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TOMOGRAPEIC VISUALIZATION OF BREAST CALCIFICATIONS
'BY ULTRASOUND SCATTERING

Victor Perez-Mendez®% Douglas Ortendahl?%
Greham Sormer, John Baker*and Pemela Wiedenbeck*

Abstract

Various types of malignant and benign breast tu-
rors are associated with clusters of calcifications
with grain sizes 0.1 to 1 rm spread out over volumes of

a few cm3., These clusters have shapes ranging from
sphericel to elongated chains. A series of phantoms
was made and the ultrasound scattering pattern from
calcium carbonate grains embedded in & gelatin mixture
vas measured with 2.25 and 5 MHz transducers. A
single send transducer vith & few receive transducers
placed at angles of 120° to 160° relative to the for-
ward direction was used. Tomographic images of these
distributions were obtained by & 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 shov a clean signal above tissue
scattering background.

Introduction

Various types of malignent and benign breast tu-
mors are essociated with clusters of calcifications
with grain sizes ranging from 0.1 to 1 mm or larger (1)
These clusters contain, in some. cases, as few as five
or six grains and can contain many tens of grains. The
sizes and shapes 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 carcinome is believed to be greater than 80%.

The standard method for the detection of these
calcifications is mammography with a fine x-ray tube.
Since the dose to the petient 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-
tridute any known hazard to the patient and could be
used as a routine screening process.

Experimental Method

Phantom Meesurements

: The initial objectives of this study were the fol-
‘lowing: (a) to demonstrate that the signals from clus-
ters of grains ranging in size from 0.1 to 1 mm could
"be detected adequetely sbove background noise; (b) to
show thatitispossible to distinguish the signals from
the grein clusters from tissue interface back-scatter-
ing; (c) to select the frequency of ultrasound that is
optimel for this project.

In order to carry out these objectives, we made
measurements on & series of phantoms which contained
calcium carbonate grains embedded in gelatin contein-
ing tissue simulating additives, e.g. Solkafloc (2).
We also made measurements on excised breast tissue
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semples into which we introduced CaCO; greins.

The prototype ultrasound equipment we used con-

" sists of & 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 120° to 160° as shown in Fig. 1. The
gelatin-Solkafloc sample in & plastic container is
mounted on a movable platform whose position cen be
varied over a few cms in the x, y and 2 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 2r scattering
angle and in general has an appreciable intensity over
the range of angles used here (3). Since the scatter-
ed intensity for a given 8 angle of the receive trans-
ducer is independent of the azimuthal engle, all of the
receive transducers should receive comperable 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 6 mm Lucite sheet scattered
strongly at 0° (backward direction); the scattered
intensity from the 0.1 mm copper wire is larger then
the Lucite signal at angles greater than *7° from the
back direction. An interface oriented at the appro-
priate angle for specular reflection to any of the
receive transducers can occur. Iao that case, one
receive transducer only will detect a large signal,
and the event can be eliminated by the requirement
that all transducers receive comparesble signals.

Transducer Frecuency

Tne criterion for selection of transducer freq-
‘quency is that the intensity of the scettered signsel
be meximum relstive to the tissue scatter noise.
Other factors that have to be considered are the amp~
litude of the scatter signal from the grains a&s a func-
tion of their diesmeter and the average attepuation in
the breast tissue. From acoustic scattering theory,

‘it is known that, 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 megnitude independent
of the diameter (3). In Fig. 3 we show calculated and
measured values of the amplitude of the scattered sig-
nal at 180° (backward direction) from a series of
wires, in a water bath, whose diameter ranges from 0.1
to 1.0 mm for transducer frequencies of 2.25, 3.5 and
5.0 MHz. These measurements indicate that at 5 MHz,
for objects as small as 0.2 mm, we are almost in the
asymptotic limit for scattering, end hence the detec-
tion of grain scatter is reliable down to this die-
meter,

Since the total path lengtn in breast tissue is
not too large, the additional attenuation of the 5 MHz
compared to the 2.25 MHz is acceptable. Furthermore,
as shown below, the signal/noise of the scattered

. emplitude 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 shown
in the figures below were done using calcium carbonate
grains of various diameters and cluster sizes embedded

_in gelatin-Solkafloc phantoms, in samples of human



‘breast tissue, and in beef liver. These were all done
in the set-up shown in Fig. 1, and the signals were re-
‘corded from a single receive transducer. In Fig. b we
show the signals from a ten-grain cluster (grain dia-
meter 0.2 -~ 0.4 mm) in a gelatin-Sclkafloc phantom
using transducer frequencies-of 5 and 2.25 MHz. 1In
Fig. 5 we show the signals from calciurm 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-Solkefloc phantoms and
is still appreciably smaller than the scattered signal
from the grain clusters.

Tomographicel Displays

B-scan displays are inherently tomographic dis-
plays for any given plane within the object. Thus the
entire breast volume can ultimately be displayed in a
series of planes U to 6 mm apart. We generated some
B-scans of clusters in the gelatin-Solkafloc phantoms
using & computer-controlled Tektronix 4012 oscillo-
scope display. In Fig. 6 we show (a) an x-ray photo-
graph of s spherical cluster of 2k grains, 1 mm dis-
meter embedded in the gelatin-Solkafloc phantom. Fig.
6b shown one plane of the corresponding B-scen tomo-
gram of the cluster generated by our computer display.
In Fig. T(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 schematicsally the
electronics acd computer-controlled displey that were
used. The B-scan tomogram was created by moving the
sample through its median plane by the positioning
screws shown in Fig. 1. In a clinical situation, of
course, the transducer array would be moved mechani-
cally to provide & full tomographic coverage of the
breast region in a series of parallel planes.

. It sheould be noted that the number of dots in the

. B~scan displeys need not equal the number of scatter-

. ing grains. This is due to the following reasons:

" (1)although the Picker and Aerotech transducers that
we used had some damping, their response to a single

. grain scatter is approximately 3 to b oscillations;

. (2)depending on the nearest-neighbors distance dis-

" tribution between the grains in the clusters, destruc-

tive interference effects can occur which decrease the
amplitude of some oscillations; (3)more dots can re-
sult if the cluster is over-scanned by recording re-
ceive sigrnals from the cluster for transducer posi-

tions closer then the width of the incident beam at

the cluster position. Factors (1) and (3) can be pro-
grarmed e priori into the computer display and a cor-
rection for (2) cen be made after the initiasl scan.

: In any cese, our initial objective is to be able
to detect and display the position, approximate shape

~end size of the cluster by the ultrasound technique.
After such & cluster is identified more precise de-

tails can be obtained from & subsequent x-ray mammo-

" gram.

The linear amplifiers, timing discriminators and
other recording electronics that we used have been
optimized for this particular project in order to
search for.calcification clusters of unknown size and
position within the phantom. We were curious to see
whether 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 shown in Fig. 9. '

The gain controls and other festures had fo be set
precisely in order to see the grain clusters without
flooding the scan with extraneous reflections.

-2-

gelatin-Solkafloc media.

‘2. Solkafloc:

Furthermore, neither of these machines has - provisions
for systematic volume scens and signal correlations;
hence, it is unlikely that such clusters could be de-
tected relisbly by conventional means in clinical situe~
tions, without a priori knowledge of their existence.

Summary and Conclusions

Using 2.25 and 5 MHz transducer arrays we have
shown that it is possible to detect the scatter signals
from clusters of calcium carbonate grains embedded in
phantoms consisting of plastic containers filled with
Measurements on breast tis-
sue samples and beef liver samples in which calcium’
carbonate grain clusters were embedded show that the
interfering scatter signal from normal 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 will be
discriminated against by ceorrelating in the computer
the signals from the various receive transducers. The
assumption we make is that a tissue interface or other
structure capeble 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 which we will
compare the results of mammograms with our ultrasound
scatter tomograms will be used in order to optimize the
design of a clinicel machine.
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Fig. 1: Ultrasound semple scanning configuration.
1. Solkafloc-gelatin sample with cluster.
2. Send transducer position.
3. Two of four possible receive transducer po--
sitions
X,¥,2: phantom positioning mechenism.

Fig. 2: Comparison of wire signal end Lucite plane

: boundary signal as a function of scatter angle
in wvater bath. At 10° frorn the back scatter
direction, the specular reflection signals are
appreciably smaller than those from the wire.

.Fig. 3: Signal arplitude vs. wire diameter for three

trasonic frequencies. At 5 MHz we are al-

most in the high frequency constent scatter
amplitude for objects down to 0.2 mm diameter.

Fig. b: Signals from & cluster of 10 grains, 0.2 -
0.4 mm diemeter, in & gelatin-Solkafloc medium.

La: 5 MHz transducer.
Scele: horizontal: lusec/cm
vertical: 1 V/em

Lb: 2,25 MHz trensducer.

Scale: horizontal: 2 usec/cm
vertical: 0.5 V/em

Fig. 5:

)

: 2.25 MHz transducer received signals from &
cluster embedded in human breast tissue. '
Scale: horizontal: 2 usec/cm

vertical: 1 V/em

b: 2.25 MHz transducer received signals from &
cluster of 25 greains, 0.4 - 0.6 mm diameter
embedded in beef liver.

Scale: horizontel: 2 usec/cm !
vertical: 0.1 V/em ;

"‘Fig. 6:

1]

: x-ray photogreph of spherical cluster of
24 grains, 1 mm in size, in & gelatin-
Solkafloc medium. |

b: computer tomograph of cluster in 'a'.

Fig. T: a: x-ray of photogreph of elcngated cluster of
2L grains, 1 mom in size, in a2 geletin-
Solkefloc medium.

b: computer temograph of cluster in 'a'.
"Fig. 8: Scanning set-up for the ultrasound experiment.i

3Fig. 9: Scans of calcification cluster. Ten grains
(0.2 - 0.4 mm in dismeter) embedded in &
gelatin-Solkafloc medium.

a: Rohe compound B-scanner.

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

XBB 780-15411

() E-scan. Varian cardiac machine.

Scans of calcification clusters.
Ten grains each (0.2-0.4 mm dia.)
in gelatin-Solkafloc medium.



This report was done with support from the
Department of Energy. Any conclusions or opinions
expressed in this report represent solely those of the
author(s) and not necessarily those of The Regents of
the University of California, the Lawrence Berkeley
Laboratory or the Department of Energy.

Reference to a company or product name does
not imply approval or recommendation of the
product by the University of California or the U.S.
Department of Energy to the exclusion of others that
may be suitable.




kS IR

TECHNICAL INFORMATION DEPARTMENT
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720






