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VERY LOW SCATTER LIQUID AND SOLID
TISSUE MIMICKING MATERIAL FOR
ULTRASOUND PHANTOMS AND METHOD
OF MAKING THE SAME

FIELD OF THE INVENTION

This invention pertains generally to the field of materials
which closely mimic the ultrasonic propagation character-
istics of human tissue, and particularly to such materials
used in ultrasound phantoms for use with ultrasound scan-
ners.

BACKGROUND OF THE INVENTION

Materials which closely mimic the ultrasonic propagation
characteristics of human tissue are employed in imaging
phantoms and other test objects for use with ultrasound
scanners. These phantoms may be used to carry out perfor-
mance checks on ultrasound scanners. Phantoms may also
be used for training or testing student technologists in the
operation of ultrasound scanners or the interpretation of
ultrasound images produced by such scanners.

Ideally, such material should be capable of mimicking soft
human tissue with respect to at least three characteristics:
speed of sound, ultrasonic attenuation, and ultrasonic scat-
tering. The speed of sound in the tissue mimicking material
should rest in the range from approximately 1460 m/s,
characteristic of human fat tissue, to 1640 m/s, characteristic
of the human eye’s lens. The attenuation coefficient with
respect to frequency of the material should lie in the range
from approximately 0.4 dB/cm/MHz, characteristic of
human fat tissue, to 2.0 dB/cm/MHz, characteristic of
human muscle tissue. Additionally, the attenuation coeffi-
cient should be approximately proportional to the ultrasonic
frequency. In other words, the attenuation coefficient with
respect to frequency, or the attenuation coefficient slope,
should remain constant for varying ultrasonic frequencies.
These characteristics of human tissue should be maintained
at all frequencies in the typical range of ultrasonic scanners,
from 1-10 MHz. Moreover, the variation of these charac-
teristics within the range of room temperature should be
small. Additionally, these materials should be stable in time
and invulnerable to reasonable environmental fluctuations.
They should also be free of any pockets of air or gas.
Furthermore, the bulk properties of the material should be
the same throughout the volume of a particular phantom or
phantom section.

A tissue mimicking material satisfying the above charac-
teristics was disclosed in U.S. Pat. No. 4,277.367, to
Madsen, et al., entitled Phantom Material and Method, the
disclosure of which is incorporated herein by reference. In
that patent it was disclosed that both the speed of sound and
the vitrasonic attenuation properties, matching those of most
soft tissues, could be simultaneously controlled in a mim-
icking material based on water based gels, such as those
derived from animal hides. It was disclosed that pharma-
ceutical gels could be made to mimic human soft tissue from
the standpoint of attenuation coefficient by having a uniform
distribution of graphite powder in the gel, and that the
magnitude of the attenuation coefficient could be controlled
by varying the concentration of graphite. The speed of sound
in such a gel suspension could be varied between 1560-1700
m/s at room temperature and was independent of the graph-
ite concentration. The attenuation coefficient was also nearly
proportional to the frequency. In one embodiment of that
invention, ultrasound phantoms embodying the desired fea-
tures for mimicking soft tissue were prepared from a mixture
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of gelatin, water, n-propanol and graphite powder, with a
preservative. In another embodiment, an oil and gelatin
mixture formed the basis of the tissue mimicking material.

Tissue mimicking material is typically used to form the
body of an ultrasound scanner phantom. This is accom-
plished by enclosing the material in a container which is
closed by an ultrasound transmitting window cover. The
tissue mimicking material is admitted to the container in
such a way as to exclude air bubbles from forming in the
container. In addition to the tissue mimicking material itself,
scattering particles, spaced sufficiently close to each other
that an ultrasound scanner is incapable of resolving indi-
vidual scattering particles, and testing spheres or other
targets may be located within the phantom container, sus-
pended in the tissue mimicking material body. Such an
ultrasound phantom is useful in evaluating the ability of
ultrasound medical diagnostic scanners to resolve target
objects of selected sizes located throughout the tissue mim-
icking material. The objective is for the ultrasound scanner
to resolve the testing spheres or other targets from the
background material and scattering particles. This type of
ultrasound phantom is described in U.S. Pat. No. 4,843,866.
to Madsen, et al., entitled Ultrasound Phantom, the disclo-
sure of which is incorporated herein by reference.

SUMMARY OF THE INVENTION

In accordance with the present invention. there is pro-
vided a tissue mimicking material for ultrasound phantoms
having speed of sound and ultrasonic attenuation character-
istics of human tissue, with very low ultrasonic scatter
levels. The relative backscatter levels achieved by the tissue
mimicking materials of the present invention are about 40
dB below the ultrasonic scatter level of human liver tissue,
and about 25 dB below the scatter levels of prior tissue
mimicking materials, such as that disclosed in U.S. Pat. No.
4,277,367. Such low scatter material allows for testing for
side lobes in ultrasonic transducer acoustic pressure ampli-
tude patterns. The controlled addition of solid scatterers to
the solid type of tissue mimicking material allows relative
backscatter levels to be achieved within a very broad range
for use in phantoms used as ultrasound scanner test objects.

The tissue mimicking material of the present invention
may be in liquid or solid form. The liquid form allows
medical ultrasound scanner beam properties to be deter-
mined at arbitrary positions via immersing movable detec-
tors or reflectors at various positions in a phantom contain-
ing the liquid material. The liquid form of the present
invention also allows phantom test objects to be refilled with
materials mimicking ultrasonically different parenchymal
tissues. The liquid material may be formed of a filtered
aqueous mixture of large organic water soluble molecules
and an emulsion of fatty acid esters, an organic hydroxy
compound and, preferably, a preservative to inhibit bacterial
invasion. N-propanol is a preferred hydroxy compound, and
thimerosal may be used as the preservative.

The solid form of the tissue mimicking material of the
present invention allows a broad range of relative backscat-
ter levels to be achieved in ultrasound phantoms by sus-
pending solid scatterers of various sizes and concentrations
throughout the phantom body tissue mimicking material.
Target objects having different ultrasonic characteristics
from the body tissue mimicking material may also be
suspended in the phantom body. The solid material contains
the same components as the liquid form, with a very pure
gel-forming material such as gelatin, polyacrylamide gel, or
agarose included to form an elastic solid material.
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A component of both the liquid and solid forms is the
filtered aqueous mixture of large organic water soluble
molecules and an emulsion of fatty acid esters. This com-
ponent may be made from a mixture of evaporated whole
milk and water. The high purity gel-forming material is
utilized for maintaining the solid form. The n-propanol or
other hydroxy compound is important for controlling ultra-
sonic speed of propagation through the material.

The solid form of the tissue mimicking material of the
present invention allows complex phantoms to be con-
structed. Such phantoms are constructed by placing the
tissue mimicking material in a phantom container which is
closed by an ultrasound transmitting window cover. Scatter
particles and test objects, such as simulated tumors with
different backscatter and/or other characteristics than the
surrounding material, may be suspended throughout the
tissue mimicking material enclosed in the container.

Further objects, features, and advantages of the invention
will be apparent from the following detailed description
when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 is a perspective view of an ultrasound phantom
containing the tissue mimicking material of the present
invention.

FIG. 2is a cross-sectional view of an ultrasound phantom
similar to the phantom shown in FIG. 1. showing testing
spheres suspended throughout the tissue mimicking material
enclosed in the phantom. The testing spheres suspended in
the tissue mimicking material are not shown to scale or in
numbers accurately reflecting their concentration within the
phantom body.

DETAILED DESCRIPTION OF THE
INVENTION

The tissue mimicking material of the present invention
includes a filtered aqueous mixture of large organic water
soluble molecules and an emulsion of fatty acid esters. Very
small particle size is important to achieving low backscatter
levels. A tissue mimicking material in accordance with the
present invention in liquid form contains the filtered aqueous
mixture of large organic water soluble molecules and an
emulsion of fatty acid esters and an organic hydroxy
compound, which is important for controlling the ultrasonic
speed of propagation through the material. A preservative
against bacterial invasion is also preferably included in the
material. An alcohol, such as n-propanol, is a preferred
hydroxy compound and thimerosal is a preferred preserva-
tive.

The tissue mimicking materiat of the present invention, in
liquid form, may be produced using the procedure of the
following example. Commercially available evaporated
homogenized whole milk and water may be used to form the
filtered aqueous mixture of large organic water soluble
molecules and an emulsion of fatty acid esters. Regular
homogenized milk may also be used but the attenuation
coefficient will be minimal, allowing little flexibility in its
choice through dilution with water. The evaporated whole
milk is first agitated and then poured into a beaker and
warmed, in double boiler fashion, to 68° C. The warmed
milk is then filtered to eliminate calcium particles from the
evaporated milk. Preferably a filter paper is used which
retains particles greater than 8 micrometers in diameter. A 9
cm diameter Whatman TM 540 hardened ashless paper filter
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in a vacuum filter apparatus connected to a Bernoulli
vacuum outlet on a water pipe may be employed for the
filtering step of this process. As an alternative to filtering, the
calcium particles may be eliminated from the evaporated
milk by allowing the milk to remain at rest, so gravity acts
to pull the particles to the bottom of the milk container, and
then pouring off the top part of the milk for use in the
remaining steps. The tissue mimicking material of the
present invention may be made without employing a filter-
ing step at all, however, filtering is preferred. Three parts of
the filtered evaporated milk, now at room temperature, are
then combined with two parts of a degassed solution of
deionized water and n-propanol. Degassing may be done by
placing a beaker of the material to be degassed in a suffi-
ciently large clean desiccator and applying a vacuum via a
laboratory vacuum pump generating a minimum absolute
pressure of 60 mmHg. This vacuum is mild enough that
water will not boil at room temperature. The water is
preferably deionized to 18 Megohm-cm. The resulting mix-
ture is approximately 60% evaporated milk, 37% water, and
3% n-propanol by volume of components. At this point, 1
gram of thimerosal per liter of mixture may be added and
mixed in. The mixture is then degassed for about 15 minutes,
removed from the vacuum apparatus, and the bubble layer
formed on the top of the mixture is removed. The mixture is
then stirred well and poured into a phantom container where
it is sealed from exposure to the air.

Other products similar to evaporated whole milk, such as
coffee creamers like liquid Coffeemate or homogenized
“half and half” may also form the basis of the filtered
aqueous mixture of large organic water soluble molecules
and emulsion of fatty acid esters. A combination of whipping
cream and milk can provide a material having ultrasonic
characteristics similar to human blood, including its low
backscatter coefficient.

The liquid form of the tissue mimicking material of the
present invention allows the beam properties of ultrasound
medical equipment to be determined at arbitrary positions by
immersing movable detectors or reflectors in the liquid
tissue mimicking material enclosed in an ultrasound phan-
tom. Additionally, test object phantoms can be refilled with
liquid material which mimics ultrasonically different paren-
chymal tissues. For example, by altering the concentration
of n-propanol in the material, materials with varying ultra-
sonic speed characteristics may be created.

‘A solid tissue mimicking material in accordance with the
present invention contains the same components as the
liquid form, with a very pure gel-forming material such as
gelatin, polyacrylamide gel, or agarose included to form a
solid material. A preferred gel-forming material is agarose.
The high purity gel-forming material performs the function
of maintaining a solid form with the liquid tissue mimicking
components held therein without substantial settling or
diffusion. This solid and stable gel structure allows complex
phantoms to be constructed containing, e.g., simulated
tumors with different backscatter characteristics than the
surrounding phantom body material, as described in more
detail below. .

A solid type tissue mimicking material in accordance with
the present invention may be produced using the following
procedure. Once again, evaporated whole milk is used as the
basis of the filtered aqueous mixture of large organic water
soluble molecules and an emulsion of fatty acid esters which
is the essential component of the material. Also, n-propanol
is the preferred hydroxy compound used for controlling the
ultrasonic speed of propagation through the material, and
thimerosal is the preferred preservative. First, a solution of
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