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Abstract: With the mature development of modern science and technology, neural control technology
has gradually expanded from the medical field to the sports field. In sports, non-invasive neural control
technology is used as the main intervention method, and the cerebral cortex is regulated through non-in-
vasive means such as electricity or magnetism, so as to affect the function of the nervous system and thus
improve the level of motor function. This article reviews the literature on researches of neural control
technology in the field of sports, reveals that neural control technology can help enhance the learning ef-
fect of motor skills, improve the performance of motor skills and promote the effect of sports rehabilita-
tion. It is mainly regulated by tACS, tDCS and rTMS in non-invasive neural regulation technology. In the
future, further studies should be carried out in combination with neurophysiology or imaging techniques,
and the application of complex sports skills should be expanded.

Keywords: neural control; motor skill learning; motor performance; motor rehabilitation; TES; TMS

NRIE S A2 RGN, MR 2 R4
M E 2oy, A A2 5 s KA T 123, TR
AR RIS AT RE . KM 3 32 22 LA 220057
UL N R B TN YA L ECE s & U1 R R R
A 20 R TR 4 R R R DX ek, R a2 Bl ad fe v
(4 M % B, Bcag 4 = SRz s g

WEE AT SMER S R A R, fiz il
PRI BB FEARIE 2, 5 s flizdoR
REMS 12 1z s & iz sh 3R B, BRI &, it LA
WET7 SR LA A B 0 BE ) A Bl 2R
A, i 28 8 45 B AR I T B s 3 X RIS B X A5
i X B4 D RE HE F M, R0 A2 Bl ) R 2] i AR

YFs BHA: 2022-02-17
ELWH: HFRERT SRIREITH (YB20220322),

E—IEF BN PaEim, B B0, BRSO B AR,

M miash = Y, T HRFzahinz 5
BV, W T T BN AT S R is Bl 3 1 G 2is 3
SRR B TE A (IR R A M) B2 T i R B S A R
B A IE R A, e SR 2 i e 3 3 (Transcranial
Electrical Stimulation, TES) 14 /i % 3 i ( Transcra-
nial Magnetic Stimulation, TMS) i # i 5% & £ .
UGS ZIREREF W H 2538 2 BRI =
WS BB EFAE RS Bz RAEmig,
KLt SR fie sE i e R B R AR R & Sl i & 30
FEEREF IR L ABHA AT, AR S b 28 5
ARIHEE S 2 BB s i B R e B s g 2= |
TEFERIALZ SR E N, O e SR JR i 5t

E-mail ; yaolianqiang@mail.sdu.edu.cn,,

*EEEEEN . INERE, @, W BB, A SR, T AR E L2 E-mail : sunguoxiao@sdu.edu.cn,,

YEB AL, N0 F B, IR $FR 250013,



AP 2023 F 44 B E2H

1 HERERRHBIRSE

i 2 8 B R R AR AR AR IR AR A £
AR Ot (R BEEU S T B R A
RIGHAR A 55 2 R M LT 255, %
AR 22 W 245 15 Bl LR IR DB, M SR A IR
3 A 1 R ) — PR R AR BOR T BEE BOR K
IR, 1 R FEEIE T A ) DR 2 ) 2= AR
U, ALy 3z 2 B i SR BERT iR T O 2, ol

Sport Science Research

g F Rt — AR AT 0 iz shill A E e ) =KL
R 81 9 S it 3 R v R A AR B R A T X2
R AR A AR 7, AR AR R R S T
BIFNA B, JCAH AR 45 TES \ TMS A ¥ fb2#
W, AR ARG G L AT | RS R
(Deep Brain Stimulation, DBS ) 1 2 £ i 25 il i (Va-
gus Nerve Stimulation, VNS)%:B (% 1), H i A4l
P28 R B A 1) TG R SR B IR 7, i e Bk
RSP A Z 0 TR E Sk,

® 1 MBEEERSEE

Tablel Classification of neural regulation techniques

U AR
TRIFhZJRE A TES: £ /522 % L 3% (transcranial Alternating Current Stimulation , tACS) | £ /i 11 i H 41 % (transcranial Direct Current
Stimulation, tDCS)
TMS . 5 & 25 fi 104 11384 (repetitive Transcranial Magnetic Stimulation, rTMS) | & ik i 28 /i % 5] 14 (single-pulse Transcra-
nial Magnetic Stimulation,sSTMS) | XUk 2 /i fil# ( paired-pulse Transcranial Magnetic Stimulation, pTMS)
P Bl 2R H R AR
EE RS s N Y oL 3

B BEH ¥4 (Spinal Cord Stimulation, SCS) | #E #1242 434 ( Sacral Nerve Stimulati, SNS)

DBS VNS

2 MBEERAEXRTREHRHTFRER

2.1 MR AR AEIE 3 Bfe 7 = Wit b i L
MR

iz g F B8 2F 2 & AGE G H R S E AT E R
SRR AN — AR R, e Rk
Z ok IS S AP R G HATIN TS 2
S R, sE H A2 A FRALE] , 2 Yz o
F 2 (ML ) IR FNIRL 52 sh 4 Rl 24 2 BOR— M, Rtk
2RO 5 ¥ 5 I ML X, S s shE BE R 2T Y
AT ILIE R RR B B
2.1.1 tACS stE sh B s % T 946 R

tACS 5 tDCS 119 X Ji 7 T ¥ i v 1 26 2 ) A
[Fi) i 2 30 Ao — 0 23 ) L Y R R I 2 2, g R
HI i P9 72 195 205 T R G ) e A AR T, IR AR 41 43
FARIF T 50 8 (<4 Hz) \0(4~T Hz) \a(8~12 Hz) |
B (13~30 Hz) Hl y(>30 Hz), [F 4 % K [\] 1 tACS
Sxtia gl R BIAFE ACR . INBRESEEE 20 Hz
(1) B-tACS REMS i i A 4 19 4T 55 6 WL E i 236 | 2 i
B Hisato 25191 % 1 70 Hz 1Y y-tACS fit 1% 5% i
K IR R 2408 0, 4 v S 2 P 2 ey i, AT
F Rz 3= e ) . (WA UFIE R B otACS
(10 Hz) &k 3Kz sh 3 Re I [ 10, 76 i iz g2 2
SR 53 i HEAT atACS Fil B-tACS Hilik, & BUAH L
XA, a-tACS 41N 1912 ) 58 iR BRAIC, F B 2%

MR SUR AL, M B-tACS 4125+, B-tACS FiI
V-tACS 114 FEURR A5 R A5 28] i 2 A2 S IR 5 (W UE S | A
ITRA ML DR S X3, DA A Ak It e
VL — 0z sl e AT 51 S e il AT 55, 43 gk
1T B I Bt (20 Hz-tACS) Ml -y % Bt (70 HZ-tACS) Hill #% ,
KB 2 A BRI 5 i T as sh B RE Y A% ) TLIE A%
A, IR tACS 2 i 21127 S ROR B T8 A UEE

ZE Lal B0, 45 K FH tACS 25 24 2 3 R Il 2
X AR 58 45 - iz g 2R R A3 i S48
I AT T 3 R 0 2 A M [  tACS A A
R AR KARE 2 PR S 52 it v 1) £ B 3 ey, ALt
7 SR A S R R S O S R,
LR E R R
2.1.2 iDCS stiE s F A 22 3T 6946 A

tDCS A 3 58 KMk B2 )2 ph 28300 1, $2 = A is 3l IX.
Z A B D Re #1483z 22 2] IR iCROR |
XF iz sh 3 B 2% 2 3045, Zhu 26035 25 R 9 5 T F
1 tDCS , VAl AT 5 HEAT 12 s R, 45 R K W] tD-
CS#EmZ 5T R, AH TiashHnes>d,
Furuya S5 WBIH 32 ) 2% 4 E 17 tDCS, 45 St v 7 H:
SE W N AN P48 38 ST 55 19 8 FvERA I, R RE
WESE tDCS 151z 8l 2% ) FRAF B AE R X T2 30
FBE2A 2] M ULIE A ¥ . Reis Z:049% BHL | 4% tDCS
()2 53 X i iz sh R 08t s R B B A T2
BS54 18 shH e ic A 4 Hp i [ A5 B AL K | [



BRI . AV ZIRAEH AR E AR 09 5

1M tDCS A F| T KM GE+727 S O, e ik iz shfiig
JLE , #F52F B tDCS Xz gl > AR AT LI AR
FrBi Be 3 HA BRSO

JNE o R v A e RO G IR A
AF R N 2R R4 il G 2 A R,
T KM 45 ¥4 D) RE AN [F] i 15 tDCS &R ME A5 22 5%, Fiori
LGN AR N FEAE AT T 10, B B4 s
Bl ) O A BT H AR A SE IR 3X ) e 2
P tDCS 54 Al Tt & T aE . A K
Fher bR S T 43 A LD R A i, F 9 R B
RS S Bt =i B 2E ST ROR B s tDCS
L AL S 355 6T 32 Bl 2 2 25 I B v R B g
X Fiz s 2R tDCS BE nl X i Bz sh i H (A0 F-45
iy TR 2R AR ) A o P AR B S ) ] B e
P 1 B 442 BB AR (10 1 R RAEFFI2T) fy 2 2 350U

WP 71 SR S5 o B ) Y T BEAR AN R, WA
2] Z R 4T tDCS 2 f5is s J1 N RN 7 )
1R RN 2R RS AR i I B B e Y A S R4S A
FBE I [ 2asieel g HoA: FRAIL ], AT fE S tDCS £ ik
AR N-H JE-D- R A& %2 (NMDA) Z {& fil Ca* &
I, {0 tDCS 1y 2= > A i A FH 3 238 o 5k Y NM-
DA Z KR53, Car i i 2 A% S 1T 43 52 1] tDCS AR,
AT 5 0 3 B 27 > RACR e

P52 260, tDCS E ZL3E i TG M1 X Xz 5l
Feg2E 2 P A B AON 5% BE IR A | L IR 5
BB, I BE4E R A R iz sh 2 )2 S OR B b T
T G2 S HU N ] AN R 25 5% ) FRCR , Bl
P T WU T 45 A 5T AN LB b AT 18 BT
2.1.3 rTMS sHiE S H 4k F J 94 A

rTMS AR B i A= v B i) 4 7= A i 300 00 9%
P AH L, DT B o o b e 24y o X ML IXEAT
rTMS T | BB A RO G X3 X 4%, 3 k2 3
2] R IEE S ILIE 3 S B4 BEAF T B E
SRR B s g e 2 BT ARG o OF Hak A4 ik
4 2]V ELA [R50 29 ) a5 B 645 rTMS i
HFFIROFARBR T, RZ EF-FIRETRZ
2T, X EVE T rTMS 1] LA B xR B R
T2 RO X T AR Uk 5 T EX R A S
598 3l A DA AR DL BRI 1) 25 B 27 2 BUR A
i, BRI AE 27 20 B AR S B b R n rTMS ek R AR
PIBARB B IIRE , S m R ) AR R R

BEAR A [ A o) 38 it o st ) 82 s B R — R 11
S5, 5 tDCS B&AT AN [F] (27 > F i i i) i 25 16 5 iz
2E 2] fEis 82 2 Ja LA /N EEAT rTMS BT
SR Z 10 2 2] BRAT BR[N] X 2 ) o R AT

Sport Science Research

FTMS I 75 27 T8 4 (9 I [] 2 ORI AL B, A 7 4R
FEHARZAE PG, LIPS rTMS 10— i & 2
AR ROT

2.2 WEPHEEBAALIB ) F BB i BV

2.2.1 tACS MHE S R AR H A

P2 s R MY TES £ L tDCS b & ,tACS
UL FEE XM Al s sh B RE Y 18 B s BT
 , Miyaguchi %5 =51 8l y-tACS fig 0% $2 & fidt BE Al
AN FHzsh R, NS 5H ML X /NG B iz
BIXAFHT AT, RES5E ST S
& 32 B R I R AN B AT AR 99 45 45, & ] tACSHE
b i A R A B R B, AL [ N 2 T i A
K E AT 55, & PR tACS RENS $E i I J g 5
f1% R 3% B2 LR I - O 49 B B B2, TRl AR IE S tACS
Yo 40 s AR 26 B0 B A .
2.2.2 tDCS sHE 3 £ AR H 1A

58 & B tDCS fg e 1 s MR N 1 i 2 g AL
R FR 22 9% 55 . BEAR 32 009% 55 /8% (Rating of Perceived
Exertion, RPE) , $& = MAZ S RIAK Y-, EHFER
PRFY tDCS Wk IKIZ h R BLAY S, XLl 3l 51 1Y)
ML DX HEFTHIL , & Iz 3 G A R v J3E | 6 ) 36
PR H R E RS, KW DCS AR TRz 5l
BB BT LA LR s RS YiRE , MR R s 3
BURR R T BREE LA J1 LA 38 AA WE5E & BE tDCS
FETE 22 ik WL IR 57 1) [ IR0 e RPEP 28155 5%F 1318 5
JUL PRt o N v S AR S8 B ff 1 ELAT FRAR AR A

fEIFAEPTA tDCS ¥y al & 2B AR , 40 Romero-
Arenas % P1{E £ 58 tDCS X 32 8l #% X 1] 12 3 Bk Bk
(Counter Movement Jump, CMJ) GE 77 8 52 i H & 3,
IS B CMI 5 B DL W D 3 51 I A 19 31 1 35 4
1, tDCS X} Bk BRIz s 2 B I %A 42 = 7, Mesquita
A IR 5 K R, tDCS i 23 AL IE B # 1 CMI A G
LI, BRI 25 R 04 Ji R AT B2 i B & 3z 3K
F2E SN R L NI N R R tDCS (98 FHACR | 758
Praf it FEh AR g A 2 MmN R TG %8, W
R s BB 1B BKF- s B H S AAE

v S 3 A% A A R B R A =X
G SRS AR R TR (HZ 2R 1.5~2 mA
WL SR\ 25~35 em? HL B TR /N T 20 min RESE
TS [ g D) 3 Xk o ML X (BT A B R
B, 3 #8351 (Temporal Cortex, TC) . 5 I J% 5t (Insu-
lar Cortex, IC) F1 H & #1 & & 4t (Autonomic Nervous
System , ANS ) CARE 5 1 5 A A2 Bl RN, B2 i % B A
JBAZ FFEH D, AR B2 JZ (Prefrontal Cortex, PFC )33



HA#M 2023 F FM4EH2H

A CE AR 1 425 1 BE 5, 4 v X B AR 57 45
AT A 45 2 7K F- IR T 7 F1 3 £ 6 30 5 Angius 55 15153
SR FH B WA 2 RTRORI B 7 x 2 5 3
11 tDCS, Wit 2 535 56 Wis s AT 55 B 9% 57 8% IR
Ve, R IR R RE 6 S R AR L PR L R R
HUE ST, AR T K B 2 2% et 4R s s
i 1 23

X TEa RN S REEEENRZ — BT
12 B P BT I S R 52 Bl 3 A BN KO BT R B A
B MMEM Ao KEHIES, st i Rizgh £,
P it Barwood 4510y ik — 2L B iE tDCS 7E i i 2R 58
TR HIRCR, TR SR 9T tDCS X il A T
iz g 2 1R (TTE) 2, & I SE 55 iz gh 3
TTE Ml RPE JC 25 5 ,tDCS Bl -F- AN £ 418 i & i R b5
B RN, X TR REH RN RS, RER
T B8 B = LA O I A5 55 SR RN A 22 26 Ag v, (HL R
SURAS ) | BN ok T - A v 1 =1 B 3 o SR e PR
fIKTH tDCS Jirfy >fe i AR R

Xz 8 & 1918 sk BF5E & B tDCS BUR 2
18 SK ARSI |, 4 Vargas 2501 Mathias %5494y
Xl iz Bl B3 AT T #E4T tDCS I 4 OC A
KW 45 (Maximum Voluntary Isometric Contraction,
MVIC) 751k , ¥ % B tDCS 4 A T ik 3 Hiz sh % B
{8 Oliver 51 Mesquita 25 ™75 %t £\l iz 3 5 #: 47
tDCS J7, AMS 5 H il Mz 3 R IIF AR B & 572
iR, T R T AR RPE 5 28 78 31 U5 55K s ] Y
XA RS RAT R, 3X 7] R 218 B AT 55 U
o 38 Bl B AR R AR AR O A R B

X Tz s H 2R BE5E A B tDCS (1918 3l 3R
PR E AR BR T —ig s 258 Xf ZFp 2z
B HA BURACR . Koryagina 5P HI 42 Bk A\ =
T e A5 I A Bk Ll iz 3 B AT tDCS, &
PRz 3l G0 il D) BE (AR RN = 300) ALK &
JE(ZEE) O B E PR (BB BRI 2= T2l ) 44 21 4
e, kAR R 22 5 5 R B2 1 ) M AR T 1
1B B IR A O, N AE R Th TR 45 5 18 B R A
FWi tDCS Xz 3 B EARVE FBCR .

Zi I tDCS gt =iz sh & 1y i | if 1551
BRI, (HAE R A R rh AR S R S R0 S
PLR RN B P i AP AR I R, B AR [] 3z Bk
V-2 5 F ARG E RO XA, IR 2 s
BRI HEAT LB R ST, 90 & tDCS 19 Ly H 3 Fl
2.2.3 rTMS *HEZh R R & W4 A

TMS BB =iz 3 Gk | 8 mITEE %
fiftic gh AR MCERENR AR S s R E Y, 2

Sport Science Research

T PEA R T R WS R (fi2 3 B 7EFE 4 1 OE
WL R, UM Z R HRRRR (KRR %]
b sh %7 EECRIFAEAR B (> 5 HzZ)ITMS
REAS L = KM i S22t e AR WA B T T B,
FHAAR 12 3 DI K- AR TE oA R RS
] PN 2 X132 T A I e X HE Bl 51 ML T AN [E S8
) rTMS, & B 20 Hz ,90%## 8. 3 & .3 000 IX rTMS
REAS T I M B2 =i 2h UMLKY, Z IR 5 AR
FHAMEP R ZSEOE 8 51 22T AU R At 21 T
D O I SRR B 2 RTINS T X e i
AAERA R A5 rTMS X iz shide i i S 2R

BEAMNA A BF 5T & B = 0 rTMS BEf% 4 = 2% < i
By 51 6 P T A S R R E A A IR ' TMS
AR g — BT i L Titiz 2h I 2507 3K 8 S A rTMS
KA 5B 3 B B I AE B Ak B R T A g U B
77, 32 B b PR A G H bR DT o5 40 LB 5T
ML, B S B, 33X 6 T X0 1 A 15 32 sh 1wt H
HEREBEN N M, X FHALE R W E 3 0 RS
B AR R A A S RCRATY 75 18— 2D 5T

A rTMS A TG e e K- | IR (<1 Hz)
rTMS NI REGE FEAIR AR 28 24 M, A TR T A,
W BE S T 12 B 51 I BE IR K SF . X132 ] 25 e IR 45
rTMS /£ 3 F Bt , iz ol 5 A 0 i 4 i a2E 47 o
PR, DT ARV FL B2 22 24 M RDBR A4 45 0 I 458 3 B
FEAS [R5 18] 5 132 3h i ks iR, DATTAR
Sl | Wt S Y- 1 = S SO S I B O
60~120 min PSR S fE: A R REAIR R J2 2%t vk | 35 )
G AR H Y PR R IR R IK R J2 Xt PR e
A T4 38 B B0 BEIR K - | A8 SR v,
A BN 3 A7 Bl BIR AN 1) Bk K 32 B 5L 1 AT — A A A
tTMS T 101, 1 10 5 32 2 52 1 B 27 B AR T 2 T 5
ARASFE KT T B | DT 2% 22 B FIR 0T 2 48 500 & | R B
T A IR 22 f% 1 A BRALD B % 57, s sh R
AR A, LLEBEE R rTMS GE 98 1 ) ol R IK
Ml K I8 B B B RS IRE S mis s R I .

2.3 PhZYIE AR Zh S Wit b i B F 5T

TES 3 rTMS "] I TiRIT iz s ffis , E2 0
T h ECE BRI S B SRR A . A P R AT
N7=r iz s e g i) 2R {5 Bh TES $2 & 22 30 i
iz shUiRe Ak Fe S Ve, R AR e 32 TES B fld%
Z 5 o AT F IR sE MR (S & i B s s
1E) BEF-WL I Az s D e i R4y, & Bz Bl
FE A P S BT ANLR ) AR B R . T
TSI e B 4 R I8 S D BB AR A T BR B AR R R




BRI . AV ZIRAEH AR E AR 09 5

P o TR rTMS L) 82 I H T il A 8 1Y
iz B HE A B Gl rTMS T LR S REAS i AR
HEh G AL ARV K-, 18 3R IR RCR
HEFFIN ] K 3K 10 dF,

Bl h S 2 is sty , BN R
SEEGE B I RERE AT, iU R A2 A RO [F]
BEA A T2 kA B3 5 13 B B T i R
KM B JZ 24 PR LA e M 2 A5 5 1 i, 0738 5% i A Bz
T AR B T S e i A R T e 2 0
P, DT 3 32 450 B 1Ak 32 S D B, iR Blis sh FE A A9 H
() %7 MO R 455 R i BRE T B, O 8™

ZiEHTIREEHRE D,
3 WIRRE

FEAR RS n] 5 G Pl 2 AR F AR, 11 4 i R
& (Electroence Phalogram ,EEG) . i g% 4% mi 1%
(Functional Magnetic Resonance Imaging, fMRI) . Z/j &
PEIT£T 4 (functional Near-Infrared Spectroscopy, fNIRS)
S UESe] i 28 R H R N Hreof AR Sy — R A I T
B ke iR 5 SRR B =V ph 2 XA E
BEHIEHRCR , PRI & I X Z [ A EAE
RSO FR  BIAnfE B EEG Wil sl 34 i X F A7 (1) i 2
AL, B TMS T & Bl 24k 5 5 S AR DG LA 2.
[] AR I ZR O B S tACS IR RN & X PP R G5 5
ST REAE HE— D R 22 (A LT T4 i 3
2] FRIAFREE R b 455 i 2 UGB AR 5 =K
PEIERE B 82E T HER LS B RIKT-, A&t
FIEATSEC S RSSO VPRI AR i F 07, A
SR ARZE G R 4 i 2 B2 A R

I A1 A 0 i 2 R 4R BOR B IR E HCRE R TR A
4G P B AE B s R n N HRCR | ek |
X2 A T s B 3 14 g2 S Flis s R,
DIED 5T 2k P 8 =is shHfig , sh VR e faf o, (1
A He N AS W HE SR T o VR R R AR E 2R Al Zrp
B S B I bR B A0 R 2 [R] A Ak, LB b
SR ROR K i —Fhiz sh il 2 A2 > 5 =

S AR BORTEARE W5 SN A5
17 ABRAFTE— ek By T2 4Pk il 2 2
Bk B 25 FEOBUR RS, G BT 1007 ZE RE %kt S Xt
12 35 8 N 5 N T B > B TES F1 TMS 41,
HoAtb s A 7 094 T Br OG8RI 1 AR TE
IRE A 2 70 2 0 5 LANAS IR A BE (niz 3l 5t
NG BN 25 5, 2 R RO 2 & ik
BT, DL KR T T4 e s s R IR A S A
b R L e S M g 1 S e 7 258

Sport Science Research

4 INEE

M2 VR PE TR BE OB L B T v, R A
it 5 Jo] Rl Ao 2 2 ) 1 R v SRR R 1 T, A
AT iz shFREAT ORI R I HLal 41 X0 1 32
SRR S 2 BR[O e 28 0 R RE RS 4
SR JULIA) g B AR ILIA B 55 4R e e K R A AR
JE R IENR 5 B g o) a8 s R LA K s Bl
S0 A o Al 22 8 P ORI T R s, e A T
WE T Mg, SOEsh TIRE S5
b 45T B il 5 A TR L A 2R BT P B AT R
P AR B AR M, £ B et $OR 70 M A 7 iz 3 0
H R F s R,

SE W

[1] eskim, T F0 gRPh, 55 28 i e il ook A M43z )45 1l g
J1 B IS R[], o iz B R 27 2% 7, 2020,39(10):
825-829.

[2] R, T R A 2 I R R R X B R
PR 1) [ SN 5 3 8 [ 9] 4K B 4% ,2020,40(6):83-95.

[31 sk, T, X 2 A 22 P P2 BOR T iR [3]. Ll AR K224l
(= 2#ht),2020,58(8):50-60.

[4] 3 AR BT R, 540 i 0 Eos g sk A= 4
TR 52 e [3]. 44 B 1 2#,2020,40(7):57-64.

[5] KORYAGINAY V, ROGULEVAL G, NOPIN SV, etal.
Effects of application of transcranial electrical stimula-
tion in the training process at elite athletes of various
sports[J]. Voprosy Kurortologii, Fizioterapii, | Lecheb-
noi Fizicheskoi Kultury, 2020, 97(5):70-79.

(6] =&, BX L. 35 SN i 450 i 3% 3l K 7 Xl 25 7 iz 3
VPP TERE 15 [9]. v 12 8l B2~ 2% 5K, 2021,40(3):
208-215.

(71 XUty X0 N2z 3 Ak~ ~J /Y Ik AL ] []. 75 22 44
B 2 Bi 24 4,2006,23(1):123-126.

[8] B, VFHIUNS, WA, A5 40 A 1 22 i 5 Wit v JRI B0 32 5
J 4 27 1 RE 3 52 e [3]. v [ R A2 B 5 5 i, 2019,
25(11):1327-1331.

[9] HISATO S, KAZUHIRO Y, SHOGO Y, et al. Modula-
tion of motor learning capacity by transcranial alternating
current stimulation[J]. Neuroscience, 2018, 391: 131-139.

[10] RUMPF J J, BARBU A, FRICKE C, et al. Posttraining
alpha transcranial alternating current stimulation impairs
motor consolidation in elderly people[J]. Neural Plastici-
ty, 2019, 2019: 1-11.

[11] 52725, A5 28 s it vl O 32 Bl 4L g 27~ 5 LI
BYVE 3] B2 iR 55 TR, 2022,22(27):11850-11857.

[12] ZHU F F, YEUNG A Y, POOLTON J M, et al. Catho-



AP 2023 F 44 B E2H

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

dal transcranial direct current stimulation over left dorso-
lateral prefrontal cortex area promotes implicit motor
learning in a golf putting task [J]. Brain Stimulation,
2015, 8(4):784-786.

FURUYA S, KLAUS M, NITSCHE M A, et al. Ceiling
effects prevent further improvement of transcranial stim-
ulation in skilled musicians[J]. The Journal of Neuro-
science, 2014, 34(41):13834-13839.

REIS J, SCHAMBRA H M, COHEN L G, et al. Nonin-
vasive cortical stimulation enhances motor skill acquisi-
tion over multiple days through an effect on consolida-
tion[J]. Proceedings of the National Academy of Sciences,
2009, 106(5):1590-1595.

FIORI V, NITSCHE M, IASEVOLI L, et al. Differen-
tial effects of bihemispheric and unihemispheric transcra-
nial direct current stimulation in young and elderly adults in
verbal learning[J]. Behavioural Brain Research, 2017, 321:
170-175

PARMA J O, LEANDRO DA SILVA PROFETA V, DE
ANDRADE A G P, et al. TDCS of the primary motor cor-
tex: Learning the absolute dimension of a complex motor
task[J]. Journal of Motor Behavior, 2021, 53(4):431-444.
KUO M, UNGER M, LIEBETANZ D, et al. Limited
impact of homeostatic plasticity on motor learning in
humans[J]. Neuropsychologia, 2008, 46(8):2122-2128.
FRANCA T, FILIPPO Z, GIOVANNI A, et al. Anodal
transcranial direct current stimulation enhances procedu-
ral consolidation[J]. Journal of Neurophysiology, 2010,
104(2):1134-40.

NITSCHE M A, FRICKE K, HENSCHKE U, et al.
Pharmacological modulation of cortical excitability shifts
induced by transcranial direct current stimulation in humans
[J]. The Journal of Physiology, 2003, 553(Pt 1):293-301.
LARA B, MEGHAN L. Excitatory repetitive transcra-
nial magnetic stimulation to left dorsal premotor cortex
enhances motor consolidation of new skills[J]. BMC
Neuroscience, 2009, 10(1):72.

MASAHITO K, HUGO T, ALVARO P L. Suppression of
ipsilateral motor cortex facilitates motor skill learning[J].
The EuropeanJournal of Neuroscience, 2009, 29(4): 833-836.
BROWN LIANA E, WILSON ELIZABETH T, GRIB-
BLE PAUL L. Repetitive transcranial magnetic stimula-
tion to the primary motor cortex interferes with motor
learning by observing[J]. Journal of Cognitive Neuroscience,
2009, 21(5):1013-22.

SHOTA M, NAOFUMI O, SHO K, et al. Transcranial
alternating current stimulation with gamma os cillations
over the primary motor cortex and cerebellar hemisphere

Sport Science Research

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

improved visuomotor performance[J]. Frontiers in Behav-
ioral Neuroscience, 2018, 12:132.

MIYAGUCHI S, INUKAI Y, TAKAHASHI R, et al.
Effects of stimulating the supplementary motor area with
a transcranial alternating current for bimanual movement
performance[J]. Behavioural Brain Research, 2020, 393
(prepublish):112801.

SHOTA M, YASUTO I, SHUJI M, et al. Gamma-tran-
scranial alternating current stimulation on the cerebellum
and supplementary motor area improves bimanual motor
skill[J]. Behavioural Brain Research, 2022, 424:113805.
FER BRT B, 75 B A 28 P S U FL O PR
WAE S5 5% A5 [9]. BE Al AR 1%#,2021,36(S1):136.
ABDELMOULA A, BAUDRY S, DUCHATEAU J.
Anodal transcranial direct current stimulation enhances
time to task failure of a submaximal contraction of el-
bow flexors without changing corticospinal excitability
[J]. Neuroscience, 2016, 322:94-103.

SARA R. 'Brain doping' may improve athletes' perfor-
mance[J]. Nature, 2016, 531(7594):283-4.
SALVADOR R A, GIANCARLO C N, CARLOS A F,
et al. Transcranial direct current stimulation does not
improve countermovement jump performance in young
healthy men[J]. Journal of Strength and Conditioning
Research, 2019, 35(10):2918-2921.

MESQUITA P, LAGE G, FRANCHINI E, et al. Bi-
hemispheric anodal transcranial direct current stimula-
tion worsens taekwondo-related performance[J]. Human
Movement Science, 2019, 66:578-586.

J SCH 28 PHBH 5 R, 55 28 L I F R T S B
F I« WOR B SR [3]. /8 F B4, 2020,40(8):74-87.
HIDEKI O A, BODNARIUC F E, AYRES M R, et al.
Brain stimulation modulates the autonomic nervous sys-
tem, rating of perceived exertion and performance dur-
ing maximal exercise[J]. British Journal of Sports Medicine,
2015, 49(18):1213-1218.

DENIS G, ZORY R, RADEL R. Testing the role of
cognitive inhibition in physical endurance using high-
definition transcranial direct current stimulation over the
prefrontal cortex[J]. Human Movement Science, 2019,
67(C):102507.

EDUARDO L, ANDRADE MARIA L, FILHO ALBER-
TO S, et al. Can transcranial direct current stimulation
improve the resistance strength and decrease the rating
perceived scale in recreational weight-training experi-
ence? [J]. Journal of Strength and Conditioning Re-
search, 2016, 30(12):3381-3387.

LUCA A, HOPKER JAMES G, MARCORA SAMUELE



WE IR A A BRI AR R E AR 0 R

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

M, et al. The effect of transcranial direct current stimu-
lation of the motor cortex on exercise-induced pain [J].
European Journal of Applied Physiology, 2015, 115
(11):2311-9.

ANGIUS L, MAUGER A, HOPKER J, et al. Bilateral
extracephalic transcranial direct current stimulation im-
proves endurance performance in healthy individuals[J].
Brain Stimulation, 2018, 11(1):108-117.

HELEN C, ROSS T, NOAKES TIMOTHY D. The rate
of increase in rating of perceived exertion predicts the
duration of exercise to fatigue at a fixed power output
in different environmental conditions[J]. European Jour-
nal of Applied Physiology, 2008, 103(5):569-577.
ROSS T, LAURIE R, HARLEY YOLANDE X R, et al.
Impaired exercise performance in the heat is associated
with an anticipatory reduction in skeletal muscle recruit-
ment[J]. Pflugers Archiv: European Journal of Physiolo-
gy, 2004, 448(4):422-30.

BARWOOD M J, BUTTERWORTH J, GOODALL S,
et al. The effects of direct current stimulation on exercise
performance, pacing and perception in temperate and hot
environments[J]. Brain Stimulation, 2016, 9(6):842-849.
NYBO L, NIELSEN B. Hyperthermia and central fa-
tigue during prolonged exercise in humans [J]. Journal
of Applied Physiology (Bethesda, Md: 1985), 2001, 91
(3):1055-1060.

VARGAS VALENTINE Z, BAPTISTA ABRAHAO F,
PEREIRA GUILHERME O C, et al. Modulation of iso-
metric quadriceps strength in soccer players with tran-
scranial direct current stimulation: A crossover study[J].
Journal of Strength and Conditioning Research, 2018,
32(5):1336-1341.

MATHIAS K, MIKKEL T J, JENS N, et al. The effect
of anodal transcranial direct current stimulation on
quadriceps maximal voluntary contraction, corticospinal
excitability, and voluntary activation levels[J]. Journal
of Strength and Conditioning Research, 2021.

OLIVER S, PATRICK R. Effects of transcranial direct
current stimulation of primary motor cortex on reaction
time and tapping performance: A comparison between
athletes and non-athletes[J]. Frontiers in Human Neuro-
science, 2019, 13:103.

X2 Y0, 5K SRR e 9 A 2 G A 1 0 B R
A PERIATSE[]. b 27 B 541, 2010,34(5):58-63.
TR, X2 N . v M 28 g R (rTMS) 42 5 iz
By 5B % A M K HC G P R AE F 5 [9]. R A 7 2 B
2247,2011,26(5):449-452.

XI5z Y, o SRk v A AR 2 O R (rTMIS) 2 157 e

Sport Science Research

[47]

(48]

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

[58]

e (W RIFFE[J]. T iz Bl B2 22 % 5, 2014, 33(7):704-712.
X3z I, 5 R Bk AR B & 28 5 R (rTMS) [ ik iz
Bl Bz 2 24 A5 PR B B 5T (O], AR F R $E,2010,46 (4):
134-138,144.

X2 Y, 5K SRR AT B 5 28 P A 4 2 0 B D i
B e 1 AR5 [9]. v 02 Bl B2 22 2%, 2012,31(12):
1103-1106.

BROBZE, XI5, 7K SCUH L 28 pi o, )7 2P AR AE B
iz 3fy Uy e HE AT T A9 1R AT [9D. I PR A 22 i 2R B2 2
2007,16(5):281-284,289.

HUMMEL F. Effects of Non-invasive Cortical Stimula-
tion on Skilled Motor Function in Chronic Stroke [Z]:
Oxford University Press (OUP): 490-499.

TALELLIP, GREENWOOD R, ROTHWELL J. Arm func-
tion after stroke: Neurophysiological correlates and recov-
ery mechanisms assessed by transcranial magnetic stimula-
tion[J]. Clinical Neurophysiology, 2006, 117(8):1641-1659.
KHEDR EMAN M, AHMED MOHAMED A, NEHAL
F, et al. Therapeutic trial of repetitive transcranial mag-
netic stimulation after acute ischemic stroke[J]. Neurol-
ogy, 2005, 65(3):466-468.

W, B AR 7 2R T P 2l VR 45 BR A 8 4 1 T
52 P S BILAR RS 91 o [ B AR 1R 2 2% 7, 2019, 34
(12):1482-1488.

AYSEGUL G, JOHN R, JOAN V, et al. Non-invasive
brain stimulation to promote motor and functional recov-
ery following spinal cord injury[J]. Neural Regeneration
Research, 2017, 12(12):1933-1938.

BOONSTRA TJEERD W, STEVAN N, ANN-CHRISTIN
M, et al. Change in mean frequency of resting-state elec-
troencephalography after transcranial direct current stimu-
lation[J]. Frontiers in Human Neuroscience, 2016, 10:270.
CIECHANSKI P, KIRTON A, WILSON B, et al. Elec-
troencephalography correlates of transcranial direct-cur-
rent stimulation enhanced surgical skill learning: A
replication and extension study[J]. Brain Research, 2019,
1725(C):146445.

ROGASCH N C, DASKALAKIS Z J, FITZGERALD P
B. Cortical inhibition of distinct mechanisms in the dor-
solateral prefrontal cortex is related to working memory
performance: A TMS-EEG study[J]. Cortex, 2015, 64:68-77.
DEL FELICE A, CASTIGLIA L, FORMAGGIO E, et al.
Personalized transcranial alternating current stimulation
(tACS) and physical therapy to treat motor and cognitive
symptoms in Parkinson’s disease: A randomized cross-
over trial[J]. Neurolmage: Clinical, 2019, 22: 101768.

(WHESEH . X )



