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AEREEER, JFEASHRALRS M. X%
IERF& BiaR SR H At AT F T 22 4 b 22 1 4 7 R 3k
PR 7 SR (BERE TE 005 1F Fl T 205 K A=W
R, NASXAEYE L EIMRE). fEILRA
MNATTRIEFE AR I LIFU AN BE 8 X5 K s B J2 i [X AT
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S IWI R 18 B K )2 5 23 15 RO I T 7= A2 B
I EMG 155, 15K Z B0 5% 2 AH B 132 3)
%5 & HL A7 (motor evoked potentials, MEPs), {40
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Table 1 Smmary of LIFU studies on animal central nervous systerm regulation

# 1 LIFU Wz iR i3s3

SIS B BE SR T
Bk EE/NRELE Isppa=2.9 W/cm> PR CAL XHEARH AN 1 AL

Ispta=23m W/cm?
$%£=0.44~0.67 MHz

Bk IEH N RS Isppa=2.9 W/cm?
A =0.44 MHz
B TR H R AT R e Ispta=0.03~30 W/cm®
A% =43 MHz
EHE/NR: WIgiss) iz Isppa=0.075~0.229 W/cm?

Ispta=21~163m W/cm?*
$%£=0.25~0.5 MHz

IEH/NR: g Ispta=36.2~84.32m W/cm?
$5£=0.25~0.35 MHz
EE/NR: B3 EEM Isppa=0.26~16.8 W/cm?
$i#=0.25~0.6 MHz
TR AN K B2 FIER = A $E=0.76~2.25 MHz
EHAR: B3ERM Ispta=3~4.5 W/em?
$i%=0.35 MHz
IERKR: 5 Ze Isppa=3&5 W/cm>
$i%=0.35 MHz
EEKR: B3 =S Isppa=7.5 W/cm?
A =0.32 MHz
TR B AR R X B9 Isppa=2.9~5.1 W/em?
A =0.32 MHz
IEH ¥ WRRRIEE) R Isppa=11.8 W/em?
$i#=0.25 MHz
B WA =P Isppa=14.3 W/cm?
$i#=0.25 MHz
RPN T Isppa=50 W/cm?
A =0.69 MHz
R OR R e Isppa=2.6 W/cm>

Ispta=130m W/cm?

HF =0.69 MHz
AD Ki: g e Ispta=528m W/cm?

HF =1 MHz

Na® Fl Ca® [#748
A2 33k 5 fh FEAL PRI R T
SRR IS M A0 Ca® R

R ] S5 1) JBC FHL AT 2R I ik JEE i 3 i, FE R A 10~
30W/em? A 3 K

LFP Al MUA {130

FHREE. 5K, HAZE,

I3 EMG

LFP Al MUA {3 i1

P R AR MHE F BDNF 1€ CAL X (%%

BRI NG S, H T 5 BRI K 5714 5¢

Je I SRR B B B
IR Sh A LYk
FHRKREER EMG

AN 5%, BN 3W/em?® VEP IE 18 A%, 3R
SW/em? it VEP WE {5 340
REER . R EMERERREE)

S 1 HR 2 ) AR AR

SRR DX ) 5 oA SR B8R B EMG, LI 5 B (1 1
Jin 3

WK VEP,  FLI# 58 5 (38 A0 i 38 n

AR TS LR, R 4000

e VK i J3CERL B R AR © AER O B, A 414
Biti

i Y A 2 B2 i ] - (BDINF) B J57 4 o 058 e o 22 7 92 [
F(GDNF). 1% P J7 24 & H -7 (VEGF) I 7K 38 .
ZFERHBEE AL AR /KT I 5 BRA .

7% 7] e {1 T 347 B 1) 75 5 (spatial peak-temporal average intensity, Ispta); 75 [A]Ug {8 T~ 35 ik i 75 5ifi (spatial peak-pulse average intensity, Isppa).
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T LIFU 23 1715 R i P i 4 o 48 52 i AT 1~ ) 9
FE, 85 HAERE 2 A OCH, Rl LIFU ] fig 22
BN — AR T AEIAE B AR 700, AR, RIE R
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LR SR E M, LIFU AMUA B Tt E 24
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] B A 8 I U G X A A Ak A 1 SR S
TRLH.

2 LIFU Xt A ZE iR Z2 A= Rt R

bE&E LRI T LIFU (3P &4t 7115 0
RN, LIFU X\ 28 2 48 1 7 78 R 12 T
JEEER.  AATIRE X M 5 HoAR & 15 Ae 5 72 N 2K i
ZRGELIRBAT XS E e ? BHEE
H7e, Bef it NRMa Rt i T 1ER?

2014 5, Legon HIBAPYHFFTAIE B LIFU(Isppa =
5.9 W/em?) B 5t 52 12 & 4] 2% R A B i % JZ (primary
somatosensory cortex, S1), it.3%# /X fL(EEG) &
LR I K AL IR AE AR, C3 A P3 31k EEG
G5 o PN BRG] BRI, TN

TR KB, SxFMEAME, LIFU B 23523
B HERRE ) BN S AT 55 B (3 B TR R
Mz, Ak, LIFU S S1 5, ZRiEiE4s
EFE, Fi. FE. BRSO E R il bt FiR
FEARAR, Lz 5] AR iR s . B
N HLEE T LIFU XA 58 5 2 g2, 3
LIFU(Isppa =16.6 W/em?) {5 J5, #7332 & 2 th
BALICRL) 1s), I H BB R AT e fl )
VEP {552,

SE R IR 745 A, LIFU g% IS 45140 b s
BN S840 i (X AP R L, Bk s] R
LIFU J& 97 # 28 2 G0 95 0 8O R i 70 1 R . 2013
4, Hameroff 2555 B LIFU(Ispta =152 mW/cm?) /&
S AR SR AT B 2R 15s, HIBE
BEHEHREEAERN EMER, UEH LIFU
B T BRI S O A R BRI T R K
Monti ZE5UI ¥ YN A LIFU [ 561045 5 4 & iR
TG B F B e, B R RYT e vl DL T O
Jis A2 Bl S I AT BR B B RO AR AT 9, IE A
LIFU Hl3#0] gm0 77 J5 A =R et 2 5 4 s
IWES

YN LL_ BT 7T 45 B (3 2) AT &, LIFU s A2
K PR PR 22 (R S B S i 45 SR — 3, XFA
FANEE R GU5 s [FIRE AT — 52 BT ROR . A
FEME, LIFU Xf AKXt & R 4 [ 3% 1ot 72 5k
RANE, X2 FHT R LIFU 15 2 508 R AR
o1, R] g A ST T K R S I T TSR A i LIFU
RN N ph 2 PR 45 T k.

=
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Table 2 Summary of LIFU studies on human central nervous systerm regulation

&2 LIFU X AZEHRHE RGRIF R AN

SEIR N R RS FELER
RN : WIS B JZR0 Isppa=0.12~50 W/cm? EEG 5 5 HIMBME PG, o JEF0 B I 4R35 A 2 B IK
$i%=0.5 MHz
fEREN: RIHAR I e JEH Isppa=35 W/cm? A T2 B fih v RO (B / ¥8)
i =0.21 MHz

Isppa=3 W/em?

fEREN: WG [ 2 Ispta=1.5 W/cm®

M =0.25 MHz
TEREN: HIRMLGE  JZ Isppa=16.6 W/cm?
M#=0.27 MHz
PSR AT AT R R Ispta=152 mW/cm?
HFE =8 MHz
B 5 RN BEAG R ) Ispta=720 mW/cm?
H# =0.65 MHz

%R EEG 155481k

PR A X S0 P % s e 52 )
fulot, Rz

FRF HBOCLI

¥R VEP (55

P v SR 1) NG G AN A e

FUERISZ) . S HLE 5 R %
SEEAT
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3 FATRERVEYIYIIEALH

R FEAE R — R B R, R dn T B
TAYINE R HAE RGN ? NTTERH T & Fi
BT T LI, MBS . RN, Ak
IS H T S8 DA AT (0 = AR B, AR T B
BRI IR SEIR AT FT 45 R
3.1 HURS R

MU R HLAI A N LIFU 383 75 i % 3% i F2
HOR SR I = AE LR 3, e T4
1 L 380 4 B 7= A LB AR B0 5z e i o XLy 2
A RPN, AT SE TS PHEE R AT IR 4% . B4t
AT, G R ) e G M AR R &
BEE, mH IR 2@ WU UK. MU IR
BT A0 AT = AR B F b AR5 BUX e AL ) RS
BT T O OO AT, A A A R A 2 A BGEE A
e, 33T 5 T R IR X S T e 2 TR B . il
AT TR A F S H0 LIFU 234 3% 5 HS0E L
B RUE Nat T8 1 K SlIES, XE— 2R
AR T LIFU 206 40 R 400 A6 sk 1 2%
FILRP. [FRF, Tyler Z9# A LIFU M/ fR
WY A, AR LIFU AT LSS B 1195 Na' Jl &
il Ca¥ WIE, SIS T gL ki, i3t

SN SR AL IS I AR, IR AR R, b S
AT, LIFU HE 555 0N B 26 d 1) 3k 3 p 28
TS5 & BMIBENIT NERK), kBB K
A AR, R D S e R L ) B B T
TRP-4 LRI BN 28 ki ph 20 fs, KL iz
B R AR B AR G L B SN, A LI ) Rk
PR T IEIEAE LIFU AP b k1 7 B
fIAE .

DL B 9T Sk 2 3R LIFU SEELRR 2 R % 2 5
s iibuR IRy & || B S E RS IRy ks e S A== S i}
A K. MR ER I E — EfRE LT
LIFU MU A WA Z05 R AR BRI S, R B R B
ik 252
32 AWML

PG SEFE 52 LIFU 1 F (1) A= 0 2H 23200 Jf 2= T
WCHE 75 i RE R I B BT, AT X A PR ) D s
AR RO, e R P TR AT A (2 A i T
AT B [ 1 SR BES, R AN ATTAE W LIFU & 55
8 I RN SR SEHL AR 22 4% . Gavrilov FEEIHA
N LIFU BEAR T 75 BEE 2 23 40 0 1) ~F- 23 6k 1) Th 2R e
L R THA PR R B T B B IE S22 fh R

JRIF 5 LIFU S A 5G5S HARIRTC ¢, 1 B L
PR R TR, 5 A 2 TR 50 UE SE TG 7
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The Progress of Low Intensity Focused Ultrasound
on The Regulation of Central Nervous System”

YANG Xue-Ning", YANG Jia-Jia"”, WAN Bai-Kun", MING Dong"?"
(" School of Precision Instrument and Opto-Electronics Engineering, Tianjin University, Tianjin 300072, China;
? Institute of Medical Engineering & Translational Medicine, Tianjin University, Tianjin 300072, China)

Abstract Neural control technology (NCT) could activate the function of the nervous system, alleviate
neurological disease and improve the quality of life by importing electrical, magnetic, optical, acoustic and other
physical factors to the neural circuits. The technology has been widely used in the research of life science and
clinical diagnosis and treatment. Especially, low intensity focused ultrasound (LIFU) has the advantages of
nondestructive, high penetration ability and spatial resolution, which is more suitable for the neural regulation as a
safety physical stimulating factor. At the moment, research of LIFU in neural control has attracted much attention
of scientific community. A large number of animal and human researches in neural control have been carried out
and achieved gratifying results. In this paper, we review the progress of the LIFU regulation in central nervous
system in the animals and human. Besides, the biophysical mechanism, security issues and future applications are
also discussed. We hope this paper will provide a new insight to the research and application of neural regulation
of LIFU.
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