Summer 2016

SEARCH & DISCOVERY
RESEARCH AT ISU & EDH

e

WO T B v AR R L E 89N AL @ AR —Ep A
ZHXAKA ®E B Interactive Human-Computer Input Device— —EBRFH
Bl ERBYPESTSHFRE —LF %
KRS EEFREMBAAMTESHABILERD —HIR 5
Facilitation of corticospinal excitability via visual feedback

by using mirror digital system —FRX%
a3 <1 AN E3 V 7 E-on HosPITAL

- SHC)U UNIVERSITY



ER—PIF BISNES LBERE

BIEEED EREEZRBALTER

Ro_F AR H200 85!

ARBREMAGH GREWFZA "ANBD, X%
BERBEREE ZAREHUAARBLERE

&R K ILFES2048 4 3B E &

95 UXE T2 B AR L 69N A @) B
ZHXABMTBDEER

Interactive Human-Computer Input Device

Kol EREHYHREIT AT
HoAERMREMBEAAMNEHAABMIEBD
Facilitation of corticospinal excitability via

visual feedback by using mirror digital system

12
15

18

26
32
39

53

65

1A

80



£ R—P9E
Bh % oLt Y &8 KR

AR AHREL ER - Pk AR FRAUS BT R |
=g %‘3« BB E Lk rE s U< EER-A S
A>EIIFY > BELSEABAEMENT 54 B rmmmmf%ﬁ
e LA 30 A S K P F ARG ek \
ﬁ«w«¢’u£ﬁ%fwxﬁ£%%@’ﬁﬂﬁ%férﬁ
Brta, 0 PRI R
43 FaskirE s At
P35 T8 L ?&mﬁvf}‘; s BLAL Be 2R L
TR AL T R R T
AR L e Xy RBE S
ORI R oA A g”;& J

)

2

¥

A
. 4
plicfrB sk ™ ko kT3
S FET s RN R
Mo b 3 0 Amyfone 7 5 £
el FAm el B> - gL o
CEREWH - AHHET EL
FFeng # R T o R

ik

P!
(=1

& »
o

RINE (&) BESRBEA
bR FUSHRRBAISRIA -



RIS 0107) ~ 2047589 FI304) » 317+ w BT jpr 2 4

F]3ln m%\\:b °

<X BFER-ANORESY P n T TrE L | > A givks
2 X % /- Y + P 7’
’:E m"?-» ou?\Fg ’ 5E l"P:g_:‘_‘gﬁ}@f i’"g’/'ﬁ] Z‘é"?-» (AN ;@g’g"l\%w, b)T]

B drd - A LB IE DR ~ SRR EA DG
EL (L o) st SHLZZRR AE N F g
ﬁakr*“%wiii,;m@zzz;agJ»zLﬂfw;p$g~
E (myfone {7 ] ¥ &) 1 J5d o

BEARRENR (5) RRARBISRESHSH

AAERL T b D T s G SRR T S 4
glIEXEF 0 A #”,f KA b F B2 T ARE B kA EM
WMEIRFEE R Rk ELRS I EURY > EREY
FHH R ey XDF T E G kg KE

P EE RN A | youtubed® kit https:/www.youtube.

com/watch?v=KHNyKzQjmac



https://www.youtube.com/watch?v=KHNyKzQjmac

https://www.youtube.com/watch?v=KHNyKzQjmac


g E 55
AREABBATR

2o AT ASY

W

BN A2 % 0
B k£ G 3044 F Fieen @»é%‘.
= ?%b%;ﬂ'ﬂ : z'z%;%‘? 2 deie
fY R ﬁ§4iibﬂﬁ

NS

?““wa_”r

SEIRBPZEBRNBRIRE - AARFRISARER

2, X =4 A5 —
J‘,‘ii’%’ﬁ\gi ‘%-—-%‘Emﬁ’ 5

s 3T 8 K
R R R R LS 4 SRS 2 9 BT
AN AaRFEAL DA MNEBEFGPRE S R E BAGFE



o B2 GEHZ B ARLYRIEE P LR F @ E BRI
Ao FERY R AESEM -

EEByahY & AR ERAT o YA A TAY R
P OoFEARTORGRORH S L FLF L AR S i
e A 0 AP R ipZ S A R ‘i%-g {iza—mw;\.,jiuo

WlEPIERDE A LA AME DB ER S EEE
FORRE CORR LR L BT  HREERF L AT
FUEBIE TR B BRI R 2 A s 2D BER
PR BrERF AR Y A 2 A REE R HREE R ILE
T F RGN L - 4B BRI o

il g T

BRSZBNSSSEE (ARS)
S sAME S NSRS




KA BPIHPIS kT ThmEmE R E R L L4
CHEY RAEfORRET 52 B R

P

]

HER o AEYFR T EBARE Y EemR s T - kW
—ﬁﬁi*J’ﬁﬁi&¥&%%£@%%’~ﬁ{ﬁi?4
o BA T RE AL R AF BRIRAR > AR




B o5 AKHH200 Ei5!
& KRB R ARG A

i

S

AR EATL R o
—_Ef‘/{*j-}fgy%@ﬁl]'r"é a"ﬁ

RN Y L o PR R A

Blgg gkt Txo é}—wirokJ (P LM E%E) vk
FRAFERAE > X R EEY LR A EERPE Y



‘RE, EREHARRER Rﬁéﬁ%%ﬂs%
ﬁ @%@iﬁ%ﬁ%mlﬁé%

z :':srsrgv‘ T %zfr»a] =i

B F s 48 T % (Awaken) o BiE R E 4 2t iF
L
=

R ~ T v i@y il ivrel T, p4a o
iiﬁm?ﬁ%ﬁ?%’%ﬂé%‘%%‘i%‘ﬁﬁl%€
RIS SRART R S e UL ﬁifz»—i’ﬁiéf%:%’ » ST



X 3D EY T Spiritd! & | 0 FELH SIS E ]%i‘)‘ z
Bo o T onlég— k2 AR %

Ely 35 Sk UL o ]

gRE

45115
% EEER
‘s 4/29-5/8

\ DAY mgnﬂs mm%ﬁ“ﬁ%ﬁ:ﬁ&
! SN

‘ EHE’* l . 12 1L B
HERHAHEL

tnpnslmmam;:) xitnpa

BURAER (MR, - HUES
- R XIS RWBRE
& - AR 5 BidebRi—REa
B 72016 SRIBB/A,

10



S RARER o BT~ § W ke R FRATIME K
4

"Orange Oasis | » & * % iy ~ T ke % > M 4ot

v

A
%

2 ,
. ;_1‘

—_—

FEME  Z 3P REF ARt e e F R
B T AT > ASRE I B L P AR

MR "Orange Oasis, FZESX - {EHEREE - IRIRIB

NRERR - AB 2016 FHETNBIRESTTRE

LA 2 F G ;ﬁfﬁf%;&%ﬂ%ﬁ;% or B
"SunWhere | Bk 4 H4p > 4% B k4E B S HBa F ST E 7

iﬁtﬁy'?.f AT e N 3&@/&; TR o T R
CRmE T20168MATE R -

)_’r

She

11



AP ER AL M FY R D BT ET B
FEEA R EE T A RS 3 0 TR R AR T
?%%%%J’?uz@i%éﬁ%$%%ﬁﬁoﬁﬁﬁ%ﬁ.

B R AR F &> 122150 &P R~ BiFEY ~ § By

Miaawd BB R ?;4@ |22 % B Ygiﬁr;@ AR
. 28 o

.....

Eﬁﬁ@@%&%ﬂgﬁﬁﬁ@ﬁ
SR EBRE AR AR 2 - T R12E Y FIEY R

12



M-S N AR NEL EEIE RN S AR A
WL RELI — o EH A BB RS B L B b L B
S Ar gt & FFEAE S4BT $405 4T L4 £120
B F Lo %7 1‘5’&"?—% S J"*‘f» *’**f%&” HES A FD

J
A iR (7R e AR FEEI%‘},@;?* T 4 2 %%& : :i-:f’a—? p,z—gz
G @TEY F LR PRRET L LFRETHEL

BANBE (5) SRR EHREASE (8
RERRRENE TSN,

13



360R R T4y > LB R B 245 TEERI T A R
R DR GlArA s F R ARG R

KAV BTG P RRL PRATE 27 TR
%ﬁﬁJﬁﬁ%°¥“’%%%4?%@%$*$@ﬁ%§

2=

‘L
M

\\\

Bro T HRFIZH o e FEERRE FT MRS T
¢ L L AL e TR :ﬁﬁm’»ﬁ%%ﬁiﬁﬁﬁ@
!

14



HERKILRS200 4 5L BE &

?3520‘%&?»1)75%‘%@ WA T KT AT AT A ER
I EEF D o B [ 5 “E'_J i A R > A FIF8E 5 &
Bodeis 42 0hg54 » 2360584 %0 244 ol
B EE RS S A d 0 B S B AR hiB s

it o

ﬁkfd‘%%%m 2014 3‘%’2&!’3?35?818@1’8%@5

= 'ﬁ,iasi ? /:-/J Fﬁ'&% I~ X EFF = 7 "ﬁ E,]Jﬂ‘;"_,‘l:‘_' 18 %/l
5fbp’%z§%Fﬁ3]‘m}**«12 AR BXEF SR BRORIEE B
é\',&rw]}%kﬂ.;fé"ml_iiﬁg_J)ﬁ_ﬁgaétkgk.ﬁj\gEgj\g qh‘é

15



ﬁk%%ﬁﬂ%*%%mﬁﬁﬁamﬁﬁ%
B& 2014 3m§ﬁﬁ&?ﬁ§ﬁl8§ﬂ$§§ﬂﬁ

,—kj\,lﬂi‘ﬁ%.ﬂiﬁﬂ?g "\'_‘Vu)]'} @.ﬂ_,ﬁi’,,m

=3
Fﬁﬁ%ﬁJ,gﬁﬂ BEoARFE oGP kA PP
BE - X Z 8 )I%v?% H P B EF ML 7R IR AR

TEM | L EER R L ERIETRE 2 L
oA R XS R SR e R
jz"ﬁ']%uf%%’ﬁﬁ”@ffuﬁ"iﬁ » L E4AY B ozEp F’B%;‘J_@_LL%
¢ EERY% . BT REBAEETE R A EE3BT

16



1




WIKERPEHEME R E

YIS\

it &) A4

7

i
it

ﬁﬁﬁﬁﬁuggﬁﬁﬁiﬁﬂﬁ
AT o

AR TR DL ET A

AN

+
=

ZH T XA ﬂ;@

Yk
2015) *

(Vojta) 5 i =4 Bl 3@

iz * MEDLINE (1966 to July
FEEFHR > Ty
RIFEEFE P2
%%éﬁﬁﬁopfﬁﬁﬁﬁ%%ﬁ
FOAEFH L E ISR ) T I8 NG R
R B B SE Al A

AN S P ]

BE T

‘-

BLVEHRET T o F2

B

A A

7 7 AR

1
AN S LR e

BN

EEPE 2

& o

18

RRR - AEE - M’

BIAE NRRRER'
SPHEAE RHRSHRA’
BTAL NRRRER B

&SR

AT ERFZHEFERER R
Bodd - BT RT HRE Y
4%%?2%&—@%&%%?%’

14 iéﬂ%fﬁ%%’ﬁ R EF (<
0.05) °

]

BARZZ . Vojta, exercise therapy,
rehabilitation, children



Oik

Al

BLaE A p oY RO s R
wi A g (Rl- )
R "’?gﬁ;ﬁ_ﬁ-‘fﬁiﬁﬂgf_i ™ A o
Wi A WA 1917/07/12 #5
%?f@ﬂmiﬁ»ﬁ“ FEhd > -t R
B fee v 1968 F & AL W is » 3
1969 & 3 g visdinf kS A}
BE MR R IT R E R E
oo FRARFTRAF CRAREAERLE
R P et P RAF IS o
2000/09/12:F+ ** 48 B » % £ 83 [1] -
HUEFERRERE
S e NI ok o B2
BI sz KBS %
s A EEHFEA G WG
o0 B A Mfuﬁc Btz B
ﬁ@ma%ﬂgﬁﬁﬁﬂﬁ’@ﬁ%
EHBEN K FHPBEE §F F M
Ml fok Wiz = 37 Fail
EflERE s P E o8I (R )
LR SN

(B=) > it

“ood %

T

+

Y A e gy

B P FE & DR
| i AR B354 2w § IR
ZRZE[] - dainh®Zah o 2
EAGHELHANE 2 E - VL
Tfetn e B = hd & 0 BN R w

B REEEEE Y e g E R

19

o}
53“‘3\3
=
S
-ﬁ-_r\\
B
sd/

T B o B g P Al gk R
B (ded FRA0 Sk R 3 F i
AEN S AE G o R )
A kA (e R R R
Fid ) E PR (o R
M EF T 2 2 fcd Ry ) 1132

SR MR o W LR B LDk
FRL A EF N8R ABE SR R

B 2R FET A 2ERLE B
EiEiT R R[] .

i

BrEaEg L RBROE B
Pinds (7 RdeF SHiof K i o 48
CF R ERGEE R G S B AR

BABREEE 7 L7 RED
fi 7% (Central coordination disturbance,
CCD)érnk &)t 2 §_F Jp = i3 i 1o
Fp R AT D ARER 13 1 ¥ D
R F s dERASH A L ¥ Pk
&P RO-TRZ2 % enfii=Fr &5 £
BT® 3 &E % =k o d aep
Eikﬁ°9&éﬁﬁ&ﬁﬂ§ﬁﬁ
AR TERI R B paiELn
ot R ’ﬂ&ﬁriaﬁﬂagﬁi
TR e X SR [1]



WIS R B IR

P2 feen M ETERINE T F S
R FioF S e R o VR AR
A BAT Y A NG
L RGN AE m E R TR R
LR [1] o fe H g sk de 1Y
L AT oA BSEHITH E v AR oo
ﬂ%iﬁéiﬁﬂﬁﬁé?ﬁﬁﬁkﬁé
+ 1§ /F%Wmé_ﬂz 7

N SR LA T A A S S

ﬂzaf:i

MREERRENE

TR B 4% @ * MEDLINE (1966
to July 2015) o & = = ),;Jc; R
T AR R R i (Vojta) RaEE
'3’—3555” € & E Ty WE D ken
Ty B ’F%%&ﬂff’#ﬁ BEFHE o KiF
AR > MR MY
HhFHEPN FEwRR S L - B
G iE o AT Y g iR it é R I5 7 L
PRI A R R

PUE Y8 R AT (R - ) o

RRENIBHFS
o2RE

-y ﬁ%b%‘ﬁmlf“ B L

4‘ K‘f\lﬁ;ljf_g_
ERFL IR Y K REF R

2

20

,g:r;Z v 2},;};,% 4 1\755;@‘7&& s 1

FPEA AT R B AR PR o
O3

PRI EIR BE
TR - e Rk o
OERFE

Bode 5 R B R B L E R
%ﬁ%ﬁﬁ%ﬁ&ﬁ%%?iﬂgﬁ
AR LI
OER BB

O AR A E ERA A
o fs s e FITHBEREFRE

pAr o Mg AR R KRR

&SR

AEIEFZRTRREAPD
P RE[23,4] 0 ¢ F N B d S

SR T TR RS

B i€0.06%180% ° simph F A = &
IR, o
o SiRA

EhFELFEFREES AN

EHL0-218 ¢ P2 > v R T
RS L
& B A #F(GMFCS I-V)(# =

sl E g & # (T i o



O3

Z RPN N U s
Ao BTERTLHRER L E %35
x o & X240 > & 3045448 0 G
ER-14% B - B L EHTY
ﬁJFLu ,r,)%&/‘)»
ﬁﬁ»%%%?ﬁﬁuyk%“’&%
BRI E P8R R 2
FARDERDR(E D) o
OERAEHE

B

35P2m@ﬁ*%“ﬁ%0%-
TR OHR
i & A

—

L
2’?5%F2ﬂm%é%?i%%
(P <0.05) T {EEFER
&@m%ﬁi’?éﬁﬁﬁﬁﬁfﬁ

21

AR 9
ArehE e ~ B3 B PERFIELP
Bameangd o %o etk
el fes B ek o
REARPOANFR - B398 R
B5ME - &R :
(=) A Exk:Z (™
B A 523 128 Pt e
(Z) in B BERFLE 230454 48, -
2245, - B P35 £8% 5 T &
(z) v B S HT 73R
GMFM ~ GMEFCS ~ MACS 1 %
BgRTG e
SRR RABNZBRAZEROMER:
WrE TG SoonR A Ao
A kpn Bk gy B i
ERT AR GFHE L REFM
IR R H SR F DR A s (7
B PTILIE R i o A A A R
PR S A A T g e 0 SR A
FE B &
et al[4]shF7 7 @ b’“r’ﬁ B % ehde ok v
PR3 A A R E ] 320002
L% A 520 9 S e ¥ Rl R

T & 31

EiER S

« AL p AR E - j¥Kanda



oo B - R ETI F

f
Ao g AR T T A E B AR AT
7
L
=3

AR
i
~=h
o0
o
X
E\;
=
N7
:
Pk
|4
i
&

Neukirch [2]r4 % Lim and Kim [3] %=
T BEY A0k > ¢ B E TP E T
S VR A ek REE AL G

e o

—~

S

7

¥
ol
P
=

o
&

R e B

AECE R R I R
BAEEE WS b - A

ke PN PR DR G E 30
b Bz S E AFHA O~ o TR
4 Y E %<3lﬁﬁﬂ$§;’a,ﬁﬁ,rgﬁ‘;ﬁ x o
PR AR B o

S8 XRk

&
&

[1]Internationale Vojta Gesellschaft
e.V,(2016) [cited 2016 30 May].
Available from
http:/www.vojta.comv/en/
the-vojta-principle/vojta-therapy .

[2]E. Gajewskaand B.Neukirch (2012),

22

Vojta Therapy for a 12 year-old
child with cerebral palsy, Journal of
physical therapy science, vol. 24, pp.
783-785.

[3]H. Lim and T. Kim (2013), Effects of
vojta therapy on gait of children with
spastic diplegia, Journal of physical
therapy science, vol. 25, pp. 1605-
1608.

[4]T. Kanda, F.S. Pidcock, K. Hayakawa,
Y. Yamori , and Y. Shikata(2004),
Motor outcome differences between
two groups of children with spastic
diplegia who received different
intensities of early onset physiotherapy
followed for 5 years, Brain &

Development, vol. 26, pp. 118-126.


http://www.vojta.com/en/
the-vojta-principle/vojta-therapy
http://www.vojta.com/en/
the-vojta-principle/vojta-therapy

23

El— - RERNA. #NZREEEBROBR -
¥AARH? Internationale Vojta Gesellschaft e.V.2016

-

i 1‘ :
a 4-'4

B= - AR FIE - #EHS Internationale Vojta Gesellschaft €.V.2016

tustzane
Akromion  Rumpfzone

Proc. styloideus radii
Aponewrese des b, glutaeus medivs

med. Skapularand

Epicondyluz Spina iliaca

Proc. lat.
med. humeri art. sup.

tuberks caloanei

Epicondylus
med. femorks

B= - +RfEN2E (2KEREAR - SHEER - BE - i8R
B - RRRER - BT - BAN - BEALER - BEUARFLEN
RDRA ) - EERHL Internationale Vojta Gesellschaft .V.2016



‘- BARE

agat
B
eRa
B8 2w ()18 %)
QA
é]?z 1 @ —é,ll ‘iﬁ
BR3I=
FERARIE S E T ARG RER TR R E A
FEGPEEVRG I HABELEE R
= - XE20E/ (n=3)
Study Design Participants Intervention Outcome measures
Gajewska and|Case study n=1 Vojta therapy (1) *GMFM-88 (%)
Neukirch [2] Age (y)=12 45 min/set x 2set/| *Timing: 0, 14
Classification: day x 5 day/wk x weeks
Quadriplegia 14 wk
GMFCS: V Standard kinesis Ex
MACS: IV 8 mon
Vojta therapy (2)
45 min/set x 2set/
day x 5 day/wk x
6 wk
Lim and Kim [3] |ABBA design n=3 Vojta therapy *Walking Speed
Age (y) = 6- 12 30 min/day x 3 | (Vicon motion
analysis)
Classification: day/wk x 8 wks o
‘ ‘ *Timing: 0, 8
Diplegia weeks
GMFCS: Level I-11
Kanda et al [4] Cohort study (non-jn =10 Exp = Full training | *Independent
randomized trial) Corrected age of 30 min/set x 3-4 walkm‘g.(number
of participants)
first check (months)| set/day x 4077 o
*Timing: 42-95
=0-2 months Months (childe
Con = Insufficient age)
training
~69 months

Abbreviations: Con, control group; Exp, experimental group; GMFCS, Gross Motor Function
Classification System; GMFM, Gross Motor Function Measure; MACS, Manual Ability Classification

System
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RZ - #AE (Vojta) BIBIRAR

Mean difference
within group/

Significance of

participants)

Study Outcome measure - the clifferencepe'ﬁcenta'ge
Post minus within group change
Baseline
GMFM-88 (%) 28 p <0.05 28
Gajewska and B
Neukirch [2] GMEFCS (Level) 1 p=NA 20
MACS (Level) 1 p=NA 20
Lim and Kim [3] | Walking speed (m/s) 0.04 p=NA 0.06
Independent
Kanda et al [4] |walking (number of] 4 p=10.0278 80

Abbreviations: Gross Motor Function Classification System; GMFM, Gross Motor Function Measure;
MACS, Manual Ability Classification System.
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Facilitation of corticospinal excitability via visual

feedback by using mirror digital system

Abstract

Mirror therapy have been used
in alleviated phantom limb pain and
recovered from stroke by creating a
reflective illusion of an affected limb
for the past two decades. The principle
of mirror visual feedback (MVF) is
thought to restore cortical reorganization,
therefore improving motor recovery of
the weak or paralyzed limb. In this study,
we combined task-specific training, which
1s used in clinical stroke rehabilitation,
with a high-resolution and first-person
perspective view of MDS interface. Three
groups have been compared: intermittent

task-based MVF training (ITVF),
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continuous MVF training (CMVF), and
no-MVF as control. We aim to evaluate
the feasibility of this novel MDS system
for activating cortical areas in healthy
and stroke adults. Time-dependent event
related potential (ERP) signal amplitude
was recorded from C3, C4, and Cz
electrode site of scalp. One-way ANOVAs
was used to compare differences between
the groups studied. Result showed that
P3 amplitude of CMVF and ITVF were
increase 1.4 and 1.68-fold compared to
no-MVF, respectively. The PO, P1, P2
and total P3 amplitude area of CMVF
1s greater than no-MVF for all three
electrode channel. Total P3 amplitude

area of ITVF is significantly higher



than CMVF and no-MVF. Our study
demonstrate that task performance
along with MT has potential benefit for
improving motor impairment in stroke,
especially the ITVF condition. Subjects
have to pay more attention to predict and
move their upper extremity when there is
an absence of the virtual upper extremity
in ITVF, which may integrat brain
network control and activate the extended
motor cortex strongly, result in cerebral

motor cortical facilitation.

Key word: Mirror therapy, Mirror digital
system (MDS), Intermittent task-based mirror

visual feedback (ITVF), Continuous mirror

visual feedback (CMVF), Stroke

Introduction

The idea of using altered visual
feedback to relieve phantom limb pain
and improve motor control by using
a mirror box was originally proposed
by Ramachandran et al[l]. Since then
mirror visual feedback (MVF) has been
established in the treatment of phantom
limb pain, but also as an important
therapeutic tool for functional recovery

after a stroke, physiotherapy after wrist
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fracture, the treatment of complex
regional pain syndrome or for reinstating
body ownership in somatoparaphrenia[2].
Whereas the beneficial effects of MVF
have been repeatedly demonstrated, the
mechanisms underlying MVF-induced
improvements in motor function[3].
There is increasing evidence that
a reactivation of the affected limb
representation in the sensorimotor strip
and accompanying neuroplasticity is an
important neuronal correlate of the MVF
related neurorehabilitation[4].

In our previous study, mirror digital
system (MDS) were evaluated delayed
MVF for their time-course within -2—-0 s
(P0), 0-2 s (P1), and 24 s (P2) effects
on cortical activity by event-related
desynchronization (ERD) of mu rhythm
electroencephalography (EEG) during
button presses in 18 healthy adults. The
result shows phasic ERD areas C3, CZ,
C4 in the P2 phase increased during the
delayed-MVF condition. Significant
enhancement of cortical activation in the
mirror neuron system and an increase in
attention to the unseen limb may play

major roles in the response to MVF



during mirror therapy[5].

Task-specific training has strong
evidence for stroke rehabilitation [6].
The training comprises goal-oriented
repetitive practice of tasks to facilitate
motor recovery in stroke. Goal oriented
task has been defined as a meaningful
activity in which the movements appear
out of an interaction between multiple
brain areas to manipulate a real-world
object. Such movements increase the
cortical activity and may induce greater
motor recovery than the movements
without task. Further, task-based training
keep up with the response of mirror
neuron is better for the object-directed
actions as compared to non-object
actions. Mirror therapy (MT) in the
form of tasks may use two-way neural
reorganization and enhance substantial
motor recovery. The role of task-based
MT should improve the wrist hand motor
recovery in post-stroke hemiparesis [7, 8].

In this study, we aims that the MVF
effects on cerebral activation would
be enhanced with a new form of MDS
interface that has two distinct features:

(1) vivid MVF with a high-resolution
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(1920 x 1080 pixels) and first-person
perspective view for clinical motor
training based on MT concepts, and (2)
intermittent task-based keep up with
mirror visual feedback (ITVF) training
compared with continuous mirror visual
feedback (CMVF) achieve coordination
function for the wrist and elbow by using
MDS. Therefore, the aims of this pilot
trial were to assess the feasibility of
this MDS system for activating cortical
areas in healthy and stroke adults and to
compare the conditions of instant CMVF
and ITVF with the condition of no MVF.
We used the event related potential (ERP)
to determine the temporal patterns of
these three test conditions, which were
presented with our MT system. The
potential underlying mechanisms of MT

were also discussed.

Methodology

Mirror digital system (MDS)

As shown in Fig. 1, the digital
MT system consists of a host personal
computer (PC), camera, and therapy
table with a movement area and a mirror

area. The participant sits behind the



table and places their non-impaired hand
(active hand) on the movement area. In
the mirror area of the table, a slim 27-in.
liquid crystal display (LCD) monitor with
a resolution of 1920 x 1080 pixels (Model
IPS277L-BN; LG Inc.) was situated
slightly above the table to reserve the
underlying space for the non-active hand.
Continuous images of the movement
area were recorded with a video camera
(C920, resolution: 1920 x1080 pixels;
Logitech Inc.) positioned above the area
at a frame rate of 30 frames per second
and were sent to the host PC, which
processed the vertically mirrored and/
or time-delayed images. A custom-made
LabVIEW program (Ver. 2012, National
Instruments Corporation) for the PC was
used to process the acquired images and
continuously send them to the monitor on
the mirror area of the table to represent
the mirrored images of the active hand’s
movement. Before the experiment, a
reference object such as a computer
mouse was used to calibrate the camera
orientation by adjusting the camera tripod
to correspond to the movement and

mirror areas. Three conditions were use,
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control without digital mirror stimulation,
and intermittent task-based keep up with
mirror visual feedback (ITVF) training
compared with function for the wrist and

elbow by using MDS.

EEG measurements

EEG recordings were obtained
from DSI-24 is a wireless EEG headset
designed for rapid application of 21
sensors at locations corresponding to the
10-20 International System. Adjustable
to fit a wide range of headsizes (54-62cm
in circumference). The system placed
around the standard C3, C4, and Cz scalp
sites based on the International 10-20
system. The Cz, C3, and C4 electrode
pairs covered the supplementary motor
area, and the contralateral (active hand)
and ipsilateral (non-active/mirrored
hand) primary sensorimotor hand areas,
respectively. The reference electrode was
placed on the right ear lobe. BlueTooth
wireless transmission with sampling
at 300Hz. The system setting range
on bandwidth 0.003-150 Hz, input
impedance 47 Gohm, input bias current

< 25 pA, DC offset tolerance +/- 200



mV. The recorded EEG signals digital
resolution 0.317 uV were sent to the
amplifier with a gain of 20,000 and a
band-pass filtering of 0.1 ~ 100 Hz.
The maximum input range 10 mV pk,
and noise < 3 uV pk. All of the EEG,
EOQG, force, and sEMG signals via a
data acquisition DSI-Streamer for initial
process and were finally sent to the
Mensia software (Mensia Technologies
SA, France) for further analysis. The
experimenter was also able to monitor the
data on-line using a monitor to confirm

the quality[5].

ERPs variable

ERPs can be reliably measured
using electroencephalography (EEQG),
a procedure that measures electrical
activity of the brain over time using
electrodes placed on the scalp. ERPs
(making them discernible and allowing
for their interpretation) has a simple
mathematical explanation provided that
some simplifying assumptions are made
(Fig 2.) [10].

Having defined 4, the trial number,

and ¢, the time elapsed after the £ event,

S

each recorded trial can be written as x (Z,
k) = s(t) +n(t, k) wheres(t) is
the signal and (¢, k) is the noise (Note
that, under the assumptions above, the
signal does not depend on the specific
trial while the noise does).

The average of V trials 1s

N

N
1 1
x(t) = NZx(t, k) = s(t) + NZn(t, )
k=1

k=1

The expected value of z(t)

is (as hoped) the signal itself, E[x(t)] = S(t)

Its variance is

VarlX(®] = EIG) = BIXD] = 35

()

N

1 a?
=— > E[n(t,k)?] =—
N? kzzl N

For this reason the noise amplitude of the
average of V trials is 1/VN times that of a
single trial[11].

The P3 (P300) wave was discovered
by Sutton ez al. in 1965 and since
then has been the major component
of research in the field of ERP[9]. For
auditory stimuli, the latency range is
250-400 msec for most adult subjects
between 20 and 70 years of age. The



latency is usually interpreted as the speed
of stimulus classification resulting from
discrimination of one event from another.
Shorter latencies indicate superior mental
performance relative to longer latencies.
P3 amplitude seems to reflect stimulus
information such that greater attention
produces larger P3 waves. A wide variety
of paradigms have been used to elicit the
P300, of which the “oddball” paradigm is
the most utilized where different stimuli
are presented in a series such that one
of them occurs relatively infrequently
— that is the oddball. The subject is
instructed to respond to the infrequent or
target stimulus and not to the frequently

presented or standard stimulus.

Result

Typical examples of the time-
course event-related ERP P3 waveforms
of the C3, Cz, and C4 channels for all
three test conditions: control with no-
MVF (a), CMVF (b), ITVF (¢) training
conditions. Typical examples of the time-
course changes of the P3 waveforms
during the button presses for the three test

conditions are shown in Fig. 3. In channel
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C4 of no-MVF condition (Fig. 3a), a
increase in P3 was noted after the CMVF
present (Fig. 3b) and the power amplitude
quickly increase to above the reference
level. When ITVF was provided (Fig. 3c¢),
the increase in P3 waveform occurred
much earlier, and was larger and longer
than that during the no-MVF condition.
Facilitation of corticospinal excitability of
P3 wave enhances ITVF than CMVF in
healthy subjects. The increment of mean
amplitude were significantly greater in
the CMVF than in the no-MVF (P <0.05).
The CMVF increased P3 amplitudes by
up to 40% compared with the no-MVF.
The ITVF yielded higher amplitudes as
compared with the CMVF (P <0.05). The
ITVF increased P3 wave amplitudes by
up to 20% compared with the CMVF.
One-way ANOVAs of the main
effect of test condition for the overall
ERD areas during the period of -2—4 s
showed statistical significance for all
three EEG channels. As shown in Fig.
3a, the P3 wave areas (%) in the ITVF
condition (C3: 62.3 £ 12.5; Cz: 56.6
18.6; C4: 57.6 = 16.8) were significantly
larger than the areas in the CMVF



(C3:42.3 £15.8; Cz: 45.4 + 12.6; C4:
41.0 = 16.8) and no-MVF (C3: 26.3 +
13.7; Cz: 23.86+ 12.0; C4: 27.6 £ 13.5)
condition for all channels (P < 0.05 for
all comparisons). The P3 wave areas in
the MVF condition were significantly
larger than the areas in the no-MVF
condition for all channels (P < 0.001 for
all comparisons). Furthermore, two-way
ANOVAs of the phasic P3 areas showed
that both the test condition and the time
phase were significant factors for all
three EEG channels (F values ranged
from 25.02 to 46.72, all P < 0.001).
Additionally, a significant interaction
between the main factors was found (F
values ranged from 9.86 to 17.80, all P <
0.01). As shown in the phasic P3 areas of
the PO, P1, and P2 phases in the CMVF
condition were significantly higher than
the areas in the no-MVF condition (P <
0.05 for all comparisons) for all channels.
However, only the phasic P3 areas of the
P1 phase (0-2 s) in the ITVF condition
were significantly higher than the areas
in the CMVF condition (P < 0.05 for all

comparisons).
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Discussion

This experiment exhibited
corticospinal facilitation in conditions of
CMVF and ITVF. The results showing
more significant activation of the motor
cortex in the intermittent feedback
paradigm as compared to the continuous
feedback paradigm is intriguing. In the
ITVF, subjects should continuously
predict and move their upper extremity
when there is enhance of present of
decrease the ERD wave, and come
with increase of P3 wave which may
require an estimation of the target point
and induce proprioceptive integrated
brain network control. Mirror illusion
increases activity in the precuneus and
the posterior cingulate cortex. The mirror
neurons, present in the premotor cortex,
get activated during observation of the
goal-directed tasks such as reaching
and picking up the food material. The
activation is similar when the task is
being performed. Furthermore, the
mirror neuron activates separately for
observation of object- and nonobject-
related movements. The presence of

object induces greater stimulation of



the concerned cortical area. Thus, task
performance along with MT has potential
benefit for improving motor impairment
in stroke. The system integrates
visuoperceptual motor inputs inducing
cortical reorganization and associated
motor recovery. The results showing more
significant activation of the motor cortex
in the intermittent feedback paradigm
as compared to the continuous feedback
paradigm is intriguing.

In the ITVF condition, subjects
should continuously predict and move
their upper extremity when there is an
absence of the virtual upper extremity,
which may require an estimation of the
target point and induce proprioceptive
integrated brain network control.
These task-oriented and proprioceptive
integrated exercises might activate the
extended motor cortex strongly (including
the parietal cortex, premotor cortex, and
primary motor cortex), which can result

in cerebral motor cortical facilitation.
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