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Abstract This study was done objected to the chronic stroke patients in order to evaluate change in brain
wave activity and cognitive performance when Neurofeedback training. The subjects were over 6 months ago in
chronic stroke patients screened-test through the 20 patients, 10 persons in each group were randomly placed.
This was carried out in 4 weeks in total, with control group(n=10) on general physical therapy and experimental
group(n=10) on general physical therapy along with Neurofeedback training. The general physical therapy was
applied 5 times a week, 30 minutes at once, Neurofeedback training was applied as equally as the general
physical therapy, which makes 20 times in total. To learn about the effect before the training, after training, and
2 weeks after the training in electric physiological measurement method of the brain, electroencephalogram(EEG) to
examine challenges by calculating the absolute spectrum power for standard EEG change(%), followed by
evaluation with clinical assessment tool MMSE-K, Stroop Test, Digit Span Test. As a result of comparing the
change in brain wave through EEG, after training and 2 weeks after training showed that absolute « -power and
absolute 5 -SMR power of experimental group have increased and absolute 6 -power decreased significantly
compared to experimental group I. Moreover, the MMSE-K score in trial appraisal has increased significantly,
and the error in Stroop Test and Digit Span Test has decreased significantly. such results, with the chronic
stroke patient’s brain wave control, Neurofeedback training was determined to improve the cognitive
performance. this study suggests a new training possibility of stroke patients by identifying the training effects
of Neurofeedback training that trains the brain directly with brain wave control.
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St Aoz et Table 1].

[Table 1] General characteristics of subjects

Experimental
Control group
(n=10) group t/x2 p
(n=10)
Age (year) 61.1£6.08 63.7+5.60 -995 333
Height(cm) 159.74£8.92 160+6.86 .084 934
Weight(kg) 58.3£12.00 56.8+9.22 =313 758
Duratioh ) 441234 21841850 057 .95
(month)
MMSE-K 15.6£1.65 16.1+2.08 -596 558
(score)
L Left:3 Left:2
Paretic side Right:7 Right:8 .800 371
. Hemorrhage:6 Hemorrhage:5
Etiology Infarction:4 Infarction:5 202653
23 BMETF
2.3.1 xR0/ =84 (Neurofeedback) £
44 FDA%Y wst ¥ AH ol Procomp
Infiniti(SA7951 version 5.1, Thought Technology,

Canada) 2 opft0] Whel e Wh2] of1, Ango] WAYstA] ¢F
= FAtolA A JARE 23] RUEZF EElEo] 1l1Z
Bk O] BAROS 24 1020 K} A 28]
o eASe] Cooll AIS AL, 27 FE e
ground lobe2} negative lobeE K -2}5}0], Impedance
Check & EEG-Z SensorZ o]-&3}3TH1,15]. AY 34
o] mz 7S ulRrlY a(10-12Hz)-0(4-8Hz)TH21] #

ot

2} F#7} B-SMR(12-15H2)TH23] AlZH EHS 13]
302 ANSEE £ ANE 95} Tge P o
3L

S Z2IHE A A5 § Ee HAISIITHFig. 1.

[Fig. 1] Neurofeedback training

24 £HEq
2.41 k™= (Electroencephalogram; EEG)
QEEG-8(LXE3208, Laxtha Inc., Korea)2 &3l =4
10120 A 280 ZLAB}] Fz, F3, F4, Cz C3, C40] ut

£ 335ttt TeleScan =2 13 (Version 3.03, Laxtha
Inc., Korea)oll 245 EEG ALE2 4J5t0] 114 Frelo|
H3HFFT: Fast Fourier Transformation)S 3}Th O3
~8Hz), a8~ 1211z), B-SMRIH(12~15l1z) 37} o] Zm}s
TXHEE EEG Ak (powenE £ A3, FE9
FA Sl Adglol  ArthutelEA(absolute
analysis) SFGITH17]. 57 A Foh(artifacts)e] &Y =
o] $I8 RHel ALt W BN =S FoIE B
23] AAskSIT

power

Absolute power during task execution
- Absolute power during during background EEG _ Percentage change of

absolute power (%)

Absolute power during during background EEG

[Fig. 2] The process of calculating the EEG data.

2,42 St=2E ZHO|HAMEl ZHAF (Mini—Mental
State Examination — Korea, MMSE—K)
SEjuef E£3fof] WA =g3te] QX759 thekt

=
2} 7F A2 E= 7} 1=0.999(p<0.001) 2 1 =T}25].
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2.2.4 X} 2127| ZAHDigit Span Test: DST)

ui2 g} 9]-9-7|(Digits Forward : DF)e} A2 ute}
2] 97](Digits backward : DB)2 FAE|o] =2} =2}
3|42l (immediate digit recall)?] Z(span)S Z3f A1EiZA]
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Fole, 22, 2lof ofs), B7k AmAL, A o 7
71 (working memory)Z} F=2](attention), 5
(concentration) &A1= H7} ELo|tH28]. £31d 2,
1 = 0802, B ¢15%= DF - DB2| H4=7} 30|5o|d
B e 4 A E, soldeld & VIee R
F7FsFtH29].

3. SALHE

B oJ710] R} @i= SPSS 18.0 TR IWG 0] L3}
& 9 BEEAE AEaigr. el du &
olsta] E4o] Tk 44 4L Independent ttest,

Chi-square testE& AA|SFGITE 7} o8 S3 A7)0 &

ox 2
W2 ol

E 9|3} one-way repeated measures
ANOVAE A|385}9 11, AR 72 bonferroni comparisons
test XIS} 7 2HAI71E ek 2 ol ABE
Independent ttest® A3} OB, BE BT fols

Z 0=.052 3}tk

4, A AL}

41 REO|EY =3 of mE ko Hat

2F Qe o Aol B o) 0|mE g ol 4%
oA ATolA] FABH R Solat Aols) hehte.
H(p<.001), pre2} post(p<.001), post} follow up(p<.05),
pres} follow up(p<001) FoA] AFFEHH AT Helat
Hol7h Uekrey. 2F 24 A1 ek 7k el Aol
A FAF B 25 Foll FEJ3t o]} LiektThp<05).

B-SMRI} H|WE 93t F-A HA oA thzatollAl
AR g8 Aot = Ao Uehtw
(p<.01), AFFAAA} pree} follow upoll A -F2]gt 2}o]
7F UEbthp<.001). AFEHE AT pre@} post(p<.01),
preg} follow up(p<01)ol4 I3k 2Hol7h etk 2
2719 R 1S9l Aol % Relat 2ol
7} §l= A o= UEdTHTable 2].

out HlwE 93t F-94 AN dixatollAl SAE
Aoz {3t Apol7t Q= AL YERaL(p<.01), A
S92} pres} follow upoll A £-2Jet Ho]7} Lebtey
(p=0n). ABTE AR FoJ7 Holh Y A
o2 UEhal(p<.01), A=A pre€} post(p<.001),
preg} follow up(p<03)94 I3t AHol7h etk 2
SAAZIE He 2 7248 AAAASTA T, S &

d 2% Fol fOfat Aot gt RoE ekt
(p<.05)[Table 2].

42 REO|EW S0 ME QUX|eeH H3}

421 FE2u|EW Z8io| g MMSE-K H

71 20k o) Aol ThE MMSEK MIE Siat fol4
AoA Hxtol FATAHCR FY3t o7t Qe
o2 YERtal(p<.05), A2 3 pre@} postof| A
ol o]} LiERdThp<05). AERE BATHAOR §
ofgt Aol7} Sz ACE LERT(p<.001), AFAHHZ
T} pre?} post, pre@} follow upol|A] §-2Jst x}o|7} ye}
WHTHp<.01).

7 2APE Ad 4 fold AEO B
(p<05). FA7} ofl elgt Aoz} gz Ao,
2 U th(p<.01)[Table 3].
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4,22 R2O|=8 S0 IE Stroop Test H|ul

2 ek W) Aol B el g gl 9ol
d AANA oA FASHOR Fogt Zpol 7t 9l
= 702 edpe0s), AFARET FoIF Aol}
ved) gole ABEE SRR Sefat Aol
e Aeg Usa(p<ol), ASAEET preet
post(p<.05), preSk follow upol I3+ Zfol7} Lpekst
thp<.01). Z} SAA7IE A 7+ o4 AAolA BF
Refet Aolt gl Ao ekl HIAA HlIE
Slat ol AHolN dold BASHOR Sl
2to]7h Q= AL &2 UEFHEIL(p<.001), pre} post(p<.01),
pre@} follow upol|A] §-2J3t Xfo|7} Lelytth(p<.05). A
HEE A OR foI7 Aol7} gz Ao bt
3(p<.01), A=A A AT} pre} post(p<.001), pre2} follow
upoll | §relat o1z} Lhekstthp=001). 2t 217
Uk 1§14 Aol FAE B 2% ol felg

po] 7} Lhehdth(p<.01)[Table 3].

X A

423 FR2O=EY 20| M= Digit span Test
H|m

7} 9%k ) Aol T Digit span Test H]iLE 93t
G4 AN AREE BATH O FoIg Zfol7}
Q= AOE Uk IL(p<.001), AFAEH AT} preot post,
pre@} follow upoflA] F-2J5F Zpo|7} Lepytth(p<.05). 2t
2478 A 2k SO AR FATE BY 255
of §oJgt zto]7} Uebetth(p<.05)[Table 3].
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[Table 2] The comparison of mean absolute EEG change within each groups (unit:%)

Group pre post follow up F P bonferroni
Control 7.98+2.58 7.8142.95 8.30+2.90 216 808
group (n=10)
Experimental a<b, b<c,
a-power 7.09+2.05 9.66+2.06 11.3442.29 115.596 000+
group (n=10) a<c
t 853 -1.631 2.593
P 405 120 018*
Control 9.61+3.02 9.29+3.06 9.19+3.26 10.220 001%* a<c
group (n=10)
SMRpower  PCTMEMAl g 5006 12558338 132226 8.542 002+ a<b, a<c
group (n=10)
t -1.311 062 1.737
P 206 951 .099
Control 13294335 11.78+435 11784435 11.042 001+ a<c
group (n=10)
Experimental a<b, b<c,
O-power 13.4743.39 8.99+2.35 7444453 20314 001%*
group (n=10) a<c
174 1716 3.005
p 864 013* O11%
Mean=° SD
w% 1 p< 001, ** : p<Ol, * : p<.05
a<b: pre-post, b<c: post-follow up, a<c: pre-follow up
a e e comparison of mean cognitive performance change within eac Toups (score
[Table 3] Th pari f gnitive perf hange withi h group:
Group pre post follow up F P bonferroni
Control 15.6+1.65 17.241.32 16.4+1.78 13.419 033" a<b
group (n=10)
MMSE-K Xperimental 0908 18.6+1.58 19.1+1.66 23.644 000 a<b, a<c
group (n=10)
t -596 2.155 3508
p 588 045% 003+
Control 4.8+1.93 4.0+1.94 3.9+191 4.469 027"
group (n=10)
Simple  Experimental g\ 5 38+1.32 274125 21.083 001" a<b, a<c
Test group (n=10)
t -287 269 1.661
777 791 114
Stroop P
Control e
7.941.29 5.8+1.75 6.3+1.16 14.836 .000 a<b, a<c
group (n=10)
Interfer Experimental -
ence P 7.3+1.57 5.3+1.83 42+1.87 20.570 0017 a<b, a<c
Test group (n=10)
t 936 624 3.014
p 362 540 007+
Control 7.041.94 6.4+1.78 6.01.69 359 557
group (n=10)
. Experimental -, 5, o8 53+1.16 4.9+133 10.926 000™ a<b, a<c
Digit span Test  group (n=10)
1.335 1.640 2.486
p 198 118 023*

Meant’ SD
wHk o p<.001, ** @ p<.0l, * : p<.05
a<b: pre-post, b<c: post-follow up, a<c: pre-follow up
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