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[ Abstract]

an important means of non-invasive neuromodulation technique. This article analyzes the current status and

With its high positioning accuracy, transcranial magnetic stimulation (TMS) has become

challenges of precise positioning navigation technology, points out that the current navigation equipment is
expensive and caliper-based simplified precision positioning method is difficult to monitor head movements
in real time, and proposes the necessity of developing low-cost, high-precision navigation technology. Focus
on the precise positioning technology of TMS and its application in clinical treatment and cognitive function
positioning. Finally, the application prospects of precise positioning TMS in clinical treatment and cognitive
function positioning are discussed, and it is pointed out that future research directions should focus on
comparative studies of precise positioning and non - precise positioning treatment, as well as in - depth
exploration of the precise positioning TMS treatment mechanism guided by fiber connections.

[Key words] Transcranial magnetic stimulation; Magnetic resonance imaging; Fiducial markers;
Cognition; Review

This study was supported by the National Natural Science Foundation of China (No. 82471930).

Conflicts of interest: none declared

e T AR e 8 9 0 4% 75 ) 2025 4R 55 2 B

(tRNS) | £ fit 28 A2 08 75 i) 3 ((PUS) | 28 150 306 il 3%

2 SRR 7 R AR A i 2 3 42 1R 78 ik 2
REVEBA i R E R S R E) 1 — X RGN A4
PR R AR 2 P8 EOR QS DR B e
A R 22 TG R B (TMS) | 28 5 ) 3 ) 9
(tTIS) 28 f F I HL B (tDCS ) | 5 5 B ML R 75 3R 33

doi:10.3969/j.issn.1672-6731.2025.02.008

B IUH 5K A RRL AL VERIUH (5 H 47 :82471930)

135 B AL : 310000 AT HH I 15 K A B T 15 e A 2415 i 9 5 1F 5
.0, Email : zangyf@hznu.edu.cn

(TLS) &5 o “ AR R ANE " R B IR IT A B RO B
B, AT L 22 A [ R0 R0 A5 o AT L7 £ B A o
PEAT I PR AT 5T, TR B AR AL o b3k 22 b
AR AT 28 VR4 AR b, 28 R R 3R IR HG E K
HEZ A S, BAT T 32 19 e PR L I 37 87 7 JE 4k 1
22 R R0 R LR B, T TS ALY 6 mm, HLAK
TSI AT 3K 3 mm I RN e 2 R T
FH T Wil 23 B8 5 A 1) e 22 98 236 97 L O 0 S RE E A0
B I % A R A A, B RYG T PR AL F2 2
SN ANTR oA (T ) G B Ty B A i AR Wi 2 10 H v



e [ A 8 0 24 7 2025 4F 2 4 25 45 2 3]

Chin J Contemp Neurol Neurosurg, February 2025, Vol. 25, No. 2 . 153 -

2B H AU A 55 28 FURE ) HORS TR S 3 AH G 1Y [
JETFITIE , A BT B T AR SR BT AT PR A% o

— PG R CRE SR MIRIDKS HE € o7

T i 3A 87 I 4R Bl E ARG HE AT Gk s K 2,
Un A 0 72 S A AR AT E RE L AT R PR A
“87 I L VB 25 R R R R TR — R TE 4 em
L B, ARE SR AR TR B . H AT 2 KUt
FEINA , 8 PG R O 38 5 45 A 3% 5 BT BE O H
T R Bl 2205 2l A% deds 22 R ING IXC , DT 6 #4967 A
H o Z2 800 5T 3 BE B A (MRI(rs-fMRT)
) R 1 e 16 3 VR K T B SR I e AUEA TR A
A Bk B R (DT (1) 2T 4 B 8 5 AR B 2 %
TR A IR A B b B R RO R
R P 228 05 2y J a2 T dE R AT AL 3 I AN,
i G £ 4R 5 1 5| SR S L Y 22 R ORI 2
R E G Z— o BHh L5525 IMRICis-MRT)
T 2 1R B 5T 1Y d5c 5 JOTG o mT DL B HE AR R 8 P
PSP TR e R T LR A B R Y —
KfEENL "

KGR RE AL EOR

TS B R U E A S X P A
Ao Y SE 7 2 3 I R R SE R i E A AR
TS A AL S A i SRR S T AT R v
i B TR R MR A E MIRT EIR L H E R o
BT A D SR B B M LUTE Sk B SR T
Kb 35 3] 190 RS A R R R S R A
Brak B BT, 4 R 22 BOBE B 1Y) 28 G N IR0IR T B T
RIE A WG R R RO & 10 17 2 R UE € 2
T,V 4 7K B TT3A 3 mm, T A A% AUECE T8 A
BT 3 T 0 0 G R 0K o 5 LR T I IR AT
EAZ T H A 1 0 2 7R 7 3 i b S Sk 3,
W 1 R T R AR BAS v A R AT S I Sk g i
RLH AR T LA B

= R HE SE N 28 R SR TR I R VA T LA N 2
AE AE 37 4 1

TR T SRR T RE L 28 R e R R
SRS A2 W o DL 44 09 307 3E 48 28 9 42 07 12
(Stanford neuromodulation therapy) A ', iZ I 57
o WUE BERLRT B ES: ,  BURS HE A2 67 28 19 R 0A
I7 ARG 7 A AR AE AR T BOR 4 o Hi%
TRIF 5 AN R T WS Y S 057 28 P90 RV 9T U0 TR
FIOR YT L FE A BEIE WIRS HE € ALVA 97 U0 THE RS HEE
BRI, W HEAT KRG HEE 21697 5 AR K W2 A6 T Y

XF LG WESE 6 A Bl T 28 P50 REOAE I 0 IR R AL
HITR R o

22 SR A O TN 0 B RE /€ LT I B XS
iz 3l D) 68 BT 58 A XS 8 2, H Al v 9000 0 2 RE F
GERD o WA ST T RE LR B R A R, AR I
1o SN T RE Y 8 7 Ok A2 B, (HIF 2 &
SN T RE A IR0 92 563 5C LA B % R Y IR X A
ey, HET, AL S IMRIIFR K Z B % &
W AR Z2 N HAT 55 MR 5T BT 52 43 9 A A i 7 $c
J& , B BrainMap """ fil NeuroSynth """, 3 i > B 4l F¢
B E )RR 2 — 2T e T A AR A A g
RIVA% A - i — R ORE AL A g AR I IR AR bR AR, BRI AT
AP AT e e b DA S 36 3 3 A B e b A
MINREA Ko VL NS H Bt AL 57,
FIARAFAS R0 IMRIEOG ], DL 51505 U 5E 7 285
(L R e T = i R NS 1D i e N N R L9 il
B, LR L5405 (virtual lesion) ™ () 5 2K, W0 22 £
T 0 SO DA R B S e XA ASCRT AT B A A
N T B 3w LA AR T e AR A

BN AR 5| BORG E RE L 28 g ) 9
A 8 FF B 2 B AR SCHE Rl 5 I R AT I o B Y
R T Ry i ) B8 B S IR T M A AL R Y
AL BT Rl 9 TR
MR T

£ % x W

[1] Lin Y, Yang XJ. The current application and future prospects of
non - invasive neuromodulation techniques in brain functional
diseases[J]. Zhongguo Xian Dai Shen Jing Ji Bing Za Zhi, 2025,
25:155-160.[ MRTR, 477 45 . AR R Ak 22 98 5 HOR 72 ik 2 g
P PR I R R 5 R B L] A R R 2R K
2025, 25:155-160.]

[2] Ginhoux R, Renaud P, Zorn L. Goffin L, Bayle B, Foucher J,
Lamy J, Armspach JP, de Mathelin M. A custom robot for
transcranial magnetic stimulation: first assessment on healthy
subjects [J]. Annu Int Conf IEEE Eng Med Biol Soc, 2013,
2013:5352-5355.

[3] Amico E, Bodart O, Rosanova M, Gosseries O, Heine L, Van
Mierlo P, Martial C, Massimini M, Marinazzo D, Laureys S.
Tracking dynamic interactions between structural and functional
connectivity: a TMS/EEG-dMRI study[]]‘ Brain Connect, 2017,
7:84-97.

[4] Wang JX, Rogers LM, Gross EZ, Ryals AJ, Dokucu ME,
Brandstatt KL, Hermiller MS, Voss JL. Targeted enhancement
of cortical-hippocampal brain networks and associative memory
[J]. Science, 2014, 345:1054-1057.

[5] Liu Y, Sundman MH, Ugonna C, Chen YA, Green JM, Haaheim
LG, Siu HM, Chou YH. Reproducible routes: reliably navigating
the connectome to enrich personalized brain stimulation
stralegies[ﬂ. Front Hum Neurosci, 2024, 18:1477049.

[6] Wang J, Deng XP, Wu YY, Li XL, Feng ZJ, Wang HX, Jing Y,
Zhao N, Zang YF, Zhang J. High-frequency rTMS of the motor



154 - FpE AR M R 20k 2025 4F 2 H A 25 545 2

Chin J Contemp Neurol Neurosurg, February 2025, Vol. 25, No. 2

cortex modulates cerebellar and widespread activity as revealed
by SVM[J]. Front Neurosci, 2020, 14:186.

[7] Zhang Q, Wang H, Luo C, Zhang J, Jin Z, Li L. The neural basis
of semantic cognition in Mandarin Chinese: a combined fMRI and
TMS study[J]. Hum Brain Mapp, 2019, 40:5412-5423.

[8] Hu Y, Zeng R, Yue J, Ge Q, Wang H, Feng Z, Wang J, Zang
Y. Caliper-based precise positioning of the target (CALIPPOT)
for transcranial magnetic stimulation without neuronavigation
system[ﬂ. Gen Psychiatr, 2024, 37:¢101262.

[9] Cole EJ, Phillips AL, Bentzley BS, Stimpson KH, Nejad R,
Barmak F, Veerapal C, Khan N, Cherian K, Felber E, Brown R,
Choi E, King S, Pankow H, Bishop JH, Azeez A, Coetzee ],
Rapier R, Odenwald N, Carreon D, Hawkins J, Chang M, Keller
J, Raj K, DeBattista C, Jo B, Espil FM, Schatzberg AF,

Sudheimer KD, Williams NR. Stanford neuromodulation therapy
(SNT): a double - blind randomized controlled trial [J]. Am J
Psychiatry, 2022, 179:132-141.

[10] Fox PT, Lancaster JL. Mapping context and content: the
BrainMap model[ J]. Nat Rev Neurosci, 2002, 3:319-321.

[11] Yarkoni T, Poldrack RA, Nichols TE, Van Essen DC, Wager
TD. Large - scale automated synthesis of human functional
neuroimaging datal J]. Nat Methods, 2011, 8:665-670.

[12] Lu QY, Towne JM, Lock M, Jiang C, Cheng ZX, Habes M, Zuo
XN, Zang YF. Toward coordinate-based cognition dictionaries: a
BrainMap and Neurosynth demo [J]. Neuroscience, 2022, 493:
109-118.

(Wi B #1:2025-02-20)
(RG22 )

- )~ ] L -

e Xt iR B REIC (=)

S ELE mean diffusivity(MD)
Fugl-Meyer P 5 % Fugl-Meyer Assessment Scale(FMA)
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gas chromatography/mass spectrometry(GC/MS)
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3-hydroxy-3-methylglutaryl coenzyme A reductase(HMGCR)
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EFHAMF  whole genome sequencing(WGS)
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AN TFHMF  whole exome sequencing( WES)
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assay for transposase accessible chromatin with
high-throughput sequencing(ATAC-seq)

NIl AW humanitarian device exemption(HDE)
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NLHHE  artificial intelligence( A1)
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AR 4H 318 Human Connectome Project(HCP)
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task-state functional magnetic resonance imaging(ts-fMRI)
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deep transcranial magnetic stimulation(dTMS)
W QML deep Q-network(DQN)
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Response Assessment in Neuro-Oncology(RANO)

TP 4% generative adversarial network(GAN)
A B T R A8 e i

generative pre-trained transformer( GPT)
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intraoperative magnetic resonance imaging(iMRI)
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bidirectional encoder representations from transformers
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bidirectional and auto-regressive transformers(BART)
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mitogen-activated protein kinase( MAPK)
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