2025 4F #5354 54 http://kfxb.publish.founderss.cn/

Rehabilitation Medicine

u]

3
2R AR P A I 50N

TERIEFABNED SR LER &

* W {EVEH : 23, E-mail : wuwen66@163.com

’

Wk H 39 :2025-01-04; 4%5% H 191 : 2025-02-25
DOI : 10.3724/SP.J.1329.2025.04004

BE ZMARERF ((FUS)Z —Fr#7 2509 N EAY Z A BEE R, LA R ZER L0 5k I 2R
AFF T E A AR AN IR S, AR S R R 5 M E R T A A Ao TR A R E AR AL
BEX#EN, AEREBRFUSHHERREL G REHS ERELE P i 2R EREEERE
PTG A AR R R R BB AT A ALTE AR R AR A R R AR @Bt AT R A 2 A (FUS R
KA R AN R A A F ., O FUSHERBREZE G RIS T 2NBT FUS AR TR K4 AH
AR HOS Fe e R D (FUS BRI P ey Z AR TN LB THARAEXERER % ER
8940 2RI HLH ST RGE S e e Hem . B (FUS BB WAER &AM Tas b R £ 20380 WA 2Rk
BIR BRI A T W P IR AR B AR Sk, D tFUS 89 % A M fe R B R M & FE . L35 B4R 2 AR AE L
WARRR R EEE FERREFMG R Ko nE Bk AL AN, O (FUS BT AL
AERAR . LIEE M fo 2 BAETRAE 8T AR R BR B fe i A E AR PR BT E R, © Kk
BRI Ty LAERACE T 7 RS RT AW F K& SIEEE KT A2 miFE, B A (FUS Z£&
TER PO R RARS AR, R ERATIHA Lkfed REK , ARBEERNAZ o XA T 6, AE
s Pk, (FUS A 2R A R E R B0 T RAN T, AR B AR 008 i, 122 NS
WA AR R B T2 0GRS Z R AR KR T AR A e A R Al RIS E  (FUS 7
RRAEERROHELARES PAETEHR,

KR RHAREMRERF BRI HEES FRER

PR — A 3 A7 A IR 2 ()R, SR A 3
it FAk 2 2 U R R E O RAE A
fR PR A BT 1 (g5 ey AR R G 7 ) 7
HELOAR BT RERS A R P (R 2L A TR A
AFAERSCR A BR B @A 0 sl AR AP R 55 SRy BR
PER ISP B 3 2 SR TR B R
707, LA B SR I 22 4 AR k%

ULAE R B A 2RI TR | B2 2 X
PR AL A IR AWR AL . BURHFS 7R R A
A B Al R SR S, TR 9 S S 2R (g R AR A 22
RGN HBUET X —INH I RO R 1R T
JrEARAE T B A, rb A 150 e 3 R Ml X

15 ) LS Wi B > 500 Ak B IR0 24 o 8 i R S
(transcranial focused ultrasound, tFUS) 1 Sy — Ff Hr
P AR R AR 2 PR PR R # i A2 3
VT2 ORTE . tFUS I i BE 3R 5 110 75 I S BN e
NG DX PR A B L AL AR R AR AR, B A 1)
B TRER 2 3% B ) RN R IR T PR AR RR AR ax sk
FAVERE (CFUS 7RSS e % 5 T e S Hh BRI T .
ARTFERI (FUS AT fEE i 222 U 1 2230 T ALl
RARFEIRAE T, A4S 5 e 2 3 R 2 T
S | AR P T P R A I 2K IR US FE
TR A5 A T R B B B ROCR > (B2, KM
B A B DT 9 1 RIS AT 9K B =, tFUS TR IR 4

Sl AR R ARSI O SRR Ll 2 R 2 2R R PR A TG R AGR ). B 247, 2025,35(4) : 351-362.

Brain Computer Interface and Rehabilitation Committee of Chinese Rehabilitation Medical Association. Expert consensus on transcranial focused ultrasound in

pain management [J]. Rehabil Med,2025,35(4) :351-362.
DOI:10.3724/SP.J.1329.2025.04004

ORI ) S 3, JF R I CC BY-NC-ND 4.0 /38

© Rehabilitation Medicine, OA under the CC BY-NC-ND 4.0

351



FEE 2R 202548 #5358 45 41

H g S TR R B B . BAR B B9 Sk
SCRPFUSHEIS 280 2 vk (H 2 R Y H
A BAG A DR RN S R FUS 7E9K
iR A L 22 A AR O L T T RS AR B R U
TR IR YT w22 2

AL F AR B AE RS (FUS 785 & HE b i B
TR PR AR A0 B R, i SR R R
SRS BT Y ETIE IR 1 R BR M AR
AR T2 L T A SO B R Bl Y
FITRA , A OGSO 75 BN W ST f e 38 . A dLiR
Hé\ﬁﬁﬁitFUST%%%F,#F"FE’JVFHW»BF,ﬂ“
w EII*E’JIE}“JEB‘Z%HME 1T 2 Ak B CRIG T

FHMERE IR EACRII R Iy 0 . xR A
%fﬁﬂﬁtFUSﬁﬂiTﬁfﬁiﬂﬂPE’J%ﬂaf“ﬁﬁ,j\?%%
PO G R . R FUS JE B IZ AT,
{2 DA S 26 25 3 732 M DRI AT T i 3 22 Pk
AR E BT RAIGTT 07 58 BRI R AT %
PE P W IETE BB DL R BTG K 07 R 2 ek
SUA 5 ™ TE R 58 IR R B IE , tFUS A R B
TETEAR R RG eI e 2 vh R AR AR,
R R A B

1 tFUSHIBRAREESIRRMLE

L1 B AR

tFUS 3 o8 Ji H, 46 BE A% B 51 7 A= v 08 75 i
(200 kHz~1 MHz) , I FI| AR M B AHS 2108
e ORS00 R A T E AR G X, 9 18 Ry ¥ A 1 A
e, XA R B S B2 K GORS B TRk £
A SR, [ P DA IR R e i /> %o ] L 2 2 )
12 RHBE

tFUS YRR F2Z LUT RSO « 00
# (center frequency, Fc) | % [H] I ﬁﬁﬁflﬁ]qujiifu
(spatial peak temporal average intensity, Igp, ) K I
#2 JHR (pulse repetition frequency , PRF) Fl 5 %5 Fb
(duty cycle,DC) &1
121 Fe  Fe B RWRUHE S I 28 388 R 3 025 ]
AN o BT (10200~350 kHz) B A H
U 04 2 155 BE I 1523 8] 7 B AR B 5 100 v | AR
(41 650~850 kHz) nJ i A B A B 1) 2 ] 2R fR H 57

BEURBEI /N o i RN FH b 5 L 28 3 VR JE N 253 ]
i BE 2 A UEA AU .

122 Loy Topp SO TR 75 00 30 19 4 14 BB o i o)
IR, B 0 A 2 s (R SR S B o I PR

352

T ELAR AR H bR DX R B A AR RO A Ak
BUREAT AL AL
1.2.3 PRF A1 DC  PRF Fl DC 3 [\ gz 17 #8 7+ Al
PRI RIA R . PRE I8 33 B 7E 1~ 10 Hz (I3 5
100~1 000 Hz (/=4 ) 5 Fil N, DC — 4% il 75 5%~
50% IXEESEL L AT BE 7= A AN TR A b 22 R R S
N7, U026 A sl

e R IBE FH P, 3k 6 2 850 ) S 5 17 27 15 5 B IR YT
H Aw i il v s %o PR PR ) « B AR Bk XCREAE (Can
TRBE KV/IN) BB SRR 2 Cn B R B AR Y ) L
SR AVEROR T A AR AL
1.3 AP B

tFUS 3 %238 1 HLAR RN fumuﬁz F/ N ARL

N7 A5 AL 5 e P22 06 Bl o 3K B AR N T RE S ML

R B T ﬁ,aﬁzﬁéﬂiﬂ@ﬂiﬁﬁrﬁa,})&ﬁﬁi}ﬁ*ﬁ?ﬁﬂ
i

1.4 IERIES
'?EHWF AR e EE, (FUS HA B s a] 4y
R REESE T T PE AR R A ] R R
SR IR,
JFUS TSR

AT
- JEEARE
.
et

1 tFUSHEARFESIERLE
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Figure 2 Neural modulation mechanism of tFUS

in sensory process
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Figure 3 Main adverse reactions of tFUS
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Expert Consensus on Transcranial Focused Ultrasound in Pain Management
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ABSTRACT Transcranial focused ultrasound (tFUS) is an emerging non-invasive neuromodulation technique, and employs high-
ly focused acoustic waves for precise, reversible, and non-invasive modulation of specific brain regions. Characterized by high spa-
tial resolution, deep penetration, and adjustability, tFUS shows great potential in the field of pain management. This consensus state-
ment provides a comprehensive overview of the technical principles and clinical benefits of tFUS, the neuromodulatory effects of
tFUs in sensory processing, its translational applications in pathological pain conditions, safety and management of adverse events,
standardized operational procedures, and future research directions, with the aim of guiding future studies and clinical applications
of tFUS. (1) Technical principles and clinical advantages of tFUS, including its fundamental working mechanisms, critical parame-
ters, biophysical effects, and clinical benefits. (2) Neuromodulatory effects of tFUS in sensory processing, emphasizing the precise
modulation of key brain areas, multi-tiered neural regulatory mechanisms, effects on sensory functions. (3) Translational applica-
tions in pathological pain conditions, encompassing chronic neuropathic pain, acute pain, experimental pain models and migraine.
(4) Safety and adverse event management, including comprehensive safety evaluations, common adverse reactions and their manage-
ment strategies, responses to serious adverse events, long-term safety considerations, and safety in specific populations. (5) Stan-
dardized operational procedures for tFUS treatment, encompassing assessment of indications and contraindications, pre-treatment
evaluations, parameter selection and optimization, monitoring during treatment, and post-treatment follow-up management. (6) Fu-
ture directions, including optimization of treatment protocols, enhancement of clinical accessibility, broadening of indication scopes,
and assessments of long-term efficacy and safety. Currently, clinical research on tFUS in pain management is relatively limited. This
consensus statement is grounded in existing literature and expert insights to offer guidance for applications and future research direc-
tions. Despite the challenges, tFUS holds promise as a significant complementary approach in chronic pain management, providing
new therapeutic options for patients with refractory pain. However, there is still a significant gap between current preliminary re-
search findings and their broad clinical application. Only through rigorous scientific research and clinical validation tFUS can play a
pivotal role in the future of precise pain medicine.
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