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Ultrassom

Som audivel

Ultrassom ~ kHz

mm Ultrassonografia diagnostica 1 a 15 MHz.




G @@j Impedancia aclstica (2)

O eco sO surge quando o feixe de ultrassom passa
por dois meios com diferentes impedancias.

mp Z - impedancia acustica

— mm p - densidade do meio
L = p.vV =

mwm V - velocidade do som
nesse meio




GliMUS

A ultra-sonografia, ou ecografia,
€ um método diagnostico que
aproveita o eco produzido
pelo som para ver em tempo
real as reflexdes produzidas
pelas estruturas e
orgaos do organismo

Aparelho de
ultra-som
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sdo interpretados
através de computacao
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GliMUS

Modo B - Transformada de Hilbert

400

200

Amplitude

-200

~400

400

200F

Amplitude

-200

-400

2 3
Depth {crn)

Imagem RF

Imagem Modo B

Histogram

3000

2500

2000+

1800

10001

S00F

3000

Pixel value

2500

2000

1500

1000

00

lgﬂ T T S —

100 200 300 400 500 500
Pixel value




G 7.0 Introducio - Elastografia

MUDANCAS DAS

CARACTERISTICAS
MECANICAS DE __ M PATOLOGIA

UM TECIDO

mm Tumores mamarios

« Benignos (fibroadenoma) == Rjgidos

« Malignos (carcinoma) 7 + Rigidos



Introducao - Elastografia

mm Elastografia por ultrassom;
« Perturbar o tecido mecanicamente;
« Investigar a resposta do tecido usando ultrassom.

mmw Dinamica;

« Exemplo: Sonoelastografia, Elastografia por forca de
radiagcao acustica.

mm Quasi-estatica;
« Mao Livre.




G {8 Motivacoes

J.Ophir,E.l.Cespedes,H.Ponnekanti,Y.Yazdi,andX.Li,
“Elastography: A method for imaging the elasticity in biological
tissues,” Ultrasond Imaging, vol. 13, pp. 111-134, 1991.

“O principal objetivo dessa modalidade de imagem é encontrar a
diferenca das propriedades mecanicas entre os tumores de
mama benignos e malignos e minimizar a realizacao de bidpsias

desnecessadrias.” (Jonathan Ophir)



Pavan TZ, Neves, LP, Carneiro AAO; Elastografia por ultra-som: uma nova
modalidade de imagem; Ciéncia Hoje; 2008.



Elastography

’

Before Compression After Compression
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Displacement - Elastogram
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Elastography

’

Before Compression After Compression




Black - Before deformation

Red - After deformation
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Generating the image
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G @ Strain Images

Elastic Modulus
Distribution Q

If p, >, Ifp, <p,

Elastogram or
Strain Imaging




What do we evaluate in elastography?

Stiffness 2 Young’s modulus - Slope of the stress strain curve

A A

Stress
Stiffness

Strain Applied strain

g _stress _o_ F/IA  FL
strain & AL/L, AAL

* E is the Young's modulus (modulus of elasticity)

* Fis the force applied to the object;
* A, is the original cross-sectional area through which the force is applied;

* AL is the amount by which the length of the object changes;

* L, is the original length of the object.
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G @ Transdutor com sensor de carga

GliMUS V
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Kiessel LM et al. IEEE International Ultrasonic Symposium, 2007



Breast Elastography

Transverse B-mode (left) and strain (right) images of invasive ductal carcinoma displayed
side by side. The lesion on the strain image is much larger than that on the B-mode image.

Burnside E S et al. Radiology 2007; 245:401-410
Radiology




Breast Elastography

0
GliMUS
174

a. b. C. d. e.

Figure1:  Images present general appearance of lesions for elasticity scores of (a) 1, (b) 2, (¢) 3, (d) 4, and
(e) 5. Black circle indicates outline of hypoechoic lesion (ie, border between lesion and surrounding breast
tissue) on B-mode images.

Itoh A et al. Radiology 2006; 239:341-350

Radiology




1 2 3 4 5

Figure 1:  Images present general appearance of lesions for elasticity scores of (a) 1, (b) 2, (¢) 3, (d) 4, and
(e) 5. Black circle indicates outline of hypoechoic lesion (ie, border between lesion and surrounding breast
tissue) on B-mode images.

Fibroadenoma with elasticity score of 2 in 39-year- Lobular carcinoma in situ with elasticity score of 3 in
old woman. 46-year-old woman.

Nonscirrhous type invasive ductal carcinoma with Scirrhous type invasive ductal carcinoma with elasticity
elasticity score of 4 in 29-year-old woman. score of 5 in 55-year-old woman.
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Itoh A et al. Radiology 2006; 239:341-350
Radiology




Linear vs. Nao-linear

A A
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Tissues

mm Biological tissues usually |- Clntutr
present nonlinear stress strain g, /==
behavior i,

mm Conventional elastography oo S B
does not take into account e —om o® ok 0

Nominal Strain

this fact

mm This approximation is fine for compressions
up to 5%

Wellman SA etal; Arch Surg; 2001



G @“‘j Elastograms

Fibroadenoma

m Linear
« Contrast would not change E

mm Nonlinear

« Contrast changes with
applied strain

Overall applied strain  —) ~2% ~12%

Hall TJ et al ; Ultrasonics Symposium; 2007 & Oberai AA et al ; Physics in Medicine and Biology; 2009




Breast elastography

Fibroadenoma

Burnside E S et al. Radiology 2007; 245:401-410



G @ Uso de phantoms

mmO uso de phantoms com inclusoes e
com boa estabilidade elastica € de
fundamental importancia para teste
de algoritmos, treinamento entre
outros.




Mechanical Test - ELF

06.26.2008

F*sin(ax)

-~ -
___________

Pavan TZ, Madsen EL, Frank GR, Carneiro AAO, Hall TJ; Nonlinear elastic behavior of phantom
materials for elastography; Physics in Medicine and Biology; 55(9); 2679; 2010.




Phantom study
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B-Mode Elastogram
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Pavan TZ, Madsen EL, Frank GR, Carneiro AAO, Jiang JF, Hall TJ; A Nonlinear elastography
phantom containing spherical inclusions; Physics in Medicine and Biology, 2012.
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Home » Software
MAIN MENU A : ; s

This is a repository for software packages that we have developed during the course of our research and are providing to the
Home community free of charge. If you need software support, please visit the software forums or contact the software developer
indicated for each package.

About Us

People

Facilities

Research FEBio is a software tool that uses the finite element method for solving nonlinear large

m
deformation problems in solid biomechanics. It is specifically aimed at solving problems in
the field of biomechanics, by providing appropriate modeling scenarios, constitutive

Research Grants

Publications 4
Soﬂwal'e FINITE ELEMINTS FOR PIONLDRANICS mode]s and bOUndar) Condmons'
. AR rdyge Ldld I
WinFiber3D
PreView iz a mesh editing tool that has been specifically designed to set up FE problems
MFM For Cell for EEBio. It allows the user to specify the boundary conditions and material properties in a
Biomechanics s user-friendly GUI. The FE mesh can be either created by PreView or imported from another
GAGSIm3D PI'EVI @ W  meshgenerator
WarpLab
Support * READ MORE...
Oppartunities
Mews
Login Postview is a finite element post-processarthat is designed to post-process the results
Contact us from EEBio. It offers the user a graphical user interface to visualize and analyze the FE
model. Several tools are available to assistthe userin this process, such as surface plots,

P o' s tv e w isosurface plots, vector plots, plane cuts and many other.

Finite Edement Pasl Precesning
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MARCELLO H. NOGUEIRA-BARBOSA, MD, PhD,' HELENA B. LUGAO, MD, PhD,2 EVERALDO GREGIO-JUNIOR, MD, PhD,’
MICHEL D. CREMA, MD,® MARIANA T.T. KOBAYASHI, MD,' MARCO A.C. FRADE, MD, PhD,2 THEO Z. PAVAN, PhD,* and
ANTONIO A.O0. CARNEIRO, PhD* Muscle and Nerve, 2017

( | ;j {A15% NERVE IN LEPROSY PATIENTS

GliMUS

Compare median nerve elasticity between leprosy patients (LPs) and healthy volunteers
(HVs) using ultrasound elastography (UE). Two radiologists independently measured the strain
ratio of the median nerve/flexor digitorum superficialis muscle (MN/FDSM) of 18 LP and 18 HV

using real-time freehand UE.
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FIGURE 1. Left image: elastographic strain image of the distal
forearm region showing the positioning of the ROIs used to
measure the MN/FDSM strain ratio. Right image: corresponding
B mode image.
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mm AVALIACAO DAS CARACTERISTICAS
BIOMECANICAS DE VISCOSIDADE E
ELASTICIDADE NO TECIDO AFETADO POR
LINFEDEMA DECORRENTE DO TRATAMENTO DO
CANCER DE MAMA

mm Dra. Carla Silva Perez

mm Qrientadora: Profa. Dra. Elaine Caldeira de
Oliveira Guirro

mm Coorientador: Prof. Dr. Antonio Adilton Oliveira
Carneiro



Linfedema

O Strain Ratio foi calculado fazendo a razao entre os valores alcancados para a
deformacdao média no gel em relacdao ao tecido de interesse. O mddulo de Young
do gel foi previamente caracterizado com ensaios mecanicos.
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Figura 9. Imagem ilustrativa da colocagio do pad e avaliagio para obten¢io das imagens de ultrassom.
Fonte: Arquivo Pessoal
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