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fMRI study on the cerebral activity induced by
Electro~acupuncture on Sanyinjiao(Sp6)

Hong Kwon-eui, Lee Byung-ryul, Lee Hyun, Yim Yun-kyoung' and Kim Yun-jin"*

‘Department of Acupuncture & Moxibustion
College of Oriental Medicine, Dae~Jeon University
**Department of Diagnostic Radiology
Hae-Hwa Hospital, Dae—Jeon University

Objective : Recently, many studies have showed the evidences of the effect of the acupuncture treatment through
scientific methods. One of these methods is functional MRI. We performed electro—acupuncture on Sp6 and
observed the change of brain activation using fMRI.

Methods : To see the effect of electro~acupuncture stimulation on Sp6, the experiment was carried out on 12
healthy volunteers, using the gradient echo sequence with the 3.0T whole~body MRI system(ISOL). After the needle
insertion on right Sp6, 2Hz of electric stimulation was given for 30 seconds, repeated five times, with 30 seconds’
intervals. The Image analysis including motion correction, talairach transformation, and smoothing was done with
SPM99.

Results
1. Group averaged brain activation induced by bilateral electro~acupuncture stimulation on Spé activates
Brodman Area 3, 7, 13
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Brodman Area 6, 38, 47.

activates Brodman Area 3, 4, 18, 21, 36, 38, 39

Key words : Sp6, fMRI, electro—acupuncture

2. Group averaged brain deactivation induced by bilateral Electro—acupuncture stimulation on Sp6 activates

3. Group averaged brain activation induced by unilateral(right side) electro—acupuncture stimulation on Sp6
activates Brodman Area S, 6, 13, 17, 18, 19, 31, 38, 40. ptoms, back pain(32.5%) was the

4. Group averaged brain deactivation induced by unilateral(right side) electro-acupuncture stimulation on Sp6

5. Brain region activated by motor stimulation activates Brodman Area 3, 4, 6, 18, 19.
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Scheme 1. Stimulation paradigm
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(1) Data Processing
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1. Acupuncture Stimulation

Fig. 1-1.

Brain Region Activated by Bilateral
Electro—acupuncture Stimulation on Sp6(Sanyin-
jiao). P<0.001 :

Fig. 1-2. Brain Region Deactivated by Bilateral
Electro—acupuncture Stimulation on Sp6(Sanyin-
jiao). P<0.001

1) Brain Activation{and Deactivation) in
each Subject induced by Bilateral Elec-
tro—acupuncture Stimulation on Sp6(San-
yinjiao)

(1) Subject 1

HAGA H 848 B A= 35 Brodmann Ar-
ea 10, 40, 6, 39, 5, 4, 2913 3 1314 YEt
wov<Table 1, Fig. 1-1>, H&4 A= 3
Z Brodmann Area 40, 3993 $3 47, 38, 9, 23,
18914 JebgttiKTable 1, Fig. 1-2>.

(2) Subject 2

AP = #4338 £ H5 Brodmann Ar-
ea 39, 37, 13, 25®7 93 19944 Yel e
<Table 2>, H84 A3+ #5 Brodmann Ar-
ea 6, 13¥1e]A] U tKTable 2>.

(3) Subject 3

gA@ae] @43t 249 2Z Brodmann Ar-
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Table 1. Brain Region Activated Deactivated by
Bilateral Electro~acupuncture Stimulation on Sp6

Table 2. Brain Region Activated Deactivated by
Bilateral Electro—acupuncture Stimulation on Sp6

(Sanyinjiao) (Sanyinjiao)
Talairach Talairach
Brain Activated Region B“m:m Coordinate sct(;e Brain Activated Region Brog;um Coordinate sct:(;re
X Y 7 X Y Z
1; Sub-Gyral of Parieta BAI():: -30 48 24 651 It %bxémofAnteﬂor . 0 —44 —4 468
Lobe BA™ <30 -4 34 464
Supa'ior Frontal GYTUS BA6"" -8 24 64 4% M(ﬂle Tmal GYmS BA39 -3 =70 18 372
Midde Termporal Gmus~ BA3™ ~0 -2 18 464 Brainstem, Micbrain L Tl -le-l6 364
Superior Frontal Gyrus ~ BAS™ -2 10 &4 403 Superior Temporal Gyrus  BA39™ 48 -54 10 343
Sup Parietal Lobule BAS'" -0 -2 62 404 SUW'[OI' Tﬂmﬂl QNS BA39"' 42 -48 12 273
) Insula of Sub~Gyral BAI3™ 42 -2 16 346
Sub-Gral of Pariel  pag ) gy 48 38 Antesor Gingulate of
o BA2S 0 8 -6 346
Precentral Gurs of - pag 5y —y4 34 342 - —
Frontal Loke ' R Parchippocam of Linbic - ppyg 39 55— 341
Posteental Gprus of - gy 53 0 2 332 T
) . . Brodmann alairach
R Insula BAB™ 4 -14 6 3% Brain Deactivated Region )0/ _X(‘plg;na% e
Brain Deactivated Region  Brodmem Qdlagach "ok, Frontd Omus BAS~ 44 2 32 3ll
Ao ——y 7 sore Inf, Frontal Gyrus BAZ™ ~40 28 10 305
Supramarginal of Lentiform
Lt Parietal Lobe Orusof  pag™ 2 46 30 702 Rt SNulgltilﬁlmnm of ' 32-10 6 353
Superior Temporal Gyrus  BA39™  —46 -58 18 594 - .
Lateral Globus Pallidus . 2 -8 =6 275
Rt Inf Frontal Gyrus BA47 36 20 ~18 450 of Sub—lobar .
Superior Temporal Gyrus  BA38™ 32 8 -24 356 Claustrum of Sub~lobar ’ 32 =2 -8 31l
Middle Frontal Gyrus BA9” 10 40 32 438 P<0.005
%ﬁ&dw of BAZ™” 6 -3 18 411 "+ Not Found Area of Talairach Level and nearest GM
) . @ Area of Talairach Level
Iﬁ:ﬁm Gyrus of Occipital BAIS™ 14 -80 -4 405 " : Not Found Talairach Level but Area of nearest GM
pub~Gyral of Frontal % 10 -12 400
P<0.001

* : Not Found Area of Talairach Level and nearest GM

** . Area of Talairach Level

"™ Not Found Talairach Level but Area of nearest GM
™"+ No data Area of Talairach Level but Found Area

of nearest GM

Area 24, 4, 6W13} $2 289l YO m<Ta-
ble 3>, H&4 AN+ 35 Brodmann Area 4

Hell YebgtiKTable 3>.
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(4) Subject 4

HAHAS H8493 #99= #F Brodmann Ar-
ea 39, 19, 4143 $3 9, 10, 46M M Jelto
m<Table 4>, H¥4 AH&Ht9E 35 Brodmann
Area 19W7} $&2& 24, 38, 20, 6, 34, 11¥eA
vebdticTable 4>,

(5) Subject 5

4@ HEA 3t F9% 23 Brodmann Ar-
ea 6, 38813 5 13964 vehon, {84 A
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Table 3. Brain Region Activated Deactivated by Table 4. Brain Region Activated Deactivated by
Bilateral Electro—acupuncture Stimulation on Sp6  Bilateral Electro—acupuncture Stimulation on Sp6

(Sanyinjiao) (Sanyinjiao)
Talairach Talairach
. . . &(ﬂn‘mn 9 t— . . . Br(thm . t_
Brain Activated Region Area Xcothme score Brain Activated Region Area X(bﬁgﬂmez score
1 Sxra Ducear of * -4 1449 Lt Mdde Temporal Grus BAZ" ~48 66 10 633
Lingual Gyrus BAI9" -8 64 2 522

Sty Nucear of BAM™ -6 -6 22 406 et o
osteen P

Thalamus of Sub-lobar ~ *© ~I8 -4 14 401 Parietal Lobe BAI™ 58 -0 14 397

Precentral Grurs of -

Preceniral Gyurs BA" 52 16 34 373 Rt Inf Fromal Gms  BAY™ & 20 24 617

Frontal Lobe
Rt Midde Frontdl Grus  BAS™ 28 -2 46 438 msm: Opral o Fronal — ppgg 43 20 2 428
Unamofhnhc[nbe BA28"" 20 ~18 =32 407 Inf Frontalerus BA46"' 0 30 6 3.9
Hypothal 6 0 -6 37
m T 6 3D Midde Frontal Grus~ BA46™ S8 32 14 366
; : . Brodmann i t- .
Brain Deactivated Region __Coordinate Talairach
A% XY 7 ™ Brain Deactivated Regin  BOIM_ Cooedinate 1~
[¢ Guimen of Cerebellum T -3 -3 —28 489 XY 7
Anterior Lobe Lt Midde Occipital Grus  BAI9™ -3¢ -70 4 540
m“ﬂg““ of BA4" -3 -12 52 402 Pons of Brainstem ' 0 -32 -4 463
Rt Sub—lobar : 4 18 10 410 Lingual Gyrus of _— _
s o ' neua G, BAIS" -18 66 -2 444
Ton Rt Sub~Gyral U 4 2 48
Anterior Lobe of .
20 4 -4 389 ate Gyrus of
Cerebellum Oneulate G BAM® 8 0 R 445
P<0.001 ior Temporal Gyrus BA3S™ 36 18 —26 437
" - Not Found Area of Talairach Level and nearest GM Stxpfznor Erpctal Gyrus ‘
*": Area of Talairach Level %‘m% of BA2™ 30 —40 -16 414
" Not Found Talairach Level but Area of nearest GM o
" : No data Area of Talairach Level but Found Area FI mlwﬂmlufob?m BAS™ 8 -6 40 372
of nearest GM
Precentral Gyurs of
e b BAS Q 2 3 33

Uncus of Limbic Lobe  BA4™ 16 8 -24 435

51%.9)= 3= Brodmann Area 25, 3, 36, 19, 1, 6,
mﬂl Gyrus of Frontal payy ¢ 10 o4 367

38, 18%1lM Yepdtt

(6) Subject 6 P<0.001
HA#zL} HPA 35 B2= FZ= Brodmann Ar- " : Not Found Area of Talairach Level and nearest GM
N " : Area of Talairach Level
e
ea 9, 10, 32, 44, _40' 459 $5 10814 et ™" : Not Found Talairach Level but Area of nearest GM
wew, H84 AP #Z Brodmann Area ™" No data Area of Talairach Level but Found Area
19913} % 10, 28¥elA hebste, of nearest GM
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2) Group Averaged Brain Activation
(and Deactivation) induced by Bilateral
Electro—acupuncture Stimulation on Sp6
(Sanyinji)

7}2}+9] subject® average"ﬂr A3}, 4845 79
T 33 Area 13, 7, 3% % 229004 Yehto
o, 484 HFHe HH Brodmann Area 38, 6
3§55 4784 YePdtiKTable 5.

Table 5. Group Averaged Brain Activation(and
Deactivation)induced by Bilateral Electro—acu-
puncture Stimulation on Sp6 (Sanyinfiao)

Talairach

Brain Activated Region PO _ Coordinate I~
X Y 7

Lt Insula BAI3™ 42 0 16 447
Insula ) -36 ~12 -6 418
Insula BAI3™ -38 —4 -6 3.8l
Put Lobe and Parietal  pyr 1 4 65 339
Post. Lobe and Parietal
Lobe BA3 -14 -36 68 3.33

Rt Superior Temporal Gyrus BA22™ &0 -2 2 448

Talairach
Bran Deactivated Region %M _ Coordinate €
XY 2

It Superior Temporal Gyrus BA38™ -42 18 -28 457
Brainstem, Midbrain ) -4 -4 -2 412
Precentral Gyurs of “

Rt Caudate ' 8 16 12 516
Brainstem, Midbrain 6-12 -4 379
Subcallosal Gyrus of v -
Frontal Lobe BA47 22 10 ~14 401

P<0.001

" : Not Found Area of Talairach Level and nearest GM

** : Area of Talairach Level

" : Not Found Talairach Level but Area of nearest GM

™+ No data Area of Talairach Level but Found Area
of nearest GM
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3) Brain Activation(and Deactivation)
in each Subject induced by Bilateral El-
ectro—acupuncture Stimulation on Sp6
(SanYinJiao)

(1) Subject 7

HAEAY 8493 FAE 2 Brodmann Ar-
ea 7, 5¥F $3 31, 39HIA JEPR O BKTable
6, Fig. 2-1>, ¥¥4 3-8+ 33 Brodmann
Area 13913} 93 47, 4, 4591914 et Table
6, Fig. 2—2>.

(2) Subject 8

HAHAY H8493 9+ #F Brodmann Ar-
ea 21, 38, 6¥3} $3 38, 1, 3WoN Yehgow,
H8A A3HEY+= 9% Brodmann Area 8, 47 ]
A YepPdtiKTable 7>.

(3) Subject 9

QG2 8438 29+ 35 Brodmann Ar-

Fig. 2—-1.
(Right side) Electro —acupuncture Stimulation on
Sp6(Sanyinjiac). P<0.001

Brain Region Activated by Unilateral

Fig. 2—2. Brain Region Deactivated by Unila-
teral (Right side) Electro—acupuncture Stimulation
on Sp6{Sanyinjiao). P<0.001
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Table 6 Brain Region Activated by Unilateral
(Right side) Electro—acupuncture Stimulation on
Sp6 (Sanyinjiao)

Table 7. Brain Region Activated Deactivated by
Unilateral(Right side) Electro—acupuncture Sti~
mulation on Sp6 (Sanyinjiao)

Talairach Talairach
Brain Activated Region  Brodmemn  Coordinate  t- Brain Activated Region ~ Drod@m  Coordinate  t-
Area score Area score
X Y 2 X Y Z
Lt fub-Cal of BAT" -2 —58 54 439 Lt Superior Temporal Gyrus BA2I™ 40 2 —22 350
Preceniral Omus of - pas 0 2 52 328 Superior Temporal Gyrus BASS™ 40 22 36 439
Rt &ﬁ‘f‘&gﬂm‘f BA3I” 4 -38 38 39] Superior Frontal Gyrus ~ BA6™™ 16 —6 70 407
Psgm BA” 2 -6 32 378 Rt Superior Temporal Gyrus BA38™ 46 12 -24 33l
Talairach Pustcental Grus of - oy~ 50 4 56 29
. . . Brodmarn  Coordinate t—
Brain Deactivated Region Ares —— % ome Postoentral Gyrus of
Lt Insula BAIZ® 38 10 —4 377 Fﬁﬁ"ﬁm Gmsof  pav s _1g 48 278
Rt Pons of Brainstem : 2 —40 -3 440 .
Talairach
Inf. Frontal Grus ~ BA47" 30 12 -18 4@ Brain Deactivated Region B“ﬂgm Coordinate =
pubcallosal Gyrs of - % 8 -12 365 XYz
. Rt Midbrain, Brainstem 8 -6 —6 42
p‘m”,,“m""“‘m&““ BA4™ 8 -4 68 400 Midde Frontal Grus ~ BAS™ 26 2 38 677
Sub~Gyral BAS™" 8 8 2 358 Bust, Lobe of BAIG™ 24 -56 -14 386
P<0.001 -
Inf. Frontal BATT 0 14 -2 343
' : Not Found Area of Talairach Level and nearest GM rontal Gprus
** . Area of Talairach Level P<0.005

" : Not Found Talairach Level but Area of nearest GM
™" : No data Area of Talairach Level but Found Area
of nearest GM

ea 7THT 3 44, 7, 400X Yebdon], Hg4y
A3 9= #2 Brodmann Area 45, 4, 73} $&
19, 6, 9914 UEPstTti<Table 8.

(4) Subject 10

HAFA ] A 8433} ¥4+ 25 Brodmann Ar-
ea 13, 6, 4, 6¥13} $-Z 38¥A YEhted, &
43 A9+ B3 Brodmann Area 19, 493} ¢
% 19, 18, 17, 2994 Yeltti<Table 9.

'+ Not Found Area of Talairach Level and nearest GM

" : Area of Talairach Level

" : Not Found Talairach Level but Azea of nearest GM

™" : No data Area of Talairach Level but Found Area
of nearest GM

(5) Subject 11

A G H843} £+ FZ Brodmann Ar-
ea 19, 17, 22¥13} 3% 30, 38, 29, 32, 24®o)A
UeptoH, H84 A3H-91E 35 Brodmann Ar-
ea THI £3 2, 31l e

(6) Subject 12
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Table 8. Brain Region Activated by Unilateral
(Right side) Electro—acupuncture Stimulation on

—=

Table 9 Brain Region Activated Deactivated by
Unitateral (Right side) Electro—acupuncture Sti-

Sp6 (Sanyinjiao) mulation on Sp6 (Sanyinjiao)
Talairach Talairach
Brin Activated Region  Broimem _ Coordinate U Brain Actvated Region DA Coordinate
X Y 12 X Y 1Z
Postcentral Gyrus of Y It Insula BAIZ™ -34 -2 10 610
It Parietal Lobe BA7 24 50 68 437
Post. Lobe of -3 64 -3 48
Sup. Paretal Lobule of iy 1 g4 60 416 Cerebelum '
Parietal Lobe Med Frontal Gmus ~ BA6™ -10 2 54 431
Precentral Gyurs of Post, Lobe of .
Rt Frontal Lobe BAM4 58 12 6 409 Cerebellum -6 =58 -12 3%
S Pl Lol of 4 g 5p 42 pub-lobar of Fromal gy 1 58 385
: Precentral of "
bf Puieal Lobe gy 59 40 55 371 M Polaw s BAS M BB 66 552
Talairach MFI‘OD'H]GY[’US BAﬁm R =2 60 477
X Y 2 %f’f Tepord  pasg 4 o -14 384
Lt Inf Frontal Gyrus BAS™” 50 28 8 397 Talai
. . . Brodmann  Coordinate t-
Precentral Guis of - pag* —3p -0 58 38 Brain Deactivated Region oy
Sup. Parietal Lobule of  pare o _ r
Parietal Lobe BAT" 2% % 54 318y, Owesof Occpitl  pygr 9 g6 36 339
Lingual of - —
Med Frontal Grus ~ BAS™ 10 0 56 397 Ry Midde Occipital Gmus BAIS™ 40 —82 14 344
Midde Frontal Gyrus of  gag~ 55 39 34 357 Lingual Gyrus of .
Ocapltalh.)be ) Occipitﬂm BAIS® 12 %8 -10 322
Midde Occipital Grus  BAI9™ 36 -%0 8 356 Ques of Ocdpiel gy g 10 -2 30
P<0.001 Extra—Nuclear of
™ : Area of Talairach Level ~lobar BA29 6 -38 10 2%
**" : Not Found Talairach Level but Area of nearest GM Cuneus of Occipital BAIS" I8 -0 22 291
#»++ : No data Area of Talairach Level but Found Area Lobe '
of nearest GM Middle Temporal Gyrus pajo™ 40 —g4 14 284

Azl H @43 #99+= 5 Brodmann Ar-
ea 41983 = 11, 19, 18, 47HA ePtoy,

H8A A= Brodmann Area 3993} $&

18, 3994 bk,

94

of Occipital Lobe

P<0.001(Brain Activated Region)
P<0.01(Brain Deactivated Region)
*: Not Found Area of Talairach Level and nearest GM
" : Area of Talairach Level
. Not Found Talairach Level but Area of nearest GM
""" No data Area of Talairach Level but Found Area

of nearest GM
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Table 10. Group Averaged Brain Activation({and
Deactivation) induced by Unilateral (Right side)
Electroacupuncture Stimulation on Sp6 (Sanyin-
jiao)

Brain Actvated Region  Brogimenn Ewah;ﬁmm% —
Lt Post. Lobe of Cerebellum 16 —58 12 386
Post. Lobe of Cerebellum 16 64 22 374
Insula BAZ" 34 -2 10 38
Lingual Gyrus of Occipital gy g g0 g 359
Post. Lobe of Cerebellum -6 -8 -12 3.13
Paracentral Lobule of —— pgs o 49 50 276
Culmen of Cerebellum -2 =56 -10 321
Fastigium of Cerebellum -6 ~54 =20 295
Inf. Parietal Lobwlle BAD™ —~48 36 30 307
pub~Gmal of Frontal — ppce 16 5 54 300
R (inedate Gorus of Limbic gy 4 g5 49 356

4) Group Averaged Brain Activation
(and Deactivation) induced by Unilateral
(Right side) Electro—acupuncture Stimu-
lation on Sp6(Sanyinjiao)

2¥zte] subject® group averaged AF}, 84
3t #9¥ 3% Brodmann Area 13, 17, 5, 40, 69
# $5 31, 38, 5¥A Yelton], HE8A Ashe
$1+= #3 Brodmann Area 3, 36, 43} &=
21, 39, 18¥ellX YehdticTable 10>,

2. Motor Stimulation

YA 82 motor stimulationdt A7, H@A B
9= 33 Brodmann Area 3, 4, 6, 1883} £ 19
oA vebtti<Table 11>,

Superior Temporal Gyrus~ BA38™ 52 12 -8 3.40 Table 11. Brain Region Activated by Motor Sti-
Sub—Gyral of Temporal . . mulation
Lobe BAS 2 -2 -12 328 -
‘ Talairach o , alrac -
Brain Deactivated Region &?&fm Coordinate 1~ Brain Activated Region Broggum — Coordingte _ seore
X Y Z X Y 1Z
Postcentral Gyrus of " _ Postcentral Gyrus of v _ag
It Parietal Lobe BA3 -4 -24 58 3.11 It Parietal Lobe BA3 34 -28 70 693
Uncus of Limbic Lobe BA36™ ~16 -12 -32 392 Precen Iob((;eym of BAS® 40 -0 6 59
Precentral Gurs of BAC” =34 -2 56 304
Frontal Lobe ' Precentral Guurs of —— page 35 04 53 573
Thalamus of Sub—lober “10-10 6 23 Frontal Lobe 85
Rt Pons of Brainstem 2 -2 =26 381 Middle Frontal Gyrus BA6” -4 -4 60 58
E“TTW(&“S ';:328 8 0 -38 373 Superior Frontal Gmus~ BA6™ -2 -2 72 386
e Temporal 1™ 46 8 -36 316
Fusif f v
Midde Tenporal Gyrus~ BA39" 42 =76 12 374 Eysiform Hyms o BAIS" -18 -2 -14 449
Sub~Gyral of Frontal
Lobe B 4 8365 Oocipimﬂgg BAIS" -8 —%0 -10 334
Inf. Occipital Gyrus BAIS™ 34 -88 -4 293
P<0.005 R Gulfom Omusof gt 40 78 -2 425
"+ Not Found Area of Talairach Level and nearest GM
" : Area of Talairach Level ggsm O of BAIY" 32 -82 -16 375
" : Not Found Talairach Level but Area of nearest GM
™" ¢ No data Area of Talairach Level but Found Area P<0.001

of nearest GM

" : Area of Talairach Level
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ZH3(Sp6) MEt#R0l IMRIY BESMBMEO) DIXE VB

v. 2 %

g3 g9 B4AaY 7127 9= Reg,
e 7GE, WA LA, Rl 528 E91 T,
BRI R oA AFHeln AHe] WAoo RA
T EA 2ot e, A Huiz A o3
7180] AXEE ZAZold, AYe] gloiME BAS
£ 7 AR7E 4481, AH) QojME THo)y
oy % dAECEA YR #Estn FIo=
2aste A WA AA 3-8 QYEA F
ANA FYHT BV FEAE g st
oJTp

AA MY BRAEY 8o] g LA}
QS oke] FEFH AT O Fejsta, 3
F8 olg 9 Zg7]|del dis) ALHAHE FH0
2 oY Wgog g3 477t o]fA| 1 3L
WSO o}z e gAsHA 1 Wge AEE ¢ Qe
A9 olEo] FUHA ¥k, T A 7Y =
& o U FE gEEn ¥ & Sl

2% Sof A" CT, MR], PET 22 94 7)
o Wgsto M Hor doike 7|5A WIE
Aot o K83 A¥8Y AF anE BEE
oo & d8s 8 Aoz M3 B3] MRl &
¥ 9] 7o) W T3 (Functional brain mapping)
WHE BOLD 4o 2 ghaste A7) 7|g7t #
A}, ol Takashi Yoshida 52" ©] fMRS} A8
A3 g Al A7E F e FedE FAFL
2 AAE 23 A

7l td 97 F2 T8 A8E 5 o
ARAEY 85§ 7|53 oz AgHd oy,
ol dois} 71} ZE AT A4l AR 7)5el
e Hee Aot webA A7ke] 44 <
A7l dg AFEL F2 A& gAEY

(A=A 2
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A& F3 7153 #)2) (dissociation) - 0%
2] (double dissociation) BAHE EtlE A1 7]
T& 83 FEIQT Ojemann™ Fo] Jo5
& A 7|23 (Electrical stimulation method)
< F3 do7lsel dE ¥ 99E doluEe A
57 AR &2A BAS) oBsix] AR
& FH2 A7 LA R olo) Ve
A FHoZ Qs 48 Ho] ERP(Event—Related
Potential), PET, fMRI, MEG(Magneto—encepha-
lography) 53 Z-& w3&3 Wi ESo|,
olZE vl WHEEL 47 A5Y gy
%59 ¥+ (spatial), A17HA (temporal) HAE
(resolution) &} 32 A g F& <23tk ERP
g o A713 &% A% WEE 718 A
22 1000%9 1Z(millisecond) ©99) ¥ Al
AR HPEE 7R} X% ERPE A5 e 3
& AXE dopled AEHo|s, MEGE 7a9
5o A% H719 F5e) &) BAHE A A
(magnetic field) S A X %z} 244X} (SQUID :
superconducting quantum-—interference device)
£ 3 A5k Aoz w2 A4 sy @
7 A5 A JAPEE Lobd F QU Holdt
Aol glon, ¥ AFAESL AJATL AR Ho
A= A9d (neocortex) o] =5, 7143 (basal
ganglia) o4t A4 (thalamus), @} hippocampus)
¢} & 9 A3t 9 (subcortical area) ol the A&
o] 73 Hojx|& Ago] glok PETolU fMRIE=
THY gl A% ARgALe] Wbz A% Xr P
o Wsh} ol AAFT] HEE iz o &8
st 49g Fohie Wdolth PETH IMRIE 4
A FA| Sl I o 4319 94§ FeplE
Aold frAkebARt 1 dels AFR t2o. PETE
#29& A8l 0.8 2L FH2 AT B EAsh=
AFs FHELE E, AL, XEY, At 5o 2%
3 Az e BF (A4 B0l 150-H0)& A4

Q1

¢
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o) £oi% &, Azt QAU HAe 27T
o A= 511 keVY AFWAMAE H9lolA 3
Zslo] A3} G EYT FANE WRICE 360" 2
E Z4roX AHE YAk BXE AT
AgAalgtt, old AMgEHE FHHEAE C-11, N-
13, 0-15, F-18 & ¥x%o] 7hin 3717}
e 945 AHE o] dAE2 AAlE YA
oA Al A Befshs dAEEN 493
ALY AgskA B g & ok 2Eu &S A
7 A&HE FHA 4 AFE Ao|2ZEE(Cy-
clotron) oAl BHEo] AA| Wel Fofsjol sh= WA
223 Y¥Ao] EAjstx, MRI gt F3HY
A FHAEY AZHEQ AR} HolAls Bl
464).

fMRIE= 19803d) PETS AHEst A7) of
g A7t 2RE o dojugrl, A FEAYE ¢
T 2159ME 7HE8lF (gadolinium) 3 #2& &
A E FolF F HYF eSS T AT @
Aol 2F& @F7] ARSI A AT&T Bell
Aol Jdd A zp7] B8l Siege Ogawars
ool Qi AR F2HY AA¥sE FE ot
2 23} (susceptibilities) o) W3l FE3ISiTt
ALY o] Qg AALE Wk 9% 3

2Z2HIE ALE 7T A e il o 3

]
222N 59 AR T FHAVIAYL, 42
Zog AERIEUS F AN 2 418 94

gk, o]y AAE ¢ FHRI2RIE Vs
2224l (deoxyhemoglobin)ol2}1 8t1, BAlS}3)
2229 MRI 4139 &4& 7P, Og-
awa $°0& o3 gASIHEIRNY 40| 2
AAel Ze AEE € F UFE Welx o]F BOL
D th¥] (contrast) 2 B3It} o]2{& BOLD ti¥|
9} 2114 AAZIH (1 slice image®d 150msecd] &
%) EPI(echo planner imaging) 71%H& &3}
of, 29A9 Fle] ¥ VAMES] FFel I

Y570 W3l B2 3 AR WE AT 3
AEE 7IN A& & F A H olE I
Apgilo] 715 gate] A2 AHE 42 71%3
247153 94 (functional MRI) |t}

fMRIE AIZHE 3243 =7 HoAuA Rt 3
t) A1 u]&(signal to noise ratio)o] ¢ Hth
meby o) Jatoz o 848 JYE ol
ot} wetd AP A|1FHEEY A
oA ERE HAE AN Y TL EFE
37 715 YAES 9 F, 8, FAE ¥
o o8] #S of A& HlE(signal to noise ratio) &
¥ F, AgA FU4 AT A€ol wet AA 7)E
I3 Bde ¥ 998 FAF YEE 3 Fopdr

fMRIZ ©]&3§ Physiological Basice 22|83
o2 ¥ Fdo] w3 71xE F1 U BF
electrode® A% action potential& Z33IAY 3
N E o] g3 oAslEA FE &AL F8 o 7Y
o] WHEAIZHE A B 8T 3 ¥ 7Y
o] ¥hg3k= A7k 2k 100ms FES AREAE 7}
Az wAgtn e Qo | wHEe] 8435
5] CBF(Cerebral Blood Flow), CBV(Cerebral
Blood Volume), At Fo| F7teH=dl fMRI
= o)g 22 H7)gel ks Perfusion #3d W
FEL 248k Rol,

Abx ZFe] @ AA &4k 998k hemo-
globing AtA7) 288 F5& 7]F2E oxyhemo
globin# deoxyhemoglobin® 2 w¥l=d e 4 -
BEol g43} =9 olo] wpE AUAE A7) 9
& BEF AaQFFo| FUlEtT o]d AAQTH
9 F718 B3] 43 o ¥ o] 524 H
I, A3 07 A4t AEE oxyhemoglobin®] ¥
o] deoxyhemoglobins.th B Hcp¥3P,

o]Zo] oxygen metabolism¥} BOLD Effect]
A2 WA MRIZIY 5 7H %ol A%
e 7ol B AP E oledt 7[HES o%
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=H§%{Sp6) MitkiBol (MRIY BEEHILN DIXE KB

33t

AERE  <KBREZESV “ERBE=SF
THES BXE, KR VBRZE FA=7, ¥t
i, REHT S ABFSAL KBREARLS? S =
B RERREETE TRPREMBE=0HKK
FERWLITE BHHEARTR], FRABR LAY
BT E <BBAFDOA ZREXAR EESER
BRIt A= 2R =M TR AR NMERF S BB
R E R R AR ERERER R TR
TREZ, 33 @9 ‘BrrmBKs,
BB, ARTHE, af T, A% BM HErR, B
7, R, IR, fE, B, K, B, 5 E i
T8, BTREATE, EXRmNE, AR BEAT B
g, R, AR, 1R, BRAEE, WX R2Z, K
B, wigEs, MEES OERR, B, SaPx
K2 e ASnE BRERIKE Xesy, 1
gAML okttt & 4 Qo

B AdME Ar)eh 22 f%0] Qen, =
Bfto] x@shs RABMES HSIE AHE ¥
ANAEE Fo el vAe 4BE IMRIY &
Z3lqich

Tableol|A W& Talairach #¥& Talairach Le-
velolA ®A Brodmann Area®lr ZAI}E Y1
T YehA) 42 2= 3me] WM Find nea-
rest GMAIA oAl 23E IAT oA E 73
7] 98 * : Talairach Level ¥ Find nearest GM
A JEhR] 982 99, ++ : Talairach LeveldelAl
Uepd 49, #x : Talairach Level’d UERA] &
oko t} Find nearest GMA} LRt S wx#x © Tal
airach Level” No data at this point%.2.4+ Find
nearest GMA UERd 992] &2 Z Tableo] 3
€ 39 g 22 FFE Utk

Suject 1 HAEzLY] 843 F9= 35 Bro-
dmann Area 10, 40, 6, 39, 5, 4, 297} $3 139
oA uehdom<Table 1, Fig. 1-1>, 84 A3

98
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Bel= %2 Brodmann Area 40, 39917 3 47,
38, 9, 23, 1894 JEelGtiKTable 1, Fig. 1-2>.

Suject 2 HA8A HEA s} 9= LM Bro-
dmann Area 39, 37, 13, 25¥1% 93 19¥eA
veiged, HgAd AsHEE #3 Brodmann
Area 6, 1394 YERtTKTable 2>

Suject 3 JA P2 HEAJ3 F94= LM Bro-
dmann Area 24, 4, 6¥13} 9% 28Wo)A ek
o H8A AsHE9)E = Brodmann Area 499
UedtiKTable 3.

Suject 4 HA 8z H 83} £ £/ Bro-
dmann Area 39, 19, 41%¥3 $3 9, 10, 46¥ A4
Uehgon, Hg4 AL #5 Brodmann
Area 1993} $2& 24, 38, 20, 6, 34, 1194
UehdticTable 4>,

Suject 5 YA FzL] ¥ 83 9= S Brod-
mann Area 6, 383 $& 13¥A Yepdon,
w84 A3+ 3% Brodmann Area 25, 3, 36,
19, 1, 6, 38, 18%°lA Yettth

Suject 6 HAEz}Y HEAI3 £ A= 25 Bro-
dmann Area 9, 10, 32, 44, 40, 4543 3 10¥
oA uehton, {84 AHsHEHAE #5 Brod-
mann Area 1993} & 10, 28¥oA ebxtt

247}9) subject® average® 3, HEAI3 F-9
+ #= Brodmann Area 13, 7, 3% £ 224
Uehgod, =84 AsHF-H+ #5 Brodmann
Area 38, 63 $Z 47l YeGTKTable 55,

Suject 7 FHABA] H8AJ3} FAE HAS Bro-
dmann Area 7, 5% $Z 31, 39¥el4 et
w<Table 6, Fig. 2-1>, H&A A= 32
Brodmann Area 13%%} £3 47, 4, 45¥94 4
EbttiKTable 6, Fig. 2—2>.

Suject 8 HAHEAS] HEA 3t #9+= 35 Brod-
mann Area 21, 38, 6¥13% 93 38, 1, 314 4
Ebgon, H84d A= +5 Brodmann Area



The Journal of Korean Acupuncture & Moxibustion Society Vol. 20. No. 3. June. 2003

8, 4716l YErTtKTable 7>.

Suject 9 AB=}e] HBA3} F94= #S Bro-
dmann Area 793} $3 44, 7, 4094 UERL
o], ¥ 84 A3PE9)E 235 Brodmann Area 45, 4,
743 9% 19, 6, 9914 YERETKTable 8>.

Suject 10 AP WG 3} £9& #Z Br-
odmann Area 13, 6, 4, 6¥W3} 3 38WolA YE}
wor, HEA A FH5 Brodmann Area
19, 4913} $-2 19, 18,17, 29 A YebtTKTa-
ble 9.

Suject 11 TAYPAe] = g4d3}t #& #S Br-
odmann Area 19, 17, 223} $& 30, 38, 29,
32, 24964 deptoH, H8Y AEAE A5
Brodmann Area 7393} % 2, 31494 Ykt

Suject 12 AP HEJ3 #H& H#F Br-
odmann Area 4193 % 11, 19, 18, 47#A
yehten, H84 AsHAE Brodmann Area 39
W3} &% 6, 18, 39HA Yepgth

Z}7}+9) subject® group averaged 2, HE
A3t 29+ 2 Brodmann Area 13, 17, 5, 40,
6T ¢ 31, 38, SWeA] Yehged, ¥4 A
549+ HZ Brodmann Area 3, 36, 43} $3
38, 21, 39, 18¥1lA YEbttiKTable 10>.

T A™8A 699 motor stimulationd group av-
eragedt 47, H@4s F9& F5 Brodmann
Area 3,4,6,1893 $-% 19¥o]X YebtKTa-
ble 11>. ol& $5¥ o] BA3td 2oz & 4¥
o]l AAH o2 AYHJTh= RS & F UKk

%5 AL AIAFE HB4G3 FA9E F Sub-
jectell X F¥¢ A7, 23] o4 W& Brodmann
Area= 4, 6, 9, 10, 13, 19, 39, 4022, 7]5& 4
¥ 39 4% voluntary movement control, 6 limb
and eye movement, planning, 9¢} 102 thought,
cognition, ethics, moral, movement, planning, 13
£ vision, 19& vision, color, motion, depth, 39

perception, vision, reading, 40 speech, move-
ment smell emotions languaged 715< 7H1
olth. o] & &) B, 4, 62 HERY FHE F
MEE DT RBAKITY ABPe] Y& AR £
F 9o, 9, 102 BEEES 23 BAHAH,
39, 402 parietal—temporal cortex® AMy3< 1w
Ao A37)ge A/dE A4 & U

¥ SR ARAFY H8AY AIRAE 4
subjectol Al F3 A7, 23 o] L& Brodmann
Area¥ 6, 18, 19, 38°]9, 715& ATEY 6&
limb and eye movement, planning, 18 vision,
depth, 19% vision, color, motion, depth, 38&
smell emotions languaged 71%& 7ML 3tk
o]Z #HA3hd 62 M FHIE T HRENT
REAKITH QB & 4 2o, 18,19« 48
AJo] glo] Bolul, 382 parietal-temporal cortex
Z AU WFFEe R 4879 ddde
¥ Aoz Algdh

BE A5n A3AFY HgYs #9498 Z Su-
bjectelA g 29, 23] o4 & Brodmann
Area¥ 6,7, 3809, 71%-& A EE 6& limb and
eye movement, planning, 7-& multimodal area for
spatial body sense, 38% smell emotions lang-
uaged 715€ 7L A, ol XY, 6, 7L
AL FHRiE T MRENT BEMKIT T A8
AL B F 9o, 389 4L parietal-temporal
cortex AU WhAlFd o mbasele] ARYS
Ae Ao Algdrh

HS 2R AFAFY H84 AHEAE 4
Subject® FEE A3, 23] o4} & Brodmann
Area® 4, 7, 19, 38, 45, 47019, 7]5-& AR Y,
+ voluntary movement control, 7 multimodal
area for spatial body sense, 19% vision, color,"
motion, depth, 382 smell emotions language,
45+ thought cognition planning behavior, 47
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ZIR3(Spb) MEHHRO| IMRIY MFEMIMLY DIXi= KR

Semantic speech areadl 7]%& 71 Qlth ol &
siAstd, 6, 72 MR FHiE T MEEHT
RBRKIT 5 QWL & & UoH, 195 994
o] glo] Hold, 389 YHE parietal—temporal
cortex MU HiAEHO R {taacte] A
€ E F 31en, 45, 472 AfAo] §le AL7 A}
=9

Brain region activated by bilateral electro—
acupuncture stimulation on Sp6(Sanyinjiao) 2]
Talairach #¥ & Talairach Level @ Find nearest
GM< %3 Jebd 23, Brodmann Area 2, 4, 5,
6, 9, 10, 13, 19, 24, 25, 28, 32, 37, 38, 39, 40,
41, 44, 45, 46°] JEPGTKTable 1,2, 3, 4>.

Brain region deactivated by bilateral electro—
acupuncture stimulation on Sp6(Sanyinjiao) &)
Talairach ¥ & Talairach Level ¥ Find nearest
GME %3 Jehd A3, Brodmann Area 1, 3, 4,
6. 9,10, 11, 13, 18, 19, 20, 23, 24, 25, 28, 34,
36, 38, 39, 40, 47°] UebttiKTable 1,2, 3, 4>,

Group averaged brain activation induced by
bilateral electro—acupuncture stimulation on Sp
6 (Sanyinjiao)®] Talairach H%E Talairach Le-
vel ¥ Find nearest GM& %3} Uebd 23, Bro-
dmann Area 3,7,13°] UEMS™<Table 5>, 1
F 4 subjectolM e VPR 942 F947F group
average°llA Uebdt ol& 843l £9i¢ 84 A
HFH7E 2 SubjectellA] HA yelt E4o] |
FHY BFAZL ot BAFAZ vepA € A
o2 Atgdd

Group averaged brain deactivation induced by
bilateral electro—acupuncture stimulation on Sp
6 (Sanyinjiao)® Talairach #XE Talairach Le-
vel @ Find nearest GM& %3 Yehjo] B
Brodmann Area 6, 38, 47°] Uelhg o m<Table
5>, 2% Z Subjectolde VERA 42 197}

100

group average®lA] UERgT) ol 8433t 49
24 A7} 2 Subjectold AA vt 84
o] A FYY HAA7t Fold BIFAE et
A ¥ 2R Algdnh

Brain region activated by unilateral{(right si-
de) electro—acupuncture stimulation on Sp6(Sa-
nyinjiao) ¢} Talairach #XE& Talairach Level %
Find nearest GM& %3} Yebd A2, Brodmann
Area 1, 3, 4, 5, 6, 7, 11, 13, 17, 18, 19, 21, 22,
24, 29, 30, 31, 32, 38, 39, 40, 41, 44, 47°] Y}
EPti<Table 6,7, 8, 9.

Brain region deactivated by unilateral(right
side) electro—acupuncture stimulation on Sp6
(Sanyinjiao)®] Talairach #¥E Talairach Level
2 Find nearest GM& %3 Yehd A3}, Brod-
mann Area 2, 4, 6, 7, 8,9, 13, 17, 18, 19, 29,
31, 39, 47°] YEFtiKTable 6,7, 8, 9>.

Group averaged brain activation induced by
unilateral (Right side) electro—acupuncture sti-
mulation on Sp6 (Sanyinjiao)®] Talairach #EE
Talairach Level ¥ Find nearest GM2 %3] Uet
¥l A3}, Brodmann Area 5, 6, 13, 17, 19, 31, 38,
400] e om<Table 10>, 1% Z subjectolA
€ YA $& ¥97} group averageelA ek
wth ol gAs Foioh 84 A7 2 sub-
jectollA A Jeht 84o] dd F¥e YA}
ForA GAFHZ JepA € ROoE AlsE.

Group averaged brain deactivation induced by
unilateral (Right side) electro—acupuncture sti-
mulation on Spb (Sanyinjiao)8) Talairach FX &
Talairach Level ¥ Find nearest GM& %3 ye}
H @7, Brodmann Area 3, 4, 18, 21, 36, 38, 39
7} Uebtewi<Table 10>, 2% 7 subjectolA =
e @& #9471 group averageelA] Wbk
ot ol& 843} B9 849 A7 4 subject
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BA S(&ekct; 1121345/ 6 |Grou
2 +/-
3 +/-
4 +/- +/-
5 +/-
6 +/- +/+ +/- +/=
9 -/+ +/-
10 +/- ~/+ +/+
13 —/+|+/- ~/+ +/—
19 -/+ +/=
22 -/+
24 +/-
25 +/-
28 -/+
32 +/-
38 +/-
39 +/={+/- +/-
40 +/- +/-
41 +/-
44 +/-
45 +/-
46 -/+

oA "A veht 84o) gl Y99 FFx7} xof
A SARHZE JehA @ 2oz Alg et

Brain region activated by motor stimulation?]
Talairach #¥E Talairach Levels %3 Jehd
A%, Brodmann Area 3, 4, 6, 18, 197} Uebgtt}
<Table 11>,

oldE T3l BY 4 7Ae FFE 84931 4
3 A Aty Azt BYA) veltod, &%
T2 Wit zkg9] 30 Yo ¥ Ao g AlgHh

V.2 &

20| A8 W] v 9FE A7) 9

3lo] A7s Fq 129 A212(Sanyinjiao, Spb)
A4 ¥ ¥ MRIZ =23 d3E SPM99Z pro-
cessing 8t1 Talairach Deamon®l* Brodmann

qeie e A3, e ge e A

1. %= A7 A¥A2L Brodmann Area 2, 4,
5,6,9, 10, 13, 19, 24, 25, 28, 32, 38, 39, 40,
41, 44, 45, 468 BYSA R E YENT.

2. %% A& AAAZE Brodmann Area 1, 3,
4, 6, 9, 10, 11, 13, 18, 19, 20, 23, 24, 25, 27,
28, 34, 36, 38, 39, 40, 478 A M AT Ao
Uebsth

335 4EE BHAZ9 Group AverageolA
Brodmann Area 3, 7 13& 4341171 Ao =7 v}
Wt

%% AESF A2 Group AverageolA

Brodmann Area 6, 38, 472 8A A3iA7) Aoz
Yehitt,
5 B A4S AMAZL Brodmann Area 1, 3,

4,5,6,7, 11,13, 17, 18, 19, 21, 22, 24, 29, 30,
31, 32, 38, 39, 40, 41, 44, 47& A Ro 2
vebdTh

6. HZ 43 WAL Brodmann Area 2, 4,
6, 7.8, 9 13, 17, 18, 19, 29, 31, 39, 475 ¥4
A&AZ] Ao g Jebgt

7. BF AR AH2=9] Group AverageolA
Brodmann Area 5, 6, 13, 17, 19, 31, 38, 40& &
A Aoz et

8. 9% MW AFAZ9 Group AveragediAl
Brodmann Area 3, 4, 18, 21, 36, 38, 398 4 A
A7) Aog Jebgrt
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ZI3%(Sp6) MEHRIO! IMRIY BEEMMLY OIXE B

9.

18,

Motor Stimulation< Brodmann Area 3, 4, 6,
198 843417 2oz el

VL. 8538

CHEH 9o AT A AEZ, AE, ppdb-

66, 4569~530, 609—-681, 1993.

. Ae3  #ogdE, ARAL ME pp. 138-

156, 174-179, 1993.

CEAE TR A9Y, AL ML, .

105-182, 1990.

4. oY : WREM, A, WEE, p.33, 1999.
5. A% xHY 39, ITIEATARA, 3

10.

11.

12.

102

Ab, ety 295, p.9, 1987,

. John C. Chah : v]= iAo A59 & L

F2 A, 2147) A7 v g A F
2, AAE R AR 1754 718 FA e
3], pp.27-34, 1997.

@A ATHEY A AT I, ME,
hE &3, p.1, 1996.

. i BB EEN HRGE, WRTE

288 16(2), 1992.

LA 3 A B TIe, AE, 1R

A}, pp.1-148, 1996.

gl - MRIE o] 88 &RRBe AMKE
EnRste] B8 HRE BR, ABRBREER
14(1) : 266272, 1997.

Cho ZH et al. : Vertication of Another Vi-
sion Related Acupoint G37 by Using func-
tional MR, Proc, Intl, Soc, Magn, Reson,
Med 7, 1999,

Cho ZH.. et al. : Evidence for Dichotomy in
body characteristics —yin and yang— Mea

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

sured by the acupuncture fMRI Technique
Proc, Intl, Soc, Magn, Reson, Med 7, 1999.
Yang J, Lin BC : Effect of stimulation and
cauterization of hypothalamic paraventricu-
lar nucleus on acupuncture analgesia, Ac-
upunct—Electother Res 17(3) : 209-220,
1992.

Wu MT et al.:Central nervous pathway
for acupuncture stimulation ; localization of
processing with functional MR imaging of
the brain preliminary experience, Radiology
212(1) : 133-141, 1999.

%3 IMRIZ ©]&% ZFHKIE) Aol
Weold $F99Y &4 Wste] #F A7,
3788 2] 18(5) 1 60-69, 2001.

Wu MT et al. : Neural specificity of Acu-
puncture Response : A fMRI study with
Electracupunctur, Neurolmage 16 : 1028-
1037, 2002,

Aot PP TR FTEAD, A
£, A83, p.279, 290-292, 404~-405, 1991.
EOH  BREREARE, LR, PEREEL
Muit, pp.69—70, 1989. TR I RABHEE,
A& ARBAYL pp.228-229, 1986.

WP BRE, i, ARSI, pp.338
—339, 1989.

FME - HARCERKER, b, ARBAEHR
it, pp.266—267, 1985.

ZGA AR Ao UM EF Cortisol,
Aldosteron ¥ % ¥ Renin@AE¢] vX|&= 9
&, AAdisty thEhd fHt, 1993

SR RHERE, N HRAL pp.11-19,
21-28, 123-160, 1983.

BAE  BBERE, ME&, HMEK, ppi2-
62, 153-165, 1974.
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24.

25.

26.

27.

28.

29.

g o AY 92 A Adde dg &
1, Eehs, 1991

Takashi Yoshida Cuzo Tanaka et al. : Non
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