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DN A1 YN T AYIN L, NPZ7INNN QYN [N ARMN YN D DRTAN I N1'NaY
1217000 TNXR 72 1Y ,N'D100 NITAIE 2NN IX ,AVIN NIV ,NN'NA NNAT D'OX77 DTN
DN D'TTAY INKNIN DAIY'NI D'7TANN 017 NI'NAT MX'ON NIYIAN NX D'AX'A WK YN
N'78 NLVNNI PTAIN NXIAPZ IYOWN NINQA DYRIPX D'OPON DY QIYNn IR Dol 7Tn
7YUNnn QNI N2 N1aN D712 ONYEN, NIRXINND NAXN? NNI9 Shiny pwunn .n0wInn nyxian
121700 NNAITY ,0RIYN D' ,NM70 [NIX2 NIRXIND DX 711 VRP'NSN aIwN 770 NX 7710
D'7TANN1 NARNNN NIRXINA NI9X?I D'VO0'VVO D7 TIN 7W NNRNN DT YX¥A7 N2 21 ,NYNNN
QIM'wN 700 N1 ' NIN'DY7 N7 nwNa Nin K77 T Shiny-n 2w n700 nixnapn 2
NT wnn niN's Ninkn 72rn (D1 no9oia navim m1'zo) ENHANCE vj'no ny n71iyon
NIYONRNN NIMTITIMN 2V1 N1 AN DR I 2V 02N XN N2ITAN DRIMIN NIMd 7V [yea
DIN2NI 07T NNRNNA [N 0'972 IX DAIY'N NPONA [N N7'W wnnwnnn V7p Nt

.0'S501 D"VOo'VLO

7721 DIYIN TIVA NINT QYN NIFAN 0'YYIN NP0 NXIAPNA 077210 D INN 70NN 'RYNn
VX' 0'7910NN NXIAPNA DT D 1IXIN. DN NPAN NXIAPRY 0N NNRIY DY7910NN NXIAP
122 WIN'WAl 79700 NNNNA IXVANN TWN N0'ON-NVYWINN NN'WN 17002 'IX'S NIYRN] WIn'y
I'N AWK NYIIN NIFAVIVOKR N'X'7 1AN1 79NN 7W WOIN NIANT 217'wa IKVANN 'IX'DN NIYIAN
NIYIN DX NY"9XRY NYINN 217010 NwnNn TNX 721 NP 21 WIin'Y YXI .0'pPTAN |2 NDIY
NI NNT NNIY? .NNDIYA DTNVAN 2 120 NIYVINA YIN'Y2 DNIT NNan NNoXa DI XN
12"'9IX D0'7910NN NXIAP 7721 TIY2 NPAN NXIAP 212 0T 07910 D'NIN 7Y 1Y 2NN NI'DIoN

.nNnNida nniva

T2V DYINN NRITNN ARXIND 072NN AYINN P70 WA D IRN ZNNN 'R¥Nn 90
NIYIIN TWKRD 0'7910NN NXIAPN D'PTAN T 7Y IN'DN NIYIANY WIN'Y VXA L'1'YN NITEA
['2 NXIPN NXM0N NIYXNIRA NITTAI AWK NIANI'0N .NNPAN NXIAPZ 2172 19¥] X7 17X 'IX'D
AWKD ,WUOINN NIAT N2OWI 0''N71aN DRININ N1DY ,011ININ NIADY 'MYA 1IN UOINN NIT
AN O'Y7N QR DMYEN DNYRNE DY7910N0 NXIAP P72 2172 DY NIND INXN] [N'Mya
7¢ nrolon NIMITA '"7TANY NINNY7 .07 XY NNn NYYUN DX D'YYKRN 178 D'R¥NN
N¥IAPA YIAR N1an AR L NIXIARD 2 N'U0'VLVO D'YPNAIN DI'R NYINN P70 Y 0PTAIN

NMIY' D DX 17X 0'7TaN N7 AN 2T 0Y791000 NXIAPA NIRYINND NRIY TIva pan
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NIN%0 j10 2

T 2.1
N DMTIZ DPNN2 NINNIDN 'IX'9N NIYIN [N NIV'YN NN [IN271 11707 11D DT 719 1NN
JIMI7IMD NIFAN2'0 [N NAINANI D*7a1n (Spasticity) NI'0O0I NYIIN N> T W N0
'MNIN2NIM N'NN NI'KOS0N NN NITIK NP0 L,YAW 1NN N201' DAY ANTpn MY 2.2 719
NMnY TMTMI NIvmn TIRONN NdWN? T 0" 0T Npor 2.2.2 -1 2.2.1 n'y7on
NIMIZINSN NIMN'0N XYW 70" 2.3 7191 .07 URP'NDY YIN'Y DN NYWYIY 79710 NI'0090
NN NN2Y 2.4 191 .MI'wn N9an NYINA NIDYIYNAN DTRN NYINT 0'02N NX NIINN WX
77921 .NINT NIN'YN VYIX'A] YW NAYY D'PT21 212 DT DN{ZNNA 19XIW NINDWN X900
7¢ NNLNNIE NNYYNN DX ') 2.6 719 ,|NNKRD 7192 |21 NYINN NDWN KWl DX IR0l 2.5

AT NN

NI'vovsol yaw 2.2
NIN2 D'I0N NITX? DTN NPOOX] N'NIYNYN NTA' IX 709N ["9IXAN 'NIN YN'R 110 Yaw
APV NINN 'RNY 17 0NA7 27199 1T NY15N .07 7D W YIN'ON IN NN'ONN NRXIND DA TWUK
NN ‘NN L,YaUn YN'RN NPT )N LITIRONY D'WNTN D2'TAN DNINAL [¥ANN NiMd AT
PTIN NN W7 NI71D' NINTRIA NI7IYV9 N0 TIVA "0 10 T 2190 3721 nin%? o'7'nnn
D'IN'O 7Y N'MIXNS NYSDINA ["OIXN 'NINN YN'RN .0'D12'07 7X'X1019N DRI DMANYT T'IyY

.(Sommerfeld et al. 2004) yawn YN'RX YNINN QW NN TX? "TAN T W91 AIWN 097

MY UNINNY 0717V QUK D' 0 T AR DRIMYN DMI0IMN AXYN RN NINOoN
NT' ,NY2IN D ,NIYIN] DY D'WIXA] XVANNYT D717V NINONN .'NIN Yaw TNK7 T7wn
NIXIDNNN 7W 27'Un .0MN2aMm DY TA D079 PIN'Y NI VIX'AN NNNAL 21T 1nna
nyoNl PIN'Y Dy TN' ,0'TAN 077917 onimn ,NN'MN NID7 N2IANd DMMwn 7w NIvn

.(Sommerfeld et al., 2004) NI'0O907 D'N'YYT ONIMI N'TOINN DXV NDYN2

2V "mwl nynn 1% Muoxnn NP0 NIXINDN KN 1912 MY D'RYNY 12 '0'0aN XN
nYI9N 7V 0'T'YN 2N7Nen 7w 010 X7 DN 0N R IP90 IR DPTR NIXIDNN NN
D'NYN) DY NND IX MY 12 QXA RN NIF0S0 .WIApn DNMWN 0NIL NXIPIN NDYN)
N717N nU72ua NMIU9INAN NNV Y9N NN TIVA L(NIAA DY 0IRIV) N NIXIDNNA
7Y AN NIYN NIvann nN2xam o' NIz070 oy 0NYn 01nI0A 17NN 0'oR79N NNfNA
D'7210 YUK DO'71IN2 7907 DDOYT 190N W' (Sommerfeld et al. 2004) nN'MAN 0791
N2 ,NOYNNTN L NINTMN 20N NIYXAKD NIFV0S0 N'NONYT N1 LYK 719'0D .NI'V0S0N
NIY9IN IRY ;DM INI7'Y' 071K ,'NONN 719'0 07,9001 .77wn DRI NTNy 'un

NI'vos01 D IND .NI'Y1 NIYIdNI Tad1 ny'ad |I1ad J7X NI9NN2 NDMNdN nwpn NN
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DPNA .DAXY PIN'Y? DM NpATH NI07 [N ,N'D'YO0 DY NXIAPZA NTRIMNN ,Nnipn
NNINYNN NAXYN 7¢ NNIY-NN A7NWUn IR NN 719'0 77w NI'0oS0 7w TNIM2 D'Wy?
JUN NI yTn ™In) M Twn oin 7t nn'w' ima ' NIonn
NIXI9IN 2N N'RIDY NYOIN NN NI'V0D0 .(/Nrrvovo-nT-nn/https://www.reutheshel.org.il
,0'71IN 27U D2XN NDWNA 7'WINT D710 21T [9IXA NNTTNAI NTOINN DAXYN NDWN 7w Nl
,2.2.1 077192 .0'719'0N |'2 NI'VOS0N DTN NN N ,AN'DINIT'ON *7219'02 ,'NIN YIN'R INKY

79700 NI'K090 NINDY TTAI NNIVIN YN NDWA? T Npot 2.2.2

(FMA) Fugl-Meyer Assessment 1''Xn-7219 Nd>win 2.2.1

'NIN-YN'R INX7 DYiNN wD n1'n%? yio [nan ' (Fugl-Meyer) 2kn-7a19 |nan
N2 .N9AN 7Y DNITIRIZAE NN NNI0MN QYDA N7 IR INd7 [N INIYXNXaY
YN 7Y 'NIMN DI'YUN DTTAENIMDY Y191 12'0 NRFYN 0190 TIRON NX [NIAN 1M'RN-7219
NT |NQN NXYIN .NYNN2A 071700 DRIYA D'7190N 2 DI'PN K70 DYRN NN D1 AynNn
D"IPY7 7V T'WN NI AT NRXIN .66 7 9 ' nva 07w 190N NRVIAN NIFYN N9AN N1IAY

.(Duncan et al. 1983; Fugl-Meyer et al. 1975) INI' DIMN D*I0IN

(MAS) Modified Ashworth Scale 2.2.2

nin 7y NN yaw 7y 07100 7TamMnN NI'Kov07 "IRMINLE 'uptalo T ' MAS-n T
,N'OXD NN'MNT7 1Y 7¢ NITN NITANNN DX D' TR Yaw 1ayw n72in7? MAS ity viap?
NTTA DD 12 AT TTN N1'NAY 10" ANIF NI R'Y7 [MOXN KIN NI* 1N [I'¥NY 72D (UKD
,2'71 0'790nn AT (p<.001) 0.874 npnam nx'7ip nxyna o'2in 30-7 n'790n 2w T Y
NINXIN NAYN IIX7 D'0IN D0Y790N 'T* ¥ nTTN NYATI TN 7¢ 1A'0p™aIon I'9IX 7wl
7' '8 DT 2¥n2 P71 0NMwn oniva 'Y YTV Anwnwn 0" ARXIN .nnnnn NIr'voso
NO'ON T 7V MU 'TY7 X2 TWNX DNWN 01V N7 N7V Nnwnwn ,"1" ARXIN .NI'00S0
NV NNIYNRWNE, NNTIRN ARXINT nniT "+1" ARYIN .AYIRNN NNo 9102 N7 NIMANNA IX
QY7 NY7NNM NITAANNA PN INKY TN N0'DNA VM T KA WX DNMWUN 0110 Ny
NIV NN IK? DNMWD 011V ATN N2V — "2" ARYIN .NYINN NHVA '¥N2 VYN 790NN
[I'Y'?1 ,0NMUN 01V TIKN NTN Ay — "3" ARXIN .NI7P2 N'WY1 120 NYIN X AYIRNN
NI NNIRAN NI'VOD0N NRXIN — "4" ARYIN .NA'ORD NYINA (N'RIS NA'ON NYIN NIY{RI)

.(Bohannon et al 2014) qi922 DY™A |0 N9AN W ('Y DY QY

nI7Imo nfannro 2.3
IN TAXR VIR 7w 27'w 7D " TN D TAY" DNIYNYNE NI NDYNN N1'N N'1ANY'0 N7Mn I

[N 11701 DI7'wa L (Dipietro et al. 2007) N'A12'0 AWNNY7 D717V MW IX 7190 NNAIT NI
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NU™MY TAIX NIDPYN TYUKX NDAN 77D 7¢ NI'D'UINIVO NIVIND NNIVINA NAN'0N DX ' TANY
NiN'wn ¢ YIX'a Nyain )22l NIYIRNA 07191 ORNY7 N7 N72201 0D'XAXY DY79N2

.(Kordelaar et al. 2012) NI NI'AI'¥7219 NINIVIN

IN'1I0N NN'YN2 NNIYZN U9INN NITNNN9NA NYIINN NDIYN1A 02 11012 T NN N'N1'oN
,N'A11'0 DN NN NNNK D72 IR DYIPNA DD "21%22190 TIR9NA DIYAN D900
NLUYIN NN'YN 7UNn? ,N'MryRIe Nn'yn YIxa yniknn gnivn nyvin oioT ,XI9X 077N
NIN'yN? 0N 'Nin yYaw oy 0'71N 2172 DANWYN NIANY'0 IR 17X 0 TIROoN D1wj .(reaching)
NIN91 D'YNNYN 'NiNn YN'R NAY 0210 > 101 I (reaching, pointing) nyaxnl nowin

.(Reisman et al. 2003) D'NX'2 D'PTA17 IXIYND D90 2I7'Y

X' niyian 2.4
N7 NI .An'wnn NN7UN NIX? NIXAIRD YWUXR DIYTR WUOIN NIAT [2'D x9N NN
'K 770 NTA CWKR NIYTN WUOIN NIAYT 102 'NIN Yaw 1NKY7 D'PTA) D DMTIR DpNnn
NINX NXON NFALIVOKX NXN'X NNIN NANT 72 .0'KN2 D[P T2 AP NNOIN WIN'WA IN WIN'W2
N'A71'0 IN DY DYRA D'YUNNYN ‘NN YN'R INKRYT 0710 .0YXIN DYINN DX A'Wn? D
(No™DN-NVYIN 'Y 7wUn?) N2 NIFArYRAIS NI7IYVO 0'YXIN DY T NIY NP9
D TNIN NYIINYT 797001 QNdN 7W AnNNN TV 7Y X' NIXY (Trunk) 120 Nynna win'win
-NVYINN NN'YN 170N y1dn TN 0'R71N NX9N NNI0M NLV*7WI N9Aa N'0'0A N'AN1'0
YN'R N2YY 071N N¥9N N'OX77 N'1'0 .(Kordelaar et al. 2012) (reach-to-grasp) no'sn
'ON'N [INTNN .TaNAN T¥7 y1an7 [I'0 Nya n7yn '970 ponn 7w nnaixd X7 nnan X0 LN
TN DX T'TN7 W' 12 1701 'NiN YIN'R DY 071N 7¥K 1910 019001 DYONON NIV v

.(Levin 1996)

NN7WUN7 NM0IVONRD D'¥NNKN YAV INKYT 071N AWK NYIIN NNANN 770 ' XN NN
79NNI1 9NON NYIAN 2V X977 122 Wiy .0NNXR D017 DNA7 NIZ1IYY nimimi' nin'un
NIX QUIN QWX 12T ,N'W N'WA0 NI'RY YN NYXINN NYD DY [12'02 AN DX Tnyn? 71
D'AI0 D'OI9T D'RNNT NHPNAL,220N71 TINY7 122 DIpP'w? 01T 0'7910n0 ,)2'97 7117 1an
NN ,NI"AN'0 NINS9A D1 NIF 7ITA WOIN NIANT 190N wWiIn'y 07700 Nk nin'vn’? Anre
[17'N" 7¥ NI95PNWND 2N% NIYONI NIFAIZIND NIFAN1'0 NN NNNON .AYIANN NIV DX 7' TaY

.(Kwakkel et al. 2004; Prabhakaran et al. 2008; Zarahn et al. 2011) "n'mx 17NN

NIAIZIN9N NIFAY2'0N D "YW 0NN 7R D 71y (2009) onnxi 117 7w agnnn niroxnn
N911 WOINN NINT 190N NX NINYNXN 797001 QNdN A D' TIPONN DNYRA NNTOINAN
NNNON 2V NIX97 D 120 NIYIINA D'YNNYA I NVYIN NN'WN] DN WNNYNT7 [NIY NIrfun

Levin et ) NY'¥9N NNTY7 MIWR NXYNI 122 WIN'w NN .(Levin et al. 2009) woINN NANTA IT
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,'NIN Yaw TNKX7 NIYR vaon? 0717y (contralateral) n'Taim o*nynn o*17on ,pd1 (al. 2015
ny¥xann TN 7¢ T¥a NNUN NaY 7R 1IWNY 0717002 0tYN DY DYIYY N Y
AN NIYNN UNNWN7 'NiN YN'R N D710 7w DNY'01 DX 12007 1wyw nn | (ipsilateral)

.(Kordelaar et al. 2012) nII'2uyN D"922 D"IP™N 7V 'IX'D7 N'AVIVONY

nynn nd>ayn 2.5
TNIXN NT'NA DYTANYT W' NIIWRIA 271 NYIINN MNYUNn 79 21N T 7Y N'WYI YN NoWN
1x'o niyvnn 7y (2000) Cirstea et al. 9w papnna .IN27 NX1IW NYINN NINWN DX AWUNY
NYIN] D'YYIY D'YONN 190N ,NYIN (YN VIXA NIFNNNY ,nynnn 2ma DIIK? 10n"Nn
TTAN AWK AVIIND NIRRT T 1'D JNNRD TTAN .AVAND |12 D'I'YN 190N 2IW'N IN
NYINY7 Nnim N 0 I MI'Y N NYN) RN NIND NYIRN 7Y yaaxn XN nia
OPTI'X AWIN 17X D'TTAY? qonaw nix1? N1 (2018) Levin et al. 7w pankna .(nyvoipn
NYINN 2N X |2 0N YTAMINYIRNN 2N NIR7N DTN DX NN DXPZN J2KR7 DMmpyn
md> (NI NP'7N NYRN 2V 1NN KN CTNRT 2N 72T WnY 7)) 'MmRn 7n0nn a7 vioa
N'RNXY NYINYT N71D'N NTTAY 071900 7¢ woIiNn NIT 7w NIYIEn n¥on na'naa L,

7901 QNI 'Y L,i7on ‘D Y

nnNuni NNYwa 2.6
[N Y2V NAYY D'7T2) 2172 YI9) 'IX'9SN NIYVIINA YIN'YA ' 071y NINDOoN 1j7on ,01>'07
[N ,P'VYN UIN'Ya NYIN2 UOINA NIANT 2 DIIYN DNYRA [N DRV DNAT 1900 'nan?
1770 7V X' NIXT7 NN 71T win'wa 01 qnoNi PoNn 7Y NIYTN WUOIN NINTA Win'wl
1X'ON NIYINN YIN'WUN 7W NINRN N T2 L2 10D 170 NI0IMN TI79Nn Apy Yyany nyina
DX L,N7RYUN N7y .MAS-n nrrooson Tm 7mi ,FMA-n ;ayiann non T 72in nwy'n
[21,(D'XM2) NIPAN NXIAPY? 0N 'NINM YAW TNKY? D'7T210 2172 10 XN NIYVIINA Win'win
D' TN NYIN NIN21 12V 7NN .ANIT 17X 07121 'T 72V NXNIRY NYIINN NPA0I00X DRN
,)2'97 .NNWYI NI'R NP QY N YXANNY IX'DN 010N 7702 DX DT TIVA 7D nn'una
77N7 N1 DXL IX'ON NIYIINA NP Q) YIN'Y YXINN NYIINA 010N 77N DXN [IN27 nx1)
D'72 NN195N 7V NIYWIN NU'Y NNNIS NYIANA '1'WUN NITIRI NINAY .0'W0n Y7 nyinnn nx

.NIN1I0 7191 ,3.4.1 719 NN2 IRINNIENYIANN INYN 2V 0"NNANoN
JNX'ON NIYINI 'I'YA NITIRY ,0'0RO0K AW NIFOIVN IZNNN NNYYN NINTAY [KON

,D'P TN NXAPY JI'UN 127 1201 90 7Y NIYVINA WIN'Wn NN |2 W NIKTY noxa (H1)
2'N2N 'DIIXA D'MAI'N D'7TAN INXNT 0791000 NXIAPZAY 19X .Mzal (Yawn InKY) D'7o1on
NIYIN W DA 201 NI DY7ITA 2N DN IKVAN'Y 'IX'DN NIYIAN 7¢ NYRNN INYN 1y

A2N 7Y |01 9NN W [0 NI'9IoN NITTA D'7TAN KIXNY 19X, [21 NI JNX
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2172 NI 0DINI I'NYL,DMTIR DNERNRY ANIT [9INA NP ,DNYRN  NINonY novl (H2)

AN 0N OMYpPa X0AN'Y 12T D'7910NN nxiy

NI71Y o1 NIYIRN-NN NYY 0T DIYIN 7Y Q17N nwyn? nNxe ' DIz L P md
NXRYIND 1727NNY NIYINNN-'NN MY D'PTAIN WIXD 2V [ 'Y DI 2 [0 NITRY
qQI0 TV ''UN NTIRMILN1I'YN NTIRY TV AYRNN N7'NNN ,00pn Y7 nyinnn npinn

.YINNN

DIY2 0'7TAN7 NOX¥I D1 NPAN NXIAP 212 NINSYT ,'1'WN NTIRA NIR'YNY n'2'nn nova (H3)
17'70 IRON D'7910NN 2P NP INIKA WNNN' 1WA TIVA NIXIAPN 272 'Y NI

.Nyina

NIA0IVONA 0'7TAN] RVIN'Y NN NYIINN 7Y WD NR7NA NI 21T X' NIKNY nova (H4)
7y nooann IT MYWN .AVINN 7Y W DR7N 70 DTN NINIAP 2 IXAIKY QYN
72YNN Y¥INN DAY DTIZIN DX NIYOXN YN II'YN NTIRIY 11D 1'UN DT NIvnwn
N2m nynnn v awn 7N 1297 LT NUWING IN7IWn D27 TV TN nnnn nyinna
NOX1 ,|IYRIN NYIINN 7700 NI 2172 X' NIRYZ NOX1 AT 7702 271 VNN 1Y 78 nLVYINN
NOX¥1 TWUN NP7 17'R1 NYINN 7Y IURIN NRP7N VIXKD TTTA NINRN NIKYY TNR TN

JIX'ON NIYVINA WIN'WN NIX YT UK QT NYIANN TN WO NIKYY
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no'vw 3

-NUYIN NN'YNN D'077INN 021NN NOYPNR 7NN DY 190N D'TAIYA DT 1NN 01NN
NNYN Nyap ,NYRNA XN 2700 VIO D2ININ IT'0 NP'WY DYTRA K 7Y ,N0'oN
NN DIYONNN NYINN TR QYN 'I'WR NITIR YN L JINAY NXMIY DY AYinn
.(1721'R) '00'™VVO NINMI LJNNXN 27WAI NN'YAN VI Y2 'IX'9N NIYINA YIN'Wn

NINI 10N 170N IR RN ,N0'ON-NVYINN Nn'yn DX 7700 100 DX 11pol 3.1 o2
712V DIM0NE MTAN 7700 0IMIN 7w D TPARN IToN A7 NX 1IR01 3.2 P19 .IN2N0
RN DD NN W7 271N TwR 3.3 192 .nvin2a XN 2700 VIR NNTANE DI N7'09
NIAT DX 07700 '1X'9N NIRN 7w nvinnn *217o0n Npo* 3.3.1 719 nna .avinn 71700 nX
N9aN 7v DIIWN 071900 7w woinn NANT vyt 3.3.2 p1oal T W 7w a0 7w woinn
XIN D2 771NN WK (3.4 719) NININ 192 12U NITIRZ DR'NN? WIn'y Yy DNAY NaI'vn
1921 NYNN 'Y NITR DRNY? aamnnn nx 3.4.1 191 11701 ,0f5n9-"nn Yy
IAWINI YIX'AN NID'R NN [N NN'YNAN YIX DX [N DI"ORN YUK NYINN T NX 110l 3.4.2
7Y "' NITIRI DY NNKRD LD Y9 NR7INAN NYINN 112Y1 IR7AN NYINN 112Y (D19IXK YI
NN YIN'Y NYYI DNY D'V0'VVON 072N NX A'X* (3.5 P19) [INNXRN P90 .0IN1 NOY 7D

0NN

DTN TIA'WI X 3.2 noan 3.1

1M1 N?'097 DIIMVNP D'{?T2IN
n'¥Y0INA0 1010 Y 70NI 711N

nina 3.4 nyvnnn "717on 3.3

N'YUN NITHA D'9nN NIt 170N
NYRNN TN 101 TN WM 71hon

1V0'VLO NN 3.5

D' 7N NNXNN

NDVN 'TTA 7 NIN'KN
NI'0090I NYIIN

1¥'9N NIYIAN NINY

o7'nNon AW - 1 X

19



noan 3.1

n'pTa1 3.1.1

Y2W NX7 07T DMIYI D'YWI7Y 097D 01791000 NXIAR  NIXAR 'Mwn 0T 45 77 1010
n772n Npan ¥l L,(SD=10.1) 55.25 o'X7'an yximn ;0Maa 11-1 o'wa 21 19701 1T nxn7a
60.46 D'X7'2 yXInn ,0'w1 4-1 DN 9 ,17701 IT NXAPA .0MNIN O'R7'2] D'PTA WY NIy
NTpNn 0'PT 4-1 1TInn 0'pT 14 7xwm 0T 14 099 0791000 nxiap L(SD=8.69)
D'7910NN NXIAPN D'ONNYNAN .NTIEN TNXR T 7R WM D'PTA 12 099D npan Ny 17'KI
IN TI'RI9N N'01AN ATINN N'NTNA TYIRE NAYY [IYRIN NN YN'RD INTY D2 D1Y9INN
Chedoke-) NnI'uov02a NN NI'2Yn N9 NYINA AYI9NN 072101 ,NAYNINN N'OIAINIY
Q19> NYIN y¥17 0'2210n X (Gowland, et al., 1993) (McMaster Stroke Assessment 2-6/7
17091 .110'212 NISNNWN? DNND0N NX NNY 17211, 227 niyn 30 nin®? 7w pona nax
,02ANON ,NI'TOIMIIXR IX NIAXY N7 NI'Ya 072100 'NIN YaY 'Wao) 1012 NISNNYNN
NXIAPA D'ONNYAN ,NINT NNIY? .NI'0090N TA1D NIDNNA 17910 DX IX NIXIINN NIAN 'WIN
N¥PA NRIFZYN 092 0MR'Y7 NFTOIMNIXK IX NNI0IM ,NAI7N Ny15nn 1720 X7 Mpan
NOXIY "mropnn [I'Yn TTA1 AT pnna .(FMA) 1"Xn-7219 |Nan NIYXNKX1 17T 0791000
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R,y (a,e,1) =
cos(a) cos(e) cos(a) sin(e) sin(r) — sin(a) cos(r) cos(a) sin(e) cos(r) + sin(a) sin(r) (2)
sin(a) cos(e) cos(a) cos(r) + sin(a) sin(e) sin(r) sin(a) sin(e) cos(r) — cos(a) sin(r)
—sin(e) cos(e) sin(r) cos(e) cos(r)

NIN'TRN ,a=azimuth 0'anwn NI 9w 2P0 N R,y (0, OV, 0Zy;) 2 NIKYT NN

,e=elevation ,[In1 Dxy 7X 170 |27 [19¥N 17 2 [IYWN 1700 (12 NTTNIN NIT) NNTAINN
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NINWN7 ,M5 ;120 (wrn mipm X720 120 7Y pnann DRIYN IX7 27110 DirYony 1o gy

.(tFD) 11 nynn ax'nn

https://developer.apple.com/documentation/coremotion/getting processed device- - 798 NN 3
motion data/understanding reference frames and device attitude
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B Trunk Cartesian coordinate frame A Abra Cattasiancaeidinatafiama

1 A *x ’ Arm-plang
o = trunk pitch e Velocity vector
) ..‘»—" ‘;orward
B = trunkyaw o \l/ - e
v = trunkroll S 4 flexion
' ’ WY Shoulder

Elbow Shoulder flexion

extension  abductio D
L

Arm-plane normal
(velocity vector) 4

Distal vector
(shoulder to wrist)’

(Levin et al 2016) 1A ni'xy0N1 71 NwM - 5 X
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TN 92 7190 7w Avinn 711 - 11720

Measure calculated Name Calculate explanation Units
Acronyms
Movement Time MTW Time performance of the task. Sec

Mean Tangential Velocity MTVW Mean tangential velocity of wrist, Mm/Sec

Wrist sensor M2.
Peak Tangential Velocity PTVW Max of tangential velocity of Mm/Sec
Wrist wrist, sensor M2.

Percentage time of Peak PTVW_P | The number of PTVW divided by Percentage

Tangential Velocity Wrist timesteps of the specific trial. 0,1]
Number of Peaks NPTVW | Number of changes in wrist Number
Tangential Velocity Wrist tangential velocity direction,
while the threshold for change in
direction is having at least five
timesteps in the same direction.
Path distance PD Square of the sum square of wrist Mm
Subtraction end and start
position in three coordinates, x, y
and z.
Path length wrist PL Integral of tangential velocity Mm
over time.
i PD
index of curvature IC /PL Number

T YN 1Y aynna 1 3.4.2.2
71921 P10 YUK TN IYM NNT 7¢ AIY'NN NIYXNARA 79700 NYIN DX NNdN TN em
YIN'YUN NINDI[9IX DX INND' XY AWK NYIIN TTA 1AYIN NINYAN NYRN Npen ix? .3.3.1
NYIINN 2N IR ,NYIANN NHO L, YXINNN DN N9IoN1 NM7NNNn NUITA 79N
DINYNN NINY ,21IY'N DT NITIR V'S T IYN 7W QYN (I DYI'YN 190N VI

.2 n?202 D'VIISN NIT'NY

a0 v aynna 1 3.4.2.3
tPitch ,tRoll :1an nirxun nui?w nx 077150 D'INYN NYAIXK NIYXAKD NAXIM 12D DYIAN
AWK NYINN T DR AWN7 DX D78 DNwnn TNR 757 .tFD nn T a0 nyinn nxi tYaw
NINY D2 DAxIN N2 ,3 17202 IXINNAY '93 DAYINN 17X D'TTA .I'NNYYN NIX [N2) DNIVYAX]
tFD 12y .nyximnn NIrNfnni 0man DIIK RYIN DNNYNN NYAIX7 .00NIT'N' DNNYNN

910N NUTAL AYIND NYIT NI0 AYIN 120 DYV Y 17'KI 7NNN Avin
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TN UYA 7w NwNN 'TTA - 201720

Measure calculated Short Calculate explanation Units
Name
Initial angle palA | Angle at the start of the movement, on the first Deg
timestep, defined as 0 time.
Final angle paFA | Angle at the end of the movement, on the last timestep. Deg
Mean velocity paMV | The tangential velocity is the derivative of location with Mm/sec
respect to change in time, while locations defined as the
absolute position differences.
The mean tangential velocity included velocity bigger
than a specific threshold defined as 10% of the maximal
tangential velocity.
Number of peaks paNPTV | Number of changes in tangential velocity direction, Number
Trajectory velocity while the threshold for change in direction is having at
least five timesteps in the same direction.
Range paR The absolute subtraction between the end and start Deg
positions.
Path length paPL | The sum of absolute position differences. mm
AN Inwn 7w nvinn T - 3 n7a0
Measure Short Name Caleul | Units
alculate explanation
calculated | ypon | pitch | Yaw | tFD Rotat | Forw
ions ard
Final angle | tRFA | tPFA | tYFA - Angle at the end of the movement, on Deg -
the last timestep.
Mean tRMV | tPMV | tYMV | tFDMV | The tangential velocity is the derivative Mm/ | Cm/
velocity of location with respect to change in sec sec
time, while locations defined as the
absolute position differences. The mean
tangential velocity included velocity
bigger than a specific threshold defined
as 10% of the maximal tangential
velocity.
Range / tRR tPR tYR tFDD | The absolute subtraction between the Deg Cm
Distance end and start positions.
Path tRPL tPPL tYPL tFDPL | The sum of absolute position mm Cm
length differences.
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"eameans" n7'ana Nrva (Post-Hoc Analysis) 1wyiw qwnn 'nin1%? 079> 7TMn NIKXINA
.(Russell, 2019)

M; = p,Group + B,Target + B,Group:Target + U; + W; (7)

NYUIYUN TR 797 DXNINY 'WOI7NT7 D'0NAN 7TIN NIYXNRA NTAXD '1'WUN NTIRY D DTN
NIYXNXA 11021 ''YUN NITIZI DY L,N7'NN 011NN NIdYWNA NNX 722 1avin ©wx PC-pam
NIXIAPN 2 0'7TaNN NIPNAM NX'¥N7 271yn AR 77m naRNnl DMK NR'00'LO
OUPON KXN1 DN DN .7 AXRIYND a¥InY '9) 7Tm oxnin PC 21 9% .nniwin nindwa

4717 91X 07 TanN NXR'¥NY Post-Hoc 1nan X nixiazn 2 7nam 71an wa
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NIZNAM NPT NNYYA NNIKT NP'00'0V0 NNYI' DINAIN D'TTAY DRINI N2OW 75 1Ay
NIXIAZN 2 AYIAND P70 2 YINAD 770 N1'na IX7 ,0ownn 0'niian v n'no'uvuo
U NYINN NMALIVOX NYINN 7Y DNoN 27N DX NZRYN N1'NA ,NINNK D'7'0a1 NRIYD
NIYPRIVIND NYOYN NINAD .NIPAN NXIAP 7W NYINN NMA0I0V0XKY7 NniT 0'7910NN NXIAP
.N0NAI NYIRNA 2700 ,NX[APZA DMRN NYI7Y 1 NI7ApnnY DA [l nYivnn o

71Tmn .5% %¢ nipnam nnha onyy 0'7T1ann 2w'n% mynin Post-Hoc anan 91017

:DNNINY
M; = B Group + B,Target + B, Party, ..+ p,Group:Targe
+ p,Group: Party,, ..+ p.,Target:Party, . (8)
+ B,Group:Target: Party, .+ U;+W;
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CHe - Explained Variance Vs. number of component
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PC1 PC2 PC3
Var Name mean std mean std mean std
X 0.291 0 -0.017 0.003 -0.017 0.002
M1 Y -0.19 0.002 0.005 0.005 -0.022 0.004
Z -0.25 0 0.171 0.011 0.017 0.005
X 0.292 0 -0.026 0.003 -0.017 0.001
M2 Y -0.178 0.001 -0.032 0.004 -0.016 0.002
Z -0.261 0 0.151 0.008 0.003 0.003
X 0.265 0 0.069 0.004 0 0.009
M3 Y -0.118 0.007 -0.132 0.015 0.031 0.005
Z -0.265 0.002 0.02 0.003 0.013 0.003
X 0.135 0.011 0.197 0.013 -0.03 0.002
M4 Y -0.22 0.002 -0.071 0.01 -0.025 0.004
Z -0.247 0.006 0.088 0.006 -0.01 0.002
X 0.074 0.03 0.147 0.008 -0.057 0.018
M5 Y -0.171 0.006 -0.164 0.01 0.014 0.006
Z -0.137 0.018 0.122 0.014 0.04 0.005
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NT NnInwna 0a 071X .(P=0.09) n"n 4.74 2 Taxa won NC-n n1on 1ay? miva (P=0.006)
(tYPL ,C.16 2'R) ™'¥n 2'0N ,NMINNXN AN NP'X0NYT DA .NN0AN |2 ANIT NNAN NRXN)
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NIYA NNVNA7 NIXIAZN 7w NE7InnN AYIND TTA 012'0 - 10 N720

Group Healthy Patients
Separation
L rl Layer 2 Layer 1 Layer 2
Method aye aye aye aye
Partin 1st an 1st 2nd 1st Part znd 1st znd

motion | Part part Part part part Part part
{RPL 3.403 2.874 1.476 4.801 10.797 | 10.273 | 8.081 12.989
(2.568) | (2.117) | (0.806) (3.33) (5.935) (6.14) | (5.941) | (6.004)

tRFA 3.39 0.629 3.390 -0.941 -1.1381 | -0.898 | -1.138 -0.883
(3.416) | (2.429) | (3.416) | (1.115) (15.77) | (8.446) | (15.77) | (6.352)

tPPL 2.122 1.125 1.121 2.127 8.164 7.353 6.697 8.819
(1.16) (0.586) | (0.546) | (1.205) (5.466) | (5.857) | (5.165) | (6.414)

tPFA 0.216 -0.359 0.216 -0.095 1.848 -3.231 1.848 -3.418
(1.407) | (0.991) | (1.407) | (0.665) (8.888) | (6.331) | (8.888) (5.55)

£YPL 2.335 1.245 1.203 2.377 8.784 5.051 7.521 6.314
(1.216) | (0.788) | (0.566) | (1.158) (5.515) | (3.732) | (5.348) | (4.514)

EYEA 0.861 -0.029 0.861 -0.534 0.041 0.167 | 0.0411 0.408
(1.098) | (1.035) | (1.098) | (0.551) (6.296) | (7.399) | (6.296) | (7.703)

tFDPL 0.478 0.448 0.226 0.7 3.304 4.333 2.692 4.945
(0.281) | (0.253) | (0.126) | (0.385) (3.284) | (4.212) | (3.227) | (4.144)

axPL 18.9 3.274 15.259 6.915 25.346 9.233 21.989 12.59
P (6.608) | (2.149) | (6.205) | (2.805) | (11.843) | (6.545) | (9.632) | (7.436)
axFA 108.116 | 110.616 | 108.116 | 109.910 [ 90.558 | 90.232 | 90.558 | 89.285
P (9.65) (8.725) (9.65) (8.195) (27.6) (27.13) | (27.6) | (25.423)

NPTV 0.886 0.553 0.312 1.142 2.177 2.118 1.84 2.486
pax (0.479) | (0.3127) | (0.285) | (0.444) | (1.429) | (1.413) | (1.468) | (1.464)
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N72N NXIAR NYIRNY QAT QYN DY7910N0 NXIAR 12 XY X7 1T arvona oa (P<.1
nna (P=0.0004) n"n 3.62-2 7ITa "MTEN 212'0N 7W 2'NIN IR D IRXN PIN-00ID NNl
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JwrRN P7nn nnv? (P=0.09) n*wn nyinnn NN2 212'02 NI (U YIN'Y 1YX' 0791010
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N7 212'0 7¥ W'y ,7Nn NPX0N 7Y IT? AT nnan 111 X0 DA .n"n 1.48 Ym n"n 5.72
NXIAP P2 NI WATIA DT [IMT .AVRNN P70 2 NXIAP 72 202 NRIvn nNunn 1ay? nniT
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NYIINN NN NIN K77 770 120 nyinna win'y 151 X7 Mpan N¥apa ,n7Ik .aynnn '\@7n 2
,(P<.001 ,F=15.69) n¥iapn DI 7W NINAM NRXN1 77NN NNXNNA .A10NAE NYXIANN
2 nwxpxvIRn (P<.001 ,F=13.11) nyinm 77nn o L(P<.01 ,F=4.54) nnunn DA
NI 72T wim'y Iy 0'7910nn nxiapn o'pTan L(P<.05 ,F=5.79) nynna @707 nxnpn
72m P=0.07) "nir mop 7Tann nignam 7Tann [IYXIN NR'7Na QWK nYiRNN RN wa
-1 IWNNYN 0791000 NYINN 7¢ awn npna .n"o 2.94 7in n"o 1.88 a n*mwai (P=0.002
NT 772N TIYa W9 nXI X7 Mpan Nxapa 17N IwRn pnnn (P<.0001) anrr n"o 1.03
n"0 0.03 -2 MmN

NXIPN DYIA 7¥ NEnam Qyown NNt D 17Vn AYVNNN PN WA 79700 NYIN 'RXNN
.(P<.001 ,F=602.71) nynna j7nn o1 (P<.05 ,F=3.75) nnunn oia,(P<.01 ,F=10.73)
NT N2'R2 NP 71T WIN'Y 1IyX 07791000 NXIAPN 0YPTAIN AYINN PN v D iy
(P=0.026) nyinn 7v lwxan 17N n"n 5.03 v Tivn NI 71T 2N IR NYOXRNNI
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7NN NUXLVN 7Y NBI0N NITY .AYIINN 7707 0N D'PTAIN 7w 0'910N 0'NINN NX [N11 NYD
NXIAPZN DA 2 NYPRIVIRD ,TA72 NIYPRIVI'R MY 7Y 7nain VoKX X¥n (tRFA) 1an v
,F=3.49) nynna 7nn D7 nxipEn DA 2 aprorRn (P<.1 ,F=2.12) nnonn DY
NN 'R IT DXLV 7W N'91I0N N'NT? D'7910NN DX LA.23 JI'kn Tn%7 |haw oo L(P<.1
N¥IAPN 077210 272 ,NRT NNv? Ni7yn -1 2 nTay 31 nynna 2702 X710 mMona X7
NNI2AN N'D10N N'ITA DY PT21n 0von CO-n NLVN N2Y7 NYINN 7Y IWXRIN NR7N2 NNjPan
nYUN NP7Na .NI7YNn -2 AN NDIman nUIth oy 0ton IP-n nun 1av? Tiva nitvn -4 Anim
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Name

Explanation Units

Shoulder Flexion-
Extension

Angle between upper arm marker Xuvs and sternum Deg
marker Xus in M5 XZ plane. Fix to 0 when arm pointing
down alongside body X3 and Xus orthogonal.

Shoulder Abduction-
Adduction

Angle between upper arm marker Xwvs and sternum Deg
marker -Zys in M5 ZY plane. Fix to 0 when arm pointing
down alongside body Xus3 and -Zus orthogonal

Shoulder External-
Internal Rotation

Angle around the shoulder elbow vector Xs. 0 in according Deg
to rest position, positive direction external.

Elbow Flexion —
Extension

Angle between upper arm marker Xus and lower arm Deg
marker Xu2. 180 deg- Full arm extension

Elbow Supination-
Pronation

Angle around wrist elbow vector X:. 0 is according to rest Deg
position. Positive direction external.

Wrist abduction
adduction

Rotation around Zw; (right hand rule), Angle between Xw1 Deg
and Xmz. 0 when Xu1 and X, are parallel.

Wrist Flexion-Extension

Angle between Zwv; and Zw: Deg

N"IXRI'7 2'0NAY NNIYY 'YOIN"? N'oNan 7TIin — A4 NB0)

nNIY 'AN'07 yoipnn 7T7mn 7w nnnnn N1'N2 NIX7 XTI NNWYI Npan NXEap 1y
75 712y nun N7202 NIKM7 N AIC TTR NIYXARA NNWY1 ARIYAD .0IWD IR 7TIn
77Tmn 19 Y |NNT AT Yo7 20NN 7TmM% [na nNTNn 150N DRI TINK NIX NINYN

.0IWUON NIXRI'MYN

OIYD X7 7TIN NNIV7 ['YOI7R7 N'01a1 7T - A.3 0710

Joint Angle name sExt sAd sint eExt eSup wExt wAd
Segmented advantage rate 1 1 1 1 0.995 0.997 0.992
Number of trials Segmented
was better 941 941 941 941 937 939 934
Joint Angle name tRoll tPitch tYaw PC1 PC2 PC3
Segmented advantage rate 1 1 0.996 1 1 0.997
Number of trials Segmented
was better 941 941 938 941 941 939
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T'D AWML AN '7170N NIXXIN — B1 N90)
[N 19D .NI7aN NXIAPNA 27721 1Y TN QY9I N 21700 21IW'N NRXINYT NNAIT NAXIN NNXaN n7202
NIX D2AX'IN DINYAN NYIIX LD 10D .NAMATN QX '97 NYAj7aYW [AT DTN 19 IVXIA DIYWNN NIXYY?
NN TN 7w Nr0I71I0aRN AYRNN N7AR X7 0 1w nawxkan ath DTN 1I7NNIR AN 170n

A(3.1.2 719) 1010 21710ND 7792 UIXW 91 VIAZ 11'N D770 DIZ'RY NN
| | | | | I

TN WAL INYN 71700 - B.1n720

time pxAngle tRoll tPitch tYaw tFD
0.00 98.19 0.00 0.00 0.00 0.00
0.00 98.49 -0.09 0.00 0.01 0.00
0.01 98.94 -0.19 0.01 0.02 -0.01
0.02 99.53 -0.29 0.02 0.03 -0.01
0.03 100.25 -0.39 0.04 0.04 -0.02
0.04 101.09 -0.48 0.07 0.05 -0.02
0.05 102.00 -0.55 0.11 0.06 -0.02
0.05 102.96 -0.60 0.16 0.07 -0.02
0.06 103.94 -0.63 0.22 0.06 -0.03
0.07 104.92 -0.62 0.29 0.05 -0.02
0.08 105.89 -0.59 0.35 0.02 -0.02
0.09 106.84 -0.53 0.41 -0.02 -0.02
0.10 107.78 -0.43 0.45 -0.08 -0.02
0.11 108.70 -0.32 0.47 -0.16 -0.02
0.11 109.63 -0.19 0.47 -0.25 -0.02
0.12 110.55 -0.06 0.44 -0.37 -0.01
0.13 111.46 0.07 0.39 -0.50 -0.02
0.14 112.38 0.18 0.32 -0.64 -0.02
0.15 113.28 0.28 0.24 -0.80 -0.02
0.15 114.16 0.35 0.15 -0.96 -0.03
0.16 115.01 0.41 0.06 -1.13 -0.04
0.17 115.82 0.46 -0.04 -1.30 -0.06
0.18 116.56 0.50 -0.14 -1.45 -0.07
0.19 117.23 0.53 -0.24 -1.59 -0.09
0.20 117.81 0.57 -0.35 -1.71 -0.11
0.21 118.29 0.62 -0.47 -1.81 -0.13
0.21 118.68 0.67 -0.59 -1.88 -0.15
0.22 118.97 0.74 -0.72 -1.92 -0.17
0.23 119.18 0.82 -0.85 -1.94 -0.19
0.24 119.32 0.91 -0.99 -1.92 -0.20
0.25 119.41 1.00 -1.12 -1.88 -0.22
0.26 119.45 1.10 -1.25 -1.82 -0.23
0.26 119.48 1.20 -1.37 -1.73 -0.24
0.27 119.49 1.30 -1.47 -1.63 -0.25
0.28 119.49 1.39 -1.56 -1.51 -0.25
0.29 119.48 1.48 -1.64 -1.37 -0.25
0.30 119.47 1.54 -1.70 -1.22 -0.25
0.31 119.44 1.60 -1.75 -1.06 -0.25
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0.31 119.40 1.64 -1.80 -0.89 -0.25
0.32 119.33 1.67 -1.84 -0.71 -0.25
0.33 119.24 1.70 -1.88 -0.52 -0.25
0.34 119.13 1.74 -1.92 -0.32 -0.25
0.35 118.99 1.79 -1.98 -0.11 -0.24
0.36 118.82 1.85 -2.06 0.11 -0.24
0.36 118.63 1.95 -2.14 0.34 -0.24
0.37 118.42 2.06 -2.25 0.58 -0.23
0.38 118.19 2.21 -2.35 0.82 -0.22
0.39 117.93 2.37 -2.47 1.05 -0.21
0.40 117.65 2.55 -2.57 1.27 -0.19
0.41 117.35 2.73 -2.67 1.48 -0.17
0.41 117.03 2.91 -2.75 1.67 -0.15
0.42 116.70 3.09 -2.82 1.84 -0.12
0.43 116.37 3.25 -2.86 1.99 -0.09
0.44 116.05 3.39 -2.88 2.11 -0.06
0.45 115.75 3.53 -2.89 2.22 -0.03
0.46 115.49 3.64 -2.88 2.31 0.01
0.46 115.26 3.75 -2.86 2.40 0.04
0.47 115.07 3.85 -2.83 2.47 0.08
0.48 114.92 3.94 -2.79 2.54 0.12
0.49 114.80 4.03 -2.75 2.60 0.16
0.50 114.71 4.11 -2.70 2.67 0.20
0.51 114.64 4.19 -2.65 2.73 0.24
0.51 114.58 4.26 -2.59 2.79 0.28
0.52 114.52 4.31 -2.54 2.85 0.32
0.53 114.47 4.36 -2.47 2.90 0.36
0.54 114.40 4.39 -2.41 2.94 0.40
0.55 114.33 4.40 -2.34 2.98 0.44
0.56 114.26 4.41 -2.27 3.01 0.48
0.56 114.18 4.40 -2.21 3.02 0.52
0.57 114.11 4.38 -2.14 3.03 0.55
0.58 114.05 4.34 -2.08 3.03 0.59
0.59 114.00 4.30 -2.01 3.02 0.63
0.60 113.97 4.25 -1.96 3.00 0.66
0.61 113.94 4.20 -1.90 2.97 0.69
0.61 113.92 4.15 -1.86 2.94 0.72
0.62 113.91 4.09 -1.81 2.90 0.75
0.63 113.90 4.03 -1.78 2.87 0.77
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1-2: Mean correlation of the control and patients respectively in reaching toward to the NC target;
3:4: Mean correlation in reaching toward to the CO target; 5:6: Mean correlation in reaching
toward to the IP target.
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PC1 PC2 PC3
Var Name mean std mean std mean std
X 0.280 0.000 -0.021 0.006 0.003 0.005
M1 Y 0.014 0.057 -0.005 0.012 -0.003 0.004
Z -0.247 0.001 0.163 0.018 0.011 0.005
X 0.276 0.001 0.017 0.003 0.020 0.002
M2 Y 0.018 0.046 0.001 0.026 0.008 0.004
Z -0.252 0.000 0.154 0.016 0.010 0.002
X 0.248 0.003 0.093 0.007 0.037 0.003
M3 Y 0.021 0.039 0.030 0.024 0.018 0.013
Z -0.249 0.005 0.105 0.011 0.037 0.002
X 0.188 0.008 0.169 0.020 0.010 0.001
M4 Y 0.015 0.064 0.013 0.010 0.007 0.004
Z -0.255 0.001 0.114 0.011 0.031 0.003
X 0.177 0.016 0.138 0.018 -0.017 0.002
M5 Y 0.031 0.062 -0.011 0.008 0.014 0.002
Z -0.047 0.024 0.215 0.032 -0.012 0.005
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> Tml <- Tmer(PCl ~ Target*Type + (1|ID), data = data)
> Anova(lml)
Analysis of Deviance Table (Type II wald chisquare tests)

Response: PC1
Chisg Df Pr(>chisq)
Target 9.9089 3 0.01936 *
Type 19.1529 1 1.207e-0Q5 ##%
Target:Type 2.6061 3 0.45643
Signif. codes: 0 ‘*%*' 0.001 ‘*%' 0.01 ‘*’ Q.05 ‘." 0.1 * " 1

ANOVA nixxin ,PC1,1 n1dw -2 .B X

/7IN-00I19 12N nIXxIN ,PC1,1 n1dw - B.3 1720

contrast estimate SE df t.ratio p.value
Control,CO - Patient,CO 0.095 0.026 78.018 3.613 0.012
Control,CO - Control,FC 0.039 0.018 2909.403 2.158 0.378
Control,CO - Patient,FC 0.121 0.026 77.562 4.577 0.000
Control,CO - Control,IP 0.012 0.018 2910.181 0.660 0.998
Control,CO - Patient,IP 0.128 0.026 77.904 4.858 0.000
Control,CO - Control,NC 0.013 0.018 2909.568 0.697 0.997
Control,CO - Patient,NC 0.116 0.026 77.824 4.412 0.001
Patient,CO - Control,FC -0.056 0.026 77.046 -2.129 0.406
Patient,CO - Patient,FC 0.025 0.012 2910.242 2.023 0.466
Patient,CO - Control,IP -0.083 0.026 78.626 -3.145 0.046
Patient,CO - Patient,IP 0.033 0.013 2911.081 2.615 0.151
Patient,CO - Control,NC -0.083 0.026 77.570 -3.135 0.047
Patient,CO - Patient,NC 0.021 0.013 2910.025 1.676 0.703
Control,FC - Patient,FC 0.081 0.026 76.593 3.094 0.053
Control,FC - Control,IP -0.027 0.018 2909.943 -1.486 0.815
Control,FC - Patient,IP 0.089 0.026 76.933 3.377 0.024
Control,FC - Control,NC -0.027 0.018 2909.341 -1.464 0.827
Control,FC - Patient,NC 0.077 0.026 76.854 2.930 0.081
Patient,FC - Control,IP -0.108 0.026 78.169 -4.107 0.002
Patient,FC - Patient,IP 0.008 0.012 2909.745 0.606 0.999
Patient,FC - Control,NC -0.108 0.026 77.115 -4.099 0.002
Patient,FC - Patient,NC -0.004 0.012 2910.009 -0.341 1.000
Control,IP - Patient,IP 0.116 0.026 78.512 4.388 0.001
Control,IP - Control,NC 0.001 0.018 2909.498 0.032 1.000
Control,IP - Patient,NC 0.104 0.026 78.432 3.943 0.004
Patient,IP - Control,NC -0.115 0.026 77.456 -4.381 0.001
Patient,IP - Patient,NC -0.012 0.013 2910.018 -0.943 0.982
Control,NC - Patient,NC 0.104 0.026 77.377 3.935 0.004
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> Tml <- Tmer(PC2 ~ Target*Type + (1|ID), data =
> Anova(iml)

data)

Analysis of Deviance Table (Type II wald chisquare tests)

Response: PC2

chisg Df Pr(>Chisq)
Target 41.488 3 5.152e-09 #%%
Type 15.017 1 0.0001065 #=%=%
Target:Type 48.228 3 1.904e-10 ##=

Signif. codes: 0 ‘***' 0,001 ‘**’ 0.01 ‘*’ 0.05 *.” 0.1 ° ' 1

ANOVA nixxin ,PC2 ,1 n1ow - 3 .B X

7IN-00I9 'IN2N TUXXIN ,PC2 ,1 N1dW - B.4 N720

contrast estimate SE df t.ratio p.value
Control,NC - Patient,NC 0.082 0.019 51.20 4.365 0.0015
Control,NC - Control,FC -0.014 0.007 2909.10 -1.953 0.5144
Control,NC - Patient,FC 0.068 0.019 51.10 3.639 0.0137
Control,NC - Control,CO 0.045 0.007 2909.30 6.063 <.0001
Control,NC - Patient,CO 0.076 0.019 51.10 4.057 0.004
Control,NC - Control,IP -0.010 0.007 2909.10 -1.392 0.861
Control,NC - Patient,IP 0.071 0.019 51.10 3.793 0.0088
Patient,NC - Control,FC -0.096 0.019 51.00 -5.137 0.0001
Patient,NC - Patient,FC -0.014 0.005 2909.30 -2.703 0.122
Patient,NC - Control,CO -0.037 0.019 51.30 -1.959 0.5188
Patient,NC - Patient,CO -0.006 0.005 2909.60 -1.141 0.9477
Patient,NC - Control,IP -0.092 0.019 51.10 -4.916 0.0002
Patient,NC - Patient,IP -0.011 0.005 2909.30 -2.121 0.4016
Control,FC - Patient,FC 0.083 0.019 50.90 4.411 0.0013
Control,FC - Control,CO 0.059 0.007 2909.20 8.048 <.0001
Control,FC - Patient,CO 0.090 0.019 50.90 4.829 0.0003
Control,FC - Control,IP 0.004 0.007 2909.10 0.558 0.9993
Control,FC - Patient,IP 0.085 0.019 50.90 4.565 0.0008
Patient,FC - Control,CO -0.023 0.019 51.20 -1.232 0.9182
Patient,FC - Patient,CO 0.008 0.005 2909.20 1.56 0.7744
Patient,FC - Control,IP -0.078 0.019 51.00 -4.19 0.0026
Patient,FC - Patient,IP 0.003 0.005 2909.30 0.576 0.9992
Control,CO - Patient,CO 0.031 0.019 51.30 1.65 0.7179
Control,CO - Control,IP -0.055 0.007 2909.10 -7.472 <.0001
Control,CO - Patient,IP 0.026 0.019 51.30 1.387 0.8591
Patient,CO - Control,IP -0.086 0.019 51.00 -4.608 0.0007
Patient,CO - Patient,IP -0.005 0.005 2909.30 -0.98 0.9773
Control,IP - Patient,IP 0.081 0.019 51.00 4.344 1.60E-03
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Patient NC - * 4+«

Control NC - e
= Patient IP - * 4+—»
E) Control IP - — o
g Patient FC - ¢+
= Control FC - +——r

Patient CO - -

Control CO - +—> @

0 li(l 0 :15 0 'IEU 0 :35
emmean
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The most difference between the groups can be seen on the FC target (P=0.001). the IP target have

significant difference within the control group to all targets (P<.001) while the post-stroke subjects
are likely equal.

> Tml <- Tmer(PC3 ~ Target*Type + (1|ID), data = data)
> Anova(lml)

Analysis of Deviance Table (Type II Wald chisquare tests)

Response: PC3
Chisq Df Pr(>Chisq)

Target 2.3632 3 0.5005
Type 2.0957 1 0.1477
Target:Type 5.7365 3 0.1252

ANOVA nixxin ,PC3,1 n1ow - B.5 WX

Patient NC - —>r o
Control NC - L
« PatientIP- 4 L
@
(=]
@ Control IP- ¢ »
=
L patient FC - —>
>
F Control FC - o »
Patient CO - + &>
Control CO - - >
0.35 0.40 0.45
emmean

NRIYN NNVNA7 ona nixzN '7120 ,PC3,1 N2dw - B.6 'K

As we see almost all the line are on the same range what demonstrates the nonsignificant different
between the groups, targets and their interaction.
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(2) Healthy Control Group - FC Target
R A Ol
SExt -0.24 -0.33 0.01 -0.26
-0.12 0.04
sit 0.42 -0.31 0.02 -0.02
Ext 003 014 007 007 03 028
eSup 0.7 0.05 -0.41 -0.16 -0.39
WEXt -0.16 -0.02 -0.13 0.05
wAd 0.31 -0.37
tRoll .o.os-
tPitch -0.01
(2) Healthy Control Group - CO Target
g & &S €
SExt -0.32
sAd 0.01 0.1
sint 0.1 0 01
eExt -0.05 -0.12 -0.02 -0.15 0.39 0.2
eSup 0.27 0413 0.14 -0.41
WEXt -0.14 -0.01 -0.05 0.09
wAd .3 -0.42
tRoll -0.2 .
tPitch 0.12
(3) Healthy Control Group - IP Target

Q
P &S

sExt -0.05 -0.41 -0.25 0.1 0.14

011 0

0.14 0.01

eExt 0.13 -0.04
eSup 0.1

wExt

> &

Y O
&€ ¥

0.36 -0.14 0.33

0.13

0.07 046 0.14 0.19

-0.05 0.58 0.13 0.34
-0.17 0.08 -0.16 -0.08
-0.27 0.11 -0.14 -0.05

wAd -0.38 0.21 -0.3

tRoll 0 -

tPitch 0.04

2

nirxNipE ,2 n1OY — B5 NB0)

(4) Patients Group - FC Target
K N &
P SFS LSS ;
SEXt -0.13 0.61 -0.41 0.05 -0.11 -0.04 -0.04 0.31 -0.02
08
sAd -0.52 -0.03 . 0.09 -0.04 032 007 ||
sint 0.14 -0.05 -0.37 -0.05 -o.oa.x;.os i
eExt 0.02 -0.28 -0.15 -0.02 016 -0.08 | | o2
eSup -0.04 0.01 024 0.05 -0.48 | [ 0
wExt -0.12 0.04 -0.24 0.05 | [02
04
wAd 0.06 0.01 -0.06
-0.6
tRoll -0.05 0.12
08
tPitch -0.03
-1
(5) Patients Group - CO Target
R S N
P LFFTEFEEE ;
SExt -0.31 -0.46 0.06 -0.09 -0.07 -0.05 0.24 0.02
08
sAd 035 -0.03 043 0.13 -004 037 002 [
sint -0.11 -0.02 -0.28 -0.07 -0.06 0.49 001 ||,
eExt 0 -0.31 043 0.01 02 043 | o
eSup -0.02 -0.05 0.23 -0.02 02 | |0
WExt -0.11 0.03 -0.32 0.07 | [02
04
wAd 0.07 -0.04 0.01
0.6
tRoll -0.05 0.13
0.8
tPitch -0.03
-1
(6) Patients Group - IP Target
R N &
SO O L R
SExt 0.28 015 -0.41 0.04 -01 0.09 -0.17 0.33 0.01
0.8

sAd -0,43. 002 034 02 -043-011 005 |4

sint 0.47 -0.14 -0.2 -0.13 0.07 0.55 -0.07

04
eExt -0.03 -0.19 -0.24 0.09 0.13 -0.08 | | (>
eSup 0 005 02 0.01 -0.11 0
WExt -0.18 0.03 -0.15 0.13 | [02
04
wAd -0.06 0.03 -0.12
-06
tRoll -0.05 0.22
-0.8
tPitch  0.01
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PC1 PC2 PC3
Var mean std mean std mean std
Name
skxt | 0.289 0.017 -0.027 0.016 0.009 0.001
Shoulder sAd | -0.008 0.057 -0.126 0.013 0.005 0.001

sint | 0.161 0.033 0.105 0.007 0.011 0.002

ekxt | -0.177 0.017 0.217 0.024 -0.003 0.002
eSup | 0.024 0.053 0.009 0.020 0.002 0.006

Elbow

wExt [ -0.011 0.066 -0.043 0.007 0.002 0.004
wAd | 0.003 0.041 0.003 0.013 -0.010 0.005

Wrist

tRoll | -0.036 0.083 -0.002 0.011 0.004 0.001
Trunk tPitch | 0.065 0.055 0.096 0.011 -0.015 0.003
tYaw | 0.018 0.051 0.010 0.027 -0.001 0.002
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> Tml <- Tmer(PCl ~ Target*Type + (1|ID), data = data)
> Anova(iml)
Analysis of Deviance Table (Type II wald chisquare tests)

Response: PCl

Cchisq Df Pr(>Chisq)
Target 37.825 3 3.079e-08
Type 13.089 1 0.0002971
Target:Type 40.053 3 1.038e-08

Signif. codes:
0 ‘#%%' 0,001 ‘**’ 0,01 ‘*’ 0.05 “.” 0.1 * ' 1

ANOVA nxyin ,PC1,2 n2dw - B.8 WU'X

/7IN-00I9 [N NIXYIN ,PC1 ,2 N1dY - B.6 N720

contrast estimate SE df t.ratio p.value
Control,CO - Patient,CO -0.152 0.0326 57.7 -4.665 0.0005
Control,CO - Control,FC 0.015 0.0164 2909.2 0.915 0.9847
Control,CO - Patient,FC -0.131 0.0325 57.5 -4.043 0.0037
Control,CO - Control,IP -0.113 0.0165 2909.5 -6.81 <.0001
Control,CO - Patient,IP -0.154 0.0325 57.7 -4.74 0.0004
Control,CO - Control,NC -0.046 0.0164 2909.2 -2.827 0.0888
Control,CO - Patient,NC -0.141 0.0325 57.6 -4.338 0.0014
Patient,CO - Control,FC 0.167 0.0325 57.3 5.135 0.0001
Patient,CO - Patient,FC 0.020 0.0112 2909.6 1.816 0.6094
Patient,CO - Control,IP 0.039 0.0326 58 1.201 0.9283
Patient,CO - Patient,IP -0.002 0.0113 2910 -0.212 1
Patient,CO - Control,NC 0.105 0.0325 57.5 3.24 0.039
Patient,CO - Patient,NC 0.011 0.0113 2909.5 0.949 0.9811
Control,FC - Patient,FC -0.146 0.0325 57.1 -4.511 0.0008
Control,FC - Control,IP -0.128 0.0164 2909.4 -7.765 <.0001
Control,FC - Patient,IP -0.169 0.0325 57.3 -5.209 0.0001
Control,FC - Control,NC -0.06146 0.0163 2909.1 -3.763 0.0042
Control,FC - Patient,NC -0.15614 0.0325 57.2 -4.807 0.0003
Patient,FC - Control,IP 0.01877 0.0326 57.8 0.577 0.999
Patient,FC - Patient,IP -0.02276 0.0112 2909.3 -2.033 0.4596
Patient,FC - Control,NC 0.08499 0.0325 57.4 2.615 0.1717
Patient,FC - Patient,NC -0.00968 0.0112 2909.5 -0.865 0.989
Control,IP - Patient,IP -0.04153 0.0326 57.9 -1.275 0.9044
Control,IP - Control,NC 0.06622 0.0165 2909.2 4.016 0.0016
Control,IP - Patient,NC -0.02845 0.0326 57.9 -0.874 0.9873
Patient,|P - Control,NC 0.10776 0.0325 57.5 3.314 0.032
Patient,IP - Patient,NC 0.01308 1.12E-02 2909.5 1.163 0.9421
Control,NC - Patient,NC | -0.09468 0.0325 57.5 -2.912 0.0889
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Type: Control

Target

Type

Type: Patient
L L
L »
0001  0.01 0.05 0.1 05 1 0001  0.01 0.05 0.1 05 1
Tukey-adjusted F value
n"n¥In7-019 0'7720, PC1, 2 N1dw - B.9 WX
Target CO Target FC Target IP Target NC
Patient - 0.468
Control - 0313
UdU1 U.IU1 0‘05031 U.Uluﬂ U.IU1 UIUSU.‘1 U.dUﬂ 0.61 Ui]ﬁUlﬂ U.dUﬂ Uluﬂ 0650'1
P value
n"nxi7-1a 077210 ,PC1,2 n1dw - B.10 WX
Patient NC - % e
Control NC - I
Patient IP - —s

5
2 Control IP- o s
(i)
=
£ patientFo- _—
&

Confrol FC- Iy

Patient CO - — e

Control CO- o e

0‘3 0‘4 0‘5
emmean

nIuwN nNovn? ona 0'y1an, PC1, 2 n1dw - B.11 WX
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PC2

> Iml <-“1mer(PC2 ~ Target*Type + (1]ID), data = data)
> Anova(iml)
Analysis of Deviance Table (Type II wald chisquare tests)

Response: PC2
Chisq Df Pr(>Chisq)
Target 64.0247 3 8.109e-14 ##%
Type 3.0865 1 0.07894 .
Target:Type 39.9681 3 1.082e-08 #¥%
Signif. codes:
0 f#**%? 0,001 ‘**’ 0.01 **’ 0.05 ‘.7 0.1 “ ' 1

ANOVA nixxin , PC2, 2 n1dw - B.12 'X

0'"nyn7-019 0'77120 ,PC2 ,2 N2dYW - B.7 1720

contrast estimate SE df | t.ratio | p.value
Control,CO - Patient,CO 0.02206 | 0.02224 52.9 | 0.992 | 0.9737
Control,CO - Control,FC -0.03471 | 0.00949 | 2909.1 | -3.658 | 0.0063
Control,CO - Patient,FC 0.01633 | 0.02223 52.8 | 0.735 | 0.9955
Control,CO - Control,IP 0.03175 | 0.00958 | 2909.4 | 3.313 | 0.021
Control,CO - Patient,IP 0.03514 | 0.02224 52.8 1.58 | 0.7595
Control,CO - Control,NC -0.05317 | 0.00952 | 2909.2 | -5.585 | <.0001
Control,CO - Patient,NC 0.01723 | 0.02223 52.8 | 0.775 | 0.9937
Patient,CO - Control,FC -0.05677 | 0.02221 52.6 | -2.556 | 0.1956
Patient,CO - Patient,FC -0.00573 | 0.0065 | 2909.4 | -0.881 | 0.9878
Patient,CO - Control,IP 0.00969 | 0.02226 53 | 0.435 | 0.9998
Patient,CO - Patient,IP 0.01308 | 0.00653 | 2909.7 | 2.003 | 0.4801
Patient,CO - Control,NC -0.07523 | 0.02223 52.8 | -3.384 | 0.0274
Patient,CO - Patient,NC -0.00483 | 0.00653 | 2909.3 | -0.74 | 0.9958
Control,FC - Patient,FC 0.05105 | 0.0222 52.5 | 2.299 | 0.3134
Control,FC - Control,IP 0.06647 | 0.00952 | 2909.3 6.98 | <.0001
Control,FC - Patient,IP 0.06986 | 0.02221 52.6 | 3.145 | 0.0514
Control,FC - Control,NC -0.01845 | 0.00946 | 2909.1 | -1.951 | 0.5156
Control,FC - Patient,NC 0.05195 | 0.02221 52.6 | 2.339 | 0.2927
Patient,FC - Control,IP 0.01542 | 0.02225 52.9 | 0.693 | 0.9968
Patient,FC - Patient,IP 0.01881 | 0.00649 | 2909.2 2.9 | 0.0729
Patient,FC - Control,NC -0.0695 | 0.02221 52.6 | -3.128 | 0.0536
Patient,FC - Patient,NC 0.0009 | 0.00648 | 2909.3 | 0.139 1
Control,IP - Patient,IP 0.00339 | 0.02226 53 | 0.152 1
Control,IP - Control,NC -0.08492 | 0.00955 | 2909.1 | -8.892 | <.0001
Control,IP - Patient,NC -0.01452 | 0.02225 53 | -0.652 | 0.9978
Patient,IP - Control,NC -0.08831 | 0.02223 52.7 | -3.973 | 0.005
Patient,IP - Patient,NC -0.01791 | 0.00651 | 2909.3 -2.75 | 0.1083
Control,NC - Patient,NC 0.0704 | 0.02222 52.7 | 3.168 | 0.0485

81



Target

Type: Control Type: Patient

NG~
Fo-
"
0.001 0.01 005 01 05 1 0.001 0.01 005 01 05
Tukey-adjusted P value
D"N¥I27-019 0'7720, PC1, 2 N1Ow - B.13 WX
Target: CO Target FC Target: IP Target NC

Control -0.415 L ] 0.450 L ] 0.354 * 0489 hi
@©
=
'_

Patient -0.384 . 0.399 L 0.381 * (.398 F'

0.0010.01 0.081 051 0001001 0081 051 0001001 0.0B1 051  0.0010.01 0.061 051
P value

D"nx7-1a 07720, PC2, 2 N2Ow - B.14 WX

PC3

> Tml <- Tmer(PC3 ~ Target*Type + (1|ID), data = data)
> Anova(lml)
Analysis of Deviance Table (Type II Wald chisquare tests)

Response: PC3

Chisq Df Pr(>Chisq)
Target 19.3716 3 0.0002290
Type 12.1287 1 0.0004965
Target:Type 1.6113 3 0.6568375
Signif. codes:
Q “*%%’ 0,001 ‘**' Q.01 “*' 0.05 ‘.7 0.1 ° ' 1

E
EFE T
E

ANOVA nixxin, PC3, 2 n1ow - B.15 'X
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contrast estimate SE df | t.ratio | p.value
Control,CO - Patient,CO -0.0851 | 0.03 68.2 | -2.839 | 0.1023
Control,CO - Control,FC 0.01493 | 0.0185 | 2909.3 | 0.806 | 0.9928
Control,CO - Patient,FC -0.07433 | 0.0299 67.9 | -2.483 | 0.2206
Control,CO - Control,IP -0.03193 | 0.0187 | 2909.9 | -1.707 | 0.6826
Control,CO - Patient,IP -0.11791 | 0.03 68.1 | -3.935 | 0.0046
Control,CO - Control,NC 0.01097 | 0.0186 | 2909.4 0.59 | 0.999
Control,CO - Patient,NC -0.09884 | 0.03 68.1 | -3.299 | 0.0314
Patient,CO - Control,FC 0.10003 | 0.0299 67.5 | 3.346 | 0.0277
Patient,CO - Patient,FC 0.01077 | 0.0127 | 2909.9 | 0.849 | 0.9902
Patient,CO - Control,IP 0.05316 | 0.03 68.7 | 1.771 | 0.6416
Patient,CO - Patient,IP -0.03282 | 0.0127 | 2910.6 | -2.574 | 0.1657
Patient,CO - Control,NC 0.09607 | 0.0299 67.9 | 3.208 | 0.0403
Patient,CO - Patient,NC -0.01375 | 0.0127 | 2909.8 | -1.079 | 0.9611
Control,FC - Patient,FC -0.08926 | 0.0299 67.2 | -2.989 | 0.0714
Control,FC - Control,IP -0.04686 | 0.0186 | 2909.7 | -2.522 | 0.1866
Control,FC - Patient,IP -0.13285 | 0.0299 67.5 | -4.444 | 0.0008
Control,FC - Control,NC -0.00396 | 0.0185 | 2909.2 | -0.215 | 1
Control,FC - Patient,NC -0.11378 | 0.0299 67.4 | -3.807 | 0.007
Patient,FC - Control,IP 0.0424 0.03 68.3 | 1.414 | 0.8479
Patient,FC - Patient,IP -0.04359 | 0.0127 | 2909.6 | -3.443 | 0.0135
Patient,FC - Control,NC 0.0853 0.0299 67.6 | 2.852 | 0.0993
Patient,FC - Patient,NC -0.02451 | 0.0127 | 2909.8 | -1.938 | 0.525
Control,IP - Patient,IP -0.08598 | 0.03 68.6 | -2.864 | 0.0963
Control,IP - Control,NC 0.0429 0.0186 | 2909.4 | 2.302 | 0.2929
Control,IP - Patient,NC -0.06691 | 0.03 68.5 -2.23 | 0.3476
Patient,IP - Control,NC 0.12888 | 0.0299 67.8 | 4.306 | 0.0014
Patient,IP - Patient,NC 0.01907 | 0.0127 | 2909.8 | 1.501 | 0.8074
Control,NC - Patient,NC -0.10981 | 0.0299 67.8 | -3.669 | 0.0107
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Movement patterns to the center targets (near, far) in the stroke group shows as differences from

the control group in the

NI'TIINN NNLVNA 12AY7 AYIAN NINAN — C1 N90)

niIanzn nNonn (2 0'TIMN 770 - B.9 1720

Controls difference from subjects with stroke
Target-Group

Measure NC, Healthy NC, Healthy FC, Healthy FC, Healthy

NC, Patient FC, Patient NC, Patient FC, Patient
Time [sec] -0.999** -1.072** -0.968* -1.04**
IC score 0.06 0.056 0.07 0.066
MTVW [mm/sec2] 14.271*** 12.397** 17.187%** 15.313***
tRPL [mm] -8.27* -12.447** -6.9° -11.077**
tRFA [deg] -10.733*** -10.495*** -9.368** -9.13**
tPPL [mm] -7.015 -9.989** -6.789 -9.463*
tPFA [deg] -3.656 -7.773 -3.112 -7.229
tYPL [mm] -7.166* -8.891** -6.87* -8.595%*
tYFA [deg] 9.557*** 9.719*** 9.359** 9.521%**
tFDPL [cm] -9.446%** -11.935*** -9.276%** -11.765%***
paPL [mm] -7.048 -10.21 -5.172 -8.334
paFA [deg] -7.267 -6.298 -5.854 -4.886
paNPTV -0.863 -1.147 -0.383 -0.667

Signif. Codes: 0 “***0.001 ‘**’ 0.01 “* 0.05°°’0.1°"1

Significance values are for the difference NC target from FC target.
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Within healthy control Within patients'
Target- difference difference Healthy differences from patients
Group FC, FC, FC, FC FC, FC co, P
Health Health Patient - Health ’ Health '
~ Y ~ y _ Patient B v Healthy ~ v Healthy
Measure = — _
co IP Cco Cco (6(0)
¢ ! L IP, Patient ! IP, Patient .' IP, Patient
Healthy Healthy Patient Patient Patient
Time [sec] -0.017 0.012 -0.097*** 0.008 -1.138%** -1.04** -1.023** -1.045%*
IC score 0.003 0.011 -0.012 0.012* -0.062 0.078 0.049 0.067
[ml\r/mlw?s/(\al\éz] -2.425%%* 5.533%%* -0.415 1.631%+* 14.898*** | 16.944%** | 17.323%** 11.422%*
tRPL [mm] -2.681%** 2.007** -3.524%%* 4.049%** | -14.601%** -7.028° -11.92*+ -9.035+*
tRFA [deg] 3551%%% | 3.966%* 0.392 0.966 8738 81657 187 12131
tPPL [mm] 0.643 0.802 1.268 0.908 107317 85557 -10.0887* 9.357*
-6.451 -6.732 -6.869 -6.349
tPFA [deg] 0.418 -0.102 0.778 0.497
tYPL [mm)] -0.639 0.993 -1.829%** 0.563 1042475 | 80317 97857 95877
tYFA [deg] 0.224 0328 0415 0.612° 9.106** 10.133*** 9.128** 9.8052%**
tFDPL [cm] -0.044 0.204 0.246 0.402 -11.519%*% | -11.363*** | -11.474%** | -11.567***
paPL [mm] 1.158 _4.389%** -0.797 22.249%%* -9.13 -10.583 -10.288 -6.195
paFA [deg] 2.073%* _8.245%** 0.359 0.244 --4.527 -4.642 -6.6 3.603
paNPTV 0.162 0.671%* 0156 0.355° -0.823 -0.311 -0.986 -0.982

Signif. Codes: 0 “***’ 0.001 **' 0.01‘*” 0.05°°’0.1°"1
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Subjects Data Application

Select subject Show 20 7| entries

Subject Type Choose specific iria time prAngle pyAngle tRoll tPitch t¥aw FD
= Haalthy Set:
Pa 1 0.00 103.90 413 0.00 000 0.00 0.00
Patient 1 -
Choose subject 0.00 104.15 40,54 0.00 0.00 0.04 0.00
Trial: o) 5 =3 “ o i + 1
- - 3 0om 104.43 4053 0om 0 0.07 0.0
1 -
4 0.02 104.74 4008 0.02 0.02 0.1 0.m
- Iy e 1 3 105.08 W60 4 5 5 0
Subject Card Shhow data
Show specific variable to examina 6 0.04 105.44 3910 0.05 007 018 000

behavior throw time: press explore

e 0.05 38 58 0 022 o
A
Ge Choose variable to plot 8 3 0.26 0
tRoll - ] 0.06 106 65 3756 009 0.16 029 000
1 7 1 9 707 010 L] £x] i
Sheow
" 0 10754 0 010 2 K 0
/ 1 2] 1 i) k. 10 024 42 o
/
‘J# | 0 108.4 5 0.10 7 4 0
f 14 0 108 84 5 42 g 4 2 l
| 15 1" 109.41 sn ] 32 3 o
|
| 16 12 1 3488 4 0
J ,
1 3 33 3463 5 35 2 02
|
| 1 E] 344 0.38 9 02
f
{ 18 5 1123 3430 1 § 0 0
|
/ 20 0.15 111.68 318 0.03 038 094 o.02
."’I
e Showing 1 to 20 of 103 entries
: 03 4
T
5 6 M

Ayedet Davidi, Reasench thesis vizualizaton
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Subjects Data Application

Demographics Movement Trajectories Change Point Kinematic Measures

p - Am-Plane & Trunk Arm-Plane & Trunk DoF Joints DoF Correlation

Select subject

NC Target FC Target CO Target IP Target
Subject Type — 6| 6 6 L 6
= 3| 2= 4 - 3 T 4
o Healthy 2 § 2| 2 f 2|\ 7 2 —_
i 20 o= s I e
Patient -3 —J 4l -4 4
0 0.5 0 0.5 0 0.5 0 0.8
Choose subject = B 2 . e
- S8 S5 N ==
&9 J i -2 S\ N :I i
-4 t -4 | -4 N -4 |
0 5 0 0.5 0 0.5 0 0.5
Subject Card ol . 1 . ==
o E 4 Vi s 5
Subject ID L O o~ 0 [~ 0 e Dim-/
Subjec : - — —
Gr -1\ 1 1 =l
Ag 0 0.5 0 05 0 0.5 0 0.5
Ger
Coy D 120 | 120 ; 120 - 120l
< @ 40 20 N 20 - 120
Ye aa l)(';-"&-g / /\_ :
= 100 § 100 100 1/ 100 ¥/
0 0.5 0 05 0 0.5 0 0.5
Time (Sec) Time (sec) Time (sec) Time [sec)
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Subjects Data Application

mant Trajectories

e & Jainits
Select SUbjEC[ Show 20 7| entries
Subject Type specific trial time sExt shd sint aExt aSup wExt wilkdl
Haalthy
o 1 000 1927 4286 00D 14205 000 2542
= Patiant -
Chw bisct 2 om -19.46 4272 014 14172 S| 2550 2637
D056 SUDjec
Trial:
. = 3 002 1967 4280 031 14130 046 2556 2647
3 -
002 1950 42 83 045 14080 074 2566 26.58
. Trials Target CO 5 003 20014 4301 069 1,05 2576 26T
Subject Card fat
specific variable trow tima: press B 004 2035 4315 0.90 2588 2687
Subjec explare more and choose . . i
7 005 2064 4332 142 -1 2606 2T 06
Choose variable to plot
eExt 8 006 2090 435 138 137.7% 217 2628 2T
=i e
9 006 2115 4amn 158 259 2657 TE
She 10 T 2139 4392 181 301 26.90
4 1 008 2160 4412 202 134T 342 2726 2833
\
\ 12 009 2180 4430 220 13378 379 276 2871
‘l]l 13 010 2195 4444 235 13298 4.12 2794 25.06
III 14 011 2206 4454 245 1R 440 2823 BW
|I 15 012 2217 44 60 252 13180 462 2847
g \
1 1% 012 465 25 482 2869
I" 17 01y -22m 44 69 -261 1389 -5.00 2894 3014
\ =
\ 18 014 2235 M7 286 1N 521 2927 3048
\
II_ 195 015 2250 4491 275 12947 547 2972 30.92
[
"\,."r 20 016 2265 4514 289 12834 3033 s
Showing 110 20 of 197 entries
304 5
10 Mext
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Subjects Data Application
Demagraphics Maowvement Trajectories Change Paint Kinematic Measuras
Tp - Arn-Plane & Trunk ArmePlane & Trunk DoF Joints DoF Comelation

Select subject Mean NC Target Correlation

. Target
L=}
— ype NC - Mean Correlations toward the NC Target:
Healthy
Patient
s Chodds specific tial 1o compare his oormelation io o ef é‘l‘*
- 1P 2 an comelation of this lasget
Choose subject
Set: 1]
-
2 - 0.8
o4
n Trial:
Subject Card 2
33 - R
0
Subject ID .
Show Comelation of specific trial a2
a4
08
ot ]
A
Choosen trial - Set: 2, Tnal: 33
Specific Choosen trial Cormelations:
s 2 Y
F & 95"? & ;“‘ @* LA
#Ext 0.35 066 0.22 0.M 0.3 .
s4d 048 052 03T 041 D4l .

eExt 041 0.56 -0.39 06T 096 001 9.2

eSup 841 0
wilt (%] az
wid 0.29 a4
tRol o
sl
tPitch

NOW NX 1INA7 N1 NN AT 27wn NIRYIND NNjRoa ,Change point ,n'w™win n1aizna
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Subjects Data Application

Demographics Movement Trajectories Change Point Kinematic Measures

Choose Layer of the data:
® Layer1 © Layer2

PCA Segmented Regression Explore more Breakpoints Analysis
Healthy Patients
Show (25 v | entries Show entries
PC1_mean PC1_var PC2_mean PC2_var PC3_mean PC3_var PC1_mean PC1_var PC2_mean PC2_var PC3_mean PC3_var

029 0.00 -0.02 0.00 0.02 0.00 029 0.00 -0.02 0.00 -£0.02 0.00
-0.19 0.00 00 001 0.02 0.00 019 0.00 001 0.01 002 0.00
025 0.00 017 0.01 0.02 0.00 025 0.00 017 0.01 0.02 0.00
029 0.00 003 0.00 0.02 0.00 029 0.00 003 0.00 002 0.00
-0.18 0.00 -0.03 0.00 -0.02 0.00 -0.18 0.00 -0.03 0.00 -0.02 0.00
-026 0.00 015 00 0.00 0.00 026 0.00 015 0.01 0.00 0.00
0.26 0.00 0.07 0.00 0.00 0.01 0.26 0.00 0.07 0.00 0.00 0.01
-0.12 001 013 00 003 0.00 £0.12 001 013 0.01 003 0.00
-0.27 0.00 0.02 0.00 0.01 0.00 -0.27 0.00 0.02 0.00 0.01 0.00
014 001 020 00 003 0.00 014 001 020 0.01 003 0.00
022 0.00 007 0.01 003 0.00 022 0.00 007 0.01 003 0.00
-025 001 0.09 0.01 .01 0.00 025 0.01 0.09 0.01 -0.01 0.00
007 0.03 0.15 0.01 -0.06 0.02 007 0.03 015 0.01 -0.06 0.02
-017 001 -0.16 0.01 0.01 0.01 017 0.01 -0.16 0.01 0.01 0.01
-0.14 0.02 0.12 001 0.04 0.01 014 0.02 012 0.01 0.04 0.01

Showing 1to 15 of 15 entries Previous Next Showing 1 te 15 of 15 entries Previous
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Subjects Data Application

Demographics  Movement Trajectories | Change Poinl | Kinemaic Measures

Chaose Layer of the data:

® Layer1 Layer 2
PCA Segmented Regression Explore mare Breakports An.
Choose variabde:
Summary resul Type B Comwl B Fatent
M1 _x -
1.00
0.75
=
o
S050
0.25
co FC P HC
Target
Show [10 ¥ |entries Search:

I Type o Set:  Trial.  Target - Mix: My Mi_z. MIx' M2y Mz’ MIx. My Mz Mex My Mz M5x' MSy  Miz PC1. PCZ. PO
Contiol 1 0 FC LT3 021 048 078 026 084 026 049 03 048 am 039 060 0.39 048 077 045 020
Contral 1 noNC 080 oz 042 0.83 028 0.48 on 060 (313 057 083 041 or 0.50 046 0me 053 03s
Condrol 1 12 P -2 oTa 042 076 062 047 026 (=13} 080 052 o088 (223 067 040 oars (13 035 036
Gontrol 1 13 ONG L1 0z3 044 [kl 026 047 030 L1 032 054 08z 041 062 036 042 074 043 074
Control 1 [T a3 L 038 078 045 o.41 024 [T [X13 047 [11] 633 0.83 035 088 08 042 033
Condrol 1 15 CO a7 oTe 03 066 021 043 o8 042 035 03a osT 033 045 on o038 ove o4 oTo
Contiol 1 16 FC [T 025 047 081 029 0.49 028 054 033 052 068 042 081 0.40 048 081 049 074
Control 1 17 NG ore ors 042 or0 020 0.48 024 054 024 04 o ox 062 0.40 059 L) 043 037
Condrol 1 1% FC 030 024 045 086 035 050 028 (1] 03 o051 oTs 03 064 042 040 (1] 052 0as
Contiol 1 LER ol o7 047 0.19 060 0.50 034 om .32 055 [rn I 0T 0.41 04T 088 048 034
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Subjects Data Application

emographics Movement Trajectories Change Point Kinematic Measures

Choose Layer of the data:
s Layer1 Layer 2

Group: Select Subject: Set: Trial:
« Healthy

Patient

Select Select

Select Variable
M1_x - -
— fr/""‘

o
AR LR L N L I R SR
02 04 0 (7] 1

Time

Ayelet Davidi. Reaserch thesis vizualization

SJN'YUN NI DY 2y nonni NXIQp7N NYOYN NIN1) NXAN NN

92



Subjects Data Application

Demagraphics ~ Movement Trajectories | Change Point  Kinematic Measures

Choose Layer of the data:
Layer1 @ Layer2

PCA Segmented Regression Explore more Breakpoints Analysis
Select Variable IMocel
PC1 - [1] "PCl~Type~Target + (1]1D)"

prem— Anova results
Fit | Difis |

Analysis of Deviance Table {Type II Wald chisquare tests)

Response: PC1
Chis

q
13.1
37.8

)

arget 40.

Signif. codes: 8 “*"*? 8.881 “*T7 @.81 77 B.85 .7 B.

Post-hoc Differences

Control,NC - P

estimate SE  df t.ratio

-8.151% 8.0328
8.0150 8.2164 2909
-8.1315 8.0325
-8.1127 0.0165 2
-8.1542 8.0325
-8.8455 B.9164 290
-9.1411 B
8.1668 @
8.0204 8
8.0301 8,032
-8.0024 8.0113 25
8.1054 @.@325
8.0107 @.2113 2909
-8.1455 8.09325
-8.1277 B.2164 2989 -7
-8.1692 B.2325
-8 5 88163 2089 -
-8.1561 8.0328 57
8.0188 .@325 S8
-8.0228 0.0112 2909
8.0850 @.@325 57

-8.2415 8,232 s8
8.0662 B.B165 2989
-B.8285 B.0326 58
8.1878 8,033 57
8.0131 8.2112 2909
-8.8947 8.0325 57

P value adjustment: tukey method for comparing = family

Ayelet Davidi. Reaserch thesis vizualization
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Subjects Data Application

Demographics Movement Trajectories

‘Whole movement Segmented movement

Select Variable

iRFA -

Fit Model Diffs

Type B Healthy B Patient

-

3

tRFA

Change Point

NG FC co 3

Target

Ayelet Davidi, Reaserch thesis vizualization

Kinematic Measures

FA-~Type*Target + Gender + Affected_Side + (Country|ID)"

Anova results
Analysis of Deviance Table (Type II Wald chisquare tests)

Response: tRFA
Chisq DF Pr{>Chisqg)

Type 51.26 1 8.1e-13
Target 71.49 3 Z.ge-15
Gender 8.38 1 8.5
Affected Side 298.64 1 < 2e-16 ***
Type:Target 183.73 3 < Ja-16 ***

signif. codes: @ **7’ £.8R1 *T7 B.21 *7 9.85 .7 8.1 ' 1

Analysis of Variance Table
Of Sum Sq Mean Sq F value

Type 77 1.8
Target 978 23.68
Gender 266 6.43
Affected Side 12384 20%.8%
Type:Target 1433 34.58

Post-hoc Differences

contrast estimate SE  df t.ratio p.value

Healthy - Patient 7.72 1.18 34.4 -6.538 <.@081

Results are averaged over the levels of: Target, Gender, Affected_Side

Target = NC:
contrast
Healthy - Patient

estimate SE  df t.ratio p.w
-9.16 1.26 46.7 -7.278 <.@REL

e

estimate SE  df t.ratio p.value
-7.56 1.26 46.4 -6.008 <.0861

estimate SE  df t.ratio p.value
-3.62 1.26 47.8 -2.868 ©.0862

estimate SE  df t.ratio p.value
-18.56 1.26 47.1 -B.368 <.@881

Results are averaged over the levels of: Gender, Affected_Side

D'772NN '"N'YAN DAXIN ,NLVN TIVa

Targer = N
contrast estimate SE  df t.ratio p.value
- Patient  -9.16 1 278 <.eesl

estimate SE  df t.ratio p.value
.56 1.26 46.4 -6.808 <.0@OLl

estimate SE  df t.ratio p.value
y - Patient  -3.62 1.26 47.9 -2.850 ©.0862

= 1P
contrast estimate SE  df t.ratio p.value
1thy - Patient -1@.56 1.26 47.1 -8.368 <.0@9l

Results are averaged over the levels of: Gender, affected_Side

Target: NG Tamget: FC Target: GO Target: IF Tvoe: Heslthy Tvee: Patient
cot) ==
Patient =
FG T
2 H
= o
= -
NCf=h ‘ =]
Heaithy ==
L8 B, an]
0.001 0.001 0.001 0.001 0.000.01 0051 0.51 0.000.01 0.081 0.51
P value Tukey-adjusted P value

,TN' NI2DWN N7'NN 12N0) ]'1|7'7II'1YJ|'1 NVYINNN N1'N1a
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Subjects Data Application

Demographics  Movemenl Trajectories  Change Point  Kinematic Measures

hole movement ‘Segmented movemen
Select Variable Both layers examintion Single Layer examintion

tRFA - Analysis of Daviance Table (Type 11 Wald chisquare tests)

Respanse: TRFA

Fit Mode! Chisq DF Pr{>Chisq)
Type 8.18 1 .7527
seperation_Method 0.18 1 0.6743
Part_in_motion 2.59 1 .1074
Type:Seperation_Method 6.6 1 ©.4956
Type:Part_in_motion 10.64 1 0.0011 **
Seperation_Method:Part_in_motion 8.18 1 .6743
8.46 1 0.4956

Type:Seperation_Method:Part_in_motion

*8.8B1 Tt BBl T’ B85 .0 B.1C 0 1

signif

Linear mixed model fit by maximum likelihood ['lmerMod’]
Formula: tRFA ~ Type * Seperation_Method * Part_in_motion
Data: seglP

+(Country

Control: ImerControl(optimizer = "bobyga")
AIC BIC  loglik deviance df.resid
sa12 581 -2491 4982 785

Scaled residuals
Min 10 Median 3 Max
-3.563 -0.502 -0.840 ©.535 3.451

Random effects:

Groups  Name Variance Std.Dev. Corr
1 (Intercept) 179.3  13.39
CountryIL 115.5  10.75  -0.95
CountryIN  97.7 9.88  -8.68 .55
Residual s8.0 7.67

Number of obs: 728, groups: ID, 45

Fixed sffects:
Estimate Std. Error t value

(Intercept) 3.332+80  1.64es80 2,83
Typeratient -1.47e+80  2.0Besd0  -1.19
Seperation_MethodLayer 2 £.31e-15 139288 8.00
Part_in_motioniecond part -2.76e+88  1.392:80  -1.99
TypePatient:Seperation_MethodLayer 2 -9.88-15  1.sSesde  e.0@
TypePatient :Part_in_motionSecand pa 3.802+80  1.65es80  1.K2

n_MethodLayer 2:part_in_morionsecond part -1.57e+B0  1.962+80  -0.80

Separa
TypePatient:Seperation_Methodlayer 2:Part_in_motionSecond part 1.50s+B0  2.332+80  ©.68

Ayelet Davidi, Reaserch thesis vizualization
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Target = NC:
contrast estimate SE df t.ratio p.value
First part,Healthy - Second part,Healthy 2.32 2.77 338 0.837 0.8370
First part,Healthy - First part,Patient 1.85 3.84 134 B.345 B.9868
First part,Healthy - Second part,Patient 1.12 3.e4 134 ©.367 B.9830
Second part,Healthy - First part,Patient -1.27 3.04 134 -8.217 8.9758
Second part,Healthy - Second part,Patient -1.2@ 3.4 134 -8.396 @.9799
First part,Patient - Second part,Patient 0.07 1.77 338 0.837 1.00800
Target = FC:

contrast estimate SE df t.ratio p.value
First part Healthy - Second part Healthy 3.05 2.77 338 1,108 ©.6900
First part Healthy - First part Patient 2.44 3.84 134 B.382 B.3538
First part Healthy - Second part Patient 2.56 3.04 134 ©.842 0.8340
Second part Healthy - First part Patient -8.61 3.04 134 -8.281 8.9978
Second part Healthy - Second part Patient -8.49 3.84 134 -.162 ©.9989
First part Patient - Second part Patient ©.12 1.77 338 0.868 1.0000
Target = Co:

contrast estimate SE df t.ratio p.value
First part Healthy - Second part Healthy 4.31 2.77 338 1.557 B.4050
First part Healthy - First part Patient 6.43 3.84 134 2.115 ©.1538
First part Healthy - Second part Patient 6.10 3.04 134 2.007 0.1910
Second part Healthy - First part Patient 2.11 3.64 134 .95 B.8908
Second part Healthy - Second part Patient 1.78 3.84 134 ©.587 ©.9360
First part Patient - Second part Patient -8.33 1.77 338 -8.186 ©.9980
Target = Ip:

contrast estimate SE df t.ratio p.value
First part Healthy - Second part Healthy 1.36 2.77 338 0.492 0.9610
First part Healthy - First part Patient -B.28 3.84 134 -B.BU3 1.8648
First part Healthy - Second part Patient -1.10 3.04 134 -8.361 ©.9840
Second part Healthy - First part Patient 1.65 3.04 134 -8.542 8.9408
Second part Healthy - Second part Patient -2.46 3.84 134 -8.818 ©.3589
First part Patient - Second part Patient -8.61 1.77 338 -B.461 8.9670

P value adjustment: tukey method for comparing a family of 4 estimates

Part in motion: First part art in motion: Second par 111 Type: Hesthy Tvpe: Patient

Hasithy |- | First part =] =]

Type

Part_in_motion

Faent{ | o] Second part ] =

05 05 0.05 0.4 05 00504 05
Pvalue Pvalue
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Interaction with Target

759

Linear prediction

0.09

Part in motion: First part

Fart m motion: Second part

NC

FC co P

Group

- Haslthy
— Patient

!

FC co P
Target
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Demographics ~ Movement Trajectories  Change Point  Kinematic Measures
NLEER PR Segmented movement
. Both layers examintion  [EERNIENTETEL T
Select Variable !
1RFA M Choose Layer of the data:
@ Layer1 o Layer2

Fit Model
analysis of Deviance Table (Type II Wald chisquare tests)
fespans

Chisq DF Pr{>Chisq)
Type 0.20 1 8.651
Target 417 3 8.243
Part_in_motion e.74 1 8.389
Type: Target 6.36 3 8.096
Type:Part_in_mation 3.89 1 8862
Target:Part_in_motien 0.4 3 8.932
Type:Target:Part_in_motion 8.38 3 8.944
Signif. codes: B ‘**%7 8,801 T**7 081 %0 B85 C.0 8.1 €' 1
Analysis of Variance Table
OF Sum Sg Mean 5q F value

Type 1 9.8 9.8 0.0
Target 3 190.8 6.3 1.30
Part_in_motion 1 35.4 35.4 8.74
Type: Target 3 3e3.2 1011 2.12
Type:Part_in_mation 11855 1865 3.4
Target:Part_in_motien 3 210 e 8.5
Type:Target:Part_in_motion 3 18.2 5.1 8.3
contrast SE df t.ratio p.value
Healthy,First part - JFirst part 2.408 2.278 45 1.857 @
Healthy,First part - Healthy,Second part 2.761 1.388 338 1.903 8
Healthy,First part - Patient,Second part 2.169 2.278 45 @.952 @
patient,First part - Healthy,Second part 0.353 2.278 45 0.155 @
Patient,First part - Patient,Second part -8.248 8.383 338 -8.271 8
Healthy,Second part - Patient,Second part -0.593 2.278 45 -8.260 @

Results are averaged over the levels of: Target

P value adjustment: tukey method for comparing a family of 4 estimates
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performed on the change points of the PC's and the change points mean by target (to each
subject). Therefore, each subject has four unique change points, one to each target.
Kinematic measures including classics as tangential velocity, degree range of movement,
path length, and final angle, for both, the whole movement and the segmented movement,
were calculated for each of the compensation trajectories and for the endpoint, the wrist. To
the chosen measures, multiple linear mixed models with random effects were fitted to
examine the effects of the group factor, target factor, and their interaction. The kinematic
measure computed twice for the segment movement, each one to each layer due to differences
in the estimated change points while in the analysis of those results within-factor for the part
in motion was added to the model and the second and third interaction was examined.
The result showed that the patients had different strategies compared to the control (healthy)
subjects which had similar movement patterns. The patients also use new degrees of freedom
in the reach-to-grasp movement characterized in lifting the elbow and great use of the trunk.
The task duration was longer, the motion was less smooth and wasn't a similar movement
pattern expressed in un-unique scatter of the movement trajectories. The patients had bigger
path lengths of the trunk and arm-plane and a similar phenomenon has been seen toward the
different targets. However, final angles dedicated to similar final positions on the control
group while the patients characterized in higher variance. Moreover, the result showed the
use of the compensation movement in the segmented movement (by the change point) in both
parts of the movement on the patients' group. Although the nonsignificant differences of the
final angles between the groups in both parts of the movement, the variance of the patients
are higher. Also, although the differences in the path length between the groups, the similar
use between the target has been constant. The segment movement, separated by the first layer
of the data, the raw data layer, characterized in a within-group similar between the parts of
the movement. The second layer, the degree of freedom layer, characterized in different use
between the parts of the movement while on the first part the patients had a low use in all
three trunk rotations and high use in the elbow which does not depend on the target location.
The second part of the movement, however, had similar use in the trunk and arm-plane
between the groups. Therefore, we hypothesis about the similar in the movement measure on
the first part and the differences in the second part which haven't found.

Key words: Stroke, Compensation movement, Change-point, Pathological synergies,

Segmented movement
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Abstract

One of the common disorders in post-stroke patients is a motor disorder which may lead to
secondary complications. The motor disorder is characterized by limitation in motion range
and decrease in the whole range of movements. Motor control is the process by which humans
activate and coordinate muscles and limbs as part of the performance of a motor skill. This
process requires interaction between the central nervous system (CNS) and the
musculoskeletal system, where the components involved are required to act in unison to
produce movement. This coordination problem encapsulates issues of hard-weird reflexes,
synergies, redundancies, and variability, making the understanding of the process involved
complex. New movement strategies are adopted to compensate those impairments in daily
activities such as drinking water. Examination of the compensation movements can help in
the rehabilitation section by focusing the therapist about the patient strategies and that way
leads to minimizing the secondary impairments caused by the newly adopted strategies.

This research deals with the analysis of the compensation movement in post-stroke subjects
in reach-to-grasp movement compared to a control group and to the spasticity common
measures. Examination of the compensation movement includes four targets which can be
separated into two kinds of targets, near versus far center targets, while the far center targets
include one middle, one contralateral and one ipsilateral. The trunk rotations and the arm-
plane angle trajectories were computed, and endpoint measures for movement assessment.
Furthermore, the research aims to examine the existent of change point in the movement
which divides the movement into two sub-movements while on the first part of the movement
the subject raised their arm and on the second part, they reached toward the target by
extension the elbow. Estimate the change point will perform on two layers of the data: the
first layer of the data, the raw data layer, the recorded data from the reach-to-grasp movement,
and the second layer of the data, the degree of freedom layer, which includes both the
compensation movement trajectories and the upper limb joints angles' degrees of freedom of
the wrist, elbow and shoulder. Computations of the change points performed on each layer
of the data and have a pre-stage which examine the correlation between the variables and
proceed to implement the algorithm, performing first data reduction with Principal
Component Analysis (PCA) and second fitting a segmented linear model to each PC
component to estimate the change points. In fact, in order to have unique change points, each
trial of the reach-to-grasp movement (of each subject) had three change points, one to each

PC and therefore a weighted average based on the percentage of variance explained
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