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2R P TR A A

wEER Hop? B eV m &Y Fuy
HExF! g ow' #Egx'
(P ERL B OEBE ST, bt 100101) G EBHFERE RSO IR, LR 100049)

W E 2% %) (Transcranial Electrical Stimulation, TES)if T i A8 45 4 & A% X 69 1K5& B & 7 AF B T Kk
BARIEREFH, R—AERN LRGP Z R T . ARBRIL L R G) RF, TES A LR A ARG
FIBL(IDCS), 2 R A8 R B (tACS) A= 22 fR AL, )L (tRNS). TES #6xt A7) 48 4o K40 ALBIME . . Tk
B Mg LB S EFHAT—EARE L aGiAdE, FEAS 5 E R e 4 3 5 T D AR LE S LRI T B
2+ F RE AT 6k, RE & TES A4t A4 X 69 R 42 2R A AT RF .

KER A, ZAARBRM, ZBMAL R, BAMAE RIS, kit F ]

2SS B845; B842

1 25 B ® M (Transcranial Electrical  2000), WIS )5, T TES % #i 2 0 $h k47 H 4%
Stimulation, TES) PR T e DL S e X R W Bz 2 i TR, TES
AR USRI B2 58 () — A0S
TES HARM I RER, HEEHAE IR, &
FEIE T A EA BAR, R E A TR
WMRFEAE AT R Z, IR KN 20550,
£ TES XL DI RE Iz AT o b, — et 222
W Jr 2 AE Oz ik, 25 W T Cz AL (WA 1a), #
DL B LR A TTRRTE 25 em? B 35 em?® 22 06] .t A BF
FEH R TARF R ES R, I 9 em® BiH
JNEY LR o LRI A L R BEFE 0.1 mA B 2 mA
Z ), Fpgentlal—hy 3 343 30 2
AR Fh R T R R AN R, TES &
By O 25 T RN (1DCS), 48 A8 I HL R
(transcranial alternating current stimulation, tACS)
FNZHHEH L JI i (transcranial random noise stimulation,
tRNS), AP ARG LR | I Z 2 tDCS.
tDCS i M E E R, ERIEANFESE
FEE AL E . F AR | R R R A ],
W 1be PIFPHRER) TDCS SR F A/ . BHR
Wk H e 2017-11-23 25 1 HL R (A-tDCS) B A RE A5 412 2 i % )22 14
* HAEHA ﬁkﬂﬁéﬁ—;j}ﬂl H (31470983), [ﬂ% Eﬁ:ﬂ?ﬁi SLHFVE, T B 22 5 L B (C-tDCS) T £ [ G 24
T oty PRI et ACS BRI IO R, B0 EE S

235 L i) (Transcranial Electrical Stimulation,
TES)HE AN H BN AT T —BR KM L.
A 1980 4, Merton il Morton w42 H T A1 1Y)
22 L RV(TES) 71 o A AT T3 3 A, 3 1 5
B 19 R G >Fe e A5 R I T B, TE S T 8 0 H I SRV
FT Rt K )2 7T LIS R SGZT L4 (Phosphene) o
BAR YT I 28 RO AR R AR, H R T
FH R R PR, 23 | R e i R o A Sk i AL
R, BT LA BRI G 15 512 %
1 (Merton & Morton, 1980), H 3 20 42 90 41X,
Wl B 28 UG R R B T A T, IREIR R AL
TR AR TR AR ENORL . A 21 i
28491, Nitsche Fl Paulus (2000)iz JH £ i B HL 3
¥ (transcranial direct current stimulation, tDCS){f
AT ANRNZBINEIZ, ERT RIZFERES 1) R
(< 1 mA)H G 24422 b (Nitsche & Paulus,

s AL — e SRIAZ I L B ATCR AT LA B, UL 1o ASFIARER
BEMEE: ¥ 5 £, E-mail: huangcb@psych.ac.cn B9 tACS B 5 2 A R &% M EAEH,
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K1 TES/RER, a. BN ERERE; b AtDCS B /R E R c. tACS B R E A,

TSR 72 2 ThfiE (Herrmann, Striiber, Helfrich, &
Engel, 2016), tRNS Lt tACS AS[F] i i )5 76 T i
e FH 08 28 U0 L R SR AE — SV B N BEAILAY . A
FEEB, 10 7340 tRNS I RE S 1 K3k 60 43
AP 2 24 45 1 (Terney, Chaieb, Moliadze, Antal,
& Paulus, 2008),

2 TES 5 J %] i & {8 (Phosphene
Threshold, PT)

LI 2 NHRTE A G IR R 5 50 REJ%
ZE TR — RG2S R (TMS) ik oh 1%
138 B K B JZ= BRI B2 JZ AT LS DR AL R LT
(Meyer, Diehl, Steinmetz, Britton, & Benecke,
1991), AETIREELIMAY-F-15 TMS 5 B SR DE
%J#% ¥ {8 (Phosphene Threshold, PT). PT %} F 4 —
A ARG ARR TG E 1Y, S0 i W B J2E A
i — /™ 48 5 (Boroojerdi, Prager, Muellbacher, &
Cohen, 2000), XF3F TMS 59 PT 7, 4#
78T TES XL B JE M4 A PR A RLPE . TES 4%
PT WYY, HIBAL & — MR X, H A 22
wie TES REMEA RO T TMS il & 19 PT {H,
{EIEFESHCR TES MIZERFSELN & .

tDCS LURFE B 1 14 75 A 200 4% PT. Antal,
Kincses, Nitsche #ll Paulus (2003a) K % %5 T
tDCS 1 TR B AL 5E B = BRI XF PT 89820
WS R 5 Hz S 53 RE  (TMS)FE T T3
PRI ASE K )2 VRN PT. H SR A )
. BB AR tDCS =F, HlF AR B B AE Oz,
ZHWRAE Czo 9 AN IEH BUAE B 7E 3252 B L
B RS . 10 3805 A 20 S3EUE 4 SR A
AT PT M. S55R LI, RS2 5 A 10 204

i, C-tDCS BEHET PT, T A-tDCS M i3 FRA%
T PT. #2718 C-tDCS F&{IKT Bz 22445, 1M A-tDCS
PR T B R 24 A5 1 (Antal et al., 2003a), Antal 25 A
(2003b)it % %5 T (DCS X &3l PT (moving PT)HY
R, HFFE R TMS 1R T sl 22 el A
V5 SR sh PT, 25 RAEM, ERIEZ G 10 4>
B, C-tDCS i 4 =1 AtDCS F&{% T PT. $2
NDCSAER T V1 A RUR4E 4 3 PT(Antal et al.,
2003b),

tACS 7158 M R B BE % A5 20 % PT . Kanai,
Paulus I Walsh (2010)% %% T tACS X HL5E K JZ 2%
AR . BEFE T AE R R tACS (5,
10, 20 F1 40 Hz)H3FRL X EF, SR Ak o
TMS i PT. &5 5 &, 20 Hz B9 tACS 76§l it
FEREALT PT, RU4RS T HLGE R Z 2%, K
59 % (1) tACS XF PT % 45 5% MW (Kanai et al., 2010),

3 TES 5% (Visual Field, VF)

PLEF 28 N B S B AR BR AR sh B L T, R
it WA 1F 17 W PR B T B A5 UL Y 25 Rl e, 2
—THELA () 58 DI BE (Smythies, 1996), — il i
A T A S S ET TR LB . A B
AT AT —Ab 95 AR 2 T BOW T 451 (Kasten et al.,
1999) . ARBTG5l 453 I i 1 5 51 T 1A 3 3k Jmy 350 1 40
ORI B, PTRERB MG . RS
WE . TES T Ik & 1 240 % AR
S EE A, BRI EZMES R TES BBAH
LN LSS ST S PNE SN I E R N B b €
ABFCRA—F
3.1 TDCS 5 VF

tDCS 256 1k 5 I 25 Be A %504 i 1 BT 460 95
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%26 &

N HRLEFPK & Ela B. Plow 25 A 15 45 %% T TDCS
2t & W W WK 5236 J7 (Vision Restoration Therapy,
VRT) X o XU D 5 8 AR S VR . s A%
% 3 DA WIS, B 3 K, K 2
K, R 30 4rh. SEERARE ATEHESZ VRT JII%k
B [F 4252 ADCS. RIS T Oz, ZHH
WAL T Cz, HLFEHREH 2 mA 56 4 A ZE I 25
A2 32 M B . DI RS FH i o R L T
AT . 45 R LW A-TDCS HY5s A HLEY
ML HYK E S % (Plow, Obretenova, Fregni,
Pascual-Leone, & Merabet, 2012; Plow et al., 2011;
Plow, Obretenova, Jackson, & Merabet, 2012),
Alber, Moser, Gall Fl Sabel (2017)% %% T tDCS %%
B LR SN 5% G S5 20 Bk v KU AL BB R S
IRICR o 7 A TRV O 5 98 A 2532 66 (+50) K I8
IRENZ, Hrpf 10 RAEVIGRI 32 20 40Py
A-tDCS HJj, A% T O1 5 02, Z7% Htlfi
T Czo 7 DGR BE 5 SR 1Y 7 AARDT
T A AAE g 20, A2 — N 2k o S5 2R K
B, I A AH AR A, e R R S K
S I (Alber et al., 2017),

tDCS BEE A RO el 1E 4 NS 2 LT A 1 (R
Costa 22 A\ (2015a)% %< T tDCS X 1F A e 1
BRI , SEge R AN e, 15 A IER
W e 5132 3 4 (DCS B A PR
W B H R ORI R R, 0 A0 A A 2 T T
B 1R AR A R] S8 O B I A 55 . 2
K DCS FEAR 1 J5 2 WL A4 AR, AEX Hhoe A
A B 2 (R (Costa, Gualtieri et al., 2015a),
3.2 tACS 5 VF

tACS RERE AT R THILET 52 450 A B 1L B 7
Fil o tACS X HLEFIR AL AR 5T, A0 S 32 A R
BRAGSMENLE . Sabel 55 A (2011)il 1S AUH . B .
FERI R SR, HEE T R M IR IE S i
ﬁﬂ‘{‘%ﬁ(repetitive transorbital alternating current stimulation,
rtACS) X LA 2 Bt 395 N IO IR SR . 4 A
rtACS WL Fr e ZE AT IR ER B 1 L A, 2%
MR A T T AL o F U 5 B 2 A S A I
RERE BT YL E (< 1 mA), JB [l
10 K, REK 40 70 SiHRdH 12 DHLER 2 Bk
NAERNBT G 58 10 AL BT (Central visual fields)
R o BRI AT 55 0 SRR, ML T4
il 2H, S A 3 B T AN B L S T (Sabel

et al., 2011), X—Z5RIEZ G 446 N &Hih
955 NI R LS DT 5% 45 21 35 1iF (Fedorov et al.,
2011), IS MB35 Sk B0 5o o400 B 9 R /g 42 T,
PR B ) A 1] 45 15 40 1 £ = 2 AH DG 1Y, 48R AL
Pk 52 B BB AT RCHE T A ATy REAE G 1 A 07 T i
(Gall et al., 2011),

AFZSEHY rtACS BURA—HE: HIHERR
I L 30 94 (Square-rtACS) B BRI T IE 54X | E XL
i FEL I (Sinus-rtACS) . Gall %5 A (2013a)% 48T
Sinus-rtACS X W87 3 [l i) 2 i, I+ 5 b S w9
square-rtACS FUAFFE 45 RAMRT o 36 ASLET B
BB L s A R 4, B3 10 R, K 25
) 40 434 1) Fi 0 R BRI, A BT IS 52 B
AR AR . 255 &K, Sinus-rtACS X
PR 0 Bl 1 B2 TR R N et b 3, FE
(A 2.3, BETHIE A HE Square-rtACS /)M (Gall,
Bola, et al., 2013a),

rtACS X W i 5 g A 1) A0 B 0K 52 AR A
FasE . Gall 25 A (2013b)HE 98 ANHLAEH 2245 43555 A
Sy IZBEPLAT LS tACS IR M I . BRTE
FRT T LRI H 2 532 IR . 25 &
B, SO bR, TR A AR B, I
HIRFHORBE R ZE /D 2 4 H (Gall, Federov, et al.,
2013b). Gall ZE A (2016) L FEHL . WE . #iHilH
YT rtACS X W B M6 A (partially blind
patients) (1) WL EF v BB (42 Tt o 45 58 & BLSC S 41 AH L
i 2H AL 4R T T Y0 (24%), I BALET 42 71
BORZEDREET 2 4 (Gall et al., 2016),

4 TES 538U E (Contrast Sensitivity,
CS)

IR F TES XSG B7 J2 2445 P 1 02 A
tDCS 5% L ABURR B TR LR 1, R 38 Hh W 7 8
VIR Z V1 I Oz, 2% Cz, B tDCS
X CS M IE TS SR B 4518 B A-tDCS REHR = 1
KA HBUBE, C-tDCS B FIAR Iz, {H A 1F
FER A —F 25

Antal %8 \RFETE 2001 4E% %K T TDCS %t iE
BN IXF L B 1 {0 2 A P o 0 SR A B AR
FAMR . 455 % B C-tDCS FEAEFA IR 10 4345
B E B TR HLBE I {E, 1 A-TDCS X
L AU BE VAT R4 0 (Antal, Nitsche, & Paulus, 2001).,
Spiegel, Byblow, Hess #l Thompson (2013)% %8 |
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PRI SR A 28 i f )% S5 T RE A 45 1635

tDCS i 55 0 BAE N A0 X6 HE AR R BB IR S8R
AR T, 13 455 08 i35G J5 122 37 BH A% R B
W 2 A~ TDCS 254 A H RN T Z 00 . 3 A A
2 Je WA X L BURREE . 25 SRR B C-TDCS
FEAR T 55 LB AE A HR A %o L SRR, A-tDCS 42
BT 8 AR 13455 LA N 55 L AR A% o) L ik
J& (Spiegel et al., 2013), Ding % A(2016)% % T
tDCS X 55 4 5G4 A 4 % Eb SRR RE LA 98 355 22
PLRSEI . SEEGAL 21 A5 gial R H 4l 27
AEHBAEN, JelF#Z 3 4 tDCS %44 BHk .
RAAR I (O A 1k o 25 R AL A-tDCS #1571
5500 B AF N 55 0 AR A X L BURREE, R B TR
BE s K AL IR IE; C-tDCS A% 5L W #H X (Ding
et al., 2016), Reinhart, Xiao, McClenahan 1 Woodman
(2016)% 52 T (DCS X HLAFE A 23 [ LA 5 1500 o
S AR AN A P1/P2, S BN ) G 3
R LI A-DCS AR T ol b sl 77,
It H AR T B R i A TR R B X EL
(Reinhart et al.,2016), Costa % A(2015b)% %L1
tDCS X LA A1 6] b 50 B R 58 15 % LA 1Y)
SEM, FEAROS AR 25 em?, FRBIEGREE R 1.5 mA,
S B R 30 438k 255 & B DCS X X ARk
FE %A V85 /6 F (Costa, Hamer, et al., 2015b),

Richard, Johnson, Thompson #ll Hansen (2015)% %%
T tDCS Xf BUAENTE 4 A28 [R5 % b sk
FERIREM . SEER R NI, 26 ARG
JEHERZ 2 A~ tDCS S5 PR BA B R 2% A o

ZAEZ A E R E /D 48 /N, S5 &L C-tDCS 2
151, A-tDCS FEAIL T 23 M4 4y 8cpd A4 %] L sk
(Richard et al., 2015), HAGX T tDCS % CS ##
A —I RO AR AR, REEE A
TEATR] (B 5 b i A Bl R T FR R ), 3K
AF T LR BT Sk R T R 2 1) FRL R L S AN —
B HL R B Al T R R S SO 25 57 1
PZE, AR FH I RIALCER 22 8] v BB S 2 167 PR 1) 46
HXR.

5 TES S5#l%REz 5 (Visual Motion
Perception)

b 32 Bl F1 9 (visual motion perception)g&+§
L R G YA IZ B ) RIS RE T o 7E TES Xz gl
HaE e AT, WA ETE VS B M1,
ZZUMALT Cz. BHRATHISS IS EZIE A-DCS fig

ARG IZ S5 S, CDCS REFEAIRAE 5 11
T 37 M 1 BTG K- o

Antal 55 A\ (20042)% 52T (DCS Xf L3-8
B ERAT 552 2T s o S50 vh R B AE VS, M
V1, ZHEWAT Czo FIBSMA IR B
IR F 1 8 i A7 e R 5 R — A
W52 Bl 38 R AT 55 o &5 3Rk BUAE N2 2] k2
MR B, HALE A-tDCS fEHT V5 5 M1 i
FIEBEVEH . C-tDCS Xt ¥A ¥, fEHT
V1 s XXX A~ 25 2 AT 45 3% A 52 0 (Antal, Nitsche,
Kincses, et al., 2004a), Antal 55 A\ (2004b)% %X T
tDCS X W5 -12 B8 B AT 55 BRI, K H
A1 C-tDCS MET V5 B, 18 EAT 55 (1 4t
2T HRF, AR T I XX AT 5 R R
W, SAMIEFRERZI, RATEABILST RN
%M, CADCS fEHTF V5 i HIAT 55 RELE R T}
B, XEELE R V5 7R 441z 2h v T R
MEBEMEM, $5 CDCS MfEH T e R T
W% (52 (Antal, itsche, Kruse, et al., 2004b)
Battaglini, Noventa F Casco (2017)% %% 1 FH# I
FTE tDCS 1EHIT V5 %HaEis sh it 55 i 5
W, SCIR BRI E BT, 15 etz B
B, 15 BRI Z I TDCS; Jili A B
LM VS 85 B3R B A1 «tDCS E AT VS
52 M) 1 2 AN () 1 TG > S 800 A LG 1R R R
C-tDCS FEAR T M35 5 K, R FE i — 8ok
KNS G e, 28 A+DCS 27t
215 5 1R B BE /1 (Battaglini et al., 2017), X T
A-tDCS BEME 34 3 A6 12 01 55 10 4516 8 X B it
A8 R A 5T P AS B ERAE . Olma %6 A(2013)%
LT tDCS SR B i 96 A8 B 33 i WL 3 12 B A
AR RE R o L R A Ak A S AR R TR A R R
A BRI RS SEZ, IR N 1.5 mA,
BT R IES: 5 K, MR R 20 440,
13 A AT 55 2 A0 1T 7 ok R A B AL 32 B0 ) )
B3, GEEI A-DCS 5 T AMEZ 3
7 FEBI R ST, H X T AR T 14 KR
KA} [E](Olma et al., 2013),

6 TES 5% %1753 3] (Visual Perceptual
Learning)

oty A SR AR T ISR 200 5 1R A
TSR B4 X 25 26 303 ) 241 BE 1 79 $2 7 (Gibson,
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1963) A BE2E 2T 38R T LA R R IR B & i pf
Ll BVERRE ), REME DI . H BT AL
Z fith 3% 5 B B9 B AR (Sherman & Spear, 1982). H
B TES XFHLAE A5 2% 2T 9 BF 5, FE 451 )¢ TES
RE A% (2 3 0058 27 2] Y ROCR,, AR [RI R ) 52 0 2%
RA—H,

A-tDCS FERBAEHERIUE 5 ~], CtDCS X%~
WA . Antal %5 A (20042)% %8 T tDCS X R
BB IR, R VS, MIRE B )R
(MU RATE R (VD) o B3 5% 1 2 PR AR
PERY tDCS o TR SE U B 27 > A 55 19 W) I 232
I 10 20 Bh a5 R B, Y FIBORI T V5 3E M1
W, LGSR ER S5 I 2E 49 B8] T4 T, il C-tDCS
Wb 2 2 ORI A VR (Antal, Nitsche, Kincses, et al.,
2004a), Sczesny-Kaiser 55 A (2016)%%% T tDCS %}
TE AR LG8 A5 2 2] (1 52 0 [6] 2 T VLY
Motttk SR EXUE MR NI, SRR
BEAR, BP0 BRI 3 1 o 30 A~ BUAF B i A 58 A
PRSE T I A7 AT S5, 3632 20 438 tDCS
4 RN 2 > (TS X RO B 15 & HL
(paired stimulation-visual evoked potential, ps-VEP)
M PT. SR, AHHLREORREARE, A-DCS fie 7
THESES, WERE T ps-VEP, $#2/8 A-tDCS il
W2 R m T 22 . C-tDCS XA~
1 PT #BBEAT 20 (Sczesny-Kaiser et al., 2016),

LB tRNS X 158 2 2] A — g fE AR
Fertonani, Pirulli A1 Miniussi (2011)% %% T [
TES L1582 5 52 o S5 0 2 4k ] 11
TR Th, IERSLE A 84 AN BUAERIA, Bk
6 ZH o HAL B IR 2, R —3E 6
A~ F M RNS (100~640 Hz) | {E45 tRNS (0.1~100
Hz). FH#% tDCS. Btk tDCS. ke BRI B Al A7
BT Cz WS (RNS 5l 554, 53R A, /EH
FHRIHAGE R 2 0= (RNS RERS B 5 32 T 7 1)
P25 AT 55 B F B (Fertonani et al., 2011),

7 TES @EM 5 Thae/ &

FH TES B30 L8 FEAS D BEHEAT I F2 H) BT 5
OS] A RO R, LA v SR S R 2 5
XHEFERCR R A — R (W2 1),

FIHT tDCS X HEAHLE D RE B DTS2 A0 L HoAth
AL 22, tDCS A] R LI PR 53 19 7 50
PRSI RER . A-tDCS A FEXZ 3 7 2 1

W 75 b & B RE 06 41 R 02 h i 2 2wk, i
C-tDCS RS AL 2 241 P, X — S5 I8 TEXT R4
W5 e 2 0 BF 8 vh b ) R SE . R 5 B T
A-tDCS TEHIT VI, &I A-tDCS REALTHTT TMS
VR BCLI L B, i 0B 458 405 X 1 1 B
52, PR IER RS5O A FBURBE, fE itk
XIS S5 R4, $RRFRAT AtDCS #
SCRE A B AR B LR R R R R A e, T
C-tDCS WIBRIE 47T o e -5, A A5
BRI T R—EZ5E, o H T A S o h
LA, T 2 5 P U8 T 608 D v 3 e 32 R 33
i) A R R L AR AR Y . FESS A —BUN IS
o AR T 20 b, BRFRATTHER 2
P 9 5 BE 1 I 0 T B R A E A T
BE S XTI 2 = i, HE 245 2 A B RG 9 3 AL
o HL O I R RN 55 TR A PSR T
RERA—FEMY . TE48E MRS EORMET, Wl
TP A FE R 2802 35 W 80011 2050 SR R0 4 R F s [
Bio ESRYCRI B gE T, AR 2050 & B
TR ROR o 5 B O S — R R E 1 —
ASFRGE, RIREXT R A ANER A s HL AT — S IR
BUVER, T LA SR U B e e 2 B 9E T VR
FERRE S B WAEAT R B A L o TR 22 YR FRL M
BRI SE v, SO0 A AORAH LR I 4L THR £ .
SRR, $7R DCS TR SR E T, £
YR /2 (14 35 S R 4 A 2 T RE EL AR, X T
BRI RE M R SHCH 7 58 2307 AR .

tACS B oA 2 LIS 345 2 19 2L 4 S A
P TRERY o FEId 25 B JLAE A, ik i &l (EEG) il fiki
T B (MEG) 12 ST T 4 28 41 B 1 i 22 3R 5 19
IREVE o tACS 7RI ] 5 A A& 1 i 22
i PR SEH, S AR B 2R 5 1k B e B A
WG FEX FAMIE TR T 5T, AN [ A B
) tACS A A A IR ROR AEXT PT iR, R
H 20 Hz X PT A 520 o 76X LB B 04 7 52 10 5%
1,5 %) 30 Hz 1Y rtACS 11 2 YOO 0 B ik &2 A5
fEEVER

tACS 1 FEL 3L 3 B, O T B X B2 )2 4R ¥ 11
# . Moliadze, Atalay, Antal 1 Paulus (2012)% ¥t
WI9kiz 0 g JZ 0 4 PEER tACS HL I 3R B 22 )77
AR i SE R . TR 140 Hz (9 tACS fEHF
WIHB BN, BT R 0.2 mA KX 22
WK VER, HGTEREE N 0.6 1] 0.8 mA WA S,



FEom RIS S5 28 e 0 5 LT RE DA 4 1637
% 1 TES X155 8289 2
e . A mpE Mk ; .
2% b AR e Lo
BE5E it GF (mA)  (min) WHL FELER
Antal et al. (2003a) PT 0zCz 1.0 10 1 C-tDCSEMJG & 10 45 W38T PT,
i A-tDCS W & AL T PT
Kanai et al. (2010) PT 0z Cz 0.75 5~8 1 20 Hz tACS 7E/EF 1 REIL T PT
Plow et al. (Plow et al., VF  0zCz 2 30 72 % A-DCS I PLEF

2011, Plow, Obretenova,
Fregni, et al., 2012; Plow,
Obretenova, Jackson,et al.,

2012)
Costa et al. (2015a) VF Oz, Cz 1.5 <25
Alber et al. (2017) VF 01/02,Cz 2 20
Sabel et al. (2011) VF RERURE <1 40
Fedorov et al. (2011) VF IRERME <1 25~40
Gall et al. (2013a) VF IRskmuf <1 25~40
Gall et al. (2016) VF RERIUFE <1 25~50
Antal et al. (2001) CS Oz, Cz 1.0 7
Spiegel et al. (2013) CS 0z,Cz 2.0 15
Costa et al. (2015b) CS Oz, Cz 1.5 30
Richard et al. (2015) CS 0z,Cz 2.0 21.05+2.74
Ding et al. (2016) CS 0z,Cz 2.0 20
Reinhart et al. (2016) CS P1/P2, 2.0 20
XA 1 95
Antal et al. (2004a) VMP V5/M1,Cz 1.0 10
Antal et al. (2004b) VMP V5,Cz 1.0 7
Olma et al. (2013) VMP VI,Cz 1.5 20
Battaglini et al. (2017) VMP V5,Cz 1.5 12
Antal et al. (2004a) PL V5/M1,Cz 1.0 10
Fertonani et al. (2011) PL V1, Cz 1.5 22
Sczesny-Kaiser et al. (2016) PL 0Oz, Cz 1.0 20

AR LE P 2R A2 A5 T 4

1 A-tDCS 1 FIB REAR T 20 40 5 0 B 1L

10 $3% A+DCS Iy A 1 HLEF
AH LA i 2K 2 A5 B

10 r-tACS SEH02H AH Lo il 20 0 3 B v 1 LAY 3 1
10 r-tACS SZHG A AH LS 20 2 e v 7 LT Y
10 r-tACS SZHG A AH LL S 20 3 5 v 7 LT Y
10 r-tACS SEBGZAR b i il 4 35w 1 A0 1 ]

1 C-tDCS {EHIBT e Z J5 10 434 A CS

1 C-tDCS FEAIL 7 85 LB H 4P IR Y CS

1 AR

1 C-tDCS 7, A-tDCS {23 A 47 2k 8cpd Hi 1 CS

1 A-tDCS #2755 9LIR 19 CSF

L A-tDCS 42 1 2BR4 M Y = 45 CSF

1 A-tDCS fEHT V5, M1 R HE T M58 I8 B AT 45 £ 30

1 CADCS YEHTF V5 B TREN LS R A AT 55280

5 A-tDCS 42 132 37 10 9 31 i 45

1 A-tDCS &% THE55 KM, C-tDCS &5 T A —3
PR T 1 LS

1 A-tDCS YEHT V5, M1 752 > B 301 B B A ok 1 58
BEAT 45 R

I fEHTF VI [ hftRNS BEGS B 25 370 10 B 2% )
(i gi0E S

4 ADCSfEHT VI @ik T 2%

&

#:: PT, Phosphene Threshold, Ye£J#LEI{E; VF, Visual Field, #L¥}; CS, Contrast Sensitivity, X lL#BUEE; VMP, Visual Motion

Perception, Y3&12 31 %1%%; PL, Perceptual Learning, H142%>]

HH R R E] 1 mA B, &3 tACS X i 245 2%

VEFH, $5 78 30 ] A0 24 45 4 28 0 X 228 7t FL A AN [ 1)
TPURREE o M H R B X RIS, AT AR
JZ W2 M A B A (Moliadze, Atalay, Antal, & Paulus,
2012), FEULZ AT, Antal 25 A (2008)3k4%5 & EEG
tACS #E4T T AT B35 H tACS AYHL SR E R 0.4
mA, $EA 5 K 1,10, 15, 30, 45 Hz,
e T AT tACS Y HL DR KAR, 4558 %
P tACS WA 51 EEG (945 fL(Antal et al., 2008).

8 TES BYEIBEHLH

TES ZEAFMHEHREAXT, BEMNEES
BOFAR—FL, R E ML AT RE AN W B

Heix TDCS Rypp & E L O A — ey
BIZEE: tDCS MRES AR . v-EIETERAE.
ZOURIERE . 5-F 00 fie A RE ARl A 7% 1 A R A O
AR AE/KSETT S, tDCS BB 5 | A B2 )2 /Y 2%
P, T RE TS LI A5 A 2 T Al A fk B A
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A, BRIV B R H O fi A e 2 ST A L A Ak, BIAR
P, ] 35 i 45 #i 28 5T 4f A% fk (Liebetanz, Nitsche,
Tergau, & Paulus, 2002), £ 70 L B {E 1) ik A8
B TT XA TR MU Rl AT AN S,
T 5% & 290 B VAIr 95 5 - 30 18RI 2 1 R T R
A-tDCS AYTIBAIER, Wiy -2 35 T R RE 8 3l 570 A
NMAD ZARH BT AES (2 A-DCS HYRIEECR
(Stagg & Nitsche, 2011), NMDA 324353510 0 g
Bk A-DCS Ml C-tDCS MRIAUR, 7R
NMAD ZZK7E tDCS R o] G4 5 22 1 ) (4
(Chaieb, Antal, & Paulus, 2015), WA fMRI #F55IA
iy tDCS BRI A BE 2 52 & 1 il ok &7 5k i 72 i
(Alekseichuk, Diers, Paulus, & Antal, 2016),

Xf tDCS R 2L AT 2 02 ok A iz 3l j
2, SRTARSE A B, 7 A TR 30 38 2 B0 1 60
T, tDCS XL B2 J2 B IR HEAE T FNRICR i k2 i
[8], Hiaah &k ZIA5E4H])(Antal, Kincses, Nitsche,
Bartfai, & Paulus, 2004). Tii{E¥] 2Kz 3 K 2
SR RZ ), RN ER . AU IR
PER 2R . DR RFRR 2R, ik
tDCS Hl¥ 5 BN 22 5 1Y R & (Medeiros et al.,
2012),

tACS FERAE M AT BRI MR, T
R 200 28 4R 5 g R R NS IA N T B % G
B, tACS I\ A RE A% 38 3 4 i 401 236 1 28 U v BRI
H R 2R G EAER], WA Rha A & IR 1
W BE SR EE, MR B JHEAT AR B B (14 (Zachle,
Rach, & Herrmann, 2010), Zachle % A (2010)F]
alpha JEL %) tACS YEH T8I, TEHRIBLRIE 3 4
B AR B EEG, R ILTE tACS (FL IR
JEA 1120 + 489 pA)Z &, alpha Ml B (T 543
F| T §ER LT (Zaehle et al., 2010). Z J5 Neuling,
Rach Fll Herrmann (2013)E & T X458, 7 HA
I alpha M5Bt D33 4R FHE WM A R 2 5 &2 /0
AEYELF 30 434 (Neuling, Rach, & Herrmann, 2013),

9 SHEERE

TES M EZ R L2 MEEH L ahi= k2
Mk, H—, TES B L AMHKREAR . REZHT
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R AES . JFH. Liebetanz ¢ A\JE 2006 4Fi 1
KRR & I FHAR tACS FF A BRI &
YE /Y 8 {E (Liebetanz et al., 2006), I Matsumoto 25

NAE 2017 AERY LR SCR T 45 T tACS Fl tDCS
MIRIVER], 458 WTER SR RIS ECT tDCS M
tACS XA FULEE, e BB i Al AR 22 42 1
(Matsumoto & Ugawa, 2017), %% —, TES gt £3)
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TES (#8575 T 4 L S A A T T B 2 i
975 [ SR AEAEAE B, B2 (] 43 BERAR, 7E tDCS
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R BIF S 5 felE FH 15 73 B 248 10 28 50 U L SR 9 (high
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FHT 2 DAk, B2 iV T H 3t Fr) 2R AR R 2 (Villamar
etal., 2013),
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iBg ., A . TR R AL,
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Transcranial electrical stimulation and visual function modulation
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Abstract: Transcranial Electrical Stimulation (TES) is a non-invasive method of brain stimulation, which
delivers a specific low intensity current on the scalp to modulate the activity of cortical cortex. TES is
usually divided into three main types: transcranial direct current stimulation (tDCS), transcranial alternating
current stimulation (tACS), and transcranial random noise stimulation (tRNS). In the current paper, we
summarized the modulating effects of TES on visual phosphene threshold, visual field, contrast sensitivity,
motion perception, and perceptual learning. The modulation effect varies with the type of visual functions,
TES parameters, and stimulating patterns.

Key words: visual functions; transcranial direct current stimulation; transcranial alternating current stimulation;

transcranial random noise stimulation; perceptual learning



