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il (high-definition tACS, HD-tACS) 2 3
e R 2 R RS e . HD-tACS JRBE 5 tACS 28
L SRR A AR AR 5 K Rl 2T B
V1A AT 3 0 O R s AT TP R FL {55 IR e, DA
T AR . AR ZANTET HD-tACS Phri-31 %8
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Fig. 1 Concept of tACS, TI and rhythmic sensory stimulation

E1 tACS. TISTEERERHRERER
(a) TEtACSWIN], FERCEAE L FRIPAS (B0 2A B ) FInAs i i . B IR AE AT REAT S B F A 2 D3R5 (oA AR £ (AN (0 3%

Ao FITAH RN AR 1 R L AU % (CREIRFE S H R DD o

(b) TIFERIBAE AR Z 5N (AN MIFIEZ BRI () fnR

GEE AT AW, Fiiﬁﬁ%ﬂ’/&ﬁi RIS, IR L N EBR A FBOE. GEEREL) GERPALEARTE 7 AL Tk Ex

Mo (o) TR RIEL.
of M AE SIS PR ) BB HEAT %Eﬁ’iiﬂ’] PR R

ASSR Uk FIE(E, FRh 40 Hz ASSR "/, Ji i
W AE 50 Hz LR 9 ASSR J& i T 48 J% J2 7™
Az for ool ﬁ&mﬂﬁﬁi(xMh> 75 & 1) ASSR
FFER FNG T X W R 2R

FEAEES (click) | “EJW(F' (chirp) "%
2 (tone burst) "' JIESE M (amplitude
or frequency modulated (AM/FM) tones) "' %

click J&f 9T 15 & ASSR [ 7 il B 2L, (o5 7!

BAE— DR I A >IN E] B A 45 4 Ifl”%%
PRI, chirp 8 2R K RS R S5 1 B A
st 1] 55 Y BRI ) e K A N X 5, R4
TR R A, AR SRR B iy Y,

HAFZR PR . iy 2 BAa L (jT:F'
EFARIEUERE) . CEE I (PREE—BE]) AR
FEI CRRERITCR) s —Ai iy i o . M
MR (BUESRH) 85— EsL M film

D R 8 1oL A TS N 2R A 0 B A AN R R A 7R . e A RO T

(LED)

7 Y T ECE ROIR IR A AR AR B RO 30 &
R BAR N IR, R L2 AR BEAR

2 TERMERRBBRARETER, MELK
Rt R

2.1 tACSTERMMARERAT FHRHARER
2.1.1 tACSKRE# 43 249E (schizophrenia, SZ) IIfi
PRAEAR 8 el

P %35 A1 204k S 7 SZ By #LAE 3l rh e
FAZOAVER 7, FRBE 0. v SIBR B 5 SZ
*ﬁ)ﬁlﬁ’]%%ﬂﬁ%ﬁ% SEARSE P R I AE Sk Bt fin
tAcs@ﬁﬁﬂéﬁiﬂ%yﬁmﬁ%ﬂéiﬁﬁ%%%%lﬂ%
ZEWFR AN . AREERYIA T 9T tACS 7£
SZ fE N B AR AT, ENTREE ., £
F A 25, Hrh A RS A B LG PR



2023; 50 (100

FHE, F: SNETRMERRIBB AR B E R RRIETT HHIR A

2265
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Rt JiN tACS., BRI K TE 10~40 min X ] P
22 BOR A T B B A 20 min/k, R B
B2 mA. AR BRI, PR 1~20 KX
BN TG, o, viX 3B EITERA

SZ (8 F I BIVERE AR FIIA B BE 5 0 M5B (14 i 22
P 5w HURAHIE U IR T A T R
0-tACS B3 B A T2 B A 2841k o 1 T T80 R G i
PRAEAR o RGN HIBR AT SZ #8835 1Y A2 85 SMI i 4
M FZ % (dorsolateral prefrontal cortex, DLPFC) Jifi
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Table 1 Summary of studies on tACS modulation of SZ symptoms
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WS RUE% 5 b, AL4E WM 2 BLTE N BTN 2 e 15
FIME; . BHYESGEE BITERE RIS s d. B 3T
SRR o FEAS TR G AT At AR B R AT tACS



+2266- EMUEEEYIEER

Prog. Biochem. Biophys. 2023; 50 (10>

BHREORNRRN, FEEMEIERERME . 6
LI, XUEERFFT I T tACS W T SZ H i 2
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Table 2 Summary of studies on tACS modulation of MDD symptoms
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FEIRGT y-tACS P35 T B FAIAE £8 35 A 1% 45 A
AE ST 3R . 24 MDD H 1% 52 40 Hz tACS iR T
J&, H HDRS H1 BDI i £ IF /3 AR I AE 4IRS 1Y)
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WCAZ . FIWr . L) R AE 4 AT R A T T AR,
HAT IR & B B A M ) e i (mild cognitive
impairment, MCID). HH{IEEA ] LIA R AD
BH MCLRY 257 s 1, tACSHE NRERS Je i b
B AR e iR 0 B IR AR T B AT s AD B
MCLEH BN FIRE T BT 1o ARZERIA T 10 15
tACS 7E AD DL SORH G955 18 25 v I HH A8 AH G A 58
(F3)o 10TBFSEERN T y M558, I A A0
PRALFERXK . WX, T AE A Xl Bk
KAE20~60 min X [A] N, AR HBAFE, S
FE1~T0R X BN PAUMRIRIEF A4
1E/NELAD AL P27 R 28 AD R P rh
R FE Ry IR, W5 & y-tACS REUSH
WK IE y IR 7 IF R 2 23 ADEIR . B2 & AD
R I T2 B 1) X g 2 — D R I R
FH YK y-tACS ¥ il GE 1% 2035 MCI-AD £ & Wr 5 fl
PUBENG SCIAE S 2RI . RIS IR B R pl 22 4%
1o 1 K7 B N T AE 0, ELX R RS ELAT O B
P 1 DLPFC 510128 M, TEAEA iR AE
AR A £8 T LA B MCT B 3 R A7 A i B 4 1) 3 e v v
DLPFC Jiti il y-tACS W] LA 38 W 41 8 3 1 5 [ ie
RIS, HAE—AH G RETII X R s R 59k
FEAE ), A, X DLPFC il y-tACS M fEfS i 3%
3% H 1Y Stroop-color I3 % B - 1 558 B 4 Bz 1)
ik FEL 355 ST 1T L A A T RE U Y AD i
F XN LE 5 d y-tACS I, M PR R S

TV T Jy S I 37 8 R, AR A2 BRI
WX, SUGERT, Yy DR hn 5 0 i i
AR TN A B R T S DS AT 55 T N R B A ek
FIEAHCCR ", BB y-tACS T J5 AL
y A3 B AR 5 DR B ke g, WEEOR R DA R Ak
TaufH (p-Tau) JIRUHHAA PTksE, Xy
HEB T y-tACS Xt &8 P AD 2R [ JBRTE BRI 42 4
PE RN O] AT R 0Ol T SR AE I R AT R T
tACS, Bréchet%§ "™ #it TIHTFREN . HA M
AR E W PEAL Starstim 240, 1% R S5 40 Hz
tACS B3 T ADJR I A HIBE J1 . AadIFERT A
K y-tACS W I WF I #4528 T IE M 25 R, —
WOAUH FEHLIASF I, RARIELE 6 JH 1 y-tACS TH$E
A LAfHi15 AD £ % ) MMSE F ADAS-Cog 7t 24341
M, R A RUR B AN AN, 7E 12 SRR
Vil B I RE 1 R B B A ka4 D ek,
T tACS FlFS & HICER BB A% 5 | K 4 37 et 1 i ol 3
Gl mT S DOmos 2] Bl R R T B s AR
HORFE ARG RS SR . — 2 AD BB TE 15
K ACS K& 7 53097 )5, MoCA 5 ADAS-Cog
WRMFOYAPTGE, HAE 44 H BRED X ek
LERCRATIRARSE 1), LT Liu % " w2545
Liu 2 M B 5 R TF T % tACS 64 75 35 L 5 B —
O T AD TABN R A I PRI T AL 25 S 9%, 1%
W IEAEE T

Table 3 Summary of studies on y—tACS modulation of AD symptoms
R3 y-tACSTHIEADIERITAR B4

b Gl RAL R

HIERCR

3 mA [99-100] FLRTH (Pz) &A= F4 L [99-100]

LIRS U, BOHRALIERE D, SO AL i )

2mA 1 SGIDLPFC (Fy & F) M), M (P Tgo oy sl 0% 0108, sy dieadiinish 0%, 4 m A SR A X 1 i 37

T7) [103-104, 106]’ Ffﬁlﬁ] [105]
1.5 mA [109-110] pp ppc [109-110]

HEE (109, b R - Tawi U (00
Bz g 1)

P b 453 & 2T 2020~2023 4E ] (1 10 THAFIEK
tACS W JH T AD & R . &0d tACSIRITHY
TR, a RO, TR . BRI
IR R IHL S s b /> AD B H I p-Tau LA ;
c. R Bz [ N 24 A eI R A% 5245 . FEAS 52 h
WA A B HE I ACS B B E 1A BRIV,
MCI. AD B FTEL 1t 40 Hz tACS 45 i 2 B AR
WA R o E A AT R R o A ) i 22
TS SRR 1 7 AT IR 4 A s R s R

iy L E R o AW Z T P A T S ik o3 3 P i
P LI DA R B 1A ) DG AR B R A R e 2 i
PR T I Z—
214 tACS Xf 9t i 4E (obsessive-compulsive
disorder, OCD) i AAEIR 4 ek 3

OCD W FH1IE & 2 &2 H BRI M 0 SR AR R o )y
R P A R AR BT (BRIBSE ), ARSI
rnyy, HmERESSHEN, RAFBUEEKR
FIEWAWEMEE S . HETS A INAAT BT
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(cognitive behavior therapy, CBT). *¥5#HZ54)551G
T FB, (HHACRA R ", OCD &3 Al g f 78
DLPFC {ifi P45 FRAE 32 AR e A5 1 5 s SOIRAR
Pt ool s M2 m shny 5 ", tACS BE
% e 15 AR R A B 28 4R 3 R T B HL AT k38 OCD #i
Vit IRRT) M ARZEARIA T 20 tACS IRYT IR
AR A CHFSY (6 4) . 2T Ty 45
B A S BRI IX . X AR X, PRI
T AE 20~30 min X [H] P, AR i e 87 50 DA K
5T H AR, JPRRAE 1~20 R IX IR Y . LAR AR
JEF4

OCD & 3R IE IR 5 DLPFC #ll 2241 12 45 B

PEREARAR S 120, T tACS BEME 45 45 2 99 B 1Y i
HLIE 3 1, i tACS X OCD #3545 — & 7
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Abstract Neural oscillation is a rhythmic pattern of neural activity in the central nervous system, which has
been found to be closely related to abnormal neural oscillations in psychoneurological disorders. Exogenous
rhythmic stimulation can effectively modulate abnormal neural oscillations through entrainment and
neuroplasticity, which has the potential to treat psychoneurological disorders. Currently, the main exogenous
rhythmic brain stimulation techniques include transcranial alternating current stimulation (tACS), temporal
interference (TI) stimulation and rhythmic sensory stimulation. We describe the effects of tACS and TI from the
perspective of different frequency bands, and rhythmic sensory stimulation from the perspective of visual,
acoustic, and synergistic stimulation patterns. This paper reviews the principles of exogenous rhythmic brain
stimulation techniques, as well as the current intervention strategies and the progress of treatment effects of
different techniques in the clinical treatment of neuropsychiatric disorders. The use of rhythmic stimulation for the
treatment of clinical symptoms in patients with psychoneurological disorders is still in the exploratory stage and
needs to be validated in larger samples for safety and long-term efficacy. Simultaneously, further studies that
explore the exact mechanisms of such techniques are essential to optimize the design of the rhythmic modulation
strategies so as to gain stronger positive effects. Additionally, clinical trials that analyze the effects of synergistic
treatment with drugs and the design of portable home devices will be beneficial for patients.
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