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ULTRASOUND BONE PHANTOM
MATERIAL COMPATIBLE WITH MRI

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/166,922, filed May 27, 2015, the
entirety of which is herein incorporated by reference.

BACKGROUND

[0002] Traditionally, phantoms that closely mimic the
physical properties of various human tissues have been very
important for the development and testing of medical imag-
ing modalities. Ideally, the material of the phantom should
perfectly mirror the qualities of the bone being studied. For
example, bone-mimicking phantom materials for use in
ultrasound should have the same ranges of speeds of sound,
attenuation coefficients, and backscatter coefficients as real
bone. These parameters should be controllable in the manu-
facturing process of the phantom material, and their varia-
tion within the range of room temperatures should be small.
[0003] Speeds of sound in human bones vary over a fairly
small range with an average value of about 3000 m/s. The
amplitude of attenuation coefficients vary over the range
from 2 dB/cm to about 4 dB/cm at a frequency of 1 MHz.
The bones of the human skeleton can be divided into two
types: cortical bone (around 80% of the total skeleton), and
cancellous, or trabecular, bone (around 20% of the total
skeleton). The latter has a porous structure made up of
cortical trabecules, the pores being filled with bone marrow.
Cortical bone has a homogenous, compact structure, being
less than 10% porous. Trabecular bone has a much more
complex composite structure.

[0004] The size, shape and concentration of pores vary
between skeletal sites; the proportion by volume which is
marrow is known as the porosity. Trabecular bone has a
higher porosity, 50-90%, which makes its modulus and
ultimate compressive strength around 20 times inferior than
that of cortical bone. Hence, there is a requirement for the
bone phantom material to be able to mimic porosity in a
controllable way and allow it to imitate healthy and osteo-
porotic bones. Therefore, both the cortical and trabecular
bone properties are very challenging to mimic, especially if
in addition to ultrasound properties MRI compatibility is
required, as in the case of HIFU therapy and anatomical
MRI imaging methods. Making the ultrasound bone phan-
tom material MRI compatible would considerably expand its
applications for the development of ultrasound-based imag-
ing diagnostic and therapeutic techniques. Currently there
are no such ultrasound bone phantom materials available.

SUMMARY

[0005] One Disclosed herein is an ultrasound bone phan-
tom material compatible with MRI and a method of prepa-
ration thereof, in which the velocity of sound, ultrasonic
attenuation, bulk density and porosity can be advanta-
geously controlled and the affinity of the ultrasound bone
phantom material to real bone can be advantageously held.
[0006] An ultrasound bone phantom material compatible
with MRI is accomplished through resin-based composites
fabricated by molding or 3D printing. Accordingly, dis-
closed herein is a method for producing an ultrasound bone
phantom material compatible with MRI by mixing of a resin
binder, a resin hardener, a solid filler and optionally a
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catalyst for promoting reaction between the resin binder and
the resin hardener. A ceramic powder is used as a solid filler
to make an ultrasound cortical bone phantom material. The
ceramic powder is mixed with inorganic or organic particu-
late material to make an ultrasound trabecular bone phantom
material.

[0007] The ultrasound bone phantom material is compat-
ible with MRI and can be manufactured at room tempera-
ture, wherein the background matrix can accept solid fillers
of low melting temperature.

[0008] The ultrasound bone phantom material is compat-
ible with MRI and its acceptability to solid fillers provides
flexibility and a wide range of choice in solid fillers for the
purpose of adjusting the sonic properties and porosity of the
ultrasound bone phantom material compatible with MRI as
desired.

[0009] Further scope of the applicability of the present
invention will become apparent from the detailed descrip-
tion given hereinafter. However, it should be understood that
the detailed description and specific examples, while indi-
cating preferred embodiments of the invention, are given by
way of illustration only, since various changes and modifi-
cations within the spirit and scope of the invention will
become apparent to those skilled in the art from this detailed
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only, and thus are not limitative of the present
invention.

[0011] FIG. 1 is a flow chart showing a method of pre-
paring an ultrasound bone phantom material.

[0012] FIG. 2 is a detailed flow chart showing a method of
preparing the non-porous and porous bio-material.

[0013] FIG. 3 is a schematic of an example ultrasound
bone phantom.

DETAILED DESCRIPTION

[0014] The ultrasound bone phantom material according
to one example includes: (1) a resin binder (in turn contain-
ing a resin, a hardener and a catalyst), (2) one or more
density control ceramic powder materials and (3) one or
more porosity control particulate materials.

[0015] The resin constituent may be any type of epoxy
resin, urethane resin, acrylic resin, phenolic resin, UV cured
resin (i.e. useful in molding compositions or 3D printing).
Non-limiting examples of suitable epoxy resins include
epichlorohydrin derived liquid epoxy resin, phenolic
novolac epoxy resin, biphenyl epoxy resin, hydroquinone
epoxy resin, stilbene epoxy resin, and mixtures and combi-
nations thereof. Epoxy cresol novolac resin is suitable for
use in some embodiments. The epoxy resins may be used
either individually or as a mixture of two or more resins. A
preferred epichlorohydrin derived liquid epoxy resin is
commercially available from Momentive Industries, Ltd. of
USA, but other resins could be used.

[0016] A resin hardener constituent is provided for pro-
moting crosslinking of the molding composition to form a
polymer composition. Non-limiting examples of suitable
hardeners include diethylenetriamine aliphatic polyamine
hardener, cresol novolac hardener, dicyclopentadiene phenol
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hardener, limonene type hardener, anhydrides, and mixtures
thereof. Diethylenetriamine aliphatic polyamine hardener is
particularly desirable. Also, in a similar manner as with the
epoxy resins, the resin hardener may be used either indi-
vidually or as a mixture of two or more hardeners.

[0017] A preferred diethylenetriamine aliphatic polyamine
hardener is commercially available from Momentive Indus-
tries Ltd. of USA, but other hardeners can be used.

[0018] A ceramic powder component is provided to con-
trol the density in the bone phantom material. To adjust the
density of bone phantom material, a mixture of submicron
and micron-scale and ceramic powders is used. Non-limiting
examples of ceramic powders which could be used include
alumina, zirconia, silicon carbide, boron nitride and mix-
tures and combinations thereof. A preferred alumina ceramic
powder is commercially available from, e.g.. Kramer Indus-
tries, Inc. (Piscataway, N.J., USA).

[0019] An inorganic or organic particulate component is
provided to control the porosity of the bone phantom mate-
rial. Non-limiting examples of inorganic and organic granu-
lar component which could be used include poppy seeds,
hemp seeds, polyurethane particles, silicone particles, gela-
tin, hydrogel particles and mixture of thereof. A preferred
particular material is hemp seeds or poppy seeds commer-
cially available from any Canadian grocery store.

[0020] A catalyst is provided for promoting reaction
between the epoxy resin and the resin hardener during
curing of the bone phantom material molding composition.
Incorporating a catalyst directly in the resin-ceramic com-
posite provides effective catalytic activity for subsequent
reaction, since both the epoxy resin and the hardener are
present within the composite structure.

[0021] Examples of such catalysts include, but are not
limited to, basic and acidic catalysts such as metal halide
Lewis acids, including boron trifluoride, stannic chloride,
zin¢ chloride and the like;

[0022] As will be described in more detail herein, the
resin, the resin hardener, the ceramic powder and the par-
ticulate material are mixed to form a resin-based composite,
from which ultrasound cortical bone phantom material of
low, medium and high density and ultrasound trabecular
bone phantom material of low, medium and high porosity
can be fabricated. The amount of resin provided in the
resin-based composition may range from about 10 weight
percent to about 40 weight percent based on the weight of
the resin-based composite, desirably for medium density
cortical bone phantom from about 15 weight percent to
about 20 weight percent based on the weight of the resin-
based composite. The amount of resin hardener in the
resin-based composite may range from about 5 weight
percent to about 30 weight percent based on the weight of
the resin-based composite, desirably for medium density
cortical bone phantom from about 7 weight percent to about
15 weight percent based on the weight of the resin-based
composite. The ceramic powder may be provided in the
resin-based composite at a range of about 50 weight percent
to about 90 weight percent based on the weight of the
resin-based composite, more desirably for medium density
cortical bone phantom at a range of about 70 weight percent
to about 80 weight percent based on the weight of the
resin-based composite. A mixture of submicron and micron-
scale and ceramic powders is used with a weight ratio from
1:20 to 1:30. In embodiments in which a catalyst is included
within the epoxy-clay nano-composite, the amount of cata-
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lyst provided in the resin-based composite ranges from
about 1.0 weight percent to about 40 weight percent based
on the weight of the resin-based composite, desirably for
medium density cortical bone phantom from about 0.5
weight percent to about 5.0 weight percent based on the
weight of the resin-based composite.

[0023] In case of trabecular bone phantom material, the
resin-based composite is further provided with organic or
inorganic particulate material component to form the resin-
based composition. The particulate material component may
include different known organic and inorganic materials. For
example, the particulate material may be poppy seeds, hemp
seeds, polyurethane particles, silicone particles, hydrogel
particles, gelatin, and mixtures thereof. In one particular
example, the particulate material components are hemp
seeds.

[0024] The amount of the particular material component in
the resin-based composition ranges from about 5 weight
percent to about 70 weight percent based on the total weight
of the resin-based composition (that allows to vary porosity
between 5% and 70%), desirably for medium porosity
trabecular bone phantom from about 20 weight percent to
about 50 weight percent based on the total weight of the
resin-based composition.

[0025] FIG. 1 is a flow chart showing a method of pre-
paring an ultrasonic bone phantom material compatible with
MRI. Referring to FIG. 1, the method of preparing ultrasonic
bone phantom material includes the following steps. First, in
step S1, a body of a resin-based cortical bone phantom
composition is formed by mixing a resin, a resin hardener,
ceramic powders and a catalyst or a body of a resin-based
trabecular bone phantom composition is formed by mixing
a resin, a resin hardener, ceramic powders, organic and
inorganic particular materials and a catalyst. Then, in step
S2, the body of a resin-based cortical bone phantom com-
position is solidified to obtain the ultrasound cortical bone
phantom compatible with MRI or the body of a resin-based
cortical bone phantom composition is solidified to obtain the
ultrasound trabecular bone phantom compatible with MRI.
FIG. 2 is a detailed flow chart showing a method of
preparing the ultrasound bone phantom compatible with
MRI. As shownin FIG. 2, the step S1 may include steps S1.1
and S1.2. In the step S1.1, a resin, a resin hardener, ceramic
powders and a catalyst are mixed together to form a resin-
based composition. In the step S1.2, the resin-based com-
position is shaped into the body of a resin-based composi-
tion using a mold. That is, the mixture is poured into the
mold to form the body, which has the shape of a bone in
skeleton. The mold may be removed after or before the body
is dried. It is to be noted that the step of shaping the mixture
by the mold is not essential, and it is also possible to cut a
small block from the dried body or to machine the small
block. Alternatively the mixture can be loaded to a custom-
ized 3D printer and directly 3D printed to the desired shape.
[0026] FIG. 3 schematically shows an ultrasonic bone
phantom 10 including a resin binder 12 and one or more
density control materials 14. Optionally, there may also be
one or more porosity control particulate materials 16. Again,
the phantom 10 could be formed in any shape (in a mold or
via additive manufacturing, for example). The phantom 10
can be formed as cortical bone, trabecular bone or as layers
of each, with areas of varying density and porosity. This can
be done by combining different mixtures in different parts of
the mold. Alternatively, varying these properties in different
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parts of the phantom could be done in a fairly straightfor-
ward manner using additive manufacturing (e.g. 3D print-
ers).

[0027] In the following example, the method of preparing
the porous bio-material will be described to prove that the
method is simple and the ultrasonic bone phantom material
compatible with MRI has excellent properties.

EXAMPLES

Example 1

[0028] This example represents a comparative example
demonstrating an ultrasound cortical bone phantom compo-
sition of medium density including resin component, hard-
ener component, catalyst component and ceramic powder
component (Table 1). First the resin was uniformly pre-
mixed with hardener and catalyst (see Table 1) for 1 to 2
minutes in a conventional blender and then the ceramic
powder is added to the mixture was stirred for another 1 to
2 minutes. The formed ultrasound cortical bone molding
composition was transferred into a mold, left for drying for
about 16 hours at 21° C. and then heated in the oven for 2
hours at 93° C.

TABLE 1
COMPONENT WEIGHT PERCENT
L. Resin' 15
2. Hardener? 8
3. Catalyst? 1
4. ALUMINA (44/+10 MICRONS) 75
5. ALUMINA (SUB-MICRON) 1
Total: 100
Epon 828
Epicure 3055
33-glycidoxypropyltrimethoxysilane
Example 2

[0029] This example represents a comparative example
demonstrating three different types of ultrasound cortical
bone phantoms, their compositions and ultrasound propet-
ties (Table 2). The ultrasound cortical bone phantom mold-
ing composition was prepared as in Example 1, including the
resin component, hardener component and ceramic powder
component.
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Example 3

[0030] This example represents a comparative example
demonstrating three different types of trabecular bone phan-
toms, their compositions and ultrasound properties (Table
3). The molding composition “Medium Density Bone Mate-
rial” was prepared as in Example 1, but then hemp seeds-a
particular material component was added to the mixture and
stirred for 1 to 2 minutes.

TABLE 3
COMPONENT
Medium PROPERTIES
Density Ultrasonic
Bone  Hemp Sound  Attenuation
Phantom Type Material Seeds  Velocity  at 1 MHz  Density
Low Parosity 20g 10g 2400 m/s 30 dB/em 1.86
Trabecular bone
Medium 20g 20g 2000 m/s 36 dB/em 1.68
Porosity
Trabecular
Bone
High Porosity 20g 30g 1600 m/s 41 dB/em 143
Trabecular
Bone
[0031] In accordance with the provisions of the patent

statutes and jurisprudence, exemplary configurations
described above are considered to represent a preferred
embodiment of the invention. However, it should be noted
that the invention can be practiced otherwise than as spe-
cifically illustrated and described without departing from its
spirit or scope.

What is claimed is:

1. An ultrasound bone phantom material comprising:

a) a blended mixture resin binder including a resin and a

resin hardener; and

b) a solid filler component.

2. The ultrasound bone phantom material as in claim 1,
wherein the resin binder is between about 10 percent to
about 40 percent of a total weight of the ultrasound bone
phantom material.

3. The ultrasound bone phantom material as in claim 2,
wherein the resin hardener is between about 5 percent to
about 30 percent of a total weight of the ultrasound bone
phantom material.

TABLE 2
COMPONENT

Alumina  Alumina PROPERTIES

Powder Powder Ultrasonic
Phantom  Resin Hardener  (44/+10 (Sub- Sound  Attenuation
Type Fpon Epikure  microns) Microns) Velocity — at 1 MHz Density
Low 20g 10g 75g 10g 2700 m/s 4 dB/cm 2.15 g/em®
Density
Medium 20g 10g Ng 12¢g 2900 m/s 3 dB/cm 2.25 g/em®
Density
High 20g 10g 105 g ldg 3100 m/s 3 dB/cm 2.35 g/em®

Density
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4. The ultrasound bone phantom material as in claim 1,
wherein said resin is a liquid epoxy resin.

5. The ultrasound bone phantom material as in claim 4,
wherein said resin is an epichlorohydrin-derived liquid
€poxy resin.

6. The ultrasound bone phantom material as in claim 1,
wherein said resin hardener is selected from the group
consisting of diethylenetriamine aliphatic polyamine, phe-
nol novolacs, cresol novolacs, anhydrides, and mixtures
thereof.

7. The ultrasound bone phantom material as in claim 1,
wherein said resin is capable of being hardened by a UV
light.

8. The ultrasound bone phantom material as in claim 1,
wherein the amount of said solid filler component in said
ultrasound bone phantom material ranges from about 50
weight percent to about 90 weight percent based on the total
weight of the ultrasound bone phantom compatible with
MRI material.

9. The ultrasound bone phantom material as in claim 1,
wherein the said filler component in said ultrasound bone
phantom material comprises submicron and micron-scale
ceramic powder with a weight ratio of 1:20 to 1:30.

10. The ultrasound bone phantom material as in claim 1,
wherein the said solid filler component in said ultrasound
bone phantom material comprises submicron and micron-
scale ceramic powder with a weight ratio of 1:20 to 1:30.

11. The ultrasound bone phantom material, wherein said
solid filler component is selected from the group consisting
of alumina, zirconia, silicon carbide, boron nitride, titanium
and mixtures and combinations thereof.

12. The ultrasound bone phantom material as in claim 1,
wherein said filler component is alumina.

13. The ultrasound bone phantom material as in claim 1,
wherein said ultrasound bone phantom material further
comprises a catalyst for promoting reaction between the
resin and the hardener.

14. The ultrasound bone phantom material as in claim 1,
wherein the material is compatible with MRI.
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15. The ultrasound bone phantom material as in claim 14,
wherein the simulated porosity in the ultrasound bone phan-
tom material is between 5% and 70%.

16. The ultrasound bone phantom material as in claim 15,
wherein an average size of pores in the ultrasound bone
phantom material is greater than 100 microns.

17. The ultrasound bone phantom material as in claim 16
wherein a cortical portion is formed to represent cortical
bone and a trabecular portion is formed to represent trabe-
cular bone, wherein the cortical portion has different poros-
ity from the trabecular portion.

18. A method of preparing an ultrasound bone phantom
material composition compatible with MRI, the method
comprising the steps of:

a) blending a mixture of a resin component, a resin
hardener component, a catalyst and solid filler compo-
nent, wherein the solid filler component is comprised of
submicron and micron-scale ceramic powder, and inor-
ganic or organic particulate material; and

b) solidifying said blended mixture to obtain the ultra-
sound bone phantom material compatible with MRI.

19. The method according to claim 18, wherein the step
of solidifying the ultrasound bone phantom material com-
position is performed at a room temperature.

20. The method according to claim 18, wherein the step
of solidifying the ultrasound bone phantom material com-
position is performed at a temperature higher than 60
degrees centigrade.

21. The method according to claim 18, further including
the step of shaping the mixture into a ultrasonic bone
phantom material body using a mold.

22. The method according to claim 18, further including
the step of shaping the mixture into the ultrasonic bone
phantom material body using a 3D printer.

22. The method according to claim 18, further including
the step of shaping the mixture into the ultrasonic bone
phantom material body using an additive manufacturing
process.
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