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ABSTRACT I. INTRODUCTION 
  

B-mode images of tissues enhanced by information 
about the microstructure can aid in the diagnosis of 
diseased (cancerous) tissues. Four retired breeder 
rats were acquired that had developed spontaneous 
mammary tumors. Tumors were diagnosed 
microscopically as mammary gland fibroadenomas. 
Two-dimensional B-mode images of the tumors in 
the rats were constructed from backscattered echoes 
using a 8 MHz (90% bandwidth) single element 
transducer. From the B-mode images, regions-of-
interest (ROIs) were selected in the tumors and 
surrounding tissues.  The power spectra of 
backscattered echoes gated from the ROIs were used 
to estimate the average scatterer diameter and 
scatterer concentration. The ROIs are boxes with 
sides of 10 wavelengths at the central frequency of 
the signal. The tissue microstructure is related to the 
average scatterer diameter and concentration. A 
unique estimation scheme is used to obtain the 
average scatterer diameter and the scatterer 
concentration. The average scatterer diameter is 
related to the slope of the best-fit line to the reduced 
measured power spectrum versus the frequency 
squared. The scatterer concentration is determined 
from the intercept of the best-fit line. The reduced 
measured power spectrum is the measured power 
spectrum minus 40 log of the frequency. Enhanced 
B-mode images are constructed by converting ROI 
boxes into colored pixels. The color of the pixels is 
related to the estimated scatterer parameters. For 
each tumor three images are constructed: the normal 
B-mode image, the B-mode image with 
superimposed scatterer diameter pixels, and the B-
mode image with superimposed scatterer 
concentration pixels. The images show a distinct 
difference between the tumor and surrounding 
healthy tissues. (Supported by NIH CA 079179) 

Conventional B-mode images of tissues using ultrasound 
are made from the backscattered RF signals. Processing 
of the backscattered RF signals in conventional B-mode 
images takes out the frequency-dependent information 
contained in the signals. The frequency dependence of 
the signals is hypothesized to contain information about 
the tissue microstructure.  

Several models exist that relate frequency-
dependent backscatter from tissues to the microstructure 
[1,2]. These models have been used to estimate average 
properties (size, shape and scatter strength) of tissue 
microstructures from backscattered RF signals for the 
purposes of detecting and classifying diseased tissues 
[2,3]. Enhanced (parametric) B-mode images have been 
constructed that incorporate scattering estimates.  

Parametric images have been used to assess 
tissues [3,4,5].   Rapid classification of tissues through 
imaging techniques is medically significant to treatment 
of disease. The classification of disease through imaging 
of tissue microstructures offers a noninvasive diagnostic 
technique. Parametric ultrasound imaging has the ability 
to rapidly classify and diagnose diseased tissue. In this 
work a parametric imaging technique is explored and 
results are examined to determine the utility of the 
imaging technique for tissue classification. 

 
II. THEORY 

 
The scattering from soft tissues in this study are modeled 
by a 3-D spatial autocorrelation function 
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where z is the relative impedance between the scattering 
particle and surrounding tissue. The 3-D spatial 
autocorrelation function describes the size, shape and 
distribution of particles by their impedance change with 
surrounding tissues. The theoretical power spectrum,  



which relates the frequency dependence of the 
backscattered RF signals to the scattering properties, 
is the Fourier transform of the 3-D spatial 
autocorrelation function 
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The integral of eq (2) can be solved for scatterers of 
particular shapes and sizes. For soft tissues, several 
researchers have used Gaussian particles to model 
the scatterers [6,7]. If the scattering particles were 
modeled as hard particles, the impedance change 
with the surrounding tissue would be an abrupt 
discontinuity at the edge of the particle. When the 
particles are Gaussian scatterers, the impedance 
change of the particle changes continuously (more 
slowly) with the surrounding tissue as compared to 
abruptly for a hard particle. When the scattering 
particles are assumed to be Gaussian, eq (2) can be 
evaluated giving the closed-form solution 
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where is the average scatterer radius and  
is the average scatterer concentration (number 
density of scatterers per unit volume times the 
relative impedance change per particle). The 
theoretical power spectrum can be normalized to 
account for the gating function (Hanning window) 
and beam pattern of the transducer giving 
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where L is the gate length and q is the ratio of the 
transducer radius to the length from the transducer to 
the region of interest (ROI). 
 The measured power spectrum is calculated 
from a selected ROI in a tissue. The measured power 
spectrum is the magnitude squared of the Fourier 
transform of the gated, backscattered RF time signal, 
p(t ), from the ROI 
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The effects of the equipment are taken out of the 
measurement through the substitution method. The 
substitution method works by comparing the measured 
power spectrum from an ROI to a reference power 
spectrum. The reference power spectrum is obtained by 
reflecting a pulse from a planar reflector through a water 
path located at the same distance as the ROI from the 
source. The same equipment and settings used to obtain 
the measured power spectrum are used to obtain the 
reference power spectrum. By dividing the measured 
power spectrum by the reference power spectrum the 
effects of the equipment and settings are taken out of the 
measurement. 
 The measured power spectrum is obtained from 
an individual ROI that may consist of several A-lines 
(gated time signals). Averaging the power spectrum 
from each gated A-line allows for a better statistical 
description of scattering properties in the ROI. 
Frequency-dependent attenuation should also be 
compensated in the measured power spectrum. Including 
the attenuation-compensation function, , and 
averaging over the ROI yields for the measured power 
spectrum 
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where R is the reflection coefficient of the planar 
reflector in water. 
 The average scatterer parameters, a  and 

, can be found by relating the log of the normalized 
theoretical power spectrum to the log of the measured 
power spectrum 
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where f is in MHz and is in mm. Subtracting the feffa   4 
term from the right hand sides gives 
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Equation (8) is the equation of a line with x = f 2. The 
slope, M, is a function of a and the intercept, B, is 

a function of  and . By using least squares 

to fit a line to the measured values, estimates of  

and  are obtained.  
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Figure 1 Grey-scale B-mode image of rat tumor (left side 
of image) and surrounding tissues. 

  
III. EXPERIMENT 

 

 
Four retired breeder rats (Sprague Dawley, Harlan, 
Indianapolis) were obtained that had dveloped 
spontaneous mammary tumors. The rats were 
euthanized with CO2, the area around the tumors 
was shaved and depilated and the rat was then 
placed in a holder for ultrasonic scanning. The scans 
took place in a tank of degassed water heated to 37° 
C. Scans were obtained by a single-element 
transducer with central frequency of 8 MHz and a 
90% bandwidth. The rats were held upright and the 
scans were done laterally across the tumor and chest 
wall. A black line was drawn across the tumor and 
chest to indicate the length and direction of the scan. 

Figure 2 Parametric B-mode image enhanced by the 
estimated average scatterer diameter. 

 Grey-scale B-mode images were constructed 
from the ultrasonic scans. ROIs were selected from 
the B-mode images and used to estimate the 
scattering parameters. The ROIs are boxes that were 
10 wavelengths on a side (2.2 mm). After making 
estimates from the power spectrums from each ROI, 
parametric images were constructed for each rat. The 
parametric images took the two parameters 
estimated from each ROI and related the estimates to 
a particular color. The ROI boxes were then 
superimposed on the conventional gray-scale B-
mode images to form two new parametric B-mode 
images per rat. Figure 1 shows a conventional gray-
scale B-mode image of a rat tumor and chest wall. 
Figures 2 and 3 show the parametric B-mode images 
of the same rat enhanced by the average scatterer 
size and average scatterer concentration parameters, 
respectively. 

 

 
Figure 3 Parametric B-mode image enhanced by the 

estimated average scatterer concentration. 

 
 



 

 

IV. CONCLUSION 
 
An estimation technique was used to estimate the 
average scatterer diameter and concentration of tissue 
microstructure. The estimation technique used least 
squares to fit a line to the measured power spectrum 
from ROIs in rats with spontaneous mammary tumors. 
Parametric images were constructed incorporating the 
scattering estimates. Examination of the estimates inside 
and outside the tumors showed that the average scatterer 
diameter might be a good indicator of diseased tissues. Figure 4 Average estimated scatterer diameters 

inside and outside rat tumors.  
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