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2 Stiffness

3 Elasticity

4 Stromal tissue distribution
5 Connective elements

6 Pathological assessment

7 Histological analysis
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7 Hooke's law

8 Homogeneous
9 Isotropic

10 Surface forces
11 Body forces
12 Normal vector
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1 Noninvasive

2 Ultrasound Imaging

3 Magnetic Resonance Imaging
4 Coherent light techniques

5 Elastography

6 Optical elastography
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® Modulus tensor

7 Lame's constants
® Rigidity

® Shear modulus

10 Bulk modulus

1 poisson's ratio
2young's modulus
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! Stress tensor

2 Strain tensor

® Incompressible

* Constitutive equation
® Viscoelastic
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9 Heterogeneous
10 Standing wave
11 Jonathan Ophir
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1 Relative tissue displacement
2 Mechanical strain

3 Gradient

4 Spatial rate of change

5 Elastogram

6 Frame

7 Interframe interval

8 Decorrelation
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Pre-compression RF line

Post-compression RF line

Strain=del(t)/ (T)
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3 Lateral motion
4 Laser speckle methods
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1 Radio-Frequency
2 Cross-correlation
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4 Psoriasis

5 Icthyosis

6 Collagen



cee b slau 3,8 9 (Slae gy

Pl LLi)) 69 wgten (ST 905 p (e (ST N ST
o ) e L a8 (ol o ol slacdl (Sl
GelST JL3 5o Coogas ol ail e sl 035 (b (il
2 Jsmeme j3b a) a il s e o sl (s So3lul & s
LS Codgazme ol g ol oual s an f(hoden =) 0gae
9 Wl I Ly (ST 9oV S5 50 sl 5 005 S5l e
S, 0929 (smwnboline wyois
(Sl el Joe plamil Jobo )3 oy 5 S slaosys SSE
= Sl S LSl (05 pgal (yg SIS (5510 05
o gy gl 05 50 g9 Sl 5l (AU (rnb el D pss
095 pyat 5 o5 o8l plll Gles o dinen w8l S
3 detzme (Gl sloo )5 (5 Sl 4t (esrans la)liSle
(g i Slalllas wodle 4wl 5588 (SIS gVl S
b 5 s glaiisly KSE 55 S5 ol bl i)l pskate
S 39 .0,8 D 50 Sl i 5 LT 50,5 )5 s
me Sgy b e o5 ol s S ol 5l Jetme gloo )8
4 .Sl (559,50 (ENDOSCOPE) (r yg,0 olKiws 5l ooliiwl carsl,
pY 0l S5 (elas )5 b ST ol il )55l jslate 0 wogdle
2 oad JyS (Sl oyl Jloel jslane a4 vz laty; ool
00 zykae 0,15 18y (59,0 olRiwd Sy 0 5590 slel o 45T 8L

Dl andg g

Hall T.J. Beyond the Basics: Elasticity Imaging with
US. J. RadioGraphics 2003; 23::1657-71.

Martin M.L, Gerling G.J, Childress' R.M. Physical
Simulators for Training Clinical Palpation Skills 2006,
unpublished.

Ophir J, Alam'S:K, Garra B.S, Kallel F, Konofagou E.E,
Krouskop T, Merritt ‘R:B, Righetti R, Souchon R,
Srinivasan S, Varghese T. Elastography: Imaging the
Elastic Properties of Soft Tissues with Ultrasound.
Review Article, J. Med Ultrasonics 2002; 29: 155-71.

Oida T, Amano A, Matsuda T. Magnetic Resonance
Elastography: In-vivo Measurements of Elasticity for
Human Tissue. ICKS: Proc. IEEE Intl. Conf. on
Informatics Research for Development of Knowledge
Society Infrastructure, 2004.

Samani A, Zubovits J, Plewes D. Elastic Moduli of
Normal and Pathological Human Breast Tissues: An
Inversion-Technique-Based  Investigation of 169
Samples. J. Phys. Med. Biol 2007; 52: 1565-76.

Krouskop T.A, Wheeler T.M, Kallel F, Garra B.S, Hall
T. Elastic Moduli of Breast and Prostate Tissues under
Compression. J. Ultrasonic Imaging 1998; 20: 260-74.

Konofagou E.E, Ophir J, Krouskop T.A, Garra B.S.

V4

¥ ¥ o lah B 0,99« oSclijy 53l doliliad

59y 9 0 (PP g i Sl ey g S izl piga
)| tS__i‘ 2 )‘ oola_ul >y é‘;w}” &...S.u ».\AQ..-."-,’.Q ).QUO
dw 4 8L 0 0uls dboul SIS o (6 S oslail jo eals S Gl SuSS
i (ST eV (Y) (gl 2l 8IS g Y (V) SasS
2liss 6398 (SIS gVl S5 (B yne
Ol e 4 job a4 llde ol jo ol &) Sleusgs 4y 4z
egded slo g b 5l 45 wisb o (Interferometric) mew Jslu
yo-late 4 (Broadband) s ,n S wib sligs b 5,95 olio 51 S>g8
‘\.\_AAJ[.";A aL\) u1 S 9 ‘Sf..\.._ﬂ).: as Ls!a.:.’;m 5o d,..e.: ($)97 oo
s 50 S5 b o Ulgs o aJgl lalllas oS o ool
\EA R SRR PV GO ECE CHN S WPp-X\ W ) B v L=
DBl e 005808 5y a5 5l AT Hlacdl mhw y) 0 (6 ends
mer ST ol leslaul b sas o plis oy Sladlas sl <Y
S0 o 10 S iz dgan j0 S sS Ab slo oluls lgs
oslaiwl b as’ olml> JBlas g0l fuosd o8 (SaSTy 5l om0 sl
S aialy jlas o S JBlas @05 s (lgt oo SST ol 5l
gt L gl il la Joe 3l oslaiwl b olgi oo a5 sl oloul>
sola ol U sleo IS 5o Jslote jsb 4 a5 (V- MHZ) 15 3
)| oolal la U‘ytf" aS Cel @L’ub JB‘..\} )‘ ).».45 )La.u-o.’ 9 o.\)j.u)sc
Sl gl g0l 5l eogad g pSoslul punbloe wais g)ls, peas

&sl&c

Elastography: from Theory to Clinical Applications.
Florida Summer Bioengineering Conf 2003; 367-8.

Kruse S.A, Smith J.A, Lawrence A.J, Dresner M.A,
Manduca A, Greenleaf J.F, Ehman R.L. Tissue
Characterization using Magnetic Resonance
Elastography: Preliminary Results. J. Phys. Med. Biol
2000; 45: 1579-90.

Ehman R.L. Magnetic Resonance Elastography: An
Emerging Tool for Cellular Mechano-biology. Mayo
Clinic Publication, 2008.

Khalil A.S, Chan R.C, Chau A.H, Bouma B.E,
Kaazempur-Mofrad M.R. Tissue Elasticity Estimation
with  Optical Coherence Elastography: Toward
Mechanical Characterization of In-Vivo Soft Tissue. J.
Annals of Biomedical Engineering 2005; 33(11): 1631-
9.

Chan R.C, Chau A.H, Karl W.C, Nadkarni S, Khalil
A.S, Iftimia N, Shishkov M, Tearney G.J, Kaazempur-
Mofrad M.R, Bouma B.E. OCT-Based Arterial
Elastography: Robust Estimation Exploiting Tissue
Biomechanics. J. Optics Express 2004; 12(19): 4558-72.

Kirkpatrick S.J, Wang R.K, Duncan D.D. OCT-Based
Elastography for Large and Small Deformations. J.
Optics Express 2006; 14(24): 11585-97.

10-

11-

12-



15-

17-

18-

20-

21-

22-

23-

24-

Insana M.F, Pellot-Barakat C, Sridhar M, Lindfors K.K.
Viscoelastic Imaging of Breast Tumor
Microenvironment with Ultrasound. J. Mammary Gland
Biology and Neoplasia 2004; 9(4): 393-404.

Nagarkal V.K. A Numerical Study of Finite Element
Calculations for Incompressible Materials under
Applied Boundary Displacements. M.Sc. Dissertation,
Dept. Mechanical Engineering,  University of
Saskatchewan, Canada, 2006.

Chanorasekhar R, Ophir J, Krouskop T, Ophir K.
Elastographic Image Quality vs. Tissue Motion in Vivo.
J. Ultrasound in Med. Biol 2006; 32(6): 847-55.

Ophir J, Garra B, Kallel F, Konofagou E, Krouskop T,
Righetti R, Varghese T. Elasto-graphic imaging. J.
Ultrasound Med. Biol 2000; 26(1): S23-9.

Kallel F, Bertrand M, Ophir J. Fundamental Limitations
on the Contrast-Transfer Efficiency in Elastography: an
Analytic Study. J. Ultrasound in Med & Biol 1996;
22(4): 463-70.

Kirkpatrick S.J. Optical Elastography. Oregon Health
Sciences University Publication, 2000.

Schmitt J.M. OCT Elastography: Imaging Microscopic
Deformation and Strain of Tissue. J. Optics Express
1998; 3(6): 199-211.

Liang X, Oldenburg A.L, Crecea V, Chaney E.J,
Boppart S.A. Optical Microscale Mapp-ing of Dynamic
Biomechanical Tissue Properties. J. Optics Express
2008; 16(15): 11052-65.

Liang X, Oldenburg A.L, Crecea V, Sureshkumar K,
Insana M.F, Boppart S.A. Modeling and Measurement
of Tissue Elastic Moduli using ‘Optical Coherence
Elastography. Proc of SPIE 2008; 6858: 6858031-8.

Bilgen M, Insana M.F. Elastostatics of a Spherical
Inclusion in Homogeneous Biological Media. J. Phys.
Med. Biol 1998; 43: 1-20.

Rogowska J, Patel N, Plummer <S, Brezinski M.E.
Quantitative ~ Optical®. Coherence ~ Tomo-graphic
Elastography:  Method for — Assessing  Arterial
Mechanical Properties. British J. Radiology 2006; 79:
707-11.

Ko H.J, Tan W, Stack R, Boppart S.A. Optical
Coherence Elastography of Engineered and Developing
Tissue. J. Tissue Engineering 2006; 12(1): 63-70.

26-

27-

28-

29-

30-

31-

B 2ol e S0 9 59 i 0alh Gage pa e

Cheng G.C, Loree H.M, Kamm R.D, Fishbein M.C, Lee
R.T. Distribution of Circum-ferential Stress in ruptured
and Stable Atherosclerotic Lesions: A Structural
Analysis  with  Histo-pathological Correlation. J.
Circulation 1993; 87(4): 1179-87.

Lee R.T, Yamamoto C, Feng Y, Potter-Perigo S, Briggs
W.H, Landschulz K.T, Turi T.G, Thompson J.F, Libby
P, Wight T.N. Mechanical Strain Induces Specific
Changes in the Synthesis and Organization of
Proteoglycans by Vascular Smooth Muscle Cells. J.
Biol. Chem 2001; 276: 13847-51.

Kaazempur-Mofrad M.R, Younis H.F, Patel S, lIsasi
A.G, Chan R.C, Hinton D.P, Lee R.T, Kamm R.D.
Cyclic Strain-in. Human Carotid Bifurcation and its
Potential Correlation. to Atherogenesis: Idealized and
Anatomically-Realistic  Models. J.  Engineering
Mathematics 2003; 47(3-4): 299-314.

Lee R.T, Schoen F.J, Loree H.M, Lark M.W, Libby P.
Circumferential Stress and Matrix Mettalloproteinase 1
in Human Coronary Atherosclerosis: Implications for
Plaque Rupture. J. Arterioscler. Thromb. Vasc. Biol
1996; 16: 1070-3.

De Korte C.L, Van Der Steen A.F.W, Cespedes E.I,
Pasterkamp G, Carlier S.G, Mastik F, Schoneveld A.H,
Serruys P.W, Bom N. Characterization of Plaque
Components and Vulnerability with Intravascular
Ultrasound Elastography. J. Phys. Med. Biol 2000; 45:
1465-75.

Doyley M.M, Mastik F, De Korte C.L, Carlier S.G,
Cespedes E.I, Serruys P.W, Bom N, Van Der Steen
A.F.W. Advancing Intravascular Ultrasonic Palpation:
Towards Clinical Applications. J. Ultrasound in Med.
Biol 2001; 27(11): 1471-80.

Schaar J.A, De Korte C.L, Mastik F, Strijder C,
Pasterkamp G, Boersma E, Serruys P.W, Van Der Steen
A.F.W. Characterizing Vulnerable Plaque Features with
Intravascular Elastography. J. Circulation 2003; 108: 1-
6.

Boppart S.A, Vinegoni C, Tan W, Luo W, Ralston T.S,
Marks D.L. Advances in Optical Imaging of Dynamic
Three-Dimensional Engineered Tissues. Optical Society
of America Publication, 2006.



