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Task-state fMRI observation on impact of electrical stimulation

numbness to central nervous system in normal people
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[Abstract] Objective To investigate the impact of electrical stimulation numbness to central nervous system in normal
people. Methods  Electric stimulator was used to establish low-frequency, high-frequency numbness models with 22
healthy subjects. Scores for numbness and emotional valence for different electrical stimulations were recorded, and data of
functional MRI ({MRI) in task state were also collected. The differences of numbness and emotional valence score of
subjects under low frequency and high frequency electrical stimulation were compared, respectively. Then brain regions
with significant differences in brain activation intensity under different frequencies of electrical stimulation were obtained,
and the differences of activation effect values of activated brain regions under different electrical stimulations intensity were
compared, respectively. The relationship of numbness and emotional valence scores under high frequency electrical
stimulation were analyzed. Results There were statistical differences of numbness (1= 13.18) and valence score (1=
10. 77) under different electrical stimulations (both P<C0.05). There was negative correlation between numbness and
valence scores under high-frequency electrical stimulation (= — 0.53, P =0.01). The brain areas with significant
differences of activation intensity under different electrical stimulation included left parietal operculum, left middle cingulate
gyrus, left temporal gyrus, right parietal operculum., left postcentral gyrus, right central operculum, right posterior insula
and left thalamus (all P<C0.05). Conclusion The activated brain regions under different electrical stimulations caused
numbness include left parietal operculum, left middle cingulate gyrus, left temporal gyrus, right parietal operculum, left
postcentral gyrus, right central operculum, right posterior insula and left thalamus in normal people. Block-designed
BOLD-fMRI can be used to detect activity of brain areas associated with numbness.

[Keywords] numbness; sensation disorders; electric stimulation; functional magnetic resonance imaging

DOI:10. 13929/j. issn. 1003-3289. 2020. 08. 011

fMRI 3 22 B8 3R i3 ik K B X IE 5 A\ AR 8 22 2 52 B9 52 i

LFB . LEE .5 Armi.a &
CEBERL A5 — W BRBE O BL 28 B 230022)

[ ZE] Br WERRMARARR IES AP IS RGN, FTiE X 22 2852008 DUR R T A 0 iR
Ty e ST AV 4 T v AR AR L R PR AR AR R 1 7 LR AN T L R R A SR T A3 IR S U T 03 s SR B AT 45 S ML AHUK T
AT IMRICBOLD-IMRD o He BRI 4% B i 431 4 v 080T JRA S 2 1 2 A0 9 PP 0 1) 28 5+ 2 20 M AR A S T A3 3 HL R 98 i
PR IR B 2 2% S T I DX PR A (R SR R v R DR DS SN 1 22 e 3 A R AL R R A R 5 I N AT 4
MR, ER  AFEBEAIET 2R E AR (=13, 18) RIEH M T =10. TDH 2B RIHEHI ¥ B L (P Y
<0.0D) ., FAREE BT RAR S N PR 2 AU SE (r=—0. 53, P=0. 01>, A [ B 30380 il 38 735 o EF 77 7 22 53 (0 35 i

[E—1EE] B2 EA991 ), & ZHONE N EREM AL, W57 m A2 W%, E-mail: 1253003136@qq. com
[BEEE] 5, ZHERKFE—E BB, 230022, E-mail: wanghaibao916@163. com
(s A#A] 2019-07-01  [f&E AH#I] 2020-03-31



H [ BE A AR AR 2020 4E58 36 255 8 ] Chin ] Med Imaging Technol,2020, Vol 36,No 8

+ 1169 -

DAL A 0] 8y - T 2 000w v [ 2 03 A O T B 200 v S S [T A e s B 5 A0 S R A
FLL 0 AR A R RT BB AE R N 2 0 S T L A 0 b L A2
MU AT 5 70 b e ImT 00 e g 8 5 A 0 A IS R A 2 I i s 2H B i BOLD-EMRT Af J T 46 3 JjR A

FOS OV B 22 S S G 2# B (P 1 <C0. 05) . &ig

TR G X35 3
[RER] BRA; BT Wi, ShRerE L Rlg
[FESES] R741; R445.2 [XERIRB] A

SR A S MUK (1 — b gk ot B i, W] 43y 2 28, H—
by B R R, B T B AR I — B M AR K
[1] 32 Fe R i vk A3 465 e 5 5 | A, G4 B ] R B8 B R
JRORRA L B AR X S0 R 22 g e R e B T 3
ARG B K 5 53— 25 R oR Pl R B 08 A e i 45 8
9o 5 | A 1 o JELP JRR A U , K 22 K B (B AE L 15 B A I ¥
WIEHAIE . MRIBLE T3z H T 0 58 & il 2007 1)
BBl I, A BF 28 % A 2 fE MRI (functional MRI,
TMIRT) 0 552 FL T 3850 R4S 7 A JoR A S B K il Bz Jo 384T 1
5 TR E T SRR A SR T H G T RE (4 5 i
1 BRE5FE
L1 — Mkl 522 ZEREEEE. B 14 11
PR AR T AR 24~30 %, F3(26. 0£1. 8 %
KEFARE R LA 5215, ToAH G ph 28 FORE e i, TR
& 35t A% P 9 i S, T 3 B I D S e Kl 1) e 24 ) e
AN I 2 R BB K A 2 B &I fE (20190474)
L2 AUES5ork RGN FEA " A1 CL-105
Jhcir el RS, 332 4 A 0 oA AR | T R R A R
29 3.5 emX4. 0 em HUAR F 42658 FL U5 e AT Bl , X 52
TR LMIRAT 2R (400 Hz) B iM% (1 200 Hz) 2 FiAS [] 4
SREE I (oI RO R AR SRR B, X AN (] L SO 32 A T
RAIESE TN PE 53 o BRAIERIT J3 « i SR B 2w JRR AR
ARG 9 43 T RRARIEA 5 4 R BURAR R 1 45,
TN V53 B EF 18 252 R 9
43 S ST (TCET I8 sl AN IO 5

[XEHS]

1003-3289(2020)08-1168-05

fMRD) , 2R ] [0 35 ~F- T3 B AR Ik o 7 20 A7 4 i il o7 491 44
P B AT TR BG4, TR 3 000 ms, TE 30
ms,FA 90°,FOV 217 mm X217 mm, i [F 64 X 64,2
J& 3.3 mm, 2 0 mm. 2% 48, 126 A~HF ] 45,
155 R A BT T i, X g 24 52 33 S il 2
ZHAF 55 2 2, [\ I SR 48 BOLD-IMRI, 4 20 4% 45 72 44,
15 6 S 6 ANz shdi . TUIAT 18 s A A,
T4 19 s FFhR AT 4 5 45 7 AR S r o) - 2
3 P, SRR e R pe A2 F T R I A
H B e PN S B 1.2 AR S5 R S
B HFFEE 30 s, A 3 K2 41T 55 A2 )7 =Z [6] (] B 1
min, VW 1, 945 K5, 32 # X MR K A o 72
AN [ B30 25 H, R AT IR A SR 43 R P45
1.3 Hdmab 3 K gt 2758 R H] Matlab R2018a
F SPM12 B/ b 3 i 2y e £ 4 5 L SPSS 20. 0 3K 4
WATGEI 2. THEERILL £ s Foan, xR EL
P DE AT WAL B, A0 45 L BRAT 18 s B B KGR 5 ik
G As 2Lk Bl A IE S BMG n A 55 22 J5 AT TC R A
AR KL LSS 7 Ak 5 MR R ON AT B SRS
il DX o AR A5 A () 50 25 v, SR8 il 389 R BE A TE W 2
SRR X, ok FWE 358 1E . 38 15 3006 78 16 A 1
MNT 7 [a] A bk S 2 $500H 5 LA i X2k ROT, >R A C
X REAS ¢ 50 b AN ) i B P SR8 i JE T DX &L

o JBGEAIE N 15
& Ml Philips Ingenia 3.0T g L R

H R [ R H R | 1 R H | R
MR ¥, 3k /B £k B R 4R ik
MRI. 1250, 3D T1W. 5 I 18s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s 3029
T8 BE 13k e 0 1 A7 9 R A 4 4l
TE 2.9 ms, TR 6.5 ms, FOV
256 mm X 256 mm, FA 9°, Jfi [§ R| H R L R H R L R H R L | R
256 X256, JRHL 211, J2JE 1 mm, 18s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s 30s
JZHE 0 mm; 4T 45 745 I 5 K S K P

#i P {MRI (blood oxygenation

level-dependent [MRI, BOLD- g ymp

B 24 ESBFRRRER A 1A, B 24 LM I H O w0 A i



« 1170 -

v [E B 2R R B R 2020 4E5S 36 #5255 8 ] Chin J Med Imaging Technol, 2020, Vol 36,No 8

NAE Y25 5 HO BI04
R HL T 2 3 R A B R 2
NIy 22 5, LAZR M A SC A0 i
L5 e A0 PRI DR AR SRR 5 1 2
BN PE IR, P<0.05 h 2
SAGIEE X,
2 &R
2.1 BRAIEIES> B AL PF 4t
L3 R I G N N NI
(3.50420. 96) 47 » i AU A HHCT R
K7, 2741, 28) 4, £ %A Bi it
27 L (1=13.18, P<<0.01), ik
18 % e AR T A 5 S 1T
A3 R (7.13 4 1. 28) 43 H1 (3. 54 &
LA ZR A G FE L (1=
10. 77, P<0. 01), o A1 35 W i) 3%
TIRRA R 1 28 R P4 2 M
F(r=—0.53, P=0.01),
2.2 2 il RSO G RS B
ZESEE ) R I T
SR P A AE S 2 S G X 32 A
55 2 00 Sy W T 3 L A v A [
ZE M A T 8 25 22 0 R
SRS L A 36 A
Ji w8 S A Fr g, LR 1L 2,
2.3 AR S F B SO
DX ) 988 00 A B A R AR f
P 5 v AL ST O B X
SR 25 S A G2 L, e A
N N R T R ]
G R K T I 1 e (R T s
kI A = ] N 1 S
T ZE M S R R A e i
3 200 L 147 v A1 A0 3 v 3B (o
=7.55.6.73.6.69.6.34.5.95,
5.90.5.84.5.37, P #<C0.05), WL 3.,
3 itig

JHE AR SRR A JR 8 I 4% 2 0 R A= 22 PR AS [ R I
PR M T H1 2 Mg 3 R A8 45 R S i iz R A
5] B BRSO , S I T AE RO S A T
BOLD-{MRT J2& % F IMRIT $ A , AT W8 i 37 . 1 25 &
AL H A A Z A AR . ATERA SR
FLARAE I 23 PO A O X S B (5 S s k. B AT

& 2

A T HRL TS S A N 22 e i X

BOLD-fMRI & H F & i iz 3l
AEIX

BUE 1 92 9 A S i T BE AR B 9 0 A £ L B D WL 6
FIRRACRENY MR BF 78 #2386 . 1 ik b el il 35 mT 1
WLEEHEIR L MR AN [] P I i 07 e A ) 45 0 9K O Ik
B+ B B S Y AH R G X, B5CHE A B S T AR A A ok BEAR
M T RE TG B, B 5 k2 ik a2, TH B AR R
N o ASHIFGE FIFH H S ST I H AR BB, DL {MRI

B N il F )

il



H [ BE A AR AR 2020 4E58 36 255 8 ] Chin ] Med Imaging Technol,2020, Vol 36,No 8 e 1171 -

F1 AR R R R SRR A 2 e i X

MNI A 4%

i 1. T Z{8 T4 Py
X Y Z

ZE N 52 i T5 35 311 —34 —24 18 5.97 7.55 <<0. 001

2 AT v i el 49 —8 —6 42 5.51 6.73 0.001

2 A 3 e 180 —54 —28 12 5.49 6.69 <<0. 001

A 0 TH R I 30 56 —22 18 5.28 6. 34 0.002

22 v e f TR 55 —14 —46 70 5. 04 5.95 <<0. 001

A e 1 56 50 38 6 10 5. 00 5. 90 0.001

A 0 15 vt 14 38 —14 16 4.97 5.84 0.007

e Fr i 6 —14 —26 6 4,66 5. 37 0.017
04 i 03 R PN ) 4 CENC e S
03f X B AT ML A A 2R AT

0.2F 8 “ N . P

.| M ST B TR AT 5
; 0 RE IS TIEE S PN RN
0.1} o H O [RL R O il Bz S5 Y K R
—02 BT X R e A R M S
nL (7] 25 41 iy il S
g=31 e R 04r 98 B AR hzﬁ“ﬁﬂz"ﬁ?ﬂm
020} 03 I e 5 ] 4 B T L I SRR A
i 0.2} JERCT G B 46 b 28 T S A% 56 B v
g o6I 5 JuJ5 1, A [T B R
Koot R 05 L R SRR R4
g o) i I B A o ep o 5 C28A

A 13C)

B3 AR AR 0 A T O I DB L AL Ze b S [l s B ZE i A Il C

Ze N E g s D, Z8 M i T a5

IR AR 95 75 o 5 T 0D IX L 5 55 B A A
S5 5 A L AR AT 43 B 43 17 4
2% 5 o L A0 LR A A S B A
e TR B2 HL R T 3 G A 2 TR
B9 2 A 704505 L 2 0 AR 26 A 2

AR ES,
AWFIE AT 525 MR 5 R 155 951 % B, ) 35 4 {5 43

L IR R K T R T A R 0 M X R A e )
U e S Ny T R SR T NTTRE o et
e S A e e B a5 A0 o S P e e )
— e SR B A T B ) SR — S T T R
SF G 22 U A R K S A . B T P O
M0, ORI =M 200, Fo e KN R K
IR By 1 o B SR A B AR T 2R B %
Foft JESE 19 A% A5 B35 16 B I B 4 2200 B 2 H T E

{ITIGER

@  FIAT S g Ak B A )R OG
XS 16 26 Bt iz s A NS B
AMRE Ak 3y 5L A 2 ROk
TR A ALHE SIAILIE B iR T
i Lh BTN RN R ) 4% BB
SEUIOT P A R SIS I [ TS L )RR A SR
AT RE X R A R0 55 ) e 2 B2 R . R R JBEAE Fr G
PZET0 , A3 B HT AT B S B 4 X SE S5 1Y Dy fig v
RESE KRR SIS B B 45 B 2= 2 e e Bk &R
A, B IIEE T E AL TR R B
15 45 A B 58 R T 4 6. MISKOWIAK %50
R IRy W AT PR IR G g LA B B 7 A TR O
LU G, HH A RGN G A8, A
2B IR S R RO OR B R A PO 4 i
TE= RS PG 2 5 e R OR B RO 2 . S IR 5
a2 V1A 3¢, IMRT BIF 78 % B0 0 45 1 e 7 A0 4F 5 0F
WO AR 2L 5 v A7 AR B 25 S A R O S
03 I A 908 AT R RS TR RJEE A L g
fMRT #4075 5 B B K T 3F e & 38R B X
PCRETE AT B A, AR R AR R S SO SR



- 1172 -

v [E B 2R R B R 2020 4E5S 36 #5255 8 ] Chin J Med Imaging Technol, 2020, Vol 36,No 8

AT REAE T X i3k A Ugknt 7= A T DOEBAE 25 , IR A ] BE LA .
YK AR PR AT S B R R LR R AR SRR R
A B B AR B 2 5 A ] 0 AN W . R i ™
A JRR A TR B 38T P S B BT L e R T TP R, AT R AR
BAERRA R P BLLT T 5 55 Ah B8 51212 16 45 55
A HE R R BE S 51 25 50T
25 FRTIR O™ A R S 5 e N B T G

(U i e IR Uiy e S W e B et [ R = 1 N
A e e 5 5 A0 I S S R A N B AR OG5 21
Yo it BOLD-IMRI A J 46 0 JRR A J8% AR OC A X 1

(5]

(6]

7]

(8]

(9]

PR, 22 55 W 0RO I 20 fiE MIRT i 9% b e (0] i L 3R A%,
2015,6(11):876-880.

IRER, A e, Bt R, A5 B T B A ik 2 A8 IR B R (IMRD)
WA BTG YT 5 R M IR 2 00 I S g 2% L) 1O il =, 2016, 34
(5):165-168.

s IR R N RO AR R AE 55 8 K i LS IMRI 5 (D] .
AN B REE R R, 2019,

NAQVI N H, BECHARA A. The insula and drug addiction: An
interoceptive view of pleasure, urges, and decision-making [J].
Brain Struct Funct, 2010, 214(5-6) :435-450.

ARG AE Fr g kP A A T R A R SR R AR Ak L] . P R AR
22, 2013, 33(4) :768-770.

Bl A7 B T 48 78 R B A B Bk L S o 2 T S (101 EHHE, 53 . 4107 (o0 (6 5, A 30 J% 008 090 (] . oo 0 A
SIS e I SRR, 201, 1551502
[11] XUmE=s, R4n ¥, R4, 4 B ik h e p R sE kR ()] . AR &
RhZ ., 2017,50(2) 1 157-160.
[‘?%iﬁﬁ] [12] MISKOWIAK K W, MACOVEANU J, JORGENSEN M B,
et al. Effect of electroconvulsive therapy on neural response to
[1] SHARP L, PRIDE L, MATHIS D, et al. Exercise-associated affective pictures: A randomized, sham-controlled fMRI study
numbness and tingling in the legs [J]. Arch Neurol, 2011, 68 [J]. Eur Neuropsychopharmacol, 2018,28(8):915-924.
(12):1599-1602. [13] G, ML, 5k SCH . kT 058 19 2z fb gl s e ol L]
(2] BRGER, BN, F4k R, % . 857 BOLD K& MRS ZH#i4& fMRI £ PR E R 2018, 26(8) :1391-1403.
RST80Ty 58 MOICTT A7 PEBF I L] o IR B AR B R [14]  SEBE . WR 4k, 3K ok, 48 . 0 S HUAE 4 490 A B 15 9 52 (]
2018, 34(1):20-24. AT N R S IR 28, 2017, 26 (1) :85-89.
(3] ThA#E, DG E, B, 55 A B9 N K2 a3k 0D . i K B [15] VOLLSTADT-KLEIN S, LOEBER S, KITSCH M, et al.
%A, 2013,20(9): 1180-1182. Effects of cue-exposure treatment on neural cue reactivity in
(4] T4, ZE%h, TH, 5. 0 i 5 005 2 )2 W0 ) i g 36 9% sz 117 alcohol dependence: A randomized trial [ J]. Biological
] BE 2 AR R 2016, 32(5) : 705-708. Psychiatry, 2011, 69(11):1060-1066.
WETETVERVENEREVEVERELEREVEREREVEVEREREVERETEREVE VL LELEVETERENERENERE VUL VAL REREREVERERERERERE ROV RE RS

PE )

I HA ALY T B AT A B 1 B A AR (b RS AR AR W A TR RN

(Gl 32 T )

http://www. cjmit. com

CREA AR AR 5 0572)

http://www. cjiit. com

RITHPZ ChE B2 AR AR ) T4

FoOR T WERATIC R AT R S AT

T 5 110907929010201

THRHEKES cjmit@mail. ioa. ac. en(K 7 4 [FI4EATIK T 42)

VEZ TERRR R S AR S 4 s ) RAVES A B PR ) T 2 0. AN SE ]
HEH, 010-82547901/2/3 BY & HEF £ ¢jmit@mail. ioa. ac. cn,

g

] PR 2 A4S R ) Tl A
2020 4FE 5 H



