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B0D0ZNOO0 350X 9OHM-9MHm Lobg gobobowsgl s FooBbg3l, GMI LEGH0IMEIsEOOL
989JAH0 ©53538060909105 BIOOHMIELEHOMOMIOLS s “DMEHMOWWO 3MmEbOL s®Eygbol”
(motor re-learning) 36MMm39LYOOL 2omdXMOJLYILMD (Chae J., 2002). ¢3565L369¢ bsbL
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©51336900L,  3MBH03MWo  M93mTIBEs30gd0Ls s AdTMYgbgdMo  WOEBHIMSGHVIOOL
Bo9MbBom350lysb (b — 220 (ystm). Bsddmddo Fomdmagboros 39 gbMHowo s 16
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39900 X530l OB yogmBom.

2) 9mdMmomdol Logsmomgls (Range of Motion, ROM) — Norkin-ob @y White-ols
bobFgdoo (Norkin C., White D., 1985). Lbgoslbgs ULoblo6do 8mdGsmdol Logs®omyg
339905 0°-sb 180°-09g B3oeom s OLLDBPYZMYOS IMEGHMOEO IBOGOGHOL 30MHMdGOTO
5MLgdMo IMIMSMBOL LOGBSOMOL 3OMEIBEHWWo J0dsMmgds bMEMTLD. bmMIsermMo
ROM-ob 1-33%-b 9603905 gMm0 Jmes, 33-66%-b mG0 Jmes, 66-99%-b — Lsdo Jomas,
dmdOsmdoL LEWME LOGIOMIL — MMbo Jmes. ROM-b g3LsbBEZMIZ3OM DS JoEMMOL 4
5 43905 30009M0L 4 LobloMdo (2obbogzs FbMOL Loblo®To, JmbGms 0@Y30L Labla®Jdo,
3o oxolb Lablo®do, 3gMoL 30MHOL30G sYgbgds, dMbES Tgbx-ds6dsgol Loblo®do,
dmbGs dbeools LsblsMTo, BHIOROL MOLIMEMO, IS GHIOROL 3esbEHsMEo dmbG.).
954b0doE M0 Jrs — 32.

3) 316 GHMbYLL — 6-doeosbo LobEgdom Ashworth-ob dmogoo®gdme
b3owol dobggzoom (Modified Ashworth Scale, MAS; Bohannon R., Smith M., 1985): 0 =
AMbMLo  5Mds IMToBHgoero; 1 = GHmbmlo ¢360dzbgermess ImTsBgdeo: dmFgMo-
9dmd3900L 3030l L3sLE0IMMdY, 56 JobodscIHo MHgHBOLEBHIBEGHMOS FMIMIMOOL Os35BMbOL
0mMl; 2 = Gmbmbo 9306Mgss dmdo@gdmeo: dmFgcs ©s 9909y — dobodsery®o
M9BoLEIBEGHMdS  BMIMSMOOL  sMRYboE ©0s35DPMbBTo; 3 = GHMbMLo M@ gdME0s
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9tdM5Mm30L 0s35HBMbol o bsfowdo, MMIEs 30O MHZ30LBWSE FIOSMBL; 4 =
Gmbmlo 8608369cmgboss  Imdo@gdvero, 35L0MHO  BMIMIMBS  25dbgagdMEos; 5 =
OO HOYO0PMBY. ZLOHBWIM9300m G900 3996009d0L FHMBMULL: FBGOL FmIbozgEgdo,
fobsdbemols ImAbGmGEgd0 o 98w ggdo, doxol dmIbMGEgdo @S QeI gEgdo,
00m900L IMIbEOGEG00; doMdoyol IMIbEMGEgd0, dberol ImabEMmEgdo s 498dwgwgdo,

A96330L dMIbOHYgd0. 9099008 ©3¥)353980L5L 30035¢oL0bIdO0 Y39esBg oo
35B396909U,

23694306 ©53M)300JOMA, 569 YgMR0MO 5JEH03MdOL Mbs™L (Activities of Daily
Livinig, ADL) 359351590 0000:

1) Barthel-ob 0bgdusoo (Barthel Index, BI; Mahoney F., Barthel D., 1965). obogdbo
9m0353L 10 3MbdBHL: LHmeMo bsfarsgol 3mb@mmemo, 8560l d9dEol 3mbGGmmeo, 33909,
306500 3030969, Bs385, 005, 3¥199@0, oISPA0WGds, BdMOMds, 308990Dg SBges-
Bombgs. o™y 3196dBL 9603Fgds Jmergdo 0-sb (LEME0sE ITIM3I0EYOIWO) 2-
dg (LEOMEOSE ETMM30090JE0), 96v) TodbodsErmEos 20 Jmes. HTMY30HOIJO
536J30Mmb0MgdoLZ0L  vEowgdgeos  dobodmd 12 Jmems, 8-12 Jmews Bodbogl
96003690356 ©98Mm300090)gdsl 3MmIZgbg, 8 JMsbg bogargdo 30 — moomddol
LEOME MO0 gdsL (Granger C., 1979).

2) 5316J30mMm0 ©s9Mm3009dmdol Lzseoo (Functional Independence Measure,
FIM; Guide for the Uniform Data Set for Medical Rehabilitation, Version 5.1, 1997). L3ogs
90393l 6 3539aMMH05© oYMBowo 18 3MbEL: L3O Ms30L IMZW (Fo05, OB,
990905, La30MRIMYIM, Bozds - ol Bgdmm, Bs3ds - Fgwlb J399mm), LgobdGamgdol
30bGHOMo (G600l d3E0, bofers30), Foo9Y0wgds (Lofmwo <> 13580, LE30MGMYIM,
505969), 3dM5™MdS (LOIOWO, 3009930), 336035305 (50d3d, 9TMbIEZs), LMEOSW MO
36™309MHgds  (LMEOSWOO  NOPDOJOHOMDS,  3MMIWGIOL  2oofY39Bo,  IgbLogMYdH).
000MgYo 3996dBHo Fobigds 7-doeosbo L3swom (1=Ho EobdoMmgds, 7=bEwyeo
Q59M)30009IMBY), 5699 05¢gdOL LOGMNM MoMYBMdS 126.

WOBMMSGHMOOM  259M33¢093908  39HMJO0m  Md0olol  Lobgerdfogm
BodgoEobm  »boggdloGgdHol  3wobozmMo s  9dudgModgbG o  dgoEobol
0bLBGHOGMAHOL B3BsBY. MOYBODBAOL MgEMIL-bEAHIGHMLOL TFglogolgdws© 3033WIIVOM
Lobbeolb  356535360FMO0  396@GGdO0LS ©@s  bGHOoMJLoIBGH MM  739MT96E OOl
(33LOYOYOL:

1) Lobberol 3565353b0GHw6 (396¢©gdL (Mn*, Fe?* ombgdo, Fe¥ @®moblbggmobo,
3963w sHdobo, d93390mawmdobo, HbNO, FeSNO) 3033093000 9wgdd®mbayen-
356585260 @MMH0 MHxDBMbsBLOL (936) Igmmom. dgom©L LsxMAzEs© ©I3L bgdswswo
Lobdomol Jo3OMGIWOMOHO 259mlbogzgdol Jmsbmdds s6153md3gbloMmgdmwo dosgbo@w®o
9mdgb@ol  9dmbg  396505pbo@ o bsfoszgdol  dogh.  936m-L3gdGHOMbIM30o
39933 9g30LmM30L  50gdME LoLbWL 35053900  3M0gMNO0Egbols Jos39ddo o
0530LBMBIWO  M3EO035gd0L  FgboboMBmbgds  34obosgom  mbgzoo  sHBmEOL
A9939605GHMOm5Bg  (-196°).  936-Logboergdol  MHgPOLEBHMOEOL  39bYbom  MoEom-
139dBHOMIgEBHODg P2-1307.

2) 5306 RB0  SBMEGHOL  mdbool  (NO)  3mbEgbd®oEool (3300w gdgdls
3503519000  565EPMYOMBOE, 93M-09nMmEOm. 306506 NO-U 3mb396EGMsE0s dogosb
Q0505 5 oo LogmEberols bobyMmdwogmds Ls3dsm@ bsbdmzergs odobmgzol, O3
50b0dbmeo 39mmEom  godm3zwobgl dommmyo® Loli@gdgddo, dobo MmomEgbmdoL
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99L5935L9dW S 3099b90om 9.9 “B306-boxgabals” - Bo@eowmdols
QOJDOLEOOMN0MIMDToBL. Lobberol 1 d-U 399353900 s0bodbemo Ggsd@Eogzol 0,2
go-U, 390obsgom bg0mom 50f9M0wo 3d90MEOm Qo 3033193000
(5©0MB39dEMOM™IgEHODg PO-1307.

3) }B9MIIBE  39GOWIBIL  0gdBH03mdsL  gLBWIMIZ3EOm  domdodoMmis Lobberols
d0s@do H. Aebi-l dgomeoom (1984), M.A. Kopomrox-ob, JL.M. Msamosa-lU s Ubg.
dmogx03s53000, (1988).

4) g9md96¢ ULM3gOHMJolEOLINEGHsbL  (LmE)  9dGH03MdL  3LEDPIMS3OM
00mJodoMs  gOHomOMmi3o@ddo ©. FO®ogp-ob (1975) dgomom, E.B. Makapenko-U
9m©0xz0353000 (1988).

do©gdmEo dmbs399900L LEAHOGHOLEHOIMO 3b5EroBL 35{o6MH3Mm9gdom
30330EgOo 3OmyMsdol GraphPad Instat 3 Lodwoegd0m. 0TIl 353900
30330@GgOMwo  3GmaGmsdolb  GraphPad  Prism 4 9o8myggbgoom. 35309630
(obMdobs3goolmzol  4sdm3094abgo  3m330BHYHMEo  3OmaMsds GraphPad MedCalc.
3909290L 359m3Lobsgom Lodwmsem 3609369 ™doLS s LEHBIOEGHMWO FE™Iowgdols
bobom (Mzm) Loboom. bm®3oerme (omlry®) a565Howgdsl 3bsBM3MI300 Kolmogorov-
Smirnov-ob GgbGom. bmn®mdsmmo AsbsHowgdol 99gdmbggzsdo 309gbgdom Student-ols t
OIAL  ©o9M300P¥I  ©d  Fgfg30wgde  99Mbo3gMdmamzol;  sar(IbaGorw
9900b3g93580 — 33e930L 965356539 BHM dgom©9dl (Mann-Whitney-bs s Willcoxon-ols
A9bA900). OB IgEo 959Mbs3MGdIOL FGLoIMYII© 3049bgdPOm 3500530 SBsODBL
ANOVA  Bonferroni-b  3mb@-Gol@osb  gohms.  36MHM3mME0900L  glosMgdws©
30949699@0m %2 (JL0-3350065F) BHILAL. JMOJO30sL 3033930 Pearson-ob GgbGoom
(6o mEo 256500 gdolisl) 96 Spearman-ols 565356053930 GgLEGH0m. LOFMSEMMS
bbgomdsl  BEGHOGHOLEH03WM©  LsMHIMbmE  gm3woom  p<0.05 3603369 MdOLSL.
3990M394mxzom  93Mgmgg  Lo®fdmbmmdol  dowoer  (p<0.01) s MBsergl  (p<0.001)
boGolbgdl.

3399300 990093900 s 35000 d9bbogngs

33930l LI gdol 999 30039 9BHO3DY 2935965¢0Bgm LBHIBIOEMWO

M99000ES300Ld S 9JEgdBHMMUEG0TMWSE00L X3MBIOOL DMmAsO  FobsLosMYdgdO:
5153MdM030 s bJgumdM030 8935YIBEMBY, 0Bl EOL 030, 0bLYIEEOL Loddod)).

3b®0wo 1. Bs33930 X3IBJOOL BsdsBOLM FobolOsMYIGOOL TJEIMGOS

Xd0BO bOBEIOGIwo 99JOOYo
95000 GS30S LGHOIMWOG0S
Lsdooem sbs3o (Mtm) 622+3.1 64.6+2.0 ns; p=0.5
Jowrgdo (%) 17 (35%) 22 (42%)
ns; p=0.6
0505353900 (%) 31 (65%) 30 (58%)

12



0bbmeEob Loddody 27.8+3.1 25.742.5
SSS Lgosewol dobggom (M+m )M ns; p=0.6
0d93099M0 0bbeEo (%) 40 (83%) 42 (81%)

ns; p=0.8
399065300900 0bbman@o (%) 8 (17%) 10 (19%)
356 39659bM030 398035090 (%) 26 (54%) 25 (48%)

ns; p=0.7
056 3bgbsdbemogo 398035090 (%) 22 (46%) 27 (52%)

50dmPbs, ®MI mO039) XaRdo  FoM3MOBI6 0505353900; ™M039 XaMRdo
FoOMdMds 089d099MH0 0blE0; LEHIBPIOGHIO Mgs00OEGES300L Xando JzoMg©
FoMdMIS Fo6rx39650bM030 398035609B0, LBH0TMWH300lL XamRdo 3o — JsMbgbsdbGmogo
3900350m9%0, BogMsd  obLlbogggds  dbodzbgwm ogm. 353096@™s  Lodmowrm  SBs30
LGObIOGM™ O BEGH0IMESE00L XQMRJOF0 0ym 62.2 S 64.6 Tglodsdols; 0bLMEE ol
boddodg L3sbObsgoMo Lzserol dobgwgom — 27.8 s 25.7 FgLodsdobo. ©dy35Mo,
X3BJO0L Bodsbobm F9dsaqbEMds 15305MmE JOMPI9MMZB0 0ym, 6 56 godmzeobos
6o0dg  9600369wm3zsb0  Aoblbgzogqds,  OMIglsg  dggderm  gogwgbs  dmgbgobs
996396089630 450MLO35WByY.

300b60396M0 3565393900l TgxoLgds  1o33w93  XyIBIOdo  39hoMImgm MG
9085MHmgdom: 359mdM53909w0 B496J300 s YnBomo 5JEH03mdoL (ADL) mbstro, 5649
339164309600 ©53M3000GIMDS.

0500mdM539090  BbJ300L  33E0EgdsM  TgLOgBILYdIWIE  FLOBOIMIZOM
dnG™OH030L 0bgdul (MI), dmdGsmdol LogsGmgls (ROM) ©s 399600996 EHmbmLL. MI-U
Lodmoem 35839699900 BEHIBIOEHMO MJIdOWOEHSE00Ls S JE9JBHOMLEH0TMEs300l
X3Bg0d0  936Mbseomdol  ofiygdedg  96003bgmazbs o6 goblbgeggdms
963569000L56: 51.9 5 52.7 d5¢00 gLlsdsdobo. 339MbsEPMdOL F9EIRO© MO39 XyIBOL
3530969000  500b0dbs Bo®fdmbm  asmIxmdglgds. gegd@O™MULEGH0MsEo0L  X9Rdo
29999%M09L9ds MROM 9339NMOE 0gm Fodmbodmero (p=0.04). 39060dm, LBsdwmoem To@gds
UGHOBIOGHME X3MBd0 Tgoaqbs 2.2 dsewl (Lafigolo dshgz969dw0l 4%), LGHodMEsgool
X35Bd0 30 — 7.6 doels (14%).

3bM0wo 2. MI-b 33e00¢9ds 8390bsemdol 90950

X3YBO Lafgolo LodeME MM Lsdoom bbgomds
0583969090 05h3969%9wo0 (M £ m)
(M £ m) (M £ m)
LEobodEmwo 51.9+5.2 54.1+5.6 22+07 p =0.001*
195000 GS305
99IBHOI0 52.7+5.0 60.3+5.8 76+20 p = 0.006™
LGHOTMI30S
ns; p=0.9 p =0.04*
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15305Mm gOHMA35MM3560 0ym ROM-ob Lsfigolo Lodwmserm 35B3969d9wo3: 16.8 o
16.3 1LEGHBPIOGHM™ s BEGH0IMWSE00L XyMRBJOTo  Tguodsdols. ©obsdozsdo ™mGm03g
X3Bd0 500bodbs 93069, 059098 LEAOGOLEHOIMMO®E LIOHIMBM AomTNMdIBYdS, TgEo©
399mbsG o BEG0dmwsEool xX353do (p=0.04). BEGHbIOEHMEO YOO ESE00L XyMRBdo
95639690935 dm0ds@s bsdmsem 0.8 dowrom (bofgolo sB39690eol 5%), LGNSOl
X39%300 30 — 3.1 doewom (19%).

3b®0oo 3. ROM-ob 33¢00egds 839Mbsermdol 399gao©

X3MBO Lofiyolo Lodemgrmm Lodogsenem bbgomds
0583969090 0583969090 (M +m)
(M £ m) (M £+ m)
LGB EGHWwo 168 +3.1 17.6 +3.2 08+04 p=0.04"
99300 GSE0S
99dBHOWwo 16.3+2.9 194+28 3.1+1.0 p = 0.003*
LEGHOIMWsEOs
ns; p=0.9 p = 0.04"

653 9995905 3996006 BHMbMULL, Lofgolo Fgxsligdolol L3sbGHoMOMDds 5©0gbodbgdms
26 3530963)b, oo FmMob 11 3530963 L LEHOIBPIOEHMEO MYd0OWOEGS300L X3Mzdo (23%)
@ 15 3530961 9gargdBHemb@Godmwsiool  xamxdo  (29%).  LEBIOEGMWO
95000@S3008 XaMBoL 11 353096¢0sb 6 35309630L Fgdmbggzsdo MAS Ugsemob
mdoeglio dsb396909co Eogm 1 Jmams, 4 99dmbggzsdo — 2, 1 990mbggzedo 30 — 3 Jwmems
(Xanol  Lsdmoewm  3sB396909wo  1.5). gobdgmegdomo  Fgxslgdolsl  b3sLEGOMOMdS
50960365 10 353096@ (21%): 2 89900H393580 L3SLEGHOIOMDS SR, BoaE6T B3SLEGOMOMDS
B59MYy5e00© ©35EJO0m 1 3530963)b. 5 353096EH0 Fgx3sLs MAS b35¢wol 1 Jmwom, 3 —
2 Jmwom, 1 — 3 gnwom, 1 30 — 4 Jmwom. X530l Lsdmswm dsh396909w0 d30609©
39500505 5 Fgoa0bs 1.6. 9egd@OMLEH0IMW300l XyMBoL 15 3530963 0©sb MAS
1350l »Boerglo 8sB396909w0 7 F9dmbgglzsdo oym 1 dmws, 5 99dombggzsdo — 2, 3
9900bg93580 30 — 3 Jms (LsdosErm dsB39690gero 1.7). 3 330600l 909 L3sLEGHOWOMDS
5096086y 12 3530963L: 7 353096¢0 99x8sLs 1 JMwom, 3 - 2 Jmwom, 1 3o — 3 Jmwoo.
X3MIBoL  Lodmeemm  dsh396909w0 899306 1.2-009, ®mdi3s gl 999306905 96 oym
LAOGOLE03MME LyOFdmbem (p=0.06).

5QMYM WOoBHJOSGHMT0 3mbEGH0bLWMWEMOO dMGHMOMEO MM393900L dS356
3obLYBOZOG  BOJBHMMO©  B3LGHOMOMOLMID 53930060900 35MMEMYOIMO
M9x3wgJugdo  0MZWGOMPS. 5379905 3O 9V0MYOME0s, MHMI  obbyerEHob  J9d9Yy
39003509Bo  Gg0degds  L3SLEGHOMOMBOL JoMdg3 SOBYOMIPIL, brmerm ™msgzol  GH30bol
©H0sb67d0L 8999 9MLYdIMo BMBI30IMH0 IBOEOEO FIB30MHMBYOME0s 565 0dEIbs©
L35LEGOMOMIOM, M5dIBsI3 g §- “DIRBH0MMO* BoJBHMMIOOm, BMYMGOES JMBMYOOL
LobMLEBg s FMAMSMOOL LOTSMXIOL WHMY3S. (36MdOEs, BMT bl EHOL F9dwgY
135BGHOMOMBS MIBPIMIBMBOM Z0MIMIYds > FogdlodMAL >Hg3L 33539 Im3egbosb 1-3

30l 99993. 30650056 B39bo 330930l Logobl  oblmw@ol 3339  39Momo
Dom0moa9bs  (30639wo  Lsdo 33060 (3939 9m3wgbosb), L3sLEGOMOMds  B39bL
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35309635 dbMEm dgmmbgl 509b0dbs. 0bsdo3sdo LEIBEIOEHWWO MJsdOEOESEOOL
X3Rd0  L3SLEGOMOMdOL  BsB39bgdgds 30609  FM0Todd,  JEgIBHOMLEGH0MYWsEO00L
X35Bd0 30 8993060©s. B3960 sHBMOm, gb FHJbgbE0s SLsbogl LEGH0Mws300L 9x839JAHL —
dolo  go8mygbgds 0BGl (3939 ULEBHOOsDY  bgwl  MBwol  L3sLiEGoIHMdOL
Bo9MYoe0d9gdsl. mMB3s, O3 9O xaRTo (33000905 BEOGHOLEGH03MNMs© LM Mbem
bsllosmol 56 0gm, o3 5edsm B3sLEHOMMMOOL IJmbg 3s309bGHMs 30609 Gogbzom ML
396300090 0. 80356600, M Mogobo Fgscmgdom dbodzbgrm gx39d@ol godm gL
396096305 396 0dbgds 03 9603d3bgemzsbo  FobLlb33900L  49BALIBWIMIWO BoJE™eo,
G0mdgog  900bodbs bbgs 356599 BHMdmob — 8mdMHomdol LoGsMMGLS s  JoWSBMD
9005600905d0. 965 50060TbML, HMI EIOLIMZOL 56 HOLYIMBL LoGHdMbem Fmbozgdgdo
000l OLOILEAHMMPIWSE, OMI  L3LGHOWMMdOL  T9gd30Mgds  Bobozmmo b
990003539600 8900m©gd0m IMGMOWwo 53mbJgool 4owdxmdaligdsl o393l (Milanov,
1992). B3960 sBM0om, 9engd@®mbGodnms3os byl »Fymdl b3suEGHoMHMdOL 89d30MgdsL,
95600 0bbeEol df3039 39Momdo gl dgdobobdo o6 sG0OL [odyzsbo BsdmdEmsz9dgro
5369 300L 50960l MZ35¢LIBEOHOLO.

B396 300500 ByoMM3WILEBHOMOMIOL 3MBEYEBOL, MG ITIRIOIOWS©
blbob dm@GHMmOMwo RMbJjgool smagbol 3Mmi3gbl 0blme@ol 89damd 3gMomedo. s
3M63983300L Msbsbds, 330L 3H30b60L 3EWsLBHOWMMdS M©I3L Loxgdzws© ghmo dbGMmog
0bLeGolidgdy™do bL3MBEBMEO 2odmRsbLsgdOL 3MMEgLL, IgmMg AbGOZ 30 BY6J300L
50A0BsL 99000 ES30M0  BHMgbobyol dgayo. GH®9bobyols s  FMIMIMBOMO
3990300@gdol  LsxdzgwDy  bEgds  @bL-L  LAHOVIGNODwo  ©>  gubjzonco
M9MEOHQB0Bs300: 9 H05b69gd9w0 X 090900056 09696306090 ds6d0
3MWHGHIM9d0L  (sboero LobsxgLbymo  353806M900L) 2963005090 O O3 893560,
396G MM0 6g0MM™bgdols s Lobsxglgdols s9mJdggds, HMIEGdOE 9308 MO3BY 09dIb
©3H05690wo  690MmMmbgdol 3MbJ30slL. 3BL-U  3EBLEGHOMOMBOL 06303  SMLYIMWO
9963960396 GH Mo s 3Woboz®mo dMbs3gdgdo F0a300000093L, MMI 3mbGHObLMw EMMO
“Do@mOmeo  3mEbol  s0Eagbol”  3MmiEglolmgol  3603369wm3zsb  LdLEGGLGL
Do0mogbl JoBobby ™mM09gbEGH0MGdIMWO 29639 gd0mo  FMmIOIMdYO0 9B oG odo
(Nudo RJ, 1999), 6mdwwol 3Mm3gbdog omogol  G30bo  00gdlb  0bxzgm®mdsgosl
06000300195¢ M0 390930l dglobgd.

15330930 X2IRJO0L FJMdS (3boYMABL, MM Bgdmmsmfig@owo d9dsboBdgdol
2390 9E9dBHOMLEG0dMWs300L  dgdmbggzsdo  9Hm3gds  IFsEJdomo  F9dsboBdgdog,
I gdo3 obsdommdgdl dowgdnm LsMHIMbm oblibgoggdsl. G®MmooEorws©, byM3z-
3MBmMm3560 LEGH0dMWs300L 99 0G0 39960900l 93499035 36X 0dol 9HM-9MH D
Lobgmdo  gobobogds. Bggbo  sBOom, LEGHOIMWogool 9x39dGHo FbmwmE 8o o6
59m0mE9ds.  glsdewms, 9wgdBHOMLEGH00MEs30s 8600369 Mm356 Gl SlitrmEgdgL
96 dmwo eblmOH o M¥6BOL LEG0TMWS300L MZ5EBIBGOOLOM. gl FMbIBEOYDS 9aYsMIGdS
LgbLMIMEHMOMO  063YAMSE00L  MIMOOSL, MMIgEols dobgE30ms3, IBOBYdMEO
30MHOL  dmdMomdol  dggae  Homdmddbowo  LgblmOmwmo  Logbswo  3oMmI30G
36MH™M3Mm 3009056 Ho3L GgLsdsdol dmEHmEmwe Logbsel (Stein DG, 1998). bgo®Hmodoxobyom
@5 bgodmgzobommmyon®o  godm33eg39000  ©Iyobs,  GMI  Jgedmo
LgbbmImEHMOMo  Fo@mdmIsygbarmdol  (“Joddmo  G9ggdo”)  BMEOBOISE0S
d9L5dWGBYE0S 565 FoOEM obTGMOGO0MO FMIMHMOOL LsxYd39wBY, 56539 LYBLMOEO
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UE0TMSF00MSE, 3500 FmEMOL 03 F90mbgz935003, OMES IbOL 0bEHIBLOZgMBdS bs3wgdos 00
DOMHIDBY, M3 36Ol T9399030L 25dMUsf39350ss boFo®m (Johansson B., 2001).
39bLO3MPMgd0m 3603369em3zbo Fogzs6605 B3zgbo 33¢0g30L dgmeg SL3dgd@osb —
53694306 990 3009OXMBLMD ©39300609d00 Forgdmwo JJIagd0. 3964300
©59M)300093Mm30L 56v9 ymxBomo 9gEH03mO0L TGLog3sligds© 30949bgdEOm dsHMYOL
0b6qgdub (BI) 5 89643000 80300090 mdol b3sersl (FIM). BI-U bsfgolo bodwogm
36003690md5  LEHBPIOGHMO  MJodOEOES300L  X3MBdo  Tgoabs 6.6, bmEom
99JGHOMLGH0IMNsgool  xamxndo - 6.1.  2963gmMHgdomo  Jgxslgdobsl  0bwgduo
LoMHIMbMO 490BIMS MMH03g X39RT0 s Fgoa0bs 8.8 s 10.1 FgLsdsdobs (p<0.001).

X3MIBIOOL  Fgomgdom  4sdm3wobs,  OHMI  gEgd@GOHMbEG0dNWwEool  Xyzdo
3999xMdBgds MROM 83390005 0ym A5dmbsdmeo (p=0.005). LEBIOGHWMW Xxymndo
0bgdbo  LsHgob 860369 MBLME  FgoMgdom L8 PwMmE  32%-000  290DIMY,

13035300l XART0 30 — MOX IO YROM TGO — 66%-0m.

3b®owo 4. BI-l 33000905 839960bscrmdol 890990

X3IBO Lofiyolo 3oB396909eo | Lodmenmm Lodwgsenem

(M £ m) 0563969090 bbgomds

(M = m) (M +m)

bBobMEHWwo 6.6+14 8.8+1.6 21+04 p =0.0001**
99300 GSE0S
99JGHGo 6.1+£1.0 10.1+£1.3 40+04 p < 0.0001**
LGNGO

ns; p=0.7 p=0.005*

o3 999bgds FIM 95B396999wl, ol bodrmsrm 89500996@s 68.0 LEobwod@men
X380 s 67.9 B0 MEsE300L XMRdo. Lsdo 33060 dgdgy 5B3969d9wo Lo®{dmbme
23950D5MO©s MM039 XyMNRBA0, 5TLMID omdx™MdOglgds MROM FJBHo© FoAMbOGHIEO 0Ym
UG0dMO300L XaRdo (L5FMsEM Bbgsmds 8.9 s 15.0 Jmews, 5699 Lofigolo FsB3969dw0l
13% @5 22% Jgbodsdolo), Topa®oed o3 dgdmbggzedo oblibgaggds LEsEOLEH03MS©
LSOHIMBM 56 ogm (p=0.11). FIM UB3zocnolb bogergdo bgblo@ow®mmds dmgdre bodwmseEosdo
990dgds s0blbsl dolo 3MEgwo 3mabo@oMm-Ji3930m0 3mI3mbabEom (dsdlodscrmEo
d9LsdEm Jmes bIseol 3mabo@o® 3mA3mbgbGHdo xs9MMo Jmwol momddol dglsdgl
9950099bL). B3960 3530963900l 3BIMBOEOL, BsGMZOLS s J9FMOOEbI0L 3H0EHIM0MTgdol
53mb6%g 303603 0H0 BMbJ300L 833906 20TxMdYLGISL SO 39XMEOM, oo 1IgBHIL 5O
39m©om LBy 9gargdGHO™BEGH0MWS300L AoFMbs@ME 203wgbsk. BI 30 doMHomso
I GMOHME 5369305D9 993900005 @S TGLsdsF0LO®, MBOM Fgloxzgmol 0bLEMMAGDEL
Do0Mo9bL  3mbGoblmEGMGo  dm@GHMmOMEo  obgbdsool  ddmbg  35309bGMs
d9L5x3LYdWS.

3b®0wo 5. FIM-ol (330000905 937160b5¢0mdols 99009390
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X3YBO Lofiyolo 3oBz96909eo | Ladmenmm bodwgsenm

M =*m) 0563969090 bbgomds

(M £ m) (M £ m)

LHobsMGHMwo 68.0+6.4 769 £6.7 89+26 p=0.01"
99300 GSE0S
9w9dBHOIo 67.9+6.8 829+83 15.0+£2.3 p<0.0001**
LGHOIMWsEOs

ns;p=1.0 ns; p=0.1

Bggbo sBM0om, B00gdMwo T9g9gagd0 339393l MREGISL 35336, BT
InGHMOHMEo IR0E0AOL 3060MdGdT0 BEGH0TMWS305 ©IIOOM 493w9gbsl sbgbl ADL

53bgd30900L TGO gdol MbsmrDY, M3 30MEI30M s0LIBYds 353096G0L LogmEbarol
bo®olbby. 99303, YMBomo 959BH03mdol  gogdxmdglgdol bosobbo smqdsdgds §dobs
InGHMOMEOo 39964309000 gorgdxmdglgdol boGolbl, Mog 3093 JMmbger 304300070
999 GHOMMNIM300L Dmas© 9539JGDY. 9996gd0Lbm30lL, J. Chae et al (1998) doomgl bgdm
30060l 350mdM53909w0  Bb300L  omdxmdglgds 0BGl 8(3939 LEOosbY
BoBo®gdmmo  69M3-3960mmzs60  LEGH0MWs300L  F9gEo®,  Foy®msd 396G  dooEql
3003M3LobMHgdol Mbsmol 360d369wm3560 omdxmdgligds. s3@MMgd0 Bookbyzgh, Mmd
530l 80BYHO Q9dM3IZgME 353096G MO B30 M5M©YbMds ogm (L 46 353096@0).
33930l 8m3E36m  9GH3BY  IHIWNMIE  3d3vBaobgm  grrgHHYo

UGH0MES300L X AYRT0 J0WGdo 9900, GOLMZOLIE 950B0TBIO XYMTBO O3YS3000
939% 2989050 ©IH0s6gd0L Loddodol, 0bleEol GHo3ol, 39803569Bol FboMob, SBs3oBs

5 bgglol dobgz0m.

39690OWwo 0BG  39dm{I3gMEo  EIB0sBgdol  Loddodgl  Fo83sligdEOm
06l ol Bgsbobsgom®mo L3seol (SSS) d983gmdom. gargd@mmbGodwmwsgool xXymsol
35309639080 SSS 35B39b90ge0 dgMrYygmds 7-sb 45 Jmasdyg. ©sb0sbgdol Loddodol
dobg30m 3530961900 93453000 15 J39X3IBo©: 1) 3d0dg IB0BYdS (0-16 Jmaems) — 14
353096@0; 2) Bm30ghHo sH0sbgds (17-32 Jmes) — 21 353096@0; 3) dbdydo sbosbgds
(33-50 gmams) — 17 353096 0.

J439% 3153900l dobgzom 39350bsewobgm  3wobozmmo 3965993HM9d0L
33w0e98900: MI 8d0dg ©ob056900L 939% 35380 godx md9gbs bydswm 2.9 39bj@om,
Dmdogho ©sH0s6gd0L J3gxamxndo — 5.0 s dmdo IH0sbgdOL J3gxando — 6.8
396JGHom. bmdogh s Abgdd  J39xFMNBII0  Qodx™MdIBYOSL  bGo@oLE03MMS©
Lo®HIMbm boslosmo Jmbs (p=0.04 s 0.002 Fglsdsdobs). ROM 8dodg @sH0sbgdols
939% 2890 godxmdgbs LsdrsEwm 2.9 3MbJGom, BMmogMo IB0s6YdOL J3gxyMRBdo —
23 ©o dbddo @sBosbgdol dJ3gxamndo — 1.0 3mbd@om. o0 Tgdmbgzgzsdog,
UBAHOGOLEH03MNMO© LBSOHIMDbM 0gm gomdxmdglgds BmdogH s bmdmd J39xIBgOd0
(p=0.02 o 0.03 Tglodsdobo). BI-L Lsdoserm bsdsGo ddodg, BmBogh s bvdv)d
939% 29839030 0gm Jglisdsdolo 1.9, 2.7 s 4.8 396430, 5649 LBz J39xaMRT0 500b0dbs
36003690m3560  2om3xmdglgds  LoMHIMbmgdol  dowswro  bosGolbbom.  J39xaRgo0L
d9L5IMYOMOE 39HoMIMGD 35605300 bseobo (ANOVA), H™Igedsg 399mageobs
3603369cmzsb0  3oblbgoggds J3gxaBgdL dmeob (p=0.02). J3gxanBIOOL (o390
0930agd0 993509609 Bonferroni-i 3mbG-GguGob LsdMoswgdom, GMIgedss g30h39bs,
6Mmd  Abddo  sH0sbgdol  J39x MBI omdxmdglgdol  bomolbbo  360d369emabo
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dooo 0ogm 8dodg o DBmIogH  J39xX3MINRJIMD  JgoMgdom, 8dodg s bmdogho
d39% 38900 30 9603369crm3zbo o6  AobLL393IOMPS  GOHMTBYMOLYSD. TowgdMwo
09092900  (39¢Lobo 80330000090,  BMGIdOWOFHIE0M  OMmboldogdgdo dom  MRO™
99399105, O3 RO ABdMJos IB0sbYdOL boGolbo.

9093 GOMLEH0TNWH300L XyMBoL 353090ES O BMSZEGLMBOL, 390dm© 81%-Us
509603693m©s 089d0MH0 0bbLYGHo, s FBMEmE 19%-U 399mMsy0o obbym@o.
OMaMOE dbsmbgro ogm, 390mGmsa09wo 0bbvyerE ol J39xaBdo d9sMgdom ddody
3M6E02953H0 0gm 939Mmym0o: 65300900 0gm HMymE 3 0blyaEob Bzswob, slggg bsdogy
Bg0mm obbommmo 3wobozm@mo 35MsdgBHeol (MI, ROM, BI) Lodwowem 85B396909o.
099939, 9OEIOMN0 356053930l Jobg3z0m gl oblbgsz9ds BEBSBHOLEH03MMS® LOMFHIMBM G
0y®. 89909y 9AH93HBg 39359565¢0Bgm B5dMIM3909wo gbdi00Ls s ADL dqlitrmengdols

mB5sM0OL 330000900 J39%2wIR39030. J39X37IBIOL FmO0L LyMdMbem As6Lb3s390s 396 0gbs
d0gdMo, Fopa®™od  godmo3zgms  39M339Mo  BH9bgb3os:  089dodmo  0blyarEol

939% 29830 5A0Wo 593U L¥F03g 3565TYGHMOL oI MdGLGIL LoMdMbmadols MTsmwrglio
bseobboom (p<0.0001), 398530990 0bbyerEob J39x3Bdo 30 LEOFIMBMgdol bsdolbo

bo3egdos,  bmem  ROMNgomdxmdgbgds — Lbmewsg  96M0Ls®fidmbm  bsbosomobss.
9905609d0bmzol, J. Chae et al (1996) 800Bbg39b, GMI 390mGog0mwo  0blvyEEHOLLL
73Mbd306M0 godxmdgLbgds F9s6gd0m LGSRSO F0dEObsMgMdL, Foa®sd, 50bodbsgzgb,
@A gb HobslfoMo 999900 LoFoMMIOL IILE VMO G900 33¢939000.

39003509Bol  dbsMol  dobg30m ©IYMBd MO0  MomMJdol  MbsdMO  BMAoL
J39% 2980 §o00mddbs: ds6rx39650bM030 399035M9B0 509608bgdMm©s 25 3530963, bmwm
o6mEbgbsdbM030 — 27 353096@L. Lofyobo Ggg3sligdolsll mmbogg dgufsgzerowo dsbz39b9dgwo
»86003690wm© Fo0owo ogm Bs6rx39650bMH030 3900350:9BoL J3gxamndo. gobdgmemgdomo
39935U9%0Lsls 5MLYdoMO 2oblb353905 39X 3IBRIOL TGOl 6 906036905, AMS 0dobY,
6md ROM 95839690900 ds63bgbsdb®ogo  399035609Dol  Jagxamxdo Ls@Hdmbmo 56
29BOEOWS. WOEIOGHMMST0 sOBYOMOL dmbs3zdgdo (Johnston M., 1984), HmI sGJwo
L5MYIBOEOES30M B3Mg3980 Fg0degds MBOM 9BRIJGHIOO0 50dMBbEIL sMx39650bM030
39003569Bol EOHML. domEbgbsdbMH030 3980356MH9HBol ML 30 9B 60l godmbs@wo
399mbsGmos 30260EH06-504dom0 IBOEOGHJI0 s T9J0degds LsFoMm Asbgl ImEEs
3M2603H06 ©5 MEHMOWE GJMOR60D3059Y.

o3 999bgds  gobsforgdsl Lgglols dobggom, 9w9d@OMLEH0TM300l X yMBoL
3653 glmdL FoMmdmowqbbgb 8535353900 (58%, 56w 30 3530963)0). y39s 3eobozmMo
3565990l Lsdsm 36083690 Mds Joergddo bs3wgdo 0ym, 0d3s goblbgzaggds s ogm
LEAHOGHOLGHOIMM©  3B0I3z69wwm3s60. TgIRd©, Jowgddo 396 F0300900  IMEGHMEOWMEO
53bJ30900L 3603369 ™m3z960 gogdxmdgligds, LsMHIMbmE omdxmdgls Fbmerme Bl
05053539080 30 3609369365 9mBxMdJLS LYT0Zg 3565FxBHE0. 533505, 0Bl EHOL
G030,  39803509Boll  FboGols s Ldgbolb  Fobg3z0m  OIYMROW 39X 3IRIOTO
LAOGOLE03MM9 Lo®IMbm goblibgszgdgdo 396 d030090m, FogMsd Lobgbgs GH9bwgbios,
Omdgog mobbdmdsdos Bgdmm Imyzsbo  ©YdMEGOSLIMD:  M7IBOWOEFEHIE0S  YIBROM
99393196005 08 J39x% 291139030, LG YYBRO® JYdJos IBOIBIdOL boGolbo.

5b530L Bobg300 3530963 JO0 3953000 MG MBSO X YMBo©: 65 Hersdwg s 65
ol Bgdmo (26-26 35309630 oMM X3MRdo). SUs3oL FobgP300 WIYMBO?
939% 3189000 ©IH0s6gdol  Loddodg LsHyob gBI3BY BoJBHOWM© ghMbsoo  ogm.
3OBYd0MO  AoBLBZ5390s 96 50bodbs stz QomIxMdGLYdOL  boGmolbol dbGMogz. gL
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LoeobbIm 8905 03 MZLIHBOOLOM, MM 25dMMJIMos FMLsBEOYOId0, POMJMU
B569500w0GS30M B35 HsBJ0Tglmen 35309639080 bo3egds 9BIJEHM0S s 56 sGOL
3905 gdmo. 3sy. J. Stein (2004) 9mbs3999000, sbowasBMHIddo ™s30L  BH30bol
3EolGOMOHMBS 3900 SMHOL 2odmbod o s Fglsdsdolo, s 0blerEoldgdymdo
39990x™09LgdoL  dgBo  JgbodErgd™dgdo  od3m. B3zgbL  Bog BoMgdYIo  F9YRYOO
339993L Bodoegdsl H39L3305m, MM gargdBHOMUBEG0TFMWH305 M9BIOMI© 9BgIGHM0S
b5630dgLbe 353096390803 @ 56 Mbs 0gbsL M 39dILYMBOWO.

Mo 999bgds  33c0g30L  AgmEg  F0FsMMMEdIl —  obgzomo  FgEedmerobdol
330 gdgdl, 93M-139dGMMBZM300L F9dz9Mdom 353096GHMS Lolberdo sb3LsBLZMYM
39000930 3565353603 M0 bogMmgdo s 0mbgdo: Fe?*, Mn?, 99339dmymdobo (MetHb),
3963w sHdobo (33), Fe*@HMoblggmobo (Fe¥*@¢g3), sBm@olb mdbowo (NO), HbNO,
FeSNO.

X 963OM9wo 3069d00L Lolberdo Fe?*, Mn?, MetHb, HBNO s FeSNO 936-bogbswgdo
56 5odloGMEYds, o000 J9dmBgbs MmJLosEoMO LBEHGMILLDY Jommomgdl. 33 s Fe* @y
3bGH0MJLoBEHMO  3mBHIbE0swl  2obLEBOZM396. 33 93M-Logbowol  LozmbE®mmEm
95639690905 20.310.4. 030 sbsllosmgdL (33 FbMEMEO 7196 BMMISL, oo BOES 30
SbobOgL OB MEMdOL  bo®olbol  dmdsGHgosl.  (33-b  og9bymEmdol  baGolbol
9353 900LOl 83060©9ds dolo BEBH0MJLOIBEHMOO s BIOMIBOIDBMMO 5dBH03MdS, O3
Fe 0mbgdol 89dm330l o Fed-50 go6oddbols 8m8sls gobsdo®mmdgdl. d9wm9ao,
Lbobbendo d306M9ds Fe @ s 0BMgds FeZ 9903390 mds. Fe*@a3-U 3065 Lobberddso
MOQ96Mmgddo 2500543l Losog 030  390m3mgbL  bAsrgds. Fe*@ay  93G-Logbscmols
Bo3mbGOMEm 8s8396989os 30.0+0.2. NO-U 936-bogbocrols Lozmb@d®mmerm 8583969dgwos
15.8£0.8. NO-U M350 0869306  A5dMIObsGY  (BbmEMBormEmo  3:63396G 53000
BOGM3OMEIJEHMM05, F5MB0 MoMm©IbMdom 30 30GHMGHMILOO 396gdL 53c9bL), LobBosbms
B30l BoMegdl 20690 ol MHMAMOE 3agds, obg 3o@9ds.

399M33WgM  353096GHMs  Lolbarol  93M-L39dBH®do  5©00bodbs  Mog0LYYTBH-
50350 56330L  3OMIMEBHMMgdoL:  Fe ©oMMn* 0mbgdol, oaGqgm3zg MetHb
06@&9bLbomMo 93M-boabsengdo. s6E0MJLoIBEHWMMO LoLEBHIIOL 5dEH03Mmds ©sd39009dYwo
0Y4®m, 653 259m0bs@s 33 Loaboswol 0bEHIBbLogmdoL dmds@gdom s Fe*Ggg Loabserol
06@9bb03Mdol odz390mgdom. 353096ES MIMOZEGBMBS0 5390 dMEo ogm NO-U
30639635305 (0M33s, BMY0gHmo godm33wgneo 353096¢0l bolberdo s0obodbs dolo
399339 mdol 933900M0 8MToGHds, Gro3 890dwgds 256306MHMdYGOMO 0gml Mogol Egz06do
50206900  539060553900L,  39MIME, EBHITIBHOL  29IW0GMHGOMEO  ASTIMYMBOm, b
®dbosE0MMO BEBMILOL 3060HMd7dT0 0bME0dYOHO NO-LobMsBIL  odw0gMHgdMwo
G®bL3M0z300m).

153300930 X3MIRBIOOL FJo6dsd HomBmoBobs dgdgao LGsmo: Fe* s Mn*

006990l Loabsgdo 509gb0Tbs MMH03g XYMBOL M3WYOE0Z Y39ws 353096(GL. Logbsggdol
06@9bbogmdols  Lodwmoemm  35B39690¢gd0  XyMBJOL  dmEOlL  86003bgrmzbs oM

396Lb393090Mms. MetHb Logbsgro 509b0dbs bEHobodGMwo xamxzol y3zgws 3530963
@5 LEHOIMWHE00L  XAMROL  35309D6FHMS  92%-U  Fog™sd  Lodowrm  0bEH9bLogMds
UGH0IMEO300L XamRdo MRO™ dopswo oym (p=0.02). 33 Loabsero LsGHIMbmo oym
9md5GH90o MmM03g xaRdo, Fe@ag Logbswo 30 Lo®(dmbme ©sd3g0mgdrIcmo mMogzg
X3B00. M3 999bgds mogzolwynser NO-U, dobo bydrswm 3608369wmds Lo®fdmbmo oym
©59390090M0 MO39  XJMNBI0.  353096G Mo FgeMgdom 30609  MroMm©9bmdsdo
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©55304boGms HbNO s FeSNO 936-Logbsergdo (59% s 62%; 23% s 31% bEoboo® @y
5 BE0IMWH300L Xa3gddo FgLodsdobs). 58 FbM0353, XFMBIOL TGOl 5O ogm
LoOHIMbM goblbgsggds.

3o63gmEgdomo  godm3zmgzom  odmzo3eobgm  MHgmJu-LolEgdol  yzgwes
39653930l bmMToeoBszool  bmaso  Bgbogbgos:  Fe* s  Mn*  0mbgdols
3M6396GHM300L 3egds; 33-U 306396EMoE00L 2oDBMPS @S oL WIEIBYMEMBOL batrolbols
©5J390m90s;  Fe**@x-U  mbol  dmds3gds, godmfizgmwo  33- B9gOMmJLlosEoMO
593H03md0l 50A960m; W030Yd0L BYHbYMM0 56230l 06EIBLOZMBOL ©od300009ds, B3
39dmobsds  MetHb-bU  mbol  sdzgomgdom.  ™msgzobxnsco  NO-U  3mbzgbdMmogos
B®H3oc0Bs, Molol 09099 dmyzs dg@ow-bsgmmgdols (HbNO s FeSNO) §o6dmdabol
mBs®Ol  ©9d390m9ds.  XJMBIOL  TmEOOL  s0obodbs  goM339mEo  2sblibgs39d9d0.
UGOS30l X3MRI0  2odm3obEs 6 35M53gBHMOL  BEIGHOLEH03WMI©  BoGOIMbm
29999%M09L9ds (HbNO-U oo FeSNO-U 9o60¢09). Lobo®@memo ©:9530odsgool xamado
30 LoO(idmbme Qomdxmdglis dbmerme 3 35MsdgBHeo (Fe?*, MetHb, NO). dg@os, FeSNO
936-Logbowol  06GHIbLogMds oM  PooBIM©s 303  (BEGHOIMWSEOOL  XYMBOL
L530MOL30MHM  F0TIOMMNMWIO0M).  XYMNBIOL  TMMOL  LAHIGOLEGIMNMI©  Bo®IMbm
3obLbge390s  259m3w0bs LYo  3565TYBHMOL  bMEMT>0Bs3o0l bodolbols dbGog (33,
Fe*@®g, Mn%).

3HM0o 6. LolbeEol HgMmJL-bobEgdol IAMISMIMds 0BLYIEHOL MM

356509360 LGB EG. MYodo. 9. bLGHOIMWSEOS

(Logmb@MmeMm (890056905 3M6EOMEb) (890056905 306EOME6)
05B3969d9w0)

Fe 26.5+4.9 21.4+1.8 ns; p=0.8
0) (#0 — 100%) (#0 - 100%)

Mn? 10.0+1.6 13.0+0.5 ns; p=0.6
0) (#0 — 100%) (#0 - 100%)

MetHb 6.5+1.6 10.5+0.8 p=0.02"
0) (#0 — 100%) (#0 - 92%)

33 27.2+1.3 27.0+0.8 ns; p=0.6
(20.3 +0.4) (p<0.0001) (p<0.0001)

Fe¥3qg 24.0+1.3 23.7+0.8 ns; p=0.5
(30.0£0.2) (p<0.0001) (p<0.0001)

NO 13.0+0.6 11.2+1.1 ns; p=0.1
(15.8£0.8) (p=0.02) (p=0.001)

HbNO 6.5+1.8 4.6x1.5 ns; p=0.2
0) (#0 - 59%) (#0 - 62%)

FeSNO 1.2+0.3 3.0+1.4 ns; p=0.2
0) (#0 - 23%) (#0 - 31%)
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3bM0wo 7. Mgmdu-boliEgdol 3300 gd9gd0: X aM539d0L d9Mgds

356599360 LBobsMEGHWwo 9w9JGHOo

M9500W0GS30S bEHOIMEWSG0s
Fe? -8.913.0 -6.711.4 ns; p=0.6
Mn? -1.4x1.4 -4.11£0.9 p=0.04"
MetHb -2.2+0.7 -5.5+1.4 ns; p=0.1
33 -1.5+1.3 -4.4+0.8 p=0.02"
Fe*®g 0.1+1.3 3.0+1.0 p=0.04"
NO 3.9+1.2 3.0+0.6 ns; p=0.8
HbNO -2.2+1.4 -2.4+1.4 ns; p=0.8
FeSNO 0.1+0.9 -1.0£1.5 ns; p=0.7

39Ms  53oby,  domdodoMo  sbowobBom  Fgz0Lfogwgom

3b630mJLoIBEGHMMO BgMHIGBEHOL — gBoMOMEOGHMEo 1¥I39HMJloEOLAMEIBILY (L)
Q5 3¢5DTNO0 35395 Dl 9JBH03Md.

bmE-0b  5JBH03MdsL  gLbBW3MIgom  Fried-oll dgmmEom ©s  A5dMgLIbI3EOM
96009Mgdom 1 a6Msd  390mamdob®g (U/g Hb). 53 8gomom  256Lbsbrgmwyemo
5390396E0L  9JBH03MmdoL  Logmb@Mmem  dsh396909c0  Fgogbl  158+5.0 gMomguel.
353096¢™s  m6M039 XaBdo  B9MIIPBEGHOL  9BH03mds  Lofidmbmo  @sgzgomgdwo
50dmPbs  LO3MBGHOMEm  35B3969090Msb  Fgomgdom.  3gMdm, LEIBIOEGMWwO
995000@S300L  XaMRdo  Fsb  Tgogobs 1232 gdogmwo  (p=0.005), bmeom
99dBHOMLGH0IMNWs3zo0l  xamndo 1158 googmeo  (p=0.0001). s6dgmEgd0m0
399339300  359M30bs, MMI LmE-0b 9d3H03mdsd Lsfdmbm@ dmodsds MmM03g
X375B00. BEBIOEHMWO MHgsd00ES300L X3xndo ol dovsbermgs LogmbEMmem
958396939l (156.8 U/g Hb), bidodmwssool xamado 30 3608369wm3bom gomasda®ds dols
(177.8 U/g Hb). 3960G396&0L 5JGH03mdol ds3Hgdol batrolbgdol 99stgdom godm3zwobos
LGN 4oBLb3s3905 X 3MROL FmEoL (p = 0.04).

300 8. -0 59EH03MdOL (33¢00Egds (U/ g Hb)

X3RO Lofgobio LodmErmm Lodogscnem bbgomds
9583969090 0583969090 (M +m)
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General Overview of the Thesis

Update on the Problem: Cerebral stroke is one of the leading causes of morbidity and
mortality worldwide. According to the WHO data (1999), 100 to 300 cases of stroke are being
registered per 100 000 of population annually. From 1990 to 2000 mortality rate of stroke patients
has fallen by 12%, but considering the rise of total incidence of the disease, stroke mortality has
increased by almost 10% (Brainin M., 2000). Motor dysfunction caused by stroke is the common
cause of severe disability. According to European researchers, 60% of stroke survivors remain
permanently disabled (European Stroke Initiative, 2003). In USA only 25% of patients return to
usual level of daily activities, others require certain assistance for performance of daily activities
(Centers for Disease Control, 2003). According to the Stroke Registry of Research Institute of
Neurology of Russian Academy of Medical Sciences (Takhavieva F., 2004), 81% of stroke
survivors have motor dysfunction, among them 11% - complete hemiplegia, 12% - severe
hemiparesis, 58% - moderate or mild hemiparesis. Stroke survivors have limited ability of
performing so called Activities of Daily Living (ADL), the risk of stroke recurrence and
cardiovascular disease development may be increased.

It is speculated (Gresham G., 1995), that incidence of the cerebral stroke will increase
further in the future, due to constant rise of proportion of elderly population, increase of epidemics
of sedentary lifestyle, obesity and diabetes, and of heart failure incidence. On the other hand,
improvement of treatment methods on the acute stage of cerebral dishemia will decrease mortality
at hospitalization stage. Therefore, number of stroke survivors, including disabled patients will rise,
which will put increased demands on post-stroke rehabilitation programs. So far, there is no optimal
program selected for the rehabilitation of patients with post-stroke motor dysfunction. Eclectic
approach is predominant worldwide, combining the elements of various methods. American Heart
Association (2004) strongly recommends physical activity and daily exercise for stroke survivors.
Parallel to this, new strategies and methods are being examined. On this background, it is relevant
to investigate effects of Neuro-muscular Electrical Stimulation (NMES) for the restoration of motor
function. Moderate clinical improvement as a result of electrical stimulation has been described
(Dobkin B., 2005), but the mechanisms of the above-mentioned method are not clear yet and
clinical effectiveness is not scientifically proved. Scientists believe that the future studies should
examine various complex aspects of neuro-functional recovery after stroke and determine the
optimal parameters of electrical stimulation (Glanz M., 1996).

Positive effect of electrical stimulation on the motor control can be explained by the variety
of possible mechamisms. For example, it is suggested that increase of the muscular strength after
stimulation is related to the decrease of muscle tone and therefore, any positive effect is short-lived
(Dewald J., 1994). This hypothesis is not supported by the results of the studies, demonstrating that
muscle tone increases after cessation of stimulation, but increase of muscular strenght is maintained
(Powell J., 1999). Part of the investigators view repeated muscle contractions induced by the
neuro-muscular stimulation as one type of physical exercise and believe that the effect of
stimulation is related with facilitation of neuroplasticity and motor re-learning processes (Chae J.,
2002). Lately, some opinions have been expressed about possible effect of physical exercise and
electrical stimulation on the endothelial function (Farre C., 2001, Wang J., 2004). Currently,
number of issues remain unsolved and need to be addressed by the future investigations. There is
only limited number of the trials conducted on the acute stage of stroke, majority of them are
carried out on the small number of the patients and their study design is not perfect. It is not clear,
whether improvement of the function of individual muscles is accompanied by improvement of
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self-care level and quality of life. Effects of sensory stimulation on the patients with motor disorders
is in the process of investigation (Kimberley T., 2003)..

Goal of the Study: Assessment of effectiveness of standard physical rehabilitation and
neuro-muscular electrical stimulation for the recovery of motor function at the acute stage of
cerebral stroke.

Objectives of the Study:

Evaluation of clinical effectiveness of traditional methods of physical rehabilitation
(positioning, massage, passive and active exercises) using standardized, internationally
approved scales and tests;

Evaluation of clinical effectiveness of neuro-muscular electrical stimulation in
comparison with effectiveness of standard rehabilitation;

Analysis of effects of neuro-muscular electrical stimulation by clinical-rehabilitative
subgroups;

Investigation of alterations of redox-status during traditional treatment and standard
rehabilitation of cerebral stroke;

Investigation of effects of neuro-muscular electrical stimulation on the alteration of
redox-status, in comparison with standard rehabilitation;

Examination of correlation between alterations of clinical and redox-parameters.

Scientific Novelty:

The study represents a randomized, controlled trial conducted on acute stroke patients
for the assessment of restoration of motor function and overall functional independence;
Rehabilitation of the motor function is viewed by non-traditional approach — as a
maximal activation of brain plasticity by means of physical exercise and electrotherapy;
Effects of the physical factors are investigated on two levels: locally on the muscular
system and system-wise on metabolic and oxidative processes in the body; in this regard,
complex investigation of the oxidative stress and its dynamics during acute brain
dishemia is carried out;

Correlation between neuroplastical and oxidative processes is established by merging of
clinical and laboratory data, which plays an important role in regards with clarification
of mechanisms of applied physical modalities.

Practical VValue:

Results of the study confirm the effectivenss of selected parameters of neuro-muscular
electrical stimulation for the rehabilitation of motor function in acute stroke patients;
Analysis of the data by clinical-rehabilitative subgroups allows selection of an optimal
regimen for different types of the disease and different degrees of the impairement;
Demonstration of the character and role of oxidative processes in the frames of post-
stroke rehabilitation confirms necessity of inclusion of measures for activation of
antioxidant defence system,;

On a basis of obtained results, investigatad method as well as applied standardized scales
and tests can be recommended for the routine use in the clinical practice.
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Main Postulates for the Defence:

e As a result of medicamentous treatment and complex rehabilitation of stroke patients,
certain improvement of motor functions and overall functional independence can be
achieved by the end of acute stage;

e As a result of medicamentous treatment and complex rehabilitation of stroke patients,
redox-status of the body improves by the end of acute stage;

e Inclusion of neuro-muscular electrical stimulation in the complex of rehabilitative
measures significantly increases degree of improvement of both — clinical and redox-
parameters;

e Alterations of clinical and redox-parameters significantly correlate with each other.

Aprobation and publications: The preliminary review (aprobation) of the thesis was held
at the session of the Department of Medical Rehabilitation and Sports Medicine of TSMU
(04.19.2006, minutes #10). Four scientific articles are published around the study topic (the list is
being attached).

Volume and structure of the thesis: The thesis is presented on 124 computer-typed pages,
contains introduction, four chapters (review of the literature, description of study materials and
methods, results and their discussion), conclusions, practical recommendations and the list of
references (220 references in total). The work contains 39 tables and 16 diagrams and is
accompanied by the Annex which comprises tests and scales used in the study.

Material and Methods

Study Material: The investigation was carried out on 101 patients, who were treated
inpatiently at the Department of Neurology of the Central Clinic of Tbilisi State Medical University
with the diagnosis of acute disturbance of cerebral circulation (either ischemic or hemorhagic). The
diagnosis was verified by the history, clinical, laboratory and CT data. Criteria of the inclusion
were: hemiparesis or hemiplegia, stable neurological status, cognitive function sufficient for
learning/training. Criteria of exclusion were: comatose condition, potentially fatal arrythmias,
diabetis mellitus, malignant tumors, acute inflammatory processes, seizures.

Prior to the investigation patients were randomized according to the table of random
numbers generetaed by GraphPad MedCalc software. Randomization resulted in formation of two
study groups:

1) Standard Rehabilitation Group; patients underwent traditional rehabilitation course

(positioning, massage, passive and active exercises) along with drug therapy.

2)  Neuro-muscular Electrical Stimulation Group; patients underwent neuro-muscular
electrical stimulation by “STIMUL-1" device along with traditional rehabilitation
course and therapy.

120 patients underwent the randomization process initially: 56 were allocated to the standard
rehabilitation group and 64 to the NMES group. Subsequently, 19 patients died or were excluded
from the trial because of some other reason, thus data from remaining 101 patients were considered
for the final analysis: 49 patients in the group of standard rehabilitation and 52 patients in the group
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of electrical stimulation. The age range of the patients was from 35 to 85 years, mean age — 63.6
years. There were 39 females and 62 males. 83 patients had ischemic stroke, 18 — hemorrhagic
stroke; 52 patients — right-sided hemiparesis, 49 — left-sided hemiparesis.

Study methods: The following methods of physical rehabilitation of the patients were
employed during the study:

1) Positioning starting from the 1 day of hospitalization: paretic arm was placed by 90°
angle towards the trunk, in supinated and extended position, with extended fingers; paretic leg was
placed parallel to the trunk, with a special pillow under the knee, with dorsally flexed foot.

2) Remedial massage starting from the 2°9-3" day of hospitalization: from the proximal
towards the distal muscles and joints. Spastic muscles (flexors and pronators on the arm, extensors
and adductors on the leg) were treated relatively superificiallly, other muscles — more deeply and
actively. Duration of massage procedure — 10 to 20 minutes.

3) Breathing and passive exercises starting from the pnd_3d day of hospitalization, active
(static and dynamic) exercises — from the 7"-8" day of hospitalization. Exercises were mainly
performed in a supine position, by the following approximate scheme: movement of the healthy arm
in all three joints (shoulder—elbow—wrist), movement of the paretic arm in all three joints,
movement of the healthy leg in all three joints (hip—knee—ankle), movement ofthe paretic leg in
all three joints, vertical movement of the shoulders, circular motion of the shoulders, rotation of the
healthy leg, rotation of the paretic leg, flexion of both legs in hip and knee joints, abduction and
adduction of the legs, sinchronous movement in the wrist and ankle joints, movement of the paretic
hand and fingers, movement of pareticthe foot. During the entire procedure the above-mentioned
exercises were alternated with breathing exercises.

4) Neuro-muscular FElectrical Stimulation was performed by “STIMUL-1” device, by
sinusoidal alternating current, with 2000 Hz carrying frequency modulated by amplitude into the
series of rectangular oscillations of 10 msec length and 50 Hz frequency. Antagonists of spastic
muscles were treated using 6 cm” electrodes: one electrode at the motor point and the second — at
the neuro-muscular junction. Pulsed current was employed with “send-pause” ratio of “2.5-5 sec.
Intensity of the current was set manually to induce optimal contraction without noticable pain, in
the range of 20 to 30 mamp. Duration of stimulation 3-4 min, 2-3 sessions with 2-3 min breaks.

Severity of impairment was assessed at the moment of inclusion in the study by means of
Scandinavian Stroke Scale (SSS; Scandinavian Stroke Study Group, 1985). The scale consists of 8
items: cognition, speach, motor strength of the paretic arm, hand and leg, eye movement, facial
palsy, gait. Maximal possible score is 50.

Motor functions, general functional independence and parameters of oxidative metabolism
were assessed at the moment of inclusion in the study and again at the end of acute stage.

Motor functions were assessed as follows:

1) Muscular strength — by Motricity Index (MI; Collin C., Wade D., 1990). Strength of
principal muscles of paretic arm and leg was measured by 100-score scale. The following
movements were evaluated: abduction of the arm, flexion of the elbow, flexion of the fingers (grasp
movement), flexion of the hip, extension of the knee, dorsiflexion of the ankle. So called lateral
score for the paretic side was calculated by dividing the sum of arm score and leg score by two.

2) Range of Motion (ROM) — by Norkin-White system (Norkin C., White D., 1985). Range
of motion in various joints was measured by 0 to 180° scale and percentage of the deficient ROM
towards normal ROM was calculated. ROM constituting 1-33% of normal ROM was assigned 1
score, 33-66% - 2 scores, 33-66% - 4 scores, unaffected ROM — 4 scores. ROM was measured in 4
joints of the arm and four joints of the leg (shoulder abduction, elbow flexion, wrist extension,
thumb opposition, hip flexion, knee flexion, ankle dorsiflexion and plantar flexion). Maximal
possible score 32.
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3) Muscle tone — by 6-point system of the Modified Ashworth Scale (MAS; Bohannon R.,
Smith M., 1985): 0 = normal tone; 1 = minimal increase in tone with a catch and release or minimal
resistance at the end of range; 2 = slight increase in tone with a catch and minimal resistance
through the range following catch; 3 = more marked increase of tone in most portion of the range,
but the limb can still move freely; 4 = considerable increase in tone, passive movement difficult; 5
= affected limb rigid. The tone of the following muscles was assessed: shoulder adductors, elbow
flexors and extensors, wrist flexors and extensors, finger flexors; hip flexors, knee flexors and
extensors, ankle flexors. The maximal value was considered during work-up of the data.

Functional independence or ability to perform Activities of Daily Livinig (ADL) was
evalated by:

1) Barthel Index (BI; Mahoney F., Barthel D., 1965). The instrument consists of 10 items:
bowel control, bladder control, feeding, grooming, dressing, bathing, toilet use, transfers, mobility
on level surface and stairs. Each points is assigned scores from 0 (complete dependence) to 2
(complete independence), with maximal score of 20. At least 12 scores are necessary for the
independent functioning, 8 to 12 scores refer to the significant dependence on the caregiver and less
than 8 scores — to the nearly complete dependence (Granger C., 1979).

2) Functional Independence Measure (FIM; Guide for the Uniform Data Set for Medical
Rehabilitation, Version 5.1, 1997). The instrument consists of 6 categories comprising 18 items:
self-care (feeding, bathing, grooming, toilet use, dressing upper and lower parts of the body),
sphincter control (bladder, bowel), transfers (bed <> chair, toilet, shower), mobility (gait, stairs),
communication (perception, expression), social cognition (social interaction, problem solving,
memory). Each item is estimated by 7-score ordinal scale (I1=complete assistance, 7= complete
independence). Maximal possible score is 126.

Laboratory investigations were carried out at the Institute of Clinical and Experimental
Medicine of Tbilisi State Medical University. For the assessment of redox-status of the body we
studied alterations of blood paramagnetic centers and antioxidant enzymes:

1) Paramagnetic centers of the blood (Mn2+, Fe* ions, Fe*" transferin, ceruloplazmin,
methemoglobin, HbNO, FeSNO) were studied by Electron Paramagnetic Resonance (EPR; Electron
Spin Resonance, ESR) spectroscopy method. The method is based on absorbtion of superhigh-
frequency microwave irradiation by paramagentic particles with non-compensated magnetic
momentum. Blood taken for EPR spectroscopy was stored in polyethilen tubes and frozen at liquide
nitrogen temperature (-196°). EPR-signals were registered on radiospectrometer P9-1307.

2) Concentration of free nitric oxide (NO) was evaluated similarly by EPR spectroscopy.
Since concentration of NO is too law and its life is too short to be detected by the above-mentioned
method in biological systems, for the measuerement of its concentration we used so called ,,spin-
trap“ — sodium diethildithyocarbamate. 0.2 ml of this reagent was added to 1 ml of blood, frozen as
described above and investigated on radiospectrometer P2-1307.

3) Activity of antioxidant enzyme Catalase was assessed biochemically in blood serum by
Aebi method (1984), modified by Korolyuk, Ivanova and others (1988).

4) Activity of antioxidant enzyme superoxide dismutase (sod) was assessed biochemically in
erythrocytes by Fried method (1975), modified by Makarenko 1988).

Statistical analysis of obtained data was performed by GraphPad Instat 3 software.
Diagrams were drawn by GraphPad Prism 4 software. GraphPad MedCalc software was used for
the randomization of the patients. Results were presented as mean and standard error of the mean
(Mtm). Normal (Gaussian) distribution was determined by Kolmogorov-Smirnov test. In case of
normal distribution we used Student’s t test for independent and paired samples; in alternative case
— Mann-Whitney’s and Willcoxon’s nonparametric tests. For comparison of more than two samples
we used ANOVA with Bonferroni’s post-test. ” test was applied for comparison of proportions.
Correlation was examined by Pearson’s test (in case of normal distribution) or Spearman’s
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nonparametric test. Difference between means was considered statistically significant if p<0.05. We
distuinguished very significant (p<0.01) and extremely significant (p<0.001) results, as well.

Results and Discussion

At the first stage of analysis we assesseed the general characteristics of standard
rehabilitation and elecrtical stimulation groups: age and sex of the patients, type of stroke, severity
of impairment. The following results have been revealed: males predominated in both groups;
ischemic stroke was more prevalent in both group; right-sided hemiparesis was more prevalent in
the group of standard rehabilitation and left-sided hemiparesis — in the group of electrical
stimulation, but the difference was not significant. The mean age of the patients was 62.2 and 64.6
years in standard and stimulation groups, respectively; severity of impariment measured by SSS —
27.8 and 25.7, respectively. Thus, baseline characteristics of the study groups were quite similar,
there was no significant difference detected that could affect outcome of the trial.

Table 1. Baseline characteristics of the groups

Group Standard Rehabilitation Electrical Stimulation
Mean age (M+m) 622 + 3.1 64.6 + 2.0 ns; p=0.5
Females (%) 17 (35%) 22 (42%)

ns; p=0.6
Males (%) 31 (65%) 30 (58%)
Severity of stroke by SSS (M#m ) 27.843.1 257425 ns; p=0.6
Ischemic stroke (%) 40 (83%) 42 (81%)

ns; p=0.8
Hemorrhagic stroke (%) 8 (17%) 10 (19%)
Right-sided hemiparesis (%) 26 (54%) 25 (48%)

ns; p=0.7
Left-sided hemiparesis (%) 22 (46%) 27 (52%)

Assessment of the clinical parameters was conducted in two directions: motor function and
ability to perform activities of dailt living (ADL), or functional independence.

For the assessment of alterations of motor function we measured muscle strength by
Motricity Index(MI), range of motion (ROM) and muscle tone.

Mean MI in the groups of standard rehabilitation and electrical stimulation was quite similar
before the intervention: 51.9 and 52.7 scores, respectively. As a result of treatment statistically
significant improvement was noted in both groups. In the group of electrical stimulation
improvement was more marked compared to the standard group (p=0.04). Namely, the average gain
was 2.2 scores in the standard group (4% of the initial value) and 7.6 scores in the stimulation group
(14% of the initial value).

Intiial indicator of ROM was quite similar, too: 16.8 and 16.3 scores in the standard and
stimluation groups, respectively. In the course of the disease slight, but statistically significant
improvement was noted in both groups, particularly in the stimulation group (p=0.04). The
indicator has increased by 0.8 scores on the average in the group of standard rehabilitation (5% of
the initial value) and by 3.1 scores in the group of electrical stimulation (19%).
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Table 2. MI alterations

Group Initial value Final value Mean difference
(M £ m) (M £ m) (M £ m)
Standard Rehabilitation 51.9+5.2 54.1+5.6 22+0.7 p =0.001*
Electrical Stimulation 52.7+5.0 60.3 +5.8 7.6+2.0 p = 0.006*
ns; p=10.9 p=0.04%

Table 3. ROM alterations

Group Initial value Final value Mean difference
(M £ m) (M £ m) (M £ m)
Standard Rehabilitation 16.8+3.1 17.6 +3.2 08+04 p=0.04"
Electrical Stimulation 16.3+£2.9 19.4+£2.38 3.1+1.0 p = 0.003*
ns; p=0.9 p=0.04*

As for the muscle tone, at the initial assessment 26 patients were fpound spastic, among the
11 patients in the group of stadnard rehabilitation (23%) and 15 patients in the group of electrical
stimulation (29%).

Out of the 11 patients in the group of standard rehabilitation the highest value of MAS was 1
score in 6 cases, 2 scores in 2 cases and 3 scores in 4 cases (mean indicator for the group — 1.5). At
the follow-up assessment 10 patients (21%) were found spastic: in 2 cases spasticity has cleared up,
but 1 additional patient has developed spasticity. 5 patients were assigned 1 score of MAS, 3
patients — 2 scores, 1 patient — 3 scores and 1 patient — 4 scores. The mean indicator for the group
has rised slightly and reached 1.6 scores.

In the group of electrical stimulation the highest value of MAS was 1 score in 7 cases, 2
scores in 5 cases and 3 scores in 3 cases (mean indicator 1.7). After 3 weeks 12 patients were still
found spastic: 7 patients by 1 score, 3 patients by 2 scores and 1 patient by 3 scores. The mean
indicator for the group has decreased to 1.2 scores, although the change was not statistically
significant (p=0.06).

In the early literature pathologic reflexes related to the spasticity were viewed as a principal
determinant of post-stroke motor disorders. Nowadays it is recognized that post-stroke hemiparesis
may exist without spasticity as well, and functional deficiency related to the brain damage is
conditioned by so called “negative factors”, such as muscle weakness and loss of dexterity rather
than by spasticity. It is known that spasticity after stroke develops gradually and reaches its
maximum 1 to 3 months after an acute event. As subject of our investigation was acute stage of
stroke (first three weeks after an acute event), spasticity was found in only one quarter of the
patients. In the course of the disease mean indicator has increased slightly in the group of standard
rehabilitation and has decreased in the group of electrical stimulation. In our opinion, this trend
reflects the effect of stimulation: its application at the acute stage of stroke prevents formation of
spasticity. Although, in none of the groups the alteration was not statistically significant, which is
probably conditioned by the small number of the spastic patients.We think that because of its
relatively limited effect this trend can not be the determininat of those significant alterations that
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were noted in regards with other parameters: ROM and muscle strength. It must be noted as well
that there is no evidence that suppression of spasticity by either physiotherapy or medications results
in parallel improvements in motor function (Milanov, 1992). We conclude, that electrical
stimulation facilitates reduction of spasticity but this mechanism is not predominant in regards with
restoration of motor function at the acute stage of stroke.

We adhere to the concept of neuroplasticity which clarifies the process of restoration of
motor function in post-stroke period. According to this concept brain plasticity represents a basis
for spontaneous post-stroke recovery on the one hand and for restoration of motor function as a
result of rehabilitative training, on the other hand. On the basis of training and motor experience
there occurs structural and functional reorganization of the CNS: development of colaterals (new
synaptic pathways) from unaffected neurons to the denervated area and most importantly, activation
of latent neurons and synapses which take over the function of affected neurons. Clinical and
experimental data around CNS plasticity indicate that the improtant substrate for post-stroke motor
re-learning process is represented by task-oriented repeated movements or physical exercise, when
the brain receives information about individual muscles (Nudo RJ, 1999).

Comparison of the study groups demonstrates that in case of neuro-muscular electrical
stimulation additional mechanisms are employed along with above-described mechanisms and are
responsible for the significant differences detected by us. Traditionally, muscle contractions
achieved by neuromoscular stimulation were considered as one type of physicial exercise. We
believe that this is not the only effect of the stimulation. It is suggested that electricals stimulation
plays an important role for the stimulation of cortical sensory areas. This opinion is based on the
theory of sensorymotor integration which states that the sensory signal produced as a result of
movement of the affetced limb directly provoces respective motor signal (Stein DG, 1998).
Neuroimaging and neurophysiological investigations have revealed that modification of cortical
sensorymotor areas (“cortical maps”) may occure not only on the basis of repeated movements but
by sensory stimulation, as well, even when the electrical current intensity is less than requred for the
muscle contraction Johansson B., 2001).

We attach the particular importance to the results obtained in regards with the other aspect
of our study: functional independence of the patients. We used Barthel Index (BI) and Functional
Independence Measure (FIM) for the assessment of functional independence or ability to perform
activities of daily living (ADL).

The initial value of BI was 6.6 scores in the group of standard rehabilitation and 6.1 scores
in the group of electrical stimulation. At the follow-up assessment BI has increased significanltly in
both groups and constituted 8.8 and 10.1 scores, respectively (p=0.005). The comparison between
the groups revealed that improvement was more marked in the group of electrical stimulation.
Namely, BI has increased by 32% on the average in the standard group and twice as much — by 66%
in the stimulation group.

As for the FIM, its mean value was 68.0 in the standard group and 67.9 in the stimulation
group. Three weeks later the indicator has increased significantly in both groups, more in the
stimulation group (average gain 8.9 and 15. scores, or 13% and 22% of the initial value,
respectively). Although, in this case the difference was not statistically significant (p=0.11). Lower
sensitivity of the FIM in the given situation may be explained by its extensive cognitive-behavioural
component (maximal possible score in the cognitive component of the scale mades up to one third
of the total score). Considering the profile of our patients, criteria of inclusion and excluson we did
not expect marked improvement of the cognitive fuinction and even less — the significant effect of
the electrical stimulation on it. As for the BI, it focuses mostly on the motor function and therefore,
represents more appropriate instrument for the assessment of patients with most-stroke motor
dysfunction.

Table 4. BI alterations
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Group Initial value Final value Mean difference
M £m) M £m) M £m)
Standard Rehabilitation 6.6+1.4 8.8+1.6 2.1+04 p = 0.0001***
Electrical Stimulation 6.1+1.0 10.1+1.3 40+0.4 p <0.0001%**
ns; p=0.7 p = 0.005 **

Table 5. FIM alterations

Group Initial value Final value Mean difference
(Mt m) (M +m) Mtm)
Standard Rehabilitation 68.0 + 6.4 76.9 £6.7 89+2.6 p=0.01%
Electrical Stimulation 67.9+£6.8 82.9+83 15.0+£23 p<0.0001%***
ns;p=1.0 ns; p=0.1

In our opinion obtained results allow us to conclude that electrical stimulation during motor
deficiency exerts a positive effect on ADL performance as well, which is directly reflected on
improvement of quality of life. Furthermore, degree of improvement of ADL functions exceeds
degree of improvement of purely motor functions which in our mind indicates to the general effects
of electrotherapy once again. For comparison, J. Chae et al (1998) have achieved improvement of
arm function as a result of neuro-muscular stimulation conducted at the acute stage of stroke, but
have not achieved noticeable improvement of self-care functions. The authors suppose that this is
due to relatively small number of investigated patients (46 patients in total).

At the next step we analyzed results obtained in the group of electrical stimulation more in
detail. For this purpose we divided this group into several subgroups by the severity of impairment,
type of stroke, side of hemiparesis, age and sex.

We assessed the severity of impairment caused by acute disturbance of brain circulation by
means of Scandinavian Stroke Scale (SSS). The SSS indicator varied from 7 to 45 in the group of
electrical stimulation. We divided the patients into three subgroups by the severity of impairment:
1) severe impairment (0-16 scores) — 14 patients; 2) moderate impairment (17-32 scores) — 21
patients; 3) mild impairment (33-50 scores) — 17 patients. We analyzed alterations of the clinical
parameters (MI, ROM, and BI) in the subgroups.

MI has increased by 2.9 points on average in the subgroup of severe impairement, by 5.0
points in the subgroup of moderate impairement and by 6.8 points in the subgroup of mild
impairement. Improvement was statistically significant only in the moderate and mild subgroups
(p=0.04 and 0.002, respecively). ROM has increased by 2.9 points in severe impairement subgroup,
by 2.3 points in the moderate subgroup and by 1.0 point in the mild subgroup. Again, statistically
significant improvement was noted only in the moderate and mild subgroups (p=0.02 and 0.03,
respectively). Average gain of BI in severe, moderate and mild subgroups was 1.9, 2.7 and 4.8
points, respectively, and very significant improvement was noted in all three subgroups. To
compare the subgroups we conducted ANOVA which revealed significant difference between the
subgroups (p=0.02). As a next step, we compared individual pairs of the subgroups by means of
Bonferroni post-test, which revealed that in the mild subgroup degree of improvement was much
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higher compared to the severe and moderate subgroups, and severe and moderate subgroups did not
differ from each other significantly. Obtained results strictly indicate that rehabilitation is the more
effective, the milder is degree of impairement caused by stroke.

Vast majority of the patients in the group of electrical stimulation (namely, 81%) had
ischemic stroke and only 19% - hemorrhagic stroke. As it was expected, severity of the disease was
worse in the group of hemorrhagic stroke: the mean values of SSS as well as above-considered
clinical parameters were lower. Although, the difference was not statistically significant in either
case. As a next step, we analysed alterations of motor function and ADL performance by the
subgroups. There was no significant difference between the subgroups, but there was a clear trend
noted: in the subgroup of ischemic stroke all three parameters improved and the improvement was
extremely significant (p< 0.0001); in the subgroup of hemorrhagic stroke the significance degree
was less and improvement of ROM was not significant statistically. For comparison, J. Chae et al
(1996) think that functional impovement is more rapid in hemorrhagic stroke patients, but recognize
that this preliminary findings need confirmation by further research.

Alternatively, division by the side of hemiparesis resulted in formation of two subgroups of
nearly similar size: 25 patients had right-sided hemiparesis and 27 patients — left-sided hemiparesis.
At the initial assessment mean values of all four indicators (SSS, MI, ROM, BI) were slightly lower
in the subgroup of right-sided hemiparesis. At the follow-up assessment there was no significant
difference detected, aside from the fact that ROM did not increase significantly in the subgroup of
left-sided hemiparesis. There are some data (Johnston M., 1984) suggesting that early rehabilitative
intervention may be more effective in the case of right-sided hemiparesis; in case of left-sided
hemiparesis cognitive-perceptional deficiency is more prominent and it may be necessary to wait
until cognitive and motor reorganization.

As for division by sex, majority of the stimulation group were represented by males (58%,
or 30 patients). Mean values of all clinical parameters were lower among females, although
difference was not statistically significant. As a result, in females we could not achieve significant
improvement of motor function. Only BI has increased significantly. In males all three parameters
have increased significantly. Thus, we have not revealed statistically significant diferences in the
subgroups divided by type of stroke, side of hemiparesis or sex, but there is a clear trend noted
which is in accordance with above-mentioned statement: rehabilitation is more effective in the
subgroups with the milder degree of impairement.

Patients were divided in two subgroups of the same size by age: younger than 65 years and
older than 65 years (26 patients in each of the subgroups). Stroke severity was virtually the same in
the subgroups initially. There was no significant difference found in regards with improvement
degree, either. This is an important finding considering certain opinions, that rehabilitative
intervention might be less effective in elderly patients and therefore can not be approved. For
example, according to J. Stein (2004) brain plasticity is stronger in younger patients and therefore,
they have better opportunities of post-stroke improvement. Our findings suggest that electrical
stimulation is similarly effective in elderly patients and therefore, should not be ignored.

As for the second principal direction of our investigation — alterations of oxidative
metabolism, we applied EPR spectroscopy method for determination of the following paramagnetic
compounds and ions: Fe**, Mn*", methemoglobin (MetHb), ceruloplasmin (CP), Fe*'transferin
(Fe**tf), nitric oxide (NO), HbNO, FeSNO.

In the blood spectrum of healthy controls EPR signals of Fe*", Mn**, MetHb, HbNO and
FeSNO should not be registered; their detection indicates oxidative stress. CP and Fe*'tf determine
antioxidative potential of the body. Control value of CP EPR signal is 20.3+0.4. It characterises
only oxidated form of CP and its increase reflects increase of oxidation degree. Increase of
oxidation degree of CP is acompanied by reduction of its antioxidative and feroxidative activity,
which in its turn interferes with scavenging of Fe*™ ions and their transformation into Fe’* ions. As
a result, concentration of Fe*'tr in blood decreases and concentration of Fe** ions increases. Fe*'tf

35



transports iron to the hemopoetic organs, wheer it participates in hemopoesis. The control value of
Fe’'tf EPR signal is 30.0£0.2. The control value of free NO is 15.840.8. Considering the dual
nature of NO (it is cytoprotective inree normal conecntration and cytotoxic in excess
concentration), both reduction and increase of its concentration has damaging effects to the body.

In the EPR spectrum of blood of the investigated patients we detected intensive EPR signals
of promoters of free-radical oxidation: Fe** and Mn”" ions, as well as MetHb. Activity of
antioxidant system was reduced, which was reflected in increase of intensity of CP signal and
decrease of intensity of Fe’"tf signal. Concentration of NO was decreased in majority of the patients
(although, in several patients’ blood its concentration was sharply increased, which may be induced
by enhanced release of excitatory aminoacids, namely glutamate in brain, or by enhanced
transcription of inducible NO-synthase during oxidative stress). Comparison of the study groups has
revealed the following picture: EPR signals of Fe*" and Mn®" ions were detected in virtually all the
patients in both groups. Mean values of signal intensity did not differ significantly between the
groups. MetHb signal was detected in every patient in the group of standard rehabilitation and 92%
of the patients in the group of electrical stimulation, although its mean intensity was higher in the
stimulaton group (p=0.02). CP signal was significantly increased in both groups. Mean
concentration of free NO was significantly decreased in both groups. EPR signals of HbNO and
FeSNO were registered in relatively small number of the patients (59% and 62%; 23% and 31% in
standard and stimulation groups, respectively). There was no significant difference between the
groups in this regard, either.

At the follow-up investigation we revealed the general trend towards normalization of all the
parameters of blood redox-system: decrease of concentration of Fe’™ and Mn®" ions; increase of
concentraion of CP and decrease of its oxidation degree; increase of concentration of Fe*'tf due to
restoration of feroxidative activity of CP; decrease of superoxide oxidation of lipids, reflected in
decrease of MetHb level. Concentration of free NO normalized, which resulted in reduction of its
ability to form metal-compounds (HbNO and FeSNO). There were certain deifferences noted
between the groups. Namely, in the group of electrical stimulation improvement of 6 parameters
was significant statistically (except HbNO and FeSNO). In the group of standard rehabilitation
improvement of only 3 parameters was significant statistically (Fe*", MetHb, NO). Intensity of EPR
signal of FeSNO even increased slightly (in opposite direction compared to the stimulation group).
Statistically significant difference was detected between the groups in regards with degree of
normalization of three parameters (CP, Fe*“tf, Mn®").

Table 6. Parameters of blood redox-system during cerebral stroke

Parameter Standard Rehabilitation Electrical Stimulation

(control value) (vs. control) (vs. control)

Fe* 26.5+4.9 21.4+1.8 ns; p=0.8
0) (#0 — 100%) (#0 — 100%)

Mn?" 10.0+1.6 13.020.5 ns; p=0.6
0) (#0 — 100%) (#0 — 100%)

MetHb 6.5£1.6 10.5+0.8 p=0.02"
0) (#0 - 100%) (#0 - 92%)

Cp 272413 27.0+0.8 ns; p=0.6
(20.3+0.4) (p<0.0001) (p<0.0001)

36



Fe''tf 24.0+1.3 23.740.8
(30.0£0.2) (p<0.0001) (p<0.0001)
NO 13.040.6 11.241.1
(15.840.8) (p=0.02) (p=0.001)
HbNO 6.5+1.8 4.6%1.5
0) (#0 — 59%) (#0 — 62%)
FeSNO 1.240.3 3.0x1.4
0) (#0 —23%) (#0 - 31%)

Table 7. Alterations of the redox-system: comparison between the groups
Parameter Standard Rehabilitation Electrical Stimulation
Fe* -8.943.0 -6.7+1.4 ns; p=0.6
Mn? -1.4+1.4 -4.140.9 p=0.04"
MetHb -2.240.7 -5.5+1.4 ns; p=0.1
cp -1.5+1.3 -4.440.8 p=0.02"
Fe''tf 0.1+1.3 3.0+1.0 p=0.04"
NO 3.9+1.2 3.0£0.6 ns; p=0.8
HbNO -2.2+1.4 -24+1.4 ns; p=0.8
FeSNO 0.1+0.9 -1.0£1.5 ns; p=0.7

ns; p=0.5

ns; p=0.1

ns; p=0.2

ns; p=0.2

Besides, we measured biochemically activities of two antioxidant enzymes: superoxide
dismutase (SOD) in red blood cells and Catalase in blood serum. Activity of SOD was assessed by
Fried’s method and was expressed in units per 1 gram of hemoglobin (U/ g Hb). The control value
of enzyme activity determined by this method is 158 + 5.0 units. In both groups of the patients
enzyme activity was significantly decreased compared to the control. Namely, in the group of
standard rehabilitation it was decreased to 123.2 U/g Hb (p=0.005), and in the group of electrical
stimulation to 115.8 U/g Hb (p=0.0001). At the follow-up investigation SOD activity was
significantly increased in both groups. In the group of standard rehabilitation it approximated the
control value (156.8 U/g Hb), and in the group of electrical stimulation exceeded it by far (177.8 U/g
Hb). When comparing the degrees of increase of enzyme activity, there was a significant difference
revealed between the groups (p = 0.04).

Table 8. Alterations of SOD activity (U/ g Hb)

Group Initial value Final value Mean difference
M tm) (M £ m) Mtm)
Standard Rehabilitation 123.2 +10.5 156.8 £+ 11.1 33.6£9.5

p=0.03*
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Electrical Stimulation 1158+ 8.5 177.8 + 10.4 62.0£9.1 p<0.0001***

ns;p= 0.6 p= 0.04*

Activity of Catalase was measured in blood serum by Aebi’s method and was expressed in
units per 1 ml of serum (U/ ml). Mean value of enzyme activity in healthy controls is 15.5 £+ 4.0
U/ml. In the patients investigated by us Catalase activity was decreased (13.6 and 13.2 units in the
standard and stimulation groups, respectively). In the course of the disease the indicator has
incerased in both groups, in the group of standard rehabilitation it has approximated the control
value, and in the group of stimulation has slightly exceeded it. Altough, out of the above-described
alterations only increase of enzyme activity in the stimulation group was statistically significant
(p=0.01). Difference between the groups was not significant, either.

Table 9. Alterations of Catalase activity (g/ml).

Group Initial value Final value Mean difference
M £m) M +tm) M £m)
Standard Rehabilitation 13.6 £2.7 154+3.1 1.8£2.5 ns; p=0.6
Electrical Stimulation 13.2+£1.7 15.8+1.4 27+14 p=0.01%
ns; p=0.9 ns; p=0.8*

We attempted to disclose, whether above-described differences between the groups could be
induced by the effects of antioxidant enzymes, which are routinely administered to the patients with
dishemic processes of brain. With this purpose we analyzed use of medications with antioxidant
potential in our patients. It was revealed that each patient was taking at least one antioxidant, and
majority was taking two or three antioxidants. Namely, the following medicaments were widely
used: actovegin, mildronate, mexidol, vitamins C and E. There was no significant difference found
between the groups in regards with the use of antioxidants. Combination of 3 drugs was more
prevalent in the group of standard rehabilitation, and combination of 2 drugs was more prevalent in
the group of electrical stimulation, but this difference was not significant statistically. Analyzing
usage of individual medicaments has revealed significant difference only in regards with mexidol,
which was more frequently administered to the patients in the standard group. Thus, even those
slight differences that were detected between the groups in regards with the use of antioxidants
speak in favor of the standard group and in our opinion, can not be determinants of above-described
differences of redox-status.

At the final stage we analyzed correlation between the clinical and redox-parameters. There
was a correlation found between SOD activity and all three clinical parameters. Mn®", as a promoter
of free-radical oxidation, is in negative correlation with all three parameters. Intensity of EPR signal
of antioxidant Fe’"tf corelates with alterations of MI and BI. Intensity of EPR signal of CP, which
reflects its oxidation degree, is in negative correlation with alterations of MI and BI. Thus,
alterations of SOD, Mn2+, Fe*'tf and CP are in significant correlation with alterations of clinical
parameters, i.e. the more redox-balance improves, the more marked is improvement of motor and
ADL functions.

Table 10. Correlation between clinical and redox-parameters
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MI ROM BI
SOD r=0.76 r=0.47 r=0.51
p=0.0001*** p=0.04* p=0.03*
correlation correlation correlation
Fe''tf r=0.50 r=0.24 r=0.60
p =0.04* ns; p=0.37 p=0.02*
correlation correlation
CP r=-0.54 r=-0.19 r=-0.57
p=0.02% ns; p=0.48 p=0.03*%
negative correlation negative correlation
Mn** r=-0.71 r=-0.55 r=-0.56
p=0.001** p=0.03*% p=0.03*
negative correlation negative correlation negative correlation

Apparently, neuro-muscular electrical stimulation supports restoration of the balance
between pro- and antioxidant systems and reduction of oxidative stress. Based on our resutls and
data from medical literature we conclude, that electrical stimulation is underpinned by the dual
mechamism: repeated muscle contractions exert effects similar to the physical exercise and induce
reorganization of motor cortex due to neuroplasticity; selected parameters of electrical current
modulate metabolic and energetic processes and create optimal environment for the maximal
activation of neuroplasticity.

Interestingly, there has been revealed relation of restoration of motor function with
enhancement of oxygen metabolism in those anatomical structures, which normally underlie motor
function of the affected hemisphere (Di Piero V, 1992). There exist some data confirming that
physical exercise increases expression of endothelial NO-synthase (eNOS) and regulates chemical
mediators of ischemia, including NO (Katz S. 1997, Hambrecht R. 1998). On the other hand, the
experimental studies (Johansson B. 2001, Debreceni L. 1993) have demonstrated that electrotherapy
exerts circulatory and biochemical effects similar to the physical exercise on the release of certain
neurotransmitters and peptids in the brain. F. Rainone (2004) describes 8 animal studies, confirming
that during brain ischemia electropuncture regulates chemical mediators of ischemia, including NO.

Another interesting finding is that transcription of eNOS gene and regulation of expression
of SOD happens through so called Heat Shock Proteins (HSP; Inoue N. 1996). This fact makes us
speculate about the possible role of HSP in the mechanism of corection of oxidative processes in the
body by means of electrical stimulation. We think that along with physical exercise and other
measures modulating oxidative processes in the body, neuro-muscular electrical stimulation may
represent an improtant strategy for the rehabilitation of stroke patients.
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Conclusions

As a result of medicamentous treatment and complex rehabilitation (positioning, massage,
passive and active exercises) of stroke patients certain improvement of motor functions: muscle
strength and range of motion can be achieved by the end of acute stage;

As a result of medicamentous treatment and complex rehabilitation of stroke patients, overall
functional independence improves remarkably, which in its turn affects positively the quality of
life;

Inclusion of neuro-muscular electrical stimulation in the complex of rehabilitative measures
significantly increases degree of improvement of motor functions and functional independence;
Electrical stimulation is particularly effective in case of mild or moderate impairement and
relatively less effective in case of severe impairement;

Electrical stimulation facilitates reduction of spasticity, but this mechanism is not predominant
in regards with restoration of motor function at the acute stage of stroke;

As a result of medicamentous treatment and complex rehabilitation (positioning, massage,
passive and active exercises) of stroke patients certain improvement of redox-status of the body
can be achieved by the end of acute stage;

Inclusion of neuro-muscular electrical stimulation in the complex of rehabilitative measures
improves antioxidant potential of the body, which is reflected in increase of Fe*'transferin and
superoxide dismutase activities, reduction of the oxidation degree of ceruloplasmin and decrease
of Mn®" activity;

There is a significant correlation found between indicators of improvement of clinical and
redox-parameters at the acute stage of cerebral stroke.

Practical Recommendations

Inclusion of neuro-muscular electrical stimulation in the complex of rehabilitative measures at
the acute stage of cerebral stroke can be recommended, particularly in case of mild or moderate
impairment;

It is desirable to conduct electrical stimulation at the early stage, once the patient is medically
stable, to ensure maximal use of an opportunity to influence functional reorganization process in
the brain;

Influence of neuro-muscular electrical stimulation on the redox-system of the body can be
viewed as one of the mechanisms of its action;

At the acute stage of stroke it is convenient to use Motricity Index and Norkin-White System for
the assessment of recovery of motor function and Barthel Index for the assessment of functional
independence.
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