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Abstract

Since 1998, Fatemi M and Greenleaf JF of Mayo Medical Centre proposed the concept of ultra-
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sound-stimulated vibro-acoustic spectrography, or vibro-acoustography for short, many scholars
have been working on this technology for many years. Over the years, the scholars had done a lot
of research around vibro-acoustography, especially in the field of microcalcification detection, so
that vibro-acoustography has been vigorously developed. Vibro-acoustography is the most widely
used field of vibro-acoustic technology, and this article takes vibro-acoustography as an entry
point to give a review of the research progress of vibro-acoustic technology.
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1. 51§

1998 4 Mg BELE 22 Fh 0 ) Fatemi M. Greenleaf JF 2 8 75 0k 9% 30 75 Bl 4% (ultrasound-stimulated
vibro-acoustic spectrography) 9, B & FR (145 3h 75 A% (vibro-acoustography) [1]. #&zh 7 B4 AR
A, BWTWRARBEGE AT OME f1. f1 + Af, Af AW OE L 2, AR “ZHM7 , Af
WA T L Hz ] 100 kHz 2 [8], ZE8RG gt /T o0 8RR, 385 AH 22 90 A 50 ) 1 L A58 7 R TE L £
XAHE 3, B “HBBN” , LEX ARy Af LS . LA s i v 7E L A 4
PR AR 7y, SR XN R ER S iR R B, ARSI JT M IR NS . AR, 3
FEX AL 2 ) AR S AR AR e, sk 2 BRI R S 80K 75 R 5 (ultrasound-stimulated  acoustic
emission, USAE). JLEX M A—A A, LiRK) USAE (55 nf &KW gs i, SHE 5T — R 51k
P (RAEE SO, IR, nTRALEE), RIRAS OB X N H U PE (MR AE B PR SRS B ) I
BlZ . M¥pe s EOURE 7 00, & A4S 24P I RASU g EUR 1], IEESR,
P20 P AR B A O B85 A 55 403 PR A I R 3 EH R B Th A, 5 2 M DG BB R L 4 i 2 S5 0
BRI RAE T —E R E.

2. IRENERGEEFPHNA
2.1 10 IMERS

Fatemi M %5 )UK HRAD 7 RS S T B AR RORK Sk B30k, 5 X KRG A BIER W et HARzh7S
PR AE M A5 00 8 7 T B BT EEBERME IR B, 23 (8] 73 s A AR R4 TH[2]. Alizad A 55 AR
7 BB R T VIR BN O HE R ZH 2, BRI 28 b om B e LU EE IS TR, JF HSREAS Y
R S 2 18 R — 2K (3]

BEAEAT SCERAIIE , 59 %7 LATR Lok (2L 53 sl kS A6 RT e A2 el IR S AR AR RE AL ECo I (K — A fE s R 2
JCHAERE IR B [4]. WL 2R WAL 5 X ZR IR A A I AR LR S BB A A Do ML 9 AL 484
INEEEAREP[5]. Alizad A SEAXT 207 BIAR G VIR 9N FLIRALGIREA AT S0, I HRBN 2R $T
2 R S BRSO FLARFE RS B B R SARRL I LG X 2R BEAT L. a5 SRR WIIRBI
JAG T LU BT A RSB K, RBIRE SR 458, SRR Bl A R AR W] REAE IR BT IR Bl K X
B PR A R AR 6] -
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2.2. 3LBR

Alizad A N7 KEHFFE LLEAR S 75 AR B BN F R, IR G PE KR 3 75 B H R 5 LR
X SHERRGEARL G, AR ICECTE [ — WA DME TS BB [7]-[12] IR S [13], W Fe3E A1)
BT T — PR K FLAR A, otk B IR IR, FLARIARE R EMFLE B T X SRS IR A 5 — B R 45
T AR (s 208 T AR A5 — A 2 T LI M 1) 7 T, 2 xR e Ol RO B 3 11, e R U 7 75 7 Ji i) 2 [,
LR BRI 48 1 [ e DME A 2 . HRsh 75 BRI 45 i 3 A Bk 7 3 MOl o 45 R KW, 3 AP aa (1R
TaHR2N A EUR) RIS WHHERG (0 RE e It 94% L R T vy, (R & AN 7] (69%~100%) ,  Fir A VT4 5 #R RE A
H 97%I1 b, AECRS IS Ab Y BUBR M AR (33 < 72%) o

2014 4E, Alizad A % N\ & SCHRAREN 7 Sifg HoAR CL g pi T R AR ORI, Lk fE AT 5 70 X 2618
FAARAGEDE, N IZBARTT e AE FLIR BSR4 78 T B [14]. Mehrmohammadi M 5 A ik — 4k f
FlHBER (B 12 47 x 70 B SO R RR) 5B S A s &, S5 R R IZ R G nT DR ZE 5 s il
B R HERUBME AR FLIRR AR, AT A FL IR P IS Ak . HE IR BN 5 G B AR BT LATE I PRI rp 2
BEE  HER IS WE R, I BT DE ST B kb 78 B T SR ARG PR BUSAE X[ 15]

2.3. BRER

Alizad A SEN ) —IHTD 0 TR RN 75 BOAR R T FUAR AR . AbATT S5 A A h BE LI ) VR 22 DBk
DR BRFR A BEAT SE06, R ZBREA G = MR B X GH4k, B BARAN A R . HHER,
WAMIREN A B W AL G . s A JEMPANGETY, B oS B EERTCIE s i) B 25 i, T
CAESEHIE AT 4 X 2GRS HFARBRAL S b, B rE IRsh A EARRG MB . Z SRR FLE X 24
2 B AR BRES ST NRIEAT IR A5 BUEAR 2R BB RRAR , XTI RBEAT B MR VPAl . LB, 45 2REoR 100%
(B ARSI ES AT Q1% A G IR 575, R R IIRBI A B BRI €, HE# G E S WF7ts
WABEBEBARRNE, PRzl 75 B n] e2 I AR FUIR IR (1 5 3& 5 [ 16] -

2.4. HIFIBR

K AN BT B R AT BE B8 JHUR IR I & — Pl % BT Z10 s T V2. A R K P A T S TS
YR T BEALE T H M N AN BRSO B SO AR T, SRILRT AR e R S R B R . R AR O
ML, AHG— 3 Fl 7 VA S LR 75 A 2, WGV SR B 7 1 SE bR oy A 1 Ol . 5 R B R 2l 7 2
& —FhRERE AEAT AT )7 [F) X AR AR 0 AR RS, Mitri FG 25 A LR T IR B 25 B AN ik v [0 98 8 75 1
ANTF] AR B A PP F- B8 ), S0 45 SR SR B P T DLZEATA] 75 o) b IR B0 75 e ARSI, 1 fok o ] 8 e 7
XA AR E BUR[17]. 2 J5 Mitri FG 58 ¥ 12 MrdEfh 75 11 MR RN N IR FT 7 iR, 17
MR VE VR S RT FIIR VIR AR JG . UIRA 17 NP A8 IR ZN S UGB AT 11 51 IR (0 A [ 2% 2 3R L — 4
MR FEAARAL R, 25 FAUESEE 12 N(71%)ESREN A G e W, HAR IR AT SIS A i g i . k3D
PRI I G IE W TCBE S 7S, AR 5T (1977 A2 JE 5 [18]. Mehrmohammadi M 55274 2 i i — 4
75 A 71 460 2 S AGE I 25 i 47 i b ) AR TR P T R B TR YR IT R T, RS CT BT 3% . 45 R
BR, JE e A S R A 4 R AR IR B PR AR BR, AT R 2 G A B T (74%~92%) . 5 Mitri FG
S NIRRT 25 R — 80, ARFRA TR0 (0 07 L g0 (Ff FERR L), G VR 9 i 21 e B B8 T8O V8 97 U 1)
& J1[19].

UhAh, Alizad A 28 )CEEIR I 7 AT B bR A G 7 L SV s b, A8 AR B0 5 R 1 R G e AR A
IREERIRE S A%, HAERE AR A k] B B . X SRt — 5 0 MriP Al A SR 3R 5h 75 plid%
FR, g5 RR RSN HARBEEAT I AT FIRREE RS, SRR AR A, AR 215 ) L 4 L
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WERA . [AIIN, PRBNFE BUSASIN AT 2 IR IR EE A A R a4k kR, B B R R SR [20]
2.5. BiHLR

PR R B B0 B R AR B LR, Calle S &5 AR IR BN 75 UG A S T+ BR- R - 20 P s
AV AL 1 2H 2R 1) 5 R FR SR 1 ot o 25 SRR B R B 75 AR 45 2R 5 FAth & A8 07 (W CT BR) A R4 11
M, FEORIRBN A B A K I 5 B FA 109 7[21]. Nogueirabarbosa MH %5 A\ 4% 5l 75 £ AR B
AT BRI, XA R A AR 1 U E R OR B T, R 0.25 mm, X EE R R HaA 5
TEMT[22]

2.6. i@

PRENFE AR A AR LR BN 4 HBUK,  Belohlavek M 28 A\ DASSIAT st Lbsal, A B s B SR
RS PR R € 8 [23]. Chen S S8 AR TR, IRBNFEN IR 7RI ™= A8 7 O
RFH(USAE) I i, 2= H 318 3k 75 2 4F (harmonic acoustic emission, HAE), {H HAE {¥ 1 HiBIRHIR 5
NS e P A DU E R AR 7= A, s ] B N ST P A R BV I AR [24] . Z JE B FE N DU IR, 45
VT VEIR 0 T s AR 2 v i w] A=A B RV 7S RS o SRR I SR AR A R AR L, R A R
WK T IR 3 5 3R s 75 2 A A A 2 1R X EL RS, B 1 S B AR 4 1 () A 2 1 R0 1
T AR HI B0 B e B A U [25] -

2.7. HibRL A

PR FE BRI R RS, Bz AR SN A TR R A R b () 8 T i AR, RN S
FIREN) AR AT AR GF 0T EUJE o AR R ThE T AR A U AL R AU R, X TN S, KEH
BAH LR R 5K AR FUBE R A 22 A8 3 15%, 3X AT REAS &2 AT Uk 15 S 21— L4955 78 . Alizad A
S5 NKGHREN 7 AR AR F T D15 I R 2H SR i (0 2 245Kk B B R G R 251 » BB 7R 4571
ARG T, HARR T R AN S A MRS, RPN LA S ISR, IRBhE
BG A R H[26] -

AR, AN TRIRSN A SR E AR Y 3 73 2 438, Kamimura HA %5 A\ 6T 4 i 5617 B e
AR AR R TS 55 AT T =4V, B B AU A EGOR B e AR N ) 4 4 R L T R
X, ZEBEMHE, EEMEN 4R, 55, BIRSEZERS B BUE R BG4 & H T304 mT
WA, HRE) 7 5 UG SR AL IR 3G 5 6 EEBERN 73 M8 50 T B R A NI =R, A SR 2
HLH 0.25 mm [ 4HE[27].

Yamamoto N %5 N7ERTJE P4k BV 7 /AN EIUSE,  7EREANUUBERE B R 2 = A A AR EE(L mm. 3
mm. 5 mm) ¥4 8 AR, DR = A UK B B2 5, R PR3N S AR BT B bR X
RS, BURERS O R )y 3.0 MHz, ZE4iN 44~54 kHz. 453275 3 mm A1 5 mm #2402 W — 8k
4 100%, BIREEASIIE] 3 mm (UHAERL, A 50 E U NI FPHT B BUG AR A 1] fe B2 Wi N o J5 B2 A Al
20 F T A[28]

M RO 27 G A ] A ) 2 2 iR 2 7 s R 2 FH T B ey e M B A5 12 i 452473 (traumatic brain injury,
TBIY KRR, SRR EL, TBI AEABACK AE KRG, U RIRR, IRah A g A R T2 W
A TBI 3% 73[29] .

Pellionisz PA %5 \H-3IR 30 75 AR FH - 101 fi RSk S50 SR 40 Alae 1) =4 iif% . AT Sl R 15 A= %t
MR VIR, AR 5 R I R A0 B F TS [30].
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3. IEANEHARBER
3.1. MeEERITAR

AR BRI T RN BRI RO R o BRIELC R B3 ) B 1 55 4 1 7 SR 1) 4 e 25 2R AU LA AF,
AT R Z Mo B4 e ds o —4ERE DR TR IRAESRAE — A J7 ) LW DRI BAN R oG, —4E S T YgERE
Y2 E A 1.25 48, 1.5 4. 1.75 4471, X BAEM I RE 28 BRI D 7 vk K7 1A b U)EI s
FNRETT, JREDT A EVTRCA BRI JLAE3L]. BRETSC SR B A HE Z4EFE S48, Urban MW 48 A% 1.75
Y 51 0 BE 2% 1R 30 75 U8 R RORD MR T BRGEAT TR AR FE . 1.75 4EREDIpe s a7 n L RA £
Heofr, wT DM H] AT AR, A T — 4R VERE S pe 2%, BT W] DU 24T Jo iR R BGE g
T BRI AT A B A A 58 38 e A S0 P IR LT 7L s AR BRI B8 R N R B RRSR I T 40 R . S LU o
&4 [32].

Kamimura HA 25 A $ H 5 ] 7 244 % %1 (reconfigurable arrays, RCA)BEAT RS A5 220 58, XF 50 x 50 4>
£ 200 x 200 N ICAFAIFEFIHEAT TR0, AR I8 IE F A AR 32 3 128 Y E N AR, DIAREIH T RS0 A
HRARERCE . FFFCE T RCA BEFI 2 [8] 0 e . UG MTH 5 77 T 6 il fLdEAT 7 2081, A RCA i
A5 AT DA AR AL T S A S BE AR S [R] r He,  FLZEA A RN 5 87 A ~F- T mT BAEAT % 1 [33]

M ELJiTH, De Medeiros LJ &6 A\ & RGP H T-HR30 75 UG 7T, TR AT 75 BT He A% e i e v
Ve B SRR 2 SRR, ARATTA R Fe SR S A OB R e R 2, 0 FH X B 0 4 Je8 BRI AR 72 [34]

3.2. BRIgHR

PR EUG R B S TS, MU RS . PRSI LEF=AE “HSBN” RIS, A HAh & A%
7S 2N B 4 e, SR G A R A IR KRR . Mitri FG 45 A\ 9 FIeE DR B AR 88 75 e S5 [ e i
FEFFAE GRS, SR T CWRNRMR” - BRI CRRE AfTEE, 7R 0 O RIS BR R IR AR, Eid ik
IR P R BT R M R SRR IR A% . BRAR SIS RS, 5 e AR AR B 7R R AR L, T P (5 R
YL 1 BEO RE BE ekD [35]

2006 4, Urban MW %5 N2 H T 2 354R 3N 7 2= M BRI 18, BIF 783 WX P 22 4075 727 AR IR AT 4
(A 5 B R 75 IR AR K 7 L . B L AT T3 A T 2 AN 3 (0 s i SR B SRR BT, R ROR
T IR AR BN P 2 AR R, SRS REN A R G L, 1% A RS KRS BT RE
PRI AN 23 In 4 8 [A][36] . 2 J5 , Urban MW 28 A\ 0Ks 2 351G 54k 30 75 BUE 52 &, X L niE 2 A EE,
R @IS BTE AL FIAH IS b Xt 75 R S g B 1 J@ ik AT R 2 AN MR o S 8 O 8 vl LUK — e
ARER IR, RIS ARSI B (1 4 B R IR AR AR /KT, DUk BBl A /R - X e 2 AN A%
(Kt AR T AR TR E A, WD T R R SR DY, AR s T RS BRI R E[37]. 1%
AL L — Tl i 52 24 75 54011 (complex background suppression) 535, %A S 0BG A H B
HESREONT L, AR G R, HAZ O T A SRS A g S I [38].

PR AR RGN ) o e R B M R, SR R G sl 2 R £ (point spread function,
PSF)itiik. PSF RBLIERGURME, SHARG BRI RG0S 5 55 S e o st 7 b g [l 1)
MHEPRRIRE ), BUE Ik E R W, DU ) I R 6K 54 (axial response function, ARF)#fiid . E2LFE &=
RFR R 2 IR 72 AT S 28 3 SR A AR (— Bl S S 2 MG A R AR, ) 2 v AR R0 %o LG 7 T )
WFFUEE T =4 PSF (RSN FE RMGEE: DR RA4ENIED . ARG/ -7 JUABE IR .
W BB R ER, SHADIEIR AR, (6 4EghaEnt 38 -5 R 26508 0.9 (4FR%ECh 1.0 &R
SEEEM), FEAETRAELR, KPR RAGRIER R E R IR ) S BSR4 [39].
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3.3. HbiER

BT IRANFERA, Almeida TW 55 A DA R B I REAR SR BURKIT 38, -8 H T —F8h “IR3) - #
FIRBUZR” BIEA . TEF B E T RETE B bR G A VBRI ER) R B R, (5 Bz, B AL oK %
BB TRFMEATIE, P rRisa i [40].

I K EE AL R I TN RTERB) R AR MR T, F R SRR A SR A, X e AR i
AR HAPES S, AR I HES R AN R R I AT TZIR, DAIRCASEADL S5 2L 23RN 1 5 ZH 2R [41]

4. IRENEFEARERE

Konofagou EE Z¢ AW 5T 7 USAE X 2H 245 B A . USAE HUu T 75 22 AU PR, PR3 Rl R
FEMARA . BB USAE 155t i B AR 0, At A 1K 2 448 L PRLRI AR I 5 & DA RE 68 5 | e 2 T
I ThE KV B8 THE A . FEPIFPHEUR A, IR TR RME, KIN USAE PRl RE I E 22, (H
TERRINZETN, T U AR A PV, 53 B (AR DRk 2k [42] . Z G AL 3R T4 F USAE
155 I LR U PR IR SR M WU 2EL 2R U P R AR A R mT AT M . S5 SRSR W, USAE SRS J5 i v DA B AR R ALk
HREZESHMBIR R, HARTIAGEE [ IR B0 1) kA2 [43]

PRBNFEFARE AN, ZH G000 UR T R YR T P I R AT LA B B BE 2% 1 X # . Chen S &8 N XHIRBN A AR
IR VEIET T R0, AT PREX BN R  E 5 RS, TR NS (Field 1277 B = 4E 58
Y+ E AL 35 7 RE) T B T IR S S R R T, T Ik S IR SRR AR I R B A R A SRE AT
AR RN . AT IR 45 R B, 75 R IRIRSN 75 £13#(40 mm x 40 mm, C F1##, 23 0.25
mm)3HIE], HEERE HRANT 0.27°C. M THAESREL PRI ELRE D), FHREAR A FEHA
TSN ARG N T 0.27°Co X FAEXBE T H Al I AN RS A 4, LU RZA KT 0.32°C.
SEFEMIFEIX IR EEE VA 86, kA ZXER AT LR FIF L FHZRN . 5778 o8 S 4
PERA 1) BRI, X 7 Jk 2 T U 8 TP v P S 50 000 e ot M ) B 52 R 0 75 4 P I A ) 5 B st 6 [44]

5. AKRE

PRBNFEBARAGE I “HSREL” KX B ARPE IS 11, T HAiZA St B hsrAE R, wT
G — KA AT AL, O — R I RG AR M 5T, RSN A B T E TC A . R S
JI W) RSHERE T, X2 A S M LA SE R . BB T TR, AR TG A R A, RB R
BIPELGERE . XTLUEE R SR, R R, R ERARIED KR, HUSHREERHA. T
BISITHAR 5

7 o JE B £ 75 (High Intensity Focused Ultrasound, HIFU) & — i AE2 NP RVA T BOR [45], IT4E K
L F H AR AT G0 2 B RS AP AR [46] 5 B G YT [47]155 . HIFU HoR(E AR 1 REE (E 22
HONE ) B A AU A B [ PSR AR T A B6 T H . — 7T, HIFU ZE3A )7 I FE b ] o #2020 = B iR T
Ty T3 TH, HIFU BT S 2H 23058 ] 1 R B0 fof # 4 2 fr) s M A e 26 50 o AR IR 3 78 B AR Rt A A 1)
WF7E[42] [43], PRBNAEBARB AT H T HIFU A i Semh g, R, SR 2000 0 al Al 5 727 i st A
2, g B A DUB RSN AR AR AT RJEHRA S HE B AR R, WmERE HIFU f3H Rk
B (AR, TERMEAZRERE T, BY U1 B 2 AR S A 2RI, SR 1 FH ik
[ G5 R 0 AL S [48], SR BN A UG AR KRN o Ak, R RS AR i 2 975 Hh 1 R B H 2
JTZ[49], O SETFRE TR A AT IR IR B R 7T, RSN AS BOAR BOK R s KR B T
B KR Sh P H AR AR, AT LA A2, PRl A8 AR I N R 5042

PR AR A AEAR 2 R BRI, 46K 2 BB T B R AE M ANIAT, R IRSN A B B E IR
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FEEMEZ. H AT MERE S D BESRR  fepe as vl ik s, Hagas MR afItk, Ramii
TR REMPR R BOE L . HK, KT8 5B VIR R R, e RBEKIT KT R B RE S
KW ER BRI G5 H, MRAIUNEE. Ao, EEMAE ., RIEMRL 30 P AR B
AN TIRE A R IRATT I

BEE
[1] Fatemi, M. and Greenleaf, J.F. (1998) Ultrasound-Stimulated Vibro-Acoustic Spectrography. Science, 280, 82-85.
https://doi.org/10.1126/science.280.5360.82
[2] Fatemi, M. and Greenleaf, J.F. (2000) Probing the Dynamics of Tissue at Low Frequencies with the Radiation Force of
Ultrasound. Physics in Medicine and Biology, 45, 1449-1464. https://doi.org/10.1088/0031-9155/45/6/304
[3] Alizad, A., Fatemi, M., Nishimura, R.A., et al. (2002) Detection of Calcium Deposits on Heart Valve Leaflets by Vi-
bro-Acoustography: An in Vitro Study. Journal of the American Society of Echocardiography, 15, 1391-1395.
https://doi.org/10.1067/mje.2002.124985
[4] Baum, J.K., Comstock, C.H., Joseph, L., et al. (1980) Intramammary Arterial Calcifications Associated with Diabetes.
Radiology, 136, 61-62. https://doi.org/10.1148/radiology.136.1.7384525
[5] Crystal, P., Crystal, E., Leor, J., et al. (2000) Breast Artery Calcium on Routine Mammography as a Potential Marker
for Increased Risk of Cardiovascular Disease. American Journal of Cardiology, 86, 216-217.
https://doi.org/10.1016/S0002-9149(00)00860-2
[6] Alizad, A., Fatemi, M., Whaley, D.H., et al. (2004) Application of Vibro-Acoustography for Detection of Calcified
Arteries in Breast Tissue. Journal of Ultrasound in Medicine, 23, 267-273. https://doi.org/10.7863/jum.2004.23.2.267
[7] Alizad, A., Fatemi, M., Wold, L.E., et al. (2004) Performance of Vibro-Acoustography in Detecting Microcalcifica-
tions in Excised Human Breast Tissue: A Study of 74 Tissue Samples. IEEE Transactions on Medical Imaging, 23,
307-312. https://doi.org/10.1109/TM1.2004.824241
[8] Alizad, A., Whaley, D.H., Greenleaf, J.F., et al. (2005) Potential Applications of Vibro-Acoustography in Breast Im-
aging. Technology in Cancer Research & Treatment, 4, 151-157. https://doi.org/10.1177/153303460500400204
[91 Hosseini, H.G., Alizad, A., Fatemi, M., et al. (2005) Registration of Vibro-Acoustography Images and X-Ray Mammo-
graphy. 2005 IEEE Engineering in Medicine and Biology 27th Annual Conference, Shanghai, 17-18 January 2006,
1846-1849. https://doi.org/10.1109/IEMBS.2005.1616809
[10] Alizad, A., Whaley, D.H., Greenleaf, J.F., et al. (2006) Critical Issues in Breast Imaging by Vibro-Acoustography. Ul-
trasonics, 44, e217-e220. https://doi.org/10.1016/j.ultras.2006.06.021
[11] Gholamhosseini, H., Alizad, A., Fatemi, M., et al. (2006) Fusion of Vibro-Acoustography Images and X-Ray Mam-
mography. 2006 International Conference of the IEEE Engineering in Medicine and Biology Society, New York, 30
August-3 September 2006, 2803-2806. https://doi.org/10.1109/IEMBS.2006.259426
[12] Hosseini, H.G., Alizad, A., Fatemi, M., et al. (2007) Integration of Vibro-Acoustography Imaging Modality with the
Traditional Mammography. International Journal of Biomedical Imaging, 2007, Article 1D: 040980.
https://doi.org/10.1155/2007/40980
[13] Alizad, A., Whaley, D.H., Urban, M.\W., et al. (2012) Breast Vibro-Acoustography: Initial Results Show Promise.
Breast Cancer Research, 14, R128. https://doi.org/10.1186/bcr3323
[14] Alizad, A., Mehrmohammadi, M., Ghosh, K., et al. (2014) Breast Vibro-Acoustography: Initial Experience in Benign
Lesions. BMC Medical Imaging, 14, Article No. 40. https://doi.org/10.1186/s12880-014-0040-1
[15] Mehrmohammadi, M., Fazzio, R.T., Whaley, D.H., et al. (2014) Preliminary in Vivo Breast Vibro-Acoustography Re-
sults with a Quasi-2-D Array Transducer: A Step Forward. Ultrasound in Medicine and Biology, 40, 2819-2829.
https://doi.org/10.1016/j.ultrasmedbio.2014.07.005
[16] Alizad, A., Urban, M.W., Morris, J.C., et al. (2013) In Vivo Thyroid Vibro-Acoustography: A Pilot Study. BMC Med-
ical Imaging, 13, Article No. 12. https://doi.org/10.1186/1471-2342-13-12
[17] Mitri, F.G., Davis, B.J., Greenleaf, J.F., et al. (2009) In Vitro Comparative Study of Vibro-Acoustography versus Pulse-Echo
Ultrasound in Imaging Permanent Prostate Brachytherapy Seeds. Ultrasonics, 49, 31-38.
https://doi.org/10.1016/j.ultras.2008.04.008
[18] Mitri, F.G., Davis, B.J., Urban, M.W., et al. (2009) Vibro-Acoustography Imaging of Permanent Prostate Brachythe-

rapy Seeds in an Excised Human Prostate—Preliminary Results and Technical Feasibility. Ultrasonics, 49, 389-394.
https://doi.org/10.1016/j.ultras.2008.10.011

DOI: 10.12677/acm.2024.142538 3872 e R 2= 273k e


https://doi.org/10.12677/acm.2024.142538
https://doi.org/10.1126/science.280.5360.82
https://doi.org/10.1088/0031-9155/45/6/304
https://doi.org/10.1067/mje.2002.124985
https://doi.org/10.1148/radiology.136.1.7384525
https://doi.org/10.1016/S0002-9149(00)00860-2
https://doi.org/10.7863/jum.2004.23.2.267
https://doi.org/10.1109/TMI.2004.824241
https://doi.org/10.1177/153303460500400204
https://doi.org/10.1109/IEMBS.2005.1616809
https://doi.org/10.1016/j.ultras.2006.06.021
https://doi.org/10.1109/IEMBS.2006.259426
https://doi.org/10.1155/2007/40980
https://doi.org/10.1186/bcr3323
https://doi.org/10.1186/s12880-014-0040-1
https://doi.org/10.1016/j.ultrasmedbio.2014.07.005
https://doi.org/10.1186/1471-2342-13-12
https://doi.org/10.1016/j.ultras.2008.04.008
https://doi.org/10.1016/j.ultras.2008.10.011

ik

4= A

[19]

[20]

[21]

[22]

[23]

[24]
[25]
[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]
[38]

[39]

[40]

Mehrmohammadi, M., Alizad, A., Kinnick, R.R., et al. (2014) Feasibility of Vibro-Acoustography with a Quasi-2D
Ultrasound Array Transducer for Detection and Localizing of Permanent Prostate Brachytherapy Seeds: A Pilot ex Vi-
vo Study. Medical Physics, 41, Article ID: 092902. https://doi.org/10.1118/1.4893532

Alizad, A., Mehrmohammadi, M., Mitri, F.G., et al. (2013) Application of Vibro-Acoustography in Prostate Tissue
Imaging. Medical Physics, 40, Article ID: 022902. https://doi.org/10.1118/1.4773890

Calle, S., Remenieras, J.P., Matar, O.B., et al. (2003) Application of Nonlinear Phenomena Induced by Focused Ultra-
sound to Bone Imaging. Ultrasound in Medicine and Biology, 29, 465-472.
https://doi.org/10.1016/S0301-5629(02)00729-9

Nogueirabarbosa, M.H., Kamimura, H.A., Braz, G., et al. (2017) Preliminary Results of Vibro-Acoustography Evalua-
tion of Bone Surface and Bone Fracture. Quantitative Imaging in Medicine and Surgery, 7, 549-554.
https://doi.org/10.21037/gims.2017.09.05

Belohlavek, M., Asanuma, T., Kinnick, R.R., et al. (2001) Vibro-Acoustography: Quantification of Flow with High-
ly-Localized Low-Frequency Acoustic Force. Ultrasonic Imaging, 23, 249-256.
https://doi.org/10.1177/016173460102300403

Chen, S., Kinnick, R.R., Greenleaf, J.F., et al. (2006) Difference Frequency and Its Harmonic Emitted by Microbub-
bles under Dual Frequency Excitation. Ultrasonics, 44, e123-e126. https://doi.org/10.1016/j.ultras.2006.07.009

Chen, S., Kinnick, R.R., Greenlcaf, J.F., et al. (2007) Harmonic Vibro-Acoustography. IEEE Transactions on Ultra-
sonics Ferroelectrics and Frequency Control, 54, 1346-1351. https://doi.org/10.1109/TUFFC.2007.394

Alizad, A., Wold, L.E., Greenleaf, J.F., et al. (2004) Imaging Mass Lesions by Vibro-Acoustography: Modeling and
Experiments. IEEE Transactions on Medical Imaging, 23, 1087-1093. https://doi.org/10.1109/TMI.2004.828674

Kamimura, H.A., Fagundes, M.A., Fatemi, M., et al. (2011) Vibro-Acoustography and B-Mode Integration for 3D
Imaging. 2011 Annual International Conference of the IEEE Engineering in Medicine and Biology Society, Boston, 30
August-3 September 2011, 421-424. https://doi.org/10.1109/IEMBS.2011.6090055

Yamamoto, N., Kinnick, R.R., Fatemi, M., et al. (2015) Diagnosis of Small Partial-Thickness Rotator Cuff Tears Us-
ing Vibro-Acoustography. Journal of Medical Ultrasonics, 42, 3-7. https://doi.org/10.1007/s10396-014-0553-9

Suarez, M.W., Dever, D.D., Gu, X, et al. (2015) Transcranial Vibro-Acoustography Can Detect Traumatic Brain In-
jury, In-Vivo: Preliminary Studies. Ultrasonics, 61, 151-156. https://doi.org/10.1016/j.ultras.2015.04.014

Pellionisz, P.A., Namiri, N.K., Suematsu, G., et al. (2018) Vibroacoustographic System for Tumor Identification. The
Yale Journal of Biology and Medicine, 91, 215-223.

WHRIE, AP RE A% B T BOR R R BOR[D]: [l 2008 50]. Abst: o E P AIEE B2, 2007,
Urban, M.\W.,, Chalek, C.L., Haider, B.H., et al. (2013) A Beamforming Study for Implementation of Vibro-Acoustography

with a 1.75-D Array Transducer. IEEE Transactions on Ultrasonics Ferroelectrics and Frequency Control, 60, 535-551.
https://doi.org/10.1109/TUFFC.2013.2595

Kamimura, H.A., Urban, M.W.,; Carneiro, A.A., et al. (2012) Vibro-Acoustography Beam Formation with Reconfi-
gurable Arrays. IEEE Transactions on Ultrasonics Ferroelectrics and Frequency Control, 59, 1421-1431.
https://doi.org/10.1109/TUFFC.2012.2343

De Medeiros, L.J., Kamimura, H.A., Altafim, R.A., et al. (2015) Piezoelectret-Based Hydrophone: An Alternative De-
vice for Vibro-Acoustography. Measurement Science and Technology, 26, Article ID: 095102.
https://doi.org/10.1088/0957-0233/26/9/095102

Mitri, F.G., Greenleaf, J.F., Fatemi, M., et al. (2005) Chirp Imaging Vibro-Acoustography for Removing the Ultra-
sound Standing Wave Avrtifact. IEEE Transactions on Medical Imaging, 24, 1249-1255.
https://doi.org/10.1109/TMI.2005.854518

Urban, M.W., Silva, G.T., Fatemi, M., et al. (2006) Multifrequency Vibro-Acoustography. IEEE Transactions on Medical
Imaging, 25, 1284-1295. https://doi.org/10.1109/TMI.2006.882142

Urban, M.W., Alizad, A., Fatemi, M., et al. (2011) Vibro-Acoustography and Multifrequency Image Compounding.
Ultrasonics, 51, 689-696. https://doi.org/10.1016/j.ultras.2011.02.001

Urban, M.W., Wang, C., Alizad, A, et al. (2015) Complex Background Suppression for Vibro-Acoustography Images.
Ultrasonics, 56, 456-472. https://doi.org/10.1016/j.ultras.2014.09.014

Perciano, T., Urban, M.W., Mascarenhas, N.D., et al. (2013) Deconvolution of Vibroacoustic Images Using a Simula-
tion Model Based on a Three Dimensional Point Spread Function. Ultrasonics, 53, 36-44.
https://doi.org/10.1016/j.ultras.2012.03.011

Almeida, T.W., Kamimura, H.A., Carneiro, A.A., et al. (2010) A New Apparatus for Analysis of Viscoelastic Fluids
by Ultrasound Radiation Force. 2010 Annual International Conference of the IEEE Engineering in Medicine and Bi-

DOI: 10.12677/acm.2024.142538 3873 e R 2= 273k e


https://doi.org/10.12677/acm.2024.142538
https://doi.org/10.1118/1.4893532
https://doi.org/10.1118/1.4773890
https://doi.org/10.1016/S0301-5629(02)00729-9
https://doi.org/10.21037/qims.2017.09.05
https://doi.org/10.1177/016173460102300403
https://doi.org/10.1016/j.ultras.2006.07.009
https://doi.org/10.1109/TUFFC.2007.394
https://doi.org/10.1109/TMI.2004.828674
https://doi.org/10.1109/IEMBS.2011.6090055
https://doi.org/10.1007/s10396-014-0553-9
https://doi.org/10.1016/j.ultras.2015.04.014
https://doi.org/10.1109/TUFFC.2013.2595
https://doi.org/10.1109/TUFFC.2012.2343
https://doi.org/10.1088/0957-0233/26/9/095102
https://doi.org/10.1109/TMI.2005.854518
https://doi.org/10.1109/TMI.2006.882142
https://doi.org/10.1016/j.ultras.2011.02.001
https://doi.org/10.1016/j.ultras.2014.09.014
https://doi.org/10.1016/j.ultras.2012.03.011

o
Ly
48

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]

[49]

ology, Buenos Aires, 31 August-4 September 2010, 182-185. https://doi.org/10.1109/IEMBS.2010.5627918

Maccabi, A., Arshi, A., Garritano, J., et al. (2014) Ultrasound-Stimulated Vibro-Acoustography for High-Resolution
Differentiation Based on Viscoelastic Properties of Tissue Mimicking Phantoms. Studies in Health Technology and In-
formatics, 196, 262-264.

Konofagou, E.E., Thierman, J., Karjalainen, T., et al. (2002) the Temperature Dependence of Ultrasound-Stimulated
Acoustic Emission. Ultrasound in Medicine and Biology, 28, 331-338. https://doi.org/10.1016/S0301-5629(01)00525-7

Konofagou, E.E., Thierman, J., Hynynen, K., et al. (2003) The Use of Ultrasound-Stimulated Acoustic Emission in the
Monitoring of Modulus Changes with Temperature. Ultrasonics, 41, 337-345.
https://doi.org/10.1016/S0041-624X(03)00125-2

Chen, S., Aquino, W., Alizad, A., et al. (2010) Thermal Safety of Vibro-Acoustography Using a Confocal Transducer.
Ultrasound in Medicine and Biology, 36, 343-349. https://doi.org/10.1016/j.ultrasmedbio.2009.10.003

Hsiao, Y., Kuo, S., Tsai, H., et al. (2016) Clinical Application of High-Intensity Focused Ultrasound in Cancer Thera-
py. Journal of Cancer, 7, 225-231. https://doi.org/10.7150/jca.13906

Wang, Q., Guo, R., Rong, S., et al. (2013) Noninvasive Renal Sympathetic Denervation by Extracorporeal High-Intensity
Focused Ultrasound in a Pre-Clinical Canine Model. Journal of the American College of Cardiology, 61, 2185-2192.
https://doi.org/10.1016/j.jacc.2013.02.050

Davies, E.J., Bazerbashi, S., Asopa, S., et al. (2014) Long-Term Outcomes Following High Intensity Focused Ultra-
sound Ablation for Atrial Fibrillation. Journal of Cardiac Surgery, 29, 101-107. https://doi.org/10.1111/jocs.12234

Sugimoto, T., Ueha, S., Itoh, K., et al. (1990) Tissue Hardness Measurement Using the Radiation Force of Focused Ul-
trasound. IEEE Symposium on Ultrasonics, Honolulu, 4-7 December 1990, 1377-1380.
https://d0i.org/10.1109/ULTSYM.1990.171591

Landhuis, E. (2017) Ultrasound for the Brain. Nature, 551, 257-259. https://doi.org/10.1038/d41586-017-05479-7

DOI: 10.12677/acm.2024.142538 3874 e R 2= 273k e


https://doi.org/10.12677/acm.2024.142538
https://doi.org/10.1109/IEMBS.2010.5627918
https://doi.org/10.1016/S0301-5629(01)00525-7
https://doi.org/10.1016/S0041-624X(03)00125-2
https://doi.org/10.1016/j.ultrasmedbio.2009.10.003
https://doi.org/10.7150/jca.13906
https://doi.org/10.1016/j.jacc.2013.02.050
https://doi.org/10.1111/jocs.12234
https://doi.org/10.1109/ULTSYM.1990.171591
https://doi.org/10.1038/d41586-017-05479-7

	振动声成像技术的研究进展
	摘  要
	关键词
	Research Progress of Vibro-Acoustography Technology
	Abstract
	Keywords
	1. 引言
	2. 振动声成像在医学中的应用
	2.1. 心脏、血管系统
	2.2. 乳腺
	2.3. 甲状腺
	2.4. 前列腺
	2.5. 骨组织
	2.6. 微泡
	2.7. 其他应用

	3. 振动声技术的革新
	3.1. 换能器研究
	3.2. 成像研究
	3.3. 其他进展

	4. 振动声技术与温度
	5. 未来展望
	参考文献

