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Abstract: Avoidance behavior is an adaptive strategy of animals to cease the occurrence
of adverse events by facilitating or not facilitating certain actions. Driven by the
reward-related processing and fear conditioning, moderate avoidance behavior is
essential to the survival of organisms as it helps to hedge risks and save energy. On

the other hand, maladaptive avoidance behavior, which individuals over-generate
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or unable to remove is often associated with psychiatric disorders, and what’s more
worsen the condition and affect the treatment.Reflecting on the recent researches on
avoidance forming and its physiological and pathological mechanisms, this paper
demonstrated that as it was the combination of logic decision-making and adaptive fear
guided the arise of avoidance, its acquisition and regulation involved multiple brain
areas serving in the reward and punishment system, as well as different conditioned
reflexes. The maladaptation of avoidance behavior is often caused by organic changes
of the brain and associated with behavioral abnormalities. This paper summarized the
current intervention on avoidance behavior, and found such techniques inadequate.
Then analyzed the feasibility of reducing maladaptive avoidance through low-
frequency repetitive transcranial magnetic stimulation (rTMS) based on 3 aspects: (D
its principles, development and applications, (2) the role of the prefrontal cortex (PFC)
in avoidance regulation, (3) previous work on interfering avoidance through rTMS on
the PFC. In the end, this paper demonstrated an outlook of facilitating low-frequency
TMS as an intervention on maladaptive avoidance and the value of conducting follow-
up studies.

Key words: Avoidance behavior; Mechanisms; Intervention; Repetitive transcranial

magnetic stimulation (rTMS)
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Event) i, SRIEARBEERFT ALK, BT A YRR G e
D BOTE I LSS , A TR AHRE RS , SR XT [ B A A7 DT B2 M R 0
URLRER T A B Bl OICE E T BRINE, U2 00 BB M, AR IAE |
TVRBAE LA K [m] i 7 A B 45

1 HME{TARNTHEHR

11 ALETREN=E

FRREAT SR A 1 i R T AE A R 3 H 0 R [R5 2 29 Rg iR, AR
AR ATEN] (Law of Least Effort ) , B TS EEFEA NIk, (H2H" 4
BIHLEI 5 A B, 1282 AR (Slow Computer Mouse ) 158 A0 BEE S ( Mental
Rotation ) IREGAUHFSE [ 1] &, S2ilE 7R SR8 1Y BUbRIN: 23] rh S i 14
AR POEEY, I AR TR 135° et amAmMEIE, 28 Bk
ekt 45° SREE G, XEEMEFRRRBE" A7, B Anterior Cingulate
Cortex (ACC) AR MAESIRINES [ 2 |, AIRERLE RS T R A B A

H X TR T o 72 AR AT LR, SRR A G — WAL, AL A
RLEEAT IR B S R S MR RS, WA BRI IA S 48 e S A U AR
45 ey I 2B SRR T B EVE S RO a5 3 ], RIXE T 7R B 45 R Y
VAR DL BT IR 5 9 A W i 0 VA e ] S 35 T A T o TR . i ) RE A
GBS R TR 7 A e AL P BT B, FEMIR N IX A S 5 UK
G B 0T A B 7= A AR A G 4 0 ih G R G . LME M IIRESA RIS b, BaEA T
R SR E ARSI R EA BV R, EEMMN XA EIRIERT . &I
MR A SCIRIR R Z kR (3] .

AT A FREA T Ry 3 BN A I e J2 A T D S —— MU R 45
R TTESR A SR MSCRIRA R 2, EES 5@ B4 TAE
WA L4 BEPOETER B BT B AR BT T BN SCIRAR . A A% &
KfES, MNiZ 5T RN (Reward Based Learning ) , WIFF &£k 114
DL R BRI T R S5z 1 ey 2R PR XSS DA e ] 7 A i 4, T LI 34
AN P A0 e ] 2 5 R A T R RS
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ARG RIE WA AR B, Ml AR Z IR, 225
LT B0 15 2 AR PR I (SN AR UERME ) SRR TAZ B 5, HEE
PRI BRI AT VE (BRAFMLaRE ) S5, A SRR o J3E /N T 2 40 1 o vl o O 1 i
32 R 52 B R i 55 e i 2R BEMEE SR B2, T i 2 RE AR /s SOIR AR S A A B0
IR 22 )RR R A, 1 T Rt s IO e B sl RMEL RSR[5 20k
PRATRER S SR SRR [ 5] .

TEVNGR R B A 55 TS RURERT , A3l 1 RAH AT 2% B ot 2 ] e
AR A RO . RUATHRLOI, /N SRR EL AT I8 R S g, [ s
HUREST il bs R A AR A B, FErh e sz R, BT R kb
MUHER RGN [ 6 | o WABFTEABL, A MIRTET B B UK 6 —band
BAEM B, URIBOXUBSAT B AT BEPE R, AHRLAY, SRIBOILEEAT Sy ) REE
WA AEPUIZE S 2wt 8y B A A O, LT RABEMIEIZWAL [ 7] ¢

12 ALBRNEVIET

PATE A /N SRS 8 A B, R RS 21 A £ i 14 3 o PR 5 AR B4 o 1
ShALRE . PR T RS A 2% 7 A5 R ikl S 7 BELIBT D — b 2% AR SRS S, HAR
A7 T AT I () 5 A BE F7 5 A SR 400 o R B PO G, DU A A sl S iy,
A IECRVE o 1l po K (SIS e I 21 N E o (o9 E DO o o et i 2 P DR R VNS L
PR A RLREAT O I b AR SIS R, TR A R AR IR AR AL T O T
B2l 11 I

1.3 AR NBYHER

G MBS R RGBT R, AHERIZE 5 BB, FEin/NRAr
FEFIBHHMYIE (F5) MR, IBACZH U HLEE S N 2R
THIR . RIRE S T IR AR LoVl AL B AN T] R RS Lo Xt T2 il iy gk
WAk (9] o RMECIZRIE . LI -5 TH IR AT RN A R GABA %
PRI o LT A AZ NG AR GABA 2141 BEdL B RMR IS 3k A5 5 L
PEFE, DA ke S W AR [ 10 1 ¢
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2 XTREARITANHRHERE

2.1 PIR={K (Opioid Receptor) BIEHZR

TEIEEIS RSFERIBIE T, AR RE A, T3 DR R 8 £ T )k 1 ke J
W2, FEfE R 5 B &7 L 08 5 A Hofas il 2 B 22 i R AT sk, TR GAS
OYHE o XTI ST SR s, ATRE T A R R RO AR EHT (Aversive
Conditioning ) FY BT R SZARTERT -3l B9 0 TG PEREAR, DR IR S 1 TG 12
HB [11]

2.2 SBEIETHINGE

TR 25 AR ZH AN TN AR LA /7 WG R G f R VP 43 LA, IARZH Y BIS
( Behavioral Inhibition System ) 754535 T JCMABLL . T Scholten (2006 ) HF5Y
R L1221, K2 B BIS m R E ORI . DR ML, X
PRI G CROIE SRR T A 0C [ 13 ], XHER sk LA, iR &,
PANSS HBPEAIR B . 3158 T [ SREATL 1 o T B 25 5 K A AE SRR S50 1
g s & b

2.3 SENLETRENETS

INAMR 2287 1F ( Cognitive Bias Modification, CBM ) FISEE F2 53 BTy
M FRTT T-Beo LMERBTIE R I, IR 227 E (R i 52 3038 X Ak 2 1 SR ik
TR AR, X RRENL LS 8 A IRITAE ] [ 14 | o (HRFFELAS RA TR A 2
HARKI CBM XAt B IRITER . AR St e 1B ol Dl 2214 4b 3
H & F 55 BT TINGIN, BB A RLTR AR A R [ 15 |, (HHIRY PR A
ARIR AR R R A O . BRUE TRV X w15 SRR e B 1) 5 JH IR P25, (B H 2 A )™
AR [ 16 ] .
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3 ZMERMPMNRARRATRTREREITA
R A=

3.1 ZFREERIEEY AR NN

225 HI ( Transcranial Magnetic Stimulations, TMS ) J&—FE 7 76 HL 4175
SR b, ARG M3 Bh 1 A R R PE TG R . TMS i i Sk R AL i
HL RN RO K i ) e B A AR 2 Sk B RSk, IR TR BRI
P ia 2l B BT DX %A P s, M5 KMG s Pt , IR R 00 LLAR
L1710 IFH, SRR B KRR, R TS (LT BEAE A #2852
IR PRI A2 TR T T8

TMS 38 3 28 Pl 7 A AR 3%, 1990 4F, Tofis 32 H FPAX 2 RS0 1 TMS
PR IREERY [ 18 | o W TR ARG S AR SRR L, A
R IEE TR, Frlhh TMS ISR AELE ~ 7 2R, RA
LA MRS A Sk E Ty, P AR B H T T P AT T RSk B2 . TMS
P A G 0 B S AN 2 58 sk e Skewr . IEEIRSE ) TS
SRR R LU R T A o8 KAk, [RIBHR0E B 2 i g [ 19 | SR,
HT A ST R B R M 15, B2 )2 S M Ss M i i 258 TR )=, Ar ARz 2
TFEE, AR RTR AR 28 TMS 350

FBTIX A TMS AT A3 B AR ILA S, 5 DAL K iR & i (MEP ).
MEP 38 5 FR M Je BB R R %At . HET TMS A BEALHI A B B, 322209
HIPRE BASRK A S 55 Filg SR Y R ARSI S2 56 . 1 A 31 {2 1) TMS
e SRR AT R e TT, HEARAEM SRS, IR fER S
I (W BESER ) EBUN AR 2 sl s, BT TMS R
Bl s g oTiE s LR BARILA NS, 51k MEP, WUE AR
HIACKE HA SR AE L ] |, MEP B BRI Tt B BOa A i 24t 20 1),

TMS AL — R AT B £ 253 Ry =Ff. D Bk (Single Pulse) :
T8 shBMH ( Motor Threshold ) FIVELIHLRE ( Phosphene Threshold ) . @
BTkt ( Paired Pulse ) = FH > S2 0k vhid o [RIRE A 2R B AL AR, S8 3 —ANJL
ZEFU I AH B AT B IST sl — 50T 250 Z R4 IS kg ik, BTt
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GERZ TN L A A v, [T R e SR B RN IST A R L, IR
FEAMHIFRSA LR . B FAE R TMS (¢TMS) = BRI 2 B shitk, Jf
FREe BRI Z J5, JZIRTT AR 2 RS BB BV LR T T, WU B2 T B Y
W, F TR IERE R . (TMS R0 B A BRI A AR ik, R0
FEAPSCRF— PR RELE], B v TMS SRR Sh ) b i K i 358 (LTP ) A
B (LTD) [21 ] [22] o TMS SIS0 0 WAl S5 1 TMS A
W ATMS, o, @i 'TMS 23 FEAIRG A 4R 16 s B (VMR ), iR rTMS
25375 U VMR KB RESEE N, (AR (MEFV ) 28 R0
M, H rTMS 755090 A8 PR R AT RE 2 F M & R AR

VFZ2 TMS protocols KB T R[RIHJG R0 o rTMS 114 I R8I0 B 5 S0 5
PN FRLRIT R [ 23 1 o R (< | He) BIHIVER, mAfl# (> 5 Hz)
A 24AER o JERUN A RF L [ ARLF- 5 R B H, B B ) 2175 =
— B A R 00

B4 f7 2 'TMS protocols &1, 37 *TMS protocols WTEA K & J& ., FH FHIIZ 6
TR (TBS) |, TEShY s b 1 T35 5 il n] 30k . TBS AU CEE T
SRR TETE A =4 0 T, TBS f8 & B e SR 4 i fRT 20 ¢ TMS
protocols ALFE FH A [R] i 8] (5] B 43 0 A T 0 SR8, A8 ny B e RO %6 . TBS
A AR 2 1) e RO P Bt 52 FY) 200 ms (14 1S,

TMS G RN WAL TRz, 7R B BRRFIRERARER L T, H rTMS
FEXT R BB 2 X (SMA ) S#EATIRYT, AT LAGH IR [ 24 1 o vTMS Xt
TVHRIE AT AR AFAOIRT AR, Z2 AL BHILX RS2 06 2 3% A0 SR 24 TS HTImARIA
SRRV [ 25 1 o yTMS RIRTPMEA PEIARAE , AT EURAS I 45 A Ak
Bl A bR 5w S0 TS FYRYTRICR [ 26 | o DRSS ] RE -5 S0 i 37 50 )
SR, TE AT cTMS BEEGE [ 27 | o FEREALA BRSEE T, ZETERG
WA RSk (MCA) RYHshaEc (PL) FIRMGRTEIIK (ACA) 1IBHT)
FEC (RL) ERSs3Em, i Rext AL 4R (E R . 72 &M ' TMS YRy 72, Wl
ZZE| MCA A1 ACA WP (MV) . PLAI RI A B SAE, 1ifk «TMS iR
ST BRI G
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3.2 MMS BI3FRENLETRREIR

rTMS VRS —RJCEIVERY,  REXT IR B AR KN UE T 4R ol [ 28 | IF51E
R Bz 24t PR IR A T 10535 (29 1, B4 2 Pl 2 Mok il
TR HTEST T-B o TEIAIAE JU R XEVA P ARAE 193RI L 38 ik 22 R L] A
TRFMRCR, MO IREE JCHOEXEAPEIAAE B £ TRz —. HEA
UEHESCRE, BEXTHTA DAY ¢ TMS XS HAAE o AR T A AR T AL

B ERLRE T BT B P 21 T JE SR . AR T o AR R E
B A7 o B0 B I DR S A A5 2R, i A A DS PR B T A . R
WM R R 2R, AREOTERW, FAR T PR TE S SR LX)
REASC [30 1 [31 ] 5 WiAalses DR MR B 1 5 NI s 16 sh A 56 [ 32 [ 33
|34 ] o MR PR G —TRR IS AR EhaE (35 1 o dknl b, A
o8 A W i BE SRR B B 5 BA BRI . 1A — TSR0 R M- 2E4 T TMS
R, BRI AR HAT R ) S 3 P B AN [R5 . L DT (R [l )37 v
BATERIVERD [ 36 | 137 1 o JRH, 1E4H0 RIS YR —L8 i A= BRI 05 52 46
KB, mrEi SRR R G RRACHIER (38 | [39] 140 ] [41] 142 ] [43 ],
AR AT XHE B T2 [ 44 1 [45 ] [ 46 | LARBAAHS EAITER [ 47 | [ 48 |
49 | 150 | o TR T KUBS IR, R PR AT O SR A AR O S
— R IR 2R BEEG Kl R BT WU TRE , e BB A ] T AR XU 69
AN, A A AT SRS R & s B RO AR R [ 7] [51 )5 JF
HAr# o JBansiss (48 1 [49 | o ABIIERY, dEA7RESAT S Z i,
AT A R R B B Rr, SR R KU (Y TR AR [ 52 1 . AT
- 224 DX IR 55 KU R R AT O . — RO T KU AT 55 R AR AT e B
T F T BESE IR AN RIS PEAL [ 53 | Ak U A A ik RE e KU 7 5
LB R RLAT S A AR (54 1 1550 [56 1 o REPMIETRI BRI Z
SRR RHA MR APLRRIE S, SEF Smaa RmER (551, Xk
PR B AR ZIRAUE BN, TG 5 B — IR . AEX T AR RIS A
W, ZAAH MNP E RS, BRI R AT T SR |56 | .
1117 — L4t 75 T 57 WU 26 PR L G X 18 45 4 R S RE R 2 S BB SRl 1) 1, 300 s
WUEAT R [57 1 1581 [59] [60] o kEeq5R R, FIHMEA rTMS 1455 Hif 4
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1435 Bl EA R T R TR AT RE

LR, 38 SRR A ) BE A VA 75 A AT TR IXURS: ] 18 TR SR A 7 A A8 T A5
WAFEN T — RINEI AR, —LEIIRE 28 M50 i H RN T B, X
AT 450 R4 B AW 22 0 P R, T 2 A0 8 P AT B A 8 P L U
H R, AT 5 A i O i 450 3% 21y, 98055 20 B i N A 05 3, el
1] T B 22 4 A A ELOT e XUBA T AT BB R AR AU ( (60 | [61 ] 5 i
AL — R, TERIHESE (Gain Frame ) T 1 1ot BHAR 2851 B 30 Fb 0 055
A B A3 2l 23 BRI AZ 10 X0 KU, Ry E , TR0 G HESE (Loss Frame )
T DU 2 RS2 i X XUR: R [ 62 15 TR SOU T AT 28 B AR 3 PR
SN it — 2R N SZ A3 R XU R RRE [ 63 | o SRTIT, A SRS i i 22
D, L R 5 A A i D50 P ) BT 323 1) XSS Rk o S VB 52 Ml P 45
wled] o GEIRIARGE— AT BRIEH TR SR E . R SR HESL S AR R A &
AL/, s AR A e F P AN S R A [ 64 | o B fTMS /B K
T BT T AR B T 5280 S0, WA BT M AT A 7 R0 TS DA iR
HAE SRR AT R P IR A TR X — g KU e [ 65 1 5 TR 22 il
AT SHEA A0 M (AT v TMS ) 5 35 P B A 25 0 UK BRI 2 22 | e o B A
NTTTHG S £ vk B — s WU AT [ 28 | o TAEDS — I LAE R AR R S5
A TR DN ARSI A TR TS AT A -4 Ll A T 2 88 i 733 B4 XU
10 66 | o SX BB Ay S AAT R IXURS: PR SR A 3] 1% DG SR AR SR B 1l
TR HAR 8 T RS TR T A T

TIAh, AT ST g LI S 2 W SRS U R I R NHERY X L
& IAT G 55 S ( Right Mid—insula ) 1% 20 9 34 5 25 38 IR IBUXBE ATy, -4
T G 22 195 0 8 5 2% AR IXURS: e T e B TE AR S R T [ 67 | [68] .
1] 53— SeHE T KUK AT 55 (Risk Task ) AT 27 9250 W) & BEFT 04 8] ( Anterior
Cingulate Cortex ) H [ KUK U A 2% ( Risk Prediction Error ) fiff HEL A7 ek 20 AU
o A ET (69 | [ 70 1 o XEEEERE R, KM 204 T 2 X A] LA
JH xTMS ST TRREA TR, DT 13X — T35 Be it g FH T 5t
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FOEREYS I, E AT AT I TAIA S W . 1T 'TMS AR —FI ek i Al
P v B A 28R 12 W B TEAN T30 B, HAE Ry 55 kA Tk T
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B&WH

v T 2016 AF B RN B RE AT st R B B 2 R A R A W H
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