Pa3BUTUETO HAa Ta30Ba aCUMETPHSL.

Jpyr npenopbunuTesIeH METO ], OCUTYpsIBALLl IPOIBIDKUTEIHO pa3TsaraHe Ha OeapaTta U
KOJICHETE € MO3ULMOHHATa Tepamus - JIEr ¢ Bb3IJIaBHULA IO KOpeMa U I'bpPAUTE, MACHYHU
BB3IJIaBHUYKH OT JIBETE CTPAHU Ha Ta3a 3a MPAaBUIHOTO MY ITO3ULIMOHUPAHE.

1.  CrpeduHr Ha aXHJIeCOBOTO CyXOKuaue, mm. soleus u gastrocnemius (¢urypa 3).

. B amOynaTopHute eranu Ha 3a00JSBaHETO, TO3U CTPEUYMHT MOKE J1a CE M3BBPIIBA KATO
aKTUBHO pasTsAraHe, AaKTUBHO-NOJINIOMOTHATO pas3TsAraHe W 3a Ja C€ YABIDKA
eJoHTupanys eeKT npe3 HOIla, KaTo MAaCHBHO pa3TAraHe ¢ W3I0JI3BaHe Ha OPTOTHYHU
CpeacTBa.

Queypa 3. Cmpeuune Ha axuieco8omo Cyxodicuiue
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J 3amouBa Jja ce mpuiara CKOpo cjiej IMOCTaBsHETO Ha JuarHos3ara. V3BbpiiBa ce BbB
BCUYKU €Talld OT Pa3BUTHETO Ha 3a00JIIBAHETO, C M3KIIOYCHUE HAa KbCHHS €Tall OT
HeaMOynaToOpHUs CTalui, TPU KOMTO KOHTPAKTYpUTE ca (PUKCHPAHH.

2.  AKTHBEH CTPEYMHI Ha aXHJIECOBOTO CyXO:KuJme, mm. soleus m gastrocnemius.

3. Crpe4uHT Ha HIIHOKPYpPAJHATA MYCKYJIaTypau KoJsitHHATa craBa (purypa 4).

Queypa 4. Cmpeuune Ha UWUOKPYPATHAMA MYCKYIamypa

4.  CrpeumHr Ha Ha OexpenuTe iekcopu (purypa 5).

Queypa 5. Cmpeyune na beopenu gnexcopu

5. Crpeunnr oeapenunte ¢JieKCOPH M WINMO-THOMATHATA Bpb3Ka (purypa 6).

C nanpeznBane Ha 3a00JIIBAaHETO, CKOPO Clie/l 3arybara Ha CaMOCTOSITEJICHA MOXOJKa U
CTO@X, CKOPOCTTa Ha MYCKyJHaTa cia0oCT Mporpecupa M aHTaxupa MYCKyjaaTypara Ha
ropaure KpalHuiM. IlocTeneHHO ce NOSABSIBAT KOHTPAKTYpU Ha JIBJITHTE (IIEKCOpU Ha
OPBCTUTE W KUTKUTE, JAKbTHUTE CTaBM M NPOHATOpUTE Ha mnpeaMuuIHunata. Kbm
KUHE3UTEPaNeBTUUHUTE HHTEPBEHIIMHU ce JI00aBsi CTPEYMHT 3a TOpHUTE KpaitHuiu (purypa 7):

6.  CrpeuuHr Ha QIeKCOPUTE HA JAKBTHUTE CTABM.
7. CTpeduHT Ha IPOHATOPH, (pJIeKCOpPH HA JAKBTHUTE H KUTKEHUTE CTABH.
8.  CrpeuuHr Ha ¢uieKCOpUTE HA JAKBTHUTE, KHTKEHUTE CTABU H NPBCTHTE HA pblieTe.
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@ue 7. Cmpeuune Ha rekcopume Ha 1AKLMHU, KUMKEHU CIMABU U NPbCMUmMe Ha pbyeme

JluxaTeiHa THMHACTHKA

Baxxna wact or KuHe3uTepaneBTHMYHATa nporpama Ha nagueHture ¢ I[IMJI Tun
Hromen. OcobeHo epeKkTUBHA IPU PYTHHHO M3MBIHEHUE. JluXxaTemTHuTe yrnpaXHEHUs Morat
Jla ce M3MBJHABAT KAaTO YacT OT KOMIUIEKCA MO KHWHE3UTEpanus WIH CAMOCTOSTEIHO.
[IpenopbunTenHO € Ja 3armo4yHaT B PaHHUTE CTaauu Ha 3aboisBaHeTo. B Hampennanure
CTaiuu Ha 3a00JIABAHETO TMpPH YEeCTO TMOBTApAIM CE€ PECNUPATOPHUTE HH(EKINH,
IUXaTeJIHUTE YHOpaKHEHUs croMaraT 3a H0-Obp30TO Bb3CTaHOBsBaHe. JluxaTenHara
TMMHACTHKa BKJIKOYBA JUPVIKUPAHU W HEAUPWKHUPAHU JUXATEIHU YIPAKHEHHs, KOUTO CE
M3IBJIHABAT OT PA3JINYHU MO3ULHUH, ChYETAHU C MO3UIMOHHA T€panus U MOCTYpPaJEH IPEHaX
(®urypa 8).
. YnpaxkHeHHUs MOANOMATAIM CHJIATA HA eKCIMPATOPHATA MYCKYJIaTypa.
. YnpakHeHHs OANOMATALM eKCIUPALUATA U OTKALLISHETO.
. YnpaxximHeHus 3a NoJ00psiBaHe CUJIATA HA HHCIIMPATOPHATA MYCKYJIaTypa.
. YnpaxkHeHueTo 3a yBeJMYaBaHe HAa JAUXATEJHUAT 00eM U HMHCIMPATOPHATA

MYCKYJIaTypa ¢ HATPYNIBaHe HA Bb3AyX.

J Ynpa:xkHeHusi 3a mnogo0psiBaHe CWJIATA HA EKCNUPATOPHATA MYCKYJATypa CbC
CBHIIPOTHUBJIEHHE.
. JuxaTeJiHM yNpaKHEeHUsl C MaHyaJleH 1e0/10Kkax Ha 1uaparmara.

Queypa 8. [luxamennu ynpaxcuenus
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PE3YJITATHU 1 OBCBXJAHE
1. KiuHn4yHa XapakTepucTHKA HA H3C/1eIBAHNS KOHTHHIEHT

1.1  PasnpeneJieHue 1o moj

[IpoBeneHo € aMOWCIEKTHBHO KIWHUKO-CIHIEMHOJIOTHYHO TMpoyuBaHe ooOxBamamo 40
HAIMEHTHU C MPOrpecuBHA MycKyHa quctpodus tum JromeH, ot kouto 37 (92,5%) mbxe u 3
(7,5%) xenmn (purypa 9). Cpennara Bp3pacT Ha ydacTHHIMTE B mpoyuBanero e 10,27+7,41
TOJIMHU U ITEPBU cUMIITOM Ha 42,594+31,12 mecena B uaTepBaia mexay 1,5 u 180.

XeHu
7,5% (n=3

‘bKe
92,5%
(n=37)

Queypa 9. Pasnpeoenenue na nayuenmume ¢ IHIMJ] mun /[rowen no non

1.2 I'enoTnnHo pasnpeacjacHue Ha MMAIIUCHTHUTE.

Ot 40 mammentu ¢ IIMJ] tun [Hiomen 28 (70%) ca ¢ menenuu, 10 (25%) ca ¢ ToukoBU
MyTanuu u aymkaiun npu 2 (5%) B ex3ouu 2 u 7-39 ot quctpoduHoBus red (purypa 10).
Beuuku Te3u MmyTanuu BOJST 0 HapylllaBaHe paMKaTa Ha dyeTeHe. ['oieMuHaTa Ha JelieunuTe
Ipy MalMeHTUTEe C AUCTPOPUHONATHH, paslpeleieHd MO [sjgara JbDKMHA Ha
muctpoduHoBUs TeH € pasmuuna. [Ipu 20 (71,4%) oT GonHMTE MyTauuuTe JeNienus ca B
JCTaTHaTa 4acT Ha reHa, ocrananute 8 (28,6%) ca ¢ myTauuu B MpOKCMMalHAaTa 4acT Ha
muctpoduHoBus reH (ur. 11). Tpure u3cnenBanu )KeHH ca ¢ MyTalUs JeJICLHUs.

TOYKOBM Aynnukaumm...
myTtauum 25

%

aeneuun 70%

Queypa 10. ['enomunno paznpedenenue Ha nayueHmume.
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Queypa 11. Unousudyaino ceHomunto pasnpeoeieHue.

1.3  Bwb3pacToBoTo pasnpenejenue Ha nanuenTure ¢ [IM/] Tun Jdromen.

> IIpu pa3snpenejieHHeT0 Ha NALHMEHTHTE MO OTHOIIEHHE BB3PACTTa HAa NbPBU
CHMIITOM TIpeJICTaBeHO Ha urypa 12 ce Bmxa, ve:

. C naii-ronsma uucieHocT (n=15) mpu MBXKeTe ca OT Bb3pacToBa Irpymnu 1o 24 mecena,
cnenBanu ot 24,0148 mecena ¢ n=14, a Hait-manko (n=3) — Hag 72 Mecena;

[Ipu xeHuTe HIMa HUTO €HA MAlMEHTKa BbB Bb3pacToBUs nHTEepBai 48,01 — 72 mecena, a B
OCTaHAJIMTE TPH TPYIIH Ca C [0 €Ha MPEICTABUTEIIKA.

=
£ uap 72 .
=
-
U -
E ? 48.01-72 [ B Mbke
o o
g8 2401438 NN B )enu
v E
=
I
E po24 N
o
2
-5 161412108 6 4 2 0 2 4 6 8 10121416

bpoi

Queypa 12. Pasnpedenenue na yuacmuuyume 6 npoy46anemo no nojl u b3pacm Ha Nbpeu
CUMNIMOM 6 Meceyu.

Cnen aHanu3 Ha AaHAMHECTUYHHUTE JaHHU Ha wusciensanute 40 mnamueHTH u
oOcTosITeNICTBATa OKOJIO IOCTaBSHETO Ha JUArHo3ara, YCTAHOBMXME Hal-YeCTHUTE
I'bPBOHAYAIIHA CHUMITOMH, OINKMCBAIM MPOSBUTE HA Mporpecupainara MyCKymaHa ciaabocrT,
KOMTO OOMKHOBEHO Ca MOBEYE OT JjBa CUMITTOMA (Tabsuia 3).
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Tabnuya 3. Paznpedenunue Ha uscie08anume nayueHmy cnopeo noPEOHAHALeH CUMNIMOM 6
opoti u npoyenm (N=40).

HN3cnenBany nanueHTH
II'bpBOHaAYATEH CUMIITOM
N %

3aTpyaHEHUS MPH U3MPABSHE OT KICKHAJIO TOJIOKECHUE 28 70 %

TpymHOCT TIpU M3Ka4YBaHE Ha CTHIOU 20 50 %

TpymHocT nipu OsiTaHe 6 15 %

Tpomasa moxonka 7 17,5%

Bonku B MyCKyIUTE Ha TIOIOCIPUITATE 4 10 %

YmMmopa 5 12,5%
> Ot ¢durypa 13 craBa sicHO, 4e MO OTHOLIEHUE BH3PACTTA NPH MbPBa BU3HUTA!
J C naii-ronsama gucneHoct (20) npu MBxeTe ca OT Bb3pacToBa rpyna 5-9,99 romunm,

cienBann ot 10-14,99 roguuu ¢ 13, a Haii-manko (mo 1) — ot BB3pacToBu rpymu < 5 u 20+
TOJIHU;

o IIpu sxeHuTe ¢ Hal-roysIMa YUCICHOCT (N=2) ca OT BB3pacToBH Trpymu 5-9,99,
cinensanu (n=1) otrpynara 20+ roaunu. Haii-manko (o 0) ca oT Bb3pacToBUTE Ipynu < 5,
10-14,99 u 15-19,99 roanuu.

20+ I
15-19.99 |
Hraae /1 m Muwe
5-9.99 T h " KeHn
. |

25 20 15 10 5 0 5 10 15 20 25
Bpoii

Bb3pacTt npu nbpBa BU3UTa (roguHn)

Queypa 13. Pasznpedenenue ma ywacmuuyume no NOJL U 6b3PACH NPU Nbp8d SUUMA 8
200UHU

> Pesynrature ot ¢urypa 14 mnoka3BaT, 4e IO OTHOIIEHHEe [ABHOCTTa Ha
3a00/1IBaHeTO NNPM MbPBA BU3UTA!

o C naif-ronsma ymncneHocT (15) npu mbxere ca ot rpyna 4,1-8 rogunu, cneaBaHu ot
8,1-12 roauuu ¢ 10, a Haii-manxko (3) — Hax 12 roaunm;

J IIpu xeHute ¢ Hai-ronsiMa yuciaeHocT (2) ca OT Bb3pacToBa rpymna 4,1-8, cieapanu ot
Haja 12 roaunu ¢ 1. Hait-manko (o 0) ca ot Bp3pacToBu rpynu 10 4 u 8,1-12 roaunu.
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over 12 -I
m Mbxe

16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16
Bpoii

[asHocT Ha 3a60nABaHETO NpU NbpBa
BusuTa (roguHmn)

Queypa 14. Paznpedenenue na yuacmuuyume 8 npoy46aremo no noj u 0a6HOCm Ha
3a007158aHemMo npu NbPEA U3UMA 8 200UHU

14  TI'pynoso pa3npenejenue Ha nanueHTute ¢ [IMJ] Tun Jomen

3a menuTe Ha HACTOSMIETO M3CJICABAHE YIACTHHUIIUTE B MPOYYBAHETO Ca Pa3/eIeHH Ha
YETUPH TPYIH CIOPE] BUIa Ha TIpriiaranara tepanus (purypa 15) u aBe criopesa cTeneHTa Ha
moABIKHOCT ((urypa 16):
o I'pyna 1 — Kunesurepamnus (n=15 uau 37,5%);
o I'pyna 2 — Kunesurepanus u KC tepanus (n=14 nau35,0%);
o I'pyna 3 — Kunesu-, KC u I'enna tepanus (n=9 i 22,5%);
o I'pyna 4 — Kunesu- u I'enna tepanus (n=2 wiu 5,0%);
. I'pyna 5 — Xonene m0 350 merpa (n=18 uu 45,0%);
o I'pyna 6 — Xonene Hag 350 merpa (n=22 uinu 55,0%).

Topii kato rpyma 4 HsAMA CTATHCTHYECKA IPEICTABUTEIHOCT He Yy4YacTBa B
aHaJM3UTe, CBbP3aHU C BUJA HA MPUJIaraHaTa Teparmsl.

B Mpyna 1l (KT) ®mrpyna2 (KT + KC) mrpyna3 (KT +KC+TIT) = lpyna4 (KT +TIT)

@ueypa 15. Yecmommno pasnpedenenue Ha u3cie08anus KOHMUHSEHM NO 6UO HA
npunazasama mepanus
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H Mpyna 5 (Xogewu < 350m)  m Mpyna 6 (Xoaewwm > 350m)

Queypa 16. Paznpedenenue na yuacmuuyume 8 npoy46aHemo no no08UICHOCM

Tabnuya 4. Cpasnumenen awanuz Ha mepanesmuynume 2pynu no 6v3pacm HA Nbpeu
CUMNMOM, 8b3pACm NPU NbPEA GU3UMA U 0ABHOC HA 6oJlecmma npu Nvpea 8U3UmMa

— P
Ioka3aTen I'pyna n X SD 12 13 ) 3
1 15 52,90% 43,92 0,217 0,776 0,343
Bp3pact Ha bpBH 2 14 32992 18.17
cuMInToM (Mec.) ' '
3 9 40,007 17,40
1 15 12,21* 11,21 0,477 0,108 0,321
Bw3pacr npu mepBa 2 14 953 435
BH3HTA (TOI.) ' '
3 9 1113 2,23
1 15 7,80° 8,29 0,847 0,065 0,370
JlaBHOCT Ha OoJjectTa 2 14 6.842 479
[IpY IIbpBa BU3HTA (TOII.) ' '
3 9 816° 1,85

* enHakBuTe OYKBM 10 BEPTHMKAIMTE 03HAYABAT JIMIICA HA CUTHU(UKAHTHA Pa3jivKa, a PasIMuHUTE — HAJIMYME HA TaKaBa
(p<0,05)

Ta6ﬂuua 5. Cpaenumeﬂeﬂ araiuz Ha mepanesmuvyHume cpynu no nojioea npuﬂadﬂeafcnocm

TepaneBTHYHHU IPyNH

Tlon YecTora P
1 2 3
n 12 14 9
Mmpxe
% 80,0 100,0 100,0
0,107
n 3 0 0
Kenn
% 20,0 0,0 0,0

Ot Tabnuny 4 u 5 crasa sICHO, 4e€:

° [TaimeHTHTE OT TEPANEBTUYHUTE TPYIU Ca CTATUCTUUYECKU YEIHAKBEHH MO BB3PACT HA
I'BPBU CUMIITOM, BB3pacT MpW MbpBa BU3UTAa W JAaBHOCT Ha OOJIECTTa MpU MbpBa BU3HTA,
KAaKTO U MO MOJIOBA MPUHAJIEKHOCT;

L4 ToBae z[06pa MpEANIOCTaBKa 3a KOPECKTHOCT HaA IMOCJICABAIIUTE CPABHCHUA MCKAY TC3U

IpyIu.
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CpaBHUTEIHUAT aHAIW3 Ha TPYMUTE CIOPE] CTENEHTa Ha MOJBIKHOCT MOKasa, 4e (Tabiuia
6):

Tabnuya 6. Cmamucmuuecku Xapakmepucmuky HA Y4ACMHUYUmMe 6 HNpoYyY8AHEmoO Om
emopume 08e u3cied8anu epynu: xooewu 00 350m. u xooewu Hao 350m.

Xoxaene g0 350 m. Xoaene Hag 350 m.

Toka3zaren p
X SD X SD
Bn3pacT Ha MBPBY CHUMIITOM (MECEITH) 47,53 41,32 37,52 19,31 0,626
Bw3pacT npu nspBa BU3UTa (TOJMHH) 13,24 10,16 8,60 2,97 0,032
JlaBHOCT Ha DoJTeCTTAa MPH MbPBAa BU3HTA (TOIUHM) 9,28 7,69 5,49 3,28 0,065
n % n %
IMon 0,579
Mmbxe 16 88,9 21 95,5
Kenu 2 111 1 4,5
° HaHI/IeHTI/ITe OT TE3W Ipynru Ca CTATUCTUYCCKU YCIHAKBCHHU I10 BB3PACT HaA II'bPBU

CHUMIITOM, JaBHOCT Ha 00JIeCTTa MPH IIbPBa BU3UTA, KAKTO M IO TIOJI0BA TPUHAJICKHOCT;

J EnuncrtBenara curHudukaHTHa pa3iuvKa € 10 OTHOILIEHHE Ha Bb3pacTTa MpHU MbpBa
BHU3UTA, YMATO CpeHA CTOMHOCT € 3HaUMMO T0-BHCOKa MPH MallUEHTUTE OT rpyna 5;

. Toit kaTO HaBHOCTTa Ha OoJieCcTTa € MO-BaykeH (DaKToOp U MpU TE3U JIBE TPYMH MOXKE Ja
ce TBBPIU, 4e UMa A00pa MpeArnocTaBKa 3a KOPEKTHOCT Ha MOCIIEABAIINTE CPAaBHEHUS MEXTY
TAX.

1.5 O0cpkIaHe

Karo 3abonsBane ¢ X-penecuBHo yHacnensBaHe, [IMJl Tun [lromeH 3acsira OCHOBHO
MBKKUS M0J. JKeHute OOMKHOBEHO ca Oe3CHMMIITOMHH HOCHUTEIKU WIM B PEIKU CIydau
3acerHaTH, ¢ MO-JieKa KIMHUYHA KapThHA. BriroueHuTe B M3CIEIBAHETO 3 CUMITOMATHUYHU
MAUEHTKU ca: MOMUYE C JIeKa CUMIITOMAaTHKa, OOJIKM B MYCKYJIUTE Ha MOAOSAPUIIUTE; BTOPO
MOMHYE C TEXKa MYCKYJIHa clabOCT, CTAaBHU KOHTPAKTypH U 3aryba Ha caMOCTOsITeTHaTa
noxoaka mpeaud 10 rox. Bb3pacT W skeHa Ha 50 roxa. BB3pacT ¢ MYCKyJHa clabocT U
MuonaruyHa noxoaka. 37 (92,5%) or BKIIOYEHHTE B M3CIECIBAHETO Ca OT MBXKKHU MON U 3
(7,5%) ot xencku noxa (purypa 9). HammsaT KOHTUHTEHT MOTBBPKAABa JaHHUTE OT HAYYHHUTE
u3cleBaHus 3a pasnpeaenuuueto o mon. (Emery AE., 2002). IlpaBu BrieyaT/IMHUE, Ye €THO
OT MOMHYETAaTa € C HeXapaKTepHa 3a Bb3pacTTa U MoJia TeKKa KIMHUYHA CUMITOMAaTHKa, HO
TOBa ce 00SCHSABA C PE3YyITATUTE OT TEHETUYHOTO M3cheaBaHe (MmyTanusTa e aenenus Del 46-
52, xereposurotHa Hocutenka) (Yoshioka M et al., 1986; Twpres u cvasm., 2012; Giliberto F
et al., 2014).

[To oTHOIIEHNE TeHOTUITHOTO pa3mnpeiesieHHe HA MANMEHTHTE, HAIUTE Pe3ylITaTh
MOTBBPK/JABAT ONMCAHWTE B JMTepaTyparta mpeobianaBamiu neneruu 70% (Nishino et al.,
2002; Emery AE, 2002; Bladen CL, 2015; Zhao W, 2021, Han X, 2022)(¢urypa 10). Tosa
BaKM M 3a Pa3MOJIOKEHUETO Ha mpeoOrajaBaniuTe MyTallMd B JUCTAaTHHATA 4acT Ha TeHa,
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Mexy ek3onute 45-55 na DMD rena (7odorova A., 2008; Bladen CL et al.,2015; Nakamura
Acetal, 2017) (purypa 14). Pesynrarute OT aHAMHECTUYHHTE JAHHU HA IbPBOHAYAIHUTE
CHUMIITOMH ONHCBAIl HAYaJIHUTE MPOSIBM HA NMPOKMMAaJIHA MYCKYJIHa c1abOCT ChBHAAAT C
onmcanute oT peauia asropu (Li QX et al., 2012, Liang WC et al., 2018, Batti Angulski A et
al., 2023). Haii-yecto chOOIIaBaHUAT OT MbPBHOHAYAIHUTE CUMIITOMH TP M3CICABAHUTE OT
HAC TAIMEHTH € 3aTpyAHEHHUE MPU M3MPaBSIHETO OT KJIEKHaNo mnojoxenuue (N28=70% ot
MAIMEeHTUTE), CIEABAH OT 3aTpyAHEHHs NMpH m3KauBaHe Ha cTwaOH (N20=50%) u TpomaBa
noxojka (N7=17,5%) (Darras et al., 2015) (Tabnuma 3).

AHaTM3BT TO OTHONIEHHE BbH3PACTTa HA MbPBH CHMNTOM I[IOKa3Ba, Y€ HAIIUTE
JIaHHU ca B ChOTBETCTBHE Che cBeToBHUTE (Bushby KM, 1999; Zalaudek I et al., 1999; Darras
BT et al., 2022). O6mio mpu 40% (15 Mbxe 1 1 xena) ot uzcaensanute (N=40) Bb3pacTTa Ha
IIEPBU CUMIITOM € BBB Bb3pacToBarta rpyma jo 24 mecena, ot 24,01-48 mecema npu 37,5% (14
MBbKe U | jxeHa), npu octananure 12,5% (5 mbpxe) - ot 48,01-72 mecena u B 10% (3 mbxe u
enHa »xena) Han 48,01 mecena (purypa 12). Be3pactra npu mbpBaTa BU3MTa Ha roJisiMa 4acT
OT Y4YacTHUIMTE B Hamero npoyuyBaHe B KimHukara mo HepBHH Oonectn, YMBAJI
"AnekcanapoBcka" € mo-Bucoka oT cpenHata. 55% (20 Mmke U 2 )KeHH) OT MalMeHTUTE ca
BBB BB3PACTOBUS JHAIa3oH 5-9,99 roaunan, octanamute 32,5% (13 mbxke) ca mexay 10-14,99
TOJIMHU M CaMO €JIMH MAIMeHT € Ha Bb3pacT 70 5 TOAMIIHY MPH IbpBa Bu3uTa (purypa 13).

ChIOTO JTMYM ¥ OT JABHOCTTA HA 3200/IBAHETO NMPH MbPBAa BU3UTA, KOSTO € I10-
rojsiMa ot obuuaiiHara. B mpoyusane Ha D'Amico, (2017) ce cpoOmiaBa 3a cpeaHa Bb3pacT
ot 41 mecena npu guarHocturmpane Ha marmerta ¢ [IMJ] (D'Amico et al., 2017). EaBa neser
(22,5%) ot ydacTBamuTe B MPOYYBAHETO MALMEHTHUTE Ca C€ SBUJIM 10 4 TOJUHU OTHAYAIOTO
Ha 3a0ossaBaneTo. [Ipubausutento cpuws 6poit marmentute - 10 (25%) ca 3akbcHsH OT 8,1-
12 roguHM W Taka TOMaaaT B KbCHaTa amOynatopHa (a3a oT Xoja Ha 3a00JI5BaHETO, KOETO
Criopesl HacC BOJW 10 3aKbCHEHHE BKJIIOYBAHETO HA aJ€KBaTHA Tepamusi W pexaOuiuTarus
(purypa 14).

I'pynoBoTo pa3smnpenejieHne Ha NMAllUEHTUTEe € HAIPABEHO C OTJIe[ IMPOCIe/AsBaHe
edekTa Ha HAW-TIOIXOJsIIAaTa 32 KOHKPETHUS Clly4yail Tepamusi W BBH3MOXKHOCTTA Ja ObJaT
BKJIFOYCHH B MOAXOAAII0 ernonatorenernyHo jiedeHue (PHK tepamms mpu nmDMD u exon
skipping). Ha ¢yHKuInOHAaNIEH NPUHIKI pa3aeuXMe KOTHHICHTa Ha TPyMa XOICHIH 10 U Hal
350 meTpa, 3amI0TO TOBA PAa3CTOSHUE € MPUETO KATO MPEAUKTOP 3a ONM3Ka WHBATUAU3AIMS
(McDonald CM et al.,2010; McDonald CM et al., 2013) (purypu 15 u 16). Obuuaiino B
KIIMHUYHUTE TPOYYBAHUSI CE CPaBHSABAT aMOYJIATOPHU U PSJIKO HeaMOynaTOpHU MAlMEHTH,
JIOKaTO HUE pelIexXMe J1a pa3fAeluM MalUeHTUTE B 3aBUCUMOCT OT TeXHHUS (PyHKIIMOHAJICH
KalauuTeT MOpajau pa3iMyHaTa MporHo3a. Taka mpu MOJPOOHUAT aHAIM3 Ha MOKa3aTelnuTe
BB3pacCT Ha MBPBU CHUMIITOM, BB3pacT NpU MbpBa BH3UTAa W JABHOCT Ha OolecTra B
TEpaneBTUUYHUTE U (QYHKIMOHAIHUTE (CHOpe]l CIOCOOHOCTUTE 3a XOJEHE) TIpylnu Ha
MalMeHTUTe TOKa3Ba, Y€ BBH3PACTTa HA MPOSBHUTE HA MbPBU CUMIITOM CHBIIaJa C JAHHUTE B
muteparypata. B rpynute 2, 3 u 6 To3u nokasaten € otueTeH Mexay 32,29-40,00 mecenu , a B
1 u 5 rpynu e BBB Bb3pacToBHs uama3oH Mmexnay 47,53 - 52,90 meceuu, koero e
MPECUMIITOMATHYCH WM PaHEH aMOylIaTOpeH CTaauii OT pPa3BUTHETO Ha 3a00sIBaHETO.
HabmronaBanata 3Ha4MMO TO-BHCOKA CUTHH(HKAHTHA pasziuKa MO OTHOIICHHE Ha BBH3pacTTa
MIpH TbPBa BU3UTA MPH MALUEHTUTE ¢ XoAeHe 10 350M. HM JaBa OCHOBAHUE Ja MPEATOI0KEM,
Yye HeJ0CTaThuHaTa OCBEJJOMEHOCT 3a 0O0JIECTTa M HEPa3N03HABAHETO HA MMbPBUTE CUMIITOMHU
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Cpel pOJUTENUTE U MEAMIMHCKUTE CHEUUATUCTH MOXE Ja JOBele J0 KbCHOTO
auarHoctuinupane u repanus. (Taomumm 4 - 6)

2. .JIOHFI/ITyI[I/IHaJIHO npocijieasiBaHe Ha (l)yHKIII/IOHaJ'IHI/ITe nmoxka3sarTteJam Ha
ITaIUECHTUTC. ConocraBsiHe Ha MOKA3aTeIUTE B rpymnure:

- Cropen tepanusita - rpyna 1. Kunesutepanus, rpyna 2. Kunesurepanus u
Koptukocrepouana repanus , rpyna 3. Kunesurepanus, Koprukocreponau u ['enna tepanus
- Cropen (hyHKIMOHATHUTE CrIOcOOHOCTH - rpyna 5. Xoxemnu g0 350 meTpa u rpymna 6.
Xonemwu Hax 350 metpa.

2.1 JluHaMuKa W CpaBHMTEJEH aHAJIU3 HA AUXaTeJHUTe mokazatean - ®BK% wu
D®EO1% u motopHute nokaszareau - NSAA (touku) u 6MWT (meTpu) mo rpymnu.

Tabauya 7. Cpasnumenen ananus Ha noxaszamenume Dopcupan Bumanen Kanayumem %,
@opcupan Excnupamopen QObem %, North Star Ambulatory Assessment (oyenxa) u
paszcmosnue usMuHamo 3a 6 MuHymu xooeume (Mmempu,).

ﬂ;):a Ipy . E}mﬂa 1 _BnanTa 2 _Bana 3 E/BI/ITa 4 _BusuTa 5
ren na X SD X SD X SD X SD X SD
O6uio 88,782 17,23 90,842 16,52 89,372 17,39 88,222 19,43 85,522 20,61
g S 1 77,252 13,59 79,762 17,19 78,672 19,26 76,622 21,93 74412 22,92
E % 2 94,207 10,79 94,822 9,68 92,602 11,57 91,692 13,89 87,262 17,74
g E 3 99,667 19,51 102,682 11,76 101,082 10,41 100,752 10,16 98,712 9,07
5 2 5 81,72 18,95 84,61« 20,16 81,692 20,59 79,724 23,26 76,16¢ 22,33
§ 2 6 94,357 13,81 95,767 11,25 95,422 11,69 94,932 12,79 92,912 16,14
P 0,005 0,047 0,011 0,015 0,003
060 96,57 18,42 98,267 19,03 97,852 18,65 96,592 20,84 92,67 23,35
E’ 1 88,70 16,90 90,39 18,85 88,952 20,81 85,82 2290 81,98 25,51
= 2 2 100,552 20,24 103,222 17,40 102,392 11,81 103,952 14,82 97,522 22,29
§ %g 3 102,352 16,32 103,022 19,30 104,442 17,62 102,622 17,72 100,612 14,88
@o § 5 92,25% 21,04 93,832 21,24 91,71% 22,05 89,04b¢ 24,57 82,19¢ 24,85
§ 6 99,992 15,80 101,762 16,86 102,702 14,26 102,552 15,54 100,942 18,84
° P 0,046 0,139 0,040 0,041 0,004
. Oo6mo 17,952 10,14 17,902 10,58 16,46° 10,74 14,77¢ 11,10 12,679 12,14
% ,‘é\ 1 14,202 10,95 13,67° 10,85 12,00¢ 11,05 10,874 11,19 8,40¢ 11,79
é jg: 2 17,77%f 9,25 18,852 10,95 17,690¢ 10,88 15,15¢ 11,67 12,23% 12,80
<£ % 3 21,782 8,39 21,33« 8,44 19,442 8,29 17,560 8,53 16,78 9,43
g % 5 9,672 7,26 9,112 7,42 7,610 6,76 6,17¢ 6,55 4,724 6,60
Zg :% 6 25,052 598 25432 6,08 24,050 7,02 22,14¢ 8,60 19,48¢ 11,73
P <0,001 <0,001 <0,001 <0,001 <0,001
0610 311,692 160,22 304,002 164,69 286,23° 170,71 262,23¢ 170,52 225,26 188,42
é % 1 272,934 192,77 260,60 192,99 227,00¢ 189,97 197,201 183,08 162,87¢ 195,56
E §,- 2 315,622 160,20 307,46% 167,71 303,082 181,82 274,230 185,25 216,62 213,38
Em, ; % 3 345,002 104,84 347,67%* 112,64 328,11 106,01 316,782 97,51 294,11 95,82
E E Z 5 182,942 140,74 167,06° 139,68 143,78¢ 131,90 120,67 119,35  92,44¢ 120,53
§ f} 6 422,05¢ 65,04 421,382 60,03 408,332 81,62 383,57 98,19 339,10¢ 160,08
& ° P <0,001 <0,001 <0,001 <0,001 <0,001
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Queypa 17. [Junamuka na cpeonu cmounocmu Ha ouxamennume - PBK% u
DEO1% u momopnu nokazamenu - NSAA (mouku) u 6MWT (mempu)

Ha Tabnuma 7 u ¢purypa 17 ce Buxna, ue:

. [Ipn nsnara m3Baaka, TpUTE TEPANIEBTHYHU TPYNH U MALMEHTUTE ¢ XoAeHe Hax 350
MeTpa He Ce YCTAaHOBsIBa CUTHU()MKAaHTHA JMHAMHUKa Ha DopcHpaHusi BUTAJTEH KaNamuTeT
(®BK%). IIpu xonmemute a0 350 meTpa To3M TMoKazaTena OENeKH CTaTUCTUYECKH 3HAYUM
crajJ Ha IeraTa BH3UTa CIHPSIMO NpPEIUIIHUTE 4YeTHpu. VM mpu merTe BUBUTH CpPETHHUTE
CTOMHOCTH Ha (popcupaHHMs BUTAJCH KalanuTeT B rpymara ¢ xoneHe Haa 350 merpa ca
CTaTHUCTUYECKH JIOCTOBEPHO MO-BUCOKH OT T€3U Ha MO-MAaJIKO MOJABMUKHATA I'PYIIa;

. Hpyrust nuxateneH nokasaren - @opcupan exkcnuparopeH odem (PEO1%) uma
CUTHU(UKAHTEH CMaJ Ha IeTaTa BU3UTA CIPSAMO NPEIUIIHUTE YeTHPU caMo B Tpymnara ¢
xoneHe noj 350 meTpa, He 0co0eHO ycTOHYKMBA TEHICHIIHS Ha CIaJ] PU O-KbCHUTE BU3HUTHU B
1sjgaTa M3BaJka M Trpylnara uMMalla camMoO KWHE3UTEeparus, J0KaTO IPU OCTAaHAIUTE TPYyIU
CTaTUCTUYECKH 3HaUYMMa JIMHAMUKa He ce HabmogaBa. [Ipu To3u mokasaren Ha MbpBa, TpeTa,
YeTBbpPTAa U IeTa BU3UTH, CPEIHUTE CTOMHOCTH Ha rpymnara ¢ xojeHe Haj 350 merpa ca
CTaTHUCTUYECKH JIOCTOBEPHO MO-BUCOKH OT T€3U Ha MO-MAaJIKO MOABUKHATA IPYIIa;

. North Star Ambulatory Assessment (omeHka) — mpu TO3M TECT CE€ YCTaHOBSBA
CTaTUCTUYECKH JIOCTOBEPHA TEHJCHILIMS Ha CIaJ| B Is1aTa U3BaJIKa, M OYTHU BCUYKU IPYNHU HA
u3cieBaHe C M3KIIOYEHUE Ha TepaneBTH4YHA rpyna 3 (Hal-BEpOSTHO MOPAaAU CPaBHUTEIHO
Mankuss Opoil ciaywam B rpymara). M mnpu merre BHM3UTH CpeAHUTE CTOWHOCTH Ha
pasriexaaHus TeCT B rpymnara ¢ xoaeHe Haja 350 merpa ca CTaTUCTHUYECKH JOCTOBEPHO I10-
BHCOKH OT T€3H Ha MO-MaJIKO ITOABHKHATA IpyNa;

. Pa3crosinuero m3MuMHATO 3a 6 MHHYTH XOAeHe (MeTpPH) — IIPU TO3M TECT C€
YCTaHOBSIBA CTAaTHUCTUYECKH NOCTOBEPHA TEHJCHLMS Ha CIaJ B LisAjaTa W3BaJKa U BCUYKHU
Ipyly Ha u3cnensase. M nmpu nerre BUUTH CPEJHUTE CTOMHOCTH B rpynara ¢ xojaeHe Hax 350
METpa ca CTAaTUCTUYECKHU JOCTOBEPHO MO-BUCOKH OT TE€3H Ha rpymna 5.
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2.2  ]JluHaMHKa U CPABHUTEJEH aHAJIU3 HA MOTOPHHTEe moka3arteau - M3npaBsiHe oT
nojaa (oueHka), BpeMe 3a u3npassiHe oT nojaa, 10 merpa 0sirane/xoeHe (0leHKA) U BpeMe
3a 10 MmeTpa OsiraHe/xo/1eHe 110 FPYIIH.

12
10 I UsnpaBsHe oT
noaa (ou.
g Aa (ou.)
10m Run (ou.)
6
4 =o—W3npasaAHe oT
noaa (cek.)
2 I I I =8=10m Run (cek.)
0

Vi V2 V3 va V5

Queypa 18. [{unamuka Ha cpeonume cmouHoCmu Ha YYHKYUOHATHUME NOKA3amenu -
Hsnpassane om nooa - oyenxa u epeme, 10 mempa bs2ane/xooene - oyenka u epeme

Tabnuya 8. Cpasnumenen ananuz Ha noxazamenume H3znpassne om nooa (oyenka), epeme 3a
usnpassamne om nooa (cexynou), 10 mempa b6seane/xooene (oyenka) u epeme 3a 6seame/xooene
Ha 10 mempa (cexynou)

I'py Busura 1 Busura 2 Busurta 3 Busura 4 Busura 5
IToka3area n A A A o =
na X SD X SD X SD X SD X SD
060 3,10 1,48 2,904 1,47 2,972 1,60 2679 172  2,49° 1,73
1 2,732 1,62 2,47 1,36 2,472 1,60 2,13* 164 2,00 1,65
Usnpassiae 2 3,002 1,41 3,08 1,55 3,00 1,53 2,622 1,710 2,54% 1,90
oT noza 3 3,442 1,24 3,332 1,32 3,22 1,39 3,00 1,50 2,67 1,41
(olieHKa) 5 2,06° 1,06 2,06 1,06 1,89 1,02 1,56° 0,92 1,445 0,98
6 4,00 1,18 3,62% 1,40 3,907 1,41 3,628 1,69  3,38¢ 1,75
P <0,001 0,001 <0,001 <0,001 <0,001
0610 5,80 3,11 5,34 2,12 6,36 3,64 6,28° 3,72 705% 433
B 1 3,33 1,31 3,65 0,92 3,88 2,04 447 232 476 241
pema sa 2 6,23 2,97 5,58 1,89 5,79 2,28 6,03 2,95 728 4,13
HM3IpaBsHe 3 7,57 3,64 6,46 2,59 9,35 4,65 8,381 4,86 9,35 5,51
oT rofia 5 5,99 2,33 6,47 2,86 10,55 589 09,38 6,23 11,00 6,74
(cexcyrm) 6 5,774 327 5189 208 576° 309 584 337  649¢ 3.92
P - - - - -
0610 4,05 1,49 4,00° 1,47 3,95 1,54 3,69 158 3,38 1,83
1 3,53 1,51 3,47 1,51 3,33 1,63 3,13 160 2,67 1,76
lgﬂrM;:ga 2 4,082 161 3,92 155 3,92 155 3690 175 323 201
vonere 3 4,44%¢ 1,01 4,56 0,88 4,56 0,88 4,11 0,78  4,22¢ 0,97
(onera) 5 3,00 1,37 2,942 1,35 2,83 1,42 256 138 2,220 1,48
6 4,95% 0,86 4,90 0,83 4,90 0,83 467 097 4,38 1,50
P <0,001 <0,001 <0,001 <0,001 <0,001
060 6,75 436 7,07° 450 7,93° 569 8,55 515  10,19° 7,22
Bpewme 3a 1 6,75 2,34 7,60 2,68 8,34% 2,94 10,04 527  11,91% 9,05
Garane/ 2 5,34 0,90 5,512 1,70 5,90 2,11 6,60 315  898° 6,93
XOfIeHe Ha 3 8,49% 7,04 851b¢ 7,08 10,20 8,96 9,87% 6,42 11,022 6,48
10 mepa 5 10,02 7,07 10,97 6,79 12,03% 8,84 13,049 6,30 1581% 8,69
(cexynn) 6 5,382f 1,14 5422 1,28 6,21° 241 667 320 7,83 5,00
P <0,001 <0,001 <0,001 <0,001 0,003

* CIHAKBUTC 6yKBI/I T10 XOPU3O0HTAJIUTEC O3HAYaBar JIMIICA Ha CI/IFHI/I(I)I/IKaHTHa pasivka, a pa3iIMYHUTE — HATMYMEC Ha TaKaBa

(p<0,05)
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[TpoBeneHUAT CpaBHUTENICH aHAIM3 Ha cienBamuTe 4 mokaszarenu (tabmuna 8, ¢urypa 18)
yCTaHOBH, Ye:

. IIpn noxasarens M3npaBsiHe oT moga (OmeHKa) MMa TEHACHLHMS Ha IOHMYKAaBaHE
oco0eHo cies TpeTata Bu3uTa. Ta3u TeHaeHnus ce HabIro[aBa KakTo B M3BajKaTa KaTo IUI0
Taka U B MOYTU BCUYKMU Tpynu (6e3 rpyna 2). U npu nerre BUSUTU CPeHUTE CTOMHOCTH Ha
TecTa B rpynara ¢ xojeHe Haja 350 MeTpa ca CTaTUCTHYECKU JOCTOBEPHO MO-BUCOKU OT TE3U
Ha [0-MaJIKO MMOJABWKHATA Ipyna;

. Ilokazarensatr M3npaBsaHe oOT moaa (Bpeme, CEKYHIM) HUMa CTaTUCTHYECKa
MIPEACTABUTEIHOCT CaMO B M3BaJIKaTa KaTo ISUI0 U B IpyIara C I0-BUCOKa MOABWKHOCT. [Ipn
TAX ce HaOmronaBa cinaba TEHAEHLUS Ha HapacTBaHe. MexJy IpylOBH CpaBHEHHs HE ca
IIPAaBEHHU IOpPAJIU JIMIICA HA CTATUCTHMYECKAa IPEICTABUTEIHOCT Ha IMOBEYETO Ipymnu. T ce
IBbJDKA HAa TOBA, Y€ MHOIO OT NAIMEHTUTE HE Ca B CHCTOSHUE Ja M3BBPIIAT OLEHSBAHOTO
JBUKEHHUE;

. Crnenpamus mokazaten 10 merpa Osirane/xoneHe (oueHKa) OCNEXHW TECHICHIWS Ha
CUTHU(HKAHTEH CIaJ] C TEYeHHE Ha BPEMETO (C M3KIII0YeHHE Ha TepaneBTHYHa rpyna 2). [Tpu
HEro W MpH NETTE€ BU3WTH, CPEAHUTE CTOMHOCTH Ha Trpynara ¢ xonaeHe Haj 350 merpa ca
CTaTHUCTUYECKH JIOCTOBEPHO MO-BUCOKH OT T€3U Ha M0-MaJIKO MOABMKHATA IPYIIa;

. [Ipu cBBp3aHUAT ¢ NpenuiIHus Nokasarena BpeMe 3a 10 MeTpa nmpoOsirBaHe/xojeHe
(CeKyHJH) ydacTBAaT CcaMO MOJKEIIUTE Jla MU3BBPIIBAT TOBAa ACHCTBHE. 3a IsiaTa WM3BAaJIKa,
TPUTE TEPANECBTHUYHHU TPYIU M MALMEHTUTE ¢ XoieHe o U Hag 350 MmeTpa ce ycTaHOBsIBa
CUTHU(HKAHTHA BB3XOJsIA TUHAMHKA MO0 BpeMe Ha MpociensBaHero. M npu nerre BU3UTH
CpEeIHUTE CTOWHOCTH Ha BPEMETO Ca CTaTUCTHUYECKU JOCTOBEPHO MO-BHCOKU MPHU MO-MAaJKO
MOJIBIKHATA TpyIa CIpsSMO Te3U Ha rpynara ¢ xogene Haj 350 metpa.

2.3  JluHamuka u cpaBHsiBaHe Ha (YHKIIMOHAJTHHUTE MOKA3aTeJIH - BpeMe 3a H3KaUuBaHe
Ha 4 crboaja, u3KkauBaHe Ha 4 cTbnaJja (oOLeHKA), BpeMe 3a CIM3aHe HAa 4 CcTbHAJIAa U
cJu3aHe Ha 4 cTbHaJia (OLEHKA) M0 TPYNH.

12
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ctbnana (ou.)
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6 / crbnana (ou,.)
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Queypa 19. Junamuxa na cpeonume cmouHoCmu Ha QYHKYUOHATHUME NOKA3amenu -
Hskausane na 4 cmvnana - oyenka u epeme; Ciuzane nHa 4 cmonana - oyenka u epeme
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Tabnuya 9. Cpasnumenen ananuz Ha noxkazamenume gpeme 3a UsKaAu8ane Ha 4 cmaHoapmHu
cmvnana (cex.), Hzxausame na 4 cmanoapmuu cmwvnara (oyeuxa), Cnuzame Ha 4
cmandapmuu cmvnana (epeme 6 cex.) u Cnusane na 4 cmanoapmuu cmovnana (oyenxa)

Mokasa I'py Bu3ura 1 Busura 2 Busura 3 Busura 4 Busura 5
T ma X SD X SD X SD X SD X SD
06110 5,85 529 635 6,00 7,00 6,19 851° 725 10,319 9,19
Bpeme 3a 1 7,05 6,27 7,22 6,60 8,74 743 9,99 8,25 11,80 9,56
m3KauBame 2 3,03 1,29 520° 538 5,07° 451 6,34 6,61 10,15 11,60
Ha 4 3 7,29 6,85 7,422 687 8,68 6,73 10,71* 7,24 11,10 7,64
cThraa, 5 11,23° 8,02 13439 701 14,25 748 15449 815 17,80% 8,25
(cexynan) 6 3,872 1,40 374 154 446 2,71 5,95 502 7,55 8,05
P <0,001 <0,001 <0,001 <0,001 <0,001
06110 3,38° 1,94 338 101 3,28 1,90 2,95 1,86 2,72° 1,90
S 1 2,67 1,88 2,73 1,98 247 1,77 2,20 1,66 2,072c 1,71
e 2 3,46° 1,98 331° 193 3,38 1,94 3,00° 191 254¢ 181
e 3 3,89% 1,69 4,000 1,41 3,89 1,62 3,44b 1,59 3,33 180
5 1,83 1,04 1,83 1,04 1,78 117 1,72* 118 144 0,62
(ontenka) 6 4,71% 1,49 4718 142 457° 1,40  4,00° 170 3,81 1,97
P <0,001 <0,001 <0,001 <0,001 <0,001
06110 4,252 3,05 4839 405 566° 498 7,04 6,52 7,519 811
Bpewe 3a 1 5,80 490 6,69 595 7,79 6,96 9,56 9,17 11,80 11,84
cmzane 2 3,02 0,58 3,23 1,27 297 1,33 3,38 1,48 3,10 1,73
Ha 4 3 4,042 207 4690 369 659 454 858 590 821" 654
CcTBIANa 5 8,36 450 10,12 6,17 9,60 713 12,36 842 1417 11,33
(cexynmn) 6 3,11% 0,98 337% 132 457% 3,78 557 527 566° 6,19
P - - - - -
0610 3,672 196 356° 1,97 3,15 187 2,92° 184 2,599 1,86
Comane 1 2,03% 1,94 287° 1,92 2,60 1,88 2400 192 227¢ 108
2 3,60 1,97 3,69¢ 1,97 3,23%¢ 1,74 3,000 173 238 1,90
Ha 4 3 4,562 181 433 1,94 3,56 201 322¢ 179 289 1,45
("“’“a”a 5 2,067 135 1,89 1,18 1,72 1,02 156 0,78 1,33° 0,59
OleHKa) 6 5,05 1,20 5000 1,22 4738 1,53 4,10 1,67 3,67 1,01
p <0,001 <0,001 <0,001 <0,001 <0,001

* eaHAKBUTE OYKBM 110 XOPU30HTAJIMTE O3HAYABAT JIMIICA HA CUTHU(MKAHTHA PA3JIMKa, a Pa3iIMYHUTE — HAJIUYME HA TaKaBa
(p<0,05)

HpOBeI[eHI/ISIT CpaBHUTCJICH aHAJIM3 Ha IMOKA3aTC/IMTE 3a UBKAYBAHE HaA 4 crpnaJja -
BpeMe, H3KaYBaHE HA 4 cTrpnaja - oueHkKa, cJu3aHe Ha 4 cTbOaja - BpeMe U CJIM3aHE HA

4 cTpnaja - ouenka (tadbimma 9, purypa 19) ycranosu, ye:

. [Ipu mbpBUs MOKa3aTeNl yyacTBaT caMO MOXEIIHWTE Ja U3BBPIIBAT TOBa JAeWcTBUE. 3a
1sjIaTa U3BaAKa, TepaleBTUYHA I'pymna 3 U MAallMeHTUTE ¢ XojaeHe A0 u Haja 350 metpa ce
yCTaHOBSIBA CHTHU()MKAHTHA BB3XOJAIA JUHAMHKA IO BpEeME Ha MPOCIEASIBAHETO.
(TepaneBTnuna rpyma 1 HsAMa Hy)KHaTa CTATUCTHYECKa IMPEICTABUTEIHOCT, a IMpHU
TepaneBTHYHA I'pyna 2 MpoLEChT € cTanuoHapeH). M npu neTTe BU3UTH CPeITHUTE CTOMHOCTH
HAa BpeMeTo (B CEKyHIM) ca CTaTHCTUYECKH JIOCTOBEPHO TIO-BHCOKM MPU TO-MAJIKO
MOJIBIKHATA TPpYIa CIPSMO T€3U Ha rpynara ¢ XxogeHe Haj 350 metpa;

L4 HpI/I mokazarens TecT 3a M3kauBaHe Ha 4 crbhajia (ouemca) nMa TCHACHI M Ha
MMOHI)KaBaHE O0COOEHO CJIeq TpeTara BU3UTA. Ta3zum TeHaeHIUS ce Ha6n}oz[aBa KakKTO B
HU3BaJIKaTa KAaTO [JI0O TaKa WU BBB BCHUYKU TI'PYIIM Ha H3CICABAHC. n npu MHIeTTeC BU3UTU
CpCAHUTC CTOMHOCTH Ha TecTa B Ipynata € XOACHC HaI 350 MCTpa Ca CTATUCTUUYCCKU
AOCTOBCPHO IMO-BUCOKHU OT TE3U HA IMO-MAJIKO INOJABHIKHATA I'PpyIIa,
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. [Ipu Tect Causzane Ha 4 crbHaja, BpeMe B CEKYHAHM Yy4acTBAaT OTHOBO Camo
MOXKEILUTE Ja M3BbpLIAT TOBA JEMcTBHE. 3a IslaTa M3BaJKa, TEpaleBTUYHA Ipyna 3 u
NaIMeHTUTe ¢ XoaeHe g0 u Haja 350 Merpa ce ycTaHOBsiIBA CUHU(HKAHTHA BB3XOAAIIA
JMHAMMKa 10 BpeMme Ha mnpociesaBaHeTo. (I'pynure Ha uscnensane 1, 2 u 5 HAMAT Hy)XHaTa
CTaTUCTUYECKa MpeACTaBUTENHOCT). 1 npu neTre BUSUTU CpeTHUTE CTOMHOCTH HA BPEMETO Cca
M0-BHUCOKH (B anreOpHyeH IUIaH) Py M0-MaJIKO TMOABIKHATA TPYIa CIPSMO TE3U Ha rpyrnaTa
¢ xoneHe Hazg 350 meTpa;

° Can3ane Ha 4 cTbIAJa, OLEHKA — MPU TO3U TECT CE YCTAHOBSIBA CTAaTUCTUYECKU
)IOCTOBepHa TCHACHIINUS HaA CIiaJ B IIAJIaTa U3BaJAKa U BCUYKU rpyrm Ha U3CJICABAHC. 41 HpI/I
METTe BHW3UTH CPEAHUTE CTOWHOCTH B Tpymara ¢ xojaeHe Haa 350M ca CTaTUCTHYECKU
JOCTOBEPHO TI0-BUCOKH OT TE3W Ha rpyna 5.

424 ]luHaMHKa M CPaBHHUTeJIeH aHaJu3 Ha mnoka3ateaute or MMT 3a oumeHka Ha
MYCKYJIHATA €1a00CT B IPOKCMMAJTHUTE MYCKYJIHU FPYIH 32 TOPHHU U I0JTHH KPalHULH.

MMT — abayKuua gAcHa pam. cTaBa MMT — abaykuus nasa pam. cTaBa

5.00 5.00

4.00 4.00
3.00 3.00
2.00 2.00
1.00 1.00
0.00 0.00
vl v2 v3 va v5 vl v2 v3 va v5

s G1 e G2 i G3 === G5 =0=—=G6
s Gl e G2 aw G3 =@=(G5 =0=—_G6

Queypa 20. [lunamuka 6 cpeOHume Queypa 21. Junamuxa 6 cpeonume
cmotinocmu Ha oyenkume om MMT na cmotuinocmu Ha oyenxume om MMT na
ab0yKyus 8 0ACHA pameHHa cmasd aboyKyus 8 116a pameHHa cmaea

MMT - ¢pneKkcua gAacHa Nak. ctaBa MMT - ¢pneKkcua naBa nak. ctasa

5.00 >-00
400 9B B Si—e— 400 SRt __,
3.00 3.00
2.00 2.00
1.00 1.00
0.00 0.00

vl v2 v3 va v5 vl v2 v3 va4 v5

Gl s G2 e G3 =@e==(G5 =0=—0G6 — I T o—G5 o—G6

Queypa 22. Junamuxa 6 cpeoHume Queypa 23. [unamuxa 6 cpeoHume
cmotinocmu Ha oyenkume om MMT na cmotinocmu Ha oyenkume om MMT na
pnexcus 6 0sACHA 1AKBMHA CMABA aboyKyus 8 1164 1aKbMHA CMA8a
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MMT — eKcTeH3MA AACHA NaK.CTaBa

vl v2 v3 va v5

Gl e G2 e G3 =@=(G5 =0=—=0G6

5.00
4.00
3.00
2.00
1.00
0.00

Queypa 24. Jlunamuxa 6 cpeonume
cmotinocmu Ha oyenkume om MMT na
eKCcmeH3uUsl 8 OSICHA 1aKbMHA CMasd

MMT - abaykuma gacHa TbC

4.00 ~ -
3.00
2.00
1.00
0.00
vl v2 v3 va v5

Gl e G2 i G3 === (G5 =0=—=0G6

Queypa 26. qunamuxa 6 cpeonume
cmotnocmu Ha oyenkume om MMT na
abo0yKkyus 8 0acHa maszobeopena cmasa

MMT — ¢pnekcua aAcHa KoA. cTasa

.—0_.\.§.

5.00
4.00
3.00
2.00
1.00
0.00

vl v2 v3

v4 v5

B G1l N G2 W G3 =—@=—G5 —0—G6
Queypa 28. JJunamuka é cpeonume

cmotinocmu Ha oyenkume om MMT na
¢hnexcus 6 0sicHa KoNAHHA cmMasa
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MMT — eKcTeH3UA NABa NaK. ctaBa

vl v2 v3 v4 V5

— Gl

5.00
4.00
3.00
2.00
1.00
0.00
_— G2

B 3 em@ee G5 cm@e G6

Queypa 25. JJunamuka 6 cpeonume
cmotinocmu Ha oyenkume om MMT na
aboykyus 6 1518a mazobedpena cmasa

MMT - abaykuua nasa TbC

4.00 - -
3.00
2.00
1.00
0.00
vl v2 v3 v4 v5

e Gl e G2 i G3 == (G5 =006

Queypa 27. Junamuxa 6 cpednume
cmouinocmu Ha oyenxume om MMT na
eKCMeH3Usl 8 1164 IAKbMHA CMABd

MMT — ¢pnekcua nasa Kon. ctasa

_.\.

5.00
4.00
3.00
2.00
1.00
0.00

vl v2 v3

v4 v5

B Gl BN G2 W G3 =@=G5 8= G6
Queypa 29. Jlunamuxa é cpeonume

cmotinocmu Ha oyenkume om MMT na
Gnexcus 6 1a6a KOJIAHHA CMABA



MMT — eKcTeH3MA AACHA KOA. CTaBa MMT — ekcTeH3MA nABa KOA. cTaBa

5.00 5.00
400 — SETS——— o 400 mE Rt
3.00 3.00
2.00 2.00
1.00 1.00
0.00 0.00
vl v2 v3 va v5 vl v2 v3 v4 v5
Gl G2 G3 =@=G4 =0=G6 Gl G2 G3 =@=G5 =8=G6
Queypa 30. Quuamuxa 6 cpeonume Queypa 31. Junamuka 6 cpeonume
cmounocmu Ha oyenkume om MMT na cmounocmu Ha oyenxume om MMT na
eKcmeHn3usl 8 0SICHA KOJSAHHA CMasda eKCmeH3Usl 8 1164 KOJISIHHA CMasa

[TpoBeneHUAT CpaBHHUTENIEH aHAIHW3 HA MOKA3aTeNNTE 32 OLeHKAa Ha MYCKYJIHaTa cjadoct
ype3 MMT (¢urypu 20-25) ycraHoBH, Ue:

® HpI/I Is1J1aTa u3BaJika, BbB BCUUYKHU rpyrm ce Ha6.]'IIO,JIaBa TCHACHIIWS HaA CI1ald. HpI/I TIICTTC
BU3UTHU CpeJIHI/ITC CTOI>'IHOCTI/I Ha pa3rne>1<)1aH1/1Te II0OKa3aTeJin aﬁllyl(lll/lﬂ B JAsiCHaA U JiddBa
paMeHHa cTraBa, q)JIeKCI/Iﬂ B AfdICHA MU JIABA JJaKbTHA CTaBa, U €EKCTCH3MA B JIfiICHA H JiiBa
JJAKbTHA cTaBa B rpyna 6 - xoxeny Haja 350 MeTpa ca CTaTUCTUYECKH MMO-BUCOKH OT TE€3U Ha
rpymna 5 - xoaemu a0 350meTtpa.

. TengeHusATa Ha HaMajieHWE Ha CPEIHUTE CTOMHOCTH 3a BCHYKH TPYNA M JIBETE
W3CIICIBAHM CTPaHU C€ YCTAHOBSBA CJie[ TpeTara BuU3WTA. EIMHCTBEHO 3a TMOKa3aTels
(bnexcus B JaKbTHATa CTaBa MPH MO-MAJKO MOJBHKHATA TPyMa TO3W CIaJl € CTaTUCTUYECKH
3HAYHM.

. Paznukure Ha cpeaHUTE CTOMHOCTH Ha IOKA3aTENIMTE B HM3CJICABAHUTE TPYIH MEXKTY
nBeTe (IsCHa M JIsIBa) CTPAHU Ca HUIIOXKHH.

Ot ¢urypu 26-31 craa sicHo, ye:

° [Ipn moxazarenss abdaykuusi B Ta3o0eapeHa craBa (B JsICHA M JIsiBa H3CIEABaHU
CTpaHu) Hal-HUCKUTE CPEeTHU CTOMHOCTH ca Ha rpymara xojaeuu 10 350 merpa, ciejBaHU OT
IOKa3aTellsl eKCTeH3usl B KOJIAHHA CTABAa M Ha IIOCIEIHO MSCTO IOKAa3aTeNs IMOKa3aTelIs
(1excusi B KOJISIHHA cTaBa, T.€ MYCKYJIHaTa CIa00OCT HaCThIIBA Hail-0aBHO BHB (pIieKCOpHATa
MyCKyJaTypa.

L4 Pazauxure MCXKAY IIbpBa, BTOPAa U TPETAa BHU3UTA 3a ABCTC CTPAHU (I[HCHO )51 J'DIBO) Ha
TPUTEC U3CJICABAHU IMMAPAMCTPU Ca C I'PaHUYHA CI/IFHI/I(I)I/IKaHTHOCT, JOKAaTO IpHu YCTBBPTA U
II€Ta BU3HUTA CC Ha6JIIOI[aBaT CTATUCTUYCCKU 3HAYUMU PA3JINKU.

2.5  JluHaMuKa U CpaBHUTEJCH aHAIN3 HA MOKA3aTeJUuTe 0T PLYHATA AMHAMOMETPHUS 32
OLICHKA HAa MYCKYJ/JHATa CHJIa B NPOKUMAJHUTE MYCKYJHH IPYIIM HA T'OPHU M J0JHHU
KpaiiHH LK.
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Tabnuya 10. Cpaenumenen ananus Ha noxazamenume 3d OYeHKA HA MYCKYIHAMA CUld om
OuHamomempusama Ha abOyKyus 6 O0ACHA PAMEHHA CMAed, (hieKcus 6 OACHAma JNaKbmHa
cmasa, eKcmensusi 8 OACHA JIAKbMHA CMasd U ab0yKyus 8 OACHA mazobedpeHa cmasa no

epynu.

'py Busura 1 Busnra 2 Busnra 3 Busura 4 Busura 5

IToxazaren n — — — — —
na X SD X SD X sb X SO X SD
060 3,78° 1,36 3,65 129 3,74 140 3,60° 149 3,60° 1,66
ASyi B 3,398 1,51 3218 153 328 162 3,22¢ 205 313 2,19
425 128 47190 113 424* 1,38 3922 1,12 413 137
p:;f;ia 403 1,07 3,84 062 3,98 080 390 078 3,78 0091
N 353 1,37 3,30° 1,32 314° 127 3,01° 136 2,79° 1,37
3,990 1,34 394® 121 4250 132 411* 144 430° 1,60

0,336 0,133 0,018 0,027 0,003
361* 1,47 345 148 331° 157 3,10° 1,81 2,99°¢ 2,02
Driexc o 3,05 1,48 3,06* 171 2,87° 1,73 2,79° 251 2,66° 2,64
4,10 153 3,990 152 3,75°¢ 1,63 3,36 1,38 3,32¢ 1,90
fvicHa 3,00° 1,27 3,34% 093 347° 123 321 108 3,03 1,05
“2:;’;:2‘ 3,090 1,47 295 149 2645 140 228 1,534 2119 1,26

4,05¢ 135 3,89 1,36 3,89° 151 3,80° 190 3,74 226

0,040 0,045 0,008 0,002 0,005

3,100 1,65 2,92* 1,52 2,972 158 2,76™ 1,67 2,74 185
2,53 1,95 2,517 1,99 2,542 190 241*° 219 237 241
3,54 1,48 3,367 1,28 3,33 158 3,10 1,40 3,04 1,63

Excrensus B

H;‘ii‘;za 3,38 142 283° 095 3,128 1,03 2,82° 1,17 2,77°° 1,29
o 2,53 165 243 147 2322 147 2,100 1,44 201° 1,49
3,590 153 3,34 147 352 148 333% 167 3,36 1,94

0,757 0,697 0,125 0,219 0,140
477° 132 523 168 5198 161 503 1,59 4,998 148
AG 491 153 507° 1,72 503* 1,80 4,95 2,00 4,90° 1,86
AYKIWA B 4,91 153 587°¢ 202 566€ 1,76 531° 154 523* 139
fuicHa 4498 061 4,73 094 4922 1,00 4,83 093 481* 1,09
Tazocifg;e‘* 5,04* 168 506° 1,71 4,79 167 469° 1,79 467° 165

4,54 0,89 5,38 1,69 5,52 151 531" 138 526° 1,29

o o o
'-cosmoomn—\g'-ccnmwwl—\g-ccnmwr\n—\gwmmwmw
5 5 S

0,815 0,647 0,165 0,241 0,214

Ot ananu3a Ha pesyaratute oT Tabnauna 10, urypu 32, 34, 36 u 38 ce Buwxka, ye:

° [Ipu usnara u3Bagka, TpUTE TEpareBTUYHM TPYNU M MAIlMeHTUTE ¢ XoaeHe Haxa 350
MEeTpa HE C€ yCTaHOBsBa CUTHU(HMKAHTHA JAMHAMUKA Ha IOKa3aTels AWHAMOMETpUsS Ha
a0aykuusita B JAsicHa pameHHa craBa. [lpu xomemure o 350 meTpa TO3M MOKa3aremn
Oelle)KM CTAaTUCTUYECKH 3HAYMM CIajJ Ha BTOpaTa BHM3UTA CHPSAMO ITbpBaTa, 3acTOM [0
YeTBbpPTaTa U CTATHCTHYECKH JTOCTOBEPEH cmaj Ha rerara. [Ipw mociemHuTe TpU BUHTH
CpPEeIHUTE MY CTOMHOCTU B rpymnara ¢ xojeHe Haja 350 MeTpa ca CTaTUCTHYECKH J10CTOBEPHO
MO-BUCOKH OT T€3H Ha MO-MaJIKO MOJBM)KHATA TPYTIA;

L4 HpI/I AUHAMOMETPHUATA HA (l)J'leKCI/IH B JdACHaATa JJaKbTHaA CTaBa CC Ha6J'IIOI[aBa
TCHACHLIUA Ha CIla[d, 3HAYUMO II0-U3Ppa3C€H B IfJlaTa U3BaAJKa WU I'pYIIHU lus U IIpu METTEC
BHU3UTH CPCAHUTC CTOMHOCTH Ha pasTiICiKAaHu ITIOKa3aTeJI B IpyliaTa ¢ XOJACHE Hal 350 METpa
Ca CTaTUCTUYCCKU JOCTOBCPHO IMO-BUCOKHU OT TC3U HA ITO-MAJIKO NOJABWIKHATA I'PyIIa,

L4 Cmabo HaMalleHHME Ha CpECOAHUTE CTOMHOCTHU Cc€ YCTaHOBABa TIPpHU IIOKA3aTCJIAd
AUHAMOMETPHUA HA €KCTCH3UA B AACHA JJaAKbTHA CTaBa MMalIO CTaTUCTHYECCKA 3HAYUMOCT
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B LisjlaTa M3BajKa M B rpynarta c¢ xojeHe a0 350 merpa. U npu nerre BU3UTH pa3IMKUTE
MEXAY CPEAHUTE CTOMHOCTH Ha IpynHu S5 U 6 ca CTaTUCTUUECKU HUILIOXKHH;

. Pa3Homocoyna curHU(UKaHTHA TEHACHIMS ce HaONIOAaBa TMPU  IMOKa3aTels
AUHAMOMETpHUSl a0ayKIusi B JAsicHa Ta3o0eapena crama. [lpu xoxemmure o 350 merpa
CpPEIHUTE CTOMHOCTH C€ IIOHMWXAaBaT B Ipolleca Ha IMpOCIEASIBAaHETO, JOKATO IpU I0-
MOJIBMKHATA TpyIMa ce yBenudaBaT. Pa3nukure MeXay CpeHUTEe CTOMHOCTH Ha Tpynu 5 u 6
ca CTaTUCTUYECKU HUIIOKHH U MIPU TIETTE BUZHUTH.

Tabnuya 11. Cpasnumenen ananu3 Ha nokazamenume 3d OYEHKA HA MYCKYIHAMA CUId OM
OUHamoMempusima Ha abOyKyus 8 Jis16a PAMEHHA cmasd, (iekcus 6 116ama 1aKbmHa Cmaed,
eKCmeH3Us 8 1564 JIAKbMHA cmasa u abOyKyus 8 is6a mazobeopena cmasa.

T'pyn Busura 1 Bu3ura 2 Bu3ura 3 Busura 4 Busura 5
e L v SDb X SO X SO X SD X D
061110 3,65 153 3,85°¢ 1,75 3,83% 1,72 363 155 3,64 176
AG 1 3,40% 1,89  348c 226 3,342 2,16  3,16° 213 3,4* 2,32
AYKHHA 2 3,89 1,36 4,43 160 4,307 1,64 418 1,17  4,13? 1,50
B JiiBd 3 4,032 1,13 3,96 0,58 4,232 060 3,83 042 4,02 0,76
pi‘;‘;::a 5 3,497 166 345 1,65 3,260 163 3,04 152 2,83 147
6 3,79 1,44  420° 1,79 4,312 1,68  4,13* 1,43 433 173
P 0,381 0,132 0,042 0,035 0,006
061110 3,40° 1,48 341* 169 3,25 1,66 3,04 1,70 2,86° 1,88
DreKCHS B 1 3,000 162 323 213 301 216 2,80° 242 2,63 258
2 3,772 1,55 387 156 3,49 1,57 332 1,33 3,15 166
n;(":fﬂa 3 3,57%¢ 1,28 321* 096 3,38 091 303 070 277° 0,86
ronn 5 2,928 152 287 157 2,529 137 2,189 130 2,06° 1,39
6 3,80%¢ 1,36 387% 168 3,88 166 3,77°¢ 169 356 2,00
P 0,051 0,039 0,004 0,001 0,006
O6mwo 3,04 1,53 2,969 151 2,99 1,65 2819 163 2,72° 1,83
Excrerms 1 2,61 1,79  261® 200 2,70 215 2518 223 242* 246
2 3,39 1,26 3,35 121 3,14 130 2,88 123 286 1,54
ﬂ‘;f:flja 3 3,382 1,52 294* 103 3,28 1,34 311* 1,15 293 1,19
“rama 5 2,574 1,65 256 168 236" 162 2,16° 163 2,07° 1,59
6 3,442 1,33 331* 130 3,52 151  3,36* 1,44 3728 187
P 0,019 0,019 0,002 0,001 0,008
061110 4,96 1,76 543 197 556 202 533° 194 533° 2,04
AG 1 5,04 227 5222 233 5122 2,40 521* 265 517%° 2,63
AYKLHA 2 5,092 1,72 6,19* 206 6,40 201 574¢ 159 573¢ 197
B g’ma 3 4,67 0,98 4,842 0,82 5,262 1,07 507 094 5,03 1,23
Tase0eaApeH g 5,19% 227 515 2,09 5,02 221 469° 202 4,73° 217
acrasa 6 4,76 121 567 1,88 6,03 1,76 587 1,74 584 1,83
P 0,861 0,219 0,048 0,051 0,046

Ot tabmuua 11, durypu 33, 35, 37 u 39 crasa scHo, ye:

o EnuncTtBeno npu xoxemmure 10 350 meTpa ce ycTaHOBsIBa CUTHU(DMKAaHTHA HU3XOA11A
JMHAMUKa Ha MoKa3aress abayKuMs B JsiBAa pAMEHHA CTaBa - AUHAMOMeTpHs (BU3UTH 4 U
5). Ilpu nocneaHuTe TPU BU3UTH CPETHUTE My CTOMHOCTH B IpymnaTa ¢ xoJeHe Haj 350 meTpa
ca CTaTUCTUYECKH TOCTOBEPHO MO-BUCOKH OT TE€3H Ha MO-MAJIKO MOABWKHATA TPYNa;

J [Ipu ®aekcuss B JsBaTa JaKbTHA CTaBa - JAMHAMOMETpPHUsl ce HabIIO/AaBa
cUrHU(UKAaHTHA TEHACHIUS Ha CHaj B IsUlaTa M3BaJKa U IPYNUTE Ha u3cienBaHe (6e3 rpymna
2). U npu merre BU3UTH CPEJHUTE CTOMHOCTH Ha Pa3rieKJaHMs IOKa3zaTell B Tpymnara c
xojgeHe Hax 350 meTpa ca CTaTUCTUYECKM 3HAYMMO IIO-BUCOKM OT TE3M Ha IO-MaJKO
MOJIBW)KHATA TPYTIA;
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o Cnabo HaManeHHEe Ha CpEeIHHTE CTOMHOCTHM C€ YCTAaHOBsIBA IPH IOKa3aTels
Excren3us B JisiBa JJAKbTHA CTaBa - AUHAMOMETPHSA UMAILlO CTaTUCTUYECKA JJOCTOBEPHOCT
B IsUlaTa M3BaJKa M B rpymara ¢ xoaeHe 1o 350 merpa. M mpu nerte BU3HUTU CpPEIHUTE
CTOHHOCTH Ha Tpyna 6 CHTHU()MKAHTHO MO-BUCOKH OT T€3W Ha rpyma 5;

. Pa3zHOmOCOYHA CTaTHCTUYECKH JOCTOBEPHA TEHACHIIHS Ce HAOII0AaBa MPH MMOKa3aTes
AOaykums B JisiBa Ta3zo0eapeHa craBa - JuHamomerpus. [lpu xoxemure g0 350 merpa
CPEIHUTE CTOMHOCTH C€ IIOHM)KaBaT B IIpoLeca Ha IPOCIEAABAHETO, IOKAaTO IIPU IIO-
MOJIBMKHATA TpyIa ce yBelnudaBaT. Pa3nukure MeXay CpeHUTEe CTOMHOCTH Ha Tpynu 5 U 6
ca CTaTUCTUYECKU HUIIOKHUU TPU MMBPBUTE JIB€ BU3UTH U CTATUCTUYECKU JOCTOBEPHHU TIPHU
nocienHuTe Tpu. [lo-BUcokuUTe CpeTHU CTOMHOCTH ca Ha rpymna 6.

Tabauya 12. CpasHumenen ananusz Ha nokazameaume OUHAMOMEMPUSL HA eKCMEH3Usl 8 OSCHA
KOJISIHHA CMA6d, eKCMmeH3Usi 6 Jisi8d KOJAHHA CMmasd, rekcusi 6 OSICHA KONSAHHA Cmasa u
paekcus 6 16a KOJISIHHA CMAsd

I'py Busura 1 Busura 2 Busura 3 Busura 4 Busura 5
IMoxazaren n < < < < <
na X SD X Sb X SD X SD X SD
OG0 4659 2,64 487" 311 4,67° 327 426M 319 419 3,61
Exeronis s 1 386® 333 3,89*¢ 363 375¢ 367 357 380 350 422
2 517¢ 1,73 567° 263 5220 298 494 294 4760 3,62
sucHa 3 483 248 4,66° 2,60 4,690 297 383 225 350 223
o 5 331° 2,25 326° 220 307 228 290° 228 274 242
6 581 243  6,25® 314 6,058 340 543" 343 542 404
P 0,001 0,001 0,002 0,004 0,011
OG0 4,65 2,63 465° 2,86 451¢ 2,88 449° 312 449° 312
1 4278 3,65 4,09 3,69 3,85¢ 3,39 452 429  452¢ 4,29
Excrensus B 2 499¢ 1,71 5118 2,00 4,92¢0 2,54 451* 217 4518 2,17
5B KONAHEA 3 436 1,83 4428 253 4318 251 371 201 3,71 201
craBa 5 339% 217 331 212 3,14¥ 218 348 2,77 348° 277
6 5680 256 575 296 5620 294 5322 320 532 320
P 0,002 0,002 0,004 0,030 0,030
0610 521° 238 530° 237 544" 212 538 228 b510° 215
1 4,958 2,09 4990 243 5090 241 4922 262 487° 2,66
Prexcus B 2 6012 316 635 263 58% 190 6022 235 548 220
e 3 462° 1,43 448 152 554 209 5322 176 4,93 1,28
erana 5 500 298 4,94° 282 4,628 232 439° 239 433 245
6 530° 1,79 561* 193 6,13 169 623 185 576 163
P 0,229 0,132 0,027 0,011 0,044
06110 526° 255 530° 247 5417 216 534 230 5217 238
1 5328 225 508 230 5170 262 489 244 465 2,66
Drexcus B 2 5928 346 632° 312 595 209 625 259 598 235
5B KONAHHA 3 4470 127 444 129 527 142 481* 151 511 212
craa 5 5417 332 531° 330 477 263 449 243 431° 244
6 513 171 530° 154 597 151 606" 1,96 599 209
P 0,476 0,286 0,107 0,022 0,030

* €JHAKBUTE 6yKBI/I 0 XOPU3OHTAJIIUTE O3HAYaBaT JIMIICA HA CI/IFHI/I(I)I/IKaHTHa pasiuka, a pasJIu4YHUTE — HAJIMYUE Ha TaKaBa
(p<0,05)

Ha tabnmuna 12, purypu 40 - 43 ce Bk a, 4e:

J IIpu nsanara m3Bagka, TepaneBTUYHA Ipyna 3 U MAUEHTUTE C XOJeHe 10 U Haa 350
MeTpa ce yCTaHOBSIBa CUTHU(MKAHTHA TEHJCHLIMS Ha CIaj Ha MOoKa3aTesis AMHAMOMETpUs Ha
eKCTEeH3UATA B JISICHA KOJISAHHA cTaBa. !V npu merTe BU3UTHU CPEJHUTE MY CTOMHOCTH B
rpynata ¢ xoaeHe Hax 350 merpa ca CTaTUCTUYECKH JOCTOBEPHO MO-BUCOKU OT TE€3H HA IO-
MAJIKO TIOJIBMD)KHATA IPyIIa;
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o [Ipu nuHamMoMeTpusATa Ha €KCTEH3UsiTa B JIIBa KOJIIHHA CTaBa, HE3aBUCUMO OT
HAKOM CTATUCTUYECKHA 3HAUYUMU PA3IUKA MEXKIY CIEAHUTE CTOWHOCTH MPU OTICITHUTE
BHU3UTH, SICHO M3pa3eHa TCHJCHIIMS Ha CIIa]| WM yBeIMYCHHE He ce HabmoaaBa. U mpu merre
BU3UTH CPEHUTE CTOMHOCTH Ha pas3riiexkdaHus NoKa3aTell B rpynara ¢ xojaeHe Haj 350 merpa
ca CTaTUCTUYECKHU JOCTOBEPHO MO-BUCOKHU OT TE€3H HA MO-MaJKO MOJIBIKHATA IPyNa;

. N npu noxasarens nuHaMoMeTpus Ha (UIEKCHAATa B JAfCHA KOJISHHA CTaBa HsiMa
SICHO M3pa3eHa TenaeHuus. [lpu nocnenHuTe Tpu BU3UTU CPEHUTE CTOMHOCTH Ha rpyna 6 ca
CTaTUCTUYECKU 3HAYUMO ITO-BUCOKHU OT TE€3U Ha rpyma 35;

. Pa3HomocoyHa curHupuUKaHTHA TEHAEHLIMs ce HaOnoAaBa TMpH  IOKa3aTess
JUHAMOMETpHST Ha (pJIeKcHUsiTa B JiSIBA KOJISIHHA cTraBa caMo npu rpynu 5 u 6. Ilpu
xozeuure 10 350 MeTpa cpeJHUTE CTOMHOCTH CE MOHMKaBaT B MIPOLIECA HA MIPOCIIESIBAHETO,
JIOKaTo IIpU IO-TIOJBIKHATA I'pyla ce yBeaudaBaT. Pa3nukuTe MeXIy CpEeJHUTE CTOMHOCTH
ca CTaTUCTUYECKU JOCTOBEpHU Ipu BU3UTH 4 U 5. [lo-Bucokure ca Ha rpyna 6.

ABAYKUMA B AACHA paM. CTaBa A6AyKuMA B NABa pam. CTaBa
5 5
4 4
3
) w03
X, 2,
1 1
0 0
V1 V2 V3 V4 V5 V1 V2 V3 A/ V5
Busutn
Busutun
B p.]1 W p.2 p.3 =@—Ip.5 —=0—Ip.6 — p.1 W [p.2 lp.3 =@=TIp.5 —0—p.6

Queypa 32. unamomempus aboykyus ¢  Dueypa 33. Junamomempus aboykyus 6 1s18a
OSICHA pam. cmasa - OUHAMUKAmMa Ha pam. cmasa - OUHaAMUKaAma Ha cp.cmotuHoCmu
cp.cmotHocmu

EKCTeH3UA B AACHA /1aK. CTaBa EKCTeH3UsA B NsBa NaK. CTaBa
4 4
3 3
L2 <2
1 1
0 0
Vi V2 v3 ! V5 Vi v2 v3 va V5
Busutu Buanutu
s p.1 e [p.2 lp.3 =@=Tp.5 =0=p.6 —Tp.1 W p.2 Ip.3 =@=Tp.5 —8—Tp.6
Queypa 34. [Jlunamomempus excmensus 8 Queypa 35. [unamomempus excmen3us 8
0ACHA 1aK. cmasa - OUHAMUKAMa Ha 715184 1GK. CMAea - OUHAMUKama Ha
cp.cmounocmu cp.cmotHocmu
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dnekcun B AACHA NaK. CtaBa

i

Busurtu

OHNW-hU‘I

N p.1 W [p.2 o [p.3 =@=[p.5 =@=[p.6

Queypa 36. Juuamomempust ghrexcust 6
05ICHA N1aK. CMABa - OUHAMUKAMA HA Cp.
cmounocmu

A6aykuuma B gacHa TbC

I

Busutu

Ke
ORNWARUON

s p.1 e [p.2 i [p.3 =@=[p.5 =0=[p.6

@Queypa 38. [Junamomempus aboykyus 6

osicna TEC - ounamukama na cp.cmouHocmu

EKcTeH3uA B AACHA KOA. CTaBa

7
6 ’———h.\._.
5
& 4
3
2
1
0
Vi V2 V3 V4 V5
Busutu

s Mp.1l W [p.2 W [p.3 =@=[p.5 ==0==[p.6

Queypa 40. [Junamomempus excmensus 8
OACHA KOJI. CMasd - OUHAMUKAmMA Ha
cp.cmounocmu

dnekcuna B NABa NaK.CcTaBa

Tl

Busutu

Ol—\NW-hU'I

N [p.1 N [p.2 e [p.3 =@==[p.5 ==@=Tp.6

Queypa 37. Junamomempusi ¢hrexcusi 8 116a
JaK. cmaea - OUHAMUKAMA HA CP. CMOUHOCMU

Ab6ayKkuua B nasa TbC

i

Busurtun

Ke
ORNWARUON

N [p.1 N [p.2 W [p.3 =@=[p.5 ==@=Tp.6

Queypa 39. [Junamomempus aboykyus 6 16d
TBEC - ounamukama Ha cp.cmouHoOCmu

EKCcTeH3UA B N1ABa KOJ1. cTaBa

7
6 —_—— e . .
5
w 4
%3
2
1
0
V1 V2 V3 v4 V5
Busutu

N [p.1 B [p.2 o [p.3 =@=[p.5 =0=p.6

Queypa 4. JJlunamomempus ekcmensus 6
751864 KOJI. CMABa - OUHAMUKAMA Ha
cp.cmotHocmu
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Ke

ORNWAUON
I

dneKcua B AACHA KOA. CTaBa

<
=

<
N

e [p.1 e p.2

V3
Busutun

Mp.3 =@=[p.5 =@=—[p.6

'z

V5

Ke
ORrRNWRARUVON

B p.1 e p.2

Busutu

®dneKkcua B nABa KoAn. cTaBa

Vi V2 V3 v4 V5

p.3 =@=[p.5 =@=[p.6

Queypa 42. [lunamomempusi grexcus 6 0sicna  Dueypa 43. JJunamomempust ghriexcust  1s6a
KOJl. Cmasa - OUHAMUKAMA HA CP. CMOUHOCMU  KO. CMABA - OUHAMUKAMA HA CP. CMOUHOCMU

4.2.6

ABUKCHUE - BIJIOMETPUSA HA JOp3ajHa (1).11e1<c1m B IsiCHA M JIABaA I'JIE3CHHHU CTaBH.

,ZII/IHaMI/IKa U CPABHHUTCJICH aHAJIU3 HaAa IO0Ka3aTeJIMTE 3a OUECHKa Ha od0eM Ha

Tabnuya 13. Cpasnumenen ananus Ha noxazamenume velOMempus Ha 0OP3AIHA (leKcus 6

O5ICHA U NIA64 2lle3eHHA cmaea, no epynu

Hokaza Ipyma n Busura 1 Busura 2 Buzura 3 Buzura 4 Buzura 5
TeJl X SD X SD X SD X SD X 8D
1 17 37 1621 294 863 | 218 9.06 1.00 9.26 @ -0.12 9.62
© % g 2 14 271 1025 1.64 1092 | -0.57 14.60 -2.00 16.01 @ -3.00 16.25
§ S % 3 9 4.00 2.50 356 230 322 259 233 194 200 194
=
N5 5 18 244 759  -350 801 -528 1146 = -6.94 1227 -8.28 1232
6 22 8.23 4.80 764 484 @ 695 4.96 6.14 535 559 536
< 1 17 312 820 218 845 129 8091 -012 916 -094 973
s B :&: 2 14 093 1128  -050 1227 @ -229 13.63 -331 1622 -429 16.18
g g 2 3 9 3.11 247 267 235 211 262 11 1220 100 224
gé 5 18 -350 813 489 891 -644 1026 -8.06 1227 -861 12.64
6 22 7.00 513 645 532 | 568 550 464 580 400 6.31
[Lop3anHa pnekcus B aAcHa rneseHHa Dop3anHa ¢nekcun B nABa rneseHHa
10.00 cTaBa 10.00 cTaBa
5.00 .\‘\ 5.00 \‘
-5.00 -5.00
-10.00 -10.00
. Gl - G2 G3 =@—G5 —0—G6

Queypa 44. benomempus osacna 2ne3eHHa

I G1 e G2

G3 =@—G5 —0—G6

@ueypa 45. benomempus na6a 2ne3eHHa
cmasa - OUHAMUKAMa Ha CpeoHU CMOUHOCMU  CMABa - OUHAMUKAMA HA CPEOHU CIMOUHOCMU
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[IpoBeneHUAT CpaBHUTENICH aHAIM3 Ha MOKa3aTeauTe bIJOMeTpHsA Ha Jop3aiHa (iekcus Ha
JISICHA W JIsiBa TJIe3eHHA cTaBa (Tabnuna 13) ycraHoBu, ue:

. B u3cnenBanero Ha jqBara mokaszarens ydactBaT Bcuukd (N=40) nmanueHTUTE OT
LsgaTa U3BajJKa - TPUTE TEPANEBTUYHM U JABETE IPYNM MALMEHTU XoJewu nojx u Haj 350
MeTpa.

. [Ipu nop3anHaTa (pyiekcusi B ACHATA IVIe3eHHA CTaBa ce HaOIt0aBa TEHACHIIUS
Ha CIaJ 3Ha4MMO TM0-U3pa3eHu B rpynurte 2 u 5. Y npu nerre BU3UTU CPEAHUTE CTOMHOCTH Ha
pasriexaaHus MokasaTesl B Ipylara Ha NanueHTUTe Xojemu Haja 350M. € CTaTUCTUYECKH
JIOCTOBEPHO MO-BUCOKH OT T€3U Ha OCTAaHAJIUTE TPYIIH.

. [Ipu nop3annata ¢iekcusi B JSIBaTA IJIe3eHHA CTaBa TEHACHLMATA Ha CMaJ Ha
CpPEIHUTE CTOMHOCTM € aHaJOTMYHA Ha NPEeIXOoJHHs Mokaszaren. Haii-HMCKUTE HayallHu
CTOMHOCTH C€ YCTAHOBSIBAT B IpynuTe 3 M 5, a Hall-BUCOKM Ca B Ipylara Ha XOJEIIUTE HaJ
350Mm., kaTo Te ca MpUOIU3UTETHO ABOMHO MMO-BUCOKH OT TE€3W HA MallMEHTUTE B rpynute 1 u

3.

4.2.7 JlnHaMuKa M CPAaBHUTEJEH aHAJIM3 Ha MOKa3aTeJs 3a riodaiana ouenka PUL A ot
TecTa 3a oleHKa (yHKIUsITAa HAa ropHusi Kpaitnuk Performance of Upper Limb (PUL)

0 TPYIH.

[IpoBenenusT cpaBHuTeNEH aHainu3 Ha nokaszarens PUL A - rimoGanHa onieHka 3a pyHKUMATa
Ha TOpHUA KpaHUK (Tabnuna 14, durypa 46) ycraHoBwu, 4ue:

Tabauya 14. Cpasnumenen ananuz na noxasamensi PUL A - 2nobanna oyenka no epynu.

Iokasa I'py Busura 1 Busura 2 Busura 3 Busura 4 Busura 5
n
Tea na X SD X SD X SD X SD X SD
0610 574 0,59 5,620 0,71 5,46° 0,82 5,214 0,92 5,00¢ 1,12
1 547¢ 0,83 5,200 0,94 4,93 0,96 4,730 1,03 4,534 1,30
PUL A - 2 59228 0,28 5,852 0,38 5,692 0,63 5,310 0,85 4,920 1,04
rinobansa 3 589 033 589 033 589 033 5672 050 567% 0,50
OLCHKa 5 5,448 0,78 5,220 0,88 4,89° 0,90 4,561 0,92 4,22¢ 1,11
6 6,002 0,00 5,952 0,22 5,952 0,22 5,76° 0,44 5,67° 0,58
P 0,037 0,011 <0,001 <0,001 <0,001

* eaHAaKBUTE OYKBU 110 XOPU30HTAJIMTE O3HAYABAT JIMIICA HA CUTHU(MKAHTHA PA3IMKa, a Pa3IMYHUTE — HAIMYME HA TaKaBa

(p<0,05)

PUL A — rnobanHa oueHKa

5.8
% 5.6
T 5.4
352
2 5
T
S a6
Vil V2 V3 (V71 V5

Busutun

Queypa 46. Junamuxa Ha cpeonume cmoiinocmu om noxkazamens PUL-A no eusumu
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. [Tpu moxazatenss PUL A nma curHuukaHTHA TEHACHIMS Ha MOHI)KaBaHE KOSTO Ce

Ha0Jr0/1aBa KaKTO B M3BAJIKATa KaTo IS0 TaKa U B MOYTH BCHUKU TpynH (6e3 rpyna 3). U npu

MeTTe BU3UTH CPEIHUTE CTOMHOCTM Ha TecTa B rpymara ¢ xojeHe Haja 350 merpa ca

CTaTUCTUYCCKU JOCTOBCPHO MO-BHUCOKH OT TE3U Ha MMO-MAJIKO IMMOABHIKHATA I'pyIIa.

2.8 JlunamMuika ¥ CpaBHUTeJIEH aHAJM3 HA NMO0Ka3aTe/IuTe OT TecTa 32 oueHKa GyHKUUATA
Ha ropHus kpaitnuk (PUL) 3a Bucoko muBo pamo - PUL B, PUL C, PUL D u PUL E no

IPyIH.

OT cpaBHMTENHMS aHAJIU3 Ha MOKa3aTeIuTe Kacaelu Bucokoto HuBO pamo PUL B -

a0aykunusi B paMeHHa craBa 10 HUBO pamo, PUL C - adaykuusi B paMeHHa CcTaBa HaJ

HuBo pamo, PUL D - ¢aexcuss B pamenna crasa 10 HuBo pamo u PUL E - ¢puekcus B
PaMeHHa CTaBa HAJl HUBO PaMO CTaBa sICHO, 4e (tabnuma 15, ¢purypa 47):

Tabnuya 15. Cpasnumenen ananuz na noxkazsamenume PUL-B, C, D u E no epynu.

IToxa3zarte I'py Busura 1 Busura 2 Busura 3 Busura 4 Busura §
a na X SD X SD X SD X SD X SD
06110 3549 068 354° 068 336" 096 315° 0,99 2,95 1,28
PULB - 1 327 088 3200 086 2,80 121 2,67¢ 129 227° 149
abayKims 2 3,69 048 3,69¢ 048 3,622 0,65 338 065 323¢ 1,17
B paMCHHA 3 3,78° 044 389 0,33 3589 0,33 356 053 344 053
cTaBa 10
B 5 317 0,79 3,17° 0,79 2,78 1,11 2,67 1,19 217 147
pamo 6 3,86 0,36 386 036 38* 036 357 051 3,62 0,50
P 0,006 0,006 <0,001 0,006 <0,001
06110 3468 072 3490 0,79 3,36 096  3,21° 1,00 2,90° 127
PUL C - 1 313¢ 092 3,13° 1,06 2,87 125  2,60° 1,24 227 149
abykuus 2 3,69° 048 3690 048 3,622 0,65 3,54 066 3,158 1,21
B paMeHHA 3 3,67 050 3,78 044 3,78 0,44  367* 050 333 0,50
CTaBa HaxQ
Bo 5 317 0,86 3,11° 096 278 111 261° 114 2,060 1,39
pamo 6 3,712 046 381° 040 3,86° 0,36 3,712 046 3,622 0,50
p 0,055 0,022 <0,001 <0,001 <0,001
0610 3,412 072 341 072 3,28 0,97  3,21° 1,06 287" 1728
PULD - 1 3,13* 092 307° 088 287 1,25 2,73 1,39 227° 153
aexons B 2 3462 052 354 052 3,38 0,77 3,38 077 315 121
g 3 378° 044 378 044 378 044 367" 050 322° 044
HHBO 5 3,11 0,83 3,06° 0,80 272* 113 261° 124 2,06¢ 1,43
pamo 6 36728 048 371° 046 3,76 0,44 3,71 046 357 0,51
P 0,039 0,011 0,001 0,002 <0,001
0610 3,46 0,68 346° 0,76 328% 097 3,10° 1,05 2,799 1,30
PULE - 1 3274 088 313 099 287 125  2,60° 1,30  2,20° 147
drexcuiz 9 3542 052 36220 051 3,38 0,77  3,31° 0,85 2,922 1,32
pamerHa 3 3,67 050 3,78¢ 044 3,78 0,44  356* 053 333 0,50
crasa Hal 5 317° 0,79 3,11° 0090 2,72° 113 2,449 115 1,89 1,37
bt 6 371° 046 376° 044 376 044 367 048 B35F 051
p 0,032 0,019 0,001 <0,001 <0,001
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S B N W

PULB PULC PULD PULE
mV1 mV2 WV3 mV4 mV5
Que. 47 JJunamuxa na cpeonu cmounocmu na nokasameaume PUL-B, C, D u E no susumu

. [Ipu abayknusita B paMmeHHa crasa 10 HuBo pamo - PUL B u Hax HuBo pamo - PUL
C ce ycraHOBsiBa CUTHU()MKAHTHA TCH/CHIIUS Ha MOHIKaBaHEe, KOATO ce HaOIro/aBa KakTo B
M3BaJIKaTa KaTo 110 Taka M B MOYTH BCUYKU Trpynu (6e3 rpynu 2, 3 u 6). U npu nerre
BU3UTH CpPEJHUTE CTOMHOCTH B rpynara ¢ xojeHe Haja 350 Merpa ca CTaTUCTUYECKU
JIOCTOBEPHO MO-BUCOKH OT T€3U Ha IMO-MAJIKO MOJIBUYKHATA IPyTa;

. [Ipu Paexcusi B pamenna crasa a0 HuBo pamo PUL D tenmeHnmsita € OTHOBO Ha
MTOHIKABaHEe, KOETO € CTATUCTHYECKH 3HAYMMO KaKTO B M3BAJIKAaTa KATO ISUIO0 TaKa U B TIOYTH
BcHUKH TpynH (6e3 rpynu 2 u 6). U npu nerre BU3UTH CPEAHUTE CTOWHOCTH Ha TE€CTa B rpyIlia
6 ca cUrHU(PUKAHTHO TIO-BUCOKH OT T€3H Ha rpyma 5;

. IIpu mnokazarens duiekcusi B paMeHHa craBa Haa HuBo pamo PUL E wuma
CUTHU(HUKAHTHA TEHAEHUHUs Ha MOHKXKaBaHE KOATO ce HallIo/JaBa KakTO B M3BaJKaTa KaTo
ISUT0 TaKa W B MOYTH BCHUKH rpynu (0e3 rpynu 2, 3 u 6). U npu merre BU3UTH CPEAHUTE
CTOMHOCTU Ha TE€CTa B rpymnara ¢ xojaeHe Haj 350 meTpa ca CTaTUCTUYECKH JTOCTOBEPHO IO-
BHCOKHU OT T€3U Ha MO-MaJKO MMOJABMKHATA TpyIa.

2.9 JluHaMuKa M CpPaBHUTeJIeH aHAJIW3 Ha TMOKAa3aTeJIMTe OT TecTa 3a OlEeHKa
¢yHkuusTa Ha ropuus kpaitnuk (PUL) 3a cpeano muBo JjaksT - PUL |, PUL I- Bpeme,
PUL J u PUL J - Bpeme, 110 TpyIIH.

CpaBHUTEIIHUS aHANU3 HA MOKa3aTeNUTEe Kacaelld BUCOKOTO CPEIHO HUBO - JAaKbT ((urypa
48, tabnuia 16), mokas3sa ue:

6
s —
s —
2 4
te
[< 3] 2
g
& 0

V1 V2 V3 /3 V5
Busutu
B PUL | (oueHKka) B PUL J (oueHKa) PULI (Bpeme) ==@=PUL J (Bpeme)

Queypa 48. Junamuxa Ha cpeonu cmounocmu Ha noxazamenume PUL-1 u |-epeme, J u J-
8peme no eusumu
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Tabnuya 16. Cpasnumenen ananus na noxazamenume PUL I u l-epeme, PUL J u J-epeme.

T'py Busnra 1 Busura 2 Buszuta 3 Busura 4 Busura 5
IToxka3zaren n — — — — —
na X SD X SD X SD X SD X SD
Oo6m10 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00
1 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00
PULI - 2 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00
[OBJUI'aHe Ha 3 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00
JICKH KCHUYCTa 5 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00
6 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00 5,00 0,00
P - - - - -
06110 4,178 0,86 4,13% 1,05 4,020 122 4,202 1,53 4,508 2,35
PUL I - Bpeme 1 4,252 0,88 4,57 1,23 4,682 1,52 5,05 206 5,73¢ 3,21
3a IOBJIMIaHe 2 4,232 1,02 3,85%¢ 0,76 3,69 0,86 3,74® 0,83 3,88%¢ 1,46
Ha JIEKH 3 3,902 0,62 3,612 0,45 3,312 0,41 3,492 0,54 3,478 0,46
KCHYETa 5 4,228 0,88 | 4,432 1,14 | 4,562 1,43 | 4,862 1,96 5,66° 3,03
(cexynnm) 6 4,128 0,85 3,882 0,91 3,55° 0,75 3,63° 0,66 3,51° 0,64
P 0,799 0,045 0,013 0,009 0,001
0610 4,922 0,48 4,90 0,64 485 071 474 112 469 115
PUL J - 1 4,802 0,77 4,73 1,03 4600 112 433 1,76 420°0 1,78
HOBHraHe Ha 2 5,002 0,00 5,002 0,00 5,002 0,00 5,00? 0,00 5,002 0,00
S 3 5,002 0,00 5,00? 0,00 5,002 0,00 5,00? 0,00 5,002 0,00
enuera 5 4,832 0,71 4,78 0,94 4670 103 444 162 433 164
6 5,002 0,00 5,002 0,00 5,002 0,00 5,00? 0,00 5,002 0,00
]) - - - - -
0O6mo 5,172 1,37 5,01 129 4,78 139 4,70 1,40 4,58°c 202
PUL J - Bpeme 1 4,928 0,99 4,962 1,08 4,892 1,30 5,092 1,59 5,402 2,31
3a TMOBJAWraHe 2 5,59 1,67 5,224 1,47 4,83 146 4,659 157 459% 207
Ha TEXKKHU 3 4,532 0,85 4,33 0,58 4,08 0,72 4,13* 0,87 3,38¢ 116
KeHYETa 5 5,052 1,15 5,162 1,25 | 5,272 1,36 | 5,452 1,64 5,842 2,36
(cexynmm) 6 5,262 1,53 4,902 1,33  4,44P 1,33 4,17 0,91 3,68°¢ 1,09
P 0,685 0,210 0,031 0,009 0,002
° [Tpu nokazatens PUL I (moBaurane Ha JieKH KeHYeTa) Bapuallii U JUHAMHUKA HE ce

Ha6J'IIOI[aBaT - BCUYKHU IMaOUCHTH U IIPH IIE€TTC BU3UTHU Ca IMOJIYYHJIM CaMO OLICHKaTa 5,

. PUL | - Bpeme (moBaMraHe Ha JIeKHM KeHYeTa, BpeMe B CeKYH/JIH) — MU Isuiata
M3BaJIKa ce HaOJIo/1aBa TeHICHIUS Ha CMajl 10 TPeTa BU3UTA U YBEIMYEHHUE MPU MOCIEIHUTE
nse. B rpyma 1 TeHJeHIMATa HAa YBEJIMYEHHE C€ YCTAaHOBSABA Ipe3 LENHs IMepHoJ Ha
HaOmo/IeHNe, a B rpyna 2 IMHAMUKaTa Hamoao0sBa Ta3M Ha Isiata u3Banaka. [Ipu rpyma 3
cUrHU(UKaHTHA TUHAMHKa HE ce yCTaHOBsBa. B rpyma 5 nuHamMukata € CTaTUCTUYECKH
JOCTOBEPHO BB3XOIAIIIA, a B rpyna 6 — Hu3xoAsma. CTaTUCTHYECKU 3HAYUMU PA3IIUKH MEXKIY
JIBETE TPYIMU ce HaOJI0NaBaT MPU BCUYKU BU3UTH ClIe]] IbPBaTa, KaTO MO-BUCOKHUTE CPEAHU
CTOMHOCTH ca Ha rpymna J;

° [Tpu PUL J (moBaurane Ha TeKKH KeHYeTa) CHTHU(UKAHTHU TCHICHIIUU U PA3ITUKU
He ce HaOmroaaBat, a B rpynu 2, 3 U 6 BCUYKU MAlMEHTH ca MOJydaBalM OIEHKa 5 mpe3
LSUIOTO BPEME Ha MPOCIIEIIBAHETO;

o ITpu mokazatens PUL J - Bpeme (MoBIHraHe Ha Te:KKH KeHYeTa, BpeMe B CEKYH/IH)
uMa CUTHH(UKAaHTHA TEHJEHLUS Ha MOHWWKaBaHe, KOATO ce Hallro/laBa KakTo B M3BaJKara
KaTo 110 Taka M B Tpynu 3 u 6, OKaTto B rpyna 5 TeHICHUuATa € 3a yBenuueHue. Ilpu
BU3UTH 3, 4 U 5 cpeJHUTE CTOMHOCTH B rpymara ¢ xojeHe 10 350 MeTpa ca CTaTUCTHYECKH
JIOCTOBEPHO MO-BUCOKHU OT TE€3H Ha rpyma 6.
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2.10 lunamMuka ¥ CpaBHHTeJleH aHAJM3 HAa IMOKa3aTeJuTe OT TeCcTa 3a OLEHKa
¢pynknusita Ha ropHus kpaiinuk (PUL) 3a cpeano nuBo - PUL K, PUL K- Bpeme, PUL L
u PUL L-Bpewme 1o rpymnu.

Tabnuya 17. Cpasnumenen ananus na noxazamenume PUL K u K-epeme, PUL L u L-epeme

I'py Bu3ura 1 Busura 2 Busura 3 Busura 4 Busura 5
IToka3aren n — — — — —
na X SD X SD X SD X SD X SD
0610 4,00° 0,00 3,95 0,32 3,95 0,32 3,87° 057 3,74 082
PULK - 1 4,00 0,00 387 052 387 052 3,67* 090 333 1,23
HapeKIaHe 2 4,00 0,00 4,00° 0,00 4,00° 0,00 4,00° 0,00 4,000 0,00
Ha 5 eku 3 4,00 0,00 4,00° 0,00 4,00° 0,00 4,00° 000 4,00° 0,00
KEHUeTa eJTHO 5 4,00° 0,00 3,89 047 3,89 0,47 3,72*0 083 344 1,15
BBPXY APYro 6 4,00 0,00 4,00° 0,00 4,00° 0,00 4,00° 000 4,000 0,00
P - - - - -
PULK - 06110 5,86 1,22 564 191 5,62 1,28 577 1,34 5090 2,08
BpeMe 3a 1 5,602 1,10 578¢ 1,61 5,622 1,15 584 146 6,18° 232
HapeKIaHe 2 6,112 1,56 5500 1,45 5,80 1,72 610* 1,65 598 268
Ha 5 eku 3 5,632 0,84 487%° 1,74 5,18 0,67 528 053 543 0,66
KEHYeTa eJTHO 5 5,022 158 5839 1,64 | 6,01 150 6,31° 1,79 | 7,009 2382
BBPXY APYro 6 582¢ 094 552 210 537 1,08 542 079 515 0,83
(cexyHm) P 0,183 0,408 0,029 0,095 0,022
0610 3,822 0,64 3,79° 0,73 3,779 081 3,72° 092 356 1,07
PULL - 1 3,53 0,99 347 1,13 340° 124 327 139 3,07* 144
HapeskaHe 2 4,00 0,00 4,00° 0,00 4,00° 0,00 400*° 000 377° 083
Ha 5 TEKKH 3 4,00 0,00 4,00° 0,00 4,00° 0,00 4,00° 000 4,00° 0,00
KEHYETa eJTHO 5 3,612 0,92 356° 1,04 350 1,15 3,39° 1,29 3,060 143
BBPXY APYTO 6 4,00 0,00 4,00° 0,00 4,00° 0,00 4,00° 0,00 4,000 0,00
P 0,381 0,381 0,381 0,240 0,078
UL L - 060 7,272 1,97 6,818 1,99 654 158 6,708 1,56 6,728 2,42
1 6,462 1,14 6,72* 1,40 6,622 1,67 682 191 7,128 267
Bpewme 3a 2 7,99 2,56 7,03¢ 210 6,29° 149  650° 1,67 6,76° 3,15
“apse"‘ﬂa*‘e 3 6,82 1,49 5842 155 6,15 0,96 647° 097 6,05 0,93
K:;‘q@;;’zﬁgo 5 738¢ 216 7,23° 212 | 7,12® @ 153 7,217 1,84 | 8,06 3,27
7,200 1,90 6,579 1,92 6,21 154 6,41 1,34 596%f 133
BBPXY APYro 6 e
(cexynm) P 0,584 0,181 0,022 0,160 0,033
o 8
§_ o —— ——— — °
; 6 [ = o — = —0
2 4
3
:
g 0
o
© Vil V2 V3 V4 V5
Busutn

s PUL K (oueHka) W PUL L (oueHka) ==@=PUL K (Bpeme) ==@=PUL L (Bpeme)

Queypa 49. Jlunamuxa Ha cpeonu cmotnocmu Ha noxazameiume PUL-K u K-epeme,
L u L-epeme, no euzumu

CpaBHuTENHUA U AMHAMUAYEH aHaTu3 Noka3Ba (Tabmuua 17, ¢purypa 49), qe:

. IMpu mokazarens PUL K (Hapexnane Ha 5 jeknm KeHYeTa eIHO BBPXY JAPYro)
CTaTUCTHYECKH 3HAUYMMa TUHAMUKa He ce HaOro/1aBaT, a MalueHTHTe OT rpynu 2, 3 u 6 u npu
NeTTe BU3UTH ca MOJIYYMIIM CaMO OlLIeHKaTa 4;
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. IIpu PUL K - Bpeme (HapexaaHe Ha S J1eKM KeHYeTa eJHO BbPXY Apyro, Bpeme B
CeKyH/AM) CUTHU(DUKAHTHH TEHACHIMHM ce HabmomaBar B rpynu 5 um 6. B rpyma 5
TEHACHLIUATA € Ha yBeJIWYeHue, a B rpyna 6 Ha cnaa. Ilpu Busutu 3, 4 u 5 cpenHute
CTOMHOCTH B rpynara c¢ xojaeHe a0 350 merpa ca CTaTUCTHYECKH JIOCTOBEPHO MO-BUCOKH OT
TE3H Ha rpyma 6;

. ITpu moxkazatens PUL L (HapesknaHe Ha 5 TeXKM KeHYeTa €IHO BbPXY JAPYro)
CTaTUCTHYECKH JOCTOBEpHA TEHJCHIIMS HA MOHIKAaBaHE ce HaONrolaBa camMO B HM3BaJKaTra
Karo 1o u B rpyna S. Ilanuenture ot rpynu 2, 3 u 6 U Npu NETTE BU3UTH ca NOJYyUWIN
nmoutu camo oueHkara 4. Ilpu Bu3uTta 5 ¢ rpaHMYHA CTaTUCTHYECKAa 3HAYUMOCT MOXKE Jla Ce
TBBP/AU, Y€ CPe/IHa CTOMHOCT Ha Ipyma 6 € Mo-BUCOKa OT Ta3H Ha rpyma 5.

. PUL L - Bpeme (Hape:kiaHe Ha 5 TeKKH KeHYETa €IHO BbPXY JAPYro, Bpeme B
CeKyH/AM) HMa CUTHU(QHUKAaHTHA TEHJCHIMS Ha I[OHMI)KaBaHE, KOATO ce HabmogaBa
eIMHCTBEHO B rpymna 6. Ilpu Bu3utH 3 U 5 cpenHuTe CTOMHOCTU B rpymnara ¢ xojeHeao 350
MeTpa ca CTaTUCTUYECKHU JOCTOBEPHO MO-BUCOKH OT TE€3H Ha Irpyma 6.

2.11 Oocbxkaane

[To otHomenne ®BK%, 3HaunTemHUAT craj B rpymnara xoaemu 10 350M. Ha 5 BU3uTa
(76,16%) crnpsMo TPEAUIITHUTE YETHPH MOXKE Ja c€ OOSICHH C MO-ToJiAMaTa JaBHOCT Ha
0oJiecTTa WJIM 3aKbCHSJIA JMArHO3a, 3aTBBPJICHUS IBUTATENICH Ne(UIMT W TIporpeca Ha
MYCKyJHaTa cliabocT. 5-BU3WTa € KpailHaTa OLIEHKa, KOATO Ce Iaja BbB BTOpaTa TOAMHA OT
npocieasBaHeTo. ToBa CbBNaga ¢ INPEMHHABAaHETO Ha 3a00JIIBAHETO B CJEMABAIl €Tam OT
eBOJIIONUATA My. Te3u pe3ysiTaTu ca aHaJOTMYHH Ha YCTAHOBEHUTE OT Apyru aBropu (Vincken
WG et al., 1987; Brooke MH et al., 1989; Simonds AK et al., 1998; Phillips MF et al., 2001),
MOTBBPXKAABAT 3HAUCHWETO Ha HapacTBalllUs] MWHAKTUBUTET M CHajJa Ha MYCKYJIHAaTa CHIa,
Kato (akTopu CriOMaraiiy 3a pa3BUTHETO Ha PECTPUKTUBEH THUI JIUXATEIHH HAPYIICHUS ChC
cHmkaBane Ha ctoiHocTuTe Ha PBK% u ®EO1% B kxbcHUS aMOynaTopeH M paHHUS
HeamOynaropeH erar. Ot apyra ctpana, 3aabpxkanero Ha ®BK% 3a nbpBuTe UeTupu OLEHKH
(obmo cpemno ot 88,78% mnpu HayanHata oueHka g0 88,22% mpu YeTBbpPTaTa OICHKA)
MOKa3Ba, Y€ IPOBEICHUTE TEPAlleBTUYHH MEPOINPHUSATUS Ca JOBEIU 10 CTa0WiIu3alus Ha
cheTossHMETO. [locnenqHoTo BakM B Hal-rojissMa CTENEH 3a rpynara xojaemu Haa 350M.,
KBJIETO HSIMa TaKbB pecnuparopeH cnaja u croitnoctute Ha ®BK% ca 3HaunTEeNHO MO-BUCOKU
- 94,35% npu mepBara oueHka 10 94,93% npu yerBbpTaTta oueHka. [lpu TepaneBTHUHUTE
IpylH CTOMHOCTUTE HAa TO3U MOKa3aTesl OTOeNsA3BaT He3HAYUTEINICH CIajl 3a LUl U3CleBaH
nepuoa: 99,66% npu nbpBa ouenka u 98,71% npu kpaiiHaTa OlleHKa.

[To otnomenue pesynrarutre Ha PEO1, nopu HabnromaBame TpaiiHa cTabuIM3anus
mpu rpynara xozaemu Hax 350M. - 99.99% npu mppBa BU3WTAa M B Kpas Ha JIB€ T'OJUILHUS
nepuon 100.94%. (Griggs RC.,1990;)

Tesu nanuu nmoakpernst TBbpacHuATa Ha Shahrizaila (2006), Mayhew AG (2022), ue
CTOMHOCTUTE Ha JUXaTEIHUTE MOKAa3aTeld HE IOKa3BaT YYBCTBUTEIHO MOHWXKEHUE MpHU
MalUMeHTUTe, MPH KOWTO BB3pacTTa Ha HAYajJoTO M (YHKIMOHAJEH CHajJ ca I0-HUCKH
(Shahrizaila N et al., 2006; Mayhew AG et al., 2022).

Karo xommiekcen tect mHpopMupail 3a aMOyiaaTOpHUSL cTaTyc (CmocoOHOCTTa 3a
npuaBmwkBane) Ha naruenture ¢ [IM/] tun dromen onenkara NSAA mokasBa craji, KOUTO €
JIOCTOBEpPEH 3a Isuata u3Bajaka. CpeqHuTe CTOMHOCTUM HAa OLICHKUTE Ha BCUYKH TPYNH 3a
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LeUsl U3CTeABaH MEepUOoJ HaMalsIBaT CPEIHO C 5 TOUKH - oT 17,95T. npu mbpBata o1ieHKa 10
12,671. mpu kpaitHata onenka (/{nama3oH oTroBapsml Ha J0Opa MOOMIIHOCT B oOlIecTBeHA
cpela C JuIca Ha YMEHHMS KaTo CKauyaHe M II0JICKayaHe, M3MO0J3BaHE Ha IIOMOIL IpU
U3MpaBSHE OT CEAEXkK JI0 CTOEX, KOUTO MOTaT Jia ce IbJpkaT Ha HamaneH O/ B rieseHHuTe
ctaBu). He Taka u3paszeH e cnaabT Ha CPEIHUTE OLIEHKU MPU MAIMEHTUTE, TPOBEXKIAIIN TPUTE
Tepanuu. TexHUTEe HayadHU CPEIHU CTOMHOCTH Ca YYBCTBHUTEIIHO MO-BHCOKHA OT TE3M Ha
OCTaHAJMUTE TPYIHU U CE 3ama3BaT CTaOUJIHU JI0 CpeAaTa Ha U3CIeABaHUs NEPUOJ, ClIe]] KOETO
U IpH TAX ce HabmogaBa 1uiaBeH cman (ot 21,78T. mpu HavyanHata orieHka A0 16,78T. mpu
Kpaiinara). Hali-BeposiTHO ToBa ce Ab/KH Ha Moauduiupamus ehekT Ha TPOUHOTO JICUCHHE
(Mo oTHomIEHHE X0Jla Ha OoJsiecTa), 3aMa3BaHETO HA JABUTATEIHUTE CIIOCOOHOCTH (M3IpPaBsHE
OT CTOJI, 3aCTaBaHe Ha €IUH KPaK, U3KauyBaHe MO CTHJIOH) U CIOCOOHOCTUTE 3a CAaMOCTOSITENTHA
MOXOJIKa Ha CpeaHU pa3cTosiHus. Haii-HuckuTe cpeaHu cToWHOCTH ce HabmogaBatr B 1 u 5
rpyna: npu nauuentute nposexaamu KT (1 rpyna) - ot 14,201. npu mbpBara olieHKa B Kpas
Ha nBeroAuimHus nepuon Te cnagat a0 8,40T. (OrpanmyeHa MOOMITHOCT - CaMOCTOSITEIIHA
MOXOJIKa ChC 3aTPyJHEHHUS TPH W3KauBaHE W CIU3aHE MO CTHIOM; orpanuueHus B OJ] Ha
TJIE3EHHUTE CTaBH, KOWTO BJIMSST HAa OCTAHAINTE BPEMEBH TECTOBE), a TMPH TMAIHMEHTUTE
xozemnu 10 350M. (5 rpyma) cpemHUTe HadadHU CTOMHOCTH Ha PE3YJITATHTE Ca JBOWHO IO-
HUCKU M OT 9,67T. B Ha4aJOTO Ha M3CJIE/IBAHETO CHAJAT JI0 KPUTUYHHUTE 3a aMOyJaTOpHUS
craryc 4,721. (CuiHo orpaHudeHa MOOMITHOCT - 3al1a3€H CTOEXK, 3aTPYAHEHHUS MPU U3NpaBsIHE
OT CTOJI, OTpaHMUYEHAa MOXOJIKa, BEPOSATHO HECIIOCOOHOCT 3a M3MpaBsHE OT MOJIa U W3KauBaHe
Ha cThIOM). B mpoyusane cpex 761 JIMJI marmmentu, Stimpson G, (2024) cwoOmaBa 3a
CXOJTHU PE3YJITaTH Ha CPENICH craja oT 2T. 3a roguHa. Cman moseue oT 2T. (Tpe3 mpeaxoiHaTa
roJIMHAa), KaKbBTO C€ HAOJII0/1aBa Mpe3 BTOpaTa rojiMHa U B HAIIIETO M3CJIEIBAHE MOXKE /1a ObIe
pasriexaH KaTo HaMajsBallla TEHAEHLHUS, KOSITO MOJCKa3Ba clielu(UYHHU YCIOKHEHUS Ha
3a00JIIBaHETO M Ja MOMOTHE 3a (OpPMHUpAHETO Ha CHEHU(PUYHU MPENOPHKH 3a TEparuAara.
3HauMMOCTTa Ha craja oT 3,5T. TpsiOBa aa Ob/e pasriiekJaH KaTo KIMHUYHO BaKHA pa3JuKa,
KOATO MPUJBMK/A 3ary0a Ha (GYHKIMS HIIM HACTHIIBAHETO HAa BakHA (DYHKIIMOHAJIHA MPOMSHA
(Hamp., npumobuBaHe Ha KoMreHcaropuu asrkenns)(Mayhew AG et al., 2013; Narayan S et
al., 2022; Mayhew A et al., 2023; Gupta A et al., 2023; Stimpson G et al.,2024)
6-MunyTHusT TecT xoaeHe (6MWT) e uyBcTBHTEIEH BpEMEBH MapKep 3a riiodaiHa
olleHKa Ha amOynaTopHata (GyHKOHs (CIOCOOHOCTTa 3a XOJIEHE) M MPEAUKTOp 3a paHHa
uHBamuAU3alus npu nanuentu ¢ HM3. Pesynratute ot aHanu3a Ha TO3W MOKa3aTeN MOKa3BaT
TEHJCHIIMSI HA CTATUCTYECKU JOCTOBEPEH CIaj BbB BCUYKH U3cienBaHU rpynu. Hagamnure
CTOMHOCTH Ha TO3M TOKa3aTesl cioyXaT 3a (OpMUpPAHETO Ha JBETE OCHOBHU (DYHKIIMOHAIHU
IpyNH MAalMEeHTH B HAIIIETO M3CleABaHe: rpymna 5 - xoaeuu 10 350M. u rpymna 6 - XoAeuu Haj
350m. B moTBBpkIEHHE Ha TOBa pe3ylITaTUTEe Ha MAlMEHTHTEe OT 6 Trpyma MoKa3BaT
CTaTHUCTUYECKHU JOCTOBEPHO MO-BUCOKU CTOMHOCTH OT T€3U Ha MalleHTure ot rpyna 5. O61mo
3a Is1J1aTa U3BajJIKa CPeIHUTE CTOWHOCTH Ha U3MHHATOTO Pa3CTOSIHUE 32 6 MUHYTH Bapupar OT
311,69m. mpu nepBata oueHka Ao 225,26M. B Kpas Ha M3CIEIBAaBETO, KOETO CBHBIAJa C
aHanornuu Ha ornmcanute ot Mayhew AG u cwvasm., (2022). CnaxbT Ha CpeIHUTE CTOMHOCTH
B METPU Ha MAalMEHTUTE OT rpyna 5 (xoxemu a0 350M. npu HayanHaTa oneHka) € 90,5 merpa
C HaMajsBalla TeHACHIUs OT npubmuszutenHo 20 MeTpa mMpu BCsSKa cleABaila BU3WTA 3a
LeNusl IBETOJUIIIeH Nepuol Ha u3cieasanero (ot 182,94 merpa mpu HayanHata OLICHKA /10
92,44 wmetpa mpu KpaiiHaTa OIleHKa). B HauanoTo Ha HAIIETO H3CieIBaHe OposT Ha
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HeaMOyJIaTOPHUTE MAaUEeHTH (HECIOCOOHHM Jja XOAAT CaMOCTOSITENTHO TMAalMeHTH) B rpyraTa
xoneu 10 350 meTpa e mer, KaTo B paMKHUTE Ha TO3W mnepuoj obmo 10 (ome neruma)
MAIMEeHTH TYOsT camocTosiTenHara cu noxonka. Ilogoben cnan ot 82,95 merpa ce oTuuTa B
rpyna 6 (xozemu Hag 350M. pu HayaaHaTa OLEHKA), KbJIETO CPEAHUTE CTOMHOCTH OT 422,05
MeTpa MpH HavajgHara oleHka cmaaar mo 339,10 merpa npu KpaitHaTa oneHka. J[Bama oT
MAlUEHTUTE TYOSAT CaMOCTOsITEIHAaTa CHU MOXOJKa, a 12 oT 21 mammeHTa OT Ta3u rpymna ca
CBhXpaHWJIM CIIOCOOHOCTUTE CH 3a XojeHe Hax 350 meTpa 10 Kpas Ha M3CISABAHUS MEPUOJ.
(tabmumm 9 - 11).

AHamu3bT Ha KOJIMYECTBEHUTE W KadyeCTBEHU (DYHKIMOHATHU TECTOBE IIOKa3Ba
3ama3BaHeTo Ha (YHKIMOHATHA HE3aBHUCHUMOCT, CTEIMEHTa W3MOJ3BAaHETO Ha aKIecopHa
MYCKyJIaTypa ¥ W30MpaTeTHOTO 3acsiraHe Ha Pa3jIMYHUTE THUIOBE MYCKYJIHU BJIaKHA BBHB
Bpemero. [lokazarenmute M3npaBsine ot moga u 10-meTpa xoneHne/0sirane ca YyBCTBUTEIHH
bynkimonanau tectoBe 3a Bpeme (TFT), emementn ot NSAA ckanara (Miller NF et al.,
2020), kouTOo B HamIETO MpPOydYBAHE IIIE€ pasrieaaMe MOAPOOHO KaTo OIEHKAa W BpPEME.
[Tokazarenst M3npaBsiHe OT Moja € CKBHBAJICHT Ha OIleHKa Ha ¢eHomeHa Ha [aywpc,
OTpa3sBalll CTETICHTA Ha 3acsiraHe Ha MYCKyJiaTypaTa Ha JOJIHUTE KPaWHUIIA M Ta30BHsI TMOSIC.
Pesynratute oT o0mMTE CpegHU CTOWHOCTH Ha OLEHKHUTe Ha Bcuuku 40 wu3cienBaHu
MalMeHTH Ha TOKa3aTessl B TPYNUTE MOKa3BaT OTHOCUTEIIHA CTAOMIIHOCT BBB BPEMETO - OT
3,10 mo 2,49t1. cpenno. Haii-HUCKa TEHIIEHIIMS HA CTATUCTHYECKH JOCTOBEPEH CHaj B TE3U
OILICHKH C¢ HaOJII0JaBa MpH rpyrara MmaiueHT XoAaenu Hag 350m (N=22). TeXHuTe OICHKH OT
4,00T. moka3BaT MbpPBOHAYAJICH MHHUMAJICH CHaj, 3aIbpKaHE MPHU MEXKIUHHUTE BU3UTH C
rocieaBamio crmanane 10 3,38T. B kpait Ha aBeromumiHus nepuod. 8 (36%) oT marueHTue B
rpynara ca Mmoka3ajad HECTIOCOOHOCT Jia 3aBbpIIAT MOCTABEHATa UM 3ajiada MpHU MOCIEIHOTO
oneHsBane. B rpymara xongemu g0 350m. (N=22) HavanmHaTa oleHKa 3amoy4sa ot 2,06T. (koeTo
MpEJICTaBJIsIBA M3IPaBsiHEe OT MoJa J0 CTOEXK C BCHUKM €JIeMEeHTH Ha ['aybpc MaHbOBBpa C
rmomoInTa Ha Meben - croi, 3a Bpeme moj 30cek.) U cnaaa 1o crolHoctute 1,44T., KOETo
rpaHnyd ¢ HeBb3MOXkHOCT. OT 18 maunmenta B S-rpyma ensa 8 (44,4%) ca mokasanu
CIIOCOOHOCT J1a ce CHpaBsT C Ta3M 3ajaya Mpu HavanHarta oreHka u camo 2 (11,1%) ot Tax
MOrar Jia ce U3MpaBsT OT MoJa B Kpasd Ha 2roj. nepuo. [Ipu aHanu3bT Ha MokaszaTess Bpeme
3a M3npaBsine oT moja yctaHoBsiBame, ye oT Bcuuku 40 uzcnensanu nanueHT 30 (75%) ca
CcrocoOHH J1a U3ITBIHSAT IMOCTaBeHAaTa UM 3ajada Mpu mbpBaTa orieHka u 17 (42,5%) morar na
s 3aBbpIIAT MpU TOCJeAHaTa, B Kpas Ha wu3ciaeaBaHus nepuoia. OyakBaHO Ha TOBa
pe3ynraTuTe oT BpeMeTo 3a M3npaBsiHe OoT moja (M3MEPEHO B CEKYHIM) COYAT TEHICHIIMS
Ha MOHW)XAaBaHE OT cpefaTa Ha M3CJeIBaHUs NEpUO]l 3a LsjaTa M3BajKa, KaTo 3a rpymnara
nanueHTy xojemu Hag 350M. eMuHCTBEHO TOW € He3HauuTeneH (0T 5,77cek. mpu mbpBara
OIICHKa, BpEMETO HEe0OXO0IMMO 3a M3MpaBsiHE OT MOJa Ce € yBenu4ymio Ha 6,49cek. cien aBe
ronuan). [Ipu xonemure g0 350M. BpemeTo 3a u3mpaBsHE OT Moja oT 5,99cek. (cxomHO Ha
HayaJHUTE CTOMHOCTU Ha 6 rpymna) HapacTBa 1BOKHO A0 11,00cek. mpu mocienHara OLEHKa,
JIAHHH CXOJHH Ha nuTHpaHuTe ot Stimpson G, (2024).

KonuuectBenure tectoBe 3a Obp3uHa, kato 10 MeTpa GsirBaHe/XoeHe HampuMep ca
€IHU OT Hall-4uyBCTBUTEIIHU U C€ 3acArar IbpBU, U B Hali-rojama crerneH. [lokazaTenst Bpeme
3a 10m. OsiraHe/xofeHe (M3MEpEeHO B CEKyHAM) TMIOKa3Ba YCTOWYMBA TEHIEHIUS Ha
MOHIKAaBaHe Tpe3 LeTHs Mepuol Ha ucieaBaHeto. OO0 CpeTHUTEe CTOMHOCTH Ha BPEMETO
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BBB BCUUYKM I'pynu OT 6,75 cek. Ipu IIbpBOHaYalHaTa OLIEHKa ce€ yBeiaudasar ¢ okoiio 30%
IIpu Bcska MexauHHa Buszuta 10 10,19cek. mpu mnocienHara oneHKa 3a JABE TOJMHHU.
Cpennure CTOMHOCTM Ha BpEeMETO IMpH TpynaTa HanMeHTH xoxemmw g0 350M. ca
npuOim3nuTenHo BoHO 1o Bucoku (10,02 - 15,81cek.) OoT Te3w HA rpymarta XOJCIU Hax
350m. (5,38 - 7,83cek.), KaTo Ta3W TEHJCHIIUS CE 3ara3Ba W NpH nerre BU3UTU. [logoOHM
CpEIHU pe3y/ITaTh MoCcoYBar B nmpoyuBanusta cu Mazzone E u cvasm., (2010); Stimpson G u
cvasm.,(2024). Ilpu aHaIM3bT HA PE3YJITATHTE CE YCTAHOBsIBA, ue OoT 0010 40 u3cnenBanu (5
HeamOynatopHn ¥ 35 MOXKemM Ja 3aBbpUIaT ITbPBOHAYaJHO TeCTa MAIMEHTH) 3a
JIBETO/IUIIHUS U3CIIEIOBATEIICKH MIEPUOJT CEJEM OT M3CIIEIBAHUTE ca 3aryOriii CIIOCOOHOCTTa
cu ma xomat 10 merpa camocTtosiTeaHo. [IpOTHBOITOIOKHU HAa BPEMETO CPEAHUTE CTOMHOCTH
Ha ouneHkara 3a 10m. OsiraHe/XoeHe MOKa3BaT TEHJEHIUS HA CTATUCTUYECKH JOCTOBEPEH
cnaa. CpenHo 3a Bcuuku rpynu oT 4,05T. onenkata HamansBa 10 3,38T. 3a 1enus nepuo.
W3kmrodeHne OT TasW TEHACHIMS TPaBH EIUHCTBEHO TIpyna 3, TPH KOATO CPEIHHTE
CTOMHOCTH Ha OILEHKUTE B TETTE BU3UTH C€ MPOMEHSIT He3HauuTedaHo oT 4,441. mo 4,22T.
(tabmunm 12 - 14).

[lo oTHOmeHHWe pe3ylITaTUTE OT TECTOBETE 3a HM3KAYBaHe M cJau3aHe Ha 4
CTAHIAPTHU crTbnana (tabn.15), maBamm wuHOpManus 3a CTENEHTAa Ha 3acAraHe Ha
MPOKUMaJTHATa MYCKYJIaTypa Ha JOJHU KpaWHWIM, €KCTCH30pUTEe Ha KOJITHHA CTaBa M
(IIeKCOpUTE Ha CTHITAJIOTO, KAKTO M PA3BUTHETO HAa XapaKTEPHU KOMIICHCATOPHU MEXaHU3MH,
pe3ynTaTUTe mokaszaxa:

- 26 (65%) oT mamMeHTHTE B KOXOpTara ca CIOCOOHM Ja 3aBbpliarT 3ajadaTa
n3KkayBaHe Ha 4 crenana. [Ipu manuWeHTUTEe OT BCHYKHM TPYyNMH BpemeTo (cpemHo ot 5,85
HapactBa 70 10,31cek.) 3a M3MBJIHEHHETO HA Ta3W JCHHOCT C€ yBeIMYaBa Clie]] TpeTara
BU3UTA (Kpas Ha IbpBaTa TOJAMHA Ha HAIIETO MpoyyBaHe). M3kimioueHue 1mo OTHOILIEHHE Ha
BpeMeTO IMpaBH rpymnara xojxemu 10 350M., mpu KOUTO AMHAMUYHOTO YBEIMUYEHUE Ha
BpPEMETO € CpaBHHUTENHO paBHOMEpHO oT Hawdanoto (11,23cek.) mo kpas (17,80cek.) Ha
u3cneABaHus nepuoja. ToBa MOXeM Ja OOSCHUM C HadalHUA (QYHKIMOHAJIEH NePHUIUT Ha
MAlUEHTUTe, MO-TeXKKOTO W PAHHO 3acAraHe Ha (hJIeKcopHaTa MYCKylnaTrypa Ha Oenpoto.
OOpaTHO Ha MOKa3aTelss BpeMe pe3y/ITaTUTE Ha OIECHKUTE IOKa3BaT TEHACHLMS Ha CIaj
(cpemno ot 3,38 mo 2,72T.) mpu BCHYKH T'pynu OCOOEHO B Kpas Ha ITbpBaTa TOJWHA OT
u3cneaBaHus naBerojuiieH nepuoi. Ilpu rpymara xomemmwm nHajg 350M., olleHKaTa Ha Tasu
3a/1aua MoKa3Ba MUHUMaJIeH cnaj (oT eaHa Touka - 4,71 - 3,81T.), enBa B Kpasi Ha IepHoja.
ToBa ce AbKHM Ha ChbXpaHeHaTa BBHB BpeMeTO (DYHKIUS, M3UCKBAIlA BKIIOYBAHETO Ha I0-
MaJIKO KOMIIEHCAaTOPHU MEXaHU3MHU. B 3aBHCHUMOCT OT poBeXkAaHaTa TepanusTa, OlleHKaTa 3a
M3MBJIHEHUETO Ha Ta3W 3a/lada OCTaBa MOYTH HEMPOMEHEHA 3a IeNIUs MEePHUOJl B rpynara Ha
TpOIHA Tepamnus, KOeTO MOTBbpKJAaBa edekra OT JECUYEHUETO, ChXPaHSIBAHETO Ha CHiaTa U
byukiusra (tabnuiu 15, 16).

- PegynTature oT aHanu3a Ha BpeMeTO M OlleHKATa 3a cJu3aHe HAa 4 cThHOaja B
rpymara xofemu 10 350M., mMoOkKa3BaT HUCKM HAYalHM CTOMHOCTH - CpelHa OKOJO 2T.
[TarueHTHTE M3MOJ3aT MHOTO KOMIIEHCATOPHU MEXaHU3MH, TMOpaad CHIHO H3Pa3eHUs
¢dbyHkuonanen aepuuur. B HauanHWTE TPU BU3UTHU CTOMHOCTHTE chagaT OaBHO, HO Ha
YeTBBpPTA U MeTa BU3UTH MOYTH A0 HEBB3MOKHOCT (cpenHo 1,33T.). B rpymara xonemu Haj
350M. OT U3XOJHU CTOMHOCTH OKOJIO 5T (aJTEpPHATUBHO CIM3aHE C MHUHHMMAIIHA TMOJKpena),
KOUTO OTHOCHUTEIHO CE€ 3aAbpiKaT O YETBHPTA BU3UTA B Kpas HA M3CJIECIBAHETO CTOMHOCTTA
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naja 10 cpeaHo 3,67T., KOETO ChOTBETCTBA Ha 3ama3eHa (QyHKIUS ¢ TCHICHIMS 32 OTCIIa0BaHe
Ha TJIyTeaJHaTa ¥ eKCTeH30pHaTa MyCKyJaTypa Ha OeapoTto (tadmumm 15, 17).

AHaNM3bT Ha pE3yNTATHTE OT HAIIETO M3CJCBAHE MOKa3Ba CIaj IMOJ00EH Ha TO3M
nanen ot apyru aBtopu (Mayhew A et al., 2011; Goemans N et al., 2020; Ricotti V et al.,
2016; Mazzone E et al., 2016), kouto MoraT jga mociayxar Karo MPEeIUKTOp 3a MPOrpecHsTa
Ha 3a00JI1BaHETO U 3arydara Ha (PMHKLIUU.

ManyajiHO MYCKYJHOTO TeCTyBaHe € TECT 3a OllEHKa CTEeleHTa Ha MYCKyJHaTa
ci1abocT, BOJACH] KIMHWUYCH CHMIITOM, OKa3Balll BIUSHUE BBPXY (pu3mdeckara GpyHKIUsS Ha
nanuenture ¢ [IMJ] tun dromen. M3BbpuieHo cnopea M3MCKBAHMATA 3a CTAHIAPTHA U3XO0/IHA
MO3UIINS, TPABUTAIMS, HAYMH U MSACTO Ha OKa3BaHE HAa MaHYaJHOTO CHIIPOTUBJICHUE HAIIETO
n3cieBaHe BKIOYBA BCUUKU 40 ManueHTH OT TepareBTUYHUTE U PyHKUHOHANHUTE Tpynu. C
1[eJ1 I0-TOYEH aHaiu3 Ha ouleHkuTe oT MMT npeoOpa3yBaxmMe LienuTe Yuciaa U 3HaUuTe + u -
B necernunu uncia (Kendall FP et al.,1993)

AHaTu3bT Ha Hali-3aCETHATUTE MYCKYJTHHU TPYIH HA TOPHUTE KPAHHUIIN pa3riie/iaH BbB
¢burypu 20 - 25 nokaszpa:

- MMT Ha a6aykuusi B pamenHa craBa ((urypu 20, 21): gaHHHTE OT aHaM3a
MOKa3BaT TEHJICHIIUS Ha TUJIABEH CIaj MpHU Isutata u3Bajaka. CTOWHOCTHTE Ha OIEHKHUTE B
JISICHA W JIsIBA paMEHHA CTaBa Ca CXOJHU BHB BCHUKH Trpynu. MUHHUMAIHATE Pa3IMKH HA T0-
BHCOKHUTE pE3yJITaTH B JsCHaTa paMEHHAa CTaBa BEPOSTHO c€ abjaT Ha ¢akra, 4e TpH
MOBEUETO OT HAIIWUTE MAIMEHTH TOBa € JOMHHAHTHaTa pbka. OOIIO 3a menus H3ClieBaH
Mepuo/l Hall-HUCKU OIICHKHU ce HaOmoaasat B rpyna 1 (ot 3,90 mo 3,43 B nsacuo u 3,81 mo 3,34
B JIsiBO) u rpymna 5 (ot 3,65 1o 3,07 B gsicHo 1 oT 3,63 1o 3,09 B n14B0). EAMHCTBEHO OIIEHKUTE
Ha mareHTuTe xoxenty Hax 350M. ot HavamoTo (4,45 B mscHO u 4,36 B JIABO) 10 Kpasi Ha
neeroaumaus nepuoa (4,01 B mscHO m 7sABO) ce 3ambpkar Han oneHka 4 mo MMT,
paBHsBama ce Ha 75% OT cuijlaTa Ha HOpMaJIEH MYCKYJIL.

- MMT Ha ¢Juekcusi B JakbTHa ctaBa (durypu 22, 23): Cnaa B OIEHKHTE HAa TO3H
MoKa3aTes ce HaOJroJaBa BbB BCHYKHM TI'pynu. Hali-roysim cmaj B OLIGHKUTE CJIEA Tperara
BH3UTA, OKa3Balll BIMSIHKE HAa (YHKIIMATHOCTTa OTYUTAME B IpylaTa MalueHTH XOJCIIH JI0
350m. (ot 3,48 mo 2,95 B mgsicHo u oT 3,44 no 2,79 B naB0). OuakBaHO Hal-BUCOKH OIEHKH U
Hal-He3HAYMTEJIEH 10 OTHOIIEHUE Ha (PYHKIIMATHOCTTA CIaj MOKa3BaT MalMeHTUTE OT rpyma
6 (o1 4,41 1o 3,97 B nacuo u ot 4,41 o 4,00 B 1s1B0). [lpu Bcuuku ocTananu rpynu KpaiiHaTa
OlleHKa ce 3ama3Ba Hajg 3+ mo MMT. Ta3um oreHka mIpencTaBiisiBa aHTHTPABUTAIMOHHO
JIBUKEHHE ¢ MUHUMAJIHO OKa3aHO CBHIPOTHBIIEHUE HIIM MajKo HaJ (YHHKIHOHATHHS Ipar
JBIKEHHE, KOETO MMa TOJIsIMO 3HAYeHHE 3a U3BbpiiBaHeTo Ha MHOro JIEXK (Hamp. xpaHeHe).

- IIpuy MMT Ha ekcreH3usiTa Ha JakbTHa cTaBa ((urypu 24, 25) KaTo OCHOBEH
MYCKYJ €KCTEH30p U €AMH OT Hali-paHHO 3aCEerHaTHUTE B XOJa Ha 3a00JIIBAHETO MYCKYIIH Ha
MUIITHKUIIATA, aHAJTM3BT Ha pe3ynraTute Ha M. triceps brachii mokasear GaBeH, MOCTEIEH Cra
B OIIEHKUTE Ha TO3M MoOKa3aTen. Hall-BUCOKM CXOOHUW, HAuyajJHU pe3ylTaTH OTYUTAME B
rpynure nanueHTH xoaeu Haa 350M. (4,22 B gscHo u 4,23 B JABO), CIEABaHHU OT Tpyna 2
(4,11 B gsacuo u 4,12 B ns180). [Ipu rpyna 5 - xoaemu 10 350M. oneHKUTE OT Havanoto (3,45 B
nsicHO U 3,51 B 111BO) cnajat ruraBHoO 710 3,03 3a JIiCHA U J1s1Ba €KCTCH3US B JIAKBTHA CTaBH.

MMT aHanu3bT Ha TOJHUTE KpaitHUIM OT Gurypu 26 - 31 nokassa, ye:
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- MMT Hna adaykuus B Ta3o0eapena craBa (purypu 26, 27): CTaTUCTHUYECKHUTE
JAaHHU TIOKa3BaT, HaYaJlHO HUCKU CPEJHM CTOMHOCTH Ha H3Cje/BaHaTa MYCKyjaTypa Mnpu
1ssIaTa u3BaaKa. KpuTuaHo HUCKU 32 (DYHKIIMATHOCTTA Ca CPEAHUTE CTOMHOCTH Ha OI[CHKUTE
B Irpynata nagueHT xoaemu 10 350m. [Ipu TsaX TeHaeHuMsITa Ha IUIaBEeH CHaj ce 3ama3Ba OT
HayanHute (0T 2,87 B AscHO U 2,82 B JIABO) 10 KpalHUTE oueHKU (2,35 B ascHo u 2,44 B
JBO) 3a wu3cienBanusi mepuoi. [lo oTHomIeHME Ha MpoBEXAaHATa Tepanus Hal-O0bp30
HACTBIIBAIMAT CIaJ Ha OICHKUTE, CJEeJ YeTBbpTaTa BHM3UTAa C€ HaOJI0JaBa B Tpymara
MaMeHTH Ha TpoiiHa Tepanus (oT 3,59 no 2,81 B asicuo u ot 3,51 1o 2,85 B 1B0O).

- MMT Ha ekcren3usi B kojasinHa craBa (¢urypu 30, 31): Haii-manbk u 6aBeH criaj
Ha CTOMHOCTHTE Ha OIICHKUTE C€ OTKPHUBA MPH Tpynara nanueHTu xoaemu Haa 350m. (ot 4,38
1o 3,81 B gscHo u 4,35 o 3,82 B J151BO) cieABaHM OT rpyrnara Ha TpoiHa Tepanus NalueHTH.
OkazBaili BB3JCHCTBUE BBbPXY (PYHKIHATA ca OIEHKUTE Ha Tpyma S5 - xoxemu a0 350M.,
kouto crnaaar ot 3,11 no 2,74 B nacuo u ot 3,20 no 2,81 B nsiBo. [Ipu TakuBa cToHOCTH Ha
OIIEHKHUTE CTEIMEHTa Ha MYCKyJiHaTa ci1abocT Moke J1a Oblie ompeesieHa KaTo He0CTaThyHa
3a U3BBPIIIBAHE HA aHTUTPABUTAIMOHHO JBIDKeHHE. OCHOBHHS OTTOBOPEH 3a MPOU3BOJCTBOTO
Ha cmima M. quadriceps femoris cepabpxka okomo 48% Bmakaa ot Il Tum, mpu KOWTO
MOBUIIICHUTE HHUBATa HA PEAKTUBEH KUCIOPOJ WJIM a30TE€H OKCHUJ MOTaT Ja JOBEIaTr 0
KOHTPAKTHIIHA JUCYHKINS, TPUIHHSBAINA B ITOCIEACTBHE MYCKYJIHA CJIa00CT TIPH MAIUESHTH
¢ I[IMJI.

- MMT Ha ¢aekcusi B KoJssHHA cTaBa (burypu 28, 29): AHanu3a Ha pe3ylITaTuTe OT
MMT noka3Ba TEHACHIM Ha CIaj] Ha OIICHKUTE TIPpe3 LeJus Mepro, MoJ00eH Ha MPeIX0THO
W3CcleBaHUTE MYCKYJIHHM Ipynu. BreuaTieHue mpaBST MO-BUCOKHTE B HAyalHHU OIICHKH Ha
rpynutre 2, 3 u 6. Haii-Hucku ca oueHkuTe B rpynara xozemu a0 350m. Husxomsmiarta
TEHJCHIIUS Ha CPEIHUTE CTOMHOCTH U CKOPOCTTa Ha CHaJ Ha OLEHKUTE Mpe3 LEeNus Mepro/I e
enaHakbB 3a aete crpanu (3,63 mo 3,03 B gsicHo u oT 3,66 1o 3,03 B j1s1Bo). EnuHCTBEHO TipH
rpynata xojenty Haj 350M. KpailHUTE OICHKHU ce 3aabpxkaT Haj 4 (ot 4,55 no 4,04 B nscHO U
oT 4,51 nmo 4,08 B n151B0). 3acaraHeTo Ha MYCKYJUTE OYacTBAIIM BbB (hJICKCHUATA HA KOJITHHA
CTaBa HaCTHIIBA XPOHOJOTMYHO HA MO-KbCEH €Tall B XOJa Ha 3a00JsBaHETO B CpaBHEHHE C
ocTtaHanuTe u3cinensaHu rpynd. OCHOBHA poJis 3a YCKOpsiBaHE Iporpeca Ha ¢uiekcopHaTa
cnaboCcT [OMpHHACA paHHOTO 3acsrane Ha M. biceps femoris, nociemsan ot m.
semitendinosus, m. semimembranosus u M. triceps surae, YMKUTO BIIAKHATA HAM-paHO CE
3aMecTBaT OT MacTHAa ThKaH npu auctpoduunus mpoiec (Akima H et al., 2012).

Pesynrarture OT HameTo M3CleBAaHE MOKA3BAaT HEMWHEIHA HAIIBKHA TCHIECHIUS Ha
HEMPEeKbCHATO HApacTBaHE Ha MYCKyJHaTa claboCT B Pa3IMYHUTE MYCKYJIHU TPYIH C
BB3pACTTa M Mporpeca Ha 3a00JABAHETO, MOJA00HHM Ha omukcaHuTe OT apyru aBtopu (Buckon
CE., 2022; Leon M, 2023). Te3u AaHHM ca B MOJKpPENa Ha TBbPACHUETO, Y€ MPOKCUMATHATA
MyCKynaTypa Ha JOJHUTE KPalHHIM ce 3acsira Mo-paHo M MO-TEKKO KaKTO M e, Mporpeca Ha
MyCKyJTHaTa claboCT BOJAU 10 MPOMEHU BBB (DYHKIIMOHATHOTO CHCTOSHUE W HapyllaBaHe
Ka4yecTBOTO Ha ;kMBOT Ha mamueHtute ¢ IIMJI (Hough CL et al., 2011; Samosawala NR et
al.,2016).

KosimyecTBeHaTa oleHKa HAa MYCKYJIHAaTa CWJIa, 4Ype3 PbYHA JMHAMOMETpPHS
(HHD) naBa oGexktuBHa mH(pOpMaLMs 3a cuiara B Haii-3acerHaTHTE MYCKYJIHHU Tpynu. B
M3CIIEIBAHETO BKIIOUMXME MAlMEHTUTe OT BCcuuku rpynu (N=40). M3mepuxme cumara upes
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pbueH aumHamoMmeThp MicroFet2 B kunorpamu. HM3cienBaHeTo WU3BBPIIUXME ChIIIACHO
CTaHJAPTU3UPAHU MIPOTOKOIIH, CIIOPE] KOUTO BCIKO TECTOBO JIBM)KCHHE O€Ille M3BBPIIECHO OT
HEyTpaJu3UpaHa OT TPaBHTAIUATA TO3UIUS NIPU M30METPUYHA MYCKYJIHA KOHTpakius (van
der Ploeg RJ et al., 1991; Andrews AW et al., 1996).

AHanu3bT Ha KOJMYECTBEHA OLIEHKa Ha MYCKyJIHaTa cuja (IUHAMOMETpUs) O Tpynu
npencraBeH B Tadbmuma 20:

- AOaykuus B IsICHA paMeHHA CTaBa: CTATUCTUUECKUTE JAaHHU [TOKa3BaT 3HAYUM CIIaJ]
Ha BTOpaTa BHU3UTa CHPSAMO MbpBaTa Ipu xoaemure 10 350M., HO N0 OTHOLIEHUE
(YHKIMATHOCTTa Ha MAallMeHTa TEe3U CTOMHOCTH ca JOCTaThbYHU 34 H3BBPLIBAHETO Ha
AQHTUTPABUTAIIMOHHO JIBIDKCHHE C MaJKW OTKJIOHEHHWs 0e3 mpuiiokHa cTouHocT (oT 3,53 -
2,79xr). B rpynara xonemu Haa 350M. 1opu UMa TEHJSHIMS 3a MOBUILIABAaHE HA MYCKYyJHaTa
CHJIa, KaTo B MOCJIETHUTE TPU BU3UTU CTOMHOCTUTE Ca IOCTOBEPHO MO-BUCOKHU OT TE€3H Ha MO-
Majiko TojBMkHaTa rpymna. Cpennarta omeHka oT 3,99xr. noctura 4,30kr. Ha MeTa BHU3UTA,
koeto oTtroBapst Ha 10% mnoBumeHue. 3a LeNMTE HAa CaMOOOCTYKBaHETO Ta3M CHJIa HMMa
3HaYUM XapakTep U OM Morja ga Ob/ie ChIIOCTaBEHA C AHTUTPABUTALMOHHO JBUKEHHE C
MaJIKO ChIpOTHUBIIEHUE. Ta3u pazinka MexIy ABETE IPYNHU 3a MOPEeH MbT MOTBbPIKaBa, ue
3armoyHaTaTa HaBpeMe KOMILUIEKCHa Tepanusi MOXe He caMmo Ja CbXpaHHu (YHKIHATA, HO U J1a
Haarpamu (¢purypa 32).

- dJiexkcus B JsiCHA JakbTHa cTraBa: npu rpynute ¢ KT u xonemu g0 350M. cmaast e
Hail-u3pazeH - ot 4,10kr. B HAYaJIOTO HA W3CJEIBAHUS MEPUOJ HamMalsaBa 10 3,32Kr., KOETO
MoKa3Ba cuja JOCTaThbuHAa 3a U3BBPILIBAHE Ha AaHTUTPABUTALIMOHHO JABM)KEHUE TpU
nporpecupaiia MyckyiaHaTa ciadoct. Tyk € BakHO 1a ce oTOenexu, ue piaekcusiTa B JIaKeTHa
CTaBa Hal-paHO ce 3acsira OT KOHTPAaKTypH. BB3MOXKHO € TO3M cmaja Ja ce ABKU Ha
dbopMupallld ce KOHTPaKTypH, KOUTO INpedaT Ha JBUKEHHUETO U OCOOEHO M0 ce Kacae 3a
JsicCHaTa pbKa, KOSATO B IOBEYETO Cilydyau € JOMHUHAHTHA. OOMKHOBEHO KOHTPAKTypHUTE
HACTBIIBAT MPH MpeynoTpeda WiK JOUIO NO3UIMOHUpPaHEe, 0COOEHO MPH MalMeHTH B KbCHATa
amOynartopHa ¢aza wid 3aryOousm crocoOHOCTTa cH Ja XoAaT. ToBa ce MOTBBP)KIaBa OT
¢dakra, 4e CpeIHUTE CTOMHOCTU W 3a METTE€ BU3UTH ca JOCTOBEPHO IO-BUCOKH 3a rpymnara
xoneny Hag 350m (purypa 36).

- Excren3usi Ha AsicHa JaKbTHa craBa: MycKyllHaTa cujia U3XOJHO € MO-HHCKa OT
Ta3u Ha ¢uekcusaTa - cpeaHo ot 3,10kr. 3a excreHsuara npu 3,61kr. 3a daekcusita. Tyk
HAaMaJICHUETO Ha CPEAHHUTE CTOWHOCTU € cnabo, mo-manko ot 5-10% ot myckynHara cuia.
[IpaBu BrieuataeHue, 4e TyK Pa3IUKUTE MEXKIY I'PYNUTE MOABIKHU U TI0-MAaJIKO TOIBUKHH ca
HUIIOKHU. Hali-BepoaTHO eKCTeH30pHaTa MYCKyJaTypa, KaTo MPOKCHMallHA Ce 3acsira paHo,
HO 3apa3iuka OT (UIEKCOPUTE U NPOHATOPUTE TA KMa TO-MajJKO 3HAYCHHE 32
caMo00CITy>KBaHETO U € TI0-MaJIKo MpeynoTpedsBaHa. Bp3M0OXKHO € ekcTe30pHaTa rpymna jaa ce
3acsara npeau GiekcopHaTa U TOBa Jla HaMalsiBa pa3liukara MyxKay aBete rpymnu (durypa 34).
- AOnykuusi B JasicHa Ta3o0eapena craBa: HalOmiomaBa ce  pa3HOMOCOYHA
CUrHU(HUKAHTHA TEHICHIMS, MPH KOSITO MYyCKyJdHAaTa cuja mpu xojemwurte Hag 350M. ce
yBelIMYaBa, a B Jpyrara rpymna HamalsBa (Makap U MpPU CTATUCTHUYECKU HUIOXKHU Pa3IMKU
MeXay aBere rpynu). Hue cmsitame, ye TOoBa € BB3MOXKHO Ja C€ ABIKM HAa MO-KBCHOTO
HAyall0 Ha JICYEHHWE M HavyamHus (QYHKIMOHAIECH CIaj, KaKTO TOKa3BaT M JaHHUTE Ha
Beenakker EA u cvaem., (2005)(purypa 38)
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[lo oTHOmIeHMEe Ha TMpWiIaraHara Tepamnus, KakTo 3a a0AyKIHsTa B JsACHA paMEHHa
CTaBa Hal-BHCOKM KOJIMYECTBEHH CTOWHOCTH ce HabmomaBar BBB Bropa rpyma (KT u KC
Tepamnus), cielBaHa OT TpeTa rpyma 3a aOayKTopuTe. 3a Te3W TPYHH IOKa3aTelIuTe ca
CTaOMJIHU BBB BPEMETO 32 a0IyKIHATa U CIaj] BbB (DIeKcHusra.

[Nanuenture nposenu KT u KC Ttepanus (rpyna 2) umar Hail-BUCOKHM CpEAHU
CTOMHOCTH 32 €KCTEH3HUs B JSICHA JIaKbTHA cTaBa. ChIIOTO c€ OTHACA U 3a AsCHA Ta300eapeHa
craBa. CMsTaMe, 4ye TOBa € BB3MOXKHO € Ja C€ JBbJDKM Ha NPOTEKTUBHUS €(eKT Ha
KOPTHKOCTEpPOUIHATA Tepamusi Npu mpoabnkuTenHa ynorpeda (Pizzato TM et al., 2014;
Brussock CM et al.,1992; Escolar DM et al., 2001; Fowler WM Jr et al.,1995; Merlini L et
al., 2002; Vandervelde L et al., 2009)

- AOaykuusi B JsiBa paMeHHa craBa (¢urypa 33). cTaTUCTUYECKUTE JAaHHU IOKa3Bar,
0aBHa HM3XOJAIA AUHAMUKa Ha YETBbpPTa U NeTa BU3UTA €IMHCTBEHO IPH rpynara XoJellu
1o 350m (ot 3,49 - 2,83kr). [TogobGen cnag ouakBaHO ce HaOaBa NMPH MAIMEHTH B KbCHUTE
amMOyJIaTOpHU U paHHHUTE HeamOynaTtopHu (a3u (Mexay 8 u 11 roguHu) U BEpOSITHO TOraBa
Bce ollle He OM 3acernan 3HauntenHo GyHkiuanHoctrta (Stuberg WA et al., 2006; Pizzato TM
et al., 2014). TIpoTHBOMOJIOKHO Ha MPEAXOIHATA TPYIla, IPU MAIMCHTUTE XoAenm Haa 350M.
CpEeIHUTE CTOMHOCTUTE C€ 3abpiKaT BUCOKH, CTAOMIIHO OT cpesara (cpeano 4,31kr.) 1o kpas
Ha wuscienBanus nepuon (cpeano 4,33kr). TonmsiMata pasnuka Mexay JBETE€ TIpyNH
MOTBBPXKAaBa Bpbh3KaTa MeX/1y Bb3pacTTa, HAYaJIo0TO Ha TEpaIuaTa 1 Xo/1a Ha 3a00IsIBAaHETO.

- ®duexcusi B JsABa JaKbTHA cTaBa: BbB BCHUKM TPy, ¢ M3KIIOYCHHE Ha BTOpA
rpyna (KT u KC tepanus), makap u 6aBeH ce HabJr01aBa IPOTPECUBEH CIajl OT HAYaJIOTO JI0
Kpasi Ha u3cinenBanus nepuod. [Ipu mo-nmojaBukHATa rpymna CpeaHUTE CTOWHOCTH Ha CHJaTa
ocTaBaT cta0miIHM 3a 1enu nepuo (ot 3,80kr. B Ha4ayioTo 710 3,56Kr. B Kpasi) ¥ 3HAYUMO T10-
BHCOKH OT Tpymnara Ha xoaemmuTe 10 350m. (ot 2,96 - 2,06kr). ToBa 6u MOrio a ce 00sICHU ¢
nporpeca Ha 3a00JIIBAaHETO M PAHHOTO AaHTAKUPAHE Ha JJAKBTHUTE CTABU CJEJ]l JBUTATEITHUS
cnaz (purypa 37).

- ExcreH3usi Ha JifiBa JIJaKbTHA CTaBa: M3XOJHOTO HUBOTO Ha MYCKYJIHAaTa cuja B
rpynata xoxaemu 10 350M. (cpeaHo 2,57Kr.) € Mo-HUCKO OT TOBa Ha MO-TOJBMIKHATA I'pyla
(cpenno 3,44kr.), KaTo TEHACHLHMATA HA Ta3W pa3jMKa Ce 3ama3Ba [0 IMOCJIeTHAaTa OICHKA.
JlunamukaTa Ha OaBeH, OCTENEHEH CraJl ce Hab0jaBa BbB BCUUKU I'PYIH 32 LENUS IEPUO/IL.
BeposTtHo gpmkaiia ce Ha (pakTa, ye MPOKUMATHUTE MYCKYJIHM TPYIH Ce 3acsrar Mmo-paHo,
KakTO M, 4Ye JsABaTa pbka OOWKHOBEHO € HEJOMHHAHTHA M [0O-MajKO H3MOJ3BaHAa B
exenneBueto (purypa 35).

- AOxykumust B JsiBa Ta3o0egpeHa cTaBa: B rpynara Ha xojeumre Hapg 350m. ce
HaOmoaBa TEHJCHIMS Ha YyBelWYaBaHe HA MYCKyJHATa CHJIa Ha TperaTa BH3HTA,
pa3HOMNOCOYHA CUTHU(UKAHTHA TEHACHIIUS Ha HaMalsBalla MyCKyJIHAaTa CHJIa MPU XOJEIIUTe
nox 350Mm. Ilo-kbcHOTO Hayano Ha JeueHue UM (QOopMHpaHMUAT (YHKIMOHAJEH craj Ouxa
MOIJIM Jla ca Bb3MOXKHA NpUYMHA 3a Ta3u TeHAeHuus. [lonoOHM NaHHM ca omucaHu OT
Beenakker EA u cvasm., (2005)(durypa 39).

I[lo orTHomeHWe Ha NpuiaraHata Tepanus, CTAaTUCTUYECKUTE JaHHU ca
NpOTHBOpEeUnBH. 3a abaykuusara B jsgBa pameHHa craBa rpymnara ¢ KT u KC npesb3xoxna
rpymnara ¢ TpoiHa BbB 2, 4 U 5 BU3UTa, JJOKATO B OCTAHAINTE JBE BU3UTU € 00paTHO (Makap u
B anreOpuyeH miaH). Te3u JaHHU HE HU JaBaT Bb3MOXKHOCT J1a OTKpUEM HSKaKBa CHUTYpHA
3aKOHOMEPHOCT BBB BpemeTo. OT jpyra cTpaHa HpeBB3XOJCTBOTO B 4 M NeTa BU3UTA MpU
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rpynaTta ¢ ABOWHA Tepamus MOXeE Ja MOKa3Ba TeHICHIHMA 3a B Objemie. ChIIOTO Baxu 3a
¢rekcusTa B JIABa JaKbTHA CTaBa, MPH KOSTO TPAaWHO PE3yATATUTE ca Hail-BHCOKU B rpyra
nBe (B areOpuyeH IJIaH).

Ot eana cTpaHa 3HAYMMUTE PA3IUKU ce HaOMomaBaT Mexay rpynure 1 u 2, u 1 u 3;

OT Jpyra Hau-BHCOKara cpenHa ctolHoct € Ha rpynarta ¢ KT u I'T, a Hali-HuMCcKkaTa B rpynara
c Tpure nedeHus. Hue HiMame oOsiCHEHHME 3allo rpynaTta ¢ JONBIHEHA T'€HHA Tepamus He
naBa 1o-100pu pesynratu ot komOuHarusaTa Ha KT camo ¢ KC. ExunctBenoTo o0sicHeHHe 32
TO3u (pakT OM MOTJIO J1a ce Kpue BbB BH3MOKHOCTTTA T'€HHATa Tepanus Ja MOACHCTBA Ha MO-
KBbCEH eTar TYK.
- Excren3usi B IsicHa W JIiBa KOJISIHHA CTaBa MYCKYJIHATa CHJIA € CTaTHCTUYECKU
JIOCTOBEPHO TMO-BUCOKA B Tpymara xoAemu Haa 350M. u 3a meTTe BUBUTH. 3a XOJICUIUTE MO 1
Hag 350M., KakTO W rpyna 3 WMa TEHJEHIMs 3a ClajJ B CWiIaTa NPH €KCTEH3Us B JICHA
KOJISTHHA CTaBa, JIOKATO B JIsABaTa KaJsTHHA CTaBa HAMA SICHO M3pa3eHa TeHICHIIUS 3a CIaJl WK
yBenu4eHue. Pa3nukure Mex Iy JIeBUs M IECHUS KpaK MOJKe J1a OOSICHIM ¢ OOMYaitHHsI X0/ Ha
Hampe/BaHe Ha OOJIeCTTa W W3TPAKIAHETO HAa XapaKTePeH KOMIIGHCATOPEH MOJIe.
Excrenzopute Ha KOJITHHAaTa CTaBa HAa JOMHHAHTHHAT Kpak (IECHUS) MOeMaT TeXeCcTTa Ha
TSJIOTO, MYCKyJaTypara cTpaia OT TMpeyrnoTpeda W MpeHaToBapBaHe, KOETO BOIH IO
HapacTBamara cimaboct. HeZoOMUHAHTHUAT Kpak OOWYaifHO 3aeMa KOMIICHCATOpHA TMO3HIUS
Ha a0IyKIMs W BBHHITHA POTAlUs B Ta3al0elpeHaTa CTaBa, €KCTEH3WS B KOJSHHATA CTaBa, U
TanTapHa (JIEKCUs B IJI€3CHHATA CTaBa IPH MMOBHIIICHA MHKIMHAIIKSA Ha Ta3a (hurypu 40,41)
- ®dexcunTe B JISIBA M JAACHA KOJSIHHA CTaBa MOKa3BaT CTAaTUCTUYECKHU 3HAYUMO I10-
BHCOKH CTOMHOCTH Ha MYCKYJIHAaTa CHJia B NOCIEAHUTE JIBE (3a JIsiBa KOJISIHHA CTaBa) WIK TpU
BHU3UTH (3a JsiCHATa KOJISTHHA CTaBa) 3a XoAemmuTe Haj crpsMo moa 350m. Ceio Taka mpu
xonemure Hag 350M ce HaOmMI01aBa yBEJTMUEHNE Ha MMOKa3aTeIUuTe B MOCIEAHUTE TPU BUZUTH.
Brorpeku, ue ¢uiekcopure ca 00eKT Ha IMCEBIOXUNEPTPOPUS TOPENOCOUCHUTE TaHHHU JaBaT
uHpopmMalus B ChbXpaHsIBaHe WK MOAOOpEHNE HA CUIIaTa MPH 3alI0YHAINUTE [0-PAHO Teparus
C MO-HHUCHK MbpBOHaYaieH aeduut (hurypu 42, 43).

Bnusnuero Ha mpoBeleHaTa Tepamus B TOPENOCOYEHUTE MYCKYJIHHU TPYNH MOKa3Ba
MOJA00HM TEH/IEHIIMH, KaKTO MpU a0AYyKIMsATAa HA paMEHHATa CTaBa. - 32 €KCTEH3UsTa B JSICHA
U JIsBa KOJISHHA CTaBa MPU BCUYKM BHU3UTH Hal-BHCOKA CpeHAa CTOWHOCT 3HAYMMO HMMar
nexyBanute ¢ KC u KT, cnensanu ot TpoitHara tepanus (0e3 curaudukantHocT). Paznukure
B T€3U CTATHCTUYECKU JaHHU MakKap U 3HAYUMH HSAMAT CHIECTBEHA CTOMHOCT MO OTHOIIECHUE
¢dbyHkroHamHus pe3epB. ChIIOTO ce OTHACS 32 (IeKCHsATa Ha JsICHA U JIsiBa KOJISTHHA CTaBa.

YcTaHOBeHHTE OT HAC PE3yATaTH 3a JMHEMHO HaMmalliBaHE Ha MYCKyJlHaTa CHIa, C
TEYeHHE Ha BpPEMETO U Mporpeca Ha 3abossBaHeTro mnpu mnamueHtu ¢ [IMJ] JromeH, ce
MOTBBPIKIABAT C TAaHHUTE OTKPUTH B juteparypara (Scott OM et al.,1982; McDonald CM et
al.,1995). IIporpecuBHUAT XOJ Ha TOBa 3a0OJIIBAHE OIPEEINsi HETaTUBHOTO BB3JCHUCTBHUE
BbPXYy MYCKyNHaTa cuiara npu mnanueHtute ¢ [IMJ[, mpu OTHOCHUTENHO HEMpPOMEHEHO
dbyukmronanHo npeacrassue (Pizzato TM, et al.,2014).

‘braomerpusaTa Ha nop3anHaTa (uekcHs B IIe3eHHHTE CTABHM IIPU MALMEHTHUTE C
I[IMJ] tun JlromeH ciayXu 3a TOpocleAsBaHE IMporpeca Ha 3a00JsiBaHETO U edekra oT
IpUIaraHUTe TePareBTUYHU MeponpusaTus. B u3cnenBaneTo 0sixa BKIIIOYEHU MALUEHTUTE OT
Bcuuky rpynu (N=40), BKIIOUYUTETHO U HEaMOYJIaTOPHUTE MAIMEHTH C HAIMYHU KOHTPAKTYpH
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B IJle3eHHUTE cTaBu. Tbi Karto npu nauueHture ¢ 1IMJI [JromeH nuncBaT orpaHu4eHus B
obeMa Ha IUIaHTapHaTa (QIIEKCHS B TJIE3CHHHUTE CTaBU HAIIETO W3CJICABAHE BKIIIOYBA
BIIIOMETPHUST €IWHCTBEHO Ha Jop3ainHarta (rekcuss Ha TJie3eHHaTa craBa. M3cienBaHeTo
n3Bbpuinxme ot UII - TriieH Jier, kato U3Mona3BaxmMe YHUBEPCAJIEH TOHUOMETB.

PesynraTtuTe OT aHanM3a Ha MOKa3aTess bIVIOMETPHUS HA Aop3aliHa (ICKCHUs B JSICHA U
JIsiBa TJIE3€HHM cTaBU OT Tabnuna 13 u urypu 44-45 nokassa, 4e: cpeJHUTE CTOMHOCTH Ha
W3CJIC/IBAHMS TTapaMeThp CIeBAT TEHCHIMS Ha CIaJl BbB BCUUKU IPYIU 3a LEIUs U3CIIC/IBaH
Nepuo/, B JsCHA U JIsiBa TJIE3€HHHU cTaBW. Hali-HUCKM HaYadHU OTPUIIATEIIHU CTOMHOCTH MpHU
JSiICHATa U JiaBaTa TJIE3€HHU CTaBU ce HAOI0JaBaT B rpynarta MarueHTd xoaemu 10 350M.,
OTpaHWYEHUATA B 0OeMa Ha jJop3aiHaTa uieKcusi mporpecupar ot -2,44° no -8,28° 3a msicHa
u ot -3,50° mo -8,61° 3a nsBara TIIE3CHHW CTaBU 3a JBErONUIITHUSA Tiepuoj. Haii-Bucoku
HaYaJIHU CTOWHOCTH, MPUOIU3UTEITHO JBOWHO TO-BUCOKHW 3a JIsIBa U JICHA TJIE3€HHA CTaBa
“Mar namueHTute ot 6 rpyma. CnaabT B 00eMbT Ha JBWKEHHE B Ta3W rpyla mporpecupa oT
8,23° no 5,59° 3a msacua u ot 7,00° mo 4,00° 3a nsABa riae3eHHa cTaBa B Kpas Ha BTOpara
roguHa. B TepanmeBTWYHUTE TPyNMH EAMHCTBEHO NAIMEHTHUTE OT 3-Tpyma MPUKITIOYBAT
W3CIIEIBAHETO C MOJOXKHUTENMHU Tpamycu (2,00° 3a mscHa m 1,00° 3a nsBa TyI€3€HHA CTaBa).
[Tonqo6na kopemanmuu MeXay aMOylIaTOpHHUS CTaTyCc Ha ManmueHTHTe U crnaabT Ha OJ] Ha
nop3anHara iekcus ca ycraHoBeHu oT Leon M u chaBr., (2023) u Kiefer M., (2019).

KomOunamusta oT mporpecupaiia MyCKydHa claboct, 3aryba Ha MYCKyJHa
€IaCTUYHOCT U JIOIIO TO3UIMOHHpAHE Ca OCHOBHUTE TMPEANOCTAaBKH 3a pPa3BUTHETO Ha
CTaBHO-MYCKYJHUTE KOHTPaKTypH. 3ama3BaHeTO U TMOJIbp:KaHeTo Ha KputuyHute 0°
(HeyTpasHa MO3UIIMSI) B TJIE3EHHUTE CTaBU € OT U3KIIIOYUTENIHA BaXKHOCT 3a ChXpaHsIBaHETO Ha
camocTosiTeIHaTa Noxojka. [Iporpeca Ha KOHTPAKTYpUTE€ Ha axXWJIECOBUTE CYXOXKUIUS U
dbopMHUpaHETO Ha  XapaKTEpHOTO 3a 3a00JSBAHETO EKBMHOBAPYCHO CTBIANO BOJAT [0
orpaHHueHusi B oOeMa Ha JBW)KCHHE Ha IJIE3CHHUTE CTaBU, KOETO BIIMsSE€ HETaTUBHO Ha
noxonkara Ha nanpeHtute ¢ [IMJI tun Qromen. Tasu TeHACHIMS ce yCKOpsiBa OBP30 cle
3ary0aTa Ha CaMOCTOSATEHA MOX0/IKa U MPEeMHUHABAaHEeTO KbM MHBaNKAHA Konyka (McDonald
CMetal., 1995; Skalsky AJ u casm., 2012; Choi Y-A et al., 2018).

DyHKIMOHAIHU TECTOBE C MPHIIOXKEH Xapakrep ca einemenTute Ha Performance of
the Upper Limp (PUL) moayn Tecr.

I'1o6asien Tect 3a QyHKUMATA HA TOPHU KPAaWHUIM, aHAJOTHMYEH Ha TecTa Ha bpyk
e PUL A. Toii noka3Ba 3Ha4lMO MO-BUCOKH CTOMHOCTH 32 BCHUKH BU3UTH MPHU XOACUIUTE HAJl
350m. (cpemno ot 6,00 mo 5,67T.) cbC CUrHM(HKAHTHA TEHJCHIMS 3a TIOHM)KaBaHE TNPH
BCUYKHU TPYIH, C W3KIIOYEHHE Ha Trpyna 3 (KbAETO CHaabT € HecUrHu(uKaHTeH) (Tabmuna
30). Te3u maHHU NMOTBBPKIaBaT ¢akTa, 4e MycKylaTypaTra Ha TOPHUTE KpalHUIIM ce 3acsira
MO-TeKKO Ha TO-KbCEH eTalm OT pPa3BUTHETO Ha 3a00NsiBaHETO, a CHagbT Ha
(YHKIIMOHATHOCTTA B TSIX CE YCKOpaBsiBa ciiell 3aryoara Ha moxojkara. [laiuenture ¢ TpoitHa
Tepanus U 3a MeTTe BU3UTH UMaT Hail-BUCOKa cpefHa cToiHocT (oT 5,89 1o 5,67T1.) cinenBana
oT Ta3u ¢ aBoiiHa (ot 5,92 10 4,9271.) (tabnuna 14, purypa 46).

[Tokazarenute OT BHCOKO HHMBO - pamo Ha PUL Ttecta Hu nmaBaT uHdopmamnus 3a
CTeNeHTa Ha (PYHKIIMOHAIHOCT Ha MPOKCUMATHUTE OTACTU Ha TOPHUTE KPAHUIIM pa3riielaHu
B Tabuua 15 u ¢urypa 47.
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- PUL B (abaykuusi B paMeHHa cTaBa 10 HUBOTO Ha pamoTto) u PUL C (abaykuus
B paMeHHA CTaBa HA/ BHCOYHMHATA HA PaMOTO) IOKa3BaT CBIIO, Y€ HM3O0JIUPAHOTO
NPUIIOKEHUE Ha KHHE3UTEPaNHsi KaTO CAMOCTOSATENICH TEPAaeBTUYMH METO/ MMa W34YepIIBaIll
ce BbB BpeMeTO e(eKT M0 OTHOLICHHE Ha cujaTta U QyHKIUsTa, fokato Tpynure camo ¢ KC
wm KC u I'T mokassar no-no0pu pesynratu (03 sicHa 3HaYMMa pasirKa MoMexIy um). Tyk
ce 3ama3Ba TEHICHLUATA 32 3HAYMMO IIO-BUCOKM CTOWHOCTHM Ha TE3W TOKa3aTeld MpH
xoxeumure Haa 350M., KOUTO OTHOCHUTEIHO C€ 33abpKaT BbB BpeMeTo. CTOHHOCTHTE AOPH
MOKa3BaT TCH/CHIIMA 32 TIOBUIIIABaHE MEK/y BTOpA U YETBBPTA BU3MTA, CJIE] KOETO TOKa3BaT
OaBeH crniag. HaGmronaBanuTe peayknuu B ctoitHOCTHTE Ha moka3atesmre PUL B (ot 3,86 no
3,62r.) m PUL C (ot 3,71 mo 3,621.) ca TONKOBAa MHUHHMAIIHH, Y€ HAMAT NPUIIOKHA
(dbyHKIIMOHATHA CTOMHOCT (KoeTo € B nuarnazona mMexay 500 u 1000rp. mpusaoxkeHa TEXKECT).
Hammre pe3ynaratd ca aHAIOTHMYHH C ONMUCAHMUAT MOJEN Ha MYCKYJIHO 3acsiraHe W paHHO
aHTa)XHpaHe Ha MPOKCUMAIHUTE MYCKYIIHU TPYITH Ha paMEHHHUS TOsIC.

- PUL D (¢uaexkcuss B pameHHa craBa /0 BHCOYMHaATa Ha pamoro) u PUL E
(ps1excusi B paMeHHa CTaBa HA/l BUCOYMHATA HA paMoTo). TeHIeHIHATA 32 MOHIKABaHE
Ha CTOMHOCTHTE Ha TE3W MOKa3aTeln BbB BPEMETO ce HaOIro/laBa B IMOYTH BCHYKHU rpymnd. B
rpynata xojemu Hajx 350M. HayaJHWATE MO-BUCOKHM CTOMHOCTH 3ama3BaT TEHJEHLUS Ha
CTa0MIIM3aIsl 1 MAUHUMAJICH CIIa]] HETOCPEJACTBEHO B Kpas Ha W3CIEIBAHHS TEPHOJ U TpU
neara nokazarens PUL D (ot 3,67 mo 3,57T.) u PUL E (ot 3,71 mo 3,57T.), 6e3 ToBa 1a BOaU
70 TpoMsiHA Ha KpaiiHaTta olleHka. TeHJeHuusTa 3a Obp3 AWHAMUYEH CHajJ B TPYNUTE
nanueHT xonaent 10 350m. croiinoctute HAa PUL D (ot 3,11 -moBaurane Ha texxect S00rp.
1o 2,06T. - mopaurane Ha texect 200rp. 1o HuBoTO Ha pamoTto) U PUL E (ot 3,17 no 1,89r. -
HEBB3MOKHOCT 3a IOBJAWraHE HAa TEXECT HaJ HUBOTO HAa pPaMOTO) IOKa3BaT 3HAUYUTEIHO
orpaHMyYaBaHe Ha (YHKIMAIHOCTTa, CIPSMO NpuioxkeHaTa TexkecT. [lo oTHomieHue Ha
TepanusTa Te3W MOKa3aTelu IOKa3BaT I'pPaHWYHA CUTHU(UKAHTHOCT HA PA3IUKUTE MEXIY
rpyna 1 (KT) u agpyrure nBe rpynu ¢ mo-WHTEH3WBHA Tepanus. EITWHCTBEHO B rpymnara
MPOBEXKAAIM CaMO KWHE3UTepanus MoHmwkeHnero Ha croitHoctute Ha PUL D (ot 3,13 mo
2,271.) u PUL E (ot 3,27 mo 2,201.) Moske fa ObJic ThIKYBaHO KaTO CIaj] B MYCKYJIHATa CHIIa
(HeBBb3MOKHOCT 3a mopaurane 500rp. TexecT 10 M HaJA HUBOTO Ha paMoTo). To3m dakr
BEPOSITHO C€ ABDKA Ha IIbPBOHAYATHUS JBUTATENCH MUGUIUT U Hal-paHHOTO 3acsraHe Ha
MIPOKCUMAJIHATa MYCKyJIaTypa Ha paMEHHUS MOsIC U U3UEPIBAILUAT C€ BHPXY cuiara eeKT Ha
KT meronn.

Pesynrature Ha crenBamuTe TMOKa3aTeNW JaBaT HHQOpMAIMsS 3a CTENeHTa Ha
(bYHKIIMOHATHOCT B CPETHOTO HMBO HA TOPHUS KPaiiHUK - JaKbT (Tabm. 16-17, ur. 48-49). Te
ca elleMEeHTH, aHaJIOTUYHU Ha Haii-uecto u3BbpBanute JJEXK. [Ipu ananusa Ha pesynrature oT
TOBa HUBO YCTAaHOBHXME, Y€ HAl-TOJISIMO 3HAUYEHHUE M0 OTHOIICHEHHE CTETEeHTa Ha 3ala3BaHe
cHJIaTa Ha MYCKYJIUTE OKOJIO JlaKbTHAaTa CTaBa M CIIOCOOHOCTUTE 3a M3BBHpIIBaHe Ha JIEXK
umart nokazarenute PUL |, PUL I-Bpeme, PUL J, PUL J-Bpeme, PUL K, PUK K-Bpeme, PUL
L u PUL L-Bpeme. IIpu aHanu3a Ha pe3ynTaTuTe Ha OCTaHAJIMTE MOKA3aTelIn OT TOBA HUBO HE
ce YCTaHOBHXa IWHAMUYHU CIaJI0BE, KOUTO Jia I0OBEAAT A0 3aryda Ha (yHKIIMOHAIHOCT.

- [Ipu ananuza Ha pesyntarutre Ha PUL | (moBaurane um mpeMecTBaHe Ha S JieKH
KeHYeTa) He ce HaONMoJaBaT BapuallMd U AWMHAMUKA B cToWHOCTHUTe Ha Bcuuku (100%)
MarueHT oT u3ciensanute rpynu (5,00T. oT HauamHaTa 0 KpaiiHaTta olleHka). ToBa mokas3sa,
4ye MalUeHTUTE OT IslaTa W3BaJka ca OWIM CIOCOOHM Ja W3BBPIIBAT JACUCTBUETO OT
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HA4aJIoToO JI0 Kpas Ha JBe roauuiHus nepuod. Ilo otHomenue Ha nposeneHara tepanus PUL
|-Bpeme (moBauraHe W mpemMecTBaHe HAa 5 JleKH KeHYeTa, B CEKYH/M) MMOKa3Ba HAIWYHA
CUTHU(HUKAHTHOCT € HHU3XOJslla TeHAeHIus B rpynute nposexxaamm KT (ot 4,25 mo
5,73cex.) u xoxmeum g0 350m. (ot 4,22 nmo 5,66cek.) 3a wu3CIEABAHUS TIEPUOJL.
[IpoTuBONONIO’)KHA HAa Ta3uW TEHACHIMS ce HaONIoJaBa B OCTAHAIMTE TpYIHU, CPEIHO
HE00X0IMMOTO 32 U3BBPIIBAHE HA Ta3M ACWHOCT BpeMe HamallsiBa, Hali-3HAYUTEIHO B rpyma 3
(KT, KCulIT-ot 3,90 na 3,47cex.), cieaaHo ot rpyna 6 (xonxentute Hag 350m. - ot 4,12 Ha
3,51cek.) urpyna 2 (KT u KC- 4,23 na 3,88cek. u npu rpyma) (tabmura 16, ¢purypa 48).

- Pesyarature or PUL J (moBaurane m mpemMecTBaHe HA S5 TeKKM KeHYeTAa) NpU
yuactHuiute ot rpynute 2 (KT un KC), 3 (KT, KC u I'T) u 6 (xomeum Hax 350M.) He
MOKa3BaT CUTHU()MKAHTHA PA3INKH W TEeHACHIWH. IIpW BCHUYKM TAX cpeqHaTa OIEHKa OT
5,00T. moka3Ba CIOCOOHOCT 3a U3BBPIIIBAHE HA JCHHOCTTA TIPE3 MENIUsl JBE TOAMIIEH TEPHUO/I.
TennennusaTa 3a MHUHUMAJIEH CHaJ W AHAJOTMYHHUTE PA3IMKH B CPEJHHUTE OIICHKHTE Ha
rpynute npoBexaamu KT (ot 4,80 no 4,201.) u xonmeu no 350m. (ot 4,83 mo 4,331.),
BEPOSITHO C€ AbJKAT HA MbPBOHAYAJICH JBUTATENEeH Ne(QUIUT, HO MMOKa3BaT CTaOMIM3allMsIHA
(GYHKIIMOHATHUS pe3epB 3a Mepuoja OT JIB€ TOAWHHU (OT HAYaJOTO N0 Kpas Hau3CJeIBaHUS
MepHo/l, MallMeHTUTEe yCIsIBaT Ja MOBJIWTHAT U MpeMecTAT yeTupu keHdera). PUL J-Bpeme
(moBaMraHe M mpeMecTBaHe HAa 5 TEeKKHM KeHYeTa, B CeKyHaAM). Pesynrarute mnokasBar
ycToWyMBaTa MOHWKaBallla TEHJACHLNS Ha CPEJHUTE CTOMHOCTUTE B TPYNHUTE C yBEJIUYaBaHE
Ha MHTEH3WBHOCTTA Ha Tepaluara B TAX. ToBa ce HaOII0AaBa 0COOEHO B TPYyIUTE C TPOHHA
tepanus (ot 4,53 mo 3,38cek.) u xoxenute Haa 350m. (oT 5,26 o 3,68cek.). [Ipu manuenTute
ot rpynute npoexaamu KT (rpyma 1) u xogemm g0 350m. (rpyma 5) cpeaHuTe CTOMHOCTH
ca CTaTHUCTUYECKU JTOCTOBEPHO MO-BHCOKHHU C MPOTHBOIOJIOKHA BB3XOJAIIA TeHAECHIUS (OT
4,92 nHa 5,40cex. 3a mppBa rpyna u or 5,05 Ha 5,84cek. 3a rpymnarta XOJACIIH MOJ
350m.)(tabmuna 16, ¢purypa 48) ToBa BeposiTHO MOTBBPKAaBa akTa, ye MPH MALUCHTHTE C
HayajieH JeQUIMT CKOpOCTTa Ha TMpOorpec Ha MyCKyJdHaTa claboCT aHTaxupaiia
MYyCKyJaTypaTa Ha TOpHUTE KpallHUIU Ce YCKOPSIBA.

- PUL K (napexiaHe Ha 5 JieKH KeHYeTa eIHO BBpPXY Apyro). IIpu nHavamHara
OIICHKA MAIlMeHTUTE OT LisAjaTa U3BaJKa MOKa3BaT Bb3MOKHOCT 32 U3BBPIIBAHE HA JIEHHOCTTA.
B rpymure 2 (KT u KC), 3 (KT, KC u I'T) u 6 (xogemu Hax 350M.) CTAaTUCTUYECKU 3HAYMMA U
(GyHKIMOHATHA JTWHAMUKA HE CE€ yCTAaHOBSBAT - MakcumanHaTa oueHkara oT 4,00T. ocraBa
HEMPOMEHEHa OT HAuyaJloTO JO Kpas Ha H3CIeABaHUs IMepuoJ. Makap M CTaTHCTUYECKU
HUIIOKHO MO-HUCKH CPEAHUTE PA3IMKHU B rpynuTe Ha nmauuentu npoBexaamu KT (ot 4,00 no
3,331.) u npu xoxemure mox 350m. (or 4,00 no 3,44t.) moka3Bar TEHACHIMS Ha
¢dbyHKIMOHANEeH cnaj (Ollle Ha BTOpaTa OIeHKa Ce OTYMTA HECHOCOOHOCT 3a 3aBbpIIBaHE Ha
3ajjayaTa ¢ MaKCUMajeH Opoi TOUKH, yCIsBaT Aa KayaT €HO BBPXY APYro 4 oT MaKCUMAaJIHO
56p. xenueta). [Ipu ananu3bT Ha PUL K-Bpeme (Bpeme 3a HapexkIaHe Ha 5 JieKH KeHYeTa
eIHO BBPXY APYro, B CeKYHAM) C€ YCTaHOBABAT MPOTHUBOMIOJOXKHU CUTHU(PUKAHTHU
TeHaAeHIMH. [Ipu mpubIM3NUTENIHO CXOIHU HaYyalHU CTOMHOCTH B rpynara xojeu mnoja 350m.
TEH/ICHIUATA CJIe]] BTOpaTa BU3MTa NPEeMHUHAaBa BbB Bbh3xoAdma (ot 5,92 no 7,01cek.), a mpu
xonemure Haj 350M. ce mpomeHs B Husxonsma (ot 5,82 mo 5,15)(tabmuna 38). Ilo
OTHOIIIEHHE HA MPHJIOKEHUTE Tepanuu B 2 rpyna (ot 6,12 105,98cek.) u 3 rpyna (ot 5,63 1o
5,43cek.) HU3XOJAIIAaTa TEHJACHLUS Ha CPEIHUTE CTOMHOCTH 3a BpPEMETO ce 3ama3Ba u Ou
MOIJIa Jia ce pasriexnja, karo nojaoOpsiBane Ha (yHkiuoHanHocTta. Ilpu rpyma 1 (KT)
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HaMaJIIBAaHETO Ha CpeJHUTE CToMHOCcTH Ha Bpemero (ot 6,43 mo 6,18cek.) morat ma ce
OOsICHAT KaTo MOANbp)KaHE W ChXpaHsBaHE Ha (DYHKIMOHAIHUS pPE3epB IPH HAITUYEH
bpBOHAYANICH QyHKIMOHANEH neduuut (Tadnuua 17, purypa 49).

- PUL L (napexnaHe Ha 5 Te:xXKKH KeH4YeTa €JHO BBbPXYy /JApPYro). YcTaHoBeHara
CTaTUCTHYECKH TEHACHIUS Ha CHax Ha CPEeIHUTE CTOMHOCTH Ha OLEHKUTE IPH TPYyIUTE
nanuenture nposexaanu KT (ot 3,53 go 3,07t1.) u xogemu a0 350m. (ot 3,61 no 3,06t.) He
BOJM JI0 ChIECTBeHA (DYHKIIMOHATHA MPOMSHA (AIIMEHTUTE YCISBAT J1a HAPEIAT €JHO BHPXY
Apyro 4 oT MakCUMaJIHO 5 Op. KeHYeTa OT Ha4yaJloTo A0 Kpasl Ha u3cieaBaHus nepuon). Jlunca
Ha JUHAMUKA B CPEIHUTE CTOMHOCTH C€ OTYMTa caMo B rpymnute 6 (xomemu Hax 350M.) u 3
(KT, KC u I'T), xpaero makcumanHa oneHka oT 4,00T. octaBa HENmpoOMEHEHa 3a LEIus
nepuoa. Equncreeno B rpyna 2 (KT u KC) cnagst Ha MakcuManHata ouieHka ot 4,00t. mpe3
IBPBUTE YETUPHU BH3UTU N0 3,77T. B Kpas Ha JBE TOAMIIHHS TIEPHOJ OKa3Ba OTPAKEHHE
BbpXY (YHKLIHATHOCTTA U BEPOSATHO CE€ IBJDKU Ha mporpec Ha 3abossiBaneto. PUL L-Bpeme
(Bpeme 3a HapexIaHe Ha S5 TeXKKH KeHYeTa eIHO BBPXY Jpyro, B cexkyHau). B
NoTBbpXkAeHUE Ha olleHkuTe Ha PUL L pe3ynTarute Ha CBBbp3aHUs C MPEAXOIHUS MTOKa3aTel
PUL L-Bpeme (HapexxgaHe Ha 5 TeXKH KEHYETa €JHO BBPXY JAPYro, B CEKyHIM) MOKa3BaT
TeHJCHIMS HA MOHWKEHUE HA CPETHUTE CTOMHOCTH B IPYNUTE MAUEHTH XoJemu Hax 350M.
(or 7,20 mo 5,96cex.) m mposexmamure KT, KC u I'T (ot 6,82 1o 6,05cek.).
[IpoTuBOIONIOKHATA TEHACHIUATA HA YBEIMYEHHE HAa CPEAHUTE CTOWHOCTH HAa BPEMETO B
rpynute npoBexaamu KT (ot 6,46 mo 7,12cek.) u xoaemmure noa 350m. (7,38 mo 8,06cek.)
MOXEM Ja OOSCHMM C IporpecusrTa Ha 3a00/IsIBAHETO M HAJIWYHUSA ITbPBOHAYAIHHUA
nurateneH aeduiur (Tabmuma 17, durypa 49).

Pesynrature OT HAcTOSIIIOTO MPOy4YBAaHE MOTBBPXKAABAT TBBPACHUATA 32
II'bPBOHAYAJIHO TO-PAaHHO 3aCAraHe Ha MPOKCUMAIHUTE MYCKYJIM Ha TOPHUTE KpalHHULIU U
TEH/ICHIUS Ha 3acAraHe OT MPOKMMAJIHO KbM JMCTAJIHO HMBO BJIMSCIIO C€ OT CTENEHTa Ha
MyCKyJIHaTa cia0ocT, BB3PACTTa, HAJIMYMETO HA CTaBHM KOHTPAKTypH BOJCLIH JIO
orpannuenus B JIEXK (Pane M et al., 2014).

3. KadecTBO HA JKUBOT

3.1 luHaMuka W CpaBHHTeJIeH aHAJH3 Ha TOKa3aTeJuTe OT BbnpocHuka 3a
caMooleHKa Ha QYHKIHOHAJTHUTE CIIOCOOHOCTH U KavyecTBOTO Ha :kuBoT (DMDSAT).

8 Bbnp.1 — ®yHKUMA Ha pbLeTe
© Bbnp.2 — MNoasuxKHoOCT
§ 6 Bbnp.3 — CtaBaHe/cAgaHe oT
7] mVl mVv2 Vi mVv4 V5 no
= Aa
g a4 Bbnp.4 — CapgaHe/cTaBaHe ot
T cTon
=)
g_ 2 Bbnp.5 — JlaraHe/cTaBaHe ot
o I I nernoto

0 Bbnp.6 — CagaHe/cTaBaHe oT

TOasieTHaTa YNHUA
Bbnp.7 — KausaHe/cnusaHe no
cTbNbKn

Bbnp.8 — benoapobHa
Bbnpocu DMDSAT BeHTUNALMA

Bbnp.1 Bvbnp.2 Bwvbnp.3 Bobnp.4 Bbnp.5 Bbnp.6 Bvbnp.7 Bbnp.8

@ue. 50 [Junamuxa 6 pezynmamu Ha cpeonume oyenku om Bvnpocnuka DMDSAT no eusumu
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Tabnuya 18. Cpasnumenen ananus Ha camooyeHKama Ha QYHKYUOHATHAMA CROCOOHOCT
kauecmaso na scusom om DMDSAT (svnpocu I - 2) no epynu.

Tpy Busura 1 Busura 2 Busura 3 Busura 4 Busura 5
Iloka3area n — — — — —
mna X SD X SD X SD X SD X SD
1 15  6,60? 0,74  6,47% 0,92 6,20 101 6,20 121 6,07° 1,28
2 13 6,857 0,38 6,852 0,38 6,69 063 6,46 0,66 6,15 1,07
DyHKIMS HA 3 9 6,782 0,44 6,672 0,50 6,782 0,44 6,892 0,33 6,672 0,50
pbleTe 5 18 6,61° 0,70  6,50° 0,86 6,22 100 6,119 1,08 5,78 1,31
6 22 6,862 0,36 6,812 0,40 6,818 0,40 6,812 0,51 6,678 0,48
P 0,411 0,366 0,095 0,020 0,060
1 15 4,802 1,47 4,872 1,64 4,27° 1,39 4,07 149 3609 184
2 13 4,922 1,66 4,922 1,44 4,852 1,63 4,542 1,76 4,382 1,56
ITonBu 3 9 5,442 0,53 5,562 0,53 5,33 1,12 5,332 0,71 5,118 0,78
JKHOCT 5 18 4,17° 154 4,282 1,60 3,72° 141 3,50 147 3,17° 1,54
6 22 | 5,812 0,40 = 5,812 0,40  5,71® 056 557 0,60 533 0,86
P <0,001 <0,001 <0,001 <0,001 <0,001

B cnenctBue Ha mpoBeAEHUAT aHANM3 HA JUHAMUKATAa HA CaMOOIIEHKaTa Ha ()yHKIIMOHATHATA
CIOCOOHOCT TpU MyCKyJHa auctpodus Ha romen (Bbrmpocu 1-2) ot durypa 50 u tabmuna
18 moxke 1a ce TBBpIH, Ye:

. [Ipu nsnata wW3Bagka W MalUeHTUTe C XoJeHe 10 350 MeTpa ce yCcTaHOBSABA
CTATUCTUYECKN 3HAYMMa HU3XO/AIA TMHAMUKA Ha rokaszaress "@dyHkuusa Ha pbuere". [Ipn
rpyna 5 cnaabT 3amoyBa OLle Ha BTOpaTa BU3UTA, JIOKATO 3a IsylaTa M3BaJKa MpHA00UBa
CTaTUCTUYECKA 3HAYMMOCT e€1Ba Ha mnerata. [Ipm yeTBbpTa M meTa BU3UTA CPEAHUTE
CTOMHOCTHU B rpymnara ¢ xojaeHe Haa 350 MeTpa ca CTaTUCTHYECKH JOCTOBEPHO MO-BUCOKHU OT
TE3W Ha MO-MAaJIKO MTOJABUKHATA IPYIa;

° "IoaABMKHOCT" - TEHJICHIIUATA OTHOBO € HU3XO/IAIA P €Ha YacT OT MallUEHTHTE,
KaTo UMa Hail-no0pe u3pa3eH CUrHU(pUKAHTEH XapakTep B rpymnara ¢ xojaeHe noxa 350 metpa,
clie]l TOBA B Lis1aTa U3BajKa v rpyna 6. M npu nerre BU3UTU CPEIHUTE CTOMHOCTH Ha rpyrara
¢ xomeHe Haj 350 Merpa ca CTaTUCTUYECKHM 3HAYMMO IO-BUCOKM OT TE€3M Ha IO-MAJIKO
MOJIBMKHATA TPyIIA.

[IpoBenenusaTr aHanuM3 Ha JUHAMHUKATa Ha CcaMoOOIleHKaTa Ha (yHKIHMOHAJIHATA
criocobnoct npu [IM/] Ha [romen (Bbrpocu 3-7) (burypa 50 u tabiuna 19) ycranoswu, de:
° "CraBaHe OT M csilaHe Ha mojAa'" - JMHAMUKAaTa € aHaJOrM4YHa Ha MPEIULTHUS
MokKaszares, Karo B Hes C€ BKIIOYBA W TepameBTuyHa rpyma 3. [IpaBsaT BheuatneHue
3HAYUTEIIHO TMO-HUCKUTE CTOMHOCTH Ha CaMOOIIEHKaTa IO TO3M TMOKa3aTen CHpSIMO
npeauiIHuTe 18a. M Tyk mpu mnerTe BUUTU CPeIHUTE CTOMHOCTH B Tpymara ¢ xoAeHne Haj 350
MeTpa ca CTaTUCTUYECKU JOCTOBEPHO MO-BUCOKH OT T€3H HA MO-MaJIKO MOJBUKHATA IPyNa;
. [Tokazarensat "CraBaHe M csiaHe OT CTOJa" - HU3XOJAIIaTa My JUHAMUKA, TPYIIUATE
Ha W35Ba U CTAaTHCTUYECKH 3HAYMMHU pA3JIM4yUs CHhBIAJAT N0 ToJiiMa CTENEH C Te3W Ha
nokasarens "IloaBu:kHOCT", TOKaTO aOCOMIOTHATA CTOMHOCT HA CaMOOLIEHKHUTE - C TE3U Ha
MIPEIUIITHIS TOKa3aTed.
o IIpn usnata wu3Bagka M mnauveHTuTe xojaem a0 350 meTpa ce yCTaHOBSIBA
CUrHU(PHKAaHTHA HU3XOJAIIA TUHAMHKA Ha Toka3aTens "JIsraHe W craBaHe OT JIerJjoTo'.
CnanbT 3amoyBa Ha TpeTa BU3HUTA U € MO M3SIBEH B rpyna 5. W npu nerre BU3UTU CpPEIHUTE
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CTOMHOCTH B rpymnara xoaemu Haja 350 MeTpa ca CTaTUCTUYECKU JIOCTOBEPHO IMO-BHCOKH OT
T€3U Ha rpymna 5;

° "CajgaHe ¥ cTaBaHe OT TOAJIETHATA YMHHUSA'" — TCHICHIMATA OTHOBO ¢ HH3XOJAIIA
MPH €Ha 4YacT OT MMAIMeHTUTE, KaTo MMa Hai-1o0pe m3pa3eH CHrHU(UKAHTEH XapakTep B
rpynata xojaemu 10 350 MeTpa, cie ToBa B Isi1aTa U3Bajika u rpyna 6. M npu nerre BUSUTH
CpPEeIHUTE CTOMHOCTH Ha rpymnaTa xojaemu Haj 350 M. ca CTaTUCTUYECKH 3HAYUMO TO0-BUCOKHU
OT TE€3M Ha rpymna 3J;

° "KauyBaHe M cJM3aHe MO CTHJOM'" — JUHAMHMKaTa € aHaJOrMYHA Ha IPEIUIIHMS
MoKa3aTell, KaTo B Hesl c€ BKJIFOUBAT CaMoO TeparieBTUYHA Tpymna 5 W Ipuiata u3Baaka. M Tyk
P TETTE BU3UTH CPETHUTE CTOMHOCTHU B rpynara xojaeuu Haja 350 MeTpa ca CTaTUCTHYECKH
JOCTOBEPHO TO-BUCOKHM OT TE€3H Ha TO-MAaJIKO IOIBUKHATA TPYIIA.

Tabauya 19. Cpasnumenen amanuz Ha camooyeHkama Ha QYHKYUOHAIHAMA CNOCOOHOCM U
kauecmeomo Ha scusom - DMDSAT (swnpocu 3-7), no epynu.

Bu3sura 1 Bu3sura 2 Bu3sura 3 Bu3sura 4 Busura 5

Iloxazaren I'pyma n

X s X sb X sb X sb X SD

1 15 213 092 1,93 096 173 080 173 080 147 0,83
Crammeor 2 13 215 080 223 093 208 076 208 08 192 086
S 3 8 250 053 263 052 238 052 213* 035 2000 0,53
- 5 18 183 086 167 084 144 051 150 062 1,220 0,43
6 20 265 | 049 275 | 055 |260° | 050 [245% " 060 |23 | 075
P 0,003 <0,001 <0,001 <0,001 <0,001
1 15 2,40° 083 240° 083 227° 088 200° 085 187 083
2 13 2,622 0,77 2468 078 2548 078 246° 088 238 087
Crasane n 3 9 3000 000 3000 000 3,000 000 3000 000 278 044
c"i‘;’:; or 5 18 222° 088 217° 086 206° 087 183 086 1,722 0,83
6 21300 | 000 295 | 022 3000 | 000 295 " 0722 | 281% | 040
P 0,006 0,004 0,001 <0,001 <0,001
1 15 2,672 062 247 074 240° 074 233 08 207 088
2 13 2,69¢ 0,63 2,69 063 2622 065 246 08 231* 095
Jlarane 3 9 3000 000 300 000 3,00 0,00 3,00% 0,00 2,89 0,33
cz‘*;‘z(‘)” 5 18 250° 0,71 2,33 0,77 222¢ 073 206 087 1,78° 0,88
6 21300 | 000 3008 @ 000 3008 | 000 3008 000 2908 " 030
P 0,037 0,006 0,001 0,001 <0,001
1 15 247° 083 213¢ 092 207 088 2009 093 1809 094
Csinase u 2 13 269 0,75 2,622 077 2548 078 231 095 223 093
crasameor 3 9 300 000 3000 000 278 044 278 044 267° 0,50
Toanermata 5 18 2,33 0,01 2,000 091 18%9 083 1679 084 1,50° 0,79
— 6 21 300 | 000 3008 @ 000 |290¢ | 030 [290% 030 | 2,81% | 040
P 0,037 0,001 <0,001 <0,001 <0,001
1 15 19% 080 1,80° 077 180° 077 173 080 1,53 0,83
Commey 213 215 080 215 080 238" 087 2000 08 200° 091
3 9 22 044 222¢ 044 233 050 211¢ 033 1,89 0,33
C”maHg 77518 1677 069 1612 061 161® 0,70 13%° 050 122° 0,43
creaon 6 21 252% | 051 | 2,48¢ | 060 | 2,67¢ | 048 248 = 051 | 2,38¢ 067
P <0,001 <0,001 <0,001 <0,001 <0,001

[IpoBenenusaT aHanu3 HAa JUHAMHKaTa Ha CaMOOIIGHKAaTa Ha (YHKIIMOHATHATa
CocoOHOCT Tpu MycKyiHa auctpodus Ha [romen Ha Bbrpoc 8 (purypa 50 u Tabnuna 20)
JlaBa OCHOBaHHUE Jla c€ TBBPAH, ue npu nokaszarens [Ipunarane Ha u3kycrBeHa 0e101pooHa
BEHTWJIALMS HE C€ YCTAaHOBSIBA HHUTO CHTHU(UKAHTHA [WHAMHUKA, HUTO CTATUCTUYECKH
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SHAYMMHU PA3JIUKH MCKAY U3CIICABAHUTC I'PYIIHA. HpI/I‘II/IHaTa €, UC IIOYTHU BCHUYKHU IMAalIUCHTHU Ca
nanu camoolienka 3 "He uznon3eam" mpe3 BpeMeTo Ha Ipocie/isiBaHe.

Tabnuya 20. /Jlunamuka Ha camooyenkama Ha QYHKYUOHATHAMA CROCOOHOCT U KAYeCm8omo
na ocusom - DMDSAT (svnpoc 8), cpasnumenen ananus

Busura 1 Busura 2 Bu3sura 3 Busura 4 Busura 5
Iloka3area I'pyna n _ _ _ _ —
X SD X SD X SD X SD X SD
1 15 3,002 0,00 3,002 0,00 2,932 0,26 2,932 0,26 2,932 0,26
ITpunarane 2 13 3,002 0,00 3,002 0,00 3,002 0,00 3,00? 0,00 3,00% 0,00
Ha 3 9 3,002 0,00 3,002 0,00 3,002 0,00 3,00? 0,00 3,00% 0,00
H3KyCTBEHA
6ernonpodHa 5 18 3,002 0,00 3,002 0,00 2,942 0,24 2,942 0,24 2,942 0,24
BEHTHJIAIINS 6 21 3,002 0,00 3,002 0,00 3,002 0,00 3,00? 0,00 3,00% 0,00
P 1,000 1,000 0,778 0,778 0,770

3.2 Oo0cbkIaHe

ETtronaroreneTHyHOTO pazOoupaHe Ha 3a00JIIBaHETO JOBEAE IO CHIIECTBEHU IPOMEHHU
B JIEYEHUETO U TprkuTe Ha nanueHtute ¢ [IMJ] tun [roiieH npe3 mociaeaqHuTe 1eCETHIIETHS.
PacTexxbT Ha MHOBALIMUTE B 3[PAaBHUTE TEXHOJOTMH, Ch3/1aBAHETO M BHBEXKIAHETO HAa HOBU
Tepanu 3a peAKuTe 3a00JIIBaHMS BKIIOUBAILMA MAJIKU TPYIH MAlMEHTH JaBa TOJeMH HaJeK U
3a JIeYEHHETO Ha ToBa 3aboisBaHe. CHBpPEMEHHUTE TEpPANEeBETUYHU CTPATErMu U
MYJATUAMCUMILIMHAPHUAT —TOAXOJ Ha JIeueHuWe JOINpHHEcOXa JI0 T[OBUIIaBaHE Ha
MPEeKUBIEMOCTTAa HAa Te3M MNanueHTH. J[Hec TexHHs (OKyCc € HacoueH KbM IM0J00psiBaHe
kagectBoTO M *xkuBOT (Bushby K et al., 2010; Landfeldt E et al., 2016). Bsupeku ToBa y Hac
JOCTBI'BT JO BHUCOKOKAYECTBEHUTE 3JPaBHM YCIAYrd 3a TaKUBa IAlMEHTH BCE OIIE €
3aTpydHEeH, Thi KaTo ce W3BbpIIBA B MalbK Opoil cHelMaTu3upaHd ILIEHTPOBE C OOy4eHHU
KBaIM(ULIIPaHU HEBPOMYCKYJIHH crieranucti. KaTo Texxko 3a0oiiiBaHe ¢ MHBAIMAU3UPAILA
Mporpecus U Havyayo B JieTcka Bb3pact, [IM/] J{romieH n3nckBa NoBUIllaBaHe HA TPUKUTE BB
BCEKH €JMH €Tal pPa3BUTHETO My. 3arybaTa Ha (yHKIMOHAIHA HE3aBUCHMOCT BOJHU [0
MPOMSIHA KauyeCTBOTO Ha JKUBOT, yBelIMuYaBaHE Ha (DM3MUECKUS U MKOHOMHUYECKH TOBAp HE
caMo Ha malpeHTa, Ho U Ha HeroBoto cemeiicto (Landfeldt, E.et al., 2017).

OneHkata Ha 3/IpaBOCIOBHOTO CHCTOSHHUE U (YHKIIMOHATHUTE CIOCOOHOCTH upe3
DMDSAT (Landfeldt E et al., 2015), uHCTpyMEHT H3MOJ3BaH 3a OLEHKA KAa4yeCTBOTO Ha
KUBOT ce Oa3upa MpeAUMHO Ha TJi00agHa OleHKa Ha (YHKIIMOHAIHOTO CBHCTOSIHUE H
HE3aBUCUMOCT Ha nmanuentuTe ¢ IIMJI tun romieH.

Pesynrature ot BbhnpocHuka 3a camMooumeHka Ha (PYHKHHMOHAJIHATA CHOCOOHOCT
npu IIMJI momen (DMDSAT), koiiTo Kacae Ka4eCTBOTO Ha >XHBOT Ha IAI[HEHTHTE
npencraseH BB ¢urypa 50 u tabnum 18-20 e opueHTHpaH B HAKOJIKO INIOOATHU (PyHKIMU:
GyHKIMS Ha pblLeTe, NOJBIWKHOCT, TpaHchep U HEoOXOAMMOCTa OT BKJIIOYBAHE Ha
U3KYCTBEHa 0e10JpoOHa BEHTUIALIUS.

ITpu nokasarens ,,(pyHKUMS HA pbleTe’” B rpynata xojemu Hajg 350M. ciocoOHOCTTa
3a caMooOCIIy)KBaHE € 3ama3eHa, Karo ce OTYMTa MUHUMAaJIHA pa3iiiKa B MoKa3aTelns Ha 1-Ba
Bu3uTa 6.86T. W Tpu mocneaHara Bu3uTa 6.67T. O6e3 TOBa Ja OKa3Ba BIHMSHHE BBHPXY
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¢byHKIMATa HA TOpHU Kpaitaunu (npu 6/22 (27,2%) cnaabT HAa MakCHMMaJHaTa OIEHKa ¢ 1T. B
Kpasi Ha Tiepuoja ChoOIaBa 3a MosiBa Ha MPOKCUMATHA CIa0O0CT, KOSITO MPU HUTO €IWH OT
rpymara ofade He HapymaBa (YHKIUsATAa XpaHeHe Oe3 HukakBa momoin). Ilpu rpymara
xoneu moa 350M. obGaue crienBa HU3XOMAIIA TEHIEHIMS OT HAYaJIOTO JO Kpas Ha
W3CIIEJIBAHMS TIEPHOJI - MOKazaTess cnaaa ot 6,61t. mo 5,78T. u € 00ACHUMO ¢ mporpeca Ha
MYCKyJIHaTa c1a0oCT M orpaHnyaBane Ha (yHkmmoHamHUTEe cnocoOHoctH 3a JEX (5/18 -
27,7% ce Hy)KOasT OT pas3jidyHa IO CTENEH HYXJa OT MOMOII MpU XpaHeHe). AHalu3a Ha
pe3yiaTaTUTe HE OTKPUBA CTAaTHCTHYECKAa 3HAYMMOCT MEXKJIY OIICHKHTE Ha TpPHUTE
TEpareBTHYHU TPYIN 32 IMOKa3aress GYHKIHS Ha PhIETE.

[Tokazarens ,JIogBH:KHOCT” Kacae COCOOHOCTa 3a MPHBI)XKBaHE B OOIIECTBEHA U
JOMaIlrHa cpefa, KakTo W HyXKJaTra OT 4yKJa Mmomoil. AHali3a Ha pe3yaTaTUTe B rpyrara
xonmem Han 350M. MMa TeHIEHUMs Ha Chaj, KOWTO HE BOJM J0 TMpOMsSHA Ha
(YHKIIMOHATHOCTTA — OIICHKUTE Ha TO3W IOKa3aTesl TMOKa3BaT YCTOWYUBOCT Tpe3 IIENHs
nepuon (1-Ba Buzuta 5,81T., mera Busuta 5,33T.) U BbIIPEKH MUHUMAJIHUS CIaJ] HA OL[CHKAaTa
MpH TeTa BH3UTAa HHUTO €IWH OT MAIMCHTUTE HE ChOMaBa, 4e € 3aryousl HamrbJIHO
CrocoOHOCTTa CH 3a XOJIeHe, Makap W ¢ uyxnaa nomonr (14 umm 63,6% XomsaT HaBbBH
camocroaTenHo Haa 1km., 4 umn 18,2% XonmdaT HaBBH 10 1kM. 1 cbeimo 4 win 18,2% xomar
HaBBbH CaMOCTOATENHO KbCU paszcTtosHus). [lo chImums mokaszaTen mpu rpynara XOJeHid 0
350M., obGave ce HaOMIOaBa HU3XO A TEHACHIIUS ChC 3HAYMMAa Pa3uKa MEXIy CPEIHHUTE
OLICHKM TpU 1-Ba W mera BU3UTA — MpU 1-Ba BU3UTA OlleHKaTa 4,17T. OTroBapsi Ha 3amas3eHa
CaMOCTOSITENIHA MOXOJKa HAa KbCH PAa3CTOSAHUS ChC U 0€3 MOMOII, JOKAaTo Ha S5-Ta BU3WTA
cpeaHaTa OlleHKa HaMalisgBa A0 3,17T., KOeTO OTroBapsl Ha HapacTBalla HYXJa OT U3MOJI3aHe
Ha YyXKJa MOMOII M /Wiu WHBaduAHa Konwmuka (tabmumna 18). IlomoOHm pesynrarute 3a
OTpULATENIHO BJIMSHHUE BHPXY Kaue€CTBOTO HA YKMBOT JBJDKAIIO HA CHaJ BbB (PU3UUYECKOTO
byukunonupane npu nanuentd ¢ [IMJ] tun [lromieH e yctaHoBeHO u B apyru aBropu (Bray P
et al.,, 2010; Bray P et al.,, 2011; Kohler et al.,2005). 3a orpumarenHa Bpb3Ka MEKIY
KayecTBOTO Ha JKHMBOT W HEOOXOOUMOCTTAa OT H3MOJ3BAHETO HAa HHBAJIUIHA KOJUYKA
JOKJIAJBaT B CBOE MpoyuBaHe npu 27 uranuancku manuent ¢ [IMJ] dromen Baiardini et al.,
(2011).

[lo oTHomIeHHE Ha MpOBEXJaHATa Tepamus UMa MPaBOMPONOPIHOHATHA KOpeauus
MeXJy MHTEH3MBHOCTA Ha TepamusaTa U CaMOOLIEHKHUTE: TeHJIEHIUS Ha crhaja ce HabiroaaBa
MIpY BCUYKU TEPANEBTUYHHU TPYNHU, KATO HANW-TONSAM ClajJ MpH MOcJelHaTa BU3UTA UMa IpH
rpymnara npoBexjaany camo kuHezutepanus (oT 4,80T. Ha mbpBa Buzuta 10 3,60T. HA meTa
BHU3UTA), O0SICHABAIIO CE C Mporpeca Ha 3a00JISIBAHETO U U3UYEPIIBALIUTE CE€ BH3MOKHOCTH Ha
kuHe3uTepanusaTa. [lpu apyrute [aBe TepaneBTUYHH TPyNH TEHACHUUATA Ha CHaa €
MUHHMAaJHa, KOETO He MPOMEHs (YHKIMOHAIHOCTA U ce 0OSCHSABA C MPOTEKTUBHUA €(PEKT Ha
KOPTHKOCTEPOUIUTE, 3ala3BaHETO HAa MYCKyITHAaTa cuiia M epekra OT KoMOMHAIMATa Ha 3-Te
tepaneBTuunu Metoaa (McDonald CM et al., 2010)(tabmuma 18).

[Tokazarens ,,cTaBaHe OT W CsiJaHe HAa MOJA’”’ JAMHAMUKATA HA Claj ce 3a0ens3Ba B
1sIaTa M3BaJIKa, KaTO BCUYKH MAIMEHTH ChOOIABaT 3a 3aTPyAHEHHE NPU W3BBPIIBAHETO HA
Ta3u JEWHOCT, KOETO € OOOCHOBAaHO C aHTAKHUPAHOCTTAa HA aKcHagHaTa MYCKynarypa u
MPOKCUMAITHUTE MYCKYJIA Ha JIOJIHU KpalHuIM. [1o oTHOIIEHHE HA TEpaANeBTUUHUTE TPYITU CEe
HaOI01aBa craj Ha HUBOTO Ha (DYHKIIMOHANIHA CITOCOOHOCT: Haii — roisM mpu rpymna 1 (KT)
ot 2,13T. mokasarens HamansBa 10 1,47T., KOeTO ce OOSCHSIBA C ©CTECTBEHHMS XOJ Ha
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nporpecus Ha 3a00JIIBAaHETO M yBelIMYaBamiaTa ce MyckynHa cinaboct. [lpu rpyna 2 (KTwu
KC) or 2,15 go 1,921. u rpyna 3 (KT, KC u I'T) or 2,50 mo 2,00T. BCUUKH MalMEHTH
ChOOIIABAT 32 HYXJa OT IMOMOII] ITPH U3BHPIIBAHE HA 33IaHUETO U HYXKJIaTa OT KOMIICHCAIIUS
U TpOMSHA Ha MO3ULUATA. AHAIM3UpANKU PE3yJATaTUTE 3a 2 TOJMWIIHUSA TMEPUOJ Makap M
TUHAMUKaTa Ja MOKa3Ba CIaJ Ha TMOKa3aresis, TOBAa HE BOJMU 1O 3HAYUTEJICHA MPOMSHA Ha
(byHKIIMAIHOCTTA.

[Ipu moxazarens ,.craBaHe W csilaHe OT CTOJ B Tpymara xojaemu Hajg 350M.
onenkara 3,00T. Ha TbpBa BU3UTA OCTaBa CTAOWJIHA 3a M3CJICABaHUS MEPUOJ, KaTo Ha MeTa
BH3HUTa criaja Ha 2,81T., KaTo TEHACHIINS OTHECEHA KbM (DYHKIIMOHAIHOCTA, HE3aBUCUMOCTTA
M aBTOHOMHOCTTA Ha TAIMEHTUTE MOXE Jla C€ THIKYBa KaTo 3ama3BaHe Ha (PYHKIUATA C
MHUHHMAJTHO TIOBHIIIaBaHE Ha HEOOXOJAUMOCTTA OT TIOMOII] 33 U3BBPIIBAHE HA JBIKEHHETO. B
rpynata xonemniu noa 350M. oreHkara npu 1-Ba BusuTta € 2,22T., KOETO MOKa3Ba, Y€ BCUUKHU
MallMeHTH B W3CJeBaHaTa Tpylna ca WMald HYXKJa OT TOMOII MpHU H3BBHPIIBAHE Ha
newkenuero. [Ipu mocneanara BU3MTa olleHKaTa crmaaa Ha 1,72T., KOeTo MmoKa3Ba Mporpec Ha
3a0075BaHeTO, Crajg Ha (YHKIMOHATHOCTTA J0 3ary0a Ha CaMOCTOSITETHOCT TPHU HIKOU
MaIeHTH.

[To oTHOMmIEHNE HA TEepameBTUYHUTE TPYNHU Ce 3a0esi3Ba IJIABEH CIaj 10 BpeMe Ha
nenusi u3cienaBan mnepuon npu rpyna 1 (KT) or 2,40 mo 1,87T., koero ce oOsicHsBA C
nporpecusiTa Ha 3a00JIIBaHETO U U3UEPIBAIIUTE C€ BH3MOXKHOCTH Ha KuHe3uTepamnusara. [Ipu
tepaneBtnuHa rpyna 2 (KT um KC) omenkure mokasBaT HU3XOJIIA AWUHAMHKA OT 2,62 1O
2,38T. B Kpas Ha WU3CIEABAaHUSA TEPHOJ, KOETO HHE OTYMTaME Karo CTaOuau3amus C
MHUHUMAJTHA (DYHKIIMOHATHU AePHUIIMTH TPH HM3BBPIIBAaHE Ha ABMKeHHeTo. IIpm Tperara
tepaneBtnuHa rpyna (KT, KC u I'T) omnenkata B Hauwanoro ¢ Ouna 3,00T. T.e BCHYKH
MalMeHTH Ca W3BBPIIBAIN JABMKEHUETO CAMOCTOSTENIHO B Kpas Ha Mepuoja OlleHKaTa huMa
MHUHHMAaJICH craj Ha 2,81T., KOETO MOKa3Ba BH3MOXKHOCT 3a M3BBPIIBAHE HA Ta3W JEHHOCT
CaMOCTOSTEIIHO C HUCHK cra Ha GpyHKIuoHamHocTTa (Tabduma 19).

Bbnpocu 5, 6 u 7 pasrnenanu B tabnuia 19 orpassBaT HE3aBHCHMOCTTa Kacaella
JEX w3BbpmBanu B gomamniHa cpena. IIpu rpymara xoxemu Haa 350M. aeliHOCTUTE B
Ha4yaJl0TO Ha M3CJICIBAHHS IEPHUOJ Ca PETUCTPUPAHU CTOMHOCTH 3a TPUTE IOKa3aTels, 4e
MallMCHTUTE W3MBJIHSIBAT CAMOCTOSITETHO JCHHOCTTa 03 HyXJa OT IIOMOIN, KaTo
MOKa3aTeIMTe UMAT CTATUCTUYECKHU TECHJICHIIMS Ha CIaJ ¢ MUHMMAJIHA Pa3JInKa, KOATO HE Ce
oTpassiBa Ha (yHkimoHanHoctTa. [lpu rpymara xozemu noxa 350Mm. ce HabmogaBa cmaja B
MOKa3aTeIUTe 3a IENKS M3CJIeABaH MEpUOo, KaTo NMPH MoKa3aress ,,KkauyBaHe W CIIM3aHE 10
CTBJION” B Kpas Ha M3CIIEJBAHUS MEPHUOJ BCUYKHU MAIIMEHTH Ca UMAaJd HYXJa OT MOMOII 3a
W3BBpIIBaHE Ha JEHCTBUETO — OlIEHKaTa cnaaa ot 1,67 no 1,22T.

AnHanu3za Ha pe3yaTaTuTe MpH TEparneBTHUHUTE TPYyNu 3a Tokazarend S5, 6 u 7
MOKa3BaT HU3XOAIIA TeHICHIUS 32 BCHUKU MU3CIEABAHU TPYIH, KaTO B TEPANEBTUYHU T'PYIH
2 (KTu KC) u 3 (KT,KC u I'T) ce nabnrogaBa OTHOCUTENHA CTAOUITHOCT HA MOKA3aTEIUTE C
MUHUMAaJeH Chaj B Kpas Ha u3cienBanus nepuoi. [lo oTHomeHue Ha (pyHKIIMOHAIHOCTTA
3HAYUMOCT MMa CIaja IO ToKa3aTel ,,ClH3aHe M KauyBaHE MO CTHIOM~ MpH TepaneBTHYHA
rpymna 1 (KT) - 3a uzcneaBanus mepruo i BCUYKU MAIMEHTH Ca UMAIK HYXKJa OT TOMOI MPU
W3BBPIIIBAHE Ha JICHCTBUETO, a B Kpas Ha MEpUoIa ce € 3aAbI004niio, 00ICHUMO ¢ mporpeca
Ha 3a00JIIBaHETO, KOHTPAKTYPUTE W yBelMYaBallaTra ce MYCKYJIHa cIaboCT. AHAJIIOTMYHO HA
pesynrarute ot Apyru npoyusanus (Matthews E et al., 2016; McDonald CM et al., 2017,
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McDonald CM et al., 2018; McDonald CM et al.,, 2020), HacTOAIIOTO H3CICABAHE
MOTBBPXkKAaBa NoJoxuTenHus epekt Ha KC tepanus 1 KOMOMHANUATA U C APYTH TEPAIUU 110
OTHOIICHHE Ha CTaOWIM3MpAaHETO Ha MYCKyJHara CuWia, 3a0aBsHETO Ha 3arybara Ha
BB3MOKHOCT 32 MPHUIBW)KBAHE M MPEKHUBSIEMOCTTa CPEIHO 3a MEPHOA OT JBE TOJUHH OT
HAYaJIO0TO Ha TEPAIUsATA.

BeopocHuka € eOMHCTBEHHMS pas3riexJan] HEOOXOOUMOCTTa OT OenoapoOHa
BeHTWJIAaMs Ha Oa3zara Ha (YHKIMOHATHUTE BB3MOXKXHOCTM Ha TNalueHTa. AHanu3a Ha
nokasaresisi HeoOXOIUMOCT OT "M3KycTBeHa Oesoapoona Bentuiaamus' (tabmuma 20)
MOKa3Ba CTAOMIIHOCT B IEJIMS M3CIIEABAH NMEPHOJ M JIUIca Ha JUHAMUKa. [Ipu TepaneBTHYHA
rpyna 1 (KT) u BbB ¢yHKuMOHanHa rpyna xojaeumu noj 350M. cien TperaTa BH3UTa ce
HabmoaBa KosiebaHHe B IMOKazaTessl, KOETO ce OOsICHsSBA C MpOMSHA Ha CaMOOIIEHKaTa Ha
MUHUMAJICH Opo¥ mMmanueHTH. BbhIpekn dYe Hamata rpyna MMalueHTH € XETePOTeHHA II0
OTHOIIIEHWE Ha BB3PACT, CTENEH Ha MYCKyJHa ci1a0oCT M BHJ Ha INPOBEJCHATa Teparus,
pe3yiTaTuTe OT aHajM3a MOTBBP)KIABAT, Ye MOJOOpEeHaTa pPecnUpaTopHa TPIKa yBelUYaBa
MPEKUBIEMOCTTA U TOAIABPKA MO-T00pO Ka4ECTBOTO HA KMBOT Ha manueHtute ¢ [IMJ] tum
Hromen (Passamano L et al., 2012; Kieny P et al., 2013). CumnromMuTe Ha HOIIHA
XATIOBEHTHJIAINS W CBBP3aHHUTE C TAX PECHHUPATOPHUTE HAPYIICHHS 3acCHJIBAIU C€ CIIel
3ary0ara Ha BB3MOXKHOCT 3a MpPHIBW)KBAaHE, ClaJa B CHJIaTa HA IMapacliiHalHATA W
MMPOKCHUMAaJTHATa MYCKyJaTypa Ha pamMeHHUus mosic HeoOxonuma 3a pexuna JEX mnocrassT
HACOKHUTE 3a pecnupaTopHa rpuxka 0a3upaHa Ha peryispHa OolleHKa Ha AuxaTenHaTa (QyHKIUS
(Eagle M, et al., 2007; Kohler M, et al., 2005; Birnkrant DJ et al., 2018 part2).

Pesynrature ot ananuza Ha BenpocHuka DMDSAT noTBbpik1aBaT HaCTHIIBAHETO Ha
(GyHKIMOHAJIEH cIaj] CBbp3aH ¢ mporpeca Ha 3alossiBaHeTo. DYHKIMSTA Ha PbHIETE Ce
3ama3Ba OTHOCUTENIHO CTaOWIHO [0 Kpash Ha H3CIEIBaHUs MEepHOJ. AHTKUPAHETO Ha
MPOKCHMAaJIHATa MYCKYJIaTypa Ha paMEHHUS IOSC U FOPHUTE KpalHWIIM, HACTHIBAIIO B IO-
KbCHUTE €Tanu Ha 3a00JIsIBAHETO MOCTENEHO BOM /10 MpoMsiHa BbB (pyHKImannoctta u JEX.
B kpas nHa nBerogumiHug nepuoj (YHKIIMOHATHHUS CIaJ ce€ IposiBaBa OCHOBHO KaTo
3aTpyJHEHHUS] U HEOOXOAMMOCT OT MOMOII IPU CaMOCTOSATEIHOTO XpaHeHe. Huto emun ot
ManUeHTUTe He cbhoOIlaBa 3a 3aryda Ha (yHKIHUATA Ha pblLETe Ab/DKAIla Ce Ha TEXKa
JHCTaHa MYCKYJIHa c1a0ocCT, 3acsrainia JBMKCHHUATA Ha KUTKaTa U npbctute. PasBuruero Ha
BTOPUYHUTE YCIOKHEHHUS BOJIU JI0 YCKOpsIBaHE 3arybara Ha caMOCTOSITeNTHA MOXO0/IKa, BaXKeH
eTam OT XO0Ja Ha 3a00JsIBaHETO BIHSEN] MPSKO KAa4eCTBOTO Ha JKMBOT. AHamu3a Ha
pe3ynTaTUTEe MOKE /1a MOCITYKU 32 MPOMsIHA HAa KWHE3UTEPaeBTUUHUS MMOJIXO0/, MPEIeHKa Ha
HEO0OXOIMMOCTTa OT BKJIIOUBAHETO HA IOMOIIHH, aJalTHBHH CPEACTBA WM HHBAJIMIHA
KOJIMYKA C IIeJ1 3ama3BaHe MaKCHMAallHO Ha aBTOHOMHOCTTA U CIIOCOOHOCTTA 3a MPUABMKBAHE
B oOmectBeHa cpena. Jleeer (22,5%) OT BCHYKM H3CIEIBAHM MAIMEHTH ca 3aryowiu
CIIOCOOHOCTTa CH 3a CaMOCTOSITEIHA TMOXOJKa MO BpeMe Ha JBErOJUIIHHUS TEepHoj Ha
nuscneaanero. [lpu nBama oT Tax - xoxeu Haa 350M. B HAYaloOTO Ha H3CIEABAHETO,
OTrOBapbhT Ha TO3U BBIPOC MPU TOCIEAHATA BU3UTA € BH3MOKHOCT 32 XOJIEHE Ha KbCH
pa3CTOSTHUS C MOMOII OT Apyr 4YoBeK. [Ipu ocrananute ceaem manueHTta xoAeu moa 350m.
MpH II'bpBaTa OllEHKA, 0YaKBAaHO 3ary0ara Ha CaMOCTOSATEIHA MOXOJKa HACThIIBA B Kpas Ha
mbpBaTa ToAuHa. AMOYIAaTOpPHHUAT crmaja ce OOsCHsSBAa C BapualMUTe B OTTOBOPHUTE HAa
BBIIPOCUTE TIPU MOCIIETHATA BU3UTA - OT BH3MOXKHOCT 32 XOJCHE HaBbH HA KbCH Pa3CTOSHUS C
qyX/1a TIOMOIII 0 M3MOJ3BaHe Ha MHBAIM/HA KOJIMYKA Ha 3aKpUTO M HaBBH. [Ipu aHanmza Ha
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JEX wu3BbppmIBaHM B JOMallHa Cpefa YCTAHOBUXME, Y€  IAlUEHTUTE CbC CbXPAHCHU
JBUTATE€IHU CIIOCOOHOCTH W3IUTBAT 3aTPyAHEHUATA U HapacTBalla 0 CTENEH HYXJAa OT
IIOMOII[ KaTo aJalTUBHHU CPEJICTBA UM KOMIIEHCATOPHU MEXAaHHU3MH IIPU M3BBPILIBAHETO HA
T€3U JAEHHOCTH B Kpas Ha JBErOJUIIHMS Nepuojd. B moTBbpikAEHHE Ha pe3ylTaTUTE OT
MIPEIXOJHUTE aHAJIU3U HAa BPEMEBUTE TECTOBE HAW-UYBCTBUTEIHU IPOMEHU c€ HaOJrogaBaT
IpU JEMHOCTUTE CTaBaHE OT M CAJAHE Ha I0Ja, M KauBaHE M ciu3aHe 1o crwidu. [lpu
rpynaTa MauueHTH C MbPBOHAYAJICH JBUTaTeNIeH NEe(MUINT OIIe IMbPBOHAYAIHUTE PE3yJATaTH
II0KA3BaT HyXJara OT momMoul 3a m3nbiHeHuero Ha JIEJK, karo B Kpas Ha BTOpara roguHa
HE0OX0IMMOCTTa OT MOMOIIl HapacTBa JI0 HEBB3MOXKHOCT 3a CAMOCTOSTEIHO CIpPAaBSHE ChC
3ajayara 0e3 momoll OT Apyr 4oBek. OrpaHuueHusiTa WM 3ary0ata Ha (YHKIIMOHAJIHU
CIIOCOOHOCTH M Pa3BUTHETO HAa peavlia JBUraTeJHU NU(QULUTH C Bb3pACTTa U Mporpeca Ha
3a00JI5IBaHETO BOJAT JI0 CHajJ Ha PECIHUPATOPHHUTE CMOCOOHOCTH mpu marueHTuTe ¢ [IM]]
Jtomien. [lo oTHoIIEHNE MPUIOKEHUETO HAa M3KYCTBEHA BEHTUJALMS JaHHUTE OT MOKa3BaT
CTaOMJIHOCT Ha pe3ylTaTuTe Ha TO3M Mokaszaren. CaMo €IuH OT BCHUYKM M3CIIEBAHU
ManueHT (HeaMOYJIaTOpeH TMalueHT, C IIbPBOHAYAJIHU HUCKA (DYHKIUMOHATIHU U
pecnupaTopHu pe3yaTaTH) choOllaBa, uye€ B Kpas Ha II'bpBaTa TrOJUMHA CE€ € HAaJIOXKUIIO
n3noii3BadeTro HAa HHB. BeBexxmaneTo Ha THEBHA WIIM HOIIIHA BEHTHIIAINS JTOKa3aHO BOJIU JIO
yBeJIMYaBaHE Ha MPEKMUBSIEMOCTTa W MOJOOpsiBa KaueCTBOTO Ha KUBOT Ha IMalUEHTHUTE C
I[IM/I. Ho, B 3axirodyeHre Ha ToBa TpsOBa Ja OTOENEX)WM, 4ye craja Ha (yHKIIMOHATHUTE
KapIuO-peECIUPATOPHUTE CIOCOOHOCTU BOJIM /IO YBEJIMYaBaHE HAa MKMHOMHYECKUS TOBap,
TOBapa BbPXY OIM3KUTE/OOrpHIKBAIMTE JIMLA M BJIUSE HETaTMBHO HA KAYECTBOTO Ha JKUBOT
Ha nanuenTuTe ¢ [IM/] tun drommien.
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TACKYCHS

JuctpoduHOmaTHUTE ca 4YacT OT TrojsMara Tpyna Ha HACJIECACTBEHUTE HEBPOMYCKYIHHU
3a0oiisgsBanus. Te ca Hal-ueCTHTE HACIEACTBCHU MUOIIATHHM, 3acsarainiy okojo 120 mamnueHTa B
barapus.

MM/ tunt {romren e X-cBBbp3aHO IEHETHYHO 3a00JsIBaHE ¢ Iporpecupail xoa. B mo-
TOJICMUAT NPOUCHT HA CIIYYaUTC I'CHCTHUYHATA MyTallMd CC YHACJICAsABa OT MafIKaTa, KaTo IIpu
30% ot ciyyaute Mmytanusata ¢ de Novo. [IbpBoHAYANHUTE CUMIITOMH Ha 3a00JISIBAHETO CE
IpOsIBSIBAT B paHHA JIETCKAa BB3pPACT, OKOJIO 3-TOJUHM M YECTO OCTaBaT He3abess3aHu.
OCHOBEH CUMITOM € Iporpecupaliata MycKyJHa cladocT, KOSATO B HAa4yaJoTO ce JOKJa/aBa
KaTO IMpOMsAHA Ha NOXOJKaTa W 3aTPyAHCHUC IIpU HU3MNPABAHC OT KICKHAJIa ITO3HIHA.
[Iporpecupaiiata MyckysiHa ciabocT onpesia XoJa Ha 3a00isBaHETO M (POPMHUpPAHETO Ha
cTanuuTe Ha 3abojsBaHero. [Iporpecupaiiara MyckysiHa ciaaboCT BOAM O Pa3BUTHETO Ha
TCKKHU BTOPUYHU YCJIOKHCHUA, Q)YHKIH/IOHZU'[CH crmax W HWHBAaJIWJAU3alug OWIIC B paHHaA
IOHOIIIECKa Bb3PacT.

HpOMfIHaTa Ha TCpallCBTUYHAaTa CTPATCryud U BbBCKAAHCTO HA MYJITUANCIHUILIMHAPHAA
MOAXO0Jl B JICYEHHETO Ha ToBa 3a00JIIBaHE TMpe3 IMOCIEIHUTE JEeCETHJIETHS, IOBEIE M0
YABJDKABAaHC Ha MPCKHUBACMOCTTa M Ka4€CTBOTO HA XHUBOT Ha MALIUCHTUTE C HMI[ THUII
HrorieH.

HaBpemenHoTO AuarHocTulipaHe U TOoyHaTa (yHKIMOHAJIHA OLIEHKA JOMPUHACAT 3a
PaHHOTO 3amoYyBaHe M U300p Ha aJieKBaTHA Tepamus, choOpa3eHa ¢ HyXAUTE Ha ChbOTBETHUS
nanueHT. [IporpecuBHus xoj Ha 3a00JsBaHETO M3KUCKBA PETyJspHa (YHKUIHMOHAIHA OICHKA.
[Ipenopbuntenno e Aa ObAe MNpoBekJaHA JABa MBTU TOAMIIHO C LEN MpOCieIsiBaHe
Pa3BUTHETO HA CUMIITOMATUKATa U MPOTHO3aTa Ha BTOPUYHUTE yCIOXKHEHUs. BbpXy aHanuza
Ha pe3yiTatute OT (yHKIMOHAJIHATa OILEHKa ce 0a3upa M3rOTBAHATO HAa WHAMBHIyaHATa
KMHE3UTepaneBTUYHaTa nporpama. [lepcoHamHusT uzbop Ha cpeicTBa J1aBa Bb3MOXKHOCT 3a
aJIecKBaTHO BB3JCHCTHE U MoJAOpsBaHEe (PU3NYECKOTO CHCTOSHUE, OTJIaraHe 3arybara Ha
JBUTATETHU (PYHKUIMU U MHBATUAM3AIMATA, OOOpSIBAaHE MCUX0-EMOIIMOHATHOTO CHCTOSIHUE
1 Ka4yecTBOTO Ha KHUBOT.

B HacrosmusT  AuMcepTallMOHEH — TPyA — MPOCIEAMXME  JIOHTHTYAWHATHO
(YHKIIMOHATTHOTO CHCTOSIHME M KAayeCTBOTO Ha JKMBOT B pa3inyeH aMOylnaTOpeH eTam OT
3a00JIIBaHETO, U KOMOMHALMATAa OT MpOBeAeHUTE Tepanuu. llanuenture ca pasjeneHu B
TpyIH CIope]l MPOBEXKIaHaTa TENparus U CHopel CrocoOHOCTTa UM 3a Xojene. [Iposenenu
ca MeT CEepUilHM OIICHKH, BKIIOYBAIIM crenuUYHU (PYHKIIMOHAHU TECTOBE M CKaIM 3a
OllCHKa Ha (YHKIMOHAIHUA cTaryc. Bb3 ocHOBa Ha TiX Osfxa JaJeHUd NPENOPHKU U
METOUYHU YKa3aHUs 32 KHHE3UTEepaIusl.

CpaBHsiIBaM€ TOJYUYECHUTE PE3YATATH MEXKAY TPYNHUTE MAlUEHTH U JHUTPEPATypHUTE
nanad. C TMONydeHHTE pe3ylNTaTd TMOTBbpAUXME edeKTa Ha KHHEe3UTepanusara KaTo
CaMOCTOSITEJICH METOJl M KOMOWHAIMsITa C JPYyTruTe Tepanuu BbPXY (GYHKIHOHATHUTE
CIIOCOOHOCTH M 3a0aBsTHETO Ha YCIIOXKHEHHATa OT Mporpeca Ha 3a00siBaHETO. 3aTBBPAUXME
MHEHHETO, Y€ PAHHOTO 3all0OYBaHE Ha KUHE3UTepamnusTa U aJeKBaTHaTa MeEJWKAMEHTO3Ha
Tepanus oTJiaraT Obp3Hsl MPOTPEC U TEKKATa MHBATHIN3AINS HA TTAI[UCHTUTE.
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U3BOIN

1.

[TaTorenesara Ha QpyHKIMOHANHUTE HapymeHUs npu nanueHTute ¢ [IM/] tun dromen
¢ 00ycI0BeHa He caMO OT T€HOTHUIIA, HO ¥ (JaKTOpHY Ha BHHIITHATA CPE/a.
OyHkunoHaNHUAT npodun Ha nanueHture ¢ [IM/] tun J{romeH e cBbp3aH MpsKo ¢
MIPOrPECUBHHUS XOJ1 Ha 3a00IsIBAHETO.

Pannara nuarHo3a m perynsipHaTta OlEHKa Ha (YHKIMOHAIHHTE CHOCOOHOCTH Ha
narmeaTuTe ¢ [IMJI tun JlrommeH pgaBar BB3MOXKHOCT 3a aJCeKBaTeH H300p H
KOMOWHAITUS Ha TEPAIeBTUYHH CPEJICTBA.

[Ipunoxxenara oT Hac TecToBa Oarepusi € MOAXOJAIIAa M HAAEKIHA 3a ISUIOCTHA
noapoOHa OIleHKa Ha (PYHKIMOHATHOTO ChCTOsSHUE Tpu marueHtd ¢ [IMJI Tun
JrorieH.

Kunesutepanusita uMa NOJOKUTENEH €(EKT M0 OTHOIIEHNWE Ha CTAOMIM3UpPAHETO Ha
MYCKyJHaTa CWjIa, HOJIbp)KaHE €JIaCTUYHOCTTa Ha MYCKYJIMTE U CYyXOXKHIIUATA,
noAgbp)kaHaHe oOemMa Ha JBUKEHME B CTaBUTE U OTCPOYBAHE pPa3BUTHUETO Ha
BTOpUYHUTE YycioxHEeHUs. EdekTpT oT Hes e mo-7100bp Mpu paHHO 3allOuBaHE U
CUCTEMHO IIPOBEXKIaHE.

[Ipenopbuanata/lIpunoxkeHata oT HaC KMHE3UTEpaneBTUYHA Mporpama, BKIIIOUBAIIA
CTPEYMHT, aKTHBHH, aKTHBHHU-TTOAIIOMOTHATH WJIHM ITACHBHH YIPAKHEHUS U JTUXATCITHH
yIpaXHEHHs! JOTpPHUHACS 33 MOJABPKAHETO Ha MO-A00p0 (QYHKIIMOHAIIHO CHCTOSHUE
Ha manueHtutre ¢ [IM]] tun [lromen. [lpunranero m B goMamHuA yciaoBHs (Crlen
MpeABapUTEIIHO OOydYeHHE Ha POAMTEIMTE/OOTPIKBAITUTE TMAMCHTHTE JIMIA) €
e(eKTUBHO U JIECHO MPHIIOKUMO.

KoMOunanusra Ha KuHE3UTEpanusaTa ¢ Ipyra MeIMKaMeHTO3Ha U €THONAaTOIeHETHYHA
Tepanusi 0OKa3Ba MO-A00bp U IBJITOCPOUYEH €(EeKT BBPXY ABUTATeITHUTE (DYHKIHH U
rporpecusra Ha 3a00JIsIBaHETO.

[HognbprxkaneTo Ha 100bp GYHKIMOHAIEH CTATyC U ChbXPAaHSABAHETO HA ABTOHOMHOCTTA
BIIUSIAT TOJIOKUTEIHO BBHPXY KAueCTBOTO Ha KMBOT Ha mauueHtute ¢ [IMJl Tun
HrorieH.
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HPEITIOPBKH

Bb3 ocHOBa Ha HampaBeHOTO MpPOy4YBaHE HA (YHKIMOHATHHUTE CIIOCOOHOCTH U
Ka4yeCTBOTO Ha KMBOT Ha nauueHture ¢ [IM/] tun J[romeH, MOXkeM J1a HapaBUM CIEIHUTE
MIPETNOPBKU:

1. [IpenopbuBaMe Ha pOIUTENIMTE HA JElla CbC CHUMITOMM Ha MYCKYJHa ciadocT,
MIPOMSIHA Ha MOXOJKaTa M 3aTPYAHEHHUS NpPU U3IMpaBsSHE OT KJIEK, HABPEMEHHA KOHCYJTAIlUs
CbC HEBPOJIOT/HEBPOMYCKYJICH CIIEHUAINCT, C OTJe] PaHHOTO JAWArHOCTUIIMpAaHE Ha
3a00JISIBAHETO.

2. Ha  gMarHOCTHIMpaHWTE  TAIMEHTH, NpenopbuBamMe  IPOBEXKIAHETO  Ha
(yHKIIMOHATHA OLIEHKa Ha JBUTATEJIHUTE CHOCOOHOCTH C 1€ PaHHOTO BKIIIOYBAHE Ha
aJIeKBaTHA Tepanus U KHHE3UTeparius.

3. IlpenopbuBamMe MPOBEKIAHETO HA TEKYIIa/peryisipHa OIEHKA JBa IIBTH TOJUIITHO 32
MpociesBaHe Ha aKTYaJIHOTO ()YHKLMOHAIHO ChCTOSIHUE, €peKTa OT MpuiiaraHara Tepamnus u
IIPOTHO3a HA YCIIOKHEHHUATA.

4. [lpenopbuBaMe  €XEAHEBHO MPOBEXKJAaHE HA  MHAMBHUJAYaJHO  HW3TOTBEHATa
KMHE3UTepaneBTUYHa IporpaMa choOpa3eHa ¢ (QYHKIMOHATHOTO ChCTOSIHUE M HYKIUTE Ha
ManueHTa.

ITPUHOCH

1. Omnucan e KIMHUYHUAT (HEHOTUI HA TPOTPECUBHA MYCKYIHA AucTpodus Tun JlromeH,
npudnHeHa ot myTaruu B DMD-rena.

2. Cw3manmena u ampoOupaHa € TecToBa OaTepusi 3a HM3CIEABAaHE M TMPOCIEIsBaHE Ha
(hYHKIIMOHATTHUTE CITIOCOOHOCTH M Ka4eCTBOTO HA JKUBOT mpu mamueHTtu ¢ [IMJ] tun
Hiomen, nox u Hax 16 ron., cboOpaseHa ¢ TeXHUTE (YHKIMOHATHH JEPUIUTH U
OTpaHHYEHUS, BCIEICTBUE MOTOPHATA UM CIabOCT.

3. 3a mepBu 0BT B bbirapus e ochlllecTBEHO KOMIUIEKCHO M3CIIe[IBAHE HA KOpeIaluy Ha
(dbyHKUIMOHATHUTE HapyimieHuss Ha manueHtd ¢ [IMJl tun [romen Ha 6a3ata Ha
KOMOMHUpaHE Ha CTaHAAPTHU3UPAHU METOAMKHU C IIeJl MU3SICHSABAHE HAa ACHEKTH OT
(YHKIIMOHATTHUSAT CTATYC.

4. OneHeHO € BIUSHUETO Ha JUXaTeJHaTa CclaboCT CIpSMO JBUTATEIHUTE HApYIICHUS
npu naredty ¢ [IMJ] tun J{romieH.

5. Ilpocnenen u oueHeH € ePEeKThT OT KWHE3UTEpANUsITa CIPSIMO MOTOPHUTE (DYHKIIUU
npu narenTy ¢ [IMJ] tun J{romieH.

6. Ilpocnenen u oueHeH € egeKTbT OT KOMOHMHAIMATa Ha KUHE3UTepamus,
KOPTUKOCTEPOMIHA TEepamusi M €TUONATOT€HETUYHA Tepamnusl CIPSIMO MOTOPHUTE
¢bynkuuu npu [IM/] tun J{roreH naiueHTy.

7. OIleHeHo € Ka4eCKTBOTO Ha )XKMBOT Ha manueHtue ¢ [IM/] tun dromen.
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INTRODUCTION

Duchenne muscular dystrophy (DMD) is one of the most common inherited
neuromuscular diseases due to a genetic defect (mutation) in the dystrophin gene, localized in
the short arm of the X chromosome, encoding a protein-dystrophin from the scroll of the
muscle cell. The lack of dystrophin in muscle leads to the development of the clinical
manifestation of the disease-slowly progressive muscle weakness to severe disability,
cardiomyopathy, and respiratory failure, which are the most common causes of lethality.
Muscles become more fragile and vulnerable than their normal state, and the occurrence of
hypertrophy and fibrosis contribute to the development of contractures and deformities,
leading to impaired and loss of independent gait, and difficulties in performing activities of
daily living (ADL).

Over the past 20 years, significant advances have been made in the etiopathogenetic
treatment of dystrophinopathies, supported by experimental studies and clinical trials at
various stages. Policies and consensus guidelines have been developed to promote
comprehensive therapy aimed at enhancing the quality of life (QoL) of patients, focusing on
four key areas: maintaining and improving muscle strength and function, preventing spinal
deformities, avoiding respiratory complications, and treating cardiomyopathy.

Since 2012, clinical trials in Bulgaria have included exon-skipping therapies for
patients with deletion-type mutations as part of the established symptomatic treatment. In late
2018, the European Medicines Agency approved a drug targeting nonsense mutation
(nmDMD) and by early 2019, the National Consensus for the Diagnosis, Treatment, and
Prevention of Inherited Neuromuscular Diseases in Bulgaria had begun treating such patients.

With the rapid development of new therapies and strategies in modern DMD
treatment, kinesitherapy has become a crucial element of the multidisciplinary approach. This
has increased the demand for standardized methods to accurately assess functional status and
treatment outcomes. Despite these advances, the follow-up of functional status and quality of
life in DMD patients in Bulgaria remains underexplored, and standardized Kkinesitherapy
methodology has been established.

Slowing disease progression and improving quality of life and health care require a
thorough knowledge of the impact of kinesiotherapy techniques on pathological changes in
motor deficits in Duchenne muscular dystrophy.

The aim of this study is to assess the functional status and their quality of life of
patients with DMD by analyzing the relationships between changes in functional deficit and
quality of life scores. The study’s relevance stems from limited research available on
ambulatory patients and those with restricted or lost ambulatory ability (independent gait),
whether or not they are undergoing or not corticosteroid, gene therapy and kinesitherapy.



HYPOTHESIS

The application of systemic kinesitherapy as part of modern complex symptomatic
therapy and its combination with innovative therapies (approved or in clinical trials) will lead
to slowing the progression of the disease, prolonging the period of independent gait, delaying
secondary complications and maintaining the functional status and quality of life of patients
with DMD.

AIM, OBJECTIVES, OBJECT AND SUBJECT OF THE STUDY

The aim of the study: to investigate and follow up on the impact of complex
treatment, with emphasis on kinesitherapy, quality of life, motor function deficits in patients
with Duchenne muscular dystrophy

Research objectives:

1. Study and summarize research in the field;

2. Recruitment of a cohort of patients with a genetically verified diagnosis of DMD;

3. Development of specific methods to assess the functional status and QoL of
patients with DMD;

4. Determination and comparison of the degree of motor impairment in patients with
different degrees of limitation of independent gait and undergoing different
therapies.

5. Examine the impact of age and disease stage on the severity of motor function
impairment to clarify their correlations;

6. To analyze the determinants of respiratory impairment, limitations in the ability to
walk independentlyand the severity of muscle involvement in patients with DMD.

7. Determine the degree and severity of motor impairment in patients with varying
degrees of independent gait restriction concerning, changes in timed functional tests
and quantitative assessments from MMT and Dynamometry;

8. Analyzing the degree of involvement and functional assessment of the upper
extremities in patients with different ambulatory statuses;

9. Preparation of a kinesitherapy program (for systematic rehabilitation at home).

10. Follow-up and analysis of QoL assessment in patients with DMD.

The object of the study is prospective, longitudinal study examiningfunctional status
and quality of life inDuchenne muscular dystrophypatients.

The subject of the study is the development of an algorithm for the assessment of
functional status and quality of life in patients with Duchenne muscular dystrophy, using
specialized methods and scales to assess and monitor the course of the disease and the effect
of the therapies applied.



Organization of the study

The study took place in the Clinic of Nervous Diseases of the University Hospital
"Alexandrovska"”, Sofia. The study was conducted in the period from January 2018 - July
2023. The study recruited 40 genetically verified DMD patients aged between 4-50 years. The
recruits underwent five serial assessmentsover 2 years, including functional assessment tests,
longitudinal follow-up of the natural course of the disease, the effect of the ongoing therapy
and quality of life.

Serial assessments including functional status examinations to monitor the effect of
therapy and QoL are conducted every six months for two years.

Study group

A total of 40 patients with a genetically verified diagnosis of Duchenne muscular
dystrophy aged between 4 - 50 years participated in this thesis. They were divided in six
groups according to the therapy administered and their walking ability (Table 1).

Table 1. Characteristics of the study group

Types of | Groups Total Men Women
groups number of
participants

Groups 1. Kinesitherapy 15 12 3
?ﬁgordlnagpp”‘;tg 2. Kinesitherapy and 14 14 -
therapy corticosteroid therapy

3. Kinesitherapy, 9 9 -

corticosteroid and gene

therapy

4. group Kinesitherapy | 2 2 -

and Gene Therapy *

TOTAL 40 37 3
Groups 5. Walking up to 350m. | 18 16 2
accordin to
walking gbility 6. Walking over 350m. | 22 21 1

TOTAL 40 37 3

We used the following inclusion and exclusion criteria for patient selection:

Inclusion criteria:
e Patients with a genetically verified diagnosis of DMD;
e Age of patients over 4 years;

Exclusion criteria:

e Unverified genetic patients;

e Other muscular dystrophies and myopathies;

e Cognitive or behavioral problems associated with the inability to perform the
functional tests;

o Patients refusing or unable to complete the study.



Characteristics of the study contingent

The study included 40 patients with DMD, 37 (92.5%) males and 3 (7.5%) females with
a mean age of 10.27+7.41 years. The first symptoms occurred at an average age 42.59+31.12
months, ranging from 1.5 and 180.

DMD is disorder mainly affecting boys. Two of the patients are in a consanguineous
relationship — twin brothers. The three females included in the study are manifest carriers, and
in one of them, aged 9 years, the only symptom was myalgia. The other two female - a girl
aged 8 years with severe muscle weakness, loss of independent gait, and severe contractures,
and a woman aged 50 years with symptoms of slowly progressive muscle weakness
manifested by fatigue and difficulty in standing from squatting.

DIAGNOSTIC AND THERAPEUTIC METHODS OF SCIENTIFIC RESEARCH

In accordance with the aim and objectives of the present study, the following toolkit
(see Table 2) was used for early and accurate functional assessment, enabling the evaluation
of functional status, selection of therapeutic strategy and monitoring of the effect of the
administered therapy in patients with Duchenne muscular dystrophy:

Table 2. Methods and tests used for the study

Methods and tests for research measurement Indicator

History data Characteristics of the contingent

Pulmonary functional test % FVC, FVC1

6 minute walk test metres Walking ability, muscle weakness, and
cardiorespiratory response

4-stairTest seconds Ability to ascend and descend 4 standard steps

North Star Ambulatory Assessment  17-point, three-  assessing the severity of muscle involvement in

scale grade scale; walking patients with DMD

- Raising from floor (RFF) seconds

- 10 metres run/walk

Performance of Upper Limb Module scale with 22 general functional assessment of the upper limb

elements

Manual dynamometry kg Assessment of muscle functiondetermines the
degree of muscle strength

Manual muscle testing 6 degree scale Assessment of muscle function, determining the
degree of muscle weakness

Goniometry Angular degrees  Range of motion

DMDSAT questionnaire Subjective assessment of quality of life

1. Detailed anamnesis, including family history.

2. Pulmonary function test (Spirometry) - to assess lung function. An important
clinical marker allowing assessment of respiratory muscle status in ambulatoryand non-
ambulatory patients with DMD. Forced Vital Capacity (FVC) and Forced Expiratory Volume
in 1 second (FEV1) calculated as % are used for clinical functional assessment. The study of
patients up to 18 years of age (n=38) was performed in the Clinic of Pediatrics, and those over



18 years of age (n=2) in the Clinic of Internal Medicine of the University Hospital
"Alexandrovska" with MasterSceen spirometer.

3. 6-Minute walk test (6MWT) - an objective assessment of functional motor ability
measuring the distance walked in metresby a patient in a brisk walk over six minutes. It is a
predictor of early disability, loss of ambulationand cardiorespiratory response. We studied 35
ambulatory patients (with preserved independent gait >10 metres) over 4 years of age and
ability to follow instructions given to them.

4. 4-stairs climb/descent test. A standardized test for functional assessment of lower
limb motor function and a reliable marker for assessing disease progression. The test, is an
assessment of the short-term changing peak activity, stair climbing/descending, and the
compensatory movements that boys with DMD perform to accomplish the task. It reports
thespeed in seconds and performance of the set activity on a six-grade scale, depending on the
climbing/descending technique and the degree of upper limb use.

We studied 32 ambulatory (with preserved independent gait over 10 metres) patients able to
climb/descend 4 standard stairs using a standardized staircase device with four 15-cm (6")
step heights and a handrail with adjustable height on both sides.

5. Manual muscle testing (MMT). A method of assessing muscle function, determining
the degree of muscle weakness, which assesses whether the strength of the muscles being
tested is normal or morbidly reduced and, if reduced, to what extent. In the patients we
studied, we used the overuse and snap test as a way of exerting manual resistance -
appropriate in small ROM or in the presence of joint contractures. The muscle groups tested
with MMT are described in the thesis in all 40 (walking and non-walking) patients:

- abduction in the right and left shoulder joint;

- flexion in the right and left elbow joint;

- extension in the right and left elbow joint;

- abduction in the right and left hip joint;

- extension in the right and left knee joint;

- flexion in the right and left knee joint.

6. Quantitative myometry/Hand Held Dynamometry to test the force of isometric
contraction of the tested muscles against significant non-repetitive manual resistance, at a
standard and constant starting position. Suitable for testing joints with limited and painful
ROM. The assessment of the force developed by the muscles during isometric contraction is
measured in kilograms using a specialized device, the MicroFet2 dynamometer. All patients
(n=40) underwent three consecutive tests from which the best score for each muscle group
was selected in the following muscle groups:

- abduction in the right and left shoulder joint;

- flexion in the right and left elbow joint;

- extension in the right and left elbow joint;

- abduction in the right and left hip joint;

- flexion in the right and left knee joint;

- extension in right and left knee joint.

7. Goniometry is an elementary and easily applicable method for measuring the range of
motion in joints (ROM). SFTR methodology /"neutral-zero method"/ is a standard
methodology providing the most reliable and accurate reading of the functional indicator of
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the ROM, allows for serial evaluation and comparability of results at different stages of
examination, treatment and kinesitherapy in disabilities affecting the musculoskeletal system.
A standard goniometer was used to measure the range of motion in dorsal flexion of the right
and left ankle joints in all 40 patients.

8. The North star ambulatory assessment scale (NSAA) - Scale for assessing the

severity of muscle involvement in patients with dystrophinopathies. A specially developed
functional scale for assessing motor abilities, monitoring disease progressionand the effects of
administered treatment in outpatients with DMD. The scale includes 17 test activities. It takes
into account the absence or presence of recognizable compensations for achieving a DMD-
specific functional goal classified and rated on a 3-point scale from 0 - 2. Maximum score -
34.
In this study areinvestigated in detail the two subscales (timed tests) -Rise from the floor
(equivalent to the Gowers maneuver) and 10m run/walk. The study included 35 ambulatory
(with preserved gait over 10m at first assessment) patients from all groups, following the
instructions for a specific sequence of test activities.

9. Performance of Upper Limb module (PUL) for general functional assessment,
characterizing the severity and progression of the disease by tracking progressive stereotypic
loss or detecting a possible effect of treatment on upper limb function, in both groups of
patients - ambulatory boys and non-ambulatory, and adults with DMD.

The PUL is a 22-item scale with an input item to define the initial functional level (based on
the Brooke upper extremity scale) and 21 items divided into levels: proximal level or
shoulder, mid-level or elbow, and distal level, wrist and fingers. Scoring: in the subsections of
the test dealing with level testing, scores vary on a scale between 0-1 and 0-6 according to the
efficiency of the activity/movement performed. Maximum overall score 74pts.

All 40 ambulatory and non-ambulatory patients from all groups were tested.

10. DMD Functional Ability Self-Assessement Tool and Quality of Life
Questionnaire (DMDSAT) with patient-reported scores. The questionnaire includes 8
questions divided into four sections describing the level of activity in terms of hand function,
mobility, transfers and need for artificial pulmonary ventilation. The activities are ordered by
difficulty.

METHODOLOGY OF KINESITHERAPY IN PATIENTS WITH DMD

Purpose of kinesitherapy:

Slowing disease progression and maintaining optimal functional status and QoL.

Tasks of kinesitherapy:

» To slow the development of muscle weakness;

* To reduce muscle imbalances by selectively targeting individual muscle groups;

» To optimally maintain muscle elasticity;

» To prevent and delay the development of joint contractures and spinal deformities;
» To support motor activity and maintain motor independence;
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« To maintain the strength and endurance of the respiratory muscles, trunk muscles,
upper and lower limbs;

» Prevention of respiratory complications.

* Educating patients and parents/caregivers to perform exercises at home.

Means of kinesitherapy

Analytically selected physical exercises tailored to the individual needs and functional

status of the patient:

» General strengthening - active, passive and passive-active exercises;

» Stretching;

> Exercises with and on equipment.

» Isometric and isotonic contractions;

» Breathing exercises and postural training;

» Sport and elements of sport.

Methodological guidelines

It is recommended to start kinesitherapy soon after the DMD diagnosis and at all
stages of the disease. The progressive course of the disease requires individualised
kinesitherapy management. Knowledge of the disease and the stages of manifestation of
specific clinical symptoms determine the choice and combination of Kkinesitherapy
interventions. Disease duration, the degree of muscle weakness and the presence of motor
deficits are essential consideration for kinesitherapy. The design of individualised
kinesitherapy program tailored to the needs and motor abilities of patients is based on the
assessment of the patient's functional status.

The kinesitherapy programme includes active and general strengthening exercises with
a pronounced effect on the upper and lower limbs' respiratory, proximal and axial muscles.
The workload is submaximal, with no allowance for fatigue. The exercises are performed
from different starting positions depending on the degree of muscle weakness. The
kinesitherapy programme follows the principle of distraction, to avoid fatigue and
overloading of the same muscle group. It should be performed systematically, preferably 4-6
times a week. Maintaining optimal muscle elasticity, good ROM in the affected joints,
preserving the strength of the respiratory and skeletal muscles are the main focuses of the
kinesitherapy program. The onset of rapid fatigue and the risk of overload, necessitate a
submaximal intensity of the kinesitherapy program. The duration of the treatment is about 30
- 40 minutes. To preserve the effect of the exercises, in addition, routine stretching at home
and the use of night orthoses are recommended. The Kinesitherapy programme developed
allows for application at home with the active participation of the family.

Exercises from the kinesitherapy regimen were demonstrated to our study participants
and their caregivers.

Exercise selection and recommendations

The kinesitherapy program includes a combination of general and special exercises
performed from a different starting position.
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The choice of the appropriate starting position for the different exercises is based on
the degree of muscle weakness and the limitations in the passive or active range of motion.
The frequency and intensity of kinesitherapy exercises depend on the patient's activity and
tolerance to the therapy.

Range of motion exercises

- Kinesitherapy program starts with passive exercises. With appropriate amplitude
and in the physiological axes, without causing pain sensation. Gradually increase the volume
of movement while increasing the elasticity of the tendino-muscular structures.

- Isometric exercises with low intensity and resistance to establish muscle control,
and improve kinesthetic perception.

Exercises to maintain muscle strength

- Active anti-gravity exercises and eliminated gravity in the maximum possible
ROM, initially targeting the axial and proximal musculature. For musculature with
insufficient strength to overcome gravity, it is recommended that the exercises be performed
as active-assisted (Figure 1).

Figure. 1. Exercises to maintain muscle strength

- Resistance exercises with submaximal load. The segment's own weight can be
used as initial resistance. Increasing the resistance should be done gradually, adequate to the
degree of muscle strength. Exercises with and on devices. The use of resistance bands and
small appliances is recommended. The use of free weights is considered inappropriate, as
their use increases the risk of fatigue and traumatism.

Balance and correct body posture exercises (Figure 2).

The rate and severity of involvement of different muscle groups leads to the
development of muscle imbalances, compensatory mechanisms and postural changes.
- Active balance, asymmetrical open and closed kinetic chain exercises.
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- Game exercises of sitting and standing with throwing and catching a ball, with one
or two hands.

- Exercises to train standing and gait. When the ability for independent standing and
gait is preserved - different types of walking, with and without support. Active or isometric
exercises for back and abdominal muscles, pelvic and shoulder girdle.

DS R SRR tu&\. e =
Figure 2. Exercises for balance and correct body posture

Sports or elements of the sport

- Aerobic exercises improving psycho-emotional tone: swimming or playing in the
water (in all stages of the disease); cycling (alone or assisted) and arm ergometry; walks in the
park.

To achieve the goal of kinesitherapy, accurate, analytical selection of tools is of utmost
importance. The combination of kinesitherapeutic agents applied must be carefully refined at
each stage of the disease. The progressive course of the disease, the manifestation of various
clinical symptoms and secondary complications make it difficult to design a kinesitherapy
programme suitable for all patients. Patients' age, available motor resources, tolerance and
motivation are factors that determine the selection of physical exercises. Assessment of
functional status helps to understand the disease and select the most effective exercises for the
individual patient.

Stretching

Characteristic of DMD, progressive muscle weakness involving the axial and initially
proximal musculature of the pelvic girdle and lower limbs affects the musculature in the joint
region with varying speed and severity. As a result, compensatory changes in posture and gait
develop, creating a prerequisite for the development of contractures.

Methodological recommendations and kinesitherapy interventions aimed at preventing
and slowing the development of contractures and limiting the range of motion in the joints
include routine stretching.

Three different types of stretching are recommended for boys with DMD - passive,
active-assisted, and self-performed stretching.

Passive stretching is an essential element of the kinesitherapy program for patients
with DMD at any stage of the disease. In it, the patient does not actively participate in the
stretching process. Passive stretching is performed by a kinesitherapist, or by a parent/carer
after prior training.
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It is recommended at least 4-6 times a week, routinely on the ankle, kneeand hip joints
in the ambulatory and non-ambulatory stages of the disease. The priority of stretching a joint
and the intensity of stretchingdependson the functional assessment - the presence of a tight
muscle group with limited elasticity, limited range of motion in a jointand asymmetric
positioning. Stretching is performed by holding the stretch for 30 to 60 seconds and then
relaxing for approximately the same amount of time. Repeat three times for each joint and
side.

Actively assisted stretching. This type of stretching is performed by a kinesitherapist
or parent, with the patient assisting the stretch by performing a specific muscle contraction. In
active assisted stretching, the tight muscles are stretched and the opposite muscle group is
worked actively. It is a highly recommended type of stretching for the ankle joint.

Self-performed stretching. This type of stretching is most effective for the ankle,
knee and hip joints in patients with preserved independent gait. Performing this stretching
requires prior training of the patientsthemselves.

Rules and methodology for stretching:
» Placing the patient and limb/joint in the appropriate starting position;
» To stabilize the joint and isolate the movement;
* Apply only submaximal stretching;
» Avoid overstretching the joint;
* To hold as long as possible in an extreme position;
» Do induce a sensation of pain;
» Do not perform against resistance.

Frequency and duration:

In ambulant and non-ambulant patients, routine stretching (passive and independent)
of muscles and joints at increased risk of tightness is recommended no less than 4 - 6 times
per week.

Stretching of fixed contractures is not recommended in non-ambulatory patients.

We recommend the inclusion of various positioning devices - platforms or
verticalizing frames, in the child's daily regimen, which have hada good effect on the muscles,
provide a constant and prolonged stretching of the ankle, kneeand hip joints, support standing
and proper posture, and slow the development of pelvic asymmetry.

Another recommended method providing prolonged stretching of the hips and knees is
positional therapy - lying down with a pillow under the abdomen and chestandsand cushions
on either side of the pelvis for proper positioning.

1. Achilles tendon stretching, mm. soleus and gastrocnemius (Figure 3).

o In the ambulatory stages of the disease, this stretching can be performed as active
stretching, active-assisted stretching and, to prolong the elongating effect through
thenight, as passive stretching using orthotics.

o It is started soon after diagnosis. It is performed at all stages of the disease, except in
the late non-ambulatory stage, when contractures are fixed.
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2. Active stretching of the Achilles tendon, mm. soleus and gastrocnemius.
3. Stretching of the ischiocrural musculature and knee joint (Figure 4).

4. Stretching of the femoral flexors (Figure 5).

Figure 5. Stretching of femoral flexors

5.  Stretching the femoral flexors and ilio-tibial ligament (Figure 6).

\ e

Figure 6. Stretching of femoral flexors and iliotibial ligament

As the disease progresses, soon after the loss of independent gait and standing, the rate
of muscle weakness progresses and engages the musculature of the upper extremities.
Gradually, contractures of the long flexors of the fingers and wrists, elbow joints, and
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pronators of the forearm occur. Stretching for the upper extremities is added to the
kinesitherapy interventions (Figure 7):

6.  Stretching of the elbow joint flexors.
7. Stretching of pronators, flexors of the elbow and wrist joints.
8.  Stretching of the elbow and wrist joints and fingers.

\

Figure 7. Stretching of the elbow, wrist, and finger joints

Breathing exercises

Respiratory gymnasticsis an important part of the kinesiotherapy program of patients
with DMD. Particularly effective when performed routinely. Breathing exercises can be
performed as part of the kinesitherapy programme or independently. It is recommended to
start in the early stages of the disease. In the advanced stages of the disease with recurrent
respiratory infections, breathing exercises help in faster recovery. Respiratory gymnastics
includes both directed and undirected breathing exercises that are performed from different
positions, combined with positional therapy and postural drainage (Figure 8).

o Exercises supporting the strength of the expiratory muscles.

o Exercises aiding expiration and coughing.

o Exercises to improve the strength of the inspiratory muscles.

o Exercise to increase tidal volume and inspiratory musculature with the
accumulation of air.

o Exercises to improve the strength of the expiratory musculature with resistance.

o Breathing exercises with manual unblocking of the diaphragm.

4

Figuréé. Breathing exercises
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RESULTS AND DISCUSSION

1. Clinical characteristics of the study population

1.1. Gender distribution

Among the 40 DMD patients recruited, 37 (92.5%) were male and 3 (7.5%) were female
(Figure 9). The mean age of the participants was 10.27+7.41 years, and the onset of the first
symptom occurred at an average age of 42.59+31.12 months, ranging from 1.5 and 180.

Female
7,5% (n=3

Figure 9. Distribution of patients with DMD by gender

1.2.  Genotype distribution of patients.

Of the40 patients with DMD, 28 (70%) had deletions, 10 (25%) had point mutations, and 2
(5%) had duplications in exons 2 and 7-39 of the dystrophin gene (Figure 10), all of which
disruptedthe reading frame. The extent of deletions in patients with dystrophinopathies varied
across the dystrophin gene. Among the 28 patients with deletion mutations, 20 (71.4%) were
in the distal part of the gene, while 8 (28.6%) were in the proximal part (Figure 11). All three
women studied had the deletion mutation.

M Deletions M Point mutations Duplications

Figure 10. Genotype distribution of patients.
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Figure 11. Individual genotype distribution.

1.3.  The age distribution of patients with DMD.

> The distribution of patients by age at symptom onset presented in Figure 12 shows
that:

o Males had the highest number (n=15) in the age groups to 24 months, followed by
24.01-48 months with n=14, and the lowest (n=3) were over 72 months;

There were no female patients in the age range 48.01 -72 months and the other three groups
had one female representative each.

H Male ® Female

over 72 -I
48.01-72 -
o [

16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16

Onset of symptoms (months)

Count
Figure 12. Distribution of patients by sex and age at symptom onset.

An analysis the anamnestic data and diagnostic circumstances for the 40 patients
revealed the most common initial symptoms of progressive muscle weakness, typically
involvingmore than two manifestations (Table 3).
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Table 3. Distribution of patients studied according to initial symptom in number and

percentage (n=40).

Initial symptom Patients studied
N %
Difficulty standing from a squatting position 28 70 %
Difficulty climbing stairs 20 50 %
Difficulty in running 6 15%
Clumsy gait 7 17,5%
Pain in the muscles of the shins 4 10 %
Fatigue 5 12,5%

> Figure 13 shows that in terms of age at first visit:

o The highest number (20) of males were in the 5-9.99 age group, followed by 10-14.99
years with 13, and the lowest (1 each) were in the <5 and 20+ age groups;

o Females with the highest numbers (n=2) were in the 5-9.99 age groups, followed (n=1)
by the 20+year group. The fewest (0 each) were from the < 5, 10-14.99 and 15-19.99 age

groups.

H Male B Female

20+ I
151095 0

soo0
X |

25 20 15 10 5 0
Count

Age at first visit (years)

10 15 20 25

Figure 13. Distribution of participants by sex and age at first visit in years

> The results in Figure 14 show that in terms of the age of disease at first visit:

o The highest number (15) of males were in the 4.1-8 years group, followed by 8.1-12

years with 10, and the lowest (3) were over 12 years;

o Females with the highest number (2) were in the 4.1-8 age group, followed by over 12
with 1. The fewest (0 each) were from age groups 4 and under and 8.1-12.
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Count
Figure 14. Distribution of study participants by sex and age at first visit in years

1.4 Group distribution of patients with DMD

The study participants were categorized into four groups based on the type of therapy
administered (Figure 15) and into two groups based on their degree of mobility (Figure 16):

o Group 1 - kinesitherapy (n=15 or 37.5%);

o Group 2- kinesitherapy and corticosteroid (CS) therapy (n=14 or 35.0%);
o Group 3 - kinesi-, corticosteroidand gene therapy (n=9 or 22.5%);

o Group 4 - kinesi- and gene therapy (n=2 or 5.0%);

o Group 5 - walking up to 350 metres (n=18 or 45.0%);

o Group 6 - walking over 350 metres (n=22 or 55.0%).

Because group 4 had no statistical representativeness it did not participate in
analyses related to the type of therapy administered.

=2 (

B Group 1 (KT) M Group 2 (KT + CS) B Group 3 (KT + CS + GT) Group 4 (KT + GT)

Figure 15. Frequency distribution of the study population by type of therapy administered
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H Group 5 (Walking < 350m) = Group 6 (Walking > 350m)

Figure 16. Distribution of study participants by mobility

Table 4. Comparative analysis of treatment groups by age at first symptom, age at first
visitand age of disease at first visit

= P
Indicat G SD
ndicator roup n X 1-2 1-3 5.3
] 1 15 52,907 43,92 0,217 0,776 0,343
Age at first symptom 2 14 32,207 1817
(months)
3 9 40,007 17,40
1 15 12,218 11,21 0,477 0,108 0,321
Age at first visit (years) 2 14 9,53 4,35
3 9 1113t 2,23
] ] ] 1 15 7,80° 8,29 0,847 0,065 0,370
Dlsease_ QUratlon at first 2 14 6840 4,79
visit (years)
3 9 8,16° 1,85

* ldentical letters on the verticals mean no significant difference, different letters - the presence of significant difference
(p<0.05)

Table 5. Comparative analysis of treatment groups by gender

Therapeutic groups

Gender Frequenc P
q y 1 2 3
n 12 14 9
Men
% 80,0 100,0 100,0
0,107

n 3 0 0

Women
% 20,0 0,0 0,0

Tables 4 and 5 show that:

o Patients in the treatment groups were statistically matched for age at first symptom,
age at first visit, and age of illness at first visit, as well as for sex;

The comparative analysis of the groups according to the degree of mobility showed that
(Table 6):
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Table 6. Statistical characteristics of study participants mobility: walkers up to 350m and
walkers over 350m.

Walking up to 350 m.  Walking over 350 m.

Indicator — — p
X SD X SD
Age at first symptom (months) 47,53 41,32 37,52 19,31 0,626
Age at first visit (years) 13,24 10,16 8,60 2,97 0,032
Disease duration at first visit (years) 9,28 7,69 5,49 3,28 0,065
n % n %
Gender 0,579
Men 16 88,9 21 95,5
Women 2 11,1 1 4,5
o Patients in these groups were statistically matched for age at first symptom, age at first
visit, and gender;
o The only significant difference wasconcerning age at the first visit, the mean of which

was significantly higher in group 5 patients;

15 Discussion

DMD, an X-linked recessive disorder, predominantly affects males, as seen in this

study, where 37 (92.5%) of the 40 participants were male and 3 (7.5%) were female (Figure
9). Females are typically asymptomatic carriers or, although rare cases may present with mild
clinical symptoms. Among the three symptomatic females in the study: one was a girl with
mild symptoms, including hamstring musclespain; another was a girl with severe muscle
weakness, joint contractures, and loss of independent gait before the age of 10 years; and the
third was a 50-year-oldwoman with muscle weakness and myopathic gait.
Our contingent corroborates the research data on gender distribution of DMD (Emery AE.,
2002). It makes an impression that one of the girls had severe clinical symptomatology
uncharacteristic for her age and sex, but this is explained by the results of the genetic study
(the mutation is a deletion Del 46-52, heterozygous carrier) (Yoshioka M et al., 1986; Tournev
et al., 2012; Giliberto F et al., 2014).

Regarding the genotypic distribution of patients, our results confirm the 70%
deletion prevalence described in the literature (Nishino et al., 2002; Emery AE, 2002; Bladen
CL, 2015; Zhao W, 2021, Han X, 2022) (Figure 10). This is also true for the location of the
predominant mutations in the distal part of the gene, between exons 45-55 of the DMD gene
(Todorova A., 2008; Bladen CL et al.,2015; Nakamura Aet al., 2017) (Figure 14). The
anamnestic findings of the initial symptoms describing the initial manifestations of proximal
muscle weakness are consistent with those described by several authors (Li QX et al., 2012,
Liang WC et al., 2018; Angulski A et al., 2023). The most commonly reported of the primary
symptoms in our study patients was difficulty in standing from a squatting position (n28=70%
of patients), followed by difficulty in climbing stairs (n20=50%) and clumsy gait (n"7=17.5%)
(Darras et al., 2015)(Table 3).
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Analysis in terms of the age of the first symptom shows that our data are in line with
worldwide (Bushby KM, 1999; Zalaudek I et al., 1999; Darras BT et al., 2022). Overall, in
40% (15 males and 1 female) of the subjects (n=40) the age of the first symptom was in the
age group up to 24 months, from 24.01-48 months in 37.5% (14 males and 1 female), in the
remaining 12.5% (5 males) from 48.01-72 months and in 10% (3 males and 1 female) above
48.01 months (Figure 12). The age at the first visit of most of the participants in our study to
the Clinic of Nervous Diseases, University Hospital "Alexandrovska™ was higher than
average. 55% (20 males and 2 females) of the patients were in the age range of 5-9.99 years,
the remaining 32.5% (13 males) were between 10-14.99 years and only one patient was less
than 5 years old at first visit (Figure 13).

The same is evident from the duration of disease at the first visit, which is greater
than usual. A study by D'Amico, (2017) reported a mean age of 41 months at diagnosis for
patients with DMD (D'Amico et al., 2017). Only nine (22.5%) of the patients in the study
presented within 4 years of onset. Approximately the same number of patients, 10 (25%),
were delayed from 8.1-12 years and thus fell into the late ambulatory phase of the disease
course, which we believe results in delayed incorporation of adequate therapy and
rehabilitation (Figure 14).

The group allocation of the patients was done to monitor the effect of the most
appropriate therapy for the specific case and the possibilityof including them in an appropriate
etiopathogenetic treatment (RNA therapy for nmDMD and exon-skipping). On a functional
basis, we divided the cohort into groups walking up to and beyond 350 m because this
distance has been accepted as a predictor of near disability (McDonald CM et al.,2010;
McDonald CM et al., 2013) (Figures 15 and 16). It is common in clinical trials to compare
ambulatory and infrequently non-ambulatory patients, whereas we decided to separate
patients according to their functional capacity because of the different prognosis. Thus, a
detailed analysis of the parametres age at first symptom, age at first visit, and disease duration
in the therapeutic and functional (according to walking ability) groups of patients showed that
the age at first symptom was consistent with data in the literature. In groups 2, 3, and 6 this
indicator was reported between 32,29-40,00 months, and in groups 1 and 5 it was in the age
range between 47,53 - 52,90 months, which is presymptomatic or early ambulatory stage of
the disease development. The observed significantly higher differenceconcerning age at the
first visit in patients walking up to 350m gives us reason to believe that insufficient awareness
of the disease and failure to recognize the first symptoms among parents and medical
professionals may lead to late diagnosis and therapy (Tables 4 - 6).

2. Longitudinal monitoring of patients' functional indicators. Comparison of
indicators in groups:

According to therapy:

Group 1. Kinesitherapy;

Group 2. Kinesitherapy and Corticosteroid therapy;

Group 3. Kinesitherapy, Corticosteroids and Gene Therapy.

According to functional abilities:

Group 5. Walking up to 350 metres;

Group 6. Walking over 350 metres.
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2.1.

Dynamics and comparative analysis of respiratory parametres - FVC% and
FEV1% and motor parametres - NSAA (score) and 6MWT (metres) by groups.

Table 7. Comparative analysis of Forced Vital Capacity %, Forced Expiratory Volume %,
North Star Ambulatory Assessment (score), and distance walked in 6 minutes (metres).

Indica Growp _\/isit 1 _Visit 2 _Visit 3 _Visit 4 _Visit 5
tor X SO X s X sb X sb X sD
> Total 8878° 1723 9084° 1652 89,377 1739  8822° 1943 8552 20,61
g 1 7725 1350 7976* 17,19 78672 1026  7662% 2193 7441r 22,92
g 2 94200 1079 94,82: 9,68 92600 1157  91,60° 1389 87.26* 17,74
EE s 99.66° 1951 102,68* 11,76 101,08 1041  100,75¢ 10,16 98,71 9,07
2 5 8172¢ 1895 8461 20,16 8169° 2059 70720 2326 7616° 2233
g 6 94358 1381 95762 1125 95420 1169 9493 1279 9291* 16,14
' P 0,005 0,047 0,011 0,015 0,003
Total 9657% 1842 9826° 19,03 97,850 1865  9659° 2084  92.67* 2335
e 1 88707 1690  90.39% 18,85 88,95° 2081 85.82% 2200  81.98% 2551
EE 2 100550 2024 10322° 1740  102,30* 11,81  10395¢ 1482 97528 22,29
2 3 10235 1632 103,02 1930  10444* 17,62  10262¢ 1772 100,61* 14,88
B § 5 9225¢ 21,04 9383 2124 9171 22,05 80.04% 2457 82190 24,85
5 6 9909° 1580 101,76* 1686  102,70° 1426  102,55* 1554 10094 1884
P 0,046 0,139 0,040 0,041 0,004
Total 1795 1014 17,900 10,58 1646° 1074  1477° 11,10 12,679 1214
1 14200 1095 1367° 1085 1200° 1105 1087 11,19 840° 1179
5 «5 E 2 17.77% 925 1885 10,95 17.69% 10,88  1515¢ 1167  1223% 1280
£33 3 21,78 839 2133 844 19.44% 829 1756% 853  16.78% 943
2EE > 9,67¢ 726 9,110 742 7618 6,76 617° 655 4,72 6,60
6 2505% 598 2543 6,08 2405% 7,02 2214° 860 1948 11,73
P <0,001 <0,001 <0,001 <0,001 <0,001
° Totl 31169° 16022 304,000 16460 28623 17071  26223° 17052 225267 18842
S 1 27293 10277 26060% 192,99  227,00° 18997 197,20 18308 162,87 19556
2 31562% 160,20 307.46® 167,71  30308° 181,82  274.23* 18525 216.62* 21338
E % 3 34500% 104,84 347.67% 11264  328.11* 10601 31678° 97,51  204.11% 9582
82 5 18294° 140,74 167,06° 130,68  143,78° 131,90 120679 11935 92,44° 120,53
sE 42205¢ 6504 42138 6003 408,33 8162  38357% 9819 339,10° 160,08
a b <0,001 <0,001 <0,001 <0,001 <0,001
350 20
300
250 15
200
10
150
100

o

5
0 0
Vi V2 V3 V4 V5

mm FVC (%) e FEO1 (%) =—=@=6MWT (m.) =—0=NSAA (t.)

Figure 17. Dynamics of mean values of respiratory - FVC% and FEV1%
and motor indices - NSAA (score) and 6MWT (metres)
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Table 7 and Figure 17 show that:

o In the whole sample, the three treatment groups and the patients with a walking
distance of more than 350 m., no significant dynamics of Forced Vital Capacity (FVC%)
were found. For those walking up to 350 metres, this indicator showed a statistically
significant decrease at the fifth visit compared to the previous four visits. At all five visits, the
mean FVC values in the group walking over 350 metres were statistically significantly higher
than those of the less mobile group;

o The other respiratory indicator, Forced expiratory volume (FEV1%), had a
significant decline at the fifth visit compared to the previous four visits only in the group with
walking less than 350 metres, a not very persistent trend of decline at later visits in the whole
sample and the group having only kinesitherapy, while no statistically significant dynamics
were observed in the other groups. For this indicator at the first, third, fourth and fifth visits,
the mean values of the group with walking over 350 metres were statistically significantly
higher than those of the less mobile group;

o North Star Ambulatory Assessment (score) - this test found a statistically
significant trend of decline in the entire sample, and almost all study groups except treatment
group 3 (most likely due to the relatively small number of cases in the group). Across all five
visits, the mean scores for the test under consideration in the group walking more than 350 m.
were statistically significantly higher than those of the less mobile group;

o Distance walked in 6 minutes of walking (metres) - this test found a statistically
significant decreasing trend across the entire sample and all study groups. Across all five
visits, the mean values in the group walking more than 350 metres were statistically
significantly higher than those of group 5.

2.2.  Dynamics and comparative analysis of motor performance - Standing from the
floor (score), standing time from the floor, 10m run/walk (score) and 10m run/walk time

by group.

12
I Rise from floor
10 (SC)
8
10m Run (sc.)
6 ‘\./M/‘
a —@= Rise from floor
(sec.)
2
==10m Run (sec.)
0

Vi V2 V3 va V5

Figure 18. Dynamics of the mean values of functional indicators - Rise from floor - score
and time; 10 m run/walk - score and time
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Table 8. Comparative analysis of Rise from floor (score), time to rise from floor (seconds),
10m run/walk (score) and 10m run/walk time (seconds)

) Gro Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Indicator n — = = = —
pa X SD X SD X SD X SD X SD
Total 3,108 1,48 2904 147 2,972 1,60 2.670d 172 2,49¢ 1,73
1 2,732 1,62 2.47%¢ 136 2,477 1,60 2,13vc 1,64 1,65
Rise from 2 3,002 1,41 3,08 1,55 3,002 153 2,622 1,71 2,54% 1,90
floor 3 3,442 1,24 3,332 1,32 3,228 1,39 3.00%¢ 1,50 % 1,41
(score) 5 2,062 1,06 2,06% 1,06 1,89 1,02 1,56° 0,92 1,44 0,98
6 4,002 1,18 3.62¢ 1,40 3,902 1,41 3,622 1,69 3F 1,75
P <0,001 0,001 <0,001 <0,001 <0,001
Total 5.80¢ 3,11 5,34 2,12 6.36F 3,64 6,28° 3,72 T 4,33
1 3,33 1,31 3,65 0,92 3,88 2,04 4,47 2,32 476 241
Time to rise 2 6,23 2,97 5,58 1,89 5,79 2,28 6,03 2,95 7,28 4,13
from floor 3 7,57 3,64 6,46 2,59 9,35 465 8,81 4,86 9,35 551
(seconds) 5 5,99 2,33 6,47 2,86 10,55 589 9,38 6,23 11,00 6,74
6 5774 327 5,18« 2,08 5.76° 3,09 5.84%¢ 337 & 3,92
P - - - - -
Total 4,052 1,49 4,002 1,47 3,95 154 3,69 1,58 3,38° 1,83
1 3,632 1,51 347 151 3.33*¢ 1,63 3.13¢ 1,60 2,67° 1,76
10m 2 4,082 1,61 3,922 155 3,928 1,55 3,692 1,75 3,232 2,01
run/walk 3 4.44¢ 101 456 0,88 4,562 0,88 4,11 0,78 2 0,97
(score) 5 3,008 1,37 2,942 1,35 2.83¢ 1,42 2.56 1,38 2,22 148
6 4.95¢ 0,86 4,90 0,83 4,902 0,83 4.67°¢ 0,97 4,38 150
P <0,001 <0,001 <0,001 <0,001 <0,001
Total 6,75% 436 7,07 450 7,93 5,69 8,55¢ 5,15 10,19¢ 7,22
Run/walk 1 6.75¢ 2,34 7.60°F 2,68 8.34%9 294 10,044 5,27 1noe 9,05
time per 10 2 5.34* 0,90 5,512 1,70 5,902 2,11 6.60°¢ 3,15 & 6,93
metres 3 8.49¢ 7,04 8.51°¢ 7,08 10,20? 8,96 9,872 6,42 11,022 6,48
(seconds) 5 10,022 7,07 10,97 6,79 12.03®®¢ 8,84 13,049 6,30 158¢ 8,69
6 5.38¢f 114 5422 1,28 6,21° 2,41 6.67¢¢ 3,20 7’8 5,09
P <0,001 <0,001 <0,001 <0,001 0,003

* jdentical letters on the horizontals indicate no significant difference, different letters indicate the presence of a significant
difference (p<0.05)

A comparative analysis of the next 4 indicators (Figure 18, Table 8) found that:

o For the Rise from the floor (score) indicator there is a downward trend especially
after the third visit. This trend is observed in the sample as a whole and in almost all groups
(except group 2). Across all five visits, the mean test scores of the walking group over 350 m
were statistically significantly higher than those of the less mobile group;

o The Rise from floor (time, seconds) metric has statistical representativeness only in
the sample as a whole and in the higher mobility group. There is a slight increasing trend in
these groups. Between group comparisons were not made due to the lack of statistical
representativeness of most groups. It was due to many patients not being able to perform the
assessed movement;

o Thel0 m run/walk (score)showed a trend of significant decline over time (except for
treatment group 2). Here, and across the five visits, the mean values of the walking group over
350 metres were statistically significantly higher than those of the less mobile group;

o In the related to the previous indicator time for 10 m run/walk (seconds) only those
who can perform this action participate. For the whole sample, the three treatment groups and
patients walking up to and over 350 m, a significant upward dynamic was found during
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follow-ups. Across all five visits, the mean times were statistically significantly higher in the
less mobile group compared to those of the group walking more than 350 metres.

2.3.  Dynamics and comparison of functional performance - time to climb 4 stairs,
climb 4 stairs (score), time to descend 4 stairs and descend 4 stairs (score) by group.

12
I 4 Climb

10 Stairs (sc.)

—— 4 Descent

/ Stairs (sc.)

—=0—14 Climb
I I I I I Stairs (sec)
=0==4 Descent

Vi V2 V3 v4 V5 Stairs (sec)

o N » O ©®

Figure 19. Dynamics of mean values of functional indicators - Climbing 4 stairs - score and
time; Descending 4 stairs- score and time

Table 9. Comparative analysis of the indicators time to climb 4 stairs (sec.), climb 4 stairs
(score), descend 4 stairs (time in sec.), and descend 4 stairs (score)

) Gro Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Indicator n — N N N —
pa X SD X SD X SD X SD X SD
Total 5,85 529 635 6,00 7,00 6,19 851° 725 10,319 9,19
Time to 1 7,05 6,27 7,22 6,60 8,74 743 9,99 8,25 11,80 9,56
dlime 2 3,03 1,29 5200 538 507 451 6,34 6,61 10,15 11,60
ire 3 720 685 7.42¢ 6,87 8.68° 673  10.71* 7724 11,10 7,64
iy 3 TSRS oz TR To A 0 B 1 Bt o
p <0,001 <0,001 <0,001 <0,001 <0,001
Total 3,38° 194 338 101 3,28 1,90 2,95 186 2,72° 1,90
1 267 188 2,73 1,98 247 1,77 2.20° 1,66 207 1,71
Climb 2 3,462 1,98 331° 193 3,38 1,94 3.00° 1,91 2.54%¢ 1,81
4 stairs 3 3.80°¢ 169 4,000 1,41 3,89 1,62 3,440 1,59 3.33¢ 1,80
(score) 5 1,83 104 183 1,04 1.78¢ 1,17 1.72% 1,18 1.44% 0,62
6 471 149 471° 1,42 457 1,40 400 1,70 3,81 1,97
p <0,001 <0,001 <0,001 <0,001 <0,001
Total 4,258 3,05 4839 4,05 566 498 7,04 6,52  7.51% 811
) 1 5,80 490 6,69 595 7,79 6,96 9,56 9,17 11,80 11,84
dz:;;go‘l 2 3,02 0,58 3,23 127 297 1,33 3,38 1,48 3,10 1,73
atairs 3 404 207 469 369 659 454 8.58 590 8.21% 6,54
(seconds) 5 8,36 450 10,12 6,17 9,60 713 12,36 842 14,17 11,33
6 3,112 098 3377 1,32 457 378 557 5,27 566 6,19
P - - - - -
Total 3,672 196 356° 1,97 3,15 187 2,92° 184 2,599 1,86
1 293 194 287° 1,92 2607 1,88 2400 192 227 1,98
Descend 4 2 3,69 1,97  3.69° 1,97 3.23¢ 174 3.00°¢ 1,73 2,38 1,90
stairs 3 4,56 181 433 1,94 3.56¢ 2,01 3.22%¢ 179 2.89% 1,45
(score) 5 2,067 135 1,89 1,18 1729 1,02 156° 0,78 1,33° 0,59
6 5,05 1,20 5000 1,22 4738 1,53 4,10 1,67 3,67 1,91
P <0,001 <0,001 <0,001 <0,001 <0,001

* |dentical letters on the horizontals indicate no significant difference, different letters indicate the presence of a significant
difference (p<0.05)
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A comparative analysis of the metrics of climb 4 stairs - time, climb 4 stairs - score,
descend 4 stairs - time and descend 4 stairs - score (Table 9, Figure 19) found that:

o In the first indicator only those who can perform this action participate. For the whole
sample, treatment group 3 and patients walking up to and over 350 m, a significant upward
dynamicis found during the follow-ups. (Treatment group 1 does not have the necessary
statistical representativeness, and in treatment group 2 the process is stationary). Across all
five visits, the mean times (in seconds) were statistically significantly higher in the less
mobile group compared to those of the group walking more than 350 metres;

o For the 4 Climb Stair test indicator (score) there is a downward trend especially after
the third visit. This trend is observed in the sample as a whole and in all study groups. Across
all five visits, the mean test scores in the group walking more than 350 metres were
statistically significantly higher than those of the less mobile group;

o In the 4 Descend Stair test, time in seconds again only those who can perform this
action participate. For the whole sample, treatment group 3 and patients walking up to and
over 350 m, a significant upward dynamic was found during follow-ups. (Study groups 1, 2
and 5 do not have the necessary statistical representativeness). Across all five visits, mean
times were higher (in algebraic terms) in the less mobile group relative to those of the group
walking more than 350 metres;

o In the 4 Descend Stair test, score - this test found a statistically significant trend of
decline across the entire sample and all study groups. Across all five visits, the mean values in
the group walking more than 350m were statistically significantly higher than those of
groups.

4.2.4. Dynamics and comparative analysis of MMT indices for the assessment of muscle
weakness in proximal muscle groups for upper and lower limbs.

MMT - abduction in the right MMT - abduction in the left shoulder
shoulder joint joint

6.00 6.00
4.00 4.00 —
2.00 I 2.00 I
0.00 0.00

vl v2 v3 v4 v5 vl v2 v3 v4 v5

G - G2 G3 =@=G5 —0=—G6 Gl G2 G3 =@=G5 =0—G6

Figure 20. Dynamics in mean values of MMT Figure 21. Dynamics in mean values of MMT
scores of abduction in the right shoulder joint scores of abduction in the left shoulder joint
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MMT - flexion in the right elbow joint
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Figure 22. Dynamics in mean values of MMT Figure 23. Dynamics in mean values of MMT
scores of flexion in the right elbow joint
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MMT - extension in the right elbow
joint
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scores of flexion in the left elbow joint

MMT - extension in the left elbow joint
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Figure 24. Dynamics in mean values of MMT Figure 25. Dynamics in mean values of MMT
scores of extension in the right elbow joint

MMT - abduction in the right hip joint
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scores of extension in the left elbow joint

MMT - abduction in the left hip joint
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Figure 26. Dynamics in mean values of MMT Figure 27. Dynamics in mean values of MMT
scores of abduction in the right hip joint
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MMT - flexion in the right knee joint MMT - flexion in the left knee joint

5.00 5.00
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Figure 28. Dynamics in mean values of MMT Figure 29. Dynamics in mean values of MMT

scores of flexion in the right knee scores of flexion in the left knee joint
MMT - extension in the right knee MMT - extension in the left knee
joint joint
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Figure 30. Dynamics in the mean values of ~ Figure 31. Dynamics in mean values of MMT
MMT scores of the right kneeextension scores of the left knee joint extension

A comparative analysis of the indicators used to assess muscle weakness by MMT (Figures
20-25) found that:

- For the whole sample, a decreasing trend was observed in all groups. Across the five
visits, the mean values of the considered indicators abduction in the right and left shoulder
joint, flexion in the right and left elbow joint, and extension in the right and left elbow
joint in group 6 - walkers over 350 metres were statistically higher than those of group 5 -
walkers up to 350 metres.

- The trend of decreasing mean values for all groups and the two (right and left) side is
found after the third visit. Only for the elbow joint flexion indicator in the less mobile group
this decrease is statistically significant.

- The differences in the mean values of the indicators in the studied groups between the
two (right and left) sides are negligible.

It is clear from Figures 26-31 that:

o In the hip joint abduction index (right and left sides studied), the lowest mean values
were of the group walking up to 350 m, followed by the knee joint extension index and lastly
the knee joint flexion index, i.e. muscle weakness occurs slowest in the flexor musculature.
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o The differences between the first, second, and third visits for the two sides (right and
left) of the three parametres examined were of borderline significance, while statistically
significant differences were observed for the fourth and fifth visits.

2.5  Dynamics and comparative analysis of hand dynamometry parametres for muscle
strength assessment in proximal muscle groups of upper and lower limbs.

Table 10. Comparative analysis of muscle strength assessment indices from right shoulder
joint abduction, right elbow joint flexion, right elbow joint extension, and right hip joint
abduction by group.

) Gro Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Indicator n < < < < <
pa X SO X SO X sb X sb X SD
Total 378° 136 3,656° 1,29 3,74 140 3,60° 1,49 3,60¢ 166
Abduction 1 3397 151 321 153 328" 162 32280 205 313 2,19
i the right 2 425 128 4198 1,13 424° 138 3922 112 413* 1,37
e 3 403 107 384 062 398 080 390° 0,78 378 0,91
ou 5 353 137 330° 1,32 314 127 301" 1,36 2,79° 1,37
Joint 6 3990 134 394 121 425 1,32 4118 144 430° 1,60
P 0,336 0,133 0,018 0,027 0,003
Total 361° 147 345 148 3317 157 310° 181 299° 2,02
1 3,05¢ 148 3,06° 1,71 287 173 2,79¢ 251 266" 2,64
Flexion in 2 420 153 3,99 1,52 375¢ 163 336" 1,38 3,32 1,90
the right 3 3,00 127 334% 093 347 1,23 321 1,08 3,03% 1,05
elbow joint 5 300 147 295 149 264 1,40 228 1,34 2,119 1,26
6 405€¢ 1,35 389° 136 3,89 1,51 3.80° 1,90 3.74* 226
P 0,040 0,045 0,008 0,002 0,005
Total 3,10° 165 292¢ 152 297° 1,58 2.76° 167 274" 185
1 253 195 251 199 2548 1,90 2418 219 237° 241
Extensionin 2 354 148 336° 128 333 1,58 3,10 1,40 3,04 1,63
the right 3 338 142 2,83 095 3,120 1,03 2,82¢ 117 2,77 1,29
elbow joint 5 253 165 243 147 232 147 2100 1,44 201" 1,49
6 359° 153 3,34 147 352 148 333 167 336° 1,94
p 0,757 0,697 0,125 0,219 0,140
Total 477° 132 523 168 519 161 503 159 499 1,48
1 4918 153 507 1,72 503 1,80 4,95 200 490° 1,86
Abduction 2 4918 153 587 202 566© 1,76 531¢ 154 523¢ 1,39
in the right 3 4498 0,61 473 094 492 1,00 483 093 481 1,09
hip joint 5 5.04% 1,68 506° 1,71 4,79 167 469¢ 1,79 467 165
6 454 0,89 538 1,69 552 151 531" 1,38 526° 1,29
P 0,815 0,647 0,165 0,241 0,214

From the analysis of the results in Table 10, Figures 32, 34, 36 and 38, it can be seen that:

o In the whole sample, the three treatment groups and the patients with a walking
distance of more than 350 m, no significant dynamics of the abduction dynamometry index
in the right shoulder joint were found. In those walking up to 350 metres, this indicator
showed a statistically significant decline on the second visit compared to the first, a stagnation
until the fourth visit and a statistically reliable decline on the fifth visit. In the last three visits,
themean values in the group walking over 350 metres were statistically significantly higher
than those of the less mobile group;
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o There was a decreasing trend in right elbow joint flexion dynamometry,
significantly more pronounced in the whole sample and groups 1 and 5. In all five visits, the
mean values of the parameter under consideration in the group walking more than 350 m were
statistically significantly higher than those of the less mobile group;

o A slight decrease in the mean values was found in the right elbow joint extension
dynamometry parameter having statistical significance in the whole sample and the walking
group up to 350 m. In all five visits the differences between the means of groups 5 and 6 were
statistically insignificant;

o A different significant trend was observed for the dynamometry abduction index in
the right hip joint. For those walking up to 350 m, the mean values decreased during follow-
up, whereas they increased in the more mobile group. The differences between the means of
groups 5 and 6 were statistically insignificant at all five visits.

Table 11. Comparative analysis of muscle strength assessment indices from left shoulder joint
abduction, left elbow joint flexion, left elbow joint extension, and left hip joint abduction
dynamometry.

) Grou Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Indicator n — — — — —
p X SD X SD X SD X SD X SD
Total 3.65¢ 153  3.85¢ 175 383 1,72 3.63° 155 3.64° 1,76
Abduction 1 340 1,89  3.48c 226 334 216  3.16% 213  3.14¢ 2,32
e ot 2 3,892 1,36 443 160 4300 164 4,18 1,17 413 1,50
'“ht el g 3 4,03 1,13 396 058 423 060 3,83 042 402 076
s j%‘i‘mer 5 3,490 166 3458 165 3260 163 304 152 28% 147
6 3,792 1,44 4200 1,79 4318 168 4,13 143 433 1,73
p 0,381 0,132 0,042 0,035 0,006
Total 3,407 148 341° 169 325 166 3,04 1,70 2,86° 1,88
1 3.000 162 323 213 301" 216  2.80® 242 2,63 258
Flexion in 2 3,77° 155 387° 156 349 157 332 1,33 315 1,66
left elbow 3 357 128 321° 096  3.38¢ 091 303 070 277 0,86
joint 5 2,92 152 2878 157 2529 137 2189 1,30 2,06° 1,39
6 380% 136 3.87% 168 3888 166 377 169 356° 2,00
p 0,051 0,039 0,004 0,001 0,006
Total 3049 153 2969 151 299° 1,65 2818 163 2,72° 1,83
1 261 1,79 261 200 270 215 2518 223 2428 246
Extension 2 3.39¢ 126 335 121  3.14¢ 130  2.88c 123 286 1,54
in left 3 3,382 152 294 1,03 328 134 3118 1,15 293 1,19
elbow joint 5 2579 165 2,568 1,68 2369 1,62 2,16° 163 207° 1,59
6 3,448 133 3312 1,30 352 151 3736° 144 328 1,87
p 0,019 0,019 0,002 0,001 0,008
Total 4,967 176 543 197 556 202  533¢ 194 533¢ 204
1 5,042 227 5222 233 5122 240 5218 265 517° 2,63
Abduction 2 5,092 172 619 206  6.40° 201 574 159  573¢ 1,97
in the left 3 4,672 098 484 082 526 1,07 507° 094 503% 1,23
hip joint 5 519¢ 227 515 2,09 5028 221  469% 202 473 217
6 4,762 121 567 1,88 603 176 58M 1,74 584 1,83
p 0,861 0,219 0,048 0,051 0,046

From Table 11, Figures 33, 35, 37 and 39 it is clear that:

o Only in walkers up to 350 m a significant downward dynamics of the left shoulder
joint abduction index - dynamometry was found (visits 4 and 5). In the last three visits,
themean values in the group walking over 350 metres were statistically significantly higher
than those of the less mobile group;
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o For Flexion in the left elbow joint - dynamometry, there was a significant trend of
decline in the whole sample and study groups (excluding group 2). In all five visits, the mean
values of the indicator under consideration in the group with walking over 350 m were
statistically significantly higher than those of the less mobile group;

o A slight decrease in the mean values was found in the left elbow joint extension -
dynamometry indicator having statistical significance in the whole sample and in the group
walking up to 350 metres. In all five visits the mean values of group 6 were significantly
higher than those of group 5;

o A differentstatistically significant trend was observed in the indicator Abduction in
the left hip joint - dynamometry. For those walking up to 350 metres, the mean values
decreased during the follow-up, while for the more mobile group, they increased. The
differences between the means of groups 5 and 6 were statistically insignificant at the first
two visits and statistically significant at the last three. The higher mean values are of group 6.

Table 12. Comparative analysis of the dynamometry indicators of right knee joint extension,
left knee joint extension, right knee joint flexion and left knee joint flexion

) Gro Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Indicator n — — — — —
pa X SD X SD X SD X SD X SD
Total 46549 264 4,872 3,11 4,67 3,27 4.26°9 319  4,19° 3,61
1 3.86% 3,33 3.89¢ 363 3.75¢ 367 3.57d 3,80 3.50°¢ 4,22
Extension in 2 5,172 1,73 5,672 2,63 5,222 2,98 4,942 2,94 4,762 3,62
the right knee 3 4,832 2,48 4,662 2,60 4,692 2,97 3,83 2,25 3,59° 2,23
joint 5 3,312 2,25 3,262 2,20 3.07¢ 2,28 2.90¢ 228 2,74° 2,42
6 5.81% 243 6.25% 3,14 6,052 3,40  543° 3,43 5,42° 4,04
P 0,001 0,001 0,002 0,004 0,011
Total 4.65¢ 263 4,65 2,86 4,51 288 4.49°¢ 312 4.49¢ 312
1 4,272 3,65 4,09 369 3.85¢ 339 4528 429 4,528 4,29
Extension in 2 4,992 1,71 5,112 2,00 4,922 2,564 4512 2,17 4,512 2,17
the left knee 3 4,36 1,83 4,422 2,63 4,312 2,51 3.71¢ 201 3.71¢ 201
joint 5 3.39¢ 2,17 3.31@ 212 314 218  3,48° 2,77 3,48°¢ 2,77
6 5,682 2,56 5752 2,96 5,622 2,94 5328 3,20 5,328 3,20
P 0,002 0,002 0,004 0,030 0,030
Total 5,212 2,38 5,302 2,37 5,442 2,12 5,38 2,28 5,108 2,15
1 4,952 2,09 4,992 2,43 5,092 2,41 4,922 2,62 4,872 2,66
Flexion in the 2 6,012 3,16 6,352 2,63 5,882 1,90 6,028 2,35 5,482 2,20
right knee 3 4,628 1,43 4,482 1,52 5,542 2,09 5328 1,76 4,932 1,28
joint 5 5.09¢ 2,98 4.94%¢ 282 4,622 2,32 4.39¢ 2,39 433¢ 245
6 5,302 1,79 5.61* 193 6,13 169 6,235 1,85 5.76* 1,63
P 0,229 0,132 0,027 0,011 0,044
Total 5,262 2,55 5,302 2,47 5,412 2,16 5,34° 2,30 5,212 2,38
1 5,322 2,25 5,08 2,30 5,17 2,62 4,89 2,44 4,652 2,66
Flexion in the 2 5,922 3,46 6,322 3,12 5,952 2,09 6,25° 2,59 5,982 2,35
left knee joint 3 4,472 1,27 4,442 1,29 527¢ 142 4.81%¢ 151 5.113¢ 2,12
5 5,412 3,32 5,312 3,30 477 263 4,49 2,43  4,31P 2,44
6 5,132 1,71 5.30%¢ 154 597° 151 6,06 1,96 5,99 209
P 0,476 0,286 0,107 0,022 0,030

* |dentical letters on the horizontals indicate no significant difference, different letters indicate the presence of a significant
difference (p<0.05)

Table 12, Figures 40 - 43 shows that:

o In the whole sample, treatment group 3 and patients walking up to and over 350 m,
there was a significant trend of a decrease in the right knee joint extension dynamometry
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index. In all five visits, the mean values in the group walking more than 350 metres were
statistically significantly higher than those of the less mobile group;

o In left knee joint extension dynamometry, despite some statistically significant
differences between the following values at individual visits, no clear trend of decrease or
increase was observed. In all five visits, the mean values of the parameter under consideration
in the group walking more than 350 m were statistically significantly higher than those of the
less mobile group;

o And in the indicator of flexion dynamometry in the right knee joint there is no clear
trend. In the last three visits, the mean values of group 6 were statistically significantly higher
than those of group 5;

o A different significant trend was observed for the left knee joint flexion dynamometry
index only in groups 5 and 6. For those walking up to 350 m, mean values decreased during
follow-up, whereas they increased in the more mobile group. The differences between the
means were statistically significant at visits 4 and 5. The higher ones are in group 6.
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Figure 43. Dynamometry flexion in the left
knee joint - the dynamics of the mean values

4.2.6 Dynamics and comparative analysis of indicators for the assessment of a range of
motion - dorsal flexion goniometryin the right and left ankle joints.

Table 13. Comparative analysis of the goniomerty of dorsal flexion in the right and left ankle

joint, by group

Indicator Group n

Visit 1Visit 2Visit 3 Visit 4Visit 5

X SD X SD X SD X SD X SD

- 1 17 37 1621 294 863 218 9.06 1.00 926 -012 9.62
g c 2 14 271 1025 164 1092 -057 1460 -2.00 16.01 -3.00 16.25
¥ 3 9  4.00 250 356 230 322 259 233 194 200 194
5= 5 18 244 759  -350 801 -528 1146 -6.94 1227 -828 1232
o 6 22 823 480 764 484 695 496 614 535 559 536
= 1 17 312 820 218 845 129 891 -012 916 -094 973
25 2 14 0093 11.28 -050 1227 -229 1363 -331 1622 -429 16.18
5% 3 9 311 247 267 235 211 262 111 220 100 224
§ = 5 18  -350 813 -489 891 -6.44 1026 -8.06 1227 -861 12.64
6 22 7.00 513 645 532 568 550 464 580 400 6.31
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A comparative analysis of the goniomety indices of dorsal flexion of the right and left ankle
joints (Table 13, Figure 44 and 45) revealed that:

- All (n=40) patients from the whole sample - the three therapeutic and the two
groups of patients walking below and above 350 metres - participated in the study of both
indicators.

- Dorsal flexion in the right ankle joint showed a decreasing trend significantly
more pronounced in groups 2 and 5. In all five visits, the mean values of the parameter under
consideration in the group of patients walking more than 350m were statistically significantly
higher than those of the other groups.

- In dorsal flexion in the left ankle joint, the trend of decreasing mean values is
similar to the previous indicator. The lowest baseline values were found in groups 3 and 5,
and the highest values were found in the group walking more than 350 m. These values were
approximately double those of patients in groups 1 and 3.

4.2.7 Dynamics and comparative analysis of the global PUL A score from the
Performance of Upper Limb (PUL) upper limb function test by group.

A comparative analysis of the PUL A - Global Upper Limb Function Score (Table 14, Figure
46) found that:

Table 14. Comparative analysis of the PUL A indicator - global assessment by groups.

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Indicator Group N — — — — —
X SD X SD X SD X SD X SD

060 5742 059 562 071 546° 082  521¢ 092 5000 1,12

1 5478 0,83 5200 094 493° 096 4,73 103 453 130

PULA- 2 592 0,28 585 038 569° 063 531° 085 492 1,04
global 3 589 033 589 033 589° 033 567 050 567 050
a;zerfts 5 5442 0,78 522 088 489 090 456 092 422¢ 111
6 6,00° 000 595 022 595 022 576° 044 567 058

P 0,037 0,011 <0,001 <0,001 <0,001

* Identical letters on the horizontals indicate no significant difference, different letters indicate a significant difference
(p<0.05)

PUL A - global assessment
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Figure 46. Dynamics of average values of the PUL-A indicator by visits
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o For PUL A, there is a significant downward trend in the sample as a whole and in
almost all groups (except group 3). In all five visits, the mean test scores in the group walking
more than 350 m were statistically significantly higher than those of the less mobile group.

2.8.  Dynamics and comparative analysis of upper limb function test (PUL) scores for
high level shoulder - PUL B, PUL C, PUL D and PUL E by group.

From the comparative analysis of the indicators concerning the high shoulder level
PUL B - shoulder abduction to shoulder height, PUL C - shoulder abduction above
shoulder height, PUL D - shoulder flexion to shoulder height and PUL E - shoulder
flexion above shoulder height it is clear that (Table 15, Figure 47):

Table 15. Comparative analysis of PUL-B, C, D, and E indicators by groups.

. Gro Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Indicator pa — — — — —
X SD X SD X SD X SD X SD
Total 3544 0,68 354 0,68 336" 096  3,15° 099 2,05° 1,28
PULB - 1 3272 088 3200 0,86 2800 121 26794 129 227° 1,49
shoulder 2 3.69° 048 3.69* 0,48 3,622 0,65 3.38c 0,65 3.23¢ 117
abd‘t‘g“on 3 3,78° 044 389 033 3,89 0,33 356 0,53  3.44° 0,53
shoulder 5 3,172 0,79 3,17 0,79 2,78 1,11 2,67 1,19 2,17 1,47
height 6 3.86° 0,36  3.86° 0,36 3.86° 0,36 357 0,51 3.62¢ 0,50
P 0,006 0,006 <0,001 0,006 <0,001
Total 3468 0,72 349 0,79 3,36° 096  3,21° 1,00 2,90¢ 1,27
PULC - 1 3,13¢ 092 3,13 1,06 287 125  260° 1,24  2.27° 1,49
sg‘gu'f{'er 2 3698 048 3,69 048 3,62 065 354 066 315 1,21
abduction 3 367¢ 050 3,78 044 3,78 0,44 367% 050  3.33¢ 0,50
above
shoulder 5 3,17 086 3,11* 0,96 2.78% 1,11 261 114 206 1,39
height 6 3,71* 046 3,81* 0,40 3,86% 0,36 3,712 0,46 3,622 0,50
P 0,055 0,022 <0,001 <0,001 <0,001
Total 3,418 0,72 3418 0,72 3,28 0,97 3,217 1,06 2,87 1,28
i 1 3,13 092 307 088 2,87 1,25 2,73 1,39 227° 1,53
PUL D
shoulder 2 3,468 052 354% 052 3,38 0,77 3,38 0,77 315 1,21
flexion to 3 3,788 044 3,788 044 3,78 0,44 3,672 050 3,22° 0,44
Szog'ﬂef 5 311° 083 306° 080 272 1,13 261° 124 2060 143
eight 6 3,67 048 371* 046 3,76% 0,44 3,712 046 357 051
P 0,039 0,011 0,001 0,002 <0,001
Total 3.46% 0,68 3,468 0,76 328" 0,97  3,10° 1,05 2,799 1,30
PULE - 1 327 0,88 3,13* 0,99 2879 125  260° 1,30  2,20¢ 1,47
shoulder 2 3,542 052 3622 051 3,38 0,77 331 085 2920 1,32
flexion 3 3.67¢ 050 3.78¢ (044 3,78 0,44 356 0,53 3.33¢ 0,50
above 5 3178 0,79 311° 0,90 2,72 113 2.44° 115 18%° 1,37
shoulder
height 6 3,712 046 3,768 044 3,76% 0,44 3,672 0,48 357 0,51
P 0,032 0,019 0,001 <0,001 <0,001
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Fig. 47 Dynamics of mean values of PUL-B, C, D, and E indicators by visits
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o There was a significant downward trend in shoulder abduction to shoulder height,
PUL B, and above shoulder height PUL C, which was observed in the sample as a whole
and in almost all groups (except groups 2, 3, and 6). In all five visits, the mean values in the
group walking over 350 m were statistically significantly higher than those of the less mobile

group;

o For shoulder flexion to shoulder height PUL D the trend was again downward,
which was statistically significant in the sample as a whole and almost all groups (except
groups 2 and 6). Across all five visits, the mean test values in group 6 were significantly
higher than those of group 5;

o For the shoulder flexion above shoulder height PUL E, there was a significant
decreasing trend in the sample as a whole and in almost all groups (except groups 2, 3and 6).
Across all five visits, the mean test values in the group walking more than 350 m were
statistically significantly higher than those of the less mobile group.

2.9. Dynamics and comparative analysis of the upper limb function assessment test
(PUL) scores for mid-level elbow - PUL I, PUL I - time, PUL J and PUL J - time, by

group.

The comparative analysis of the indicators concerning the high middle level - elbow (Figure
48, Table 16) shows that:
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Figure 48. Dynamics of average values of PUL-I and I-time, J-time, and J-time indicators
by visits
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Table 16. Comparative analysis of PUL | and I-time, PUL J and J-time indicators.

) Gro Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Indicator n — — — — —
pa X  sD X sD X SO X sb X SD
Total 500 0,00 5,00 000 500 000 500 000 500 0,00
1 500 0,00 5,00 000 500 000 500 000 500 0,00
PUL |- lifing 2 500 0,00 5,00 000 500 000 500 000 500 0,00
light cans 3 500 0,00 5,00 000 500 000 500 000 500 0,00
5 500 0,00 5,00 000 500 000 500 000 500 0,00
6 500 0,00 5,00 000 500 000 500 000 500 0,00
P - - - - -
Total 417° 0,86  4.13° 105 4.02*° 122 420° 153 4500 235
PUL | - time 1 425 088 4579 123 4,68 152 5050 206 573 321
for lifting 2 423 1,02 385 0,76 3.69°¢ 086 3.74° 083 3.88° 1,46
light cans 3 3,90° 0,62 3,612 045 331° 041 349° 054 347° 046
(seconds) 5 422° 0,88 | 4,43 114 [ 4567 143 | 486 1,9 | 566° 3,03
6 412¢ 0,85 3,88 091 355 075 363" 066 351" 0,64
P 0,799 0,045 0,013 0,009 0,001
Total 4,920 048 4,90° 064 485 071 474 112 469 1,15
1 480° 0,77 4,73 1,03 460° 112 433 1,76 420° 178
PULJ-lifting 2 5000 0,00 5,007 000 500° 000 500° 000 500 0,00
heavy cans 3 500° 0,00 5,00° 0,0 500° 0,00 500° 000 500° 0,00
5 483 0,71 4,78 094 4677 103 444 162 433 1,64
6 500° 0,00 5,00° 0,00 500° 0,00 500° 000 500° 0,00
P - - - - -
Total 5178 1,37  501* 129 478° 139 470 140 458 2,02
1 4,922 099 4,96 1,08 489 130 509 1,59 540° 231
PULJ-lifting 2 559 1,67 522% 147 483" 146 4650 157 459% 2,07
heavy cans 3 453 0,85 4,33 058 408 072 413° 087 3.38°c 116
time (seconds) 5 505 1,15 5,16° 125 [ 527 136 | 545 1,64 | 584 2,36
6 5260 1,53  4,90° 1,33 444> 133 417" 091 3,68 1,09
P 0,685 0,210 0,031 0,009 0,002
o No variation or dynamics were observed in the PUL I (lifting light cans) indicator -

all patients at all five visits received only the score 5;

o PUL I - time (lifting light cans, time in seconds) - the entire sample showed a
decreasing trend until the third visit and an increase in the last two visits. In group 1, the trend
of increase was found throughout the observation period and in group 2 the dynamics
resembled that of the whole sample. In group 3, no significant dynamics were found. In group
5, the trend is statistically significantly upward, and in group 6, the trend is downward.
Statistically significant differences between the two groups were observed at all visits after
the first visit, with group 5 having the higher mean values;

o There were no significant trends or differences in PUL J (lifting heavy cans), and in
groups 2, 3, and 6, all patients received a score of 5 throughout follow-up;

o For the PUL J - time (lifting heavy cans, time in seconds) indicator, there is a
significant decreasing trend, which is observed in the sample as a whole as well as in groups 3
and 6, while in group 5 the trend is for an increase. For visits 3, 4and 5, the mean values in the
group walking up to 350 m were statistically significantly higher than those of group 6.
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2.10. Dynamics and comparative analysis of the upper limb function test (PUL) scores
for mid-level - PUL K, PUL K-time, PUL L and PUL L-time by groups.

Table 17. Comparative analysis of PUL K and K-time, PUL L and L-time indicators

Gro Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Indicator n — — — — —
pa X SD X SD X ) X SD X SD
Total 4,008 0,00 3,95 0,32 3,95 032 387 057 3,74 082
1 4,008 0,00 3,87 052 387 052 367° 090 333 1,23
PULK - 2 4,008 0,00 4,000 0,00 4,00% 0,00 4,00° 0,00 4,00® 0,00
stacking 5 3 4,008 0,00 4,000 0,00 4,00% 0,00 4,00° 0,00 4,00° 0,00
light cans 5 4,008 0,00 3,890 0,47 3,89 047 372 083 344 1,15
6 4,008 0,00 4,000 0,00 4,002 0,00 4,00° 0,00 4,00° 0,00
P - - - - -
Total 5.86 122 564° 191 562 1,28 577 134  590° 2,08
PUL K - 1 5.60¢ 1,10 578° 161 5,622 1,15 584 146  6.18° 2,32
for stacki |m§ 2 6,112 1,56 550° 1,45 5,80 1,72 610° 1,65 598 268
Oiisr?fc;gg 3 5,63 0,84 4,87 174 5,18 0,67 528 053 543 0,66
(sgecon ds) 5 5,922 1,58 5839 164 6,01 1,50  6,31° 179  7.019 2,82
6 5.82¢ 0,94 552¢ 210 537 1,08 542 079 515 0,83
P 0,183 0,408 0,029 0,095 0,022
Total 3,82 064 379° 0,73 377 081 372°° 092 356 1,07
1 3,53 0,99 3.47° 113  3.40° 124 327°¢ 139  3.07¢ 144
PULL - 2 4,008 0,00 4,000 0,00 4,00% 0,00 4,008 0,00 377 0,83
stacking 5 3 4,008 0,00 4,000 0,00 4,00% 0,00 4,008 0,00 4,00° 0,00
heavy cans 5 3,612 0,92 356° 1,04 3500 1,15 3.39° 129  3.06" 1,43
6 4,008 0,00 4,000 0,00 4,00% 0,00 4,008 0,00 4,00° 0,00
P 0,381 0,381 0,381 0,240 0,078
Total 7,27° 1,97 6,81* 199 6,542 158 6,700 156 6,72°0 2,42
1 6,46 1,14 6,72° 140 6,628 1,67 682 191 7,12°0 2,67
PUL L - time 2 7,992 256 7.03° 2,10 6.29° 1,49 650* 167  6.76° 3,15
for stacking 5 3 6,82 149 584° 155 6,15 0,96 647¢ 097 6,05 0,93
heavy cans 5 7.38¢ 2,16 7.23¢ 212 7,12 153 7,217 184  806*° 327
(seconds) 6 7,20 1,90 657¢ 192 621 154 641 134  596%f 1,33
e
P 0,584 0,181 0,022 0,160 0,033
8
e O
g’ —— °
26 - — o ———
€5
g 4
=3
S 2
(7]
z1
0
Vi V2 V3 V4 V5
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B PULK (sc.) = PULL (sc.) —e=—PULK (time) —@=—PULL (time)
Figure 49. Dynamics of mean values of PUL-K and K-time indices,
L and L-time, by visits
Comparative and dynamic analysis shows (Table 17, Figure 49) that:
° No statistically significant dynamics were observed in the PUL K parameter (stacking

of 5 light cans), and patients in groups 2, 3 and 6 at all five visits received only the score 4;
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o For PUL K - time (stacking 5 light cans, time in seconds) significant trends were
observed in groups 5 and 6. In group 5 the trend is of increase and in group 6 of decrease. In
visits 3, 4and 5, the group means with walking up to 350 m were statistically significantly
higher than group 6;

o For the PUL L indicator (stacking 5 heavy cans), a statistically significant decreasing
trend was observed only in the sample as a whole and in group 5. Patients in groups 2, 3 and 6
at all five visits received almost only a score of 4. At visit 5, with borderline statistical
significance, it can be argued that group 6's mean was higher than group 5's.

o PUL L - time (stacking of 5 heavy cans, time in seconds) has a significant
decreasing trend, which is only observed in group 6. In visits 3 and 5, the mean values in the
group with walking up to 350 m are statistically significantly higher than those of group 6.

2.11. Discussion

In terms of FVC%, the significant decline in the group walking up to 350m at visit 5
(76.16%) compared to the previous four can be explained by the greater age of disease or
delayed diagnosis, entrenched motor deficit and progression of muscle weakness. 5-visit is the
final score that falls in the second year of follow-ups. This coincides with the transition of the
disease into the next stage of its evolution. These results are analogous to those found by other
authors (Vincken WG et al., 1987; Brooke MH et al., 1989; Simonds AK et al., 1998; Phillips
MF et al., 2001), confirming the importance of increasing inactivity and declining muscle
strength as factors contributing to the development of restrictive-type respiratory disorders
with decreasing FVC% and FEO1% values in the late ambulatory and early non-ambulatory
stages. On the other hand, the retention of FVC% for the first four evaluations (overall mean
of 88.78% at the initial evaluation to 88.22% at the fourth evaluation) indicates that the
therapeutic interventions performed led to the stabilization of the condition. The latter was
most true for the group walking over 350m, where there was no such respiratory decline and
FVC% values were significantly higher, 94.35% at the first assessment to 94.93% at the
fourth assessment. In the therapeutic groups, the values of this indicator showed a
marginaldecline over the entire study period: 99.66% at the first assessment and 98.71% at the
final assessment.

Regarding the FEV1 results, we even observe a sustained stabilization in the group
walking over 350m. - 99.99% at the first visit and 100.94% at the end of the two-year period
(Griggs RC., 1990).

These data support the claims of Shahrizaila (2006), and Mayhew AG (2022) that
respiratory index values do not show a significant decrease in patients in whom the age of
onset and functional decline are lower (Shahrizaila N et al., 2006; Mayhew AG et al., 2022).

As a comprehensive test informing the ambulatory status (ability to ambulate) of
patients with DMD, the NSAA score showed a decline that was reliable for the entire
sample.The mean scores of all groups for the entire study period decreased by an average of 5
points,from 17.95pts at the first assessment to 12.67pts at the final assessment (Range
corresponding to good mobility in a community setting with lack of skills such as jumping
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and hopping, use of assistance in standing from sitting to standing, which may be due to
reduced ROM in the ankle joints). The decline in mean scores was less pronounced in patients
undergoing all three therapies. Their initial mean scores were significantly higher than those
of the other groups and remained stable until the middle of the study period, after which they
also showed a gradual decline (from 21.78 pts at the initial score to 16.78 pts at the final
score). This is most likely due to the modifying effect of the triple treatment (on the course of
the disease), the preservation of motor abilities (standing from a chair, standing on one leg,
climbing stairs), and the ability to walk independently over medium distances. The lowest
mean scores were observed in groups 1 and 5: in patients undergoing UT (group 1) - from
14.20pts at the first assessment at the end of thetwo-year period, they dropped to 8.40pts
(Limited mobility-independent gait with difficulty in ascending and descending stairs;
limitations in ankle joint ROM affecting the other time tests), and in patients walking up to
350m. (Group 5), the meanbaseline scores were twice as low, dropping from 9.67pts at the
start of the study to the ambulatory critical score of 4.72pts (severely restricted mobility -
restricted standing, difficulty rising from chair, restricted gait, possibly inability to rise from
floor and climb stairs). In a study of 761 DMD patients, Stimpson G, (2024) reported similar
results of a mean decline of 2pts. per year. A decline of more than 2pts. (in the previous year),
such as was observed in the second year and in our study, can be seen as a decreasing trend
that suggests specific complications of the disease and helpsto form specific recommendations
for therapy.The significance of the 3.5pts decline should be viewed as a clinically important
difference that advances loss of function or the onset of an important functional change (e.g.,
acquisition of compensatory movements)(Mayhew AG et al., 2013; Narayan S et al., 2022;
Mayhew A et al., 2023; Gupta A et al., 2023; Stimpson G et al.,2024).

The 6-Minute Walk Test (6MWT) is a sensitive marker for global assessment of
ambulatory function (walking ability) and a predictor of early disability in NMD patients. The
results of the analysis of this indicator showed a trend of statistically reliable decline in all
groups studied. The initial values of this indicator served to form the two main functional
groups of patients in our study: group 5 - walking up to 350m and group 6 - walking over
350m. In confirmation of this, the results of patients in group 6 showed statistically
significantly higher values than those of patients in group 5. Overall, for the whole sample,
the mean distance walked in 6 minutes ranged from 311.69m at the first assessment to
225.26m at the end of the study, which is consistent with the analogues described by Mayhew
AG et al, (2022). The decline in mean metres for patients in group 5 (walking up to 350m at
initial assessment) was 90.5m with a decreasing trend of approximately 20m at each
subsequent visit over the entire two-year study period (from 182.94m at initial assessment to
92.44m at final assessment). At the beginning of our study, the number of non-ambulatory
patients (patients unable to walk independently) in the group walking up to 350 metres was
five, with a total of 10 (five more) patients losing their independent gait during this period. A
similar decline of 82.95 metres was reported in group 6 (walking over 350m at initial
assessment), where the mean of 422.05 metres at initial assessment dropped to 339.10 metres
at the final assessment. Two of the patients lost their independent gait, and 12 of the 21
patients in this group retained their ability to walk over 350 m by the end of the study period
(Tables 9 - 11).
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Analysis of quantitative and qualitative functional tests showed preservation of
functional independence, the extent of accessory muscle use, and selective involvement of
different muscle fiber types over time. The Rise from floor and 10-meter Walk/Run are
time sensitive functional tests (TFT), items of the NSAA scale (Miller NF et al., 2020), which
in our study we will examine in detail as score and time. The Rise from floor score is
equivalent to an assessment of the Gowers phenomenon, reflecting the degree of the lower
limb and pelvic girdle musculature involvement. The results of the overall mean scores of all
40 patients studied on the indicator across groups showed relative stability over time, ranging
from 3.10 to 2.49 on average. The lowest trend of statistically reliable decline in these scores
was observed in the group of patients walking over 350m (n=22). Their scores of 4.00pts
showed an initial minimal decline, in retention at the interim visits with a subsequent decline
to 3.38pts at the end of thetwo-year period. 8 (36%) of the patient group showed an inability
to complete the task set for them at the last assessment. In the group walking up to 350m
(n=22), the initial score started at 2.06pts (which represents rising from the floor to standing
with all elements of the Gowers manoeuvre using a chair, in less than 30s) and dropped to
values of 1.44pts, bordering on inability. Of the 18 patients in the 5-group, only 8 (44.4%)
demonstrated the ability to perform this task at the initial assessment and only 2 (11.1%) of
them could get up from the floor at the end of thetwo-year period. In the analysis of the Time
to Rise from floor indicator, we found that of all 40 patients studied, 30 (75%) were able to
complete the task at the first assessment and 17 (42.5%) were able to complete it at the last
assessment, at the end of the study period. Expectedly the results of the time to Rise from
floor (measured in seconds) show a decreasing trend from the middle of the study period for
the whole sample, and for the group of patients walking more than 350m only it is
insignificant (from 5.77s at the first assessment, the time needed to get up from the floor
increased to 6.49s after two years). For those walking up to 350m, the time taken to rise from
floor doubled from 5.99s (similar to the initial values of group 6) to 11.00s at the last
assessment, data similar to that quoted by Stimpson G, (2024).

Quantitative tests of speed, such as the 10m run/walk for example, are some of the
most sensitive and are affected first, and to the greatest extent. The 10m run/walk time
(measured in seconds) showed a steady downward trend throughout the study period. Overall,
the mean times across all groups of 6.75 sec. at the initial assessment increased by about
30%at each interim visit to 10.19 sec. at the final assessment over two years. The mean times
for the group of patients walking up to 350m were approximately twice as high (10.02 -
15.81sec) as those of the group walking over 350m (5.38 - 7.83sec), and this trend persisted
across the five visits. Similar mean results were reported by Mazzone E et al, (2010);
Stimpson G et al, (2024) in their studies. When the results were analysed, it was found that
out of a total of 40 subjects (5 non-ambulatory and 35 able to complete the test initially) over
thetwo-year studyperiod, seven of the subjects lost the ability to walk 10 metres
independently. Contrary to time, the mean 10m run/walk scores showed a statistically
reliable decreasing trend. On average for all groups the score decreased from 4.05t03.38pts.
over the entire period. The only exception to this trend is Group 3, where the mean scores
across the five visits changed marginally from 4.44 to 4.22pts. (Tables 12 - 14).

44



About the results of the tests for ascent and descent of 4 stairs (Table 15), giving
information on the degree of involvement of the proximal musculature of the lower limbs, the
extensors of the knee joint and the flexors of the foot, as well as the development of
characteristic compensatory mechanisms, the results showed:

- Twenty-six (65%) of the patients in the cohort were able to complete the 4-stairclimb
test. For patients in all groups, the time (mean 5.85 increased to 10.31s) to complete this
activity increased after the third visit (end of the first year of our study). The exception in
terms of time was the group walking up to 350m, in whom the dynamic increase in time was
relatively uniform from the beginning (11.23s) to the end (17.80s) of the study period. This
can be explained by the initial functional deficit of the patients, and the more severe and early
involvement of the hip flexor musculature. Contrary to the time indicator, the results of the
evaluations showed a decreasing trend (mean from 3.38 to 2.72s) in all groups, especially at
the end of the first year of thetwo-year periodstudied. In the group walking more than 350m,
the scores of this task showed a minimal decrease (from one point - 4.71 - 3.81pts.) only at the
end of the period. This is due to the function preserved over time, requiring the involvement
of fewer compensatory mechanisms. Depending on the therapy administered, the
performancescore on this task remained almost unchanged for the entire period in the triple
therapy group, confirming the treatment effect, preservation of strength and function (Tables
15, 16).

- The results of the time analysis and the estimation of the descent of 4 stairs in the
group walking up to 350m showed low initial values - an average of about 2pts. Patients used
many compensatory mechanisms due to the marked functional deficit. In the initial three
visits, the values drop slowly, but on the fourth and fifth visits almost to impossibility (mean
1.33pts.). In the group walking more than 350m, from baseline values of about 5pts
(alternative descent with minimal support), which were relatively maintained until the fourth
visit at the end of the study, the value dropped to an average of 3.67pts., corresponding to
preserved function with a tendency to weaken the gluteal and extensor musculature of the
thigh (Tables 15, 17).

Analysis of our study results shows a decline similar to that given by other authors
(Mayhew A et al., 2011; Ricotti V et al., 2016; Mazzone E et al., 2016; Goemans N et al.,
2020), which may serve as a predictor of disease progression and loss of function.

Manual Muscle Testing is a test to assess the degree of muscle weakness, a leading
clinical symptom affecting physical function in patients with DMD.Performed according tothe
requirements of standard starting position, gravity, manner and location of manual resistance,
our study included all 40 patients from the therapeutic and functional groups. To analyze the
MMT scores more accurately, we converted integers and + and - signs to decimal numbers
(Kendall FP et al.,1993).

The analysis of the most affected muscle groups of the upper limbs discussed in
Figures 20 - 25 shows:

- MMT of abduction at the shoulder joint (Figure 20, 21): the data from the
analysisshow a trend of gradual decline in the whole sample. The values of the scores in the
right and left shoulder joints were similar in all groups. The minimal differences of the higher
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scores in the right shoulder joint probably arc because in most of our patients this is the
dominant arm. Overall, over the entire study period, the lowest scores were observed in group
1 (3.90 to 3.43 on the right and 3.81 to 3.34 on the left) and group 5 (3.65 to 3.07 on the right
and 3.63 to 3.09 on the left). Only the scores of patients walking more than 350m from
baseline (4.45 on the right and 4.36 on the left) to the end oftwo-year period(4.01 on the right
and left) remained above an MMT score of 4, equivalent to 75% of normal muscle strength.
- MMT of flexion at the elbow joint (Figures 22, 23): a decrease in the scores of this
indicator was observed in all groups. The greatest decrease in scores after the third visit
affecting functionality was observed in the group of patients walking up to 350m ( from 3.48
to 2.95 on the right and from 3.44 to 2.79 on the left). As expected, patients in group 6
showed the highest scores and the most insignificant decrease in terms of functionality (from
4.41 to 3.97 on the right and from 4.41 to 4.00 on the left). In all other groups, the final score
remained above 3+ on the MMT. This score represents an antigravity movement with
minimal resistance exerted or just above the functional movement threshold, which is of great
importance for performing many ADLSs (e.g., eating).
- With MMT of the elbow joint extension (Figures 24, 25) as the main extensor muscle
and one of the muscles of the upper arm most affected early in the course of the disease, the
analysis of the results of m. triceps brachii showed a slow, gradual decline in the scores of this
parameter. We report the highest similar, initial scores in the groups of patients walking over
350m (4.22 on the right and 4.23 on the left), followed by group 2 (4.11 on the right and 4.12
on the left). In group 5, walking up to 350m, the scores from the beginning (joint extension
3.45 on the right and 3.51 on the left) decreased smoothly to 3.03 for right and left elbow.

The MMT analysis of the lower limbs in Figures 26-31 shows that:
- MMT of abduction at the hip joint (Figures 26, 27): the statistics show initially low
mean values of the examined musculature in the whole sample. Critically low for
functionality are the mean values of the scores in the group of patients walking up to 350m.
Inthese patients, the trend of a gradual decline was maintained from the initial (2.87 on the
right and 2.82 on the left) to the final scores (2.35 on the right and 2.44 on the left) over the
study period. About the therapy administered, the most rapid decline in scores after the fourth
visit was observed in the group of patients on triple therapy (from 3.59 to 2.81 on the right
and from 3.51 to 2.85 on the left).
- MMT of knee joint extension (Figures 30, 31): the smallest and slowest decrease in
the values of the scores was found in the group of patients walking over 350m (from 4.38 to
3.81 on the right and 4.35 to 3.82 on the left) followed by the group of triple therapy patients.
Impacting on function were the scores of group 5 - walking up to 350m, which dropped from
3.11 to 2.74 on the right and from 3.20 to 2.81 on the left. At such values of the scores, the
degree of muscle weakness can be defined as insufficient to perform antigravity movement.
The major responsible for force production m. quadriceps femoris contains approximately
48% type Il fibers, in which elevated reactive oxygen or nitric oxide levels can lead to
contractile dysfunction, subsequently causing muscle weakness in patients with DMD.
- MMT of knee joint flexion (Figures 28, 29): analysis of MMT scores shows a trend
of decreasing scores throughout the period, similar to the muscle groups previously studied.
Notable are the higher initial scores of groups 2, 3 and 6. The lowest scores were in the group
walking up to 350m. The downward trend of the mean scores and the rate of decline in scores
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throughout the period was the same for both sides (3.63 to 3.03 on the right and 3.66 to 3.03
on the left). Only for the group walking over 350m did the final scores stay above 4 (from
4.55 to 4.04 on the right and from 4.51 to 4.08 on the left). The involvement of the muscles of
knee flexion occurred chronologically later in the course of the disease compared with the
other groups studied. Early involvement of the contributes a major role in accelerating the
progression of flexor weakness. Biceps femoris, followed by m. semitendinosus, m.
semimembranosus and m. triceps surae, whose fibersare replaced by adipose tissue earliest in
the dystrophic process (Akima H et al., 2012).

The results of our study show a non-linear longitudinal trend of a continuous increase
in muscle weakness in different muscle groups with age and disease progression, similar to
those described by other authors (Buckon CE., 2022; Leon M, 2023). These data support the
contention that the proximal lower limb musculature is affected earlier and more severely as
well as that, the progression of muscle weakness leads to changes in functional status and
impaired quality of life in patients with DMD (Hough CL et al., 2011; Samosawala NR et
al.,2016).

The quantitative assessment of muscle strength by Hand-Held Dynamometry
(HHD) gives objective information about the strength in the most affected muscle groups. We
included patients from all groups (n=40) in the study. We measured strength using a
MicroFet2 handheld dynamometer in kilograms. We performed the study according to
standardized protocols, according to which each test movement was performed from a
gravity-neutralized position during isometric muscle contraction (van der Ploeg RJ et al.,
1991; Andrews AW et al., 1996).

The analysis of quantitative muscle strength assessment group is presented in Table 20:

- Abduction in the right shoulder joint: statistics show a significant decrease in the
second visit compared to the first in walkers up to 350m, but in terms of patient functionality
these values are sufficient to perform antigravity movement with small deviations without
applied value (from 3.53 - 2.79kg). In the group walking over 350m, there is even a tendency
for an increase in muscle strength, and in the last three visits, the values are reliably higher
than those of the less mobile group. The mean score of 3.99kg reached 4.30kg on the fifth
visit, corresponding to a 10% increase. For self-maintenance, this force is significant and
could be compared to an antigravity movement with little resistance. This difference between
the two groups once again confirms that complex therapy started in time can not only preserve
function but also upgrade it (Figure 32).

- Flexion in the right elbow joint: in the groups with KT and walking up to 350m the
decrease was the most pronounced - from 4.10kg at the beginning of the study period it
decreased to 3.32kg, indicating strength sufficient to perform antigravity movement with
progressive muscle weakness. It is important to note here that flexion at the elbow joint is
most affected by contractures. This decline may be due to forming contractures that interfere
with movement, especially as regards the right arm, which in most cases is dominant. Usually,
contractures occur with overuse or poor positioning, especially in patients in the late
ambulatory phase or who have lost the ability to walk. This is confirmed by the fact that the
mean values for all five visits were significantly higher for the group walking over 350m
(Figure 36).
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- Right elbow joint extension: Muscle strength at baseline was lower than flexion,
averaging 3.10kg for extension vs 3.61kg for flexion. Here the reduction in average values is
small, less than 5-10% of muscle strength. It is noteworthy that here the differences between
the more mobile and less mobile groups are negligible. The extensor musculature, being
proximal, is most likely to be affected early, but unlike the flexors and pronators it is less
important for self-care and less overused. It is possible that the extensor group is affected
before the flexor group and this reduces the difference between the two groups (Figure 34).

- Abduction in the right hip joint: There was a mixed significant trend, with muscle
strength increasing in those walking over 350m and decreasing in the other group (albeit with
statistically insignificant differences between the two groups). We believe that this may be
due to the later onset of treatment and initial functional decline, as suggested by the data of
Beenakker EA et al., (2005) (Figure 38)

Regarding the therapy administered, for both abductionsin the right shoulder joint, the
highest quantitative values were observed in group two (KT and CS therapy), followed by
group three for the abductors. For these groups, metrics were stable over time for abduction
and decline in flexion.

Patients undergoing KT and CS therapy (group 2) had the highest mean values for
right elbow joint extension. The same was true for the right hip joint. We believe that this is
possibly due to the protective effect of corticosteroid therapy with prolonged use (Brussock
CM et al.,1992; Escolar DM et al., 2001; Fowler WM Jr et al.,1995; Merlini L et al., 2002;
Vandervelde L et al., 2009; Pizzato TM et al., 2014)

- Abduction in the left shoulder joint (Figure 33): the statistics show a slow
downward dynamic on the fourth and fifth visit only in the group walking up to 350m (from
3.49 - 2.83kg). A similar decline would be expected in patients in the late ambulatory and
early non-ambulatory phases (between 8 and 11 years), and would probably not yet have
significantly affected functionality then (Stuberg WA et al., 2006; Pizzato TM et al., 2014). In
contrast to the previous group, in patients walking more than 350m the mean values remained
high, and stable from the middle (mean 4.31kg) to the end of the study period (mean 4.33kQ).
The large difference between the two groups confirms the relationship between age, start of
therapy and disease course.

- Flexion in the left elbow joint: In all groups except group 2 (KT and CS therapy),
although slow, a progressive decline was observed from the beginning to the end of the study
period. In the more mobile group, mean strength values remained stable for the whole period
(from 3.80kg at the beginning to 3.56kg at the end) and significantly higher than the group
walking up to 350m (from 2.96 - 2.06kg). This could be explained by disease progression and
early elbow joint involvement after motor decline (Figure 37).

- Left elbow joint extension: baseline muscle strength in the group walking up to 350m
(mean 2.57kg) was lower than that of the more mobile group (mean 3.44kg), and the trend of
this difference persisted until the last assessment. The dynamics of a slow, gradual decline
was observed in all groups over the whole period. Probably because the proximal muscle
groups are affected earlier, and the left arm is usually non-dominant and less used in daily life
(Figure 35).

- Abduction in the left hip joint: in the group of walkers over 350m there was a trend
of increasing muscle strength on the third visit and a divergent significant trend of decreasing
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muscle strength in walkers below 350m. The later onset of treatment and the functional
decline formed could be a possible reason for this trend. Similar data have been described by
Beenakker EA et al, (2005) (Figure 39).

Regarding the therapy administered, the statistics are contradictory. For left shoulder
abduction, the KT and CS group outperformed the triple group at visits 2, 4 and 5, whereas
the reverse was true at the other two visits. These data do not allow us to detect any certain
pattern over time. On the other hand, the superiority in visits 4 and 5 in the dual-therapy group
may indicate a trend for the future. The same is true for flexion in the left elbow joint, where
sustained results are highest in group two.

On the one hand, significant differences were observed between groups 1 and 2, and 1
and 3; on the other hand, the highest mean was in the KT and CS group, and the lowest in the
group with all three treatments. We have no explanation for why the group with supplemented
gene therapy did not produce better results than the combination of KT with CS. The only
explanation for this fact could lie in the possibility that gene therapy might work at a later
stage here.

- Extension in the right and left knee joint muscle strength was statistically
significantly higher in the group walking over 350m for all five visits. For walkers below and
above 350m and group 3, there was a trend for a decrease in strength in right knee joint
extension, while there was no clear trend for a decrease or increase in left knee joint
extension. The differences between the left and right leg can be explained by the usual course
of disease progression and the development of a characteristic compensatory pattern. The
extensors of the knee joint of the dominant leg (right) bear the weight of the body, and the
musculature suffers from overuse and overload, resulting in increasing weakness. The non-
dominant leg habitually assumes a compensatory position of abduction and external rotation
in the hip joint, extension in the knee joint, and plantar flexion in the ankle joint with
increased pelvic inclination (Figs. 40,41)

- Flexion in the left and right knee joint showed statistically significantly higher
muscle strength values in the last two (for the left knee joint) or three visits (for the right knee
joint) for walkers over versus under 350m. Also, for walkers over 350m, there was an
increase in performance in the last three visits. Although the flexors are subject to
pseudohypertrophy the above data provides information onthe preservation or improvement
of strength in those starting therapy earlier with lower initial deficits (figures 42, 43).

The influence of the conducted therapy in the above muscle groups shows similar

trends as in the shoulder joint abduction.
- For extension in the right and left knee joints at all visits, the highest mean value was
significantfor those treated with KT and CS, followed by triple therapy (no significance). The
differences in these statistics, although significant, were not significant in terms of functional
reserve. The same applies to right and left knee joint flexion.

Our findings of a linear decrease in muscle strength with time and disease progression
in patients with DMD are consistent with data found in the literature (Scott OM et al.,1982;
McDonald CM et al.,1995). The progressive course of this disease determines the negative
impact on muscle strength in DMD patients, with relatively unchanged functional
performance (Pizzato TM, et al.,2014).
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Goniometry of dorsal flexion in the ankle joints in patients with DMD is used to
monitor the progress of the disease and the effect of the therapeutic measures. Patients from
all groups (n=40) were included in the study, including non-ambulatory patients with existing
contractures in the ankle joints. Because patients with DMD lack limitations in the amount of
plantar flexion in the ankle joints, our study included goniometry of only the dorsal ankle
joint flexion. We conducted the study from the starting position - supine, using a universal
goniometer.

The results of the analysis of the parameter of goniometry of dorsal flexion in the right
and left ankle joints from Table 13 and Figures 44-45 show that: the mean values of the
studied parameter follow a decreasing trend in all groups for the entire study period, in the
right and left ankle joints. The lowest initial negative values in the right and left ankle joints
were observed in the group of patients walking up to 350 m. The limitations in the volume of
dorsiflexion progressed from -2.44° to -8.28° for the right and from -3.50° to -8.61° for the
left ankle joints over thetwo-year period. Patients in group 6 had the highest baseline values,
approximately twice as high for the left and right ankle joints. The decline in the ROM in this
group progressed from 8.23° to 5.59° for the right and from 7.00° to 4.00° for the left ankle
joint at the end of the second year. In the treatment groups, only patients in group 3 completed
the study with positive degrees (2.00° for the right and 1.00° for the left ankle joint). Similar
correlations between ambulatory status and the decline in ROM of dorsal flexion were found
by Leon M et al, (2023) and Kiefer M, (2019).

The combination of progressive muscle weakness, loss of muscle elasticity and poor
positioning are the main prerequisites for the development of temporomandibular
contractures. Preservation and maintenance of the critical 0° (neutral position) at the ankle
joints is of utmost importance to preserve independent gait. The progression of Achilles
tendon contractures and the formation of the characteristic equinovarus foot leads to
limitations in ankle joint range of motion, which negatively affects the gait of patients with
DMD. This trend accelerates rapidly after loss of independent gait and transition to a
wheelchair (McDonald CM et al., 1995; Skalsky AJ et al., 2012; Choi Y-A et al., 2018).

Functional tests of an applied nature are the elements of the Performance of the
Upper Limp (PUL) module test.

A global test of upper limb function analogous to the Brook's is PUL A test. It
showed significantly higher values for all visits in walkers over 350m (mean 6.00 to 5.67pts)
with a significant downward trend in all groups except group 3 (where the decline was
nonsignificant) (Table 30). These data confirm the fact that the musculature of the upper
limbs is more severely affected later in the course of the disease, and the decline in their
functionality accelerates after the loss of gait. Triple therapy patients for all five visits had the
highest mean (5.89 to 5.67pts) followed by double therapy (5.92 to 4.92pts) (Table 14, Figure
46).

The high level-shoulder scores of the PUL test give us information on the degree of
functionality of the proximal compartments of the upper limbs discussed in Table 15 and
Figure 47.
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- PUL B (shoulder abduction to shoulder height) and PUL C (shoulder abduction
above shoulder height) also showed that the isolated application of kinesitherapy as a stand-
alone therapeutic modality had a time-wasting effect in terms of strength and function,
whereas the CS or CS and GT groups showed better results (with no clear significant
difference between them). Here, the trend for significantly higher values of these metrics in
walkers over 350m is relatively maintained over time. The values even show an increasing
trend between the second and fourth visit, after which they show a slow decline. The observed
reductions in PUL B (from 3.86 to 3.62pts) and PUL C (from 3.71 to 3.62pts) values are so
minimal that they have no applied functional value (which is in the range between 500 and
1000g of applied weight). Our results are analogous to the described pattern of muscle
involvement and early engagement of the proximal shoulder girdle muscle groups.

- PUL D (shoulder flexion to shoulder height) and PUL E (shoulder flexion above
shoulder height). The trend of decreasing values of these parameters over time was observed
in almost all groups.In the group walking over 350 m, the initial higher values maintained a
trend of stabilization and minimal decline immediately at the end of the study period for both
PUL D (from 3.67 to 3.57) and PUL E (from 3.71 to 3.57), with no change in the final
score.The tendency for a rapid dynamic decrease in the groups of patients walking up to
350m. thevalues of PUL D (from 3,11 -weight lifting 500g to 2,06pts. - 200g weight lifting to
shoulder height) and PUL E (from 3.17 to 1.89pts. - inability to lift the weight above shoulder
height) show significant limitation of functionality to the applied weight. In terms of therapy,
these indicators showed the borderline significance of differences between group 1 (KT) and
the other two groups with more intensive therapy. Only in the Kinesitherapy group the
decrease in PUL D (from 3.13 to 2.27pts.) and PUL E (from 3.27 to 2.20pts) values can be
interpreted as a decrease in muscle strength (inability to lift a 500g weight to and above
shoulder height). This fact is probably due to the initial motor deficit the earliest involvement
of the proximal shoulder girdle musculature and the depleting effect on strength of KT
methods.

The results of the following indices provide information on the degree of functionality
in the upper limb mid-level elbow (Tables 16-17, Figs. 48-49). They are items analogous to
the most commonly performed ADL. When analyzing the results of this level, we found that
the PUL I, PUL I-time, PUL J, PUL J-time, PUL K, PUK K-time, PUL L, and PUL L-time
had the greatest significance in terms of the degree of preservation of muscle strength around
the elbow joint and the ability to perform ADL. The analysis of the results of the other
indicators at this level did not reveal any dynamic declines that resulted in loss of
functionality.

- In the analysis of the results of PUL I (lifting 5 light cans), no variations and
dynamics were observed in the values of all (100%) patients of the study groups (5,00pts.
from the initial to the final score). This indicates that patients from the whole sample were
able to act as the beginning to the end of thetwo-year period. Concerningtherapy the PUL I-
time (lifting 5 light cans, in seconds) performed, there was significance with a decreasing
trend in the groups performing KT (from 4.25 to 5.73s) and walking up to 350m (from 4.22 to
5.66s) over the study period. The opposite trend was observed in the remaining groups, the
average time required to perform this activity decreased, most significantly in group 3 (KT,
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CS and from 3.90 to 3.47s), followed by group 6 (walkers over 350m-from 4.12 to 3.51s) and
group 2 (KT and CS- 4.23 to 3.88s and at group) (Table 16, Figure 48).

- The PUL J (lifting 5 heavy cans) results for participants in groups 2 (KT and CS), 3
(KT, CS and GT) and 6 (walking over 350m) showed no significant differences or trends. In
all of them, the mean score of 5.00pts indicated the ability to perform the activity throughout
the 2-year period. The trend of minimal decline and similar differences in the mean scores of
the groups performing KT (from 4.80 to 4.20pts.) and walking up to 350m (from 4.83 to
4.33pts.) are probably due to an initial motor deficit, but indicate stabilisation of the
functional reserve over the two years period (from the beginning to the end of the study
period, patients were able to lift and move four cans). PUL J-time (lifting 5 heavy cans, in
seconds). The results show asteady decreasing trend of the mean values in the groups with
increasing intensity of the therapy in them. This was especially observed in the triple therapy
groups (from 4.53 to 3.38s) and the walkers over 350m (from 5.26 to 3.68s). In patients in the
groups performing KT (group 1) and walking up to 350m (group 5), the mean values were
statistically significantly higher and with an opposite upward trend (from 4.92 to 5.40s for
group 1 and from 5.05 to 5.84s for the group walking under 350m) (table 16, figure 48).

- PUL K (stacking 5 light cans). At the initial assessment, patients from the whole
sample showed the ability to perform the activity. In groups 2 (KT and CS), 3 (KT, CS and
GT) and 6 (walking over 350m) no statistically significant and functional dynamics were
found - the maximum score of 4.00pts. remained unchanged from the beginning to the end of
the study period. Although statistically insignificantly lower, the mean differences in the
groups of patients conducting KT (from 4.00 to 3.33pts.) and those walking less than 350m
(from 4.00 to 3.44pts.) showed a trend of functional decline (already on the second
assessment, inability to complete the task with the maximum number of points was reported,
managing to pick up 4 out of a maximum of 5 cans on top of each other).

The analysis of PUL K-time (time to stack 5 light cans, in seconds) revealed opposite
significant trends. With roughly similar initial values in the group walking less than 350 m,
the trend after the second visit became upward (from 5.92 to 7.01 sec), while in the group
walking more than 350 m it changed to downward (from 5.82 to 5.15) (Table 38). Regarding
the applied therapies in group 2 (from 6.12 t05.98s) and group 3 (from 5.63 to 5.43s) the
decreasing trend of the mean time values was maintained and could be considered as an
improvement of functionality. In group 1 (KT) the decrease in mean time values (from 6.43 to
6.18s) could be explained as maintenance and preservation of functional reserve in the
presence of an initial functional deficit (Table 17, Figure 49).

- PUL L (stacking 5 heavy cans). The statistically observed trend of decreasing mean
scores in the groups of patients conducting KT (from 3.53 to 3.07pts) and walking up to 350m
(from 3.61 to 3.06pts.) did not lead to a significant functional change (patients managed to
stack 4 out of maximum 5 cans from the beginning to the end of the study period). Lack of
dynamics in the mean scores was reported only in groups 6 (walking over 350m) and 3 (KT,
CS and GT), where the maximum score of 4.00pts remained unchanged for the whole
period.Only in group 2 (KT and CS) the decline of the maximum score from 4.00pts in the
first four visits to 3.77pts at the end of the two-year period has an impact on functionality and
is probably due to disease progression. PUL L-time (time to stack 5 heavy cans, in
seconds). In confirmation of the PUL L estimates, the results of the related PUL L-time
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(stacking 5 heavy cans, in seconds) showed a trend of decreasing mean values in the groups of
patients walking more than 350m (from 7.20 to 5.96sec) and performing KT, CS and GT
(from 6.82 to 6.05sec). The opposite trend of increasing mean times in the groups conducting
KT (from 6.46 to 7.12sec) and those walking less than 350m (7.38 to 8.06sec) can be
explained by disease progression and the present initial motor deficit (Table 17, Figure 49).

The results of the present study support the claims of initially earlier involvement of
the proximal upper limb muscles and a trend of involvement from proximal to distal level
influenced by the degree of muscle weakness, age, presence of joint contractures leading to
limitations in ADL (Pane M et al., 2014).

3. Quality of life (QoL)

3.1. Dynamics and comparative analysis of the DMD Functional Ability Self-
Assessment Tool (DMDSAT) and Quality of Life indicators.

Figure 50. Trends in DMDSAT scores by visit
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Table 18. Comparative analysis of the DMD self-assessment functional ability and quality of
life (DMDSAT) (questions 1 - 2) by group.

Gro Visit 1 Visit 2 Visit 3 Visit 4 Visit 5
Indicator n — — — — —
pa X SD X SD X SD X SD X SD
1 15  6,60° 0,74 6.47¢ 002 620° 101 6.20¢ 121 607° 128
2 13 6,85 038 6,85° 038 6.69° 063 6.46° 066 6.15° 1,07
A funcion 39 678 044 6,672 050 6,78 044 689 033 667° 050
5 18 6,60° 0,70 6,500 086 622 100 6119 108 578 131
6 22 6,86° 036 6,812 040 681 040 | 6818 051 667" 048
P 0,411 0,366 0,095 0,020 0,060
1 15  480° 147 4878 164 427 139 407 149 3609 184
2 13 492 1,66 4,922 1,44 485 163 4542 176 438 156
Mobilit 3 9 544 053 5,560 053 533 112 533 071 511°® 078
1y 5 18 417 154 4288 160 3720 141 3500 147 317 154
6 22 | 581 0,40 | 5814 040 | 571% 056 | 557% 060 | 533 086
P <0,001 <0,001 <0,001 <0,001 <0,001

As a consequence of the analysis conducted on the dynamics of self-assessed functional
ability in Duchenne muscular dystrophy (questions 1-2) from Figure 50 and Table 81, it can
be argued that:
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o In the whole sample and patients walking up to 350 metres, statistically significant
downward dynamics of the indicator "Arm Function™ was found. For group 5, the decline
startedat the second visit, whereas for the sample, it only became statistically significant at the
fifth visit. At the fourth and fifth visits, the mean values in the group walking more than 350
metres were statistically significantly higher than those of the less mobile group;

o ""Mobility™ - the trend was again downward in a proportion of patients, with the best
significance in the group walking less than 350 m., then in the whole sample and group 6. In
all five visits, the mean values of the group walking more than 350 m. were statistically
significantly higher than those of the less mobile group.

An analysis of the dynamics of Duchenne's self-reported functional ability (questions
3-7) (Figure 50 and Table 19) found that:

o ""Get on and off the floor ** - the dynamics are similar to the previous indicator, with
the inclusion of therapeutic group 3. The significantly lower values of self-assessment on this
indicator compared to the previous two are noteworthy. Again, across the five visits, the mean
values in the group walking more than 350 metres were statistically significantly higher than
those of the less mobile group;

o The indicator "Get in and out of a chair™ - its downward dynamics, groups of
expression and statistically significant differences largely coincide with those of the indicator
"Mobility™, while the absolute value of self-assessments - with those of the previous
indicator.

o In the whole sample and patients walking up to 350 metres, a significant downward
dynamics of the indicator "Get in and out of bed ** was found. The decline started at visit 3
and was more pronounced in group 5. At all five visits, the mean values in the group walking
over 350 m were statistically significantly higher than those of group 5;

o ""Get on and off the toilet ** - the trend is again downward in a proportion of patients,
with the best significance in the group walking up to 350 m., then in the whole sample and
group 6. In all five visits the mean values of the group walking over 350 m. are statistically
significantly higher than those of group 5;

° ""Go up and down stairs™ - the dynamics are similar to the previous indicator, with
only treatment group 5 and the entire sample included. Here again, across the five visits, the
mean values in the group walking more than 350 metres are statistically significantly higher
than those of the less mobile group.
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Table 19. Comparative analysis of the DMD self-assessment functional ability and quality of
life (DMDSAT) (questions 3-7), by group.

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5

Indicator Group n — — — — —

X s X sb X sb X sb X D

1 15 213 092 193 096  173° 080 173 080 L1479 0,83
Geton 2 13 215 0,80 2,23° 093 2,08 0,76 2,08° 0,86 1,922 0,86
o off 3 8 250 053 2,630 052  238¢ 052 213 035 2,00 0,53
tefloor 5 18 18% 0,86  167% 084 L4 051 150° 062 1,200 043
6 20 2,658 049 275 055 260 050  245¢ 060 2,35 0,75

P 0,003 <0,001 <0,001 <0,001 <0,001
1 15 240 0,83 240° 083 227 0,88 2,00° 0,85 187 0,83
_ 2 13 26 077 246° 078 2,542 0,78 2,46° 0,88 2,38° 0,87
aGnZt(;Et 3 9 300 0,00 3,000 0,00 3,00° 0,00 3,00° 0,00 2,78 0,44
dagmr 5 18 227 0,88 2,17 086 206 0,87 183 0,86 1,720 0,83
6 21 3000 000  295¢ 022 3,00° 0,00  295% 022  281% 040

P 0,006 0,004 0,001 <0,001 <0,001
1 15 260 062 247% 074 240 074  233¢ 082 2,07 0,88
cetin 2 13 269¢ 063  2.69¢ 063 2,62° 0,65  246* 08  231* 095
o 3 9 3000 0,00 3000 000 3,00 0,00 3,00° 0,00 2,89° 0,33
e 5 18 250° 071 233% 077  222% 073 206 087 1,789 0,88
6 21 3000 000 3000 000 3,00° 0,00 3,000 0,00 2,90 0,30

P 0,037 0,006 0,001 0,001 <0,001
1 15 247 083 2,139 092 207 0,88 2000 003 1809 0,94
eton 2 13 2,69° 0,75 2,622 077 254 0,78 231 095 2,23 0,93
o ot 3 9 3000 0,00 3000 000 278 044 278 044 2,670 0,50
hewiet 5 18 23% 001 200° 091 1899 083 1679 084 150° 0,79
6 21 3,000 0,00 3000 000  290¢ 030  290¢ 030  281% 040

P 0,037 0,001 <0,001 <0,001 <0,001
1 15 193 0,80 180° 077 180° 077 L73* 080 153 0,83
Gop 2 13 2,15 0,80 215 080 2,38 0,87 2,00° 0,82 2,00° 0,01
39 220 044 222 044 2,33 050 211¢ 033 189 0,33
A 5 18 167 069 161° 061  161* 070  139¢ 050 1,020 0,43
6 21 252¢ 051  248% 060  267% 048 2,48 051 238 0,67

P <0,001 <0,001 <0,001 <0,001 <0,001

The analysis of the dynamics of the self-assessment of functional capacity in
Duchenne muscular dystrophy of question 8 (Figure 50 and Table 20) gives grounds to claim
that neither significant dynamics nor statistically significant differences between the studied
groups were found for the indicator of Ventilatory support. The reason is that almost all
patients gave a self-assessment of 3 "Do not use" during the follow-up time.

Table 20. Dynamics of the DMD self-assessment functional ability and quality of life -
DMDSAT (question 8), comparative analysis

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5

Indicator Group n

X sb X sb X s X sb X sD

21 3,008 0,00 3,002 0,00 3,000 0,00 3,00% 0,00 3,00% 0,00

1 15 3,008 0,00 3,00° 000 293 026 2,932 0,26 2,932 0,26
2 13 3,008 0,00 3,00° 0,00 3,000 0,00 3,002 0,00 3,00% 0,00
Ventilatory 3 9 3,008 0,00 3,002 0,00 3,000 0,00 3,00% 0,00 3,002 0,00
status 5 18 3,008 0,00 3,002 0,00 294 024 2,94 0,24 2,942 0,24
6
P

1,000 1,000 0,778 0,778 0,770
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3.2.  Discussion

An etiopathogenetic understanding of the disease has led to significant changes in the
treatment and care of patients with DMD in recent decades. The growth of innovations in
health technologies, and the creation and introduction of new therapies for rare diseases
involving small patient groups offergreat hope for the treatment of this disease. Modern
therapeutic strategies and multidisciplinary treatment approacheshave contributed to the
increased survival of these patients. Today, their focus is on improving their quality of life
(Bushby K et al., 2010; Landfeldt E et al., 2016).However, in our country, access to high
quality healthcare services for such patients is still difficult as it is performed in a small
number of specialized centers with trained skilled neuromuscular specialists. As a severe
disease with debilitating progression and onset in childhood, DMD Duchenne requires
increased care at every stage of its development. The loss of functional independence results
in altered quality of life, increasing the physical and economic burden not only on the patient
but also on their family (Landfeldt, E. et al., 2017).

Assessment of health status and functional ability using the DMDSAT (Landfeldt E et
al., 2015), an instrument used to assess QoL is primarily based on a global assessment of
functional status and independence of patients with DMD.

The results of the DMDSAT regarding patients' quality of life presented in Figure 50
and Tables 18-20 is oriented in several global functions: hand function, mobility, transfer and
the need to include artificial pulmonary ventilation.

For the indicator "Arm function™ in the group walking more than 350m, the ability to
self-care was preserved, with a minimal difference in the indicator at the first visit 6.86 pts.
and at the last visit 6.67 pts without affecting upper limb function (in 6/22 (27.2%), the drop
of the maximum score by 1pts at the end of the period reported the onset of proximal
weakness, which in none of the group, however, impaired feeding function without any
assistance). In the group walking less than 350m, however, a downward trend followed from
the beginning to the end of the study period - the score dropped from 6.61pts. to 5.78pts and is
explained by the progression of muscle weakness and limitation of functional ability for ADL
(5/18 - 27.7% required varying degrees of assistance with feeding). Analysis of the results
revealed no statistical significance between the scores of the three treatment groups for the
hand function indicator.

Mobility refers to the ability to move around in public and home environments, as
well as the need for assistance from others. The analysis of the results in the group walking
over 350m. has a decreasing trend that does not lead to a change in functionality - the scores
of this indicator show stability throughout the period (first visit 5,81pts., fifth visit 5.33pts.)
and despite the minimal drop in scores at the fifth visit, none of the patients reported that they
had completely lost the ability to walk, albeit with assistance from others (14 or 63.6%
walked outside independently over 1km, 4 or 18.2% walked outside up to 1km and also 4 or
18.2% walked outside independently short distances). However, for the same indicator in the
group walking up to 350m, there was a decreasing trend with a significant difference between
the mean scores at visit 1 and visit 5: at visit 1, the score of 4.17 corresponds to a maintained
independent gait over short distances with and without assistance, while at visit 5 the mean
score decreases to 3.17, which corresponds to an increasing need to use someone else's
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assistance and/or a wheelchair (Table 18). Similar results of a negative impact on QoL due to
a decline in physical functioning in patients with DMD have been found by other authors
(Bray P et al., 2010; Bray P et al., 2011; Kohler et al.,2005). A negative association between
quality of life and the need for wheelchair use was reported by Baiardini et al. (2011) in their
study of 27 Italian patients with DMD.

In terms of the therapy provided, there is a linear correlation between the intensity of
therapy and self-reported scores: a downward trend is observed in all therapy groups, with the
greatest decrease at the last visit in the group receiving kinesitherapy only (from 4.80 at the
first visit to 3.60 at the fifth visit), explained by the progress of the disease and the exhausting
possibilities of kinesitherapy. In the other two treatment groups, the downward trend was
minimal, which did not change functionality and is explained by the protective effect of
corticosteroids, the preservation of muscle strength and the effect of the combination of the
three therapeutic modalities (McDonald CM et al., 2010) (Table 18).

The "Get on and off the floor" indicator dynamics decline was evident throughout the
sample, with all patients reporting difficulty performing this activity, which was substantiated
by the involvement of the axial musculature and proximal lower extremity muscles.
Regarding the treatment groups, a decrease in the level of functional ability was observed: the
greatest in group 1 (KT) from 2.13pts. The indicator decreased to 1.47pts., which is explained
by the natural course of disease progression and increasing muscle weakness. In group 2 (KT
and CS) from 2.15 to 1.92pts. and group 3 (KT, CS and GT) from 2.50 to 2.00pts. all patients
reported the need for assistance in performing the task and the need for compensation and
position change. Analysing the results over thetwo-year period, although the dynamics show a
decline in the score, this does not result in a significant change in function.

In the indicator "Get in and out of a chair” in the group of walkers over 350m, the
score of 3.00pts at the first visit remained stable over the study period, dropping to 2.81pts at
the fifth visit, and the trend relative to the patients' functionality, independence and autonomy
can be interpreted as preservation of function with minimal increase in the need for assistance
to perform the movement. In the group walking less than 350m, the score at the first visit was
2.22pts, indicating that all patients in the study group needed assistance in performing the
movement. At the last visit, the score dropped to 1.72 pts., indicating disease progression,
decline in functionality to loss of independence in some patients.

Regarding the therapeutic groups, there was a gradual decline during the whole study
period in group 1 (KT) from 2.40 to 1.87, which is explained by the progression of the disease
and the exhausting possibilities of kinesitherapy. In treatment group 2 (KT and CS), the
scores showed a downward trend from 2.62 to 2.38 pts. at the end of the study period, which
we report as stabilization with minimal functional deficits in performing the movement. In the
third treatment group (KT, CS and GT) the score at the beginning was 3.00 pts. i.e. all
patients performed the movement independently at the end of the period the score had a
minimal decrease to 2.81pts. indicating the possibility of performing this activity
independently with a low decrease in functionality (Table 19).

Questions 5, 6 and 7 discussed in Table 19 reflect the independence concerning ADL
performed in the home environment. For the group walking over 350m, values for all three
indicators were recorded at the beginning of the study period that patients performed the
activity independently without the need for assistance, and the indicators had a statistical
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trend of decline with a minimal difference that did not affect functionality. For the group
walking less than 350m there was a decrease in the indicators for the whole study period, with
the indicator "going up and down stairs" at the end of the study period all patients needed help
to perform the action - the score dropped from 1.67 to 1.22pts.

The analysis of the results in the treatment groups for indicators 5, 6 and 7 showed a
decreasing trend for all the groups studied, with a relative stability of the indicators in
treatment groups 2 (KT and CS) and 3 (KT, CS and GT) with a minimal decrease at the end
of the study period. In terms of functionality, there was a significant decline in the indicator
"going down and up stairs" in therapy group 1 (KT) - for the study period all patients needed
assistance in performing the action, and at the end of the period it worsened, explainable by
the progress of the disease, contractures and increasing muscle weakness. Similar to the
results of other studies (Matthews E et al., 2016; McDonald CM et al., 2017; McDonald CM
et al., 2018; McDonald CM et al., 2020), the present study confirms the positive effect of CS
therapy and its combination with other therapies in terms of stabilization of muscle strength,
delay in loss of mobility and survival over an average period of two years from the start of
therapy.

The questionnaire is the only one addressing the need for pulmonary ventilation based
on the patient's functional capabilities. The analysis of the indicator need for **Ventilatory
support™ (Table 20) shows stability throughout the study period and no dynamics. In
therapeutic group 1 (KT) and in the functional group walking less than 350m after the third
visit, there is a fluctuation in the indicator, which is explained by a change in the self-
assessment of a minimum number of patients. Although our group of patients was
heterogeneous in terms of age, degree of muscle weakness and type of therapy performed, the
results of the analysis confirm that improved respiratory care increases survival and maintains
a better quality of life for patients with DMD (Passamano L et al., 2012; Kieny P et al.,
2013). Symptoms of nocturnal hypoventilation and associated respiratory disturbances
intensifying after loss of mobility, and decline in paraspinal and proximal shoulder girdle
muscle strength required for a number of ADL set guidelines for respiratory care based on
regular assessment of respiratory function (Kohler M, et al., 2005; Eagle M, et al., 2007;
Birnkrant DJ et al., 2018 part2).

The results of the DMDSAT questionnaire analysis confirmed the onset of functional
decline associated with disease progression. Hand function remained relatively stable until the
end of the study period. Involvement of the proximal musculature of the shoulder girdle and
upper limbs occurring in the later stages of the disease gradually led to a change in
functionality and ADL. At the end of the two-year period, functional decline manifests mainly
as difficulty and need for assistance with independent feeding. None of the patients reported
loss of hand function due to severe distal muscle weakness affecting wrist and finger
movements. The development of secondary complications leads to accelerated loss of
independent gait, an important stage in the course of the disease directly affecting quality of
life. The analysis of the results can serve to modify the KT approach, assessing the need for
the inclusion of assistive, adaptive devices or a wheelchair in order to preserve as much as
possible the autonomy and ability to move in a social environment. Nine (22.5%) of all
patients studied lost the ability to walk independently during the two-year study period. For
two of them - walking over 350m at the beginning of the study, the answer to this question at
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the last visit was the ability to walk short distances with help from another person. For the
remaining seven patients walking less than 350m. at the first assessment, the loss of
independent walking was expected to occur at the end of the first year. The ambulatory
decline is explained by the variation in responses the questions at the last visit, from being
able to walk outside for short distances with help from someone else to using a wheelchair
indoors and out. In the analysis of ADL performed in the home environment, we found that
patients with preserved motor abilities experienced increasing difficulty and increasing need
for assistance as adaptive aids or compensatory mechanisms in performing these activities at
the end of thetwo-year period. Confirming the results of the previous analyses of the timed
tests, the most sensitive changes were observed in the activities of getting up from and sitting
on the floor, and going up and down stairs. In the group of patients with initial motor deficits,
the initial results already indicated the need for help to perform the ADL, and at the end of the
second year the need for help increased to the inability to manage the task independently
without help from another person. Limitations or loss of functional ability and the
development of a number of motor deficits with age and disease progression lead to a decline
in respiratory ability in patients with DMD. Regarding the administration of artificial
ventilation, data from show stability of the results of this indicator. Only one of all patients
studied (non-ambulatory patient, with initial low functional and respiratory scores) reported
that the use of NIV was required at the end of the first year. The introduction of day or night
ventilation has been shown to increase survival and improve quality of life in patients with
DMD. However, in conclusion to this, it should be noted that the decline in functional
cardiorespiratory fitness leads to an increase in the income burden, the burden on
relatives/caregivers and negatively affects the quality of life of patients with DMD.
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DISCUSSION

Dystrophinopathies are part of the large group of inherited neuromuscular diseases. They are
the most common hereditary myopathies, affecting about 120 patients in Bulgaria.

DMD is an X-linked genetic disease with a progressive course. In the greater
percentage of cases, the genetic mutation is inherited from the mother, with 30% of cases
having the mutation de novo. Initial symptoms of the disease appear in infancy, around 3
years of age, and often go unnoticed. The main symptom is progressive muscle weakness,
which is initially reported as a change in gait and difficulty standing from a squatting position.
The progressive muscle weakness defines the course of the disease and the formation of
disease stages. Progressive muscle weakness leads to the development of severe secondary
complications, functional decline and disability in early adolescence.

The change in therapeutic strategy and the introduction of a multidisciplinary approach
in the treatment of this disease in the last decades has led to prolonged survival and quality of
life of patients with DMD.

Timely diagnosis and accurate functional assessment contribute to early initiation and
selection of adequate therapy tailored to the needs of the patient. The progressive course of
the disease requires regular functional assessment. It is recommended to be performed twice a
year to monitor the development of symptoms and the prognosis of secondary complications.
Based on the analysis of the results of the functional assessment, the individual kinesiotherapy
programme is based. The personalized choice of means enables adequate influence and
suspicion of the physical condition, postponement of the loss of motor functions and
disability, and improvement of the psycho-emotional state and quality of life.

In this thesis, we followed longitudinally the functional status and quality of life in
different ambulatory stages of the disease, and the combination of the therapies performed.
Patients were divided into groups according to the therapies administered and their walking
ability. Five serial assessments were performed, including specific functional tests and scales
to assess functional status. Based on these, recommendations and guidelines for Kinesitherapy
were given.

We compare the results obtained between the patient groups and the littoral data. With
the results obtained, we confirmed the effect of kinesitherapy as a stand-alone method and in
combination with other therapies on functional abilities and delay of complications of disease
progression. We confirmed the opinion that early initiation of kinesitherapy and adequate
drug therapy delayed the rapid progress and severe disability of patients.
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FINDINGS

1.

The pathogenesis of functional disorders in patients with DMD is determined not only
by genotype but also by factors of the external environment.

The functional profile of patients with DMD is directly related to the progressive
course of the disease.

Early diagnosis and regular assessment of the functional abilities of patients with
DMD allow for adequate selection and combination of therapeutic agents.

Our test battery is suitable and reliable for comprehensive detailed assessment of
functional status in patients with DMD.

Kinesitherapy has a positive effect in terms of stabilizing muscle strength, maintaining
the elasticity of muscles and tendons, maintaining the range of motion in the joints and
delaying the development of secondary complications. Its effect is better with early
initiation and systematic implementation.

Our recommended/implemented Kinesitherapy program including stretching, active,
active-assisted or passive exercises and breathing exercises contributes to maintaining
a better functional status of patients with DMD. Home-based supplementation (after
prior education of parents/caregivers) is also effective and easy to implement.

The combination of kinesitherapy with other medical and etiopathogenetic therapy has
a better and long-term effect on motor functions and disease progression.

Maintaining a good functional status and preserving autonomy positively influence the
quality of life of patients with DMD.

RECOMMENDATIONS

Based on the study of functional abilities and quality of life of patients with DMD, we

can make the following recommendations:

1.

4.

Parents observing symptoms such as muscle weakness, gait changes, or difficulty
rising from a squat in their children should promptly seek consultation with a
neurologist or neuromuscular specialist.

For diagnosed patients, a functional assessment of motor abilities should be

conducted to facilitate early implementation of appropriate therapy and kinesitherapy.
Regular assessment, conducted twice a year are recommended to monitor functional
status, evaluate therapy effectiveness, and anticipate potential complications.

A daily, individualized kinesitherapy program should be designed to align with the
patient's functional status and specific needs.
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CONTRIBUTIONS

1. The clinical phenotype of DMD caused by mutations in the DMD-gene is described.

2. A test battery was designed and validated to investigate and monitor functional
abilities and quality of life in patients with DMD, under and over 16 years of age,
tailored to their functional deficits and limitations due to motor weakness.

3. For the first time in Bulgaria, a comprehensive study of correlations of functional
disorders of patients with DMD has been carried out based on combining standardized
methodologies to clarify aspects of functional status.

4. The influence of respiratory weakness versus motor impairment in patients with DMD
was evaluated.

5. The effect of kinesitherapy on motor function in patients with DMD was investigated
and evaluated.

6. The effect of the combination of Kkinesitherapy, corticosteroid therapy and
etiopathogenetic therapy on motor function in DMD patients was studied and
evaluated.

7. The quality of life of patients with DMD was assessed.
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