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Abstract

In this study, young participants (n=29) were instructed to perform
functional reaching task with their right upper limb in motor execution (ME),
motor imagery (MI), motor observation (MO) and mirror visual feedback (MVF).
While executing the tasks, brain activation at motor-related area, including
primary motor cortex (M1), premotor cortex (PMC), and supplementary motor
area (SMA) were monitored by functional near infrared spectroscopy (fNIRS)
simultaneously. Results showed that the motor-related area, including M1,
SMA, and PMC, are significantly activated while ME, MO, and MVF. Moreover,
the brain activation pattern during ME, MI, and MVF are significant similar.
Therefore, MVF and MI could be applied as an alternative clinical training
strategy for individuals who are with upper limb impairment such as stroke
patients. The MVF will be recommended for individuals with unilateral limb
hemiplegia to facilitate higher and more areas of brain activation. Furthermore,
the Ml may be suggested to individuals with bilateral limb impairment who
cannot move actively.
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AR FEL BN NP pend 4 F4 F L 202 - 5@ FoRT A4 Q\-m]]i:,%
€ % 2 L ik Rranf-a)(Hemiparesis) o & fgsk 3 R 0 SR E9R 4;; v R > MRAR s
HEG 15-20% 0 @ TRa SR P FEARIGF 80% 0 d T R S bR H 2 F R
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TER A GRBAEBFRE NSRRI AR AR R EEE ORGSR F F R
7 fEE (ERC O F @ sk WKk @ 2T 9 %44 7 (Motor execution, ME) T #: 1. i (Motor
Imagery, MI) |~ T # i¥ % (Motor Observation, MO) ;| 2 T 4 i§#> i¥(Mirror visual feedback,
MVF) |

M A 7(ME) | 1 BEZBUEWHGTIHR2IFTER 640l T £5F - £ 3 86
FFEE T H T (M) B REE PR AP I Bk A iF o k3 g F Ee
§8 % iT(Jeannerod, 1995; Mulder, 2007) - " # it (MO) | | F_3%ERF R » 3% d (F
(7 % (Ceravolo, 2016) « " &t ffd (£ (MVF) | BoA= 4 ié * G Bl & voof a4 &b o e rg ig
=50 7 & ¥ o= »r(Ramachandran & Rogers-Ramachandran, 1996) ; p v » # 4% * *t ¢
BRSPSy o kR ok (affected limb) st 4+ 15 0 BBELT hE SRR R
18 mﬁv T & 24 F &1+ % % (reflective illusion)(Thieme, 2018) » 18 i B 5% 0 A& {7 4p F eds
E(R- )t A » 238 A iv8 ¥ (Motor Learning)t & 7 7 F 42 & ¢ 5 (Jeannerod,
2001) . @ TP#irw i ~T @ TR T s 7, Fla mé EEIS TR A Fovp B 0F
¥ =iy sk > 5V (Eaves, et al., 2016; Mateo, et al., 2015) » Fla LR L& * *rih 4
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Wy W R # o ek g 2 (functional Magnetic Resonance Imaging, fMRI) ~ &
%7 % #%° (Positron Emission Tomography, PET ) # *& % Bl (Electroencephalography, EEG)
FHARFLREBFAA GBI AR AR RiFeh, 2 THFRS
Pren= s b a8 T = | phent 5555 1 2 ;8 4p 5 (Filimon, et al.,, 2007; Gazzola &
Keysers, 2009; Jastorff, et al., 2010; Szameitat, et al., 2007) - k@ » }#F= 7 RE > @
fMRI~ PET » 2 EEG #¢7 # “%”'J » £ 2 F iRl 2 g afE w4 fMRI 2 PET = *:?a{
P EIMERET Y & +|L7»fn m EEG R E_% X PG eq AL ar R e Fpt A w2 7 7 i
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(flexion and extension) % {5 ¥ # i¥(Sitaram, et al., 2007) » $>"# 7 & 7 % B & cns i (4 d
(T2 PH3RGE A5 0 Glhe B poy 4 FE AR cht S ¥ f(reachlng) PR FE .
WE R H B Aae % #0235 e v kg o (functional near-infrared spectroscopy,
NIRS) k453 M iFow ffo ~ T iELse ) 2 TR ERE ) #3025t i i 2 H R
? R EFUG] o F @ v INIRS 5 ;44 7 £ 374145 (Hand grasping) 2. " #: v i~ M8 1T

=3 ngxmimpﬁf Z AT FrAjug i 2 E bR e 7 A & EH L (primary motor
cortex, M1) ~ = & & F (premotor cortex, PMC) - @ﬁvérp“ B4 W (supplementary motor area,
SMA)% &6 4p b % % (An, et al.,, 2013) - @ 74> o iy Ry * fNIRS #5+%

TR 2 TE iR W RN, é’“%\IFL #ﬁcm‘*&ﬁ T TR PERRR
=it L B (Zhang, et al.,, 2019) - 2 # M1 § %sﬁ@v JL IEEAMELEd M1 LT @ LU 2
e % SMA B R 5 B é‘ FAAZFLERAL FELY | F iR T -PMC

Rl ds (T3g & 2 2405 M ’;?&’1(%5@#}9‘»%9’!& j/\ (Murata, et al., 2015) -

AWAEARMAT L ST e F T e i TR a2 TgmiiE | prens igig it
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it AR o

AT 1 mﬁﬂ p e
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*~# 7 it * fNIRS (NIRSport2, NIRx Medical Technologies LLC, Glen Head, NY, USA)
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(deoxygenated hemoglobin, HbR)$* 37 %= ¢h sk e e 2 |7 > & F %”gr} Tk vk Sk sk e
Teit 3B R hg § R R DRINE IR o

~# 73 i * 2 NIRSport2 s st# 7 8 1 source {- 8 i# detector (Bl = )> #1345 W% 10-
5 )+ ¥ (International 10-5 system)(de Klerk, et al. 2015)#;‘{(@1 ERI) * kg BY hE
FHRFEREH IR (B ) PHRwRREe 7 BRI *PMC -~ 2 SMA - R %P5 > X2
#g ok e o Fou s A HF INIRS A 48(% 350 = )*—’ * &)

Bl= km(source)sd diiT iz ¢k Sk o i P B (detector)f Tk R 12 kS 5 AR B P F F IR
A _‘rﬁ:ilg(channel) » ¥ iRl channel 4p ¥/ % 3 % S & F2E 1 535 o (B A NIRX
F )
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4. i 1 (MVF)

WRREA S L BHRET  BR DA S (L) SRR BE T IR B &
BE L (L )R TBRE A BT R PR BB R E R A S (2 )R
ﬁﬁwHmﬁm,diwﬁuaﬂwqm¢ﬁ,gﬁ%ﬁﬁaﬁaﬁﬁﬁ FE*80% » 1T irEy
FRALBBEY B E(F - - ) 7 BHE S 05HZ » @7 1 A4 sedriidvis it 35 -

B+ - rﬁxg\a‘mr(MVF)J 7 X B2 AL

T UBLEJIE 81 e A 47
(-) AE AT
SEARSC RICTAL LRA N LREE B FIFRPTIRES W TLE D R

% (Visual Inspection)z 2 % £ & CV(Coefficient of Variation, CV = % X 100% )Fazn o H ¥

CVchan 3+ X § [ = # # channel 2 F & F &&(% 21 4 4&) > CVtrial § F = # % channel 2. &
7 iR (1 & 48) 0 CVchan>15% ¢ CVirial>10% 2 ey -k 32 Foo L P AR RIS &
£33/ 2 CVIEAEDT ¥ & Fp licdpph k%11 * Homer2 #it 48 i& (7 {5 ¥ L -

& * Homer2 #i#¥:it (7 rxiniEixze5i(marker)icg 2 PR {5 > %R 4 F 4 (raw data)i
5 k3 % £ (optical density) ; Z#Fd et v SprE A R FFBE AN Tk o W
F T 0.01Hz-0.2Hz #g L e f skt o gt b 5 @ * gt p hmrMotionCorrectCbsi # i¢ » 2 ﬁz‘v‘n it
FEI T LT MEL o B {S 0 ik modified Beer-Lambertlaw £ #-k 3+ R £ L 2 5 ER
¢ % HbO ¢2 HbR k& -

A#2 % #& * hemoglobin differential(Hbdiff) & i+ %38 7% i+ 25 » 2454 5o & #6548 &
(neurovascular coupling)?2.#% » "aifE it ¢ 7 hit2 HbO F2 2 HbR ™ *% (B -+ = ) - Hbdiff
35 2 0% Hbdiff=HbO —HbR - Hbdiff 2+ & % 2 ¢4 » # * § & “rmatlab #23% 2+ & 2 53
ET ﬁh(tr|a|)ml RN E X &R e T

EUEMELAEL B S IAe X EE 2 PRSP R RE ST EC TR BEAFHRLS 2T
57 F&? X BFEFNF RN T N0 HERE I Eidg T o RINTRAFE 0 S REF
BUGREE  F AT RSB AT S 10 4R -2 ) 2t oh o Ee B < A
(channel)z_ /& it @3t iEsaa L (30 #))# s PRE(B - 2) 5 RIREF FIE5l4e2 7g3nE
o AR B EIGINE T R EBs 5w 30 F(early phase)2 30 #; 14 (late phase) % £ -
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(@5 | Pmc(ch.1)in MO (b)Z | m1(ch.16)in ME w0 )3 | SMA(Ch.8)in MVF
g I/\ ‘ Hbdiff g /\ ‘/»\
3 £ 3 V VA"
k. ' K P
" W 2
-10 0 10 20 30 40 50 60 (se  -10 0 10 20 30 40 50 60 (se  -10 O 10 20 30 40 50 60 (s¢
NI ST riﬂ,(ucm - Ch.16 - Ch.8 % w) Hoho A > 0f) 5§ @B s
Hbd|ff(;‘/ﬂ)|lq%\ /T:'IL o"‘!ﬁﬁﬂl F’e.&rgﬂ'lofl/“pp /\—"]L i\%‘uo(a)rﬁjlgﬁ
A(MO), # » % #IPMC iz 1 12 ; (b) "HERE(ME) B L M e g
a5 5 (c) e (F(MVF) pF > £ RISMAZE - 535 -
(a) (b) __(c)
J| SMA(Ch.8)in ME J| PMC(Ch.2)in Ml war, | M1(Ch.12) in MVF
= 2 2| |
o 0 — 0p
0 10 20 30 40 50 60 (se 0 10 20 30 40 50 60 (se 0 10 20 30 40 50 60 (se
LR 85& 1t }§-25(12Ch.8~ Ch, 2 Ch 125 Gl)e H b s PERF > OF) 5 1 72 B 4 » Hbdiff(%
)Ij“z:t\p Rig fb o 7 LR T Fe'ﬁrl‘bbgﬁﬂgéﬁf’ﬁ it ®Ed L’/\307f/xsvﬂ 7 p
&? °(a) " % %347 (ME) , p*

%o 3 RISMAZE 1 152) 5 (b) T8 15w i (MI), p*

B 1t (E(MVF) § ¥ > % RIMT s 1 35 o

5o 2

RIPMCeiE i 525 5 (c) T

(=) #3244

HbO
HbR
Hbdiff

*#2 7 ¢ * One-sided t test £2 false discovery rate correction (FDR, q=0.05)1& 2% = 7%
E 38 ¥ & B channel < #

ik Y 2 BEEIE(p < 0.023) - © it * ¥ ﬂ—? BRSO EHE R
(one-way ANOVA with repeated measure)#5 iz Bonferroni ;2 1€t > & & %GR iE i 3t B # i
B2 43 b o
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PMC(Ch.1&Ch.10&Ch.12) ¢ g #|M1(Ch.14&Ch16) % $ A F 5 it o % H £ 2 plenM1 s it
Bt MERLPEGESZ)HL T a)-

% ;ém—‘ﬁ HE T T o, (M)PF > 27 >R+ w bl % 3] #75 channel>t & i B 414 Hbdiff
oo A g oo gk P B 6 > 2 i R SMA (Ch.5&Ch.7) ~ B ] PMC
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EREHA TE v (MO)RF > 827 2t B - w e ) #7 G channel*t iE 43 B 418 A
Hbdiff ¥ se et 2 4840 » ‘g 24718 > #74 channel’s A & Pl F 5 v o

LHFHE TGS v (MVF)RF 7 BB TS 1 channel*t ¥ & B 418 % 5 ApfHaE
Foe mIR %3 st B ot > i ) SMA (Ch.5&Ch.6&Ch.7& Ch.8) - £ | PMC
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