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Ultrasound neuromodulation devices, mechanisms and
applications: A narrative review
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(1. Paul C. Lauterbur Research Center for Biomedical Imaging, Shenzhen Institute of Advanced Technology, Chinese
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Abstract: Ultrasound neuromodulation offers a non-invasive method for precisely regulating deep brain nuclei, providing a novel method
for fundamental neuroscience research and brain disorders treatment. Ultrasound neuromodulation has received widespread attention,
becoming a cutting-edge of neuromodulation. This article reviews the research progress in ultrasound neuromodulation, with a focus on
the principles and the development of three types of ultrasound neuromodulation devices, including bulk acoustic wave transducers,
surface acoustic wave devices, and optoacoustic devices. Additionally, the mechanisms research of advancements in ultrasound
neuromodulation are analyzed. Furthermore, biomedical applications of ultrasound neuromodulation are discussed. Finally, this article
provides an outlook on ultrasound neuromodulation, and explores the future development of sonogenetics.
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Table 1 Parameters of piezoelectric ultrasound transducers

S22 3R, ARy JAl RAF: Fe e, Soe RSF/mm TTAES#/MHz MM 3% /mm A 435/ mm
[12],2014 LT 75 1.68 0.73 4.5
[13],2015 il T 38 1.0 3 26
[14],2018 HREIG 25.4 0.5 4.3 -
[15],2018 1D [4:31) 128,20%5 5.0 0.8 1.6
[16],2019 FE CMUT (431 32,8.1 0.183 2.75 -
[17],2019 1D PMUT [4:31] 16,0.55 0.5 ~0.550 -
[18],2020 FARETE 64.3 0.5 2 12
[197,2020 2P ER A R 512,2.5 3~9 0. 128 0.370
[20],2021 PR 12 3.8 1 2
[21],2021 £ 4 2D K551 26x26,5x4 10 0.215 1.68
[227,2021 1D CMUT F431 16,2.7x3.59 5.0 0.6 -
[23],2022 #IE CMUT [4:31) 384,0. 16 0.46 - -
[24],2022 1D PMUT [%431 32,0.521x8.3 1.4 1 9.2
[25],2023 LT 4.0 1.1 2.25 2.12
[26],2024 PMUT R3] 4,1.16 0.54 - -
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Fig. 1 Micromachined ultrasound transducers used in

ultrasound neuromodulation
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Ultrasound neuro-modulation chip

AR WS

(a) WA —XHIDTERISAW I 2 {5 155385 Fro2)

(a) Ultrasound neuromodulation chip with a pair of IDTs??!

SAW 44
SAW device (LN)

IDTF=4 ISAW
SAW from IDT

A2 R

Worms in media

(b) B3 1 IDT f) SAW FPZR i $05 J5 13

(b) Ultrasound neuromodulation chip with a single IDT?3!
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Fig.2 SAW devices used in ultrasound neuromodulation
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Fig.3  Optoacoustic effect
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Fig.4 Optoacoustic devices used in ultrasound neuromodulation
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Table 2 Researches of ultrasound neuromodulation on animal models
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[187,2020 PTZ & 2 MR /N R ﬁﬁ@?ﬁg . ’ o °
1 Fr i JRE =Ispta=2. 812 W/cm?
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[82],2020 . Frnt N N
R M a] =200 ms, FFLEIBE =5 s, 3588 =Tsppa=2. 02 W/cm?
WK =1 MHz, Bk 58 = 50 ms, Fkh B G = 1 He, 575t =5% , 75 4058
137,2015 nEr AD K XA _
[13] st KE mJ * FREERT R =5 min, FIFLE B = 5 min, 58)F =Ispta=528 mW/cm?
\ P =1. 68 MHz, Bk =10 ms, Bkrh B E WA =1 Hz, B 2%
837,2014 CRNDS8 L% AD /B XU ¥
[83], IR B AD /MR U I B A I = 120 s 35 = FHIE{E 4T = 1. 18 MPa
. WiZ =1 MHz, Jk B EHIE = 10 Hz, (525 [0 = 10% , FAb B4
847,2015 APP23 HE AD /NG Vg
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: 5 AD IR 8 IR = 6 s, 38 B = W ECRR B /1 =0. 65 MPa
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867,2023 TR SRR
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[87] 2019 MPTP £ 28 PD /L &Emkrfmzm iR ‘ 2, K ms, ko &2 4% z, i P4k
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BROUUAIN A 2 1 S, B0V 2 37 A oft 228 o0 000 48 ok 1ot
250% , AR Y 2B T Wikl T AD /N BUR ZS [R5 )

(CEEIE N
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B S 2 B S P2 I 45 A E e B R b 2 TT R
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Fig.5 EEG recordings of epileptic monkey models in the
baseline, before ultrasound (US), sham, US and after US'*
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Fig. 6  Alleviation of telomere shortening in aging and AD
[86]

mice by ultrasound neuromodulation
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FALRE K- TF R . 2020 4F Xu %) 1 S50 45 SRAIERE T
AR XS MPTP SO 20 PD /N Y12 B RE 1 1Y
W, WFTId RIS R B AR YT #Y PD /N T,
B2 697 W/ B BB 5 3088 3B ( substantia nigra pars
compacta,SNe) H' TH™ # 2 JTTHUR SUR 1A £ T e K-
IS, BEJT , Zhou %7 #£ MPTP S84k PD /)N B A
Mo e R N VR L ERN L E SO O R L2 - Ehaiih- A I B U
i FER S (#% =3. 8 MHz, k%5 =0. 5 ms, k8 & 5K
=1 kHz) % B i e A% AT RS |, & 452 S BT 1Y
PD /BB SN ORISR A A (8 412 4 248 Jif R T 3 8 E
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