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[57] ABSTRACT

An ultrasound phantom for use with an ultrasound
scanner. The ultrasound phantom includes a container
having a bottom and walls, margins of the walls remote
from the bottom defining a window, which is closed by
an ultrasound-transmitting window cover. A phantom
body is contained within the container and includes a
matrix made of a matrix material exhibiting a matrix
ultrasonic speed, specific gravity, attenuation coeffici-
ent, and backscatter coefficient. The phantom body
further includes a multiplicity of scattering particles
spaced sufficiently close to each other that the scanner
is incapable of resolving individual scattering particles
and testing spheres having a testing sphere ultrasonic
speed, specific gravity, attenuation coefficient, and
backscatter coefficient, at least one of which is different
from the corresponding matrix ultrasonic speed, spe-
cific gravity, attenuation coefficient, and backscatter
coefficient. The testing spheres are located within the
phantom body in a random array.

9 Claims, 4 Drawing Sheets
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1
ULTRASOUND PHANTOM

This is a continuation, of application Ser. No.
915,449, filed Oct. 6, 1986 now abandoned. 5

TECHNICAL FIELD

The present invention relates to phantoms for testing
diagnostic equipment and, in particular, to phantoms for
testing the resolution capabilities of ultrasound scan-
ners. “Resolution” is used herein to mean the capability
of distinguishing an object from adjacent materials.
Thus, an object must be “resolved” to be detected by an
ultrasound scanner. “Ultrasound scanner” refers collec-
tively to the scanning head and intercooperating me-
chanical and electronic components of such scanners,
including a signal detection apparatus. Typically the .
signal detection apparatus includes a monitor displaying
a visual image. To be “resolved” when only such a
monitor is in use, an object must be detectable by an
examination of such an image.

BACKGROUND OF ART

Those skilled in the art are aware of a variety of types
of phantoms used to determine the resolution abilities of 25
ultrasound scanners. Most of them involve phantoms
containing objects to be detected. For example, one
type contains metal or plastic fibers, arranged either
individually or in pairs, oriented perpendicular to the
scanning plane. An ultrasound scanner is tested by its
ability to detect the fibers at all and also by a determina-
tion of the least separation between fibers such that they
can still be resolved.

S. W. Smith and H. Lopez (1982), “A contrast-detail
analysis of diagnostic ultrasound imaging,” Med. Phys.,
9, 4-12, and S. W. Smith, H. Lopez, and W.J. Bodine,
Jr. (1985), “Frequency independent ultrasound con-
trast-detail analysis,” Ultrasound in Med. and Biol., 11,
467-4717, describe phantoms consisting of a block of
gelatin containing eight long, thin cones or, alterna-
tively, stepped cylinders of gelatin. Both the block of
gelatin and the cones within it contain plastic beads or
particles that function as ultrasound scatterers. Each
cone or stepped cylinder contains such scatterers of a
different size and/or concentration relative to the scat-
terers of the background material so that the scattering
level of the background material is different from that
of each cone or stepped cylinder. The cones or stepped
cylinders extend in a plane held at right angles to the
scanning plane, so that the size of the portion of a cone
or cylinder within any given scanning slice can be var-
ied from a small size near the tip of the cone or smallest
step in the cylinder to a large size near the base of the
cone or the largest step in the cylinder.

No attempt is made in the Smith phantoms to approx-
imate the shape of the small lesions commonly being
searched for in clinical applications of ultrasound scan-
ning. As a consequence, neither the effect of the width
of the slice being scanned nor the effect of the fact that
an object to be resolved occupies only a part of the slice
being scannéd is dealt with. The use of only one cone of
any given backscatter coefficient leads to other limita-
tions. For example, statistical fluctuations of the
“speckle” or “texture” patterns in ultrasound scanners
can easily lead to situations in which a particular simu-
lated lesion is overlooked (a false negative) or, on the
other hand, a simulated lesion is thought to have been
detected when in fact what is seen is an artifact of the
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machine (a false positive). The use of only a single ob-
ject of a given backscatter coefficient increases the
opportunities for false negatives. Thus, if only one test
object is available to be detected and it is missed because
of such statistical fluctuations in speckle or texture pat-
terns, a statistical event may have effectively masked
the actual ability of the scanner being tested to resolve
such a test object. At the least, multiple scanning of the
phantom would be necessary to avoid this source of
error. False positives are rendered more likely when the
location and number of objects to be resolved are
known to the person testing the scanner so that random
fluctuations are easier to erroneously identify as a re-
solved image. Certain terms relating to ultrasound, such
as the terms “backscatter coefficient” (used above) and
‘“attenuation coefficient” (see below), are well known to
those skilled in the art and are used herein with the same
meanings as are assigned to them in Madsen et al.
(1984), “Method of data reduction for accurate determi-
nation of acoustic backscatter coefficients,” J. Acoust.
Soc. Am., 76, 913-923.

A different approach to that of the Smith phantoms is
seen in the phantom reported by A. Goldstein and W.
Clayman (1983), “Particle image-resolution test ob-
ject,” J. Ultrasound Med., 2, 195-209. The Goldstein et
al. phantom employes a spatially random distribution of
very small ultrasound scatterers distributed within a gel.
Significance is attached to variations in the texture pat-
tern of an ultrasound image of the phantom as a function
of depth, with the amount of blurring in the image uti-
lized as a measurement of resolution capabilities. In
contrast to the Smith phantoms, in the Goldstein et al.
phantoms there are no macroscopic variations in scat-
tering particle concentrations, and no attempt is made
to visualize an object within the phantom that simulates
the sort of object that is to be detected in medical appli-
cation of the scanning equipment.

In a published abstract, B. M. Spitzer, P. L. Carson,
and A. L. Scherzinger (1979), “Evaluation of ultrasonic
array image quality,” Med. Phys., 6, 350, stated that a
“series of test objects consisting of cylindrical and
spherical inclusions of non-scattering material in a poly-
mer with approximately liver equivalent scattering has
been constructed. Visual determination of acoustic
noise levels in the anechoic volumes appear to be a
simple, sensitive indicator of clinical image quality on
real time arrays.” The sizes of the spherical inclusions
are not given in the abstract, and the abstract contains
no discussion of whether the test objects are useful as a
means of testing the ability of a scanner to resolve ob-
jects.

The PhD thesis of Mitchell M. Goodsitt (1982), 4
Three Dimensional Model for Generating the Texture in
B-scan Ultrasound Images, Department of Medical
Physics, University of Wisconsin, Madison, Wis., in-
cludes a discussion of a phantom that essentially was a
gel block containing two spheres embedded within the
gel that differed from the gel only in scatter coefficient.
Small particle scatterers were distributed throughout
the gel, but the embedded spheres contained-none of
them. The larger of the embedded spheres was one haif
inch in diameter, and the smaller was one quarter inch.
The resulting phantom differed from the phantoms of
Smith in that the effects of slice width could be studied.
However, the diameters of the spheres were so large
that the spheres would not tax the resolving ability of
any commercial ultrasound scanner then or currently in
use for medical diagnostic purposes. Goodsitt et al.
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(1983), “A three dimensional model for generating the
texture in B-scan ultrasound images,” Ultrasonic Imag-
ing, 5, 253-279, is based on the Goodsitt thesis and does
not extend beyond it.

Madsen et al. (1982), “Anthropormorphic breast
phantoms for assessing ultrasonic imaging system per-
formance and for training ultrasonographers, Parts I
and I1,” J. Clin. Ultrasound, 10, 67-75 and 91-100, de-
scribe anthropormorphic breast phantoms that include
spherical objects embedded within a gel breast shape,
one of the objects having the scatter characteristics of a
cyst, another having the scatter characteristics. of a
breast tumor, and so forth. Madsen et al. (1982), “An
anthropormorphic ultrasound breast phantom contain-
ing intermediate-sized scatterers,” Ultrasound in Med. &
Biol., 8, 381-392, also describe a breast phantom includ-
ing spherical objects having scatter coefficients resem-
bling cysts and tumor materials. As with the Goodsitt
phantom, these anthropomorphic breast phantoms were
not designed to facilitate or be useful in testing the limits
of the resolving abilities of ultrasound scanners. The
objects were too large, too few in number, and of
known location.

BRIEF SUMMARY OF THE INVENTION

The present invention is summarized in that an ultra-
sound phantom includes a container having a bottom
and walls, margins of the walls remote from the bottom
defining a window, which is closed by an ultrasound
transmitting window cover. The ultrasound phantom
further includes a phantom body contained within the
container. The phantom body includes a matrix made of
a matrix material exhibiting a matrix ultrasonic speed,
specific gravity, attenuation coefficient, and backscatter
coefficient. The phantom body further includes a multi-
plicity of testing spheres having a testing sphere ultra-
sonic speed, specific gravity, attenuation coefficient,
and backscatter coefficient, at least one of which is
different from the corresponding matrix ultrasonic
speed, specific gravity, attenuation coefficient, and
backscatter coefficient. The testing spheres are located
within the phantom body in a random array and in size
are within an order of magnitude of the smallest object
that can be resolved by the ultrasound scanner head.
The phantom body includes scattering particles spaced
sufficiently close to each other that the scanner is inca-
pable of resolving individual scattering particles. As
used herein, the “ultrasonic speed” of a material is the
speed of sound within the material at sound frequencies
between one and ten MHz.

A primary object of the invention is to provide an
ultrasound phantom useful in evaluating the ability of
ultrasound medical diagnostic scanners to resolve ob-
jects of selected sizes located at various distances from
the ultrasound scanning heads of the ultrasound scan-
ners.

A second object of the invention is to provide such an
ultrasound phantom having scatter and absorption char-
acteristics resembling human soft tissue, such as breast
or liver tissue.

Other objects, features, and advantages of the inven-
tion will be apparent from the following detailed de-
scription taken in conjunction with the accompanying
drawings.

—

0

20

25

35

55

60

4
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a phantom made in
accord with the invention, showing the top, front, and
one side surface of the phantom.

FIG. 2 is a cross sectional view of the phantom of
FIG. 1 taken along section line 2—2, with a ultrasound
scanning head and water bag shown drawn with broken
lines. The testing spheres of the phantom body are not
shown to scale or in numbers accurately reflecting their
concentration within the phantom body.

FIG. 3 is a cross sectional view of the phantom of
FIG. 1 comparable to the view of FIG. 2 except that a
filling syringe is shown attached to the container of the
phantom.

FIG. 4 is a perspective view corresponding to FIG. 1
of a second embodiment of a phantom made in accord
with the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring more particularly to the drawings, wherein
like numbers refer to like parts, FIG. 1 shows a first
embodiment of an ultrasound phantom, generally indi-
cated at 10, constructed in accord with the present
invention. The ultrasound phantom 10 includes a con-
tainer 12 having a bottom 14 and wails 15. Preferably
the walls 15 include opposed faces 16, and opposed ends
18. Taken together, the bottom, faces, and ends 14, 16,
and 18 form a hollow, box-like structure. Margins of the
walls 15 remote from the bottom 14 define a window 20.
The window 20 is closed with an ultrasound-transmit-
ting window cover 22. The window cover 22 may be
made of any cohesive ultrasound transmitting material
of suitable physical durability. A thin sheet of polyure-
thane or saran is preferred.

The ultrasound phantom 10 further includes a phan-
tom body 24. The phantom body substantially fills the
container 12 up to the level of the window 20, except as
shall be discussed below. The phantom body 24 in-
cludes a matrix 26 made of a matrix material exhibiting
ultrasound characteristics that mimic animal soft tissue.
A matrix material (or any other material forming a part
of the phantom 10) shall be deemed to mimic animal soft
tissue if, when compared to the corresponding ultra-
sound characteristics of the animal soft tissue, its attenu-
ation coefficient differs by no more than 10%, its ultra-
sonic speed by 1%, its specific gravity by 10%, and its
backscatter coefficient is within the same order of mag-
nitude.

At least in theory, the more exactly these characteris-
tics of the tissue mimicking material correspond to
those of the animal soft tissue, the more precisely will
results obtained by ultrasound scanning of the phantom
allow the user of the phantom to predict the scanning
characteristics of the same equipment when used on
animal soft tissue. A suitable and preferred matrix mate-
rial for the matrix 26 is an agar gel containing four and
one half weight percent agar in water, with selected
solid particles (not shown) dispersed throughout the
agar to adjust the attenuation and scatter coefficients
thereof. To adjust the attenuation coefficient, the solid
particles include among them attenuation particles hav-
ing a diameter not in excess of 40 microns and in any
event insufficiently large to cause detectable backscat-
ter. In practice, graphite particles having a diameter not
in excess of 22 microns have been found suitable. A
detergent may be mixed with the agar, if necessary, in
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amounts sufficient to prevent clumping of the graphite
particles.

The solid particles also include scattering particles
having a diameter such that their presence increases the
backscatter coefficient of the matrix material. To be
effective, a scattering particle must be large enough so
that measurable ultrasonic scatter occurs and small
enough and sufficiently closely spaced that the texture
pattern displayed by the ultrasound scanner being tested
does not represent resolution of individual scattering
particles. Any material that differs from the agar in
specific gravity and/or ultrasonic speed is capable of
causing scatter. Glass beads have been found acceptable
for use as scattering particles, with the diameter of the
glass beads being not less than forty microns and not
greater than one hundred microns. With the attenuation
particles present in a concentration of 50 gms of graph-
ite per liter and scattering particles in a concentration of
ten glass beads per cubic millimeter (mean diameter of
84 microns), a matrix 26 made of such tissue mimicking
matrix material and held at 22° C. has a specific gravity
of 1.04 gm/cm?3, a ultrasonic speed of 1540 m/s, an
attenuation coefficient 1.10 dB/cm at 2 MHz (corre-
sponding to a rate of change of a attenuation coefficient
with frequency of 0.55 dB/cm/MHz), and an estimated
backscatter coefficient of 3xX10—3 cm—! sr—! at 3.0
MHz. A matrix 26 composed of such material is a good
mimicker of solid organ tissue such as liver and breast
tissue.

The preferred matrix material just described contains
water and is subject to drying by escape of the water to
the atmosphere. This results in changes in acoustic
properties that make the matrix material a less effective
tissue mimicker. Consequently, when such a matrix
material is used, the container 12 must be liquid tight
and preferably also water vapor tight. The window
cover 22 must include means for reducing water trans-
fer therethrough. To this end, the window cover 22
may be made of a flexible plastic material that does not
readily transmit water vapor. An alternative means for
reducing water transfer through the window cover 22
includes a layer 28 of an oil-based gel that completely
closes the window 20, adhering to the uppermost por-
tions of the faces 16 and ends 18 in water and water
vapor-tight relation. The layer 28 of oil-based gel pref-
erably is also covered with a thin and flexible plastic
sheet 30 that serves to form and protect the surface of
the layer 28 of oil-based gel.

In practice, the bottom 14, faces 16, and ends 18 may
be molded as a unit or formed of flat pieces of plastic or
other material and be glued or otherwise joined so as to
constitute the container 12. If the window cover 22 is to
include the layer of oil-based gel, the plastic sheet 30
may first be glued or otherwise attached to the con-
tainer 12 so as to close the window 20 in liquid-tight
relation. At least one of the bottom 14, faces 16, or ends
18 includes a filling hole, shown at 32 and located in an
end 18 of the ultrasound phantom 10 shown in FIGS.
1-3. The layer 28 of oil-based gel may then be created
by inserting through the filling hole 32 a sufficient quan-
tity of the oil-based gel to make the layer 28, the oil-
based gel so inserted being in molten form. With the
container 12 oriented so that the window 20 is down-
wardmost, the molten oil-based gel may then be al-
lowed to cool and solidify. The exact thickness of the
layer 28 is not critical.

After the layer 28 of oil-based gel has been formed,
the remainder of the container 12 may be filled with the
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6

matrix material selected to form the matrix 26 by insert-
ing the matrix material in molten form through the
filling hole 32 and allowing it subsequently to solidify. It
is important that the matrix 26 completely fill the space
remaining in the container 12 beneath the level of the
layer 28 of oil-based gel, with no air bubbles remaining.
Any of a number of convenient techniques may be uti-
lized to accomplish this end. It is convenient to utilize a
filling syringe, shown in cross section in FIG. 3 at 34.
The filling syringe 34 may be any conventional syringe
with a barrel 36, plunger 38, and plunger seal 40. The
portion of the barrel 36 that would normally be adapted
to receive a needle may be cut off to leave the barrel
open-ended. The filling syringe 34 is selected to have a
size sufficiently large that the barrel 36 may be attached
to the end 18 in which the filling hole 32 is located, with
the barrel entirely surrounding and thus closing the
filling hole 32.

When the matrix material selected to form the matrix
26 is inserted through the filling hole 32, as described
above, it is inserted through the barrel 36 of the filling
syringe 34, with the plunger 38 removed. The matrix
material is allowed also to fill part of the barrel 36. With
the matrix material still in its molten form, the plunger
38 is reinserted into the barrel 36 with a strand of wire,
such as that shown in FIG. 3 at 42, inserted beside the
plunger 38 to extend past the plunger seal 40 into the
barrel 36. The wire 42 distorts the plunger seal 40 suffi-
ciently that air bubbles and any excess molten matrix
material may escape past the plunger seal 40. The filled
container 12 may be manually rotated and shaken so as
to direct all air bubbles contained therein up into the
barrel 36 of the filling syringe 34 and further up against
the plunger seal 40 near the position of the wire 42. By
application of pressure to the plunger 38, any such air
bubbles may be forced past the plunger seal 40 at the
point where the wire 42 has distorted the plunger seal.
By this means, the container 12 may be entirely filled,
with all air bubbles removed. The wire 42 may then be
pulled out of the barrel 36 from the plunger 38 side,
whereupon the plunger seal 40 prevents the readmission
of any air to the container 12.

Typically the material of which the matrix 26 is made
contains scattering particles, as discussed above, having
a different specific gravity than the remainder of the
matrix material. For example, the preferred matrix ma-
terial disclosed above utilizes glass beads as scattering
particles and suspends them within agar. The glass
beads so described have a higher specific gravity than
the agar and, unless otherwise provided for, they would
tend to sink within the matrix material until the gel had
solidified. To avoid this result and to maintain the scat-
tering particles in a uniform distribution throughout the
matrix 26, a slight pressure is maintained on the plunger
38 by application of rubber bands or the like, and the
entire ultrasound phantom 10 is rotated about a horizon-
tal axis until the gel of the matrix 26 has solidified. A
rotation rate of approximately 2 RPM has been found to
be sufficient. After the material forming the matrix 26
has solidified, the filling syringe 34 may be removed
from the container 12 and the filling hole 32 closed by
any convenient means, such as the stopper shown in
FIG. 2 at 44.

The phantom body 24 contains, in addition to the
matrix 26, testing spheres 46. Preferably, the testing
spheres 46 are made of a material having the same spe-
cific gravity, ultrasonic speed, and attenuation coeffici-
ent as the material of the matrix 26. However, the test-
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