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TOlt.OGRAPHIC VISUALIZATIO!: OF BREAST CALCIFICATIONS 

BY ULTRASOUIID SCATTERING 

Victor Perez-Mendez~ Douglas Ortendahl~ 

Graham Sommer*:, JohD Baker·and Pamela Wiedenbeck· 

Abstract 

Various types of l:lS..l.ignant and benign breast tu
~r8 are associated with clusters of calcifications 
with grain sizes 0.1 to 1 em spread out over volumes of 

a few cm3• These clusters have shapes ranging from 
spherical to elongated chains. A series of phantoms 
vas made and the ultrasound scattering pattern from 
calcium carbonate grains embedded in a gelatin mixt~e 
vas measured vi th 2.25 and 5 MHz transducers. A 
single send transducer vi th a fev recei·ve transducers 
placed at angles of 1200 to 1600 relative to the for
ward direction was used. To~ographic images or these 
distributions were obtained by a combination of tran
sit time recording and positioning of the transducer 
array. Measurements have been done on grain sizes as 
small as 0.2 mm and show a clean signal above tissue 
scattering background. 

Introduction 

Various types of malignant and benign breast tu
mors are associated vith clusters of calcifications 
with grain sizes ranging from 0.1 to 1 111m or larger (1). 
These clusters contain, in some cases, as fev as five 
or six grains ~~d can contain many tens of grains. The 
sizes and s.hapes of these clusters vary from spherical 
distributions of 1 cm size to elongated distributions 
spread out over a few cms. The correlation between 
the existence of a microcalcification cluster and some 
form of carcinoma is believed to be greater than 80%. 

The standard method for the detection of these 
calcifications is macmography with a fine x-ray tube. 
Since the dose to the patient is appreciable, we under
took this study in order to determine whether these 
calcifications could be detected and their spatial dis
tribution mapped out by use of ultrasound teChniques 
on the assumption that such an approach does not con
tribute any knovn hazard to the patient and could be 
used as a routine screening process. 

EXDeri.!nental l·:ethod 

Phantom Ne~.sure::!ents 

The initial objectives of this study were the fol
loving: (a) to demonstrate that the signals from clus
tersof grains ranging in size from O.l,to 1 111m could 
be detected adequately above background noise; (b) to 
sho~ that it is possible to distinguish the signals from 
the grain clusters from tissue interface back-scatter
ing; (c) to select the frequency of ultrasound that is 
optimal for this project. 

In order to carry out these objectives, ve made 
measurements on a series of phantoms which contained 
calcium carbonate grains embedded in gelatin contain
ing tissue simulating additives, e.g. Solkafloc (2). 
We also made measurements on excised breast tissue 
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s~ples into Which we introduced CaC03 grains. 

The prototype ultrasound equipment we used con
sists of a pulsed emitter transducer operating at a 
mean frequency of 2.25 MHz surrounded by an array of 
four receive transducers placed around the send trans
ducer to detect the scattered ultrasound at angles 
ranging from 1200 to 1600 as shovn in Fig. 1. The 
gelatin-Solkafloc sample in a plastiC container is 
mounted on a movable platform whose position can be 
varied over a few cms in the x, y and z directions in 
order to provide a 3-D scan of the cluster region. 

The physics principle that we utilize in requir
ing that the signal be detected simultaneously in more 
than one transducer is that the scattering of sound by 
particles whose mean diameter is comparable to the 
wave length of the sound extends over 2~ scattering 
angle and ip general has an appreciable intensity over 
the range of angles used here (3). Since the scatter
ed intensity for a given e angle of the receive trans
ducer is independent of the azimuthal angle, all of the 
receive transducers' should receive comparable signals 
modified only by different tissue absorption, depend
ing on the particular path from scatterer to trans
ducer. The effectiveness of this approach in enabling 
the transducer array to distinguish the smaller scat
tered signals from larger interface back reflections 
is seen in Fig. 2. The 6mm Lucite sheet scattered 
strongly at 0° (backward direction); the scattered 
intensity from the 0.1 mm copper wire is larger than 
the Lucite signal at angles greater than +7 0 from the 
back direction. An interface oriented at-the appro
priate angle for specular reflection to any of the 
receive transducers can occur. In that case, one 
receive transducer only vill detect a large signal, 
and the event can be eliminated by the requirement 
that all transducers receive comparable signals. 

Transducer Freouency 

The criterion for selection of transducer freq
quency is that the intensity of the scattered signal 
be maximum relative to the tissue scatter noise. 
Other factors that have to be considered are the aI!lp
litude of the scatter signal from the grains as a func
tion of their diameter and the average attenuation in 
the breast tissue. From acoustic scattering theory, 
it 1s knovn tha~ in the short wave length limit when 
the wave length of the sound becomes smaller than the 
mean diameter of the scattering object, the scattered 
intensity approaches a constant magnitude independent 
of the diameter (3). In Fig. 3 we shov calculated and 
measured values of the amplitude of the scattered sig
nal at 1800 (backvard direction) from a series of 
vires, in a vater bath, whose diaI!leter ranges from 0.1 
to 1.0 111m for transducer frequencies of 2.25, 3.5 and 
5.0 ~lliz. These measurements indicate that at 5 MHz, 
for objects as small as 0.2 ~,we are almost in the 
asymptotic limit for scattering, and hence the detec
tion of grain scatter is reliable down to this dia
meter. 

Since the total path length in breast tissue is 
not too large, the additional attenuation of the 5 l.fiiz 
compared to the 2.25 MHz is acceptable. Furthermore, 
as shown below, the signal/noise of the scattered 
amplitude from grain clusters is slightly better for 
the 5 MHz. Unless we have indications from clinical 
investigations that it is important to look for cal
cification grains smaller than 0.2 mm, we would rule 
out the use of frequencies higher than 5 MHz. 

The scattered signals and B-scan displays shovn 
in the figures below were done using calcium carbonate 
grains of various diaI!leters and cluster sizes embedded 
in gelatin-Solkafloc phantoms, in samples of human 



breast tissue, and in beef liver. These vere all done 
in-the set-~p shovn in Fig. ~and the signals vere re
corded !ro~ a single receive transducer. In Fig. 4 ve 
show the signals from a ten-grain cluster (grain dia
meter 0.2 - 0.4 mm) in a gelatin-Solkafloc phantom 
using transducer frequencies-of 5 and 2.25 ~ffiz. In 
Fig. 5 we shov the signals froD calciuc carbonate 
grains embedded in (a) breast tissue and in (b) beef 
liver, using 2.25 MHz transducers. As can be seen 
from the figures, the background scatter from the 
breast tissue and the liver medium is only slightly 
higher than that of the gelatin-Solkafloc phantoms and 
is still appreciably smaller than the scattered signal 
from the grain clusters. 

TODographical Displays 

B-scan displays are inherently tomographic dis
plays for any given plane vithin the object. Thus the 
entire breast volume can ultimately be displayed in a 
series of planes 4 1:1:> 6 mIn apart. We generated some 
B-scans of clusters in the gelatin-Solkafloc phantQms 
using a computer-controlled Tektronix 4012 oscillo
scope display. In Fig. 6 ve shov (a) an x-ray photo
graph of a spherical cluster of 24 grains, 1 mm dia
meter embedded in the gelatin-Solkafloc phantom. Fig. 
6b shovn one plane of the corresponding B-scan tomo
gram of the cluster generated by our computer display. 
In Fig. 7(a) and (b) we show corresponding x-ray and 
B-scan tomograms of an elongated cluster of 24 grains 
in a similar phantom. Fig. 8 shows schematically the 
electronics a~d computer-controlled display that vere 
used. The B-scan tomogram vas created by moving the 
sample through its median plane by the positioning 
screvs shovn in Fig. 1. In a clinical situation, of 
course, the transducer array vould be moved meChani
cally to provide a full tomographic coverage of the 
breast region in a series of parallel planes. 

It should be noted that the number of dots in the 
B-scan displays need not equal the number of scatter
ing grains. This is due to the folloving reasons: 
(i)althollsh the Picker and Aerotech transducers that 
we used had some damping, their response to a single 
grain scatter is approximately 3 to 4 oscillations; 
(2)depending on the nearest-neighbors distance dis
tribution between the grains in the clusters, destruc
tive interference effects can occur vhich decrease the 
amplitude of some oscillations; (3)more dots can re
sult if the cluster is over-scanned by recording re
ceive sigr.als from the cluster for transducer posi
tions closer than the width of the incident beam at 
the cluster position. Factors~) and~) can be pro
gracmed a priori into the computer display and a cor
rection for (2) can be made after the initial scan. 

In ~~y case, our initial objective is to be able 
to detect and display the position, approximate shape 
and size of the cluster by the ultrasound technique. 
After such a cluster is identified more precise de
tails can be obtained from a subsequent x-ray mammo
gram. 

The linear amplifiers, timing discriminators and 
other recording electronics that ve used have been 
optimized for this particular project in order to 
search for-calcification clusters of unknovn size and 
position vithin the phantom. We vere curious to see 
_~ether the conventional diagnostic machines were 
capable of mapping out the clusters in our phantoms. 
For this purpose we tried out the Rohe and the Varian 
electronically steered heart scanner machines on our 
samples. The results are shovn in Fig. 9. 

The gain controls and other features had to be set 
precisely in order to see the grain clusters vithout 
flooding the scan vith extraneous reflections. 
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FUrthermore, neither of these machines has - provisions 
for systematic volume scans and signal correlations; 
hence, it is unlikely that such clusters could be de
tected reliably by conventional means in clinical situa
tions, vithout a priori knovledge of their existence. 

Summary and Conclusions 

Using 2.25 and 5 MHz transducer arrays ve have 
sbovn that it is possible to detect the scatter signals 
from clusters of calcium carbonate grains embedded in 
phantoms consisting of plastic containers filled vith 
gelatin-Solkafloc media. Measurements on breast tis
sue samples and beef liver samples in vhich calcium 
carbonate grain clusters vere embedded show that the 
interfering scatter signal from nO~Al tissue is ap
preCiably smaller than the grain cluster signals, and 
hence can easily be distinguished electronically. In 
normal and abnormal breasts there can be large tissue 
interface scattering signals. These signals vill be 
discriminated against by correlating in the computer 
the signals from the various receive transducers. The 
assumption ve make is that a tissue interface or other 
structure capable of giving a large reflected signal is 
unlikely to project it back onto more than one receiver 
at any given measuring position. 

A series of clinical measurements in vhicb we vill 
cocpare the results of mammograms vith our ultrasound 
scatter tomograms vill be used in order to optimize the 
design of ~ clinical machine. 
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Fig. 1: Ultrasolli~d s~le scanning configuration. 

1. Solkaf1oc-ge1atin sample vith cluster. 
2. Send transducer position. 
3. Tvo of four possible receive transducer po-

sitions 
x,y,z:phantom positioning mechanism. 

Fig. 2: Cocparison of vire signal and Lucite plane 
boUndary signal as a function of scatter angle 
in ~~ter bath. At 10° froc the back scatter 
direction, the specular reflection signals are 
appreciably smaller than those from the vireo 

,Fig. 3: Signal a=plitude vs. vire diameter for three 
V ultrasonic frequencies. At 5 MHz ve are al

most in the high frequency constant scatter 
amplitude for objects dovn to 0.2 mm diameter. 

Fig. 4: Signals from a cluster of 10 grains, 0.2 -
0.4 mm diameter, in a gelatin-Solkafloc medium. 

4a: 5 K~z transducer. 
Scale: horizontal: l~sec/cm 

vertical: 1 V/cm 

4b: 2.25 MHz transducer. 

Scale: horizontal: 2 ~sec/cm 
vertical: 0.5 V/cm . 

Fig. 5: a: 2.25 MHz transducer received signals from a 
cluster embedded in hucan breast tissue. 
Scale: horizontal: 2 ~sec/cm 

vertical: 1 V/cm 

b: 2.25 ~P.z transducer received signals from a 
cluster of 25 grains, 0.4 - 0.6 mm diameter 
embedded in beef liver. 
Scale: horizontal: 2 ~sec/cm 

vertical: 0.1 V/cm 

'. Fig. 6: a: x-ray photograph of spherical cluster of 
24 grains, 1 mm in size, in a gelatin
Solkafloc medium. 

b: computer tomograph of cluster in 'a'. 

Fig. 7: a: x-ray of photograph of elongated cluster of 
24 grains, 1 nrn in size, in a gelatin
Solkafloc medium. 

b: computer tocobraph of cluster in 'a' • 

. Fig. 8: Scanning set-up for the ultrasound experiment .. 

Fig. 9: Scans of calcification cluster. Ten grains 
(0.2 - 0.4 mm in diameter) embedded in a 
gelatin-Solkafloc medium. 

a: Rohe compound B-scanner. 

b: Varian heart sector scanner. 
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FIG. 4 
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FIG. 5 
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(a) B-scan. Rohe machine. 

XBB 780-15411 

(b) ~-scan. Varian cardiac machine. 

Scans of calcification clusters. 
Ten qrains each (O.2-0.~ mm dia.) 
in gelatin-Solkafloc medium. 
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