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Objectives : The purpose of this study was to examine the effects of manual acupuncture at the Ll
STy and LR3 on Electroencephalogram(EEG) of patients with stroke.

Methods : 32 channel EEG measurement was carried out in 35 Stroke patients(23 males and 12 females).
EEG was measured for 21 minutes(made up of 7 sessions, 1 session means 3 minutes time interval)
including 15 minutes(5 sessions) of acupuncture time. Power spectrum analysis was used as a measure of
complexity. Statistical analysis was performed using Linear mixed model and DUNNETT’s multiple
comparison.

Results : The results were as follows;

1. EEG amplitude was reduced during acupuncture except electrodes PGl and PG2.

2. There was a notable change during 6~9 minutes after needling in 6 - 3 -y wave, and during 6~9
minutes after needling in © - a wave. Overall, during 6~9 minutes after needling.

3. TP8 is a common significant electrode among five wave forms.
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of patients with stroke.

Conclusions : These results suggest that TP8 could be typical electrodes and change of EEG compared
to baseline happens most often during 6~9 minutes after manipulated acupuncture at the LL, ST and LRs
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Table 1. General and Clinical Characteristics of
the Participants

Characteristics Numbers(N=35)
Male : female 23 112
Age(yrs) 62.85 + 10.04
BMI(kg/m’) 234 + 2.25
Height(cm) 163.83 + 7.65
Weight(kg) 634 + 972
Non-smoker : smoker 30:5

Cerebral infarction 29

Right hemisphere 9

Left hemisphere 13

Brain stem 4
Stroke |Mixed type 3

Cerebral hemorrhage 6

Right hemisphere 2

Left hemisphere 4

Both side of brain 0

Values are presented as mean * standard deviation.

BMI : body mass index.

* 1 2 patients with both hemisphere lesion, 1 patient
with right hemispehre lesion and brain stem.
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Table 2. Change of Delta Wave on the 32 Channel Electrodes in 35 Stroke Patients

6 wave
E(f;ciion fjig;ig 0~3 36 6~9 9~12 | 12~15 fef;eorval p-value’
Fpl 17845 177.93 17607 | 17518" | 176617 | 17545 177.43 0.0141
Fp2 179.92 17886 176.21" 17631 | 17648" | 17569 177.68 <0001
F3 176.01 175.23 17451 173.83 174.33 174.41 174.78 0.1309
F4 177.48 176.39 17463" | 17429" | 17479" | 17395 17470 0.0013
C3 17518 174.73 174.09 173.17 17361 173.75 17363 0.3611
4 17553 174.60 17272" | 17314" | 13707 | 17278 173.35 0.0194
P3 176.07 175.22 174.80 17363 174.23 174.42 17458 0.3290
P4 175.99 174.70 172.98" 17299" | 17360" | 173.00" 173.04 0.0017
01 175.77 175.37 173.84 1729 | 17423 174.19 173.66 0.0226
02 176.13 175.25 17305" | 17348" | 17407 | 17332 17355 0.0189
F7 176.28 175.64 174.56 17351" | 17363" | 17361 174.81 0.0042
F8 17756 176.98 17439" | 17426" | 17465 | 17388 174.85 0.0001
T3 17413 17364 172.49 171.65 171.84 172.05 17312 0.2063
T4 17477 17362 171.61" 17209 | 17218 | 17097 17141 0.0025
T5 174.44 17350 172.31 171.47 171.84 172.05 171.93 0.0593
T6 17521 174.26 17185 | 17276 17269" | 17156 172.31 0.0010
Fz 17557 174.75 17347" 17307" | 17408 173.42" 17413 0.0018
Pz 175.32 174.45 173.69 17281 | 17356 | 17279" | 17290 0.0028
Cz 176.33 176.03 174.80 17459 175.83 175.74 17552 0.0158
PGl 186.97 187.75 18381 190.03" | 19055 | 19067 189.69 0.0029
PG2 187.01 187.78 183.84 19006 | 19057 | 190.68" 189.72 0.0029
Afz 178.00 176.94 17479" | 17383 | 17457 | 17390 176.37 <0001
FCz 175.69 175.30 174.31 174.09 175.01 173.84 17391 0.0102
CPz 177.89 177.34 176.49 17570" | 177.08 176.24 17615 0.0006
CP3 174.90 174.12 173.41 172.87 17363 17364 173.66 0.1360
CP4 17651 174.98 173.13" 17345 | 17389" | 17275 172.98 0.0008
FC3 174.66 174.27 173.75 173.17 17356 173.71 1739 0.6341
FC4 176.60 175.08 17317 | 17343" | 17406" | 17314 17364 0.0023
TP7 173.83 17396 173.34 172.41 172.39 172.40 172.08 04767
TP8 174.28 173.19 171.04" | 1715 | 17184’ | 17058 17150 0.0015
FT7 175.00 174.37 173.60 172.79 173.01 173.01 17376 0.2243
FT8 175.24 17456 172.37" 17239" | 17288 | 17168 17255 0.0054

* 1 p—value for overall time effect by linear mixed model.
t 1 p~value<0.05(Dunnett's multiple comparison).
0~3 : during 0~3 minutes after needling. 3~6 : during 3~6 minutes after needling.

6~9 : during 6~9 minutes after needling. 9~12 : during 9~12 minutes after needling.
12~15 @ during 12~15 minutes after needling.
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Table 3. Change of Theta Wave on the 32 Channel Electrodes in 35 Stroke Patients

© wave
Lead Before 0~3 36 6~9 9~12 | 12-15 | After pvalue’
position needling removal
Fpl 172.77 172.64 171.59 171.67 17161 171.61 172.18 0.0753
Fp2 17350 172.97 171.65' 171.46" 171.30" 171.09" 172.04 0.0002
F3 17257 172.45 172.14 172.44 172.31 172.34 172.11 0.3306
F4 173.33 17291 172.24 171.99 171.94 171.78 171.98 0.0657
C3 171.63 171.68 171.28 171.45 171.41 17153 171.08 0.6722
c4 171.86 17155 170.81 170.76 170.80 170.63 170.71 0.1746
P3 172.40 172.08 171.77 171.80 171.88 171.97 171.45 05691
P4 172.07 171.79 170.82 170.81 170.70 17051" 170.46 0.0086
o1 171.00 170.92 17055 170.49 170.82 170.70 170.20 0.7096
o2 171.85 171.59 170.30 170.47 170.44 17021" 170.31 0.0271
F7 17111 171.30 170.74 170.27 169.98 170.08 170.71 0.0466
F8 171.48 170.98 169.63" 169.54" 169.45" 169.19" 169.67 0.0039
T3 168.80 168.90 168.30 168.24 168.49 168.26 168.56 0.8216
T4 169.43 16893 167.45" 167.52" 167.24" 166.85" 167.13 0.0052
5 169.61 169.36 168.90 168.68 16875 16865 168.20 0.1135
6 170.31 170.04 16855 168.98 16857 168.14 168,61 0.0033
Fz 172.40 172.20 171.77 171.72 171.81 171.80 171.99 05261
Pz 171.50 171.42 170.92 170.75 170.89 170.83 170.84 0.4633
Cz 173.29 173.42 172.99 172.89 173.25 173.42 173.24 0.4636
PG1 187.28 187.86 188.68 189.59" 189.84" 189.71" 189.20 0.0047
PG2 187.32 187.90 188.73 189.63" 189.87" 18975 189.24 0.0047
Afz 171.97 17158 170.46" 170.03" 17021 17014 171.27 0.0006
FCz 172,61 172.80 172.59 172.49 172,57 172.07 172.00 0.4839
CPz 174.49 174.41 174.04 173.72 174.06 174.02 173.98 0.3074
CP3 171.53 171.29 171.01 171.17 171.27 171.30 170.85 0.6076
CP4 172.28 171.78 170.86" 170.82" 170.66" 170.47" 170.49 0.0179
FC3 171.67 171.69 17155 171.78 171.65 171.68 171.43 0.9477
FC4 172.46 171.93 171.27 171.18 171.16 17095 171.04 0.0683
TP7 169.22 169.49 169.27 169.14 168.96 168.73 168.13 0.3704
TPS 169.11 168.64 167.21" 167.25" 167.15" 166.66" 167.16 0.0170
FT7 169.85 169.71 169.39 169.37 169.37 169.33 169.45 0.9215
FT8 169.94 169.56 16833 168.28" 168.06" 167.70" 168.26 0.0181

* 1 p-value for overall time effect by linear mixed model.
t 1 p~value<0.05(Dunnett's multiple comparison).
0~3 : during 0~3 minutes after needling. 3~6 : during 3~6 minutes after needling.

6~9 : during 6~9 minutes after needling. 9~12 : during 9~12 minutes after needling.
12~15 @ during 12~15 minutes after needling.
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Table 4. Change of Alpha Wave on the 32 Channel Electrodes in 35 Stroke Patients

a wave
plfji‘tiion Eiglri‘;g 0~3 36 6~9 9~12 | 12~15 rAeile(fval p-value
Fpl 171.03 171.09 170.78 170.65 17055 170.19 17095 0.2770
Fp2 171.14 171.04 170.65 170.21 169.93" | 169.61" 17050 0.0015
F3 171.96 172.06 172.00 171.87 171.70 171.33 171.94 0.4206
F4 172.09 171.99 17175 17121 17107 | 17079" 171.48 0.0019
C3 172.07 172.22 172.04 17171 171.64 171.27 171.82 0.3914
C4 17145 171.37 171.10 17057 17044" | 170.26" 170.94 0.0037
P3 17321 17295 172.81 172.26 172.25 171.94 172.36 0.0421
P4 172.68 172.45 172.00 1727 | 171.06" | 17080 17152 <0001
01 172.69 172.47 171.99 1718 | 123t | 17076 | 17177 0.0211
02 172.41 172.02 171.22 17035 | 17023" | 17009 171.15 0.0003
F7 169.87 170.32 170.12 169.56 169.28 169.00° | 169.81 0.0030
F8 169.43 169.42 168.80 168.35 16808 | 167.83" | 16883 0.0052
T3 16765 167.89 167.72 16754 167.70 16718 16763 0.5149
T4 167.13 167.01 166.09 16558" | 16527 | 16502 166.13 0.0032
T5 170.33 170.08 169.83 169.20 169.12 16853 | 169.13 0.0001
T6 169.85 169.46 168.84 16836" | 168017 | 16762 163.82 0.0047
Fz 17171 171.78 171.74 171.24 171.19 170.89 171.63 0.0142
Pz 172.83 172.70 172.34 762" | 17162" | 17125 172.10 <0001
Cz 173.37 17356 173.30 172.93 172.98 172.77 173.46 0.2470
PGl 184.39 184.94 185.67" 186.32" | 18650" | 18623 185.74 0.0046
PG2 184.45 185.00 185.73" | 18637 | 18656 | 18629 185.79 0.0046
Afz 170.10 17013 169.79 169.25 16923 | 16391" | 169.99 0.0041
FCz 172.41 17276 17271 172.17 172.05 171.20° | 17197 0.0036
CPz 174.82 17471 17455 17373" | 17383 173.72" 174.27 0.0034
CP3 172.42 172.35 17215 171.73 171.71 171.32 171.80 0.1851
CP4 171.85 17172 171.30 17073" | 17046" | 17029 170.94 0.0007
FC3 171.67 171.89 171.84 171.64 171.47 171.11 171.76 0.2523
FC4 17165 17159 17131 170.78 17065 | 170.38" 171.11 0.0057
TP7 168.22 168.62 168.76 168.28 168.05 167.47 16752 0.0183
TP8 167.18 166.98 166.33 165.76" | 16558 | 16530 166.28 0.0042
FT7 16892 169.14 169.05 16867 168.61 168.37 16892 0.4530
FT8 168.30 168.30 167.62 16701" | 16681" | 16651 167.66 0.0012

* . p-value for overall time effect by linear mixed model.
t . p-value<0.05(Dunnett’'s multiple comparison).
0~3 : during 0~3 minutes after needling. 3~6 : during 3~6 minutes after needling.

6~9 : during 6~9 minutes after needling. 9~12 : during 9~12 minutes after needling.

12~15 : during 12~15 minutes after needling.
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Fig. 5. Number of significant electrodes by the time
3~6 : during 3~6 minutes after needling.

6~9 : during 6~9 minutes after needling.

9~12 : during 9~12 minutes after needling.

12~15 : during 12~15 minutes after needling.

Ovaral | : during acupuncture time.
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Table 5. Change of Beta Wave on the 32 Channel Electrodes in 35 Stroke Patients

B wave

Lead Before 0~3 3-6 6~9 912 | 12~15 | After b el

position needling removal
Fpl 174.88 175.31 17417 17429 174.33 17420 174.83 0.0028
Fp2 17508 17528 17393 17361" 173.58" 17369 174,64 0.0002
F3 175.79 176.14 17525 175.43 175.44 17543 17577 0.0685
F4 176.01 176.12 175.11 174.75" 174.84" 17507 175.79 0.0039
C3 175.82 176.20 17545 17554 17541 17543 175.82 0.1435
c4 175.70 17595 174.97 174.59" 174.64" 174.82 175.79 0.0133
P3 17591 176.05 17556 17547 175.35 17525 17567 0.6000
P4 17563 175.74 174.52" 174.10" 174.06" 174.07" 175.27 0.0003
01 174.00 174.20 173.40 173.22 173.26 173.03 173.79 0.0653
02 174.68 174.90 173.38" 172.94" 172.87" 172.85" 174.30 <0001
F7 174.84 17586 17441 173.9 173.80 173.94 174.83 0.0011
FS 174.01 174.31 17270 172.30" 172.38" 172.84 174.18 0.0022
T3 173.27 174.09 173.18 172.93 172.77 172.74 173.67 0.2274
T4 173.79 174.31 172.39' 171.80" 171.29" 17150 173.38 <0001
5 172.80 173.09 172.20 171.90 171.79 171.47 172.19 0.0333
T6 173.49 173.84 171.89" 171.84" 171.52" 171.49 173.23 <0001
Fz 174.60 17471 1739 173.74" 174.01 174.00 17475 0.0057
Pz 174.73 174.76 174.03 17353" 17367 17358" 17452 0.0002
Cz 176.83 177.12 17655 176.37 176,67 176.63 177.00 0.2998
PG1 192.00 192.73 193.81" 194.49" 194.62" 194.36" 194.02 0.0019
PG2 192.12 192.85 193.94" 194.61" 194.74" 194.48" 194.15 0.0019
Afz 173.06 17358 172.09" 171.68" 171.96" 171.89" 173.10 <0001
FCz 175.44 176.02 17551 175.24 175.33 174.86 17541 0.1058
CPz 178.04 178.14 17758 177.09" 177.25 177.30 177.94 0.0131
CP3 17564 17579 175.12 175.12 175.04 17499 175.36 0.0621
CP4 17574 17593 17479 174.33" 17421 17443 17548 0.0012
FC3 17575 176.11 175.32 175.43 17540 175.33 175.80 0.1543
FC4 175.88 176.13 175.06 174.62" 174.76" 17492 17591 0.0068
TP7 173.37 174.38 17365 173.33 172.70 17250 172.92 0.0038
TPS 172.64 173.17 171.37 170.79" 170.48" 170.62" 17261 <0001
FT7 173.90 17456 173.83 173.42 173.34 17357 174.36 0.3483
FTS 17345 174,07 17250 17174 17157 171.97 17368 0.0005

* . p-value for overall time effect by linear mixed model.
t 1 p~value<0.05(Dunnett's multiple comparison).
0~3 : during 0~3 minutes after needling. 3~6 : during 3~6 minutes after needling.

6~9 : during 6~9 minutes after needling. 9~12 : during 9~12 minutes after needling.
12~15 : during 12~15 minutes after needling.
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Table 6. Change of Gamma Wave on the 32 Channel Electrodes in 35 Stroke Patients

Yy wave

Lead Before 0~3 3~6 6~9 9~12 12~15 | Ater p-value”

position needling removal
Fpl 158.20 159.22 156.82" 156.47" 156.84 15693 15865 <.0001
Fp2 158.03 15895 156.54" 156.05" 156.23" 156.40" 158.46 <.0001
F3 15815 159.10 157.20 157.15 157.33 157.63 158.64 0.0132
F4 15825 159.08 157.11 156.65" 15697 157.46 159.13 0.0004
C3 157.34 158.49 156.75 156.59 156.56 156.90 157.96 0.0709
c4 157.45 15862 156.83 156.25 156.48 156.90 15873 0.0147
P3 157.07 158.19 156.96 156.70 156.69 156.64 157.89 0.1925
P4 156.25 157.34 155.24 154.50" 154.74" 154.82" 157.30 0.0002
o1 156.02 156.65 155,57 155.33 155.42 155.41 156.69 0.0725
02 156.10 157.22 155.00 154.27" 154.40" 154.53" 157.04 <0001
F7 15858 160.23 157.93 157.12 157.04 15754 15892 0.0002
F8 157.81 15871 156.27" 155.52" 156.23 156.83 159.27 <.0001
T3 157.41 158.80 157.21 156.62 156.34 156.71 158.34 0.0465
T4 157.81 159.14 156.79 155917 155.48" 155.71 15850 <0001
5 155.44 156.38 154.94 154.49 154.47 154.46 155.68 0.0946
T6 15655 157.92 155.16 154.84" 154.78" 154.77" 157.53 0.0002
Fz 155.88 156.83 155.01 15476 155.25 155.40 157.08 0.0009
Pz 155.12 156.00 154.48 153.75" 153.93" 153.94" 156.08 <0001
Cz 158.00 159.31 15771 157.43 157.81 157.94 159.43 0.0136
PG1 176.36 17752 179.19" 179.66" 179.80" 179.71" 179.16 0.0012
PG2 176.79 17794 179.62" 180.08" 180.21" 180.13" 17957 0.0012
Afz 155.73 157.08 154.25" 153.71" 154.20" 154.23" 15657 <0001
FCz 156.52 15818 156.66 156.39 156.50 156.15 157.70 0.0191
CPz 158.81 159.93 158.28 157.67" 157.96 15802 159.90 0.0003
CP3 156.49 157.43 155.85 155.66 155.70 155.81 157.01 0.0504
CP4 157.17 15833 156.30 155.56" 155.44" 155.96 157.97 0.0032
FC3 157.92 158.80 157.24 157.16 157.33 157.40 15850 0.1155
FC4 157.96 159.11 157.10 156.52" 156.84 157.24 159.22 0.0035
TP7 157.15 15891 157.60 157.12 156.23 156.26 157.27 0.0040
TPS 15593 157.30 154.95 154.09" 153.80" 154.19" 157.11 <0001
FT7 157.56 15859 157.37 156.49 156.50 157.23 15873 0.0236
FT8 157.04 15848 156.29 155.02 155.24" 155.89 158.62 <0001

* . p-value for overall time effect by linear mixed model.

T 1 p-value<0.05 (DUNNETT's multiple comparison).

0~3 : during 0~3 minutes after needling. 3~6 : during 3~6 minutes after needling.
6~9 : during 6~9 minutes after needling. 9~12 : during 9~12 minutes after needling.
12~15 : during 12~15 minutes after needling.
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