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(57) Provided is an ultrasound fracture detection de-
vice capable of accurately irradiating an ultrasound pulse
to a target object, the device being characterized by
being provided with an ultrasound wave irradiating trans-
ducer, a signal receiving transducer which receives a re-
flected wave of an ultrasound wave irradiated from the
ultrasound wave irradiating transducer, a signal, storage
unit which stores a received signal, and a display unit
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which displays an analysis program that analyzes a
stored signal, a determination program that performs de-
termination from the result of the analysis and/or per-
forms determination from the stored signal, and the result
of the analysis and/or the result of the determination,
wherein the determination program performs the deter-
mination using that information relating to the received
signal varies depending on the reflector within a living
organism.
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Description
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 meth-
od or a device for detecting a target or confirming appro-
priate irradiation using ultrasound waves.

Background Art

[0002] When an ultrasound therapy is applied as an
orthopedic treatment, an irradiation position of the ultra-
sound waves needs to be determined so that the ultra-
sound waves are appropriately irradiated to an affected
area. As a method therefor, an X-ray photograph of the
affected area is sometimes used, but since the X-ray pho-
tographs are two-dimensional 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] Asaprior-arttechnology, 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 discloses a method of irradiating ultrasound
waves to a bone and of using the reflective waves thereof
[0004] In the ultrasound therapy, in order to reliably
obtain treatment efficiency, the determination of an ap-
propriate position or angle of ultrasound irradiation is an
indispensable technology in an ultrasound irradiation de-
vice for treatment.

Citation List
Patent Document
[0005]

Patent Document 1: International Publication No.
2008/018612
Patent Document 2: International Publication No.
2007-069775

Summary of the Invention
Problems to be Solved by the Invention

[0006] An object of the present invention is to provide
adevice 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
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with a thick soft tissue such as an upper arm region or a
femoral region, for example.

Means for Solving Problems

[0007] The present invention solves the problems by
the following means.

[0008] That is, the present invention is configured as
follows:

(1) An ultrasound detecting device which detects an
ultrasound irradiation position by irradiating an ultra-
sound pulse to a living body, provided with:

one or a plurality of ultrasound wave irradiation
transducers which transmit ultrasound waves
and one or a plurality of signal receiving trans-
ducers which receive reflective waves of the ul-
trasound waves irradiated from the ultrasound
wave irradiation transducers;

a signal storage unit which stores a received sig-
nal received by the signal receiving transducers;
an analysis program for analyzing a stored sig-
nal stored by the signal storage unit;

a determination program for determining wheth-
er 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

a display unit which displays one or more se-
lected from a group consisting of the stored sig-
nal, the analysis result, and the determination
result by the determination program, character-
ized in that

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

(2) The ultrasound detecting device described in (1),
characterized in that the analysis program and/or
the determination program makes analysis and/or
determination by using a frequency and/or voltage
parameter of the received signal.

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

(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 component of the frequency in the
received signal of the obtained reflective wave.

(5) The ultrasound detecting device described in (4),
characterized in that the high-frequency compo-
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nent and the low-frequency component of the fre-
quency tobe usedin the analysis programis 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 described in (4),
characterized in that the high-frequency compo-
nent and the low-frequency component to be used
in the analysis program are maximum values in a
band of 1.50.1 MHz and a band of 1.2+0.1 MHz.
(7) The ultrasound detecting device described in any
one of (1) to (6), characterized in that the determi-
nation program makes determination by comparison
between the analysis result in the analysis program
and a numerical value set in advance.

(8) The ultrasound detecting device described in any
one of (1) to (7), characterized in that the determi-
nation program makes determination by comparison
between the highest voltage in the reflective wave
and a numerical value set in advance.

(9) The ultrasound detecting device described in any
one of (1) to (8), characterized in that when a plu-
rality of reflective waves are obtained at successively
different irradiation 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 information, voltage
and/or a ratio of the high-frequency component to
the low-frequency component in the frequency in-
cluded 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 indicat-
ing the time information on the vertical axis and the
angle on the lateral axis.

(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.

(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 storing the received signal and/or
a range of time for determination by the determina-
tion program is determined by a time range setting
program set in advance in the analysis program.
(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 A > B > C holds for
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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 described in
(11), characterized in that the 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 ((av-
erage value of the ratios of the plural individual dada)
+ (k X standard deviation)), and when a limb pe-
riphery of a subject is obtained, a twofold number of
a distance range determined by a method for pre-
dicting the distance range from the point on the pe-
riphery to the bone directly below by multiplying the
limb periphery of the subject by the coefficient is di-
vided by a sound speed in the soft tissue so as to
determine the time interval, which is set to an anal-
ysis target range.

(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.

(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 tar-
get.

(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 de-
generated tissue within the body as the target.

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

(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 tem-
poral change of the stored signal, the analysis result
or the determination result by the determination pro-
gram at the same irradiation position.

[0009] Each of the above-described configurations
can be combined with each other unless it does not de-
part from the gist of the present invention.

Advantages of the Invention

[0010] By using the ultrasound detecting method or
device of the present invention, accurate irradiation of
the ultrasound waves to the targetis 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.
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Brief Description of the Drawings
[0011]

Fig. 1 is a schematic diagram illustrating an irradia-
tion example to a femoral fracture treatment.

Fig. 2 is a schematic diagram illustrating device con-
stituent elements in the present invention.

Fig. 3 is a schematic diagram in which a reflective
wave is converted and obtained as a detection sig-
nal.

Fig. 4 is a schematic diagram illustrating an example
of intensity distribution of a frequency component.
Fig. 5 is a result of basic experiments for confirming
that areflective wave of a pig bone s largely changed
depending on the shape.

Fig. 6 is a result display 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.

Fig. 7 is a schematic diagram of damping character-
istics of propagation ultrasound waves in a bone and
a soft tissue.

Fig. 8 is an example illustrating a change in the in-
tensity distribution of the frequency component by
theoretical calculation.

Fig. 9 is a specific example of signal detection.

Fig. 10 is a specific example of FFT analysis.

Fig. 11 is a specific example of frequency component
calculation in the basic experiments using a model.
Fig. 12 is a specific example of imaging of a voltage
by mapping.

Fig. 13 is a schematic diagram illustrating a specific
example of a method of predicting a distance be-
tween the body surface and the bone.

Fig. 14 is a schematic diagram illustrating another
specific example of a method of predicting a distance
between the body surface and the bone.

Fig. 15 is a specific example illustrating continuous
different positions on the body surface on the femora.

Best Mode for Carrying Out the Invention

[0012] The inventors paid attention to the characteris-
tics 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 impedance 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 ultrasound waves are gen-
erated from the target of the irradiation. Also, in the
present invention, by receiving the reflective 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 inven-
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tion can detect the reflective waves by using one or more
parameters 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]

[0013] The present invention will be described on the
basis of an embodiment illustrated in the attached draw-
ings. In this embodiment, the target will be described as
abone, butthe 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, in-
ternal 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 imped-
ance inside, and the ultrasound characteristics of the re-
flective waves are different due to the difference in the
acousticimpedance on the boundary surface or damping
characteristics of the medium. Thus, the present inven-
tion is not limited to the illustrated embodiment.

[0014] An application example of the presentinvention
to a femoral fracture treatment is illustrated in Fig. 1. Fig.
1 is an example of a bone or a fracture position in which
the target is in femora having a thick soft tissue. If a frac-
ture part 1 isto be treated, atransmission/reception trans-
ducer 2, which is an ultrasound wave irradiation trans-
ducer and signal reception transducer, is installed at an
attaching position determined in a medical 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 trans-
mission/reception transducer 2 andfix it to abody surface
4, and a cylindrical device having a belt or the like, for
example, is used. In this case, an ultrasound propagation
substance 5 is interposed between the transmission/re-
ception transducer 2 and the body surface 4. The ultra-
sound propagation substance 5 may be anything as long
as it propagates ultrasound waves and water, ultrasound
gel and the like, for example, are suitable.

[0015] The ultrasound detecting device or method of
the presentinvention is used when appropriate irradiation
position and/or direction to an affected area (a target of
the ultrasound wave irradiation) is determined at an ex-
amination or during an ultrasound treatment for outpa-
tients 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
(reqgistered trademark), for example) is used. For detec-
tion on whether or not the ultrasound waves have been
irradiated to the target, reflective ultrasound waves re-
ceived 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 ultra-
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sound wave irradiation by an X-ray image (in the case of
a femora region, only the long-axis direction is deter-
mined by a doctor), 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 ultrasound
waves for treatment or by replacing the transducer by a
treatment transducer depending on the detected position
and/or angle.

[Device configuration]

[0016] Inthe ultrasound detecting device or method of
the present invention, the same transducer can be used
for transmission/reception since the reflective waves of
the ultrasound waves are used. Also, the ultrasound
wave irradiation transducer 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 transducers are re-
ceived by another one or a plurality of transducers. For
example, there may be various modes such that the ul-
trasound waves are transmitted by one transducer and
the reflective waves are received by installing a plurality
of transducers at all the positions that can be predicted
tobereached by the reflective waves or at all the positions
where the presence of the reflective waves, and distri-
bution of parameters such as voltage, intensity distribu-
tion of a frequency component 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 reflective
waves, and distribution of parameters such as voltage,
intensity distribution of a frequency component are to be
known.

[0017] Also, by using the same transducer for the
transmission/reception transducer and the transducer to
be used for treatment, switching of transducers after a
bone is detected or a fracture is detected becomes un-
necessary, and treatment can be made at an accurate
position and direction. Moreover, by integrating the ultra-
sound detecting device of the present invention with the
treatment instrument, the irradiation position can be de-
tected regardless of timing such as before, during or after
the treatment, and even if the irradiation position 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.

[0018] 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 con-
trol unit 8 including a transmission condition setting unit
12, a signal storage unit 13, and a determination program
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14, power supply means 11, and a display unit 15. An
operation in the actual device will be described below.
[0019] 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 trans-
mission 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
tothe transmission circuit 9 or the transmission s 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.

[0020] The ultrasound waves received from the trans-
mission/reception transducer 2 are converted to an elec-
tric signal 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
setin advance. Theresultis displayed by the display unit
15, and determination on whether the waves are irradi-
ated to the bone or not can be made. Here, the signal
storage unit 13 can be specifically a semiconductor mem-
ory and the like. Also, the display unit 15 can be specif-
ically an LCD which displays the result in characters, nu-
merical values, signal waveforms, graphs or images or
LED which displays the result by lighting or the like.
[0021] If the ultrasound detecting device or method of
the present invention is integrated with the treatment de-
vice, by determining an appropriate irradiation position
before the treatment, the treatment can be started imme-
diately by switching the wave from the ultrasound waves
for bone detection 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 de-
termining device 6 cannot transmit the treatment ultra-
sound waves, only the determining device of the main
body ultrasound detecting device or the entire main body
having the determining device and the transducer is
changed to a treatment instrument, and the treatment is
started.

[Transmission/reception condition of ultrasound waves]

[0022] As the irradiation condition of detection ultra-
sound waves, ultrasound waves with an appropriate con-
dition for the target are used.

[0023] As the transmission conditions of the appropri-
ate detection ultrasound waves in the case of bone de-
tection or fracture detection, for example, a frequency of
1.5 MHz, a burst width of 5 s, repetition frequency of
10 Hz, time average and space average of ultrasound
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output of 0.042 mW/cm?2 are preferable, and as reception
conditions, a sampling frequency of 20 MHz, amplifica-
tion of 20 dB, LPF of 10 MHz, and HPF of 100 kHz are
preferable. Regardless of the above-described condi-
tions, it is only necessary that the burst width, for exam-
ple, is shorter than the time from transmission of the ul-
trasound waves to reception by the transducer after re-
flection from the bone or the fracture part, and if the dis-
tance from the transducer to the bone is 40 mm, assum-
ing that the sound speed in the soft tissue is 1585
mm/sec, it should be at least shorter than 50.5 s ((dis-
tance L) X 2/(sound speed V) = 40 (mm) X 2/1585
(m/sec) = 50.5 (nsec)). Also, it is only necessary that the
repetition frequency, the ultrasound output, and the am-
plification are within a range of safe conditions for a living
body and the reflective waves from the bone or the frac-
ture part as a target can be obtained even if damping of
the ultrasound waves in the medium is considered.
[0024] Forthe treatmentultrasound 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 ws, a repetition frequency of
1 kHz, and time average and space average of the ultra-
sound output of 30 mW/cm?2 are preferable.

[Acquisition of parameters required for determination]

[0025] A reflection signal obtained under the above-
described transmission/reception conditions is convert-
ed by the transducer 2 to a format or information suitable
for determination. An example of the detection signal af-
ter conversion is illustrated in Fig. 3. An example of in-
tensity distribution of a frequency component after the
conversion is illustrated in Fig. 4.

[0026] First, the reflective waves are converted by the
transducer 2 from a sound pressure to an electric signal
and transmitted to the determining device 6, and the am-
plitude 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 ultrasound waves are generated) is ob-
tained as time 17. The frequency component is obtained
by applying analysis processing 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 ob-
tained. Fig. 4 is a diagramiillustrating intensity distribution
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 (dis-
tance), 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 wave-
form, that is, signal intensity to the time information in all
the data and the like, and the analysis program obtains
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frequency information by analyzing the received signal.
[Determination]

[0027] With respect to of the voltage (amplitude), the
time (distance), and the intensity distribution of the ob-
tained reflective waves, a value calculated from the val-
ues 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 re-
flector is obtained from the target by comparing them.
For example, the numerical values are cited in "Ultra-
sound Wave Handbook" published by Maruzen Co., Ltd,
"Basic Knowledge and Safety Management of ME" su-
pervised 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 de-
scribed below.

[0028] 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 reflector, the acoustic impedance on the
reflective boundary surface, and damping until the signal
reaches the detector. Assuming the application to the
ultrasound fracture treatment method, the voltage is sub-
ject to the influences of the damping in the soft tissue
until the signal reaches the bone, the bone shape, the
acousticimpedances in the soft tissue and the bone, and
the damping in the soft tissue until the signal reaches the
transducer.

[0029] 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 occurs from various boundary sur-
faces 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 dif-
ference between heterogeneous soft tissues, if there is
no influence of the reflective surface shape, damping 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 reflective 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 difference in the radius of cur-
vature. 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
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waves obtained from the bone might become smaller
than the reflective waves obtained from those between
the heterogeneous softtissues. 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 re-
flective 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 addition to 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 pro-
gram (which becomes a threshold value).

[0030] The time refers to time from transmission to re-
ception of the ultrasound waves, and since the product
ofthe 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 tar-
get. That is, since the half of the total propagation dis-
tance 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 sub-
stantially equal to the depth of the bone or not. For ex-
ample, 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 pref-
erable. For example, by installing a transducer at a cer-
tain position on the femoral surface, a plurality of reflec-
tive 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
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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 informa-
tion having continuity (Fig. 6A) and the like. Fig. 6B illus-
trates an example in which the Z axis displaying the volt-
age (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 on the Y 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.

[0031] Withregard 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 propagat-
ing ultrasound waves in the bone and the soft tissue is
shown in Fig. 7. The damping characteristics of a living
tissue is different depending on the tissue, and a bone
(22) is known to have a characteristic that the high-fre-
quency component included in the propagating ultra-
sound waves attenuates more than in a soft tissue (23).
[0032] With regard to this difference in the character-
istics, occurrence of difference in the intensity distribution
of the frequency components included in the reflective
waves has been confirmed by theoretical calculations
and basic experiments. Fig. 8 shows the results of the
basic experiments. Fig. 8A shows the intensity distribu-
tion in each frequency component immediately after the
irradiation of the ultrasound waves at 1.5 MHz. After the
application of ultrasound wave, each frequency compo-
nent 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-fre-
quency component that is larger than that of Fig. 8C, by
takinginto 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 dis-
tribution of the components included in the reflective
waves in the frequency, determination can be made
whether the reflection comes from the bone or from the
soft tissue.

[0033] Arange of FFT analysis for finding a frequency
component is determined by a range setting method de-
termined in advance. Then, in the specified range, anal-
ysis 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 frequency component.

[0034] 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
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waves are first returned (assuming that the time at which
the ultrasound waves are irradiated is set to 0, approxi-
mately a time obtained by adding to 0 the time required
for the ultrasound waves to travel the 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.

[0035] As a specific example, if the ultrasound waves
having a burst width of 5 psec are transmitted, duration
24 of 30 psec 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 ex-
ceeding 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 rela-
tionship of A > B > 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
A>B>C.Thebone 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 re-
flective waves returned from the bone outer surface and
the lumen surface to which the ultrasound waves are
irradiated among the plurality of reflective waves that are
returned from the bone with shifted timing.

[0036] As an analysis method, attention is paid to the
difference in the damping characteristics in the bone re-
flective waves and the soft tissue reflective waves, and
an analysis set in advance is applied to the measured
values and the numerical value obtained as a result is
compared with the pre-set value.

[0037] A specific analysis method is that, for example,
a ratio of the amounts among two or more kinds of fre-
quency 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 ultrasound 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 frequency and the band in
the vicinity thereof in the transmission ultrasound waves
and the maximum value in the second peak frequency
lower than the central frequency and the band in the vi-
cinity thereof, a higher frequency is referred to as a high-
frequency component and a lower frequency is referred
to as a low-frequency component.

[0038] Specific calculation example is as follows. If the
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central frequency of the transmission ultrasound waves
is 1.5 MHz and the second peak is present at 1.2 MHz,
the maximum 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 maximum 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 component in
this case is 0.6/5.3 = 0.11.

[0039] Regarding the values calculated in this analy-
sis, the larger the damping in the high frequency is, the
larger value is shown in the calculated frequency com-
ponent ratio. Thus, since the high-frequency component
in the propagating ultrasound 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 dividing the
high-frequency component by the low-frequency compo-
nent.

[0040] The analysis is applied to the measured value
and compared with the pre-set value (which becomes
the threshold value) so as to make bone determination
by the determination program.

[0041] The pre-set value is set by using the result ob-
tained by the basic experiments. It is known from the
basic experiments that, with respect to the reflective
waves from the bone and the reflective waves from the
soft tissue, the values calculated 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 us-
ing a model are shown in Fig. 11. A reflector model 29
is setin water 28, and a pig bone is used as a bone model
and silicone rubber as a soft tissue model. For the reflec-
tive waves obtained, the frequency component ratios cal-
culated 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 component ratio is larger than 2, it indi-
cates a bone.

[0042] The frequency component ratio is obtained by
applying special processing such as the FFT analysis
and calculation of a component ratio to the received re-
flective 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
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value cannot be sufficiently obtained.

[0043] 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 cur-
vature 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 frequency component ratio, deter-
mination accuracy is further improved.

[0044] 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 in-
formation such as the voltage, the frequency component
and the like, and can make bone detection, fracture po-
sition detection or soft tissue detection by using one or
more pieces of information.

[0045] Determination of bone/fracture or soft tissue is
performed by any one or more of the methods of deter-
mination using a threshold value set in advance; deter-
mination by directly displaying information and adding
judgment by a user such as a doctor (selection of the
maximum value of amplitude, for example); and deter-
mination by displaying plural pieces of data through map-
ping and adding judgment of a user such as a doctor or
the like.

[0046] If the threshold value is used, bone or fracture
position 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
componentratiois 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 ps 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 p.s due to the positional rela-
tionship between the bone and the transducer, for exam-
ple. If the threshold value is exceeded, the result is dis-
played to the user by lighting of a lamp or the like and
the user is notified that the irradiation under the trans-
ducer installation conditions (position and angle) is ap-
propriate.

[0047] If the information is displayed directly, the infor-
mation relating to the reflective waves and the like are
displayed on the determining device or a numerical dis-
play unit provided separately, and a user such as a doctor
determines appropriate irradiation on the basis of the in-
formation. 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/herself the boundary between the
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bone tissue and the soft tissue such that a position and/or
a direction indicating the maximum value or the value of
90% or more thereof is appropriate. Other than the nu-
merical display, there can be expression by display by a
scale, brightness of a lamp, speed of lamp flashing, pres-
ence 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.
[0048] 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 successively 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-cod-
ed in accordance with the cells of time and irradiation
angles in accordance with the numerical value. As a color
coding method, visual identification is sufficient, and clas-
sification such that the voltage less than 2 Vpp is indicat-
ed 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 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 succes-
sively different positions on the body surface. The suc-
cessively different positions on the body surface are po-
sitions 41 successively arranged with intervals of 1 to 20
mm in a linear manner on the femora in Fig. 15, for ex-
ample.

[0049] 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
calculated from the relationship between the femoral pe-
riphery and the internal structure or obtained from a co-
efficient 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 exam-
ple. A specific example regarding the prediction coeffi-
cient of bone depth calculated from the relationship be-
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tween the femoral periphery and the internal structure is
shown below by using Fig. 13. In a specific femoral sec-
tion 32 on the femora setin 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 ultra-
sound diagnostic image is obtained, and a distance be-
tween the body surface and the bone surface (35) in the
whole image is measured. The periphery of the specific
femoral section corresponds to the position of the femora
which can be a measurement 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 average (w) and
standard deviation (o), the prediction section (i = k o)
of the population is calculated. Reference character k is
a numeral to be multiplied by the standard deviation (o)
soas toadjustthe size of the range of a prediction section.
For example, it may be k = 1.96, which expresses a 95%
confidence interval in statistics. This is used as a coeffi-
cient 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 quo-
tient obtained by dividing this range by the sound speed
is calculated, and occurrence time of the reflective 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
division 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 po-
sition.

[0050] Also, another specific example will be de-
scribed 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 side is on the body inside and
the point 20 side is on the body outside), distances from
the body surface at 11, 1, and 20 to the bone are calcu-
lated in advance (they are a(36), b(37), and c(38), re-
spectively). The points from the point 2 to the 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 = a X ((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 =a X ((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
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10

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.

[0051] 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.

[0052] 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.

[0053] Itis also possible to know the process of curing
from the displayed numerical values and to know treat-
ment effects in addition to appropriate treatment. The
fracture part exhibits a slightly swollen shape in the curing
process, subsequently is completely cured and the swell-
ing 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 pre-
dicted 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 cal-
ciumis deposited on a chondroid tissue that has replaced
the area, resulting in a normal bone tissue in the curing
process. Thatis, 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 posi-
tion. 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.

[0054] 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

[0055] By using the ultrasound detecting method or
device of the present invention, the ultrasound waves
can be accurately irradiated to a target even in any bone
in the body such as limbs, a trunk, and a head of a human
or animal, internal organs, degenerated tissues such as
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a tumor and the like.

Reference Signs List

[0056]

1 fracture part

2 transmission/reception transducer
3 fixing device

4 body surface

5 ultrasound propagation substance
6 determining device

7 cable

8 control unit

9 transmission unit

10  reception unit

11 power supply means

12 transmission condition setting unit
13  signal storage unit

14  determination program

15  display unit

16  voltage

17 time

18 frequency

19  data number

20 time

21  voltage

22  bone data

23  soft tissue data

24 duration

25  envelope line of reflection signal
26  voltage

27  inclination of envelope line at 0.4 V
28  inwater

29  reflector model

30 transmission/reception transducer
31 region which is likely to be a bone
32 femoral section

33  femoral peripheral diameter

34  point

35 distance between body surface and bone surface
36 a

37 b

38 ¢

39 d

40 e

41  successively different positions on body surface
Claims

1. Anultrasound detecting device which detects an ul-

trasound irradiation position by irradiating an ultra-
sound pulse to a living body, comprising:

one or a plurality of ultrasound wave irradiation
transducers which transmit ultrasound waves
and one or a plurality of signal receiving trans-
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11

ducers which receive reflective waves of the ul-
trasound waves irradiated from said ultrasound
wave applying transducers;

a signal storage unit which stores a received sig-
nal received by said signal receiving transduc-
ers;

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

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

a display unit which displays one or more se-
lected from a group consisting of said stored sig-
nal, said analysis result, and said determination
result by said determination 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.

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
afrequency and/or voltage parameter of the received
signal.

The ultrasound detecting device according to claim
1 or 2, wherein

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

The ultrasound detecting device according to claim
2 or 3, 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.

The ultrasound detecting device according to claim
4, wherein

the high-frequency component and the low-frequen-
cy component of the frequency to be used in said
analysis 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.

The ultrasound detecting device according to claim
4, wherein

the high-frequency component and the low-frequen-
cy component to be used in said analysis program
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are maximum values in a band of 1.5+0.1 MHz and
a band of 1.2+0.1 MHz.

The ultrasound detecting device according to any
one of claims 1 to 6, wherein

said determination program makes determination by
comparison between the analysis result in said anal-
ysis program and a numerical value set in advance.

The ultrasound detecting device according to any
one of claims 1 to 7, wherein

said determination program makes determination by
comparison between the highest voltage in the re-
flective wave and a numerical value set in advance.

The ultrasound detecting device according to any
one of claims 1 to 8, wherein

when a plurality of reflective waves are obtained at
successively different irradiation angles at one in-
stalled position of the ultrasound wave irradiation
transducer /or at successively different positions on
the body surface, said display unit displays time in-
formation, voltage and/or a ratio between the high-
frequency component and the low-frequency com-
ponent in the frequency included in each of the plu-
rality of reflective waves in color cells of the corre-
sponding time and angles in accordance with numer-
ical values on a map indicating the time information
on the vertical axis and the angle on the lateral axis.

The ultrasound detecting device according to claim
9, wherein

if said numerical value exceeds said numerical value
setin advance, there are a plurality of angles detect-
ed to be highly likely to be the target, and they are
setto atarget angle range, an angle optimal for treat-
ment is at the center of said target angle range.

The ultrasound detecting device according to any
one of claims 1 to 10, wherein

in said analysis program, a range of time for analyz-
ing 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.

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
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13.

14,

15.

16.

17.

18.

22
range.

The ultrasound detecting device according to claim
11, wherein

said time range setting program takes, in a limb sec-
tion, a ratio of a distance from a point on a limb pe-
riphery 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) = (k X standard devia-
tion)), and when a limb periphery of a subject is ob-
tained, 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 multiplying said limb periphery of the sub-
ject 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.

The ultrasound detecting device according to any
one of claims 1 to 13, wherein

said ultrasound wave irradiation transducer also
works as said signal receiving transducer.

The ultrasound detecting device according to any
one of claims 1 to 14, wherein

said ultrasound detecting device detects a bone as
a target.

The ultrasound detecting device according to any
one of claims 1 to 15, wherein

said ultrasound detecting device detects a tumor/or
a degenerated tissue within the body as the target.

The ultrasound detecting device according to any
one of claims 1 to 16, wherein

said ultrasound detecting device is integrated with
an ultrasound treatment instrument.

The ultrasound detecting device according to any
one of claims 1 to 17, wherein

a cured state of the target is determined on the basis
of temporal change of said stored signal, said anal-
ysis result or the determination result by said deter-
mination program at the same irradiation position.
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