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6], RIS AR 20 I Rk
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RE] T HUE
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—, BOANEHRBEAENSEF (Ca) ST
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— VIR H L R T 2 B s R, SRk
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B PR E RS B — A AR R
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13Hz) . y (330 Hz) $025 TARCIZA T il
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TMS it 3o 75 R B 2 51 e o 38 i i 2 ) P
Y, WRMAITIES), PESERAL, PRSI
UG KA . N FIE A 5 B bk A B 2Bk
s (AeTMS) %5 fTMS 2 H il e 2 B
X, TPl A (55 Hz) sl (1 Hz) #ii%
R IG AN B K BT A e, A A R R R
B I R RO € XL 5 NMDA 24K |
o- 24 K -3-F RS- B 4- S BTN R (o-amino-
3-hydroxy-5-methyl-4-isoxazole-propionic acid,
AMPA) 52 PAHVES 36 38 T 42 T A A R 58 fih g 78
A5 Tl R RS 8 IR, IR
J3E 228 PG R (e T H 2 B8], RT3 3K TR A e )2
Gl 1o,

H, ARATURIEAH] T R XA T
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I A7 T — TR XS B AR N BFSE 2 B
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A BT E R R Tl 6-rTMS (5 Hz) 4
T TAEICCAT: 55 e s I DX 38 1) 7% 2l S o
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5 R Bl S AR S, JF v 1A T DX B 0 R
i FVBAAE . 7F Webler %8 " fgBF5E b, B ik o
TMS 1 H 78 42 3 #h ] § 40 K2 5T (dorsolateral
prefrontal cortex, DLPFC) $2; 1 #%1:07E = 7 fif N-
back {155 B ERAE, IEIG N T BRIAA L W 45 1y
MR . Gordon %5 ' WFSY T 0-y A R IR AR &
XETAEICAC 2R, 2 BRAE O I B DGt fin v I8¢ el
ATHEN O P DR AN G R N R AR R, 45
B G R ) ORI AT 55 1T B4 5 T TR A RN
Al 2 P o 3 A R i b 22 B o I AR B
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TBS) Z&—FHrfyrTMS J7 58, TG K G H 4R 1)
Y% 05 3 o )& |8 Bk TBS (intermittent TBS,
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FEARIS, B TR SR R ] i
S RN N i o S o A Sl 2/ Y 5
rTMS, X2 flt AT B4 %) S i B PR HL R A i,
Hoy % "V W58 & 8, ¥4 iTBS Jif H] F 7 fll DLPFC
190 s L AE ik 2 S R TARICZ R, JF
5 AT 45 FH O A A51- T I © ] 25 RN THU: y 67 B DR 11
B, AR ITBS B T4 il DLPFC 25 335
T AR TAEICICAR S AT R, 1 cTBS
;T A0 DLPFC D461 5 1 rh & 4 g A1 55 rh A
BRI P —Won AR, A ITBS Al fig
SR I Re, (HEFSE AR TE 5 0 3 1 = o
P ARG, XA 0 DLPEC jii /il iTBS
HaTE T2 B TAEICIZ R IR, A AT
AT A 2 AT RO, BANR B 2 Y
PREERN T A WLER B I 2 AT R AN T B
P e B Bl B A TBS Sy AR S e RTA
WG A B, X iE Bl Je B i AT B TBS il |
113 2175 A HEL A SR ANTE 67.9% HO A ol 8¢
B AT BRI A R 2 B A T ORI, £k
P — 0 5 3k fe e, mTRBAE R 2 b i —Lk
Rl ™ S, X FAEI R, 17 ok
)RR RAR, PRI AT SEF o (U IR T 28 B s
BN, AHAEAT MEE R bR B B0

g BITIA, 38 SR A TMS 3k A1 5 4d
BRI TAEILAZ, T 322 XK 2 TR
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iTBS 7 L TAEICAZ, cTBS WU 5 A 31 i Rk 51
SR MERES D AT RS . MR DL
AT RE R SRR A . Ik, W ARTE ELAY
58 B AITHE i 48, F 3 BB iff e iR

FE, WAL E R, IF Gl A 55 A
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MR T AT BEER M 2R, TMS HHUTARIEIZ
PRSI R AR 1 R

Table 1 Summary of some studies on TMS modulation of working memory

£R1 TMSTFHTIECIZHISBAHR ELE

=4 F5A [iarviN i any AT 5 AT ARLEN
RELL IR )/ K
Albouy%s [) rTMS 17N, #akpy, HWHEREAESH A1PS 5Hz/11 min A7 NS UEMMESR mr, QU D)2 TR, 4l
PERIH THUH X 351 O40AR B 4 484
WeblerZs 11 Bk TMS 200, #ik, Byl JEDLPFC 5 min WA AE B S AR 55 kT M B v, BRIA
L2 28 47 1 2R 484
Beynels 19 yTMS 29\, #km, HOHLE JEDLPFEC. Zi4h  5Hz/~19 min A KIE E AT Ak
TG 1 5
van der Plas rTMS 40N, BERIA), $HBAL T4l ZADLPFC . kT 1 Hz/~5min /¢ DLPFCHI LT T id iz &M, fETn;
2 [67] Sl T BRI T
Redondo-  XURHERRKH 52N (HBHEND, FREALA  LRidint. &1 ~9 min JRHR N5 AR AZAAE A R AU S
Camos [ SRPIFNSAE, —E o NSER T SEYIIPS
TR, —#or NSE L —F
Gordon® 1) rTMS 16N, #kpy, HIBASIHAEON  RiAH 100 Hz/21 min £ W TMSHE I 1 17 40 - 0 38 Th Aoy Al
PR 04, IR BBE ML AL LR RS, /D TR R RI . IE I
rTMS BRI T B A0 38 D %6, Bl LAH A7
rTMS 5 AT W 5 3122 4L
Hoy% 7! iTBS 19N, HikKA, ZEOHIH JEDLPFC 50 Hz/3 min 540 min Py TAEICIZ R B 51 535 42
T, BTG 7] AR T -y U B Th FE 3
Ngetich cTBS 20N, B, $ZRMALSR5 8 ADLPFC. kTl 50Hz/190s  c¢TBS#E 4 DLPFCHi T T #% il 7£ 2-back fF
2 [72] [LEE 36 SRR e H, X 4-backAE 55 1A
TR B 35 5
Ngetich iTBS 24N, B, 4RO/ 8 ADLPFC. kTl 50 Hz/190s  ¥E4i DLPFCH#ETHIITBS 2 3 i35 1 2-back
2 73] [CEiE e FE45 b 5 3 45 BOM S REI 1), %) 4-back
155 (W ) 7 4 U082 35 5
Feng 179 iTBS 26N, #ikA, %£. ADLPFC. /. #DLPFC S0HZ/190s B T 45> OB A K IUAAT ) e
Pkl
Deng % [7°) iTBS 22\, #Eikp, FOhHIR 2 TR 50 Hz/192 s/5% W 3 2503 7 AR BEAE R O A 38 V%

B, AR F ST R

2.2 ESTFHITAEIZIZHIF REK

tES 3 I R R A 28 T 1Y) 2 B A7 R 5 i HL T
RAER, JE—F T IEE ™. B TMS M
b, FESEATINEAESS B TR/, il T itk Ay
155 0 0 5T 3 55 . tES B PE3TE T A
. FRAEMIE . EARTERIBOU A A] e A OBLIHL
FEEHRIER, BekEk, HEcRpEGE orEA, RE
P HIRIE R B, Sl A K el S A A D e
5%, BARZS RS E A TMS, (HHAR TH0bE
FERCE WIS . TCig e TMS I ES,
FisF 1) DAY A 12 FH 339 AT 78 K Hh g & 5 A T 98 PR AR

b, BISEGE TAEICIZ.
2.2.1 tDCSTHTAEICAZBIWFFT BIR

tDCS &t 2 M —FPHES, ZH AR I
e FTBAA FLAR AR Sk B2 I A FEL 3701 5 B b X 35
TR A SO AL, AR A b
ZE AN M B LA O AR SRR A ) T R A A 25T
BTG B, SR AN X A4 5 1T B ARG S S T
RE XG0TSO, MR 2 Ay ik ™ KAy
tDCS Hll 3T S80S fil 5 2l s ) 520 NMDA AZ &
BTG ™, NMDA 32K 5% > fic A2 f v i 28
file T S T R AE DG
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tDCS X} TAEICAZ B RIFSCR AR T 2 Fh 54k,
WA 7 B RS R] . R | A
PEFIHM R ST 45, (DCS — B4 B i L [ B 10-20 &
SRt RV B, 8RR ROICE T AT B
2, FE5ZEDLPFC " il J#068 H F5F4% 10~30 min,
HLPLBE B 1~2 mA VBN, — B FEAR Ok st
TAEIENZ, BRI T25~35 cm® 75

Hill % " o bt &8, FH tDCS BE i &
FHeE RS 5 EH AT TAEICIZAT S5 10 1IE A R S
], SRR — P 7 . AR R
B, A TR T T AR IS s i i AT R
WA RS, T ATAI T ™ A — R R L R
IFRBLERETE 0 AR LB, RIBRES AT A M
AR, I HIXWE Z [RAF AR JCPE Y
TR BE, FIFUE AT 0 PG s RS, RN
g P AR BIA T ek A, PEAROR
J& DLPFC 5 T J2 J53 () Dy fig i BB AR 4, #E—
DTN T, AT TS F1—1
Jo B = T — T AT A T AR I AT 55 I 3R
B 0P TE S BEAR AT BER B, (DCS T T T
YEiEfZad /s, (BP0 rsm B R 5 R B ae i E .
FAN, AREICAZAT 5 5 tDCS Rl AR )38
YEH, SE0MmD . AWEE RN A AE i fE S i
T b TR R R L ) [ AT A e, R
s FE I IR AR RT3 R, TevAFE RS S X
S5 VO AT 55 R A R . W MAAE S,
SLRIERE . WK SR/ e R AR T R S8
AR R R HARXK ., 1Ak, Fiepilng itk
KPR R, WREFECAERRN,, 17 s 1723 ]
AR ARSI AR 5500, P Re B I B
BN . —BEEDBLT, BRI T AR T se v
B, MR RN T BB 2t TE 2 (bt fe
R B IR G nT g S A R T

X R B tDCS il & b r—k, 3
WAMFR AT TEEAN, ML, RS
FEAT R IBE U R AEBRARAE Y S —
T FE LA T BRI R 7 U R ] B 10 min A1
20 min A5, R IAH L ER R DCS, [A]f% 20 min
HEATI T tDCS $t i T AE45 I R ek 7

TERN RN R e if |) 1, ABFsE &3, P
tDCSVE ] FHIGz sl J )20, flssc R il R
K2h M RS AR, 20~30 min 1Y tDCS
] 38 AT DAL X 28 KR 2 £F 90 min B K A
] 10 7€ Ohn &5 " B 5%, & LX) ZE

DLPFC #££7 20 ~30 min A4 FHAR tDCS il , Hxd T
YEICIZ A VR T 4E4F 30 min.

B TAEICIZ N 2 B REAT T R R0, 5
XL N T R AR, ELE LA S i RS Rk
AR < I Tv3 o VT 7 N £ = = o S S O (S o v |
Y5, (DCSREHE AR E2% >, FFRE M 25 K fil g
SR I SCESCR R AL BUR EE R BT UYL TELAE
BRAHBARITETE R, ARSI, TR 5
TINGMAT Iakas, HEREshigm ", SR,
WABRAERB G X —A AR T TRV, KA
FIAEAT A G sh T RO T, EE
WF5E & AU 255 RS 3 T IR 1 X b
B BRSO (1 BRG AT RE S Fh T 0 88 Bt
JRP (flan, FEA /N LKA, i
RO K55 M LAWEL 5] . 5548, DLPFC #Eic 42
THREA RSO IZILE A DRE, [t i B AN
IHISE PR IC I R IEBLEIZAM S TR, Bk, )
# DLPFC I RE FHGCIZRBLFEAL "7, FELIEAR
NIRRT, AR A, TAECICIZ%S
tDCS Z5 G 7T LIFETHAT B0, 38 AN [a) i X 1] 1)
HAEE U, WP ASE TAE R AR L, &
MAE — > 5 A AT W% 3 3 5 I 25 3% 3R AE
B 1ol s B AR A MR AL b B R
0 AR B, TN T A R RN
AN TARICIC KB M

TEES 403, tDCS BB 5 A1, FH AR X6 w7 5 5
KN . BRSSP R
tDCS + i fgt e N TARICIZ W B RICR , JF B
tDCS 5 TAEICAZINZREE & AU AT LIBGsm Il 280
W RS R RIS, IR B SR B G FE R
B [RIRE, ATh B9 R e doe A0 S 5
HOR L, (0 F AL AR A T L 3 R B ST
PeAbRs S, RIRPRSBA AR X, 705075 i
POl AR, RS R,

222 tACSTH TAEICIZ I BFSE BIIR

tACS 3l S BRI 1) A SRR 1, 2
PRI E ARG R AR AL, 5 R 4 AR €
() E A B R AR, DT 7 ik P 1 b 22
D Y tACS BIVEFIALE FEAHG . a. NTRME
PRIt N, RIS A A2 I HRL A 65 R ik Py
IR AR ICEC,, n] ATVl s b, MBS
A WS SN R UL I A T B R A R )
Rk, o, S E I RE F AR AR A
YEF T RE T SO B R 19 iz 2 04 A el A 13 e
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tACS 7575 T A&t P A ki 41 35 J7 T 4 A R R )
AR, FAERELT ARIRG AR ™, 5
rTMS ALY, tACS 175 5/ #il 28 4R35 ey 2 n; B4 rh
FEREEAAR I e

tACS F IS B0 F AL HE A7 . LR
JE RIS AL RIEOER . A DL FAR R
LN, TEREH, B TR XA . —
M5, MR ELE0.75~2 mA Z ], Hlidsse:
I 6] K29 76 10~30 min M7 7R RHE e N T AE
EAZ ) T FURF 5T, 5w 8 FH A 00038 02 0 D Ry
P T O T s TARICAZ B, W E R AR
I, HrP RS e 2 R AR GE rR B I o

REWFRE LRI, 0-tACS REME AT k35 T
fEif . AR AL, KM 0-tACS RERAS i 35470
FI, HE 0-tACS T BB XAT R R B ™ A A H
S L — SRR A PR 0 ORI, AR
AN N 1 0 PR3 BRI, SRkl DL
PETHAT A R BLUA BB 0 5 B i 2, ol & B
O YT 2V peAh, WAWFIAEH, 0-tACS{UAE
N AT f A 55 i e 1

BHFFEERWT, y-tACS AT Lk A7 3 2,
o RARARXA TN KRB A B 25 m, (A5 T4
BEE AR L 12 m AN 2R K P 5 i B A
2 A BFSE LA T 0-tACS Fly-tACS 1Y T 5
R, TEIZWTSEH, 8 Hez A TI7E 4R s s DA 7 A
T 55 0 ofE B 2 T, 3 P T 40 Hz A O
T 4 N

tACS 1T THASCR 1T i 23 32 BRI 57 1 52
2PN X S 0] () F AR R R A (0°) B A
o (180°) Bf, WIHEr= AN [E AR . 1 O
T, AR EVAH 0 B T ARG SR T AR IS IZ R,
1 S HR O P AT BE S BUCAZ R A N %, A%
1 A TR AN SRR & B, AN R AR 0 35 A )
WO FLBETE TAT 55 2B 12 SR, g P ol
TR O A ON T AR ICAZ R IR B R A 1

FE AT e F IR, R A ) R 3 A X 40
AT ] T FoL D 1) R o B R A TR . oA
& 25 /5 B3 BRI 3% (high-definition tDCS, HD-
tDCS) il = K5 B 28 i A2 i HL I (high-definition
tACS, HD-tACS) JeX{& 4t tES iyitdt, BATHHE
N ERL ARG, BTN A G 2 T L % R R A
LA S50 PR A L A E AR XSO A% . A FRoTH
LAY SR S, P R AR i R A 1 s
L, 2 AR R AR T B R AR O A i DX e
Hill 5 " fFog R, S5 tDCS A L, HD-
tDCS 7E R )5 5 min F130 min B ERST R 72 Ay
PR AR, 3P AR Ak A TOURK 6 3 A R S B
i, BN By B YR B E B, 7E— T HD-
tACSHF5E T, AH LT [ AR, HA 1R
40 I 8 AT DL 4 T i B AR N B TR IR 12 e
T3 BANEIIGE AP, HD-tACS AMUARE T17
RFEER, IS T AT 0 B A IR Y R0 i
BLW EEG T 10 A WF 9% il ) 22 0 &2 A A
tACS (multi-site multi-phase-tACS, msmp-tACS)
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Abstract Working memory is a core component of human cognitive functions, responsible for the temporary
storage and manipulation of information, and plays a vital role in the execution of daily tasks. Working memory
includes information encoding, maintenance, manipulation, and retrieval, with the underlying mechanisms
corresponding to neural oscillations. The frequency bands most related to each step of working memory are 0 (4—
8 Hz), a (8-13 Hz), and vy (>30 Hz) waves. 6 waves mainly correspond to the temporal organization of memory
items; y waves are related to information maintenance; o waves indicate inhibition of irrelevant information.
These neural oscillations can be regulated by external rhythmic stimulation, gradually synchronizing to the
rhythm and phase of external stimulation. This phenomenon is called neural entrainment. Non-invasive brain
stimulation (NIBS) can regulate working memory related neural oscillations through entrainment, and has the
potential to become a method to enhance working memory performance. Another possible intervention approach

to improve working memory is to enhance the excitability of key brain regions involved in working memory
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through NIBS. In this review, we reviewed more than 50 studies applying NIBS for working memory in healthy
adults, including transcranial magnetic stimulation (TMS), transcranial direct current stimulation (tDCS),
transcranial alternating current stimulation (tACS), and other NIBS techniques. In terms of research paradigm,
working memory NIBS studies with healthy adults usually adopt classic working memory behavioral paradigms,
e.g., n-back tasks with numbers or space positions, Sternberg tasks, relatively few stimulating sessions, mainly
focus on the simultaneous or short-term effects on behavioral performance. For stimulation sites, the prefrontal
cortex (especially dorsolateral prefrontal cortex (DLPFC) is the most commonly choice for it’s a vital role in
functions such as information maintenance and cognitive resource allocation. The parietal lobe (especially the
intraparietal sulcus (IPS) also plays an important role in information maintenance and manipulation, and is the
second common stimulation site after DLPFC. Studies targeting the temporal lobe, occipital lobe, and motor
cortex are relatively limited. For stimulation methods, TMS studies mainly use repetitive TMS (rTMS) and 0
burst stimulation (TBS) with stimulating frequency in 0 or y band, one-sided or bilateral prefrontal cortex as the
stimulation site. The specific intervention effects may also depend on the phase of the neural oscillation that TMS
targets. For tDCS studies, anodal stimulation of DLPFC or parietal lobe is widely utilized. The heterogeneous
intervention effects such as relatively weak enhancement or impairment of working memory performance after
intervention, may result from varied stimulation protocol or participants’ factors (e. g., small sample size,
inconsistent baseline levels). For tACS studies, the most widely used stimulation frequencies are 6 and y bands,
usually with in-phase manner, fixed or individualized frequencies. Enhancement of working memory performance
has been reported for both settings, and the effects are also affected by stimulation parameters, task difficulty and
baseline levels of participants. Transcranial random noise stimulation (tRNS), temporal interference stimulation
(TIS), transcranial ultrasound stimulation (TUS) are emerging NIBS techniques, of which TIS and TUS can
stimulate deep brain regions. Current studies modulating working memory based on these cutting-edge techniques
are limited, but they have potential in mechanism exploration and clinical applications in working memory

research.
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