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Soft Tissue Elasticity Measurement: Techniques, Instrument and
Applications
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Abstract: Clinically it is generally known that palpation can be used to detect the existence of hard
lesion in soft tissues for a first—step diagnosis, such as the detection of breast cancer. However, palpation
can only give qualitative results, which quite depend on the experience of the operator and suffer from
diagnosis subjectivity. To address this problem, more quantitative and objective tools, i.e. elasticity
imaging and elasticity measurement techniques have been developed. These two techniques have their own
characteristics: elasticity imaging normally gives information related to the contrast of elasticity while no
intrinsic properties are provided for the detected tissue; in conirast, elasticity measurement gives an absolute
value for the intrinsic elastic properties of the tissue, such as Young's modulus, which will be helpful for
the diagnosis of diffused diseases such as liver fibrosis and their longitudinal follow—up. Furthermore, the
obtained results do not or less depend on the instrument used. Consequently, with the broad applications
of various medical imaging modalities, such as ultrasound, magnetic resonance imaging (MRI) and optical
imaging techniques, the field of elasticity measurement is developing fast in the last two to three decades,
generating a large number of new techniques and instrument, among which some clinical trials are ongoing.
It is expected that with the further development of the currently existing techniques and the emergence
of new methods, the elasticity measurement will be more widely tested and applied to clinical fields. The
elasticity measurement can be used to complement the currently imperfect diagnosis of some diseases or to
evaluate the effectiveness of the treatment strategies. In this review, we will firstly introduce the traditional
and recently developed tissue elasticity measurement techniques and then their applications for the
diagnosis of diseases and evaluation of therapy are overviewed. Finally some future research directions and
perspective of this field are presented. For some relatively matured techniques, we will introduce them in
more details in coming issues of this journal.

Key words: Elasticity; elasticity measurement; elasticity imaging; elastography; Young's modulus; viscosity;

mechanical test; indentation; ultrasound; shear wave; propagation speed
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A DVRFAGE S R0 KN A TP e AR R 402, wlia
PGS LRI TR AR D34, siMml 4 A ik nT L
S b, e A S AR R R U R s
AR 12 30 T R

LRI i AR 2, PR 2t T4 M )
FbP R, B IR ATEVA R4S (compression ), EfJ R
(indentation ) F7 A1 ( tension ) HTH( torsion ) FIHLE ( bending )
W ey s, i — e, W LMRES 5 e
FIAEYIHA B, FSRAFEAAE )20 LB L1 ) Rk
Ao BT B HIN 0 R Y 06 F R AR I A A 2
B i LIS, SR vT LG A R O kS . i
TERAE FAT T2 0 B — A 5] 5 2 A0 FH 3 0 3pt 1 % 4 ik
JFER AR I LA B DA, PR B8 AT LAAIE B B U138
F1 47 8L 2 B 210 280 14 B DDA ik 2 B2 A 06 1, T AR
XA K Z AR BB A P SR (EARE B R
PSR I i Fm,  RA A R AR R S 2R I A A
SURRAPE B AORE PE | S5 4 45 1) S 1k B 4 RS 289 5 1 1 A7
TE, X e 1G5 e fl . —SEA B R T LA S
o PSR AR LR, I RES SRR BN 2 ( pre—
strain ) IR/ 0 RO A A U AR AEAE T
Ry 1 AR R e AL IR W (hysteresis ) - H B RE &= #E
HL (energy dissipation ) PYBRGE " Az 441 SUMA 25 H 3R
TiE N ( preconditioning ) W ST AR E L T N R8RS (creep )
FIRAEA ARG LT I SR8 (stress relaxation ) "V (P ;
AL S S RO 2 B A It S5l o A 3 Py A AT i 2 1
IR LR I R B — D — IARE, HEF e
REZA W OB R S, T ARt B 2wl K i F e 0
AL S W T ARESE . ST B Z MRS, B
IR DERZEARR PR A L FAE— DR 2
BIWTER, B THLSUREN AR 2, AT AEAR
B AT BEA AN B A TR AT . A ST 4 1 2
WN -« B A R Y i, AR R T A )
Tk FATE RN AR TG (in vivo ) ZHZIN & 7575,
IRJE A A iX BE Ay Y b & R R A R vk, i
FBEAEARAR (MRI) #9520 R R sl & 7 vk A
) —SE{URR RS, e FA] a7 A G S0 o 3 2 14
. 55 FATZ SR IA 1 — L a) BT 845, JF HXT
IR AK AT Jy 1) Tl i S/ E— i

2 AL RPN B IR S

FRATTTE X HL G 26— TR sk o i i v
e, ) AR S Rk (vismelasticity) SR
M, FlhnAg A ( Young's modulus ). BYHI#HE ( Shear
modulus ). JAMA L ( Poisson's ratio ) FIBER ( permeability )

o WURASERRIUENT, A ORI B AR A PRI R 2
£, Pl R (BE) S B UIEE (p ). R
Bkt B m e, 82 /NEASS By sk Iy
PET AR AT B S HBORFRAE ' - A% FOBTEL E RO
v TERXFMESLT, #I0E E MEUIeE w ZEHEDT
ez

E=2u(1+v) (1)
AR SRS I 15 1543 S RN I R . B
SARAR L SR X, GIAnTORLN /0 AR A
IRt , BB AMZWR Ik, SRR R 2
FBERAFHL SR, BIANESE . B AR
AT B) 3 00 7 D) = A0 45 5 1 A D3 ) R (inversion
problem ) , B I R HE B PEA OCHY L B3, N
LTI 49 8 AR i R A SR AR A B 1) /R B A
PO BSR4
2.1 EENEE
211 FRAFFHL AR

Hh S (uniaxial compression ) TR I 2 A b A
1 5 fRT BRI vk o DU 7 2 ME A — HURAR FL BRI
A, SR TR M SR R AR 1S Y A T
¥ R A BRAEAS R T T ARUAR ] 5 R R et B, SR [
TEMAS AT R S, &% T LAARAS S 00 2 v
JIFIEAE A ] 1) A8 AR o 2 i O U R
FAFETER, ATLAAR R R S i R, 2R [R]
FRI e 2 2R AR Ak, EET AT AR IR B P AR
HEAT 46 00314 B A B R S Dl N e AR IR A AR =2 (1] g
7, BIUNE TR, DR A R O 2 5 e 4 e v
Bt P AR BR T aE T Al SZ B4R (unconfined
compression ) F&, TECE A2 i HH A AL Z 1 59 4
— PSR R Z BR R 4A (confined compression ), JH2k
S B ARBL R (aggregate modulus ) Hyo 32 3] B
BB, BURBR BRI HL T ARG AL by FR B ™Y, R
SR AR Ty MR o, AR I S Sk M A TR I fy
FEAS, RECREA AU T T IEA I SE B A A 2L, BT LA
O AN TG AR AU I i, AR, R —Rhdd
UM B PR E T 1, B RRS RS S s A 2 L AE
BPESEL, P LGE T RR O A S AR R R, W]
DU TR LA R

TN, AERIARAE S AR AR I I 5 1), R
LRI (shear ) MR P, 12005 75T DA NS 41211
B YL (shear modulus ), 7E3ESEZH S UnAgr I T 5
g R Y BRI AR F AR 57 A —Fh S Bl e
Frfp Ctension ) M. A AR ) BE L6 20 2S5 By XY Hp i 2o For fif
YERIZERL A C Y 5 Dhag, BIanIU By 55, B LART
DS EuE DAL RN AL by i 31w | VAR g e D
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HRABIE IH T 3k A2 BR AT SR AR AN 1] 28 W B R AL BN
IR AT HEEAVEY: ¥ 10/ DN I TS I <10 i B
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AR 25 m, T - MEIE R TR AMEY I
AN AT L o) — S T A 2y (AR A e I 2 2 Rl L R
o Bl L LR A (Quasi-linear viscoelasticity,
QLV) 684, 0] DURIGH LU — R IR SRS B i w) i
B, ARLRPERIE T, A A A A Rk
210 —AH (biphasic ) G045 [ 25 i 45 #4) FIBES (14 20 Jfd 8]
W, A AFATIETT LA o B A8 i A 1] A SR A 21
LN =AARMESEL: BEIAERH,, IO v AR Bk, B
PRIFEEAT LS 25 A0 G SCHR™ . R T R e R, Bl
WA LAES A BRIT (finite element method, FEM ) #££7
I3HT . R JE P SE IR A ) ) R AL 9 5 AR i kAT H 412
AR I AR fy st S EUE Y, MR A (2) BRI A
AR -T2 8, IRUAT A (1) Bk CH s
PN ZE Hrh—AS, FEIAAR T v, T AR R
AN TTEAAT o T A B 15 AT LU B i R
B AR AT FOA R AT L™

BV S50 2 2 R B N TS R A 2 L. B
AT LAFERSRA L F, v IR S5 e . e
FARMIME SE I EF AR T HAMA AR o HE
B[V Sk R e e A /2 /0N, BRI AT LS, FHAE TR 73 R
HARBPEN R o 25 22— DN BRI G
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R TR PP ENR AP EN R AT R BN R R S, Il S e
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RO LIEAR, 0 LA 5 /NP A B oy 8 DX Sl 1k
TERYASAL, L6 AR WA RL RN A Py 20 2000 ity TR LA T I ) 1
JHRTS Y FUHIE T B3%E (atomic force microscopy ) 1Y
B[R S B0 FT LA FH ST 2 240 g s v 125,
2.1.3 W A

W A (aspiration or suction ) a2 F— & B 71T
W 3 — 343 A UK I AT I A 9 RO AL A Sk R A 1)
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AU RIS BRI T, AT DR — L A A A
A, SRAFFTNH U 12280 BIanfE R Ik b, IR A
M LUR BRI —F 58, I BRI B KR4S 1l [k 3 57 0 A
FTHIE, Diridollou 5538 2 W A 256 7T DLIAS: B2 ik (9 4% 1K
BRI K ST (tensile stress ) ™0 249K, 7EWE A 25624
AT AR A R AR T A ) s A TR
(OCT) ik "l migm A1 5 e, SRIG1EA BRIC i ik
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JE LU ST R AR i AT A LS A
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HEL T A INERA L T B A ( micropipette
aspiration ), Z5 ] LU 40 g s
2.1.4 TSNS A

R A T LA (viscosity ), 72 it 5l R 54 555
AN — A, DU 45 ST T IS sl A%, AR A
PSR AN, WA S CHERRS, BUihAR
R 0) s B (R sl 2 e ). o
B i 20 2UE R A Y (biphasic ), TERRE / HEFHE
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2R, AL TR A S AR B S A
RTEIZ 2 P T 2R AR E , BN TE S A 72,
52 BRI R ME R 1Hz, ARA1E LA T A5 1)
S SR AR B TEA T8 2 i 2 e
2.2 EEENRE
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I~ ERR R (inverse problem ) SR AR R AR P8 S8
NI B 255K A i I Py R ) B A5 L W I TE SER e DU Sk 1]
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SPEARIZ SR ok AT )RR F R A A R —
AT TR 3 2 TR Sy A2 0 5 3 M AR P T B 1 i R ik =,
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XA BARRECAT DA HE e T TR 25 R IR I e 25 SR 25 57
FERE, AT DUR UGS AT G B SR 22 5, ICE AR
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A S EURARTR I AL B RS RRAE 150, (3
(") RS i o — T B By VR IR PR Cvalidity ), PRUMAR
LA LT REAN R ME— 1Y, A — AUk R, 7
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Silver—Thorn™! fiff F— AR L MR s AR A JTAE 0L e
AU JIIRIE, SRIG 454 MBI 803 CT 318 Sk Bk 55
TET 18 2 2R R A N7 A BT A BB, ) P S Bl 753 79 T
E AR A BROC TR A I EN SO Sy, SRR
PR SEBRIN B SO 3R, SO iR 22 4R B
PR R TIRAR, AT DIORAFEREA LR 35 240 Samani
1 Plewes'™"! 1| FiY 536 () S50 SR fife L Hgt A8 2L 4L Ao b ER BB At
ME R - IR DRI B, R
A BRICETR S — A1 BRI RIE S, & L—A 5%
BSHC, = /S, GOEARRED), PSS90 5 A0 R4
S, B TRERM IREE E,=CS,, & XHirRECh
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AT e i, BEAUE IR, IR B4 B AU R
HA WM IR, PFARSEI I UE T IR RAT 147 [ i
FITERATE . Ling 55 AR FH 35 1% 33072 DAV ZH 214 B0 e 3

SESR AR S B Y
2.2.2 BIYIALAR R

BIYI AL ( shear wave propagation velocity ) JEIUT
ok H PRI —FhARAS 41U S A I iy ik L R TR
Wil A, BT DB, S — MR TR TR
2y ] BRAL 1% )5 1) 3 B AL . AR LRk s e, BT
DIV AR5 v IR R BY DR it AEAE AT R E R 1T,

i
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Hrbp MR 2 B, ZE4140 R # A F 401000k g/m’
D34 ep BT 00 A T R 2 R T EOIR B
A, PRENIRAE F PR AE20~1000H2 , R BN )5 LA P
e —FoR A BIPER RS, SIS —Fh R SRR R
TR R FAYE RS, 4G TTE201E 22804E A /5
SHUSTRONHT DL R R 220 1 D v 0 A5 iR 3l W A 0L
fR 3 A1, SRS FH SR AT 5 0 8 o B2 B s 4 4 B DA
S RN LA MO S S A R EEI . Muthupillai
2 )\t R MR IARA AT L ( phase contrast ) #4117
TP 5 03 R 2H 2P MR 2l W R 401 DTG T L A 4 1 i
K, DAHGORAS By VI AL GRS . 2 IR AR o R e 3 iR
YL % ( Magnetic Resonance Elastography, MRE) 2%,
AN AR E, LR, LA R, R
PIZEL L BRI B . DG T MRESEI & 75 2 ) 20 2 i
IRENIVE =0 Sl EP QiU 3 ants

B T SR A B U O BIESY RS YT Tl DA
SR 2 4L S ME . Sarvazyan 25 AU R S ] Dk s
51 (acoustic radiation force ) ZEZHZR N AR SRS,
SR AT AR R DG 83 MR 1 R 3R 2l 0 A5 4 135 100 S
PREE . O TIRFI S R AUSR A B, Bercoff 55 A ™Y 42
BT EETY g ( supersonic shear imaging, SSI ) T,
%07 15 LA 3 B U0 B A 4 i B A0 D7 UL 2 AR 1) )
FAFE SRS 1 A8, SR DiE CGRE BRLT 2L
i) G T 1 SR BT DD I AL R R B, e AR A2
SPESHOT AR S AR B, 2R ETE 2005 4R80T T
/A H] Supersonic Imagine % [ PROZE A S AL Bt %05
TR0 I AL X 43 BT ZUAR bR L W R T I
RO S AP 1 DT . AT, A
TRATRE IR R, TR R 0 A i B DI R AR BEACK
(] PAT Sy 20 sl 1 Dt DRGNS L o 32 R, T LA IR A 2 AR
B TEBR 2 s AR LR RS B DI Y kI 2 b
FERNRF AN E RIPULBR G A, SRS FH— 4R MG
X BT VI AL R AT IR, ] DASA i SRAT A 8L BT D %
TSR R 5 AR S0, R N iy 3 Ry
BN A% (ansient elastography ) 7% (841027104 B 34 45
PRl 6 ) A AT BT YD AR 1, RS BT DI AT LA ok (8135
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Echosens B 284 H 15 FHAL UHLES Fibroscan FH R BEAR 21 4
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FENLHEARTESAEE AT, (Y P AEE 2 o xE . Rl
XA BEAFAE R LA 5 R B AN MERR A B, TR 4
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FATIETERT I R GE i & A B KR, 91 40 39 038 A i s At
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ERBIOA R AR, SR T R A SES, e
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2.2.3 fil e S IRAL IR A AL 12
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il EAGI Cractile sensing ) A "™, fl BEAG I 5t S — Flis
G5 NTIRIIRE . P B i s A A I B e 3] i
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oAf  p @
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Y X A% ERRE AR, 3205 7k P i DR -5 Sl e AR o 4R A
B2 A S LA T TR A U i A
2.3 EHMENENA

ARXS TR SRR, S ) G B RN 3K )
FZALUEAE (HH G ) sl BRER BT VI A% ()42
). JrlE R 1L EER (force sensor )BE M F1 7644 1oad
cell ) ELHERIC, YREE Rt i i BRI, A7 et T LA
T et — S )R AR, U Lyyra 28 AU AR
(strain gauge ) &l 1 PN 81 BV R 2R G0 TR S X 3K0H 77 A2 1Y TR
FIRE TR TT o Gefen 55 N ) F S it A4 T 95 1]
ZEARAT I i B o 7 s AE K el A E R I
FRATME T K R 5l R AR MK AT X ZH 2L 3R 18 77 A R B
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s TR PR 1 TR Y, IR B 2 R
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