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(57) ABSTRACT

Provided is anultrasound fracture detection device capable of
accurately irradiating an ultrasound pulse to a target object,
the device being characterized by being provided with an
ultrasound wave irradiating transducer, a signal receiving
transducer which receives a reflected wave of an ultrasound
wave irradiated from the ultrasound wave irradiating trans-
ducer, a signal, storage unit which stores a received signal,
and a display unit which displays an analysis program that
analyzes a stored signal, a determination program that per-
forms determination from the result of the analysis and/or
performs determination from the stored signal, and the result
of'the analysis and/or the result of the determination, wherein
the determination program performs the determination using
that information relating to the received signal varies depend-
ing on the reflector within a living organism.
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ULTRASOUND DETECTING DEVICE
HAVING FUNCTION OF CONFIRMING
IRRADIATION POSITION, AND METHOD
THEREOF

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound
detecting device having function of confirming irradiation
position and a method therefor, and particularly to a method
or a device for detecting a target or confirming appropriate
irradiation using ultrasound waves.

BACKGROUND ART

[0002] When an ultrasound therapy is applied as an ortho-
pedic treatment, an irradiation position of the ultrasound
waves needs to be determined so that the ultrasound waves are
appropriately irradiated to an affected area. As a method
therefor, an X-ray photograph of the affected area is some-
times used, but since the X-ray photographs are two-dimen-
sional information, determination of a correct irradiation
position or angle to a target in a part with a thick tissue such
as an upper arm region or a femoral region is difficult.
[0003] As a prior-art technology, as described in Patent
Document 1, a device which determines that ultrasound
waves are irradiated at a fracture part is known, but this is a
device for determination using that the ultrasound waves are
propagated in the long-axis direction of a bone and is different
from the present invention. Also, Patent Document 2 dis-
closes a method of irradiating ultrasound waves to a bone and
of using the reflective waves thereof.

[0004] Inthe ultrasound therapy, in order to reliably obtain
treatment efficiency, the determination of an appropriate
position or angle of ultrasound irradiation is an indispensable
technology in an ultrasound irradiation device for treatment.

CITATION LIST

Patent Document

[0005] Patent Document 1: International Publication No.
2008/018612
[0006] Patent Document 2: International Publication No.

2007-069775

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

[0007] An object of the present invention is to provide a
device which enables accurate irradiation of ultrasound
waves and a method therefor. Also, another object of the
present invention is to make accurate determination of an
irradiation position or an irradiation angle to a target possible,
in the case where the target in a living body is not easily found
from the outside or in the case of a part with a thick soft tissue
such as an upper arm region or a femoral region, for example.

Means for Solving Problems

[0008] The present invention solves the problems by the
following means.

[0009] That is, the present invention is configured as fol-
lows:

[0010] (1) Anultrasound detecting device which detects an
ultrasound irradiation position by irradiating an ultrasound
pulse to a living body, provided with:

May 24, 2012

[0011] one or a plurality of ultrasound wave irradiation
transducers which transmit ultrasound waves and one or a
plurality of signal receiving transducers which receive reflec-
tive waves of the ultrasound waves irradiated from the ultra-
sound wave irradiation transducers;

[0012] a signal storage unit which stores a received signal
received by the signal receiving transducers;

[0013] an analysis program for analyzing a stored signal
stored by the signal storage unit;

[0014] adetermination program for determining whether or
not an obtained reflective wave is obtained from a target of
ultrasound wave irradiation by using an analysis result by the
analysis program and/or the stored signal; and

[0015] a display unit which displays one or more selected
from a group consisting of the stored signal, the analysis
result, and the determination result by the determination pro-
gram, characterized in that

[0016] the analysis program and/or the determination pro-
gram makes analysis and/or determination by using that
information of the received signal is different depending on
the difference of a reflector within the living body.

[0017] (2) Theultrasound detecting device described in (1),
characterized in that the analysis program and/or the deter-
mination program makes analysis and/or determination by
using a frequency and/or voltage parameter of the received
signal.

[0018] (3) The ultrasound detecting device described in (1)
or (2), characterized in that the analysis program makes
analysis by using a difference in intensity distribution of a
frequency component of the reflective wave caused by a dif-
ference in a reflector within the living body.

[0019] (4) The ultrasound detecting device described in (2)
or (3), characterized in that the analysis program calculates a
ratio of a high-frequency component to a low-frequency com-
ponent of the frequency in the received signal of the obtained
reflective wave.

[0020] (5) Theultrasound detecting device described in (4),
characterized in that the high-frequency component and the
low-frequency component of the frequency to be used in the
analysis program is selected from two types of bands, that is,
acentral frequency of a transmission ultrasound wave and the
band in the vicinity thereof and a second peak frequency and
the band in the vicinity thereof (6) The ultrasound detecting
device described in (4), characterized in that the high-fre-
quency component and the low-frequency component to be
used in the analysis program are maximum values in a band of
1.5+0.1 MHz and a band of 1.2+0.1 MHz.

[0021] (7) Theultrasound detecting device described in any
one of (1) to (6), characterized in that the determination
program makes determination by comparison between the
analysis result in the analysis program and a numerical value
set in advance.

[0022] (8) Theultrasound detecting device described in any
one of (1) to (7), characterized in that the determination
program makes determination by comparison between the
highest voltage in the reflective wave and a numerical value
set in advance.

[0023] (9) Theultrasound detecting device described in any
one of (1) to (8), characterized in that when a plurality of
reflective waves are obtained at successively different irradia-
tion angles at one installed position of the ultrasound wave
irradiation transducer/or at successively different positions
on the body surface, the display unit displays time informa-
tion, voltage and/or a ratio of the high-frequency component
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to the low-frequency component in the frequency included in
each of the plurality of reflective waves in color cells of the
corresponding time and angles in accordance with numerical
values on a map indicating the time information on the ver-
tical axis and the angle on the lateral axis.

[0024] (10) The ultrasound detecting device described in
(9), characterized in that, when the numerical value exceeds
the numerical value set in advance, there are a plurality of
angles detected to be highly likely to be the target and they are
set to a target angle range, an angle optimal for treatment is at
the center of the target angle range.

[0025] (11) The ultrasound detecting device described in
any one of (1) to (10), characterized in that a range of time for
analyzing the received signal and/or a range of time for stor-
ing the received signal and/or a range of time for determina-
tion by the determination program is determined by a time
range setting program set in advance in the analysis program.

[0026] (12) The ultrasound detecting device described in
(11), characterized in that the time range setting program
takes an envelope line of a voltage of a reflection signal, and
with regard to a waveform of the envelope line having a value
of'a voltage A or more at the top, a point at which the voltage
returns to a value C when inclination of an envelope line at a
voltage B is positive is set to be a detection start time, wherein
a relationship of AZB>C holds for A, B, and C, and a certain
time interval starting at the detection start time is set as an
analysis target range.

[0027] (13) The ultrasound detecting device described in
(11), characterized in that the time range setting program
takes, in a limb section, a ratio of a distance from a pointon a
limb periphery to a bone directly below to the limb periphery
(distance/periphery) for a plurality of individuals, a coeffi-
cient is set to ((average value of the ratios of the plural indi-
vidual data)+(kxstandard deviation)), and when a limb
periphery of a subject is obtained, a twofold number of a
distance range determined by a method for predicting the
distance range from the point on the periphery to the bone
directly below by multiplying the limb periphery of the sub-
ject by the coefficient is divided by a sound speed in the soft
tissue so as to determine the time interval, which is set to an
analysis target range.

[0028] (14) The ultrasound detecting device described in
any one of (1) to (13), characterized in that the ultrasound
wave irradiation transducer also works as the signal receiving
transducer.

[0029] (15) The ultrasound detecting device described in
any one of (1) to (14), characterized in that the ultrasound
detecting device detects a bone as a target.

[0030] (16) The ultrasound detecting device described in
any one of (1) to (15), characterized in that the ultrasound
detecting device detects a tumor/or a degenerated tissue
within the body as the target.

[0031] (17) The ultrasound detecting device described in
any one of (1) to (16), characterized in that the ultrasound
detecting device is integrated with an ultrasound treatment
instrument.

[0032] (18) The ultrasound detecting device described in
any one of (1) to (17), characterized in that a cured state of the
target is determined on the basis of temporal change of the
stored signal, the analysis result or the determination result by
the determination program at the same irradiation position.
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[0033] Each of the above-described configurations can be
combined with each other unless it does not depart from the
gist of the present invention.

Advantages of the Invention

[0034] By using the ultrasound detecting method or device
of'the present invention, accurate irradiation of the ultrasound
waves to the target is made possible. Also, if the position of
the target cannot be easily found from the outside or in the
case of a part with a thick soft tissue such as a femoral region
or an upper arm region, for example, appropriate irradiation
of the ultrasound waves and determination of an irradiation
angle to the target can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is a schematic diagram illustrating an irra-
diation example to a femoral fracture treatment.

[0036] FIG. 2 is a schematic diagram illustrating device
constituent elements in the present invention.

[0037] FIG. 3 is a schematic diagram in which a reflective
wave is converted and obtained as a detection signal.

[0038] FIG. 4 is a schematic diagram illustrating an
example of intensity distribution of a frequency component.
[0039] FIG. 5 is a result of basic experiments for confirm-
ing that a reflective wave of a pig bone is largely changed
depending on the shape.

[0040] FIG. 6is aresultdisplay example displayed as three-
dimensional information by plotting a data number on the X
axis, time on the Y axis, and a voltage on the Z axis.

[0041] FIG. 7 is a schematic diagram of damping charac-
teristics of propagation ultrasound waves in a bone and a soft
tissue.

[0042] FIG. 8 is an example illustrating a change in the
intensity distribution of the frequency component by theo-
retical calculation.

[0043] FIG. 9 is a specific example of signal detection.
[0044] FIG. 10 is a specific example of FFT analysis.
[0045] FIG. 11 is a specific example of frequency compo-

nent calculation in the basic experiments using a model.

[0046] FIG.12isa specific example of imaging of a voltage
by mapping.
[0047] FIG. 13 is aschematic diagram illustrating a specific

example of a method of predicting a distance between the
body surface and the bone.

[0048] FIG. 14 is a schematic diagram illustrating another
specific example of amethod of predicting a distance between
the body surface and the bone.

[0049] FIG. 15is a specific example illustrating continuous
different positions on the body surface on the femora.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0050] The inventors paid attention to the characteristics
that, when ultrasound waves advance in a medium, they are
reflected on a boundary surface having different acoustic
impedance and the ultrasound characteristics of the reflective
waves are different due to a difference in the acoustic imped-
ance on the boundary surface and damping characteristics of
the medium, and achieved determination of an appropriate
irradiation position and direction of an ultrasound beam to a
target by determining that the reflective waves of the ultra-
sound waves are generated from the target of the irradiation.
Also, in the present invention, by receiving the reflective
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waves by using a transmitting transducer, it is possible to
realize detection by a single transducer. Moreover, the ultra-
sound detecting method or a device of the present invention
can detect the reflective waves by using one or more param-
eters among a voltage, a frequency, and signal occurrence
time in the reflective waves and by using a threshold value
determined by those empirical values and the like.

Application Example

[0051] The present invention will be described on the basis
of'an embodiment illustrated in the attached drawings. In this
embodiment, the target will be described as a bone, but the
ultrasound detecting device of the present invention can be
also used for any bone in the body such as limbs, a trunk, and
a head of a human or animal, internal organs, degenerated
tissues such as a tumor and the like. That is, the device can be
used only if the target has a boundary surface having different
acoustic impedance inside, and the ultrasound characteristics
ofthe reflective waves are different due to the difference in the
acoustic impedance on the boundary surface or damping
characteristics of the medium. Thus, the present invention is
not limited to the illustrated embodiment.

[0052] An application example of the present invention to a
femoral fracture treatment is illustrated in FIG. 1. FIG. 1isan
example of a bone or a fracture position in which the target is
in femora having a thick soft tissue. If a fracture part 1is to be
treated, a transmission/reception transducer 2, which is an
ultrasound wave irradiation transducer and signal reception
transducer, is installed at an attaching position determined in
amedical institution and attached to the femora using a fixing
device 3. The fixing device 3 can be anything as long as it can
load the transmission/reception transducer 2 and fix it to a
body surface 4, and a cylindrical device having a belt or the
like, for example, is used. In this case, an ultrasound propa-
gation substance 5 is interposed between the transmission/
reception transducer 2 and the body surface 4. The ultrasound
propagation substance 5 may be anything as long as it propa-
gates ultrasound waves and water, ultrasound gel and the like,
for example, are suitable.

[0053] The ultrasound detecting device or method of the
present invention is used when appropriate irradiation posi-
tion and/or direction to an affected area (a target of the ultra-
sound wave irradiation) is determined at an examination or
during an ultrasound treatment for outpatients or in a medical
institution such as a ward and before and after or during the
ultrasound treatment at a patient’s home. The affected area
might be a bone or a fractured part if an ultrasound fracture
treatment device (SAFHS (registered trademark), for
example) is used. For detection on whether or not the ultra-
sound waves have been irradiated to the target, reflective
ultrasound waves received by the transducer is used, and it
does not matter whether the detecting device or the method
thereof of the present invention is integrated with or separate
from the ultrasound fracture treatment device or the like. As
an example of a use mode, the transducer is installed at a
position at which a doctor or the like determines ultrasound
wave irradiation by an X-ray image (in the case of a femora
region, only the long-axis direction is determined by a doc-
tor), the ultrasound waves are irradiated, and on the basis of
the reflective waves from the body received by the transducer,
it is detected whether or not appropriate irradiation is made to
the target. Accurate ultrasound wave irradiation is realized by
switching the transmitted waves of the transducer to the ultra-
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sound waves for treatment or by replacing the transducer by a
treatment transducer depending on the detected position and/
or angle.

Device Configuration

[0054] Inthe ultrasound detecting device or method of the
present invention, the same transducer can be used for trans-
mission/reception since the reflective waves of the ultrasound
waves are used. Also, the ultrasound wave irradiation trans-
ducer and the signal receiving transducer may be constituted
by separate transducers so that the reflective waves of the
ultrasound waves transmitted by one or a plurality of trans-
ducers are received by another one or a plurality of transduc-
ers. For example, there may be various modes such that the
ultrasound waves are transmitted by one transducer and the
reflective waves are received by installing a plurality of trans-
ducers at all the positions that can be predicted to be reached
by the reflective waves or at all the positions where the pres-
ence of the reflective waves, and distribution of parameters
such as voltage, intensity distribution of a frequency compo-
nent are to be known, or that the reflective waves are received
by installing a plurality of transducers at all the positions that
can be considered to be able to irradiate ultrasound waves to
the target and by installing a plurality of transducers at the
positions that can be predicted to be reached by the reflective
waves or at all the positions where the presence of the reflec-
tive waves, and distribution of parameters such as voltage,
intensity distribution of a frequency component are to be
known.

[0055] Also, by using the same transducer for the transmis-
sion/reception transducer and the transducer to be used for
treatment, switching of transducers after a bone is detected or
a fracture is detected becomes unnecessary, and treatment can
be made at an accurate position and direction. Moreover, by
integrating the ultrasound detecting device of the present
invention with the treatment instrument, the irradiation posi-
tion can be detected regardless of timing such as before,
during or after the treatment, and even if the irradiation posi-
tion is changed due to an influence of an attitude in the middle
of'the treatment, irradiation can be made correctly to the bone
or the fracture part, which is a target.

[0056] FIG. 2 illustrates device constituent elements in the
present invention. A determining device 6 is provided with a
transmission circuit 9, a reception circuit 10, a control unit 8
including a transmission condition setting unit 12, a signal
storage unit 13, and a determination program 14, power sup-
ply means 11, and a display unit 15. An operation in the actual
device will be described below.

[0057] First, the control unit 8 supplied with power from
the power supply means 11 sends a driving signal to the
transmission circuit 9 under a transmission condition set by
the transmission condition setting unit 12. The transmission
circuit 9 that received the driving signal sends a signal to the
transmission/reception transducer 2 via a cable 7, and the
transmission/reception transducer 2 transmits ultrasound
waves. In this case, the receiving side sends a trigger signal to
the reception circuit 10 at a timing when the control unit 8
sends the driving signal to the transmission circuit 9 or the
transmission is stopped and starts signal detection. Here, the
power supply means 11 such as a built-in power supply, an
external power supply or the like specifically supplies power
to each part of the determining device 6.

[0058] The ultrasound waves received from the transmis-
sion/reception transducer 2 are converted to an electric signal
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and sent to the reception circuit 10 via the cable 7. The
detected signal is stored by the signal storage unit 13 or
analyzed by an analysis program for analyzing the stored
signal and determined by using the determination program 14
on the basis of the determination condition set in advance.
The result is displayed by the display unit 15, and determi-
nation on whether the waves are irradiated to the bone or not
can be made. Here, the signal storage unit 13 can be specifi-
cally a semiconductor memory and the like. Also, the display
unit 15 can be specifically an LCD which displays the result
in characters, numerical values, signal waveforms, graphs or
images or LED which displays the result by lighting or the
like.

[0059] If the ultrasound detecting device or method of the
present invention is integrated with the treatment device, by
determining an appropriate irradiation position before the
treatment, the treatment can be started immediately by
switching the wave from the ultrasound waves for bone detec-
tion to the treatment ultrasound waves. If the determining
device 6 can also transmit the treatment ultrasound waves, the
both conditions are switched for use as necessary by the
transmission circuit 9. If the determining device 6 cannot
transmit the treatment ultrasound waves, only the determin-
ing device of the main body ultrasound detecting device or the
entire main body having the determining device and the trans-
ducer is changed to a treatment instrument, and the treatment
is started.

Transmission/Reception Condition of Ultrasound
Waves

[0060] As the irradiation condition of detection ultrasound
waves, ultrasound waves with an appropriate condition for
the target are used.

[0061] As the transmission conditions of the appropriate
detection ultrasound waves in the case of bone detection or
fracture detection, for example, a frequency of 1.5 MHz, a
burst width of 5 ps, repetition frequency of 10 Hz, time
average and space average of ultrasound output of 0.042
mW/cm? are preferable, and as reception conditions, a sam-
pling frequency of 20 MHz, amplification of 20dB, LPF of 10
MHz, and HPF of 100 kHz are preferable. Regardless of the
above-described conditions, it is only necessary that the burst
width, for example, is shorter than the time from transmission
of the ultrasound waves to reception by the transducer after
reflection from the bone or the fracture part, and if the dis-
tance from the transducer to the bone is 40 mm, assuming that
the sound speed in the soft tissue is 1585 mm/sec, it should be
at least shorter than 50.5 ps ((distance L)x2/(sound speed
V)=40 (mm)x2/1585 (m/sec)=50.5 (usec)). Also, it is only
necessary that the repetition frequency, the ultrasound output,
and the amplification are within a range of safe conditions for
a living body and the reflective waves from the bone or the
fracture part as a target can be obtained even if damping of the
ultrasound waves in the medium is considered.

[0062] For the treatment ultrasound waves, ultrasound
waves with appropriate conditions for fracture treatment are
used. As the appropriate ultrasound wave conditions, for
example, ultrasound waves with a frequency of 1.5 MHz, a
burst width of 200 ps, a repetition frequency of 1 kHz, and
time average and space average of the ultrasound output 0of 30
mW/cm? are preferable.

Acquisition of Parameters Required for
Determination

[0063] A reflection signal obtained under the above-de-
scribed transmission/reception conditions is converted by the
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transducer 2 to a format or information suitable for determi-
nation. An example ofthe detection signal after conversion is
illustrated in FIG. 3. An example of intensity distribution of a
frequency component after the conversion is illustrated in
FIG. 4.

[0064] First, the reflective waves are converted by the trans-
ducer 2 from a sound pressure to an electric signal and trans-
mitted to the determining device 6, and the amplitude of the
reflective waves is obtained as a voltage 16 and a distance
twice (reciprocal movement) that from the transducer to a
reflector (where reflective waves of the transmission ultra-
sound waves are generated) is obtained as time 17. The fre-
quency component is obtained by applying analysis process-
ing to the reflective waves in FIG. 3. Methods of observing the
frequency component included in the waveform include FFT
analysis, and by applying FFT analysis in a range including
the reflective waves to be analyzed, the intensity distribution
of the frequency component included in the range can be
obtained. FIG. 4 is a diagram illustrating intensity distribu-
tion of the frequency component obtained around a central
frequency 18 of the transmission waves as a model. From the
above process, the voltage (amplitude), the time (distance),
and the frequency component can be obtained as information
of the reflective waves. The signal storage unit of the present
invention stores raw data of the waveform, that is, signal
intensity to the time information in all the data and the like,
and the analysis program obtains frequency information by
analyzing the received signal.

Determination

[0065] With respect to of the voltage (amplitude), the time
(distance), and the intensity distribution of the obtained
reflective waves, a value calculated from the values of the
acoustic impedance, the damping coefficient, and the sound
speed cited from various documents and/or the value obtained
from the basic experiments is set as a threshold value of the
numerical values set in advance, and determination is made
on whether the reflector is obtained from the target by com-
paring them. For example, the numerical values are cited in
“Ultrasound Wave Handbook™ published by Maruzen Co.,
Ltd, “Basic Knowledge and Safety Management of ME”
supervised by the Japan Society of Medical Electronics and
Biological Engineering, published by Nankodo, “Medical
Ultrasound Equipment Handbook™ by Corona Publishing
Co., Ltd. An example of determination using the threshold
value determined by the basic experiments will be described
below.

[0066] First, in general, the voltage of the reflection signal
is determined under the influences of damping until the signal
reaches the reflector, the reflective surface shape of the reflec-
tor, the acoustic impedance on the reflective boundary sur-
face, and damping until the signal reaches the detector.
Assuming the application to the ultrasound fracture treatment
method, the voltage is subject to the influences of the damping
in the soft tissue until the signal reaches the bone, the bone
shape, the acoustic impedances in the soft tissue and the bone,
and the damping in the soft tissue until the signal reaches the
transducer.

[0067] When the ultrasound waves propagate through the
medium, reflection occurs on the boundary surface having
different acoustic impedance. In a living body, since the
acoustic impedance is different not only in the soft tissue and
the bone but also in various tissues in the soft tissue such as
fascia, blood capillaries, muscle fibers and the like, reflection
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occurs from various boundary surfaces in the process of
propagation. Particularly, since the difference in the acoustic
impedance between the bone and the soft tissue is extremely
larger than the difference between heterogeneous soft tissues,
if there is no influence of the reflective surface shape, damp-
ing or the like, the bone generates reflective waves larger than
those between heterogeneous soft tissues. However, it was
confirmed in the basic experiments that the reflective waves
generated on the bone reflective surface having a large radius
of curvature (FIG. 5B) have amplitude smaller than the reflec-
tive waves generated on the bone reflective surface having a
small radius of curvature (FIG. 5A), and the amplitudes of the
reflective waves are largely different depending on the differ-
ence in the radius of curvature. In a living body, the influence
of damping and the like are also added to that of the reflective
surface shape of the bone, there are some cases in which the
reflective waves obtained from the bone might become
smaller than the reflective waves obtained from those
between the heterogeneous soft tissues. In principle, the bone
has a cylindrical structure and the surface has a convex shape
with a radius of curvature larger than that of the soft tissue,
and thus, the reflective waves are scattered. Also, among the
reflective waves generated in the soft tissue those generated at
a position closer to the body surface than at the bone have a
shorter distance through which the ultrasound waves are
transmitted, and thus, the influence of the damping caused by
transmission through the soft tissue is smaller. As described
above, if the positional relationship among the transducer, the
soft tissue, and the bone in the irradiation of the ultrasound
waves is disadvantageous to bone reflection, the soft-tissue
reflective waves become larger than the bone reflective
waves. Therefore, since determination only on the basis of the
voltage is difficult under these conditions, it is preferable to
set up conditions combining time and/or a frequency in addi-
tionto the voltage and also to use them in the determination by
the determination program. Since the voltage can be used for
determination without applying special processing to the
received reflective waves, it has a merit that the software
configuration can be simplified. If the voltage is used for
determination, the voltage information of the received signal
stored in the signal storage unit can be used as it is and
compared with the value set in advance in the determination
program (which becomes a threshold value).

[0068] The time refers to time from transmission to recep-
tion of the ultrasound waves, and since the product of the
sound speed and time makes a distance, the values of the
sound speeds listed in the literature can be used to calculate a
propagation distance to the reflection target. That is, since the
half of the total propagation distance represents a distance
from the body surface to the reflector, by comparing the
distance with the distance from the body surface to the bone
predicted on the basis of anatomical knowledge in the case
where the bone is a target, for example, it is possible to
determine whether the obtained reflective waves originate at
the depth substantially equal to the depth of the bone or not.
For example, it can be realized by attaching metal (visible in
an X-ray image) to the body surface of the femora, photo-
graphing the X-ray image from the lateral direction of the
femora and predicting the distance between the metal and the
bone. However, since there is a soft tissue which can become
a reflector also at the depth substantially equal to the depth of
the bone, determination not only on the basis of the time
information but also on the basis of combination of a voltage,
a frequency and the like is preferable. For example, by install-
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ing a transducer at a certain position on the femoral surface, a
plurality of reflective waves are continuously obtained by
changing only the angle of the transducer in the short-axis
direction of the bone without changing the position, and
displayed as three-dimensional information by plotting a data
number (19) on the X axis, time (20) on the Y axis, and a
voltage (21) on the Z axis. Subsequently, the reflector is
estimated from prediction obtained from the anatomical
knowledge obtained in advance and the visual information
having continuity (FIG. 6A) and the like. FIG. 6B illustrates
an example in which the Z axis displaying the voltage (21) is
eliminated from the three-dimensional display in FIG. 6A and
the data number (19) is plotted on the X axis and the time (20)
is plotted ontheY axis so as to make two-dimensional display.
In both FIG. 6A and FIG. 6B, a spot (30) detected to exceed
the pre-set threshold value and to be likely a bone is displayed
by using colors like red or yellow that enables discrimination
from the other spots.

[0069] With regard to the frequency, a difference in the
damping characteristics of the propagation ultrasound waves
in the bone and the soft tissue is used. A schematic diagram of
the damping characteristics of the propagating ultrasound
waves in the bone and the soft tissue is shown in FIG. 7. The
damping characteristics of a living tissue is different depend-
ing on the tissue, and a bone (22) is known to have a charac-
teristic that the high-frequency component included in the
propagating ultrasound waves attenuates more than in a soft
tissue (23).

[0070] With regard to this difference in the characteristics,
occurrence of difference in the intensity distribution of the
frequency components included in the reflective waves has
been confirmed by theoretical calculations and basic experi-
ments. FIG. 8 shows the results of the basic experiments. FIG.
8A shows the intensity distribution in each frequency com-
ponent immediately after the irradiation of the ultrasound
waves at 1.5 MHz. After the application of ultrasound wave,
each frequency component in the reflection from the bone is
shown in FIG. 8B, and each frequency component in the case
of reflection from the soft tissue is shown in FIG. 8C. From
the above, it is found that FIG. 8B shows damping in the
high-frequency component that is larger than that of FIG. 8C,
by taking into consideration the ratio of the frequencies close
to 1.2 MHz with respect to the frequency close to 1.5 MHz.
Therefore, by paying attention to the intensity distribution of
the components included in the reflective waves in the fre-
quency, determination can be made whether the reflection
comes from the bone or from the soft tissue.

[0071] A range of FFT analysis for finding a frequency
component is determined by a range setting method deter-
mined in advance. Then, in the specified range, analysis on
whether the waves are bone reflective waves or soft tissue
reflective waves is made under the analysis conditions set in
advance for waveform recognition such as a voltage value.
The analysis method for finding a frequency component is not
limited to FFT but may be a method that can find the fre-
quency component.

[0072] A specific example of signal detection/FFT analysis
is shown in FIG. 9. With respect to the obtained reflection
signal, an analysis target range is defined as a duration having
some margin including a signal part or a duration starting
from the time when the reflective waves are first returned
(assuming that the time at which the ultrasound waves are
irradiated is set to 0, approximately a time obtained by adding
to 0 the time required for the ultrasound waves to travel the
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doubled distance from the body surface that is measured or
obtained from the literature to the bone which is a target) and
including the reflective waves from the bone surface on the
side opposite to the bone surface of the target to which the
ultrasound waves are irradiated.

[0073] As a specific example, if the ultrasound waves hav-
ing a burst width of 5 usec are transmitted, duration 24 of 30
usec starting at rising of the signal part is set as an analysis
target range or the like. As a specific example of a method of
determining the detection start point of the signal, such a
method can be cited that an envelope line 25 of the reflection
signal in the analysis target range is taken, and regarding the
waveform having a value exceeding the voltage A (0.4 V (26)
in FIG. 9) that is larger than a noise voltage as a top, if
inclination (27) of the envelope line at the voltage B (0.4 V in
FIG. 9) is positive, the point at which the voltage is returned
to the voltage C (0.1 Vin FIG. 9) along the envelope line is set
as the detection starting time. Under these conditions, the
relationship of A=ZB>C holds for the voltages A, B, and C.
The voltage C is assumed to be a voltage larger than the noise
voltage but smaller than the voltage A, and the voltage B is a
voltage determined by the relationship of AZB>C. The bone
has a cylindrical shape, and reflection occurs on the outer
surface, the lumen surface and the like, and thus, a plurality of
reflective waves might return with shifted timing. It is only
necessary that the duration for analysis is longer than the
duration including the reflective waves returned from the
bone outer surface and the lumen surface to which the ultra-
sound waves are irradiated among the plurality of reflective
waves that are returned from the bone with shifted timing.

[0074] As an analysis method, attention is paid to the dif-
ference in the damping characteristics in the bone reflective
waves and the soft tissue reflective waves, and an analysis set
in advance is applied to the measured values and the numeri-
cal value obtained as a result is compared with the pre-set
value.

[0075] A specific analysis method is that, for example, a
ratio of the amounts among two or more kinds of frequency
component included in the measured results is calculated. For
example, they are the two types, that is, a central frequency
and the band in the vicinity thereof of the transmission ultra-
sound waves and a second peak frequency lower than the
central frequency and the band in the vicinity thereof. In this
case, with respect to the maximum value in the central fre-
quency and the band in the vicinity thereofin the transmission
ultrasound waves and the maximum value in the second peak
frequency lower than the central frequency and the band in the
vicinity thereof, a higher frequency is referred to as a high-
frequency component and a lower frequency is referred to as
a low-frequency component.

[0076] Specific calculation example is as follows. If the
central frequency of the transmission ultrasound waves is 1.5
MHz and the second peak is present at 1.2 MHz, the maxi-
mum value in the band of 1.5+0.1 MHz in the frequency
distribution of the reflective waves is compared with the
maximum value in the band of 1.2+0.1 MHz, and the maxi-
mum value of the band of 1.2+0.1 MHz is divided by the
maximum value of the band of 1.5+0.1 MHz. The lower figure
in FIG. 10 illustrates a frequency component of the reflective
waves obtained when the ultrasound waves having the central
frequency at 1.5 MHz and the second peak at 1.2 MHz are
transmitted, and the ratio of the amount of frequency compo-
nent in this case is 0.6/5.3=0.11.

May 24, 2012

[0077] Regarding the values calculated in this analysis, the
larger the damping in the high frequency is, the larger value is
shown in the calculated frequency component ratio. Thus,
since the high-frequency component in the propagating ultra-
sound waves undergoes damping more in the bone than in the
soft tissue, the value of the analysis result is larger in the bone
reflective waves than in the soft tissue reflective waves. The
low-frequency component is divided by the high-frequency
component in the above, but the ratio may be found by divid-
ing the high-frequency component by the low-frequency
component.

[0078] The analysis is applied to the measured value and
compared with the pre-set value (which becomes the thresh-
old value) so as to make bone determination by the determi-
nation program.

[0079] The pre-set value is set by using the result obtained
by the basic experiments. It is known from the basic experi-
ments that, with respect to the reflective waves from the bone
and the reflective waves from the soft tissue, the values cal-
culated by the above analysis method are different (the
numerical value is larger in the bone), and the threshold value
is set so that only the reflective waves from the bone can be
detected. As a specific example, the results of the basic
experiment using a model are shown in FIG. 11. A reflector
model 29 is set in water 28, and a pig bone is used as a bone
model and silicone rubber as a soft tissue model. For the
reflective waves obtained, the frequency component ratios
calculated by the above-described analysis method indicate
that the ratio for the bone model is 4.5 with respect to that for
the soft tissue model 1.5, resulting in a factor 3 difference. In
this case, by setting the threshold value to 2, for example,
determination of the bone can be made such that if the com-
ponent ratio is larger than 2, it indicates a bone.

[0080] The frequency component ratio is obtained by
applying special processing such as the FFT analysis and
calculation of a component ratio to the received reflective
waves as described above, and the algorithm or the device
configuration in the processing becomes more complicated
than the case in which other reflective wave information is
used, but since the frequency component ratio can be used for
the determination regardless of the size of the voltage value,
it can be used even if the voltage value cannot be sufficiently
obtained.

[0081] Thus, the bone determination can be made by using
the frequency component ratio also in a part having a thick
soft tissue or a part having a large radius of curvature of the
bone shape on the reflective surface where a sufficient voltage
cannot be obtained. Also, by creating an algorithm for making
determination by combining time and voltage with the fre-
quency component ratio, determination accuracy is further
improved.

[0082] The ultrasound detecting device of the present
invention uses that the reflective waves from the bone is
different from the reflective waves from the part other than the
bone in the above-described reflective wave information such
as the voltage, the frequency component and the like, and can
make bone detection, fracture position detection or soft tissue
detection by using one or more pieces of information.
[0083] Determination of bone/fracture or soft tissue is per-
formed by any one or more of the methods of determination
using a threshold value set in advance; determination by
directly displaying information and adding judgment by a
user such as a doctor (selection of the maximum value of
amplitude, for example); and determination by displaying
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plural pieces of data through mapping and adding judgment
of a user such as a doctor or the like.

[0084] Ifthe threshold value is used, bone or fracture posi-
tion is determined by the device. For example, the threshold
value is set on the basis of the reflective wave data of the bone
and the soft tissue actually measured in advance under the
transmission/reception conditions in the development stage.
As an example of the threshold value, the bone is supposed to
be irradiated if the voltage value is 4 Vpp or more under the
conditions where the voltage of the reflective waves obtained
from the soft tissue is less than 4 Vpp, or if the value of
frequency component ratio is 10 or more under the conditions
where the frequency component ratio of the reflective waves
obtained from the soft tissue is less than 10, or if the time is 40
us or more under the conditions where it can be judged that
the reflective waves from the bone cannot exist in a time less
than 40 ps due to the positional relationship between the bone
and the transducer, for example. If the threshold value is
exceeded, the result is displayed to the user by lighting of a
lamp or the like and the user is notified that the irradiation
under the transducer installation conditions (position and
angle) is appropriate.

[0085] Iftheinformation is displayed directly, the informa-
tion relating to the reflective waves and the like are displayed
on the determining device or a numerical display unit pro-
vided separately, and a user such as a doctor determines
appropriate irradiation on the basis of the information. The
numerals on the display unit changes with the change in the
installed position or direction on the body surface of the
transducer, for example, and the user adds anatomical and
ultrasound physical knowledge and determines by him/her-
self the boundary between the bone tissue and the soft tissue
such that a position and/or a direction indicating the maxi-
mum value or the value of 90% or more thereof is appropriate.
Other than the numerical display, there can be expression by
display by a scale, brightness of a lamp, speed of lamp flash-
ing, presence of sound, tone of the sound, intervals of pulse
sound and the like, and they may be combined with each
other. The user such as a doctor determines the appropriate
irradiation position and/or irradiation angle by combining the
above-described information with clinical information.

[0086] If the values are to be mapped and imaged, the user
such as a doctor makes determination on the basis of image
information indicating presence or features of the bone tissue
and the soft tissue, which are displayed targets. For example,
regarding a plurality of pieces of data obtained by succes-
sively different irradiation angles at one position, if time
information and a measured value (voltage and/or frequency)
are obtained, respectively, for data of one angle, the time
information is mapped on the vertical axis and the irradiation
angle is mapped on the lateral axis and then, the measured
values are color-coded in accordance with the cells of time
and irradiation angles in accordance with the numerical
value. As a color coding method, visual identification is suf-
ficient, and classification such that the voltage less than 2 Vpp
is indicated in blue and the voltage at 4 Vpp or more in red, for
example, can give also visual information to the users. In this
case, the voltage at 4 Vpp or more indicates that it is likely to
be the reflective waves from the bone, while the voltage less
than 2 Vpp indicates that it is likely to be the reflective waves
from the soft tissue. A map in which the measured value is a
voltage is shown in FIG. 12 as an example. By setting an
image pattern in advance and by comparing the value with it,
the device determines the bone or the fracture position or a
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user such as a doctor makes determination by combining
knowledge. In this case, a bright region in FIG. 120 (31) is in
red color and indicates that it is highly likely to be a bone. The
plurality of pieces of data displayed on the map do not have to
be limited to the plurality of pieces of data obtained at suc-
cessively different irradiation angles at one position but may
be a plurality of pieces of data obtained at successively dif-
ferent positions on the body surface. The successively differ-
ent positions on the body surface are positions 41 succes-
sively arranged with intervals of 1 to 20 mm in a linear
manner on the femora in FIG. 15, for example.

[0087] If the time information is set in advance, it is
obtained by using a predicted value of the bone depth
obtained by using an existing ultrasound imaging device or an
X-ray device, a prediction coefficient of bone depth calcu-
lated from the relationship between the femoral periphery and
the internal structure or obtained from a coefficient indicating
a relationship between the internal structure of the front side
of the femoral region and the internal structure of the entire
femoral region, for example. A specific example regarding
the prediction coefficient of bone depth calculated from the
relationship between the femoral periphery and the internal
structure is shown below by using FIG. 13. In a specific
femoral section 32 on the femora set in advance, a plurality of
femoral peripheral diameters (33) of a subject are obtained,
and at points (34) which equally divide the peripheral upper
side (body front side) into 20 parts (the point 1 side is the
inside, and the point 20 side is on the outside), an ultrasound
diagnostic image is obtained, and a distance between the body
surface and the bone surface (35) in the whole image is
measured. The periphery of the specific femoral section cor-
responds to the position of the femora which can be a mea-
surement target or the periphery of a center part in the long-
axis direction in the femora, for example, but this is not
limiting. The (distance/femoral periphery) at each of the 20
points of all the subjects is calculated and an average () and
standard deviation (o) are obtained. From the obtained aver-
age (u) and standard deviation (0), the prediction section (u+k
o) of the population is calculated. Reference character k is a
numeral to be multiplied by the standard deviation (o) so as to
adjust the size of the range of a prediction section. For
example, it may be k=1.96, which expresses a 95% confi-
dence interval in statistics. This is used as a coefficient for
setting time information set in advance, and if the periphery at
the same femoral long-axis position of the patient is known,
the coefficient is multiplied by this prediction section and the
range of the bone depth is predicted to be a depth (cm) having
some range. A quotient obtained by dividing this range by the
sound speed is calculated, and occurrence time of the reflec-
tive waves is predicted. The occurrence time is predicted from
the femoral periphery because the femoral periphery and the
bone depth are different depending on the patient. In the
above, the part is equally divided into 20 parts, but the divi-
sion may be made in accordance with the required number of
the irradiation positions, and if the irradiation position is
known, equal division is not necessary but it is only necessary
to obtain the data at the irradiation position.

[0088] Also, another specific example will be described on
the basis of FIG. 14. In a femoral section (32), at points 34
from 1 to 20 which equally divide the half of the front side (the
point 1 sideis on the body inside and the point 20 side is on the
body outside), distances from the body surfaceat 11,1, and 20
to the bone are calculated in advance (they are a(36), b(37),
and c(38), respectively). The points from the point 2 to the
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point 10 are collectively referred to as points A, and a distance
d(39) from the body surface to the bone at the points A is
calculated by “d=ax((b/a-1)x(11-A)/(11-1)+1)”, and the
points from the point 12 to the point 19 are collectively
referred to as points B, and a distance e(40) from the body
surface to the bone at the points B is calculated by “e=ax((c/
a-1)x(B-11)/(20-11)+1)”, and the twofold number of d at
the points A and the twofold number of e at the points B are
divided by the sound speed in the soft tissue so as to calculate
the distance between the body surface and the bone, and the
occurrence time of the reflective waves is predicted. If a point
is at a reference numeral n, the distance from the body surface
to the bone at the specific point is calculated according to the
above equation, and the occurrence time of the reflective
waves can be predicted.

[0089] Also, instead of predicting the range of the bone by
the above-described method, the depth of the soft tissue
present at the depth closer to the body surface than the bone
may be predicted by measuring the depth of the soft tissue,
and the region further than the range is set as a prediction
range of the bone depth.

[0090] In all the described determination methods, the
threshold value or the range of the value may be changed or
adjusted by taking into account of a phenomenon of a gradual
change in the reflective wave information from the fracture
part, a target, associated with curing or a difference due to
individual difference.

[0091] Itisalso possibleto know the process of curing from
the displayed numerical values and to know treatment effects
in addition to appropriate treatment. The fracture part exhibits
a slightly swollen shape in the curing process, subsequently is
completely cured and the swelling is resolved, and is brought
into a state in which gentle continuity with the bone tissues in
the vicinity is formed. The voltage of the reflection signal is
strongly affected by the shape as described above, and the
voltage is predicted to gradually increase as the shape
changes from a bulge to a substantially flat state. Also, in the
fracture part, a blood tumor is generated in the affected area
and a cross-bridge is formed by a granulation tissue, and
calcium is deposited on a chondroid tissue that has replaced
the area, resulting in a normal bone tissue in the curing pro-
cess. That is, since the affected area is replaced from a tissue
in a state close to a soft tissue to a bone tissue, and thus, a
change with curing is predicted to occur also in the frequency.
Specifically, the frequency component ratio is predicted to
gradually increase with curing. Thus, the present invention
can also determine the cured state of the target on the basis of
a temporal change of the stored signal, analysis result or
determination result by the determination program at the
same irradiation position. The determination in this case may
be performed by a doctor or the like, or determining means
may be provided which sets a cure threshold value and makes
the display unit display completion of the cure when the cure
threshold value is reached.

[0092] The present invention may be used for search of a
degenerated tissue such as a tumor in a bone tissue or a soft
tissue and the like other than for determination of different
tissues such as a bone and a soft tissue.

INDUSTRIAL APPLICABILITY

[0093] By using the ultrasound detecting method or device
of the present invention, the ultrasound waves can be accu-
rately irradiated to a target even in any bone in the body such
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as limbs, a trunk, and a head of a human or animal, internal
organs, degenerated tissues such as a tumor and the like.

REFERENCE SIGNS LIST
[0094] 1 fracture part
[0095] 2 transmission/reception transducer
[0096] 3 fixing device
[0097] 4 body surface
[0098] 5 ultrasound propagation substance
[0099] 6 determining device
[0100] 7 cable
[0101] 8 control unit
[0102] 9 transmission unit
[0103] 10 reception unit
[0104] 11 power supply means
[0105] 12 transmission condition setting unit
[0106] 13 signal storage unit
[0107] 14 determination program
[0108] 15 display unit
[0109] 16 voltage
[0110] 17 time
[0111] 18 frequency
[0112] 19 data number
[0113] 20 time
[0114] 21 voltage
[0115] 22 bone data
[0116] 23 soft tissue data
[0117] 24 duration
[0118] 25 envelope line of reflection signal
[0119] 26 voltage
[0120] 27 inclination of envelope line at 0.4 V
[0121] 28 in water
[0122] 29 reflector model
[0123] 30 transmission/reception transducer
[0124] 31 region which is likely to be a bone
[0125] 32 femoral section
[0126] 33 femoral peripheral diameter
[0127] 34 point
[0128] 35 distance between body surface and bone surface
[0129] 36a
[0130] 37b
[0131] 38¢
[0132] 39d
[0133] 40e
[0134] 41 successively different positions on body surface

1. An ultrasound detecting device which detects an ultra-
sound irradiation position by irradiating an ultrasound pulse
to a living body, comprising:

one or a plurality of ultrasound wave irradiation transduc-
ers which transmit ultrasound waves and one or a plu-
rality of signal receiving transducers which receive
reflective waves of the ultrasound waves irradiated from
said ultrasound wave applying transducers;

a signal storage unit which stores a received signal received
by said signal receiving transducers;

an analysis program for analyzing a stored signal stored by
said signal storage unit;

a determination program for determining whether or not an
obtained reflective wave is obtained from a target of
ultrasound wave irradiation by using an analysis result
by said analysis program and/or the stored signal; and



US 2012/0130240 Al

a display unit which displays one or more selected from a
group consisting of said stored signal, said analysis
result, and said determination result by said determina-
tion program, wherein

said analysis program and/or said determination program
makes analysis and/or determination by using the fact
that information of the received signal is different
depending on a difference of a reflector within the living
body.

2. The ultrasound detecting device according to claim 1,
wherein said analysis program and/or said determination pro-
gram makes analysis and/or determination by using a fre-
quency and/or voltage parameter of the received signal.

3. The ultrasound detecting device according to claim 1,
wherein

said analysis program makes analysis by using a difference
in intensity distribution of a frequency component of the
reflective wave caused by a difference within the reflec-
tor in a living body.

4. The ultrasound detecting device according to claim 2,

wherein

said analysis program calculates a ratio between a high-
frequency component and a low-frequency component
of the frequency in the received signal of the obtained
reflective wave.

5. The ultrasound detecting device according to claim 4,
wherein the high-frequency component and the low-fre-
quency component of the frequency to be used in said analy-
sis program is selected from two types of bands, that is, a
central frequency of a transmission ultrasound wave and the
band in the vicinity thereof and a second peak frequency and
the band in the vicinity thereof.

6. The ultrasound detecting device according to claim 4,
wherein the high-frequency component and the low-fre-
quency component to be used in said analysis program are
maximum values in a band of 1.5+0.1 MHz and a band of
1.240.1 MHz.

7. The ultrasound detecting device according to claim 1,
wherein

said determination program makes determination by com-
parison between the analysis result in said analysis pro-
gram and a numerical value set in advance.

8. The ultrasound detecting device according to claim 1,

wherein

said determination program makes determination by com-
parison between the highest voltage in the reflective
wave and a numerical value set in advance.

9. The ultrasound detecting device according to claim 1,

wherein

when a plurality of reflective waves are obtained at succes-
sively different irradiation angles at one installed posi-
tion of the ultrasound wave irradiation transducer/or at
successively different positions on the body surface, said
display unit displays time information, voltage and/or a
ratio between the high-frequency component and the
low-frequency component in the frequency included in
each of the plurality of reflective waves in color cells of
the corresponding time and angles in accordance with
numerical values on a map indicating the time informa-
tion on the vertical axis and the angle on the lateral axis.
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10. The ultrasound detecting device according to claim 9,
wherein if said numerical value exceeds said numerical value
set in advance, there are a plurality of angles detected to be
highly likely to be the target, and they are set to a target angle
range, an angle optimal for treatment is at the center of said
target angle range.

11. The ultrasound detecting device according to claim 1,
wherein

in said analysis program, a range of time for analyzing the

received signal and/or a range of time for storing the
received signal and/or a range of time for determination
by the determination program is determined by a time
range setting program set in advance.

12. The ultrasound detecting device according to claim 11,
wherein said time range setting program takes an envelope
line of a voltage of a reflection signal, and with regard to a
waveform of the envelope line having a value of a voltage A
or more at the top, a point at which the voltage returns to a
valve C when inclination of an envelope line at a voltage B is
positive is set to be a detection start time, a relationship of
A=B>C holds for A, B, and C, and a certain time interval
starting at the detection start time is set as an analysis target
range.

13. The ultrasound detecting device according to claim 11,
wherein said time range setting program takes, in a limb
section, a ratio of a distance from a point on a limb periphery
to a bone directly below to the limb periphery (distance/
periphery), for a plurality of individuals a coefficient is set to
((average value of said ratio of the plural individual data)+
(kxstandard deviation)), and when a limb periphery of a sub-
ject is obtained, a twofold number of a distance range deter-
mined by a method for predicting the distance range from the
point on the periphery to the bone directly below by multi-
plying said limb periphery of the subject by said coefficient is
divided by a sound speed in the soft tissue so as to determine
the time interval, which is set to an analysis target range.

14. The ultrasound detecting device according to claim 1,
wherein

said ultrasound wave irradiation transducer also works as

said signal receiving transducer.

15. The ultrasound detecting device according to claim 1,
wherein

said ultrasound detecting device detects a bone as a target.

16. The ultrasound detecting device according to claim 1,
wherein

said ultrasound detecting device detects a tumor/or a

degenerated tissue within the body as the target.

17. The ultrasound detecting device according to claim 1,
wherein

said ultrasound detecting device is integrated with an ultra-

sound treatment instrument.

18. The ultrasound detecting device according to claim 1,
wherein

a cured state of the target is determined on the basis of

temporal change of said stored signal, said analysis
result or the determination result by said determination
program at the same irradiation position.
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