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Ultrasonic Tissue Characterization Using Pattern
Analysis of Backscattered Signal
The First Report—Outline of the System
Kazuhiko Kodani

Department of Radiology, Tottori University, Faculty of Medicine
(Director: Prof. Yoshio Ohta)
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Ultrasonic B-mode examination is widely used. However it is unsuitable for quantitative
evaluation because of modification during the image processing procedure.

The authors constructed amplitude images and mean frequency images using ultrasonic back-
scattered signals directly and judged the image patterns quantitatively by texture analysis. As the
probabilistic distribution of amplitude is solved mathematically, we could evaluate amplitude images
quantitatively, unlike B-mode images. We also used mean frequency images which display frequency
information to compensate for B-mode image (also directly constructed amplitude images) constructed
with only amplitude information.

This work describes the outline of the system and result of some clinical application.

As application, the data were collected from testes of healthy young male and azoospermic
patients. On B-mode images, no difference between these groups could be found. But there were
differences on image appearance of amplitude and mean frequency images between them, and the
difference was proved quantitatively using texture analysis.

It is suggested that this system provides useful information about the differential diagnosis of diffuse
disease of the organs showing so-called solid pattern.
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Fig. 1 B-mode image of Phantom. rectangular ROI for RF data acquisition
B-mode gray level histogram of oval ROI

Fig. 2 Amplitude image (AM image) of Fig. 1
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Fig. 3 Mean frequency image (MF image) of Fig. 1

Table 1 Texture analysis of B-mode image, AM
image and MF image (phantom)

B mode AM image MF image

1H-ANALYSIS

mean 22.383 23.663
standard deviation 4.467 7.389
SNR 3229 ......
skewness —0.409 0.533 0.105
kurtosis 2.932 3.076 2.996
entropy 4.174 3.467 4.920
Co-oceurence matrix
analysis
inertia 97.313 14.479 12.885
inverse difference 0.127 0.388 0.316
energy 0.041 0.008 0.008
entropy 5.259 7.804 7.500
run-length analysis Fig. 4 B-mode images
hort run emphasis 0.250 0.142 0.203 . ' ' ' p
1Song run emp]:]asi; 4 930 12.418 6.131 1,2 D testes of healthy volunteer, 34 : testes of
gray level distribution 47.867 34.715 38.265 azoospermic patient
run length distribution 346 157 229
run percentage 0.058 0.116 0.094

32 #R

Fig. 4 C&F Ol fEM, EHTFER 2 613
Ttk BAWET -2 ZHRL AM &, MF ©2# 20 BE— FEBE7RL, Fig 5 2&flo AM
WLLTOBETF— 207 7 AF a2 THFICL B¢ &, Fig. 6 1= MF %753, Table 2 iR L
B — VR E{T 5 e, BETEHOET 7 A5 2 THIABEDOEHEY T
3. Fig. 4 56 6 Tixg « LENCEYE, TEI

(80) BAERSE #51% #11%



1379

Fig. 5 AM images
1,2 | testes of healthy volunteer, 3,4 . testes of azoospermic patient

Table 2 Texture analysis of AM image and MF image (normal and azoospermic testes)
NORMAL azoospermic patient
AM MF AM MF

1H-ANALYSIS

mean  eweee 10.87 £2.88*  eeeeeeee 22.65 £3.57*

variance 0000000 e 8.154 +0.622* 8.128+0.550*

SNR 2.508+£0.265 0 eeeeenen 1.901£0.265 2 sereeeees

skewness 0.643+0.108 0.927 +0.320 0.846+0.641 0.1130.095

kurtosis 3.179+0.309 3.687 +£0.598 3.410+1.630 2.850+0.092

entropy 4.152+0.211 4.612 +£0.598 4.585+0.269 5.035+0.081
Co-occurence matrix

analysis

inertia 10.89 +2.56 7.060 +1.560 67.83 £33.05 13.13 +£1.14

inverse diflerence 0.390+0.034 0.481 +0.064 0.308+0.071 0.318+0.020

energy 0.006=+0.0005 0.028 +0.020 0.008+0.004 0.007£0.007

entropy 7.994+0.067 6.662 +0.526 8.121+0.351 7.628+0.056
run-length analysis

short run emphasis 0.197+0.002 0.181 £0.010 0.192+0.012 0.202+0.007

long run emphasis 7.424+0.497 15.00 +£7.67 7.272+1.098 6.621+1.066

gray level distribution 34.32 £3.51 71.57 =£19.95 57.59 +£31.40 33.83 £2.47

run length distribution 328 +31 258 +13 237 +63 228 +22

run percentage 0.146+0.015 0.1400+0.014 0.116+0.040 0.096=0.010

*gray scale value 0 assigned for 2.5MHz
63 7.5MHz
(using 5MHz probe)
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Fig. 6 MF images
1,2 : testes of healthy volunteer, 3,4 : testes of
azoospermic patient
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