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FIBROSIS MEASUREMENT DEVICE,
FIBROSIS MEASUREMENT METHOD AND
PROPERTY MEASUREMENT DEVICE

TECHNICAL FIELD

The present invention relates to a fibrosis measurement
device for measuring fibrosis of a biological tissue, a fibrosis
measurement method for measuring fibrosis of a biological
tissue, and a property measurement device for measuring a
property of a measurement object.

BACKGROUND ART

In the measurement technique “acoustically stimulated
electromagnetic method” (hereinafter, also referred to as the
“ASEM method”) developed by the inventor, a measure-
ment object is irradiated with sound waves such that the
electric charge and magnetization of the measurement object
is modulated, and information regarding electrical properties
and magnetic properties of the measurement object is exter-
nally transmitted in the form of electromagnetic radiation
(see Patent Literature 1, for example).

PRIOR ART REFERENCE
Patent Literature

Patent Literature 1: WO2007/055057
SUMMARY OF INVENTION
Technical Problem

In major organs other than the brain, such as the heart,
kidneys, liver, and lungs, fibroblasts activated by inflamma-
tion or the like may produce a large amount of collagen,
which may cause tissue fibrosis. Such collagen fibrosis is
tissue degeneration universally observed in chronic diseases
of organs and is hence an important indicator used by
physicians to determine therapeutic intervention. For
example, in the case of myocardial infarction, when myo-
cardial cells become necrotic due to ischemia, collagen
accumulates such as to fill in for the necrotic cells, causing
heart fibrosis. Myocardial fibrosis is also one of diagnostic
criteria for dilated cardiomyopathy and cardiac sarcoidosis,
which have been designated as intractable diseases. Also in
the kidneys and liver, in the case of chronic failure, tissues
become fibrotic. For example, pulmonary fibrosis is a fatal
disease in which collagen fibrosis occurs due to chronic
inflammation of epithelial tissues that perform gas
exchange, which may lead to dyspnea. Fibrosis is also
known to occur in biological tissues including muscles, such
as skeletal muscles, and skin.

The current mainstream test for such fibrosis is a biopsy,
in which a tissue extracted from a patient is stained and
observed under an optical microscope. However, biopsies
place heavy burdens on patients and may be sometimes
inapplicable to elderly people. Accordingly, there is a need
for a non-invasive measurement technique with which tests
for pathological assessment and prognosis prediction can be
performed more frequently. Although many non-invasive
measurement techniques, such as MRI, X-rays, elastogra-
phy, and biomarker search, have been developed for each
organ and disease, a method for directly measuring fibrosis
has not yet been sufficiently established.
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The present invention has been made in view of such an
issue, and a purpose thereof is to measure fibrosis of
biological tissues non-invasively.

Solution to Problem

In response to the above issue, a device according to one
aspect of the present invention is a fibrosis measurement
device that measures fibrosis of a biological tissue non-
invasively. The device includes: a sound wave emitter that
performs scanning over a surface of a biological tissue as a
measurement object to emit sound waves such that the sound
waves are concentrated on multiple locations of the biologi-
cal tissue; an electromagnetic wave receiver that receives an
electromagnetic wave generated at each location of a bio-
logical tissue irradiated with the sound waves; a signal
extractor that extracts a signal indicating at least one prop-
erty selected from a group including electrical properties,
magnetic properties, electromechanical properties, and mag-
netomechanical properties of the biological tissue, based on
at least one selected from a group including the amplitude,
phase, and frequency of an electromagnetic wave received
by the electromagnetic wave receiver; an imaging unit that
images, as a two-dimensional image, signals extracted by
the signal extractor; and an area comparison unit that
compares the area of a portion of the two-dimensional image
in which signals indicating a property are displayed, with an
area corresponding to a predetermined threshold of the
strength of the signals.

The fibrosis measurement device that measures fibrosis of
a biological tissue non-invasively may further include an
echo receiver that receives an echo signal from each location
of the biological tissue. In this case, the signal extractor may
extract a property received in half the time from when the
sound wave emitter has emitted a sound wave until the echo
receiver has received an echo signal, in which the property
is associated with the echo signal.

A delay material may be provided between the sound
wave emitter and the biological tissue.

The biological tissue may include at least one of an organ,
a muscle, or skin.

The biological tissue may be a kidney.

When the area of a portion in which signals indicating a
property are displayed is calculated, weighting may be
performed based on the strength of the signals.

Another aspect of the present invention also relates to a
device. The device is a fibrosis measurement device that
measures fibrosis of a biological tissue non-invasively and
includes: a sound wave emitter that emits sound waves such
that the sound waves are concentrated on a biological tissue
as a measurement object; an electromagnetic wave receiver
that receives an electromagnetic wave generated in a bio-
logical tissue irradiated with the sound waves; a signal
extractor that extracts a signal indicating at least one prop-
erty selected from a group including electrical properties,
magnetic properties, electromechanical properties, and mag-
netomechanical properties of the biological tissue, based on
at least one selected from a group including the amplitude,
phase, and frequency of an electromagnetic wave received
by the electromagnetic wave receiver; and a signal strength
comparison unit that compares the strength of a signal
extracted by the signal extractor with a predetermined
threshold.

The fibrosis measurement device that measures fibrosis of
a biological tissue non-invasively may further include an
echo receiver that receives an echo signal from the biologi-
cal tissue. The signal extractor may extract a signal indicat-
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ing a property received in half the time from when the sound
wave emitter has emitted a sound wave until the echo
receiver has received an echo signal, in which the signal is
associated with the echo signal.

The sound wave emitter may have substantially the same
curvature as a body surface covering a biological tissue as a
measurement object.

Yet another aspect of the present invention relates to a
method. The method is a fibrosis measurement method for
measuring fibrosis of a biological tissue non-invasively and
includes: performing scanning over a surface of a biological
tissue as a measurement object to emit sound waves such
that the sound waves are concentrated on multiple locations
of the biological tissue; receiving an electromagnetic wave
generated at each location of a biological tissue irradiated
with the sound waves; extracting a signal indicating at least
one property selected from a group including electrical
properties, magnetic properties, electromechanical proper-
ties, and magnetomechanical properties of the biological
tissue, based on at least one selected from a group including
the amplitude, phase, and frequency of a received electro-
magnetic wave; imaging extracted signals as a two-dimen-
sional image; and comparing the area of a portion of the
two-dimensional image in which signals indicating a prop-
erty are displayed, with an area corresponding to a prede-
termined threshold of the strength of the signals.

Still yet another aspect of the present invention also
relates to a method. The method is a fibrosis measurement
method for measuring fibrosis of a biological tissue non-
invasively and includes: performing scanning over a surface
of a biological tissue as a measurement object to emit sound
waves such that the sound waves are concentrated on
multiple locations of the biological tissue; receiving an echo
signal from each location of a biological tissue irradiated
with the sound waves and receiving an electromagnetic
wave generated at each location of a biological tissue
irradiated with the sound waves; extracting a signal indicat-
ing at least one property selected from a group including
electrical properties, magnetic properties, electromechanical
properties, and magnetomechanical properties of the bio-
logical tissue, based on at least one selected from a group
including the amplitude, phase, and frequency of a received
electromagnetic wave, in which the signal is associated with
an echo signal; imaging extracted signals as a two-dimen-
sional image; and comparing the area of a portion of the
two-dimensional image in which signals indicating a prop-
erty are displayed, with an area corresponding to a prede-
termined threshold of the strength of the signals.

Still yet another aspect of the present invention also
relates to a method. The method is a fibrosis measurement
method for measuring fibrosis of a biological tissue non-
invasively and includes: emitting sound waves such that the
sound waves are concentrated on a biological tissue as a
measurement object; receiving an electromagnetic wave
generated in a biological tissue irradiated with the sound
waves; extracting a signal indicating at least one property
selected from a group including electrical properties, mag-
netic properties, electromechanical properties, and magne-
tomechanical properties of the biological tissue, based on at
least one selected from a group including the amplitude,
phase, and frequency of a received electromagnetic wave;
and comparing the strength of an extracted signal with a
predetermined threshold.

Still yet another aspect of the present invention also
relates to a method. The method is a fibrosis measurement
method for measuring fibrosis of a biological tissue non-
invasively and includes: emitting sound waves such that the
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sound waves are concentrated on a biological tissue as a
measurement object; receiving an echo signal from a bio-
logical tissue irradiated with the sound waves and receiving
an electromagnetic wave generated in a biological tissue
irradiated with the sound waves; extracting a signal indicat-
ing at least one property selected from a group including
electrical properties, magnetic properties, electromechanical
properties, and magnetomechanical properties of the bio-
logical tissue, based on at least one selected from a group
including the amplitude, phase, and frequency of a received
electromagnetic wave, in which the signal is associated with
an echo signal; and comparing the strength of an extracted
signal with a predetermined threshold.

A further aspect of the present invention relates to a
device. The device is a property measurement device that
measures a property of a measurement object and includes:
a sound wave emitter that emits sound waves such that the
sound waves are concentrated on the measurement object;
an electromagnetic wave receiver that receives an electro-
magnetic wave generated in a measurement object irradiated
with the sound waves; and a signal extractor that extracts a
signal indicating at least one property selected from a group
including electrical properties, magnetic properties, electro-
mechanical properties, and magnetomechanical properties
of the measurement object, based on at least one selected
from a group including the amplitude, phase, and frequency
of an electromagnetic wave received by the electromagnetic
wave receiver. The electromagnetic wave receiver includes
a resonant circuit including a coil and a capacitor, and an
electrostatic antenna disposed between the coil and the
capacitor.

Optional combinations of the aforementioned constituting
elements, and implementation of the present invention in the
form of apparatuses, methods, systems, recording media,
and computer programs may also be practiced as additional
modes of the present invention.

Advantageous Effects of Invention

The present invention enables non-invasive measurement
of fibrosis of biological tissues.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram that illustrates a state of
electric and magnetic fields induced by irradiating a mea-
surement object with sound waves;

FIG. 2 is a functional block diagram of a fibrosis mea-
surement device according to a first embodiment;

FIG. 3 is a functional block diagram of a fibrosis mea-
surement device according to a second embodiment;

FIGS. 4A and 4B are graphs that show time variations of
signals received by an electromagnetic wave receiver and an
echo receiver, in which FIG. 4A is a graph showing a time
variation of signals received by the electromagnetic wave
receiver, and FIG. 4B is a graph showing a time variation of
signals received by the echo receiver;

FIG. 5 is a schematic diagram of a fibrosis measurement
device provided with a delay material;

FIG. 6 is a functional block diagram of a fibrosis mea-
surement device according to a third embodiment;

FIG. 7 is a functional block diagram of a fibrosis mea-
surement device according to a fourth embodiment;

FIG. 8 is a flow diagram of a fibrosis measurement
method according to a fifth embodiment;

FIG. 9 is a flow diagram of a fibrosis measurement
method according to a sixth embodiment;



US 12,551,156 B2

5

FIG. 10 is a flow diagram of a fibrosis measurement
method according to a seventh embodiment;

FIG. 11 is a flow diagram of a fibrosis measurement
method according to an eighth embodiment;

FIG. 12 is a functional block diagram of a property
measurement device according to a ninth embodiment;

FIG. 13 is a schematic diagram of an electromagnetic
wave receiver of the property measurement device shown in
FIG. 12;

FIG. 14 is a graph that shows dependence of V'R on h/R
in the cases of the aortic wall and an Achilles tendon;

FIGS. 15A-15D are pictures of a normal rat kidney and a
rat kidney in which fibrosis has occurred due to renal failure,
in which FIG. 15A shows a front side of the normal kidney,
FIG. 15B shows a front side of the kidney with renal failure,
FIG. 15C shows a back side of the normal kidney, and FIG.
15D shows a back side of the kidney with renal failure; and

FIGS. 16 A-16D are pictures obtained by imaging signals
by means of the fibrosis measurement device shown in FIG.
3, using the kidneys shown in FIGS. 16A-16D, in which
FIG. 16A shows the front side of the normal kidney, FIG.
16B shows the front side of the kidney with renal failure,
FIG. 16C shows the back side of the normal kidney, and
FIG. 16D shows the back side of the kidney with renal
failure.

DESCRIPTION OF EMBODIMENTS

In the following, the present invention will be described
based on preferred embodiments with reference to each
drawing. In the embodiments and modifications, same ref-
erence characters denote same or corresponding constituting
elements, steps, and members, and the repetitive description
will be omitted as appropriate. Also, the dimensions of a
member may be appropriately enlarged or reduced in each
drawing in order to facilitate understanding. Further, in each
drawing, part of members less important in describing
embodiments may be omitted. Also, terms including ordinal
numbers, such as “first” and “second”, are used to describe
various constituting elements; however, such terms are used
in order to distinguish one constituting element from another
and do not limit the constituting elements.

Acoustically Stimulated Electromagnetic Method (ASEM
Method)

Before specific description of the embodiments is given,
an overview of the acoustically stimulated electromagnetic
method (ASEM method) will be described as basic knowl-
edge. Ultrasonic measurement has been widely used for
non-destructive testing on human bodies and structures. One
of its significant advantages is that ultrasound has high
internal penetrability through objects, such as living bodies,
metals, and concrete blocks, through which light can
scarcely penetrate. Furthermore, due to a major difference
between the speed of sound and the speed of light, the
wavelength of a sound wave is about five orders of magni-
tude shorter than that of an electromagnetic wave at the same
frequency. This means that focus (i.e., spatial resolution) on
the order of millimeters and micrometers can be achieved in
MHz and GHz frequency bands, in which real-time wave-
forms can be easily acquired. However, despite such advan-
tages, the use of ultrasound is mostly limited to examination
of mass density distributions and elastic properties of
objects. In other words, conventional ultrasonic measure-
ment detects “scratches and foreign matters” but does not
probe “electricity and magnetism”.

Sound waves as elastic waves do not have direct connec-
tion with electrical or magnetic properties as electromag-
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netic waves do. However, elastic modulation can often
provide temporal modulation to the electric charge or mag-
netic moment of an object, through lattice distortion of a
solid or density change of a liquid. This means that, with
ultrasound irradiation, electromagnetic waves (usually RF
waves to microwaves) having the same frequency as ultra-
sound may occur due to dipole radiation. Such electromag-
netic waves excited by ultrasound or other sound waves will
be referred to as “acoustically stimulated electromagnetic
waves” (or “ASEM waves”).

By irradiating an object with a focused sound beam,
temporal or spatial modulation can be provided to local ion
concentration of the object and the electric flux density
gradient of the medium associated therewith, thereby induc-
ing electromagnetic radiation. The acoustically stimulated
electromagnetic method is a measurement method that uti-
lizes this principle. More specifically, in the acoustically
stimulated electromagnetic method, a measurement object is
irradiated with sound waves such that the electric charge and
magnetization of the measurement object is modulated, and
information regarding electrical properties and magnetic
properties of the measurement object is externally transmit-
ted in the form of acoustically stimulated electromagnetic
waves. As described previously, sound waves can achieve a
spatial resolution five orders of magnitude higher than
electromagnetic waves at the same frequency. For example,
while the wavelength of a 10 MHz radio wave is 30 m, the
wavelength of an underwater sound wave is 150 pm. There-
fore, by performing scanning with a focused sound beam, an
object can be imaged with high resolution.

FIG. 1 schematically illustrates a state of electric and
magnetic fields induced by irradiating a measurement object
with sound waves. FIG. 1 shows a state where a focused
sound beam 1 is focused on a portion 2 of the measurement
object. The circled + and — symbols respectively indicate
positively charged particles 3 and negatively charged par-
ticles 4. In the sound focused region 2, the concentration
balance between the positively charged particles 3 and the
negatively charged particles 4 is disrupted; accordingly, a
charge distribution state in which the number of positively
charged particles 3 is larger than the number of negatively
charged particles 4 is shown. Meanwhile, in a region outside
the sound focused region 2, the concentration is balanced
between the positively charged particles 3 and the negatively
charged particles 4. An arrow 5 indicates vibration directions
of sound waves in the focused sound beam 1, which corre-
spond to directions of the electric field.

As illustrated in FIG. 1, with the irradiation of the focused
sound beam 1, the positively charged particles 3 and the
negatively charged particles 4 vibrate in the vibration direc-
tions of the sound waves (the arrow 5) at the same frequency
as the sound waves. At the time, the vibration of the
positively charged particles 3 and the negatively charged
particles 4 induces an electric field parallel to the vibration
directions 5 and also induces a magnetic field to occur in a
plane perpendicular to the vibration directions 5 (an arrow
6). Since the electric fields or the magnetic fields generated
by the same vibration of the positively charged particles 3
and the negatively charged particles 4 have phases shifted
from each other by n, the electric fields or the magnetic fields
cancel each other out. Accordingly, in a region outside the
sound focused region 2, a net electric field or magnetic field
is not induced. Meanwhile, in the sound focused region 2,
since the charge distribution state therein shows that the
positively charged particles 3 are larger in number than the
negatively charged particles 4, the electric fields or the
magnetic fields do not completely cancel each other out, so
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that a net electric field or magnetic field is induced. There-
fore, when such an electric field or a magnetic field induced
by sound waves is measured and a change in the strength of
the electric field or magnetic field is observed, it shows that
there has been a change in the charge distribution, i.e., a
change in either the concentration of the positively charged
particles 3 or the concentration of the negatively charged
particles 4 or both. Thus, based on the measurement of an
electric field or a magnetic field induced by sound waves, a
change in a characteristic value, the concentration in this
case, of charged particles in the measurement object can be
measured.

Hereinafter, an electric field and a magnetic field will be
collectively referred to as an electromagnetic field. FIG. 1
shows an example in which a change in the concentration of
charged particles is measured based on the measurement of
an electromagnetic field induced by sound waves. However,
a measurable change in a characteristic value of charged
particles is not limited to a change in the concentration and
may also be a change in the mass, size, shape, number of
charges, or interaction force with the medium surrounding
the charged particles. For example, if it is found, from other
knowledge regarding the state of the measurement object or
the like, that a change of the concentration, mass, size,
shape, and number of charges is impossible, a measured
change in the strength of the electromagnetic field can be
linked to a change in the interaction force with the medium
surrounding the charged particles. Accordingly, a measured
change in the strength of the electromagnetic field can be
linked to a change in the electronic polarizability or cation
polarizability, for example.

Particularly, when a measurement object is irradiated with
sound waves and when electromagnetic waves generated in
the measurement object are received, based on at least one
selected from a group including the amplitude, phase, and
frequency of a received electromagnetic wave, a signal
indicating at least one property selected from a group
including the electrical properties, magnetic properties, elec-
tromechanical properties, and magnetomechanical proper-
ties of the measurement object can be extracted. At the time,
as an electrical property of the measurement object, a change
in at least one characteristic value selected from a group
including the electric field, the dielectric constant, the spatial
gradient of the electric field or the dielectric constant, the
concentration, mass, dimensions, shape, and number of
charges of the charged particles included in the measurement
object, and the interaction with the medium surrounding the
charged particles may be measured. Also, as a magnetic
property of the measurement object, magnetization or acous-
tic magnetic resonance caused by the electron spins or
nuclear spins of the measurement object may be measured.
Further, as an electromechanical property and a magneto-
mechanical property of the measurement object, a piezo-
electric property or a magnetostrictive property of the mea-
surement object may be measured. Thus, with the
acoustically stimulated electromagnetic method, an electri-
cal property, a magnetic property, an electromechanical
property, and a magnetomechanical property of a measure-
ment object inside a body can be non-destructively mea-
sured with high resolution.

A portion of a biological tissue in which fibrosis has
occurred or progressed has an electrical property, a magnetic
property, an electromechanical property, or a magnetome-
chanical property different from that of a portion with no
fibrosis. Therefore, it is considered that, by using the acous-
tically stimulated electromagnetic method, fibrosis of bio-
logical tissues can be measured non-invasively.
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First Embodiment

FIG. 2 shows functional blocks of a fibrosis measurement
device 100 according to the first embodiment. The fibrosis
measurement device 100 measures fibrosis of a biological
tissue non-invasively. The fibrosis measurement device 100
includes a sound wave emitter 10, an electromagnetic wave
receiver 20, a signal extractor 30, an imaging unit 40, and an
area comparison unit 50.

The sound wave emitter 10 generates sound waves US,
such as ultrasonic waves, and performs scanning over the
surface of a biological tissue OR as a measurement object to
emit the sound waves US such that the sound waves US are
concentrated on multiple locations of the biological tissue
OR. To concentrate the sound waves US on a location of the
biological tissue OR inside a body BD of a person or an
animal, multiple piezoelectric elements may be arranged on
a concave curved surface having a shape with which normal
lines passing through a location PO1 of the biological tissue
OR are focused on a single focal point, for example;
accordingly, the sound waves US may be generated simul-
taneously by the multiple piezoelectric elements, and each
sound wave US may be emitted such that the focal point
defined by the concave curved surface coincides with PO1
(sound lens method). By using such a sound lens to perform
mechanical scanning around the biological tissue OR, the
sound waves US can be focused on multiple locations PO1,
PO2, PO3, . .., POn of the biological tissue OR. By setting
PO1, PO2, PO3, . . ., POn so that the PO1, PO2,
PO3, . . ., POn fill the biological tissue OR, the entire
surface of the biological tissue OR can be irradiated with the
sound waves US.

The electromagnetic wave receiver 20 is constituted by an
antenna, a resonant circuit, and the like and receives elec-
tromagnetic waves EM generated at the respective locations
of the biological tissue OR irradiated with the sound waves
US. The electromagnetic wave receiver may be configured
to move in conjunction with the scanning by the sound wave
emitter 10 such as to efficiently receive the electromagnetic
waves EM or may be configured to be fixed at one position
to receive the electromagnetic waves EM emitted from
arbitrary directions.

The signal extractor 30 extracts a signal indicating at least
one property selected from a group including the electrical
properties, magnetic properties, electromechanical proper-
ties, and magnetomechanical properties of the biological
tissue OR, based on at least one selected from a group
including the amplitude, phase, and frequency of an elec-
tromagnetic wave EM received by the electromagnetic wave
receiver 20.

For example, a signal indicating magnetization caused by
the electron spins or nuclear spins as a magnetic property of
the biological tissue OR may be extracted as follows. As in
the case of electric polarization, an electromagnetic field is
generated also by a time variation of magnetization. Accord-
ing to the Maxwell’s equations, a radiated electric field is
proportional to a second derivative of magnetization with
respect to time. Therefore, based on the strength or phase of
the electromagnetic field, a signal indicating the magnitude
or direction of the magnetization can be extracted.

Also, a signal indicating acoustic magnetic resonance
caused by the electron spins or nuclear spins as a magnetic
property of the biological tissue OR may be extracted as
follows, for example. Since sound waves are efficiently
absorbed at a certain resonant frequency, which changes the
directions of the electron spins or nuclear spins, the strength
and the phase of the electromagnetic field can be expected
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to change significantly at the frequency. As information, the
resonant frequency can be determined. In addition, as in the
case of general ESR (electron spin resonance) and NMR
(nuclear magnetic resonance), a spectrum can be obtained by
scanning the frequency of the sound waves, and signals
indicating the electron spins or nuclear spins can be
extracted. Further, a signal indicating electron-spin relax-
ation time or nuclear-spin relaxation time can also be
extracted.

Also, a signal indicating a piezoelectric property or a
magnetostrictive property as an electromechanical property
or a magnetomechanical property of the biological tissue OR
may be extracted as follows, for example. In ionic crystals
without inversion symmetry, electric polarization is caused
by strain in principle. Accordingly, a signal indicating the
magnitude of the polarization can be extracted based on the
strength of the electromagnetic field to be measured, which
can be regarded as an acoustically stimulated electromag-
netic wave. By performing scanning with sound waves, a
piezoelectric property of the biological tissue RO can be
imaged. Further, based on the direction of sound wave
propagation and the angular distribution of the generated
electromagnetic field, a signal indicating the piezoelectric
tensor can be extracted in a contactless manner without any
electrode provided on the biological tissue OR.

Also, a signal indicating a magnetostrictive property as an
electromechanical property or a magnetomechanical prop-
erty of the biological tissue OR may be measured as follows,
for example. Magnetostriction is a phenomenon in which
electron orbitals change due to crystal strain, and a change
is added to the electron spin magnetization through spin-
orbit interaction. In another mode, the magnetic domain
structure may change due to external strain, which may
result in a change in the effective magnetization in a mac-
roscopic region (such as a sound beam spot). Further, crystal
strain may also cause a change in the crystal field splitting,
which may change the electronic state and also change the
magnitude of the electron spin magnetization. It is consid-
ered that such temporal changes generate an electromagnetic
field. Therefore, based on the amplitude of the acoustically
stimulated electromagnetic wave, the magnitude of the mag-
netization, spin-orbit interaction, sensitivity of the crystal
strain and the electron orbital change, sensitivity of the
crystal field splitting and the strain, a relationship between
the crystal field splitting and the electron spin state, or a
relationship between the magnetic domain structure and the
strain can be determined. Also, based on the direction of
sound wave propagation and the radiation strength, a signal
indicating the magnetostriction tensor can be extracted in a
contactless manner without any electrode provided on the
biological tissue OR. As with a piezoelectric property, a
magnetostrictive property can also be imaged.

It is considered that each signal thus extracted contains
information regarding the presence and progress of fibrosis
at each location of the biological tissue OR, for example. In
other words, by obtaining such signals, fibrosis of the
biological tissue OR can be measured non-invasively.

The imaging unit 40 images, as a two-dimensional image,
signals extracted by the signal extractor 30. The imaging
may be performed by, for example, providing one or more
pixels to each of regions corresponding to the respective
locations PO1, PO2, PO3, . . ., POn of the biological tissue
OR and generating a two-dimensional digital image based
on the presence and strength of signals extracted by the
signal extractor 30. Accordingly, the presence and progress
of fibrosis at each location of the biological tissue OR can be
imaged and visualized.
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The area comparison unit 50 compares the area of a
portion of the two-dimensional image generated by the
imaging unit 40 in which signals indicating a property as
described above are displayed, with an area corresponding to
a predetermined threshold of the strength of the signals. As
described previously, it is considered that a portion in which
signals are displayed corresponds to a portion in which
fibrosis has occurred. However, a signal (noise) unrelated to
fibrosis may be generated due to various electrical properties
or magnetic properties of normal biological tissues or due to
an excitation pulse from the sound wave emitter 10, for
example. In this case, the presence and progress of fibrosis
cannot be accurately ascertained merely by viewing the
two-dimensional image generated by the imaging unit 40.
Accordingly, a threshold related to signal strength (such as
a voltage value) may be determined in advance based on
experiments and simulations, and a signal of which the
strength exceeds the threshold may be considered as a
fibrosis-related signal. Since the area of a portion in which
signals are displayed can be considered as the integral value
of signals emitted from various locations of the biological
tissue, the value of area corresponding to the aforementioned
threshold of signal strength may be predetermined. By
comparing, with the value of area thus predetermined, the
area of a portion of the two-dimensional image generated by
the imaging unit 40 in which signals indicating a property
are displayed, signals actually caused by fibrosis can be
extracted from noise. For example, when the area of a
portion of the two-dimensional image generated by the
imaging unit 40 in which signals indicating a property are
displayed exceeds the predetermined value of area, it may be
determined that fibrosis has occurred. Alternatively, by
defining, as an amount indicating the degree of fibrosis, the
area of a portion in which signals are displayed that exceeds
the threshold, fibrosis can be quantitatively evaluated.

For example, for clinical application, it is possible to
statistically determine, through clinical trials for each dis-
ease, the percentage of the area of a portion in which signals
indicating a property are displayed that exceeds the afore-
mentioned predetermined value of area with respect to the
area of the entire biological tissue, above which it is judged
that the disease has been developed.

According to the present embodiment, fibrosis of a bio-
logical tissue can be measured non-invasively.

Second Embodiment

FIG. 3 shows functional blocks of a fibrosis measurement
device 110 according to the second embodiment. The fibro-
sis measurement device 110 also measures fibrosis of a
biological tissue non-invasively. The fibrosis measurement
device 110 includes the sound wave emitter 10, the electro-
magnetic wave receiver 20, a signal extractor 32, the imag-
ing unit 40, the area comparison unit 50, and an echo
receiver 60.

Since the configurations of the sound wave emitter 10, the
electromagnetic wave receiver 20, the imaging unit 40, and
the area comparison unit 50 are identical with those of the
fibrosis measurement device 100, the explanation thereof
will be omitted. The echo receiver 60 receives echo signals
EC from the respective locations of the biological tissue OR.
The echo signals EC are sound echoes of the sound waves
US emitted by the sound wave emitter 10 to the respective
locations of the biological tissue OR. The echo receiver 60
may be configured to move in conjunction with the scanning
by the sound wave emitter 10 such as to efficiently receive
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the echo signals EC or may be configured to be fixed at one
position to receive the echo signals EC emitted from arbi-
trary directions.

The signal extractor 32 extracts a signal indicating a
property received in half the time from when the sound wave
emitter 10 has emitted a sound wave US until the echo
receiver 60 has received an echo signal EC, in which the
signal is associated with the echo signal EC.

FIGS. 4A and 4B show time variations of signals received
by the eclectromagnetic wave receiver 20 and the echo
receiver 60. FIG. 4A shows signals received by the electro-
magnetic wave receiver 20, and FIG. 4B shows signals
received by the echo receiver 60. At time t=0, the sound
wave emitter 10 emits sound waves. The electromagnetic
wave receiver 20 observes a signal Sig0 at time t=0,
observes a signal Sigl at time t=t1, and observes a signal
Sig2 at time t=t2. The echo receiver 60 observes a signal
Sig3 at time t=0 and observes a signal Sig4 at time t=t2. It
is considered that the signal Sigl at time t=t1 indicates an
acoustically stimulated electromagnetic wave generated at a
location irradiated with the sound waves. However, it is
generally known that signals received by the electromag-
netic wave receiver 20 include various noise mixed therein
and hence have a spread in the time axis direction. Accord-
ingly, if there is a significant amount of noise, it may be
difficult to identity a signal indicating an acoustically stimu-
lated electromagnetic wave from among the received sig-
nals. Meanwhile, the signals Sig3 and Sigd received by the
echo receiver 60 have remarkably sharp characteristics in
the time axis direction. As shown in FIGS. 4A and 4B,
12=2xt1l. Accordingly, it is found that the signal Sigl is
received at the time t1, which is half of the time t2 when the
echo receiver 60 receives the signal Sigd, starting from the
time when the sound wave emitter 10 has emitted the sound
waves. In other words, it is considered that, among the
signals received by the electromagnetic wave receiver 20, a
signal indicating an acoustically stimulated electromagnetic
wave generated at a location irradiated with the sound waves
is received in half the arrival time of an echo signal. By
using this fact, a signal indicating an acoustically stimulated
electromagnetic wave can be identified from among signals
received by the electromagnetic wave receiver 20. More
specifically, by extracting a signal indicating a property
received in half the time from when the sound wave emitter
10 has emitted a sound wave until the echo receiver 60 has
received an echo signal, in which the signal is associated
with the echo signal, a targeted signal can be extracted from
noise. This enables more accurate measurement of fibrosis.

According to the present embodiment, fibrosis of a bio-
logical tissue can be measured more accurately.

The fibrosis measurement device 100 according to the
first embodiment or the fibrosis measurement device 110
according to the second embodiment may include a delay
material 70 provided between the sound wave emitter 10 and
the biological tissue OR. FIG. 5 schematically illustrates the
fibrosis measurement device 100 provided with the delay
material 70. The delay material 70 is configured with water
and synthetic resin to delay the time at which a signal is
transmitted between the sound wave emitter 10 and the
biological tissue OR. If the distance between the sound wave
emitter 10 and the biological tissue OR is too short, noise
caused by the excitation pulses from the sound wave emitter
10 and noise generated at various locations of the biological
tissue OR may overlap a targeted signal. In this case, the
targeted signal is buried in the noise, so that accurate
measurement cannot be performed. With the delay material
70 provided between the sound wave emitter 10 and the
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biological tissue OR, however, an appropriate time differ-
ence can be provided between the noise and the targeted
signal, so that the targeted signal can be extracted from the
noise.

The size (particularly the distance between the sound
wave emitter 10 and the biological tissue OR), material,
shape, and the like of the delay material 70 may be appro-
priately determined based on the type of the targeted bio-
logical tissue, the body shape and the amount of subcuta-
neous fat of the subject, the amplitude of the sound waves
emitted by the sound wave emitter, and the sensitivity of the
electromagnetic wave receiver, for example. It is particu-
larly known that fibrosis often occurs on a surface of a
biological tissue. Therefore, the size, material, shape, and
the like of the delay material 70 may be determined so that
noise from the front surface or back surface of the biological
tissue to the sound wave emitter can be best reduced.

According to the present embodiment, fibrosis of a bio-
logical tissue can be measured further accurately.

The biological tissue OR may include any organ, muscle,
or skin. Fibrosis is known to occur in biological tissues such
as organs (kidneys, for example), muscles (skeletal muscles,
for example), and skin. Accordingly, with the present
embodiment applied to such biological tissues, fibrosis of
the biological tissues can be measured non-invasively.

Particularly, the biological tissue OR may be a kidney. It
is known that, when a kidney becomes dysfunctional due to
renal failure or the like, activated fibroblasts produce a large
amount of collagen, which causes tissue fibrosis. Accord-
ingly, diagnosis of the presence and degree of fibrosis in the
kidneys is extremely important. For the diagnosis of kidney
fibrosis, the current mainstream test is a biopsy in which part
of a kidney is cut out and examined; therefore, there is a
great demand for non-invasive diagnosis. By applying the
present embodiment to a kidney, fibrosis of the kidney can
be measured non-invasively.

To calculate the area of a portion in which signals
indicating a property are displayed, the area comparison unit
50 may perform weighting based on the strength of each
signal. It is considered that the strength of a signal indicating
an acoustically stimulated electromagnetic wave becomes
higher as the degree of fibrosis of the biological tissue OR
becomes greater. Accordingly, to calculate the area of a
portion in which signals indicating a property are displayed,
the area comparison unit 50 integrates a function for weight-
ing each location of the biological tissue OR based on the
strength of each signal. According to the present embodi-
ment, the degree of fibrosis can be quantitatively evaluated
more accurately.

Third Embodiment

FIG. 6 shows functional blocks of a fibrosis measurement
device 120 according to the third embodiment. The fibrosis
measurement device 120 also measures fibrosis of a bio-
logical tissue non-invasively. The fibrosis measurement
device 120 includes a sound wave emitter 12, an electro-
magnetic wave receiver 22, a signal extractor 34, and a
signal strength comparison unit 80.

The sound wave emitter 12 emits sound waves US such
that the sound waves US are concentrated on a biological
tissue OR as a measurement object. Unlike the sound wave
emitter 10 of the fibrosis measurement device 100, the sound
wave emitter 12 need not perform scanning over the surface
of the biological tissue OR to emit the sound waves US. The
number of times the sound wave emitter 12 emits the sound
waves US may be one or more times. The sound wave
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emitter 12 may emit the sound waves US over a wide area
of the surface of the biological tissue OR. Particularly, the
sound wave emitter 12 may emit the sound waves US over
the entire surface of the biological tissue OR.

The electromagnetic wave receiver 22 receives electro-
magnetic waves EM generated in the biological tissue OR
irradiated with the sound waves US. The electromagnetic
wave receiver 22 may be disposed at a position and in a
direction such as to efficiently receive the electromagnetic
waves EM.

The signal extractor 34 extracts a signal indicating at least
one property selected from a group including the electrical
properties, magnetic properties, electromechanical proper-
ties, and magnetomechanical properties of the biological
tissue OR, based on at least one selected from a group
including the amplitude, phase, and frequency of an elec-
tromagnetic wave EM received by the electromagnetic wave
receiver 22. Since the operations are the same as those
performed by the signal extractor 30 of the fibrosis mea-
surement device 100, the description thereof will be omitted.

The signal strength comparison unit 80 compares the
strength of a signal extracted by the signal extractor 34 with
a predetermined threshold. As described previously, it is
considered that the strength of a signal indicating an acous-
tically stimulated electromagnetic wave becomes higher as
the degree of fibrosis of the biological tissue OR becomes
greater. Accordingly, a threshold related to signal strength
may be determined in advance based on experiments and
simulations, and the strength of a signal extracted by the
signal extractor 34 may be compared with the threshold.
When the strength of a signal extracted by the signal
extractor 34 exceeds the threshold, for example, it may be
determined that fibrosis has occurred. Alternatively, by
defining, as an amount indicating the degree of fibrosis, the
strength of a signal extracted by the signal extractor 34 that
exceeds the threshold, fibrosis can be quantitatively evalu-
ated.

While the sound wave emitter 10 of the fibrosis measure-
ment device 100 performs scanning over the surface of the
biological tissue OR to emit the sound waves US, the sound
wave emitter 12 emits the sound waves US over a relatively
wide area of the biological tissue OR. Accordingly, the
sound wave emitter 12 can generate acoustically stimulated
electromagnetic waves necessary for measurement by emit-
ting sound waves fewer times (such as once) than the sound
wave emitter 10. Therefore, according to the present
embodiment, fibrosis of a biological tissue can be measured
non-invasively in a short time.

The sound wave emitter 12 may have substantially the
same curvature as a body surface covering a biological
tissue OR as a measurement object. When the curvature of
the sound wave emitter 12 differs from the curvature of the
body surface, the arrival time of a sound wave at the body
surface differs at each location of the body surface. Accord-
ingly, the generation time of an acoustically stimulated
electromagnetic wave in the biological tissue OR also differs
at each location of the biological tissue, which makes
accurate measurement difficult. Therefore, with the sound
wave emitter 12 having substantially the same curvature as
a body surface covering a biological tissue OR as a mea-
surement object, fibrosis of the biological tissue can be made
more accurate.

Fourth Embodiment

FIG. 7 shows a functional block diagram of a fibrosis
measurement device 130 according to the fourth embodi-
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ment. The fibrosis measurement device 130 also measures
fibrosis of a biological tissue non-invasively. The fibrosis
measurement device 130 includes the sound wave emitter
12, the electromagnetic wave receiver 22, a signal extractor
36, an echo receiver 62, and the signal strength comparison
unit 80.

Since the configurations of the sound wave emitter 12, the
electromagnetic wave receiver 22, and the signal strength
comparison unit 80 are identical with those of the fibrosis
measurement device 120, the explanation thereof will be
omitted. The echo receiver 62 receives echo signals EC from
a biological tissue OR. The echo signals EC are sound
echoes of the sound waves US emitted by the sound wave
emitter 12 to the biological tissue OR. The echo receiver 62
may be disposed at a position and in a direction such as to
efficiently receive the echo signals EC.

The signal extractor 36 extracts a signal indicating a
property received in half the time from when the sound wave
emitter 12 has emitted a sound wave US until the echo
receiver 62 has received an echo signal EC, in which the
signal is associated with the echo signal EC.

According to the present embodiment, since a targeted
signal can be extracted from noise, fibrosis can be measured
more accurately.

Fifth Embodiment

FIG. 8 shows a flowchart of a fibrosis measurement
method according to the fifth embodiment. The fibrosis
measurement method includes a step S1 of performing
scanning over the surface of a biological tissue to emit sound
waves, a step S2 of receiving electromagnetic waves, a step
S3 of extracting signals, a step S4 of imaging signals, and a
step S5 of comparing the area of a portion in which signals
are displayed with a predetermined area.

In the step S1 of the fibrosis measurement method,
scanning is performed over the surface of a biological tissue
as a measurement object and sound waves are emitted by
means of a sound wave emitter, for example, such that the
sound waves are concentrated on multiple locations of the
biological tissue. In the step S2 of the fibrosis measurement
method, electromagnetic waves generated at the respective
locations of the biological tissue irradiated with the sound
waves are received by means of an electromagnetic wave
receiver, for example. In the step S3 of the fibrosis mea-
surement method, signals are extracted that indicate at least
one property selected from a group including the electrical
properties, magnetic properties, electromechanical proper-
ties, and magnetomechanical properties of the biological
tissue, based on at least one selected from a group including
the amplitude, phase, and frequency of the received elec-
tromagnetic waves. In the step S4 of the fibrosis measure-
ment method, the extracted signals are imaged as a two-
dimensional image. In the step S5 of the fibrosis
measurement method, the area of a portion of the two-
dimensional image in which the signals indicating a property
are displayed is compared with an area corresponding to a
predetermined threshold of the strength of the signals.

According to the present embodiment, fibrosis of a bio-
logical tissue can be measured non-invasively.

Sixth Embodiment

FIG. 9 shows a flowchart of a fibrosis measurement
method according to the sixth embodiment. The fibrosis
measurement method includes a step S1 of performing
scanning over the surface of a biological tissue to emit sound
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waves, a step S21 of receiving echo signals and electromag-
netic waves, a step S31 of extracting signals associated with
echo signals, a step S4 of imaging signals, and a step S5 of
comparing the area of a portion in which signals are dis-
played with a predetermined area.

In the step S1 of the fibrosis measurement method,
scanning is performed over the surface of a biological tissue
as a measurement object and sound waves are emitted by
means of a sound wave emitter, for example, such that the
sound waves are concentrated on multiple locations of the
biological tissue. In the step S21 of the fibrosis measurement
method, electromagnetic waves generated at the respective
locations of the biological tissue irradiated with the sound
waves are received by means of an electromagnetic wave
receiver, for example, and echo signals from the respective
locations of the biological tissue irradiated with the sound
waves are received by means of an echo receiver, for
example. In the step S31 of the fibrosis measurement
method, signals are extracted that indicate at least one
property selected from a group including the electrical
properties, magnetic properties, electromechanical proper-
ties, and magnetomechanical properties of the biological
tissue, based on at least one selected from a group including
the amplitude, phase, and frequency of the received elec-
tromagnetic waves, in which the signals are associated
respectively with echo signals. In the step S4 of the fibrosis
measurement method, the extracted signals are imaged as a
two-dimensional image. In the step S5 of the fibrosis mea-
surement method, the area of a portion of the two-dimen-
sional image in which the signals indicating a property are
displayed is compared with an area corresponding to a
predetermined threshold of the strength of the signals.

According to the present embodiment, since a targeted
signal can be extracted from noise, fibrosis can be measured
more accurately.

Seventh Embodiment

FIG. 10 shows a flowchart of a fibrosis measurement
method according to the seventh embodiment. The fibrosis
measurement method includes a step S6 of emitting sound
waves to a biological tissue, a step S7 of receiving electro-
magnetic waves, a step S8 of extracting a signal, and a step
S9 of comparing the strength of a signal with a threshold.

In the step S6 of the fibrosis measurement method, sound
waves are emitted by means of a sound wave emitter, for
example, such that the sound waves are concentrated on a
biological tissue as a measurement object. In the step S7 of
the fibrosis measurement method, electromagnetic waves
generated in the biological tissue irradiated with the sound
waves are received by means of an electromagnetic wave
receiver, for example. In the step S8 of the fibrosis mea-
surement method, a signal is extracted that indicates at least
one property selected from a group including the electrical
properties, magnetic properties, electromechanical proper-
ties, and magnetomechanical properties of the biological
tissue, based on at least one selected from a group including
the amplitude, phase, and frequency of a received electro-
magnetic wave. In the step S9 of the fibrosis measurement
method, the strength of the extracted signal is compared with
a predetermined threshold.

According to the present embodiment, fibrosis of a bio-
logical tissue can be measured non-invasively in a short
time.

Eighth Embodiment

FIG. 11 shows a flowchart of a fibrosis measurement
method according to the eighth embodiment. The fibrosis
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measurement method includes a step S6 of emitting sound
waves to a biological tissue, a step S71 of receiving echo
signals and electromagnetic waves, a step S81 of extracting
a signal associated with an echo signal, and a step S9 of
comparing the strength of a signal with a threshold.

In the step S6 of the fibrosis measurement method, sound
waves are emitted by means of a sound wave emitter, for
example, such that the sound waves are concentrated on a
biological tissue as a measurement object. In the step S71 of
the fibrosis measurement method, electromagnetic waves
generated in the biological tissue irradiated with the sound
waves are received by means of an electromagnetic wave
receiver, for example, and echo signals from the biological
tissue irradiated with the sound waves are received by means
of an echo receiver, for example. In the step S81 of the
fibrosis measurement method, a signal indicating a property
received in half the time until an echo signal is received is
extracted, in which the signal is associated with the echo
signal. In the step S9 of the fibrosis measurement method,
the strength of the extracted signal is compared with a
predetermined threshold.

According to the present embodiment, since a targeted
signal can be extracted from noise, fibrosis can be measured
more accurately.

Ninth Embodiment

FIG. 12 shows functional blocks of a property measure-
ment device 140 according to the ninth embodiment. The
property measurement device 140 measures a property of a
measurement object OB. The property measurement device
140 includes a sound wave emitter 13, an electromagnetic
wave receiver 23, and a signal extractor 33. The electro-
magnetic wave receiver 23 includes a resonant circuit 234
provided with a coil 230 and a capacitor 232, and an
electrostatic antenna 236 disposed between the coil and the
capacitor.

The sound wave emitter 13 emits sound waves US such
that the sound waves US are concentrated on the measure-
ment object OB. In the present embodiment, the measure-
ment object OB is not limited to a biological tissue. The
electromagnetic wave receiver 23 receives electromagnetic
waves EM generated in the measurement object OB irradi-
ated with the sound waves US. The signal extractor extracts
a signal indicating at least one property selected from a
group including the electrical properties, magnetic proper-
ties, electromechanical properties, and magnetomechanical
properties of the measurement object OB, based on at least
one selected from a group including the amplitude, phase,
and frequency of an electromagnetic wave EM received by
the electromagnetic wave receiver.

FIG. 13 schematically illustrates the electromagnetic
wave receiver 23. The electrostatic antenna 236 is consti-
tuted by a discoid copper plate of diameter R. With the
electromagnetic wave receiver 23 thus configured, the fol-
lowing dipole moment P(t) is generated at a point located
vertically above the center of the electrostatic antenna 236
with a distance h therebetween.

P)=q()1=qaplsin(®g)
wherein a dipole charge q (t) that oscillates sinusoidally is
defined as
9= 45, sn(@o?)

where q,,, is the amplitude of a dipole charge, 1 is the
distance between the dipole charges, and o, is the frequency
of a sound wave.
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On the surface of the electrostatic antenna 236, the
following charge Q(t) is excited.

O(H=0'sin(®q1)
wherein Q) is the total charge on the electrostatic antenna

236. The value obtained by multiplying Q, by R is defined
by the following equation (1).

[Math. 1]

QoxR=q g, /[ 1+(W/R)T>? 1

Also, the value obtained by multiplying signal voltage
Ve by R is defined by the following equation (2).

[Math. 2]

V.

i XR=VoR[IH(R/RY? &)

wherein V, is the limit value of V. when h/R is made
close to zero, and V, is independent of R. The amplitude q,;;,
of a dipole charge is defined by the following equation (3).

[Math. 3]

WeR  2WeR 3)
Gdip = =

Ziwol Vel

wherein Z,, is preamplifier input impedance, and v .. is the
speed of sound within the measurement object. It is assumed
here that Z,,=50€. Also, it is known that v, in the aortic
wall is 1590 m/s, and v, in an Achilles tendon is 1700 m/s,
for example.

FIG. 14 shows dependence of VR on h/R in the cases
of the aortic wall and an Achilles tendon. The signals were
measured using two types of antennas, R=15 mm and R=30
mm. With the multiplication by R, the signal voltage V,_ is
favorably scaled. This indicates that the electric dipole has
been acoustically excited. This experimental data is fitted
into the equation (2). The values of VR for the aortic wall
and Achilles tendon are 11.3 nV-m and 7.66 nV-m, respec-
tively. Accordingly, the excited dipole charges for the aortic
wall and Achilles tendon are 90 fC (femtocoulomb) and 58
fC, respectively. Thus, it is found that, with the electromag-
netic wave receiver 23 configured as shown in FIG. 13,
acoustically stimulated electromagnetic waves can be effi-
ciently received.

Experimental Example

Using the fibrosis measurement device according to an
embodiment, kidney fibrosis has been measured. FIGS.
15A-15D are pictures of a normal mouse kidney and a
mouse kidney in which fibrosis has occurred due to renal
failure. FIG. 15A shows a front side of the normal kidney,
FIG. 15B shows a front side of the kidney with renal failure,
FIG. 15C shows a back side of the normal kidney, and FIG.
15D shows a back side of the kidney with renal failure.
FIGS. 16A-16D are pictures obtained by imaging signals by
means of the fibrosis measurement device shown in FIG. 3,
using the kidneys shown in FIGS. 15A-15D. Similarly, FIG.
16A shows the front side of the normal kidney, FIG. 16B
shows the front side of the kidney with renal failure, FIG.
16C shows the back side of the normal kidney, and FIG. 16D
shows the back side of the kidney with renal failure. As
shown in FIGS. 16A-16D, on both the front and back sides,
signals are imaged in larger area in the kidney with renal
failure, compared to the normal kidney. More specifically,
the ratio of the area of the portion in which the signals are
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displayed in the kidney with renal failure to that in the
normal kidney is 10 on the front side and 1.7 on the back
side.

Exemplary embodiments of the present invention have
been described in detail. These embodiments are intended to
be illustrative only, and it will be obvious to those skilled in
the art that various modifications and changes could be
developed within the scope of claims of the present inven-
tion and that such modifications and changes also fall within
the scope of claims of the present invention. Therefore, the
description in the present specification and the drawings
should be regarded as exemplary rather than limitative.

Modifications

In the following, modifications will be described. In the
drawings and description of the modifications, same refer-
ence characters denote same or corresponding constituting
elements and members in the embodiments. Repetitive
description already provided in the embodiments will be
omitted as appropriate, and configurations different from
those in the first embodiment will be intensively described.

In the embodiments, using the sound lens method, the
sound wave emitter emits sound waves to a measurement
object. However, the operation is not limited thereto, and the
sound wave emitter may emit sound waves using the phased
array method, for example. This modification allows greater
flexibility in configuration.

In the embodiments, sound waves are emitted to a mea-
surement object using a single sound wave emitter, and
electromagnetic waves are received using a single electro-
magnetic wave receiver. However, the operation is not
limited thereto, and multiple sound wave emitters or mul-
tiple electromagnetic wave receivers may be provided in the
respective measurement regions of a measurement object.
This can reduce the number of times of scanning and the
measurement time.

Each of the abovementioned modifications provides func-
tions and effects similar to those of the embodiments.

Optional combinations of the aforementioned embodi-
ments and modifications may also be practiced as additional
embodiments of the present invention. Such an additional
embodiment made by combination has the effect of each of
the combined embodiments and modifications.

INDUSTRIAL APPLICABILITY

The biological tissue fibrosis measurement according to
the present invention can be performed safely and repeti-
tively for examination and is applicable to medical treatment
decisions in a variety of medical fields.

REFERENCE SIGNS LIST

1 focused sound beam

2 sound focused region

3 positively charged particle

4 negatively charged particle

10 sound wave emitter

13 sound wave emitter

12 sound wave emitter

20 electromagnetic wave receiver
22 electromagnetic wave receiver
23 electromagnetic wave receiver
30 signal extractor

32 signal extractor

34 signal extractor
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36 signal extractor

40 imaging unit

50 area comparison unit

60 echo receiver

70 delay material

80 signal strength comparison unit

100 fibrosis measurement device

110 fibrosis measurement device

120 fibrosis measurement device

130 fibrosis measurement device

140 property measurement device

230 electrostatic antenna

232 capacitor

234 resonant circuit

BO body

OR biological tissue

US sound wave

EM electromagnetic wave

EC echo

OB measurement object

Sigl signal

Sig2 signal

Sig3 signal

S1 step of performing scanning over the surface of
biological tissue to emit sound waves

S2 step of receiving electromagnetic waves

S3 step of extracting signals

S4 step of imaging signals

S5 step of comparing the area of portion in which signals
are displayed with predetermined area

S6 step of emitting sound waves

S7 step of receiving electromagnetic waves

S8 step of extracting a signal

S9 step of comparing strength of a signal with threshold

S21 step of receiving echo signals and electromagnetic
waves

S31 step of extracting signals associated with echo signals

S71 step of receiving echo signals and electromagnetic
waves

S81 step of extracting a signal associated with an echo
signal

The invention claimed is:

1. A fibrosis measurement device that measures fibrosis of
a biological tissue non-invasively, the fibrosis measurement
device comprising:

a sound wave emitter that performs scanning over a
surface of a biological tissue as a measurement object
to emit sound waves such that the sound waves are
concentrated on a plurality of locations of the biologi-
cal tissue;

an electromagnetic wave receiver that receives an elec-
tromagnetic wave generated at each location of a
biological tissue irradiated with the sound waves;

a signal extractor that extracts a signal indicating at least
one property selected from a group including electrical
properties, magnetic properties, electromechanical
properties, and magnetomechanical properties of the
biological tissue, based on at least one selected from a
group including the amplitude, phase, and frequency of
an electromagnetic wave received by the electromag-
netic wave receiver;,

an imaging unit that images, as a two-dimensional image,
signals extracted by the signal extractor; and
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an area comparison unit that compares the area of a
portion of the two-dimensional image in which signals
indicating the property are displayed, with an area
corresponding to a predetermined threshold of the
strength of the signals, to extract the signals actually
caused by fibrosis of a biological tissue from noise,

wherein a plurality of piezoelectric elements are disposed
on a concave curved surface, the concave curved sur-
face has a shape so that the sound waves direct along
directions perpendicular to the surface, and converge at
a single focal point located at a target tissue.

2. The fibrosis measurement device according to claim 1,
further comprising an echo receiver that receives an echo
signal from each location of the biological tissue, wherein

the signal extractor extracts a signal indicating the prop-
erty received in half the time from when the sound
wave emitter has emitted a sound wave until the echo
receiver has received an echo signal, in which the
signal is associated with the echo signal.

3. The fibrosis measurement device according to claim 1,
further comprising a delay material provided between the
sound wave emitter and the biological tissue.

4. The fibrosis measurement device according to claim 1,
wherein the biological tissue includes at least one of an
organ, a muscle, or skin.

5. The fibrosis measurement device according to claim 1,
wherein the biological tissue is a kidney.

6. The fibrosis measurement device according to claim 1,
wherein, when the area of a portion in which signals
indicating the property are displayed is calculated, weight-
ing is performed based on the strength of the signals.

7. A fibrosis measurement method for measuring fibrosis
of a biological tissue non-invasively, the fibrosis measure-
ment method comprising:

performing scanning over a surface of a biological tissue
as a measurement object to emit sound waves such that
the sound waves are concentrated on a plurality of
locations of the biological tissue;

receiving an electromagnetic wave generated at each
location of a biological tissue irradiated with the sound
waves;

extracting a signal indicating at least one property
selected from a group including electrical properties,
magnetic properties, electromechanical properties, and
magnetomechanical properties of the biological tissue,
based on at least one selected from a group including
the amplitude, phase, and frequency of a received
electromagnetic wave;

imaging extracted signals as a two-dimensional image;
and

comparing the area of a portion of the two-dimensional
image in which signals indicating the property are
displayed, with an area corresponding to a predeter-
mined threshold of the strength of the signals, to extract
the signals caused by fibrosis of a biological tissue from
noise,

wherein a plurality of piezoelectric elements are disposed
on a concave curved surface, the concave curved sur-
face has a shape so that the sound waves direct along
directions perpendicular to the surface, and converge at
a single focal point located at a target tissue.

#* #* #* #* #*



	Front Page
	Drawings
	Specification
	Claims

