BIOMEDICAL TECHNOLOGY AND MEDICAL INSTRUMENTATION

ULTRASONIC VISUALIZATION
OF VISCO-ELASTIC PROPERTIES
OF SOFT TISSUES FOR DIAGNOSIS OF PATHOLOGIES

Description

The improved method of visualization of soft tissues visco-
elasticity is based on ARFI (Acoustic Radiation Force
Imaging) and SWEI (Shear Wave Elasticity Imaging)
modalities. This method uses generation of local shear
deformation of soft tissues with ultrasound radiation force.
The proposed approach provides for diagnostics of neo-
plasms and other pathological conditions of soft tissues on
very early stages where standard methods of ultrasound
visualization do not work. Experimentally confirmed pos-
sibility of determination of pathologies less than 5 mm,
while standard methods determine only sizes of 15-20 mm.
Moreover, the proposed methods could be used for control
of destruction process of pathological tissues. This was
confirmed by studies of visco-elastic properties of soft tis-
sues. Both in phantoms and in samples of soft tissues (in
particular, samples of muscles and fragments of cow liver)
we've obtained the similar dependences of amplitude of
displacement growth at the increase of temperature. Thus,
it confirms that the control of amplitudes of displacement
of tissue with the help of Doppler method could be used for
the temperature control during destruction of pathological
tissues by powerful ultrasonic radiation.

Innovative Aspect and Main Advantages

—  unigue algorithm of calibration of ARFI and SWEI
methods for simultaneous estimation of visco-elastic
modulus of tissues;-

- noninvasive 2D visualization of elasticity and viscosi-
ty properties of soft tissues;-

— early diagnostics of malignant neoplasms and other
pathologies;:

—  real time noninvasive control of temperature de-struc-
tion margins of soft tissues pathological areas by pow-
erfull ultrasound;-

—  real time Doppler technology.

Areas of Application

Ultrasonic visualization of visco-elastic properties of soft

tissues could be used in medicine for health care

-~ Measurement of hardness and viscosity in local points
in human body during medical checkup (oncology,
different pathology);

-~ Measurement of fluids inclusion in human body;

—  Measurement of muscle strain during athletes training;

—  Noninvasive monitoring of process of ultrasonic ther-
mal tissue destruction in real time.
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Fig. 1. Visualization of model pathology with adding contrast mat-
ter Al,Oj (it is impossible to visualize such pathology without such

contrast matter by standard ultrasound visualization methods)

Fig. 2. Determination of the Fig. 3. Standard bell-shaped sig-
same pathology without any nal obtained from the homoge-
contrast matter by the method peous model medium

of acoustic remote palpation

(ARP). This pathology is regis-

tered by the skeqness of stan-

dardbell-shaped signal shown

on the Fig. 3

Stage of Development

SWEI system with ultrasound Doppler signal processing is
available for demonstration. This system is validated by
the use of phantom based on gelatine and muscle tissues.
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BIOMEAWNYHI TEXHOJ10ri, MEAUYHE OBJIAQHAHHSI TA IHCTPYMEHTU

METO/]I VJIBTPA3BYKOBOI BI3YAJII3AIIII
B'I3KOIIPYKHUX BJACTUBOCTEN M'IKUX TKAHUH
IIJISI JIATHOCTUKHU MMATOJIOTITYHUX YTBOPEHD

022150 nponosuuii

Byso po3pobseHo HOBUMII aKyCTHYHHI METOJ YJILTPa3By-
KOBOI MEIMYHOI iarHOCTHKH, 10 Ga3yeThes Ha Bizyalri-
3amii B'I3KO-IIPY/KHUX BIACTUBOCTEN GIONOrTYHUX TKAHIH
3a JIONOMOT0I0 3CyBHUX XBUJIb. [leit MeTos1 103BoJIsIE BCTaA-
HOBUTH TATOJIOTIYHUM CTaH M'SIKUX TKAaHUH HA PAHHIX CTa-
JTiSIX, 1110 HEMOJKJIMBO /IIarHOCTYBATH 32 IOTIOMOTOI0 3BUYali-
HUX MeTO/IB yJIBTPa3BYKOBOI Bisyasisarii. Excrepumen-
TAJIBHO MiJATBEP/KEHA MOKJIUBICTH BU3HAYEHHS IATOJIO-
rYHUX HOBOYTBOPEHDb MAJIMX PO3MipiB MEHIIIE 5 MM, B TOM
4ac K cTaHAapTHi MeToau Y 33-AiarHoCTUKY BU3HAYAIOTH
HOBOYTBOpeHHsT po3mipom ne mentr 15—-20 mm. Kpim Toro,
SWEI-Meron moske OyTH BUKOPUCTAHO JISI KOHTPOJIIO
rpoitecy pyiHarii nmarosorivyHux Tkanui. Jdx B panTomax,
Tak 1 B M'IKUX TKaHWHAX, 9K, HAITPUKJIA/, 3pa3Ku M'g3iB 1
(pparMeHTiB TEYiHKKM KOPOBH, OyJiM oTpuMaHi moxioHi 3a-
JIESKHOCTI POCTY aMILII TN 3MillleHHS TTPU 3POCTAHHI TeM-
nepatypu. Takum urHOM, 1€ MiJITBEPKYE, IO KOHTPOJb
AMILTTY/] 3MIIEHHSA TKAHUHU 32 IOIIOMOTOIO IOTILIIEPiBCh-
KOTO METOJy MOKE€ BHKOPHCTOBYBATHCS [IJIsi KOHTPOJIIO
TeMIlepaTypu IIpU pyHHaIlil MaToJIOriYHIX TKaHUH.

Innosauivinuii acnexm ma ocnoeni nepegazu

—  yHikanpHuil anropurm KaniGpysBanus ARFI i SWEI
METO/IiB JIJISI OJTHOYACHOI OIIHKU B'A3KO-TIPY’KHUX MO-
JIyJIiB TKaHWH;

—  HepyliHiBHa 2-BUMipHa Bi3yasi3allisi NpYKHUX Ta
B'SI3KHX BJIACTUBOCTEHN M'SIKMX TKAHUH;

—  paHHA JiarHOCTHKA 3JI0AKICHMX HOBOYTBOPEHD Ta iH-
IIUX IAaTOJIOTII;

—  HepyHHIBHUII KOHTPOJIb MeK TeIJIOBOI pyHHaIli ma-
TOJIOTIYHUX JIJISTHOK M'SIKUX TKQaHWH TOTY>KHUM YJIb-
TPa3BYKOM Y PeKMMi PeaslbHOTO Yacys;

—  JIoNIIepiBChbKa TEXHOJIOTIS B PEsKUMI PeasbHOTO vacy.

Tanysi 3acmocyeanns

YnprpasBykoBa Bisyasisaliis B'sI3KO-TIPY>KHUX BJIACTHBOCTeEH

M'SIKMX TKAaHUH MOKe BUKOPHUCTOBYBATHCS B MEUITIHI JIJIST:

—  BuwmipoBanHS IPY’KHOCTI Ta B'SI3KOCTI Y JIOKQJIbHUX
TOYKAX Tijla Ml Yac MeAMYHOTO OTJSAAY (OHKOJIOTIH,
pi3Hi maToJIorii).

—  BuwmiproBaHHSI pIAMHHUX BKJIIOYEHb Y JIOJICBKOMY
TLJT.

—  BuwmiproBanHa M'S130B0i HATIPYTH TIi/] Yac TPEHYBaHHS
aTJIeTiB.

—  KoHTpoJoBaHHS IIPoIeCy TeTIOBOI pyHHAII] TKaHH
YJABTPA3BYKOM y PEKUMI PeasbHOTo 4acy.

HAYKA TA THHOBAIIIL. Ne 4, 2006

Puc. 1. Bigyai3aiiisi MO/IeIbHOTO HOBOYTBOPEHHS 3 10/IaBaHHAM
KoHTpacTHOi peyosunu Al,O5 (6e3 JoaaBaHHs KOHTPACTHOI pevo-

BHHHU TaKe BKJIIOYECHHS HE I[iaI'HOCTyCTI)CSI CTaHJapTHUM MeTOII,OM)

s k0
‘a, o

Mau. 2. BusnaueHns Toro k Puc. 3. CrampapTHuii CHrHAIX
HOBOYTBOPEHHSI 6€3 KOHTPACT- oHOPiAHOTO (paHTOMY

HOI PEYOBHUHHM METOJIOM BipTy-

aJBHOTO Majblio (1€ BUAHO 3

aCHMeTpH‘IHOCTi CTaHZIapTHOFO

KOJIONOAIGHOTO CUTHAILY, SIKHiX

NPO/IEMOHCTPOBAHO Ha PUC. 3)

Cmadis po3pooxu

[locrynua nemonctpartisi SWEI-cucremu 3 yisrpa3BykoBUM
JIOTITIJIEPIBCOKUM  IMITYJIbCHUM JIETEKTYBAHHAM 3CYBHUX
xBuiIb. Cucrema nepesipeHa 3 BUKOPUCTAHHSAM (haHTOMIB
Ha OCHOBI JKEJIATHHY Ta M'30BUX TKaHHH.
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