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Abstract

Nonlinear analysis of the effects on the brain waves of the stimulation
on specific area of the sole of the foot

Oh Yeong-seon, O.M.D., Oh Min-seok, O.M.D., Ph.D., Song Tae-won, O.M.D., Ph.D.
Dept of Rehabilitation of Medicine
College of Oriental Medicine, Daejeon University, Daejeon, Korea

The brain is one of the most complex systems in nature. Brain waves, or the "EEG”, are
electrical signals that can be recorded from the brain, either directly or through the scalp. The
kind of brain wave recorded depends on the behavior of the animal, and is the visible evidence of
the kind of neuronal (brain cell) processing necessary for that behavior. But, EEG had been
considered as a virtually infinite-dimensional random signal.

However, nonlinear dynamics light on dynamical aspects of the human EEG. The methods of
nonlinear dynamics provide excellent tolls for the study of multi-variable, complex system such as
EEG.

In this study, 20 persons seperated in 2 groups were examined with EEG, one group stimulated
on specific area of the sole of the foot with footbed inside the shoes.

This experiment resulted in at the group stimulated on specific area of the sole of the foot
correlation dimension of P4 and Ol channels increased significantly. Therefore. we obserbed that
stimulation on specific area of the body had a constant effections on the specific channels.
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Before After t p

F7 | 986745 | 1.2864 | 971022 | 1.74178 | 0.25975 | 0.8009
F8  110.34449 | 050943 110.35073 | 0.61506 | -0.03613 ] 0.97275
T3 1099803 | 01915 |10.36151 | 0.51197 | 1.39547 | 0.19635
T4 110.30817 | 0.60137 11035431 | 0.62622 | -0.28961 | 077868
T5 1028587 | 0.6045 |10.26882 | 0.72715 | 0.05057 | 0.96077
T6 1044837 | 0.369%4 | 1044692 1 0.73314 | 0.00882 | 0.99315
Fpl | 1041437 | 071309 | 1047618 | 0.61563 | -0.18737 | 0.85653
Fp2 |10.26284 | 076316 | 1054881 | 0.53606 | -1.1636 | 0.2745]
F3 1035375 | 047928 1025433 | 0:44317 | 06664 | 052187
F4 1 950272 1 139309 | 93493 | 111244 | 042187 | 0.68302
C3  |10.35853 | 0.59442 | 10.42041 | 058155 | -0.27609 | (,78871
C4 1010403 | 0.93291 |10.07975 | 055692 | 0.06993 | 0.94578
P3 11050822 | 0.40449 |10.37317 | 041878 | 0.77764 | 0.45674
P4 | 966756 | 1.00709 | 987319 | 1.10979 |-0.55003 | 0.59668
Ol [10.70162 | 0.42429 | 1053852 | 0.358% | 0.90731 | 0.38789
02 1042589 | 055171 |10.10205 | 0.58602 | 1.47256 | 0.174%
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Before After t p
F7 1981461 | 096164 | 992816 | 1.109M | -035475 | 0.730%
F8 110.17935| 080372 {1047422| 036651 | -110315 | 020858
T3 | 102197 | 042245 {1040687| 061803 | -1.198%5 | 026142
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C4 11036972 0515656 |1028718| 051568 | 036258 | 0.73252
P3| 106720 | 03336 |1058674| 043016 05752 057925
P4 | B73493 | 107502 | 984618 | 06787 | -343513 | 0.00745+
Ol |10.24406| 066645 | 1057735| 049772 | -276691 | 0.02186%
02 (1021826 064751 | 1021766 054742 | 0.00307 | 099762
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A% 8F(fluctuation)o] WA ZENHZ o
e FAHL AAY F Ak 2 HelFHE B4
T A3 EEAHE dF BUEsSn dHE &
e o] ofa 1 &of Mol ERY AR
& Al WAH Ude RS wHIHAC
A7E AR 23 Ad49 4dAE JYehis 9
Y EENHE TolE ME dBE A2 FAN
7b &g oA HAC

4. 914y YA Faxd

|48 %9 %(nonlinear dynamics)® e
(chaos)® HT ®E A& 31 e d& &
ok & stz AM B39 FHE(science of
complexity)?] & #& <o|F1 Ut vAdY F9
g1 steay AdY B34 (complexity) ol
ol e BHA FA Fxo 444=E o)
azp @k 53 9dY 598 dd(opem A,
£ A7) (dissipative) Al, 7% v HB(far~from equil~
ibrium)Al & o] B} BEE 1A 9y
FLAE dFE FEY ol& 2 =7 E AT
I 9k vMY T © o2 A RoF
2x B8 9 384, dgA, AA/2EA T
N B g8 g d7FHT U

MY Ty diyE 2o uHY A
ot ML g By A F8
K482 E¥(threshold), <A A (bistability),
Z & ¥ 4(hysteresis), ¥ (resonance), 7} %
o Ty A4S wer

HAE AAGENL vAgAY HEARA
#2d dojE e AALR FolHE o, HAY
9t HES &8st AAHU FHEAA
& AASE Aotk Hu, FEAALEH & F
S+ Ao wHAe 2aE 7t Ao Aol Al
743 WEE AAdEHE 44 "8 o A% A
o] #& fA 7B A Zdg H$x, v
HE 4F, zAse vMY 49 EE A9
A AFEL =L EFHo. o ATl ¥

AE FEE 71248 ol Fol(random) dlol
HEZNYE ofgA FEest & Flesd F2E
ofgA H&HoR Jg¥ & st e Ao
o 7N 71 Fa¢ AAL AFALE o
&t 3 Jie ANAGEREEH HAFNEY e
ERE A&t 1 72 o A¥H JRE
AdHRNE Aeolztn & £ vk ofRg Eie
71883, F98d, FRid EHAEME 9std
42k A 71 2+ ¥ (box counting dimension), A #a+4
B opF e LA 4
(Lyapunov exponent), Kolmogorov- Sinai AE&
v F9 ANgnglEe FEHN olg o]&F upF
Zel(randomness)®] A #Fst7t @U3] dFH
gl e

{correlation dimension),

5 BR
N Cidet i
Bk - RO
FHh o BGOSR REE B BRE HE
B KER HEEREE.
2) ERPZEY
BE Mg
WA @ BOMEES RS ERRES
T RIS | R TS BEGBA
B AEERNEAART
3) WETLERY
BY ol
WA - BLIEERREBIERAR
X BEESIRREA N S W
FEE R S BERAES  ARES.
4) BREERY
BY i
AR @ ROREPRERERAS
T DETEERAETBFOM.... B
3| e 8 W SE TR,
5) gaREx®
By s
WA © ROMEE PR RSRARPRRE
Xt REEBDREYEANB... B T#
5 F i i F g A & TSR,
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dotg B 59 Aol He viAe el oig udY BA 9

6) BARAH
AR i
BAE: @ ROME DR SRR e A
iy §ed
RERERORAYLEMRT. .. TR
BT ma & FImEE A EFHITER.

7 BRE RAL mf, sk, KO, 0R, B
olz} Bal¢n RAWE Wetd Ueu: 2R
hRfEMEEl Mzste B #28kot 3utRie) U
RABERS #7oln EEAsR 39 shdoln
Bt EaRolsl aREACIY BRe Be K
9 Bol FAZF A2, B o] £ 2N K
7 ERFE T80 waA @Re Ao @
YA RE 20 e AEE F FEEY Rl
Fohte ®olgtn st @A Holth WmEM
ek, WL, SEEIE AMS 2n gled
K, BOLIE, MM, SEEK, B, &%, WEE B
O OIE, ok, KEH S e #en”

6. Eﬁw

E#Ee GEES @AY EU 9 dHdd Ao
2 5AF A ®EEl 24F HES g A
2 ffkolth ol WYL BR HAAd ded #
A& 83t HBRate WA x¥ste B
T FHANM AP A AFHE FAR A
olth R#e Rfre REH 12/, BEH 15
R, RAMY 4R, Baflel 1R2A A 32K0
Atk 4F e XHFAC e AME 1-3
®#e BAYT. BH, £ YA A58 2os
A 10MAT 11MAT fALS ol& M,
SR REBRL, AR S X FAC Ak

7. WAL &Y (Reflexology)”

B W E &5 gl $8] B9 74 RE
AFates dEAH] AE deM &dF o
HEE A= 98 B9 7t R d¥ge ¢
4 "ok wAb 812 H3Y9 zone therapyol A
Zlgsted oSl oinjdF s oAkel William
Fitzgeraldell 281X A=A} o Alge &3
e B FHe] 4¥g Moz uiust 24

g T UL, AHe d¥ FAL APAY 5
At Ae wAsAY €8 A 8AHPhysiothe-
rapist)?! Eunice Ingham® o[& ulgoz 34
A WAl gelgtn ¢z Ao EdE 9t
. Ingham 7} AA] 7|@e] Agsts 2o AE
& Ax2 AYstgoen o Rd AIFL F=
1&g hgsch wAl REAE L duAe 3
¥ Bstd 559 AWe fudEte 29d ¢
He A Ntk wAE S R28 Mo
BH WR Arlet Mol 4%g wegn REd,
YF WAL QRIRLES o] 92§ 7200708 AA
AEE Fold 1 RReo AL EHstn wE
A4E EHzlelax o A4 gFgYyozE u
AL 8ol FHEA fudn sost: g9
Aaol 8% BE agos A8 2 F v
Azt Aok @A WA} 2Ye HAAHo=
25,0007 o] HE7Fol o3 AAHD U, WAL
8 I4E F1, 2EHLE #HiEn, Fo
HAA &ta, Ao HAEHE AY A &n, $
2] AAe] #¥7 AAEE AAM AFAY 2w
€ 9E RHOR AMREY, FH, B AgdA A}
|8 FA B9 A 2ol A b xA
27 g B9 de 249 fA}sir)

V. & @&

B dPdME 7le2 oM HMY A8
€ %gahs g9 48 29 (Correlation Dimension)
< AT o A, £ 2 2% diEN A3
oz feg ¥sirl Jsted, P49 O1 adel A
Fo A @ 2ol Frtse YL 2o T
o oy, AA 2R Fee FAYeE &
A% sfide] e eisit. olgx AAe 53
FEol A ztFe] Ha B glo] 54 g
A 4% d%E F1 USS BFSYD ¥
A AW 53], AFaFel A viAe 9
ol e 4 e MM Yot Aeid
thoolE 7IWeE ¥eoed AHYeEHy B AF
o 3ol EAaE F T Egpeice Aay
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