Ultrasonic strain imaging made by speckle tracking of B-mode
image

I ntroduction

For centuries, physicians have used palpation to detect abnormal regions of
increased elastic modulus (hardness or stiffness) as an indicator of cancer. Because
certain type of tissues, such as malignant lesions, have elastic properties that are
markedly different from surrounding tissues, elasticity imaging can provide a
significant adjunct to current diagnostic ultrasonic methods.

History Review and patent analysis
|. Elasticity imaging

a. Elastography (Elasticity Imaging):

1. Vibration phase gradient sonoel astography: Sato et a (1985), nonlinear interaction
between ultrasound and low frequency waves

2. Vibration amplitude sonoelastography: Lerner and Parker(1987), vibrator near the
transducer

3. Compression strain sonoelastography:Ophir et a (1991), cross correlation is
applied between congruent segmentsin an A-line pair. The temporal location of
the maximum peak of the crosscorrelation function is the estimate of time shift
between the two segments (4mm segments overlaping 1 or 2 mm)

4. Multiple step compression strain sonoelastography: O’ Donnell (1994): Base-band
correlation between A-line pairs is employed to estimate displacement. Multiple
steps of compression are used to reduce the speckle decorrel ation effect.

5. Inherent strain sonoel astograph: Bertrand and colleaques (1989), a biomechanical
strain gauge was proposed using B-scan information and an optical flow algorithm.
The tissue deformation on consecutive B-scan images as linear transformation,
and these linear transformation can be decomposed into rotation matrices and
biaxial trandation matrices. By calculating the eigen-value of these matricesin a
small region, the strain of that area can be obtained

6. Block matching algorithm to derive elasticity information: Levinson et al (1994).

b. Speckletracking and motion estimation

1. Ultrasonic speckle motion inherrent to tissue motion: Bertrand (1989)

2. Tissue motion and blood flow estimation with speckle tracking: Trahey et al.
(1991): two dimensional speckle tracking technique to measure blood flow and



motion in soft tissue.
3. Internal displacement and strain imaging using speckle tracking: O’ Donnell

(1994).

c. Strain estimation
(Stress is uneasy to defined, elasticity image is often showed as strain image)
1. Cross correlation of consequent A-line

a. RF data (Ophir, 1993) time shift calculated by cross-correlation of maximal

peaks of the segments between A-line,
strain = time shift / duration of the segment

b. baseband data (O’ Donnell, 1994): phase shift of demodulated echo signals

2. Speckle tracking of B-mode image: Block matching algorithm (Levinson, 1994;
Yeung, 1997)

d. Patent analysis
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First, Parker invented the method of vibration elasticity imaging. Core patent of
compression elasticity imaging was developed by Ophir et al. in the next year, then
Sarvazyan continued to invent some real instruments such asintra-cavity elasticity
imaging and stress estimating device. University of Kansas invented a method for
motion estimation of biological tissue later aone.
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Material and Method

1. Target of study: breast tumor and heaptic tumor, the elasticity data are already
known in these 2 kinds of tumor.

2. Strain estimation by speckle tracking:
Block matching algorithm:
Multiple level matching (time saving method): 3 levels, 9 points estimation per
level

3. Elasticity Imaging:
a. axial elastogram: segment: 35-40 pixels/10mm, 2-3mm per segments
b. lateral elastogram: can be easily shown by our method.

4. Analysis of interface of tissue structure and boundary condition

Preliminary Result
1. Phantom
a:Cystic lesion in breast phantom b: sponge ball in agar

2. Tissue
a.  Hepatic tumor




Reference:

1. Yong-Sheng Chen, Yi-Ping Hung, Chiou-Shann Fuh  Fast Block Matching
Algorithm Based on the Winner-Update Strategy  |EEE Trans on Image
Processing 2001 10 (8): 1212-1222.

2. Yeung F, Levinson SF, Parker KJ. Multiplevel and motion model-based ultrasonic
Speckle tracking algorithms. Ultrasoud in Med. & Biol 1998; 24(3): 427-441.

3. Gao L, Parker KJ, Lerner RM, Levinson SF. Imaging of the elastic properties of
tissue-areview. Ultrasoud in Med. & Biol 1996; 22(8): 959-977.

4. Ophir J, Cespedes |, Ponnekanti H, yazdi Y, Li X. Elastography: a quantatative
method for imaging the elastocity of biological tissures. Ultrasonic imaging 1991,
13;111-134.

5. O'Donnell M, Skovoroda AR, Shapo BM, Emelianov SY. Internal displacement
and strain imaging using ultrasonic speckle tracking. |EEE Trans. Ultrason.
Ferroelect Freg. Contr. 1994;41(3):314-325.



	超音波專題
	Ultrasonic strain imaging made by speckle tracking of B-mode image
	Introduction
	History Review and patent analysis
	Material and Method
	Preliminary Result


