US 20170035386A1

12) Patent Application Publication (o) Pub. No.: US 2017/0035386 A1

a9y United States

Kiyan et al. (43) Pub, Date: Feb. 9, 2017
(54) METHOD AND DEVICE FOR ULTRASONIC (52) US. CL
DIAGNOSIS CPC ..o A6IB 8/0875 (2013.01); AGIB 8/40
(2013.01); A61B 8/461 (2013.01); A6IB 8/483
(71) Applicant: Furuno Electric Co., Ltd., (2013.01)
Nishinomiya (JP)
(72) Inventors: Wataru Kiyan, Nishinomiya (JP);
Satoshi Kawanami, Nishinomiya (JP) G7) ABSTRACT

(21) Appl. No:  15/124,907

(22) PCT Filed: Feb. 26, 2015

(86) PCT No.: PCT/IP2015/055567

§ 371 (e)(D).

(2) Date: Sep. 9, 2016

(30) Foreign Application Priority Data
Mar. 12, 2014 (JP) .o 2014-048884

Publication Classification

To accurately detect a shape and derive information of
cartilage based on detected echoes, an ultrasonic diagnosing
device includes an ultrasonic transmitter, an ultrasonic
receiver, a low-frequency component extracting module,
and a deriving module. The ultrasonic transmitted transmits
ultrasonic waves to a cartilage in a plurality of bent states,
in a state where a relative position of a wave transmitting
and receiving surface to the cartilage is fixed. The ultrasonic
receiver receives echo signals corresponding to respective
frames in each of the plurality of bent states. The low-
frequency component extracting module extracts, in a frame
direction, low-frequency echo data which is echo data of a

(51) Int. CL frequency component below a given frequency. The deriving
A6IB 8/08 (2006.01) module derives information of the cartilage based on the
A61B 8/00 (2006.01) low-frequency echo data.

R
o "’/\
2 : "
- - -
USER | ..y DISPLAY SIGNAL
INTERFACE unir PROCESSOR
;
-
v
W i
CONTROLLER e et i 2




US 2017/0035386 A1

Feb.9,2017 Sheet 1 of 18

Patent Application Publication

L 'Ol

-4 M, ssssss e HATIOULNOD

F gy 3
| ~
i i
i £ y

\ “
HOSS30OW | aNn o f | 3ovuEiN
WNDIS INaCE ‘ EESI)
\.\\\w Sn..\\w \‘\\w \\.\.\.w
i \s\\,,&.., f @W m N
\,\\
L



Patent Application Publication  Feb. 9,2017 Sheet 2 of 18 US 2017/0035386 A1

FIG. 2(B)




Patent Application Publication  Feb. 9,2017 Sheet 3 of 18

BCHG SiGNAL RECEIVER ?"v*’

AD CONVERTER

%

ANALYSIS REGION 13
__DESIGNING MODULE

J

THREE-DIMENSIONAL | 14
DFT MODULE |

\
LPF MODULE =

15

\ S

US 2017/0035386 A1

FIG. 3

THREE-DIMENSIONAL |16 | CHARACTERISTIC AMOUNT |18
IDFT MODULE CALCULATING MODULE
\
ECHO IMAGE GENERATING | 17
MODULE



Patent Application Publication  Feb. 9,2017 Sheet 4 of 18 US 2017/0035386 A1

AD CONVERTER 1D

Y
OBSERVING REGION DESIGNING |
SUBMODULE ™N\133

ECHOLEVELDIFFERENCE | . |
CALCULATING SusMopuLE | 13D

v

DETERMINING SUBMODULE N30

v
DESIGNING SUBMODULE 134

ANALYSIS REGION
DESIGNING MODULE ™\.-13

v

THREE-DIMENSIONAL DFT MODULE F™\_14

FIG. 4



Patent Application Publication

X

ECHO FROM
SOFT TISSUE

5,

‘j,:}f

ECHO FROM
CARTILAGE FRONT

SURFACE

i

Feb.9,2017 Sheet S of 18 US 2017/0035386 A1

ECHO FROM
SUBCHONDRAL
BONE

&

FIG. 5

N\s



Patent Application Publication  Feb. 9,2017 Sheet 6 of 18 US 2017/0035386 A1
ECHO FROM SOFT TISSUE ECHO FROM CARTILAGE
1o REDUCED FRONT SURFACE
\ ,
5 ‘f r;"

' /

L W, o

X N/ % v
—
-
Z



Patent Application Publication

Feb.9,2017 Sheet 7 of 18

THREE-DIMENSIONAL
DFT MODULE

N 14

US 2017/0035386 A1

Y

POWER SPECTRUM
SELECTING SUBMODULE

188

v

SPECTRAL ANGULAR
CHARACGTERISTIC CALCULATING
SUBMODULE

N 18h

\b

HALF WIDTH CALCULATING
SUBMODULE

L1806

CHARACTERISTIC AMOUNT

18

CALCULATING MODULE
Y |
DISPLAY UNIT B

FIG. 7



Patent Application Publication  Feb. 9,2017 Sheet 8 of 18 US 2017/0035386 A1

kx A

N

kz
FIG. 8



Patent Application Publication  Feb. 9,2017 Sheet 9 of 18 US 2017/0035386 A1

ke AN

W

kz



Patent Application Publication

T b e e s
Q" § S S 8 e S
M\W/I\/

Feb.9,2017 Sheet 10 of 18

s v e ok e

US 2017/0035386 A1

c:cs‘*g?



Patent Application Publication  Feb. 9,2017 Sheet 11 of 18  US 2017/0035386 A1

FIG.11(B)
b4

FIG. 11(A)
A



Patent Application Publication  Feb. 9,2017 Sheet 12 of 18  US 2017/0035386 A1

kx A\

Kz
FIG. 12



Patent Application Publication  Feb. 9,2017 Sheet 13 of 18  US 2017/0035386 A1

o

o et
o et i T SR e




Patent Application Publication  Feb. 9,2017 Sheet 14 of 18  US 2017/0035386 A1

{ STAEL}

INSTALLPROBE | oy
ON PATIENT KNEE )

.
!

TRANSMIT ANDRECENVE |~ ['END KNEE OF PATIENT| o,
ULTRASONIC WAVES, AND % ATGIVENCYCLE |
AD CONVERT RECEIVED i
ECHO SIGNALS

|

84

NO EQUIRED

NUMBER QF GHEETS

OBTAINED?
B
DESTGN ANALYSE 1__gs
REGION
PERFORMTFREE ] o
DIMENSIONALDFT |77
PERFORMLPE |87
‘ i
PERFORVTAREE ] g CALCULATE 810
DIMENSIONAL IDFT CHARACTERISTIC AMOUNT
GENERATE ECHO IMAGE b~ 88

DISPLAY ECHO IMAGE AND |
CHARACTERISTIC AMOUNT [~920
ON DISPLAY UNIT




Patent Application Publication

Feb. 9, 2017 Sheet 15 of 18

US 2017/0035386 A1

SELECT POWER SPECTRUM OF LOW

FREQUENCY COMPONENTS IN FRAME DIRECTION

-G

ROTATE TO SHIFT

§
DESIEN
TARGET REGION RA8

!

e B 12

ADD ECHO INTENSITIES AT ALL

LOCATIONS IN TARGET REGION RAB

e B 18

TARGET REGIONRAS |

ECHO INTENSITIES

FIG. 15

STANDARDIZE L5186

CALCULATE HALF WIDTH #8517



91 Old

LEs e dor H

US 2017/0035386 A1

U N -1

o o

e

Feb. 9, 2017 Sheet 16 of 18

e
o
ax)

I
;
m
H
:.M-:
H
£
{
H
]

/N b

= )

3 \ o HITIOHINGD
= TR

P : £ |

= ;) ey B HOSSIO0H Nl 1 aovaalNg
2 b8 og THOIS A 1dSI0 B i
lw \L ,..\\\_m .\.\\\a_

z o1 g Z

=

3

[~

=™



Patent Application Publication  Feb. 9,2017 Sheet 17 of 18  US 2017/0035386 A1

10a

|

ECHO GIGNAL RECEVER e 4

4
AD CONVERTER e 12
/
ANALYSIS REGION 3
DESIGNING MODULE o
ONE-DIMENSIONAL 4
DFT MODULE -
\
LPF MODULE e 45
ONE-DIVENSIONAL .
IOFT MODULE - 16d
ECHO IMAGE 7
GENERATING MODULE -

]

FIG. 17



Patent Application Publication  Feb. 9,2017 Sheet 18 of 18  US 2017/0035386 A1

Y
ECHO SIGNAL RECEIVER

!

AD CONVERTER

| LOWFREQUENCY |
| COMPONENT EXTRACTING
| MODULE

!

DERIVING MODULE S 20

v

TO DISPLAY UNIT

FIG. 18



US 2017/0035386 A1l

METHOD AND DEVICE FOR ULTRASONIC
DIAGNOSIS

TECHNICAL FIELD

[0001] This disclosure relates to a method and device for
ultrasonic diagnosis, which diagnose a state of a cartilage.

BACKGROUND ART

[0002] Conventionally, ultrasonic diagnosing devices are
known, which derive information of a cartilage based on
reflection echoes caused by ultrasonic waves transmitted
toward the cartilage, so as to analyze a state of the cartilage.
For example, Patent Document 1 discloses an ultrasonic
diagnosing device which extracts a boundary between a
knee cartilage and a different tissue adjacent to the cartilage
by extracting an edge of an echo level from echo signals of
ultrasonic beams transmitted to the cartilage. Further, a
shape of the cartilage is extracted based on the extracted
boundary.

REFERENCE DOCUMENT OF
CONVENTIONAL ART

Patent Document

[0003] Patent Document 1: JP2010-000125A
DESCRIPTION OF THE DISCLOSURE
Problems to be Solved by the Disclosure

[0004] However, when the cartilage and the different

tissue adjacent thereto have a small difference in echo level,
the above-described edge extraction may not be accurately
performed and the estimation accuracy of the boundary
between the two tissues may become low. In such a case, the
shape of the cartilage cannot accurately be detected.
[0005] This disclosure is made in view of solving the
subject described above and aims to accurately detect a
shape of a cartilage and derive information of the cartilage
based on echoes from the cartilage detected with high
accuracy.

SUMMARY OF THE DISCLOSURE

[0006] (1) In order to solve the subject described above, an
ultrasonic diagnosing device according to one aspect of this
disclosure includes an ultrasonic transmitter configured to
transmit ultrasonic waves to a cartilage on an end part of a
first bone through a soft tissue covering a joint including the
end part of the first bone and an end part of a second bone,
the ultrasonic transmitter transmitting the ultrasonic waves
to the cartilage in a plurality of bent states with different bent
angles of the second bone with respect to the first bone, in
a state where a relative position of a wave transmitting and
receiving surface to the cartilage is fixed, the ultrasonic
waves being transmitted and received at the wave transmit-
ting and receiving surface. The device includes an ultrasonic
receiver configured to receive echo signals caused by the
ultrasonic waves transmitted by the ultrasonic transmitter, a
degeneration degree of the cartilage being diagnosed based
on the echo signals received by the ultrasonic receiver, the
ultrasonic receiver receiving the echo signals corresponding
to a plurality of frames defined in a depth direction of the
cartilage and a direction perpendicular to the depth direction,
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in each of the plurality of bent states. The device includes a
low-frequency component extracting module configured to
extract, in a frame direction that is an array direction of the
plurality of frames, low-frequency echo data from the echo
signals received by the ultrasonic receiver, the low-fre-
quency echo data being echo data of a frequency component
below a given frequency, and a deriving module configured
to derive information of the cartilage based on the low-
frequency echo data extracted by the low-frequency com-
ponent extracting module.

[0007] (2) A bending operation may be performed on the
second bone at a given cycle between first and second bent
states where the bent angle is at a largest angle and a smallest
angle among the plurality of bent states, respectively. The
ultrasonic transmitter may transmit the ultrasonic waves at a
given time interval.

[0008] (3) Further, the given frequency may be set to be
below a frequency expressed as an inverse number of the
given cycle.

[0009] (4) The deriving module may have an echo image
generating module configured to generate an echo image as
the information of the cartilage, based on the low-frequency
echo data.

[0010] (5) The low-frequency component extracting mod-
ule may include a Fourier transform module configured to
Fourier transform, at least in the frame direction, three-
dimensional echo data configured by arraying the echo data
of every frame in the frame direction, and defined in the
frame direction, the depth direction of the cartilage, and a
direction perpendicular to both the frame and depth direc-
tions, and a low pass filter module configured to extract the
low-frequency echo data from the three-dimensional echo
data Fourier transformed by the Fourier transform module.

[0011] (6) Further, the Fourier transform module may
three-dimensionally Fourier transform the three-dimen-
sional echo data. The deriving module may include a select-
ing module configured to select low-frequency two-dimen-
sional echo data from the three-dimensional echo data
Fourier transformed by the Fourier transform module, the
low-frequency two-dimensional echo data being two-dimen-
sional echo data at low frequency in the frame direction, a
spectral angular characteristic calculating module config-
ured to calculate total values of echo intensities in regions as
a spectral angular characteristic, the regions corresponding
to a plurality of angular positions, respectively, set with
respect to a reference line passing through an origin of the
low-frequency two-dimensional echo data selected by the
selecting module, and an angular width calculating module
configured to calculate a width of an angle at which the total
value becomes a given ratio with respect to a peak value of
the spectral angular characteristic calculated by the spectral
angular characteristic calculating module.

[0012] (7) The ultrasonic diagnosing device may further
include an analysis region designing module configured to
design, in one of the echo data of every frame, an analysis
region that is a region defined in the depth direction of the
cartilage and the direction perpendicular to the depth direc-
tion, including the cartilage, and excluding a subchondral
bone to which the cartilage is attached. The selecting module
may select the low-frequency two-dimensional echo data in
the analysis region designed by the analysis region design-
ing module.
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[0013] (8) The ultrasonic diagnosing device may be used
on a thigh bone as the first bone, and a shin bone as the
second bone.

[0014] (9) Further, the wave transmitting and receiving
surface may be disposed so that a normal direction thereof
1s oriented toward the cartilage and parallel to an extending
direction of the thigh bone.

[0015] (10) The ultrasonic diagnosing device may further
include a display unit configured to display the information
of the cartilage derived by the deriving module.

[0016] (11) In order to solve the subject described above,
a method of ultrasonic diagnosis according to another aspect
of this disclosure, includes transmitting ultrasonic waves to
a cartilage on an end part of a first bone through a soft tissue
covering a joint including the end part of the first bone and
an end part of a second bone, the transmitting the ultrasonic
waves transmitting the ultrasonic waves to the cartilage in a
plurality of bent states with different bent angles of the
second bone with respect to the first bone, in a state where
a relative position of a wave transmitting and receiving
surface to the cartilage is fixed, the ultrasonic waves being
transmitted and received at the wave transmitting and
receiving surface. The method includes receiving echo sig-
nals caused by the ultrasonic waves transmitted by the
transmitting the ultrasonic waves, a degeneration degree of
the cartilage being diagnosed based on the echo signals
received by the receiving the echo signals, the receiving the
echo signals receiving the echo signals corresponding to a
plurality of frames defined in a depth direction of the
cartilage and a direction perpendicular to the depth direction,
in each of the plurality of bent states. The method includes
extracting, in a frame direction that is an array direction of
the plurality of frames, low-frequency echo data, the low-
frequency echo data being echo data of a frequency com-
ponent below a given frequency, and deriving information of
the cartilage based on the low-frequency echo data.

Effects of the Disclosure

[0017] According to this disclosure, a shape of a cartilage
can accurately be detected and information of the cartilage
can be derived based on echoes from the cartilage detected
with high accuracy.

BRIEF DESCRIPTION OF DRAWINGS

[0018] FIG. 1 shows a block diagram illustrating a con-
figuration of an ultrasonic diagnosing device according to
one embodiment of this disclosure, and a cross-sectional
view schematically illustrating a knee of a patient in a state
where a probe of the ultrasonic diagnosing device is
installed thereon.

[0019] FIG. 2 shows schematic views illustrating a knee
joint when an ultrasonic wave is transmitted, in which Part
(A) is a view illustrating a state where an angle (bent angle)
between a thigh bone and a shin bone when the device is
used is at a largest angle (first bent state), and Part (B) is a
view illustrating a state where the bent angle is at a smallest
angle (second bent state).

[0020] FIG. 3 is a block diagram illustrating a configura-
tion of a signal processor of the ultrasonic diagnosing device
illustrated in FIG. 1.

[0021] FIG. 4 is a block diagram illustrating one example
of a configuration of an analysis region designing module
illustrated in FIG. 3.
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[0022] FIG. 5 is a view of an echo image based on echo
data outputted by an AD converter, illustrating designing of
an observing region.

[0023] FIG. 6isa view illustrating one example of an echo
image generated by an echo image generating module.

[0024] FIG. 7 is a block diagram illustrating a configura-
tion of a characteristic amount calculating module illustrated
in FIG. 3.

[0025] FIG. 8 is a view illustrating a power spectrum of
low-frequency components selected from a power spectrum
S* obtained from three-dimensional echo data outputted by
a three-dimensional DFT module.

[0026] FIG. 9isa view illustrating a method of calculating
a spectral angular characteristic based on the power spec-
trum illustrated in FIG. 8.

[0027] FIG. 10 is a waveform illustrating one example of
the spectral angular characteristic obtained by the method
illustrated in FIG. 9.

[0028] FIG. 11 shows echo images of the cartilage, in
which Part (A) is one example of an echo image of a normal
cartilage and Part (B) is one example of an echo image of a
degenerated cartilage.

[0029] FIG. 12 is an image of the echo data obtained by
inverse Fourier transforming the echo data of the degener-
ated cartilage illustrated in Part (B) of FIG. 11.

[0030] FIG. 13 is a view illustrating a waveform indicat-
ing the spectral angular characteristic of the normal cartilage
and a waveform indicating the spectral angular characteristic
of the degenerated cartilage in an overlapped manner, illus-
trating a difference therebetween.

[0031] FIG. 14 is a flowchart illustrating operation of the
ultrasonic diagnosing device.

[0032] FIG. 15 is a flowchart illustrating respective pro-
cessings performed at a step in which a characteristic
amount is calculated.

[0033] FIG. 16 is a block diagram illustrating a configu-
ration of an ultrasonic diagnosing device according to a
modification.

[0034] FIG. 17 is a block diagram illustrating a configu-
ration of a signal processor of an ultrasonic diagnosing
device according to another modification.

[0035] FIG. 18 is a block diagram illustrating a configu-
ration of a signal processor of an ultrasonic diagnosing
device according to another modification.

MODES FOR CARRYING OUT THE
DISCLOSURE

[0036] An ultrasonic diagnosing device 1 according to one
embodiment of this disclosure is described with reference to
the drawings. FIG. 1 is a schematic view of the ultrasonic
diagnosing device 1 according to the embodiment of this
disclosure. The ultrasonic diagnosing device 1 is used to
diagnose a state (degeneration degree) of a cartilage near a
proximal end of a thigh bone (first bone) in a knee of a
patient. Specifically, the ultrasonic diagnosing device 1
calculates an index indicating the degeneration degree of the
knee cartilage described above, for which further detailed
description is given later. A user (e.g., doctor) can diagnose
the knee cartilage of the patient based on the index.
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Overall Configuration

[0037] As illustrated in FIG. 1, the ultrasonic diagnosing
device 1 includes a user interface 2, a controller 3, a probe
4, a signal processor 10, and a display unit 5.

[0038] The user interface 2 is, for example, comprised of
one of a keyboard and a touch panel, and receives an
operational input from the user. In response to the opera-
tional input from the user, the user interface 2 commands the
controller 3 to start a detection of a cartilage front surface.
Further, the user interface 2 outputs, to the display unit 5, a
command to set or switch a display mode in response to the
operational input from the user. Note that, the user interface
2 may be incorporated with the display unit 5.

[0039] The controller 3 generates pulse-shaped ultrasonic
signals and controls the probe 4 to transmit the ultrasonic
signals therefrom.

[0040] The probe 4 includes a plurality of oscillators 45
arrayed in a direction parallel to a wave transmitting and
receiving surface 4a (see FI1G. 1). This array direction of the
oscillators 45 becomes a scanning direction (an X-direction
of FIG. 1, which is perpendicular to a depth direction of the
cartilage 52). Each oscillator 45 is provided as an ultrasonic
transmitter configured to transmit the ultrasonic signal
toward the cartilage 52 at a given time interval. Further, the
oscillator 45 is provided as an ultrasonic receiver configured
to receive an echo signal of the transmitted ultrasonic signal.

[0041] As illustrated in FIG. 1, the probe 4 is made in
contact with a soft tissue 60 of the knee such that a normal
direction of the wave transmitting and receiving surface 4a
of the probe 4 is oriented toward the cartilage 52 of the thigh
bone 51 and also oriented from the proximal side to the
distal side of the thigh bone 51 (i.e., parallel to an extending
direction of the thigh bone 51). Thus, the ultrasonic waves
are transmitted in the depth direction of the cartilage 52.
Here, as illustrated in FIG. 1, the soft tissue 60 is a part
existing on a front surface side of the knee with respect to
the cartilage 52 of the thigh bone 51, and includes skin,
muscles, etc. The cartilage 52 is attached to a subchondral
bone 53. The subchondral bone 53 is a tissue coupled to a
cancellous bone 54.

[0042] FIG. 2 shows schematic views illustrating a state of
a knee joint 50 when the ultrasonic waves are transmitted.
As illustrated in FIG. 2, with the ultrasonic diagnosing
device 1, in a plurality of bent states with different bent
angles of a shin bone 55 (second bone) with respect to the
thigh bone 51, the ultrasonic waves are transmitted from the
respective oscillators 4b and reflection waves of the trans-
mitted ultrasonic waves are received by the oscillators 44.
The echo signals obtained in each bent state are outputted to
the signal processor 10.

[0043] In this embodiment, as one example, each oscilla-
tor 4b transmits the ultrasonic wave at the given time
interval while the doctor moves a lower part of the knee
(hereinafter, may be referred to as the under-knee part) to
bend and stretch the knee of a leg of the patient at a given
cycle. Specifically, the doctor performs the bending and
stretching by moving the under-knee part of the patient so
that the state of the knee of the patient is repeatedly changed
between a first bent state illustrated in Part (A) of FIG. 2 and
a second bent state illustrated in Part (B) of FIG. 2 at the
given cycle (e.g., 10 seconds). During this time, the oscil-
lator 45 transmits the ultrasonic wave at a certain time
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interval and receives an echo signal of the ultrasonic wave
transmitted in each bent state between the first and second
bent states.

[0044] While performing the bending and stretching by
moving the under-knee part of the patient as described
above, a relative position of the probe 4 to the thigh bone 51
is fixed. Thus, while performing the bending and stretching
of the knee, a position of the cartilage 52 against the probe
4 is substantially the same, whereas a position of the soft
tissue 60 against the probe 4 changes at a given periodicity
(the given cycle).

[0045] The signal processor 10 analyzes a state of the
cartilage 52 based on the echo signals received by the
oscillators 46 as described above, and outputs the analysis
result to the display unit 5. A specific configuration and
operation of the signal processor 10 are described later in
detail.

[0046] The display unit 5 displays the analysis result of the
cartilage 52 obtained by the signal processor 10. Specifi-
cally, the display unit 5 displays an echo image indicating a
shape of the cartilage 52. Further, the display unit 5 displays
a characteristic amount as an index indicating the state of the
cartilage, which is calculated by the signal processor 10. The
user diagnoses the state of the cartilage 52 of the knee of the
patient based on these echo image and characteristic amount.

Configuration of Signal Proccessor

[0047] FIG. 3 is a block diagram illustrating a configura-
tion of the signal processor 10 of the ultrasonic diagnosing
device 1 according to this embodiment. As illustrated in
FIG. 3, the signal processor 10 includes an echo signal
receiver 11, an AD converter 12, an analysis region design-
ing module 13, a three-dimensional DFT module 14, an LPF
module 15, a three-dimensional IDFT module 16, an echo
image generating module 17, and a characteristic amount
calculating module 18. The signal processor 10 is comprised
of hardware including a CPU, a RAM and a ROM (not
illustrated). Further, the signal processor 10 is configured by
using software including a signal processing program stored
in the ROM.

[0048] The signal processing program is a program that
causes the signal processor 10 to implement a signal pro-
cessing method according to one embodiment of this dis-
closure. This program may be installed externally. This
program installed is distributed while stored in a recording
medium, for example. The hardware and the software are
configured to operate in cooperation with each other, which
as a result enables the signal processor 10 to function as the
echo signal receiver 11, the AD converter 12, the analysis
region designing module 13, etc., which are described
above.

[0049] The echo signal receiver 11 performs a given
amplification on each of the echo signals obtained in the
respective bent states described with reference to FIG. 2, and
outputs it to the AD converter 12.

[0050] The AD converter 12 samples the echo signal at a
given time interval to discretize data. The echo signals
sampled to be the discretized data become echo data. Thus,
a plurality of sheets (corresponding to a plurality of frames)
of two-dimensional echo data defined in the scanning direc-
tion X and the depth direction Z can be obtained. In other
words, the AD converter 12 can obtain three-dimensional
echo data. The AD converter 12 outputs the echo data to the
analysis region designing module 13.
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[0051] FIG. 4 is a block diagram illustrating one example
of a configuration of the analysis region designing module
13. The analysis region designing module 13 designs a
region which does not include echo signals from the sub-
chondral bone 53 unnecessary in diagnosing the state of the
cartilage 52, to be an analysis region. As illustrated in FIG.
4, the analysis region designing module 13 has an observing
region designing submodule 134, an echo level difference
calculating submodule 135, a determining submodule 13¢,
and a designing submodule 13d.

[0052] FIG.5is aview of an echo image based on the echo
data outputted by the AD converter 12, illustrating designing
of an observing region. The view of FIG. 5 is illustrated as
an echo image of a region defined in the scanning direction
of the probe 4 (X-direction of FIG. 5) and the depth direction
of the cartilage (Z-direction of FIG. 5).

[0053] As illustrated in FIG. 5, the observing region
designing submodule 13a designs a rectangular area longer
in the scanning direction (X-direction) to be an observing
region R, (n=1, 2, . . ., N). The observing region R, is
formed by a first region R , and a second region R. The first
region R, is a part of the observing region R,, on the knee
front surface side. The second region Ry is a part of the
observing region R, located on the deeper side of the first
region R, in the depth direction (Z-direction) and is nar-
rower than the first region R, in the depth direction. The
observing region designing submodule 13a designs the
observing region R a plurality of times while shifting it to
the deeper side by a given interval at a time.

[0054] The echo level difference calculating submodule
1354 calculates an average value of echo intensities of all the
samples in the first region (first average value) and an
average value of echo intensities of all the samples in the
second region (second average value), and calculates a
subtraction value by subtracting the second average value
from the first average value. The echo level difference
calculating submodule 135 calculates the subtraction value
for each of the plurality of designed observing regions R ,.
[0055] The determining submodule 13¢ selects a lowest
subtraction value from the plurality of subtraction values
calculated for the plurality of designed observing regions
R,, and determines the observing region R,, for which the
lowest subtraction value is calculated, as a subchondral bone
region which is a region including the subchondral bone.
[0056] The designing submodule 134 designs, as the
analysis region, a region excluding the subchondral bone
region determined by the determining submodule 13¢, spe-
cifically, a rectangular region located on the shallower side
of the subchondral bone region.

[0057] The three-dimensional DFT module 14 (Fourier
transform module) performs three-dimensional DFT (Dis-
crete Fourier Transform) on the echo data in the analysis
region designed by the analysis region designing module 13.
Thus, the three-dimensional echo data including data in a
real space domain and a time domain can be converted into
three-dimensional echo data including data in a wavenumber
space domain and a frequency domain. The three-dimen-
sional echo data is outputted to the LPF module 15 and the
characteristic amount calculating module 18.

[0058] The LPF module 15 (low pass filter module) per-
forms LPF (Low Pass Filtering) on the three-dimensional
echo data outputted by the three-dimensional DFT module
14, in the frame direction. Thus, data at high frequency
(echoes of the soft tissue 60 which changes in position by
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bending the knee) can be removed from the echo data at low
frequency (echoes of the cartilage 52 which substantially
does not change in position by bending the knee). In this
embodiment, a cutoff frequency is set to be below a fre-
quency expressed as an inverse number of the given cycle at
which the bending and stretching of the knee is performed
(e.g., 0.1 Hz), and frequency components above the cutoff
frequency are cut off Thus, the echo signals of the soft tissue
60 having substantially the same cycle as the given cycle can
be removed from the echo signals of the cartilage 52 having
a sufficiently shorter cycle than the given cycle. The data
obtained by the LPF module 15 is outputted to the three-
dimensional IDFT module 16 as the low-frequency echo
data. The low-frequency echo data can be displayed as a
power spectrum on coordinates defined by a wavenumber kx
in the X-direction and a wavenumber kz in the Z-direction.
[0059] The three-dimensional IDFT module 16 inverse
Fourier transforms the low-frequency echo data outputted by
the LPF module 15. Thus, the three-dimensional IDFT
module 16 transforms the low-frequency echo data, which is
the data in the wavenumber space domain and the frequency
domain, into echo data in the real space.

[0060] Note that, the three-dimensional DFT module 14,
the LPF module 15, the three-dimensional IDFT module 16,
which are described above, function as a low-frequency
component extracting module configured to extract, from
the three-dimensional echo data outputted by the AD con-
verter 12, low-frequency echo data which is echo data of
frequency components below a given frequency.

[0061] FIG. 6 is a view illustrating one example of the
echo image generated by the echo image generating module
17. The echo image generating module 17 generates the
echo image based on the echo data which is generated by the
three-dimensional IDFT module 16 and from which the echo
data of the soft tissue 60 is reduced. The echo image
generating module 17 of this embodiment generates an echo
level image based on the echo data obtained from positions
in the analysis region designed by the analysis region
designing module 13. The echo level image is configured
with a plurality of pixels arrayed in a grid form. Each pixel
is disposed at a position on a display screen in association
with a corresponding position in the analysis region, and has
a luminance level corresponding to an echo intensity at the
corresponding position in the analysis region. In this
embodiment, for example, the luminance level is displayed
in association with a color tone which gradually changes in
an order of red, orange, yellow, green, blue, and dark blue,
as the luminance level changes from high to low. Note that
in FIG. 6, for the sake of convenience, a region with a high
luminance level is hatched with high density and a region
with a low luminance level is hatched with low density. The
echo image is displayed on the display unit 5.

[0062] FIG. 7 is a block diagram illustrating a configura-
tion of the characteristic amount calculating module. Based
on the low-frequency echo data outputted by the LPF
module 15, in other words, echo data mainly configured by
the echo data from the cartilage 52, the characteristic amount
calculating module 18 calculates the characteristic amount
which is the index indicating a characteristic of the echo
data. In this embodiment, as the characteristic amount, the
characteristic amount calculating module 18 calculates a
half width described later in detail.

[0063] As illustrated in FIG. 7, the characteristic amount
calculating module 18 includes a power spectrum selecting



US 2017/0035386 A1l

submodule 184, a spectral angular characteristic calculating
submodule 185, and a half width calculating submodule 18¢
(angular width calculating module).

[0064] FIG. 8 is a view illustrating a power spectrum of
the low-frequency components. The power spectrum select-
ing submodule 18¢ selects the power spectrum of the
low-frequency components from a power spectrum obtained
based on the three-dimensional echo data outputted by the
three-dimensional DFT module 14. In other words, the
power spectrum selecting submodule 184 selects the power
spectrum mainly configured by the echo data of the cartilage
52.

[0065] FIG. 9 is a view illustrating a method of calculating
a spectral angular characteristic based on the power spec-
trum illustrated in F1G. 8. FIG. 10 is a waveform illustrating
one example of the spectral angular characteristic obtained
by the method illustrated in FIG. 9. As illustrated in FIG. 9,
the spectral angular characteristic calculating submodule
184 designs a target region R, that is a fan-shaped micro
region centering on a center position C (origin) of the power
spectrum.

[0066] The spectral angular characteristic calculating sub-
module 185 shifts a rotational position 8 of the target region
R, ¢ within a range of 0 to 180 degrees. In each target region
R, which gradually shifts in its rotational position 0, the
spectral angular characteristic calculating submodule 185
adds echo intensities of all locations. The spectral angular
characteristic calculating submodule 186 calculates the
spectral angular characteristic illustrated in FIG. 10, by
calculating the total values of the echo intensities corre-
sponding to the respective rotational positions 6 as described
above. Note that, although the total values of the echo
intensities corresponding to the respective rotational posi-
tions O are standardized in FIG. 10, without limiting to this,
the total values described above may be used as they are.
[0067] The half width calculating submodule 18¢ calcu-
lates the half width of a peak of the spectral angular
characteristic calculated by the spectral angular character-
istic calculating submodule 185. Specifically, the half width
calculating submodule 18¢ detects the peak value within a
given angle range near 90 degrees (e.g., 80 to 100 degrees),
and calculates a half width of a peak waveform having the
peak value (in the example illustrated in FIG. 10, 16
degrees). The half width is outputted to the display unit 5 as
the characteristic amount which is the index indicating the
degeneration degree of the cartilage 52, and displayed
thereon. Note that in this embodiment, the half width is
obtained based on the spectral angular characteristic; how-
ever, it is not limited to this. Specifically, in the spectral
angular characteristic, a width of an angle in which the total
value becomes a given ratio with respect to the peak value
of the spectral angular characteristic may be calculated.

About Half Width

[0068] Next, a relationship between the half width calcu-
lated as described above and the degeneration degree of the
cartilage 52 is described.

[0069] FIG. 11 shows echo images of the cartilage, in
which Part (A) is one example of an echo image of a normal
cartilage and Part (B) is one example of an echo image of a
degenerated cartilage. Further, FIG. 12 is an image of the
echo data obtained by inverse Fourier transforming the echo
data of the degenerated cartilage illustrated in Part (B) of
FIG. 11. Note that, the echo image of the cartilage illustrated
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in Part (A) of FIG. 11 is obtained by inverse Fourier
transforming the echo data illustrated in FIG. 8.

[0070] Asillustrated in Part (A) of FIG. 11, the echo image
of the normal cartilage continues in the scanning direction X
of the probe 4. Therefore, by inverse Fourier transforming
the data of this echo image, a power spectrum having a
directivity is generated (see FI1G. 8). Thus, the half width of
the spectral angular characteristic calculated based on this
power spectrum becomes comparatively narrow as illus-
trated in FIG. 10.

[0071] On the other hand, the echo image of the degen-
erated cartilage is discrete in the scanning direction X of the
probe 4 as illustrated in Part (B) of FIG. 11, unlike the echo
image of the normal cartilage illustrated in Part (A) of FIG.
11. Therefore, by inverse Fourier transforming the data of
this echo image, a power spectrum having a comparatively
narrow directivity is generated (see FIG. 12). Thus, as
illustrated in FIG. 13, the half width of the spectral angular
characteristic calculated based on this power spectrum
becomes comparatively wider than the half width of the
spectral angular characteristic obtained from the normal
cartilage. Note that, in FIG. 13, the waveform indicated by
a dashed line is the spectral angular characteristic obtained
from the normal cartilage, and the waveform indicated by a
solid line is the spectral angular characteristic obtained from
the degenerated cartilage.

Operation of Signal Processor

[0072] FIG. 14 is a flowchart illustrating the operation of
the signal processor 10. The operation of the signal proces-
sor 10 is described with reference to FIG. 14.

[0073] First at S1, the probe 4 is installed on the knee of
the patient. Here, the probe 4 is installed on the knee of the
patient so that the normal direction of the wave transmitting
and receiving surface da is parallel to the extending direc-
tion of the thigh bone 51.

[0074] Next at S2, with reference to F1G. 2, the knee of the
patient is bent and stretched at the given cycle between the
first and second bent states. The bending and stretching is
performed by, for example, the doctor swinging the under-
knee part of the patient.

[0075] On the other hand, parallel to S2, the transmission
and reception of the ultrasonic wave are performed by the
oscillators 45 of the probe 4 at S3. The echo signals received
by the oscillators 44 are performed the given amplification
by the echo signal receiver 11 and converted into digital
signals by the AD converter 12.

[0076] Next at S4, whether the data required for the
three-dimensional DFT performed later is acquired is deter-
mined. Specifically, whether echo data is obtained in a
required number (e.g., 32) of bent states is determined. If the
echo data 1s obtained in the required number of bent states
(S4: YES), the operation proceeds to S5. On the other hand,
the echo data is not obtained in the required number of bent
states (S4: NO), the operation returns to S2 and S3, and the
processes at S2 and S3 are performed again.

[0077] Next at S5, the analysis region is designed. Spe-
cifically, with reference to FIG. 5, the observing region
designing submodule 13a designs an observing region R,
formed by the first and second regions R, and R, and the
echo level difference calculating submodule 135 calculates
the average values of the echo intensities of all the samples
in the respective regions R , and R (first and second average
values), and then calculates the subtraction value by sub-
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tracting the second average value from the first average
value. At S5, the subtraction value is calculated for each
observing region R, which is shifted in the depth direction
by the given interval at a time. Then, the determining
submodule 13¢ determines the observing region with the
highest subtraction value, to be the subchondral bone region
which is the region including the subchondral bone, and the
designing submodule 134 designs the rectangular region on
the shallower side of the subchondral bone region, to be the
analysis region.

[0078] Next at S6, among the echo data of the knee joint
corresponding to the plurality of bent states, the echo data in
the analysis region designed at S5 is performed the three-
dimensional DFT. Thus, the three-dimensional echo data
including the data in the wavenumber space domain and the
frequency domain can be obtained.

[0079] Next at S7, the LPF module 15 performs the LPF
on the three-dimensional echo data in the frame direction, so
as to generate low-frequency echo data. Thus, the echo
signals from the soft tissue 60 can be reduced.

[0080] Next at S8, the three-dimensional IDFT module 16
inverse Fourier transforms the low-frequency echo data.
Thus, the three-dimensional IDFT module 16 converts the
low-frequency echo data, which is the data in the wavenum-
ber space domain and the frequency domain, into echo data
in the real space.

[0081] Next at 89, the echo image generating module 17
generates the echo image (see FIG. 6) based on the low-
frequency echo data generated by the three-dimensional
IDFT module 16 (i.e., echo data in which the echo signals of
the soft tissue 60 are already reduced). This echo image is
displayed on the display unit 5 as information of the carti-
lage.

[0082] On the other hand, at S10, the characteristic
amount calculating module 18 calculates the half width as
the characteristic amount. FIG. 15 is a flowchart illustrating
respective processings performed at S10. The processings of
calculating the characteristic amount are described with
reference to FIG. 15.

[0083] First at S11, the power spectrum selecting submod-
ule 184 selects the power spectrum of the low-frequency
components, from the power spectrum obtained based on the
three-dimensional echo data outputted by the three-dimen-
sional DFT module 14. Note that, the power spectrum
selecting submodule 184 may select the power spectrum of
the low-frequency components from the power spectrum
obtained based on the low frequency echo data generated by
the LPF module 15.

[0084] Next at S12, the spectral angular characteristic
calculating submodule 185 designs the target region R , that
is the fan-shaped micro region centering on the center
position C (origin) of the power spectrum (see FIG. 9). At
S12, for example, the target region R,q is designed so that
the rotational angle becomes zero degree.

[0085] Next at S13, the spectral angular characteristic
calculating submodule 185 calculates the total value of the
echo intensities at all the locations in the target region R ,q.
[0086] Next at S14, the spectral angular characteristic
calculating submodule 185 determines whether the total
value is calculated over the entire range of the region for
which the total value is to be calculated in the selected power
spectrum. Specifically, the spectral angular characteristic
calculating submodule 185 determines whether the rota-
tional angle of the target region R,q has reached 180
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degrees. If the rotational angle has not reached 180 degrees
(S14: NO), at S15, the spectral angular characteristic cal-
culating submodule 185 shifts the position of the target
region R, by rotating the target region R,g by the given
angle, and the processing at S13 is performed again on the
newly designed target region R 5. On the other hand, if the
rotational angle has reached 180 degrees (S14: YES), the
operation proceeds to S16.

[0087] Next at S16, the spectral angular characteristic
calculating submodule 185 standardizes the total values
calculated as described above. Specifically, the spectral
angular characteristic calculating submodule 1856 detects a
highest value of the total values calculated for every rota-
tional angle, calculates a coefficient with which the highest
value becomes one (1) after standardization, and multiplies
all of the total values by the coefficient. Thus, the spectral
angular characteristic can be obtained. Note that, S16 may
be omitted so that S17 is performed next to S14.

[0088] Finally at S17, the half width calculating submod-
ule 18¢ obtains the half width of the spectral angular
characteristic. The half width is displayed on the display umt
5 as the characteristic amount.

Effects

[0089] As described above, with the ultrasonic diagnosing
device 1 of this embodiment, by transmitting the ultrasonic
waves at a plurality of timings while the bent angle of the
shin bone 55 with respect to the thigh bone 51 is changed in
the state where the relative position of the probe 4 to the
cartilage 52 is fixed, the echo signals of the cartilage 52 are
obtained in each of the plurality of bent states. Further, by
extracting the low-frequency components from the respec-
tive echo signals obtained in the plurality of bent states, the
echoes caused by the soft tissue 60, which are high-fre-
quency components, can be reduced. In other words, unnec-
essary echoes (in the case of this embodiment, the echoes
from the soft tissue 60) can be removed from the desired
echoes (in the case of this embodiment, the echoes from the
cartilage 52). In this manner, even when the desired echoes
and the unnecessary echoes have a small difference in echo
level, the unnecessary echoes can surely be separated from
the desired echoes.

[0090] Therefore, with the ultrasonic diagnosing device 1,
the shape of the cartilage 52 can accurately be detected.
[0091] Moreover, with the ultrasonic diagnosing device 1,
the information of the cartilage 52 (in the case of this
embodiment, the echo image of the cartilage 52 and the half
width which is the characteristic amount of the cartilage 52)
can be derived based on the accurately detected shape of the
cartilage 52. Therefore, the degeneration degree of the
cartilage can be diagnosed at higher accuracy.

[0092] Moreover, with the ultrasonic diagnosing device 1,
the ultrasonic waves are transmitted, at the give time inter-
val, to the knee joint on which the bending and stretching is
performed at the given cycle. Thus, the echo signals can
smoothly be acquired in a comparatively short period of
time.

[0093] Moreover, with the ultrasonic diagnosing device 1,
the cutoff frequency is set to be below the cycle expressed
as the inverse number of the given cycle at which the
bending and stretching of the knee is performed (in the case
of this embodiment, 0.1 Hz). Thus, the cutoff frequency can
suitably be set.
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[0094] Moreover, with the ultrasonic diagnosing device 1,
the echo image is generated as the information of the
cartilage. Thus, the user (e.g., doctor) can diagnose the state
of the cartilage based on the echo image.

[0095] Moreover, with the ultrasonic diagnosing device 1,
the three-dimensional echo data defined in the frame direc-
tion, the depth direction of the cartilage (Z-direction), and
the direction (X-direction) perpendicular to the depth direc-
tion is Fourier transformed in the frame direction, and the
high-frequency components are removed from the Fourier-
transformed three-dimensional echo data, by the low pass
filter module. Thus, the echo signals caused by the soft tissue
60 can suitably be removed from the three-dimensional echo
data.

[0096] Moreover, with the ultrasonic diagnosing device 1,
the three-dimensional echo data is Fourier transformed in all
the directions, and the low-frequency components (low-
frequency two-dimensional echo data) in the frame direction
are extracted from the Fourier-transformed three-dimen-
sional echo data, and the characteristic amount (half width)
is calculated based on the extracted data. Thus, the removal
of the unnecessary echoes (echoes from the soft tissue 60)
and the derivation of the analysis result of the desired echoes
(echoes from the cartilage 52) can be performed by the series
of processings.

[0097] Moreover, with the ultrasonic diagnosing device 1,
the region including the cartilage 52 and excluding the
subchondral bone 53 is designed as the analysis region, and
the three-dimensional Fourier transform is performed tar-
geting the echo signals in the analysis region. Thus, the
unnecessary region in calculating the characteristic amount
(the region including the subchondral bone 53) can be
removed. As a result, the calculation load of the signal
processor 10 can be reduced.

[0098] Moreover, with the ultrasonic diagnosing device 1,
for the knee joint including the proximal end of the thigh
bone 51 and a distal end of the shin bone 55, the degenera-
tion degree of the cartilage 52 of the thigh bone 51 can be
diagnosed.

[0099] Moreover, with the ultrasonic diagnosing device 1,
the wave transmitting and receiving surface 4a of the probe
4 is arranged so that the normal direction thereof is oriented
toward the cartilage 52 and parallel to the extending direc-
tion of the thigh bone 51. Thus, the ultrasonic waves can
suitably be transmitted in the depth direction of the cartilage
52.

[0100] Moreover, with the ultrasonic diagnosing device 1,
the characteristic amount (half width) calculated by the
signal processor 10 is displayed on the display unit 5. Thus,
the user can visually confirm the characteristic amount as the
index indicating the degeneration degree of the cartilage 52.
[0101] Although the embodiment of this disclosure is
described above, this disclosure is not limited to the above,
and without deviating from the scope of this disclosure,
various modifications may be applied.

Modifications

[0102] (1) FIG. 16 is a block diagram illustrating a con-
figuration of an ultrasonic diagnosing device la according to
a modification. In the above embodiment, the bent state of
the knee of the patient is changed by the doctor, for example.
However, the ultrasonic diagnosing device la of this modi-
fication is different from the embodiment described above,
and includes an automatic knee bending mechanism 30
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capable of automatically changing a bent state of a knee of
a patient. Note that, the configuration of the automatic knee
bending mechanism 30 described below is an example, and
any configuration may be applied as long as it is a mecha-
nism capable of automatically bending a knee of a patient.
Moreover, hereinafter, parts that are different from the above
embodiment, specifically the configuration and operation of
the automatic knee bending mechanism 30, are described,
and description of other parts is omitted.

[0103] The automatic knee bending mechanism 30 is
configured to be capable of swinging a lower part of the knee
(under-knee part) of the patient in a state where the patient
is seated on a chair and a position of a thigh bone is fixed.
Here, the probe 4 s fixed at a position in relation to the thigh
bone by a fixing tool (not illustrated) etc. Thus, the knee of
the patient is bent into a plurality of states by the automatic
knee bending mechanism 30.

[0104] The automatic knee bending mechanism 30
includes a pedestal 31, a column 32, and a swinging mecha-
nism 33.

[0105] The pedestal 31 is a plate-like part placed on a floor
and made of a comparatively heavy metal material, for
example. The column 32 is provided to extend upward from
the pedestal 31 disposed on the floor. The column 32 is fixed
to the pedestal 31.

[0106] The swinging mechanism 33 is configured to swing
the under-knee part of the patient in front and rear directions
of the bending mechanism. The swinging mechanism 33 has
an electric motor 34, a foot placing part 35, and a coupling
part 36. The electric motor 34 is attached to an upper part of
the column 32. The foot placing part 35 is formed into a
plate-like shape so that the foot of the patient can be placed
thereon, and supported to an upper surface of the pedestal
31. The foot of the patient is fixed to the foot placing part 35
by a fixing belt 37. The coupling part 36 is provided to
extend along the column in upper and lower directions of the
bending mechanism and a lower end part thereof is fixed to
the foot placing part 35 so that a rotational force of the
electric motor 34 is transmitted to the foot placing part 35.
[0107] In the swinging mechanism 33, when the electric
motor 34 rotates, the rotational force is transmitted to the
coupling part 36 by a gear (not illustrated) etc. Thus, the foot
placing part 35 swings to both sides in arrow directions of
FIG. 16, and as a result, the knee of the patient can
automatically be bent.

[0108] Moreover, with the ultrasonic diagnosing device la
of this modification, the electric motor 34 rotates normally
or inversely so that the knee of the patient is bent and
stretched at the given cycle described above, between the
first and second bent states illustrated in FIG. 2. During this
time, similar to the case of the above embodiment, each
oscillator 45 transmits an ultrasonic wave at a given time
interval. Thus, with the ultrasonic diagnosing device 1a,
echo signals of the cartilage in each of a plurality of bent
states can automatically be acquired. Note that, the echo
signals acquired as above are processed similarly to the case
of the above embodiment.

[0109] (2) FIG. 17 is a block diagram illustrating a con-
figuration of a signal processor 104 of an ultrasonic diag-
nosing device according to another modification. In the
above embodiment, for the three-dimensional echo data
defined in the frame direction, the depth direction of the
cartilage, and the direction perpendicular to both the frame
and depth directions, the Fourier transform (three-dimen-
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sional Fourier transform) is performed in all the directions;
however, without limiting to this, the Fourier transform may
be performed in the frame direction alone. Thus, compared
with the case of the above embodiment, the calculation load
on the signal processor 10a when performing the Fourier
transform can be reduced. In this modification, the echo
image is generated as the information of the cartilage, for
example.

[0110] (3) FIG. 18 is a block diagram illustrating a con-
figuration of a signal processor 105 of an ultrasonic diag-
nosing device according to another modification. The signal
processor 105 of this modification includes an echo signal
receiver 11, an AD converter 12, a low-frequency compo-
nent extracting module 19, and a deriving module 20.
[0111] The low-frequency component extracting module
19 extracts, from three-dimensional echo data, low-fre-
quency echo data which is echo data of low-frequency
components below a given frequency. For example, the
low-frequency component extracting module 19 extracts the
low-frequency echo data by using a method of LPF (Low
Pass Filtering), wavelet transform, convolution, etc. Note
that, the wavelet transform is one of methods of frequency
analysis, using a wavelet function as a basis function.
Further, in the convolution, a function obtained by inverse
Fourier transforming a transfer function which is used in the
low pass filtering of the above embodiment is convolved
with the three-dimensional echo data.

[0112] The deriving module 20 derives the information of
the cartilage based on the low-frequency echo data extracted
by the low-frequency component extracting module 19. The
information of the cartilage includes, not only the echo
image and the half width which are illustratively described
in the above embodiment, but also other information.
[0113] (4) In the above embodiment, the example in which
the ultrasonic diagnosing device is applied for the cartilage
of the thigh bone is described; however, without limiting to
this, the ultrasonic diagnosing device of this disclosure may
be applied to cartilages of other parts.

[0114] (5) In the above embodiment, as the information of
the cartilage, the echo image and the half width are dis-
played on the display unit 5; however, without limiting to
this, the power spectrum selected by the power spectrum
selecting submodule 184 may be displayed on the display
unit 5.

DESCRIPTION OF REFERENCE NUMERALS

[0115] 1, 1a Ultrasonic Diagnosing Device

[0116] 4 Probe

[0117] 4@ Wave Transmitting and Receiving Surface

[0118] 4b Oscillator (Ultrasonic Transmitter, Ultrasonic
Receiver)

[0119] 17 Echo Image Generating Module (Deriving
Module)

[0120] 18 Characteristic Amount Calculating Module (De-

riving Module)

[0121] 19 Low-frequency Component Extracting Module
[0122] 20 Deriving Module

[0123] 50 Knee Joint (Joint)

[0124] 51 Thigh Bone (First Bone)

[0125] 52 Cartilage (of First Bone)

[0126] 55 Shine Bone (Second Bone)

[0127] 60 Soft Tissue
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1. An ultrasonic diagnosing device, comprising:

an ultrasonic transmitter configured to transmit ultrasonic
waves to a cartilage on an end part of a first bone
through a soft tissue covering a joint including the end
part of the first bone and an end part of a second bone,
the ultrasonic transmitter transmitting the ultrasonic
waves to the cartilage in a plurality of bent states with
different bent angles of the second bone with respect to
the first bone, in a state where a relative position of a
wave transmitting and receiving surface to the cartilage
is fixed, the ultrasonic waves being transmitted and
received at the wave transmitting and receiving surface;

an ultrasonic receiver configured to receive echo signals
caused by the ultrasonic waves transmitted by the
ultrasonic transmitter, a degeneration degree of the
cartilage being diagnosed based on the echo signals
received by the ultrasonic receiver, the ultrasonic
receiver receiving the echo signals corresponding to a
plurality of frames defined in a depth direction of the
cartilage and a direction perpendicular to the depth
direction, in each of the plurality of bent states;

a low-frequency component, extracting module config-
ured to extract, in a frame direction that is an array
direction of the plurality of frames, low-frequency echo
data from the echo signals received by the ultrasonic
receiver, the low-frequency echo data being echo data
of a frequency component below a given frequency;
and

a deriving module configured to derive information of the
cartilage based on the low frequency echo data
extracted by the low-frequency component extracting
module.

2. The ultrasonic diagnosing device of claim 1, wherein a
hemline operation is performed on the second bone at a
given cycle between first and second bent states where the
bent angle is at a largest angle and a smallest angle among
the plurality of bent states, respectively, and

wherein the ultrasonic transmitter transmits the ultrasonic
waves at a given time interval.

3. The ultrasonic diagnosing device of claim 2, wherein
the given frequency is set to be below a frequency expressed
as an inverse number of the given cycle.

4. The ultrasonic diagnosing device of claim 1, wherein
the deriving module has an echo image generating module
configured to generate an echo image as the information of
the cartilage, based on the low-frequency echo data.

5. The ultrasonic diagnosing device of claim 1, wherein
the low-frequency component extracting module includes:

a Fourier transform module configured to Fourier trans-
form, at least in the frame direction, three-dimensional
echo data configured by arraying the echo data of every
frame in the frame direction, and defined in the frame
direction, the depth direction of the cartilage, and a
direction perpendicular to both the frame and depth
directions; and

a low pass filter module configured to extract the low-
frequency echo data from the three-dimensional echo
data Fourier transformed by the Fourier transform
module.

6. The ultrasonic diagnosing device of claim 5, wherein
the Fourier transform module three-dimensionally Fourier
transforms the three-dimensional echo data, and

wherein the deriving module includes:

a selecting module configured to select low-frequency
two-dimensional echo data from the three-dimen-
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sional echo data Fourier transformed by the Fourier
transform module, the low-frequency two-dimen-
sional echo data being two-dimensional echo data at
low frequency in the frame direction;

a spectral angular characteristic calculating module
configured to calculate total values of echo intensi-
ties in regions as a spectral angular characteristic, the
regions corresponding to a plurality of angular posi-
tions, respectively, set with respect to a reference line
passing through an origin of the low-frequency two-
dimensional echo data selected by the selecting
module; and

an angular width calculating module configured to
calculate a width of an angle at which the total value
becomes a given ratio with respect to a peak value of
the spectral angular characteristic calculated by the
spectral angular characteristic calculating module.

7. The ultrasonic diagnosing device of claim 6, further
comprising an analysis region designing module configured
to design, in one of the echo data of every frame, an analysis
region that is a region defined in the depth direction of the
cartilage and the direction perpendicular to the depth direc-
tion, including the cartilage, and excluding a subchondral
bone to which the cartilage is attached,

wherein the selecting module selects the low-frequency

two-dimensional echo data in the analysis region

designed by the analysis region designing module.

8. The ultrasonic diagnosing device of claim 1, the
ultrasonic diagnosing device is used on a thigh bone as the
first bone, and a shin bone as the second bone.

9. The ultrasonic diagnosing device of claim 8, wherein
the wave transmitting and receiving surface is disposed so
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that a normal direction thereof is oriented toward the carti-
lage and parallel to an extending direction of the thigh bone.
10. The ultrasonic diagnosing device of claim 1, further
comprising a display unit configured to display the infor-
mation of the cartilage derived by the deriving module.
11. A method of ultrasonic diagnosis, comprising:
transmitting ultrasonic waves to a cartilage on an end part
of a first bone through a soft tissue covering a joint
including the end part of the first bone and an end part
of a second bone, the transmitting the ultrasonic waves
transmitting the ultrasonic waves to the cartilage in a
plurality of bent states with different bent angles of the
second bone with respect to the first bone, in a state
where a relative position of a wave transmitting and
receiving surface to the cartilage is fixed, the ultrasonic
waves being transmitted and received at the wave
transmitting and receiving surface;
receiving echo signals caused by the ultrasonic waves
transmitted by the transmitting the ultrasonic waves, a
degeneration degree of the cartilage being diagnosed
based on the echo signals received by the receiving the
echo signals, the receiving the echo signals receiving
the echo signals corresponding to a plurality of frames
defined in a depth direction of the cartilage and a
direction perpendicular to the depth direction, in each
of the plurality of bent states;
extracting, in a frame direction that is an array direction
of the plurality of frames, low-frequency echo data, the
low-frequency echo data being echo data of a fre-
quency component below a given frequency; and
deriving information of the cartilage based on the low-
frequency echo data.
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