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Fig. 1 Schematic diagram of Rayleigh wave energy distribution at different wavelengths in layered media
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Fig. 2 Schematic diagram of a Rayleigh wave OCE system
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Fig. 3 Structural image of a cross section of a

double-layer phantom made of silica gel
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Fig. 4 (a) Stress-strain curve of the upper layer phantom from tensile test;
(b) Stress-strain curve of the lower layer phantom from tensile test
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4 Fiefngsit

AR S b B R AR 53 )2 A0 B o A% 1 i ASRICRE M L 455 B R I A% B R EE 5 A B sRE  OC R L X RUZ R
YA B RS 2 S A AT T, RIEE A TG UE OCE I 52 45 5 (0 dE A o4 B 11 1 AH B B 2 0 i
BRSSP SCEe S5 OCE SE5e I & 45 R an 3% 1 Frzs , A& B0 32 56 0 i &5 SRl 22 88/ . )2 OCE 32
gk W SRS A R ZE N 1.55% . FJZ OCE SR 45 R 5 hi a5 R m &N 3. 71% ., LK
g5 S 55 PR I — B0, R AR 23 A R R 2 A2 TR )2 A BT SR A R T T A o A ) A R R A7 b
JEA B B 52 . OCE 28045 5 i 50 95 45 5 R 47 1Y — Bob: 38 W 5L T B A1l B AR OCE A] AR
R — S AR i b AR AR R AR W A U AR )2 R B PR RE L AR TP S8 Bl Y B K IR IR 24
2pm, JIT LK T A2 W) 2 2R 25 38 W IR L Sy i T 2R BE 2 B A3t 1 RT BB ) T AR A SR AT B TR B B L R
H B Kz ks 5012 W IR T .

F 1 OCE B fly b A ) 45 4 A R A5 1 25

Tab.1 The Young's modulus measured by OCE and uniaxial tension

AAL iR OCE M3 B4 IR /kPa BB 45 (9 1 R &/ Kk Pa

Tz 295.0940. 08 299. 65

Tz 144.19-+0. 11 138. 83

2 LI 3T 5 A BB OCE $R Dy B0 A5 3 50 A 5 41 2005 0 55 B2 43t 17 767 B0 A A0 1) 37 O
o FUHA S5 05 T LA LA w8 Ay 2 A6 5 JL INF 1) 1A X AR 249 J5 A 9 1 40005 PR 47 Jmy B i k. AR
7 AU 0 B T AE A B s 9 S

S & Uk

[1] Cowin S C, Doty S B. Tissue mechanics| M]. New York: Springer, 2007.

[ 2] Mitrofanova S I, Belaya E V. Sapuntsov L E, et al. Possibility of using “elastography” to investigate the
rheological properties of human soft tissues in normal and certain pathological states[ J]. Mechanics of Composite
Materials, 1980, 15(4):482—484.

[ 3] Ponnekanti H, Ophir J, Huang Y, et al. Fundamental mechanical limitations on the visualization of elasticity
contrast in elastography[J]. Ultrasound in Medicine &. Biology, 1995, 21(4):533—543.

[ 4] Righetti R, OphirJ, Ktonas P. Axial resolution in elastography[J]. Ultrasound in Medicine & Biology. 2002, 28
(1):101—113.



551 A LA BT I 2 A T B2 A A A 38 5T AR 2R 4 R R R 39
[ 5] Thitaikumar A, Righetti R, Krouskop T A, et al. Resolution of axial shear strain elastography[J]. Physics in

[6]

L7]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Medicine &. Biology. 2006, 51(20):5245—5257

Braun J, Guo J, Liitzkendorf R, et al. High-resolution mechanical imaging of the human brain by three-
dimensional multifrequency magnetic resonance elastography at 7T[J]. Neuroimage, 2014, 90(8):308—314.
Mcgarry M D, Johnson C L., Sutton B P. et al. Suitability of poroelastic and viscoelastic mechanical models for
high and low frequency MR elastography[J]. Medical Physics, 2015, 42(2) ;947 —957.

Schmitt ] M. OCT elastography: imaging microscopic deformation and strain of tissue[ J]. Optics Express, 1998,
3(6):199—211.

Liang X, Orescanin M, Toohey K S, et al. Acoustomotive optical coherence elastography for measuring material
mechanical propertiesJ]. Optics Letters, 2009, 34(19):2894—2896.

Greenleaf ] F, Fatemi M, Insana M. Selected methods for imaging elastic properties of biological tissues[ J].
Annual Review of Biomedical Engineering, 2003, 5(5) :57—78.

Fujimoto ] G, Brezinski M E, Tearney G J, et al. Optical biopsy and imaging using optical coherence tomography
[J]. Nature Medicine, 1995, 1(9):970—972.

Li J, Wang S. Manapuram R K. et al. Dynamic optical coherence tomography measurements of elastic wave
propagation in tissue-mimicking phantoms and mouse cornea in vivo[ J]. Journal of Biomedical Optics, 2013, 18
(12):121503.

Razani M, Luk T W H, Mariampillai A, et al. Optical coherence tomography detection of shear wave propagation
in inhomogeneous tissue equivalent phantoms and ex-vivo carotid artery samples[J]. Biomedical Optics Express.,
2014, 5(3):895—906.

Li C, Huang Z, Wang R K. Elastic properties of soft tissue-mimicking phantoms assessed by combined use of
laser ultrasonics and low coherence interferometry[ J]. Optics Express, 2011, 19(11):10153—10163.

X1 Ao, BRANAR, 2T AL BB X X R R R A S I B A [T ] SEER I %, 2009, 24(1) 13— 20
(DENG Xiangyun. XU Songlin. LI Guangchang. et al. Experimental study of defect effect on sonic velocity in
basalt[J]. Journal of Experimental Mechanics, 2009, 24(1):13—20 (in Chinese))

Schneider D, Schultrich B, Scheibe H J, et al. A laser-acoustic method for testing and classifying hard surface
layers[ J]. Thin Solid Films, 1998, 332(1-2):157—163.

SRR BRMG, ERFAAR, S ST VE TR KPR D AT G R RE P B SRR B B A (T, S28R %, 2017, 32(1):
17— 26 (ZHOU Weida, ZHANG Ming, XU Songlin, et al. Analysis of elastic wave velocity in steel fiber
reinforced cement mortar composite subjected to external compression loading [J]. Journal of Experimental
Mechanics, 1998, 332(1-2):157—163 (in Chinese))

Pierce S G, Philp W R, Lecuyer F, et al. Broadband Lamb wave measurements in aluminium and carbon/glass
fibre reinforced composite materials using non-contacting laser generation and detection[ J]. Ultrasonics, 1997, 35
(2):105—114.

AR, H TR AR IM]. RN T AL, 1993 (YANG Chenglin. Rayleigh wave exploration[ M]. Wuhan:
Geological Publishing House, 1993 (in Chinese))

LA A, FABENE R #E D] AR E K2, 2009 (KONG Lingzhao. Rayleigh wave method test
soil shear wave velocity[ D]. Shandong: Yantai University, 2009 (in Chinese))



40 OB N (2020 4F) 45 35 45

3

Heterogeneity biological tissue elastic measurement base on
Rayleigh wave optical coherence tomography

ZHENG Jia-xing"?, WANG Dan-feng'*, CHEN Jin-long"?, SUN Cui-ru'*
(1. Department of Mechanics, College of Mechanical Engineering, Tianjin University, Tianjin 300350, China;
2. Tianjin Key Laboratory of Modern Engineering Mechanics, Tianjin 300350, China)

Abstract: Biological tissue elasticity can provide important information for the study of
pathophysiology,the diagnosis and treatment of diseases. However, the quantitative characterization
of the elastic modulus of the components of a complex structure is scarce currently. Based on Rayleigh
wave loading and optical coherence tomography (OCT), we have quantitatively studied the elastic
properties of heterogeneous biological tissues. An experimental and phase analysis method for
detecting the propagation velocity of Rayleigh wave by OCT is proposed, and the elastic modulus of
the measured object is obtained by the relationship between the velocity of Rayleigh wave propagation
and the elasticity of the medium. Combining the dispersion characteristics of Rayleigh waves
propagating in layered media, the elasticity of different layers of the layered phantom was tested. The
elastic modulus of the measured components was compared with the tensile test results of each
component. The results of the two tests are in good agreement, which proves the feasibility of
quantitative measurement of the elasticity of layered biological tissues based on Rayleigh wave and
OCT. The Rayleigh wave OCT elastic testing technology proposed in this study provides a simple and
effective method for the quantitative characterization of nonhomogeneous biological tissues, and has
the potential to be applied to in vivo skin elasticity testing.

Keywords: Optical coherence tomography (OCT); Rayleigh wave; elastic modulus; phase analysis



