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An ultrasonic diagnosing device is provided for diagnosing a
state of a to-be-examined part based on echo signals caused
by ultrasonic signals. The device includes a container body
containing liquid and capable of coming in close contact with
a to-be-examined body, an ultrasonic wave penetrating part
having ultrasonic penetrability and covering an opening
formed in the container body, a probe having an ultrasonic
wave transmitting part configured to transmit the ultrasonic
signals, and a drive mechanism configured to move the probe
inside the container body and change a position of the ultra-
sonic wave transmitting part. The probe being soaked in the
liquid inside the container body in a state where the ultrasonic
wave transmitting part is separated from the ultrasonic wave
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A61B 8/08 (2006.01) sonic wave penetrating part by the ultrasonic wave transmit-
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FIG. 6
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ULTRASONIC DIAGNOSING DEVICE

TECHNICAL FIELD

[0001] This disclosure relates to an ultrasonic diagnosing
device, which diagnoses a state of a to-be-examined part
based on echo signals caused by ultrasonic waves transmitted
by a probe.

BACKGROUND ART

[0002] Conventionally, ultrasonic diagnosing devices for
diagnosing a state of a to-be-examined part based on reflec-
tion echoes caused by ultrasonic waves transmitted to a to-be-
examined part in a percutaneous manner, so as to analyze a
state of the to-be-examined part that is an examination target
in a to-be-examined body, are known. As such an ultrasonic
diagnosing device, for example, Patent Document 1 discloses
an ultrasonic probe supporting mechanism which supports an
ultrasonic probe for transmitting ultrasonic waves via an
acoustic matching member (ultrasonic wave penetrating part)
having a curved shape along a kneecap (to-be-examined
body), in a manner that the ultrasonic probe is movable along
the to-be-examined body. With the ultrasonic probe support-
ing mechanism, the ultrasonic probe can suitably be posi-
tioned to measure a shape ofa cartilage (to-be-examined part)
ofaknee joint, and the ultrasonic probe can suitably be moved
along the to-be-examined body.

REFERENCE DOCUMENT OF CONVENTIONAL
ART

Patent Document

[0003] Patent Document 1: JP2010-022647A

DESCRIPTION OF THE DISCLOSURE

Problems to be Solved by the Disclosure

[0004] Meanwhile, with the device described in Patent
Document 1, the ultrasonic probe scans while being contact
with a front surface of the ultrasonic wave penetrating part.
Therefore, air bubbles may intervene between the probe and
the front surface of the ultrasonic wave penetrating part. In
such a case, a state between the probe and the ultrasonic wave
penetrating part significantly varies, and thus, an intensity of
the ultrasonic wave transmitted to the to-be-examined part by
the probe may vary.

[0005] This disclosure is made in view of the above situa-
tions and aims to stabilize an intensity of an ultrasonic wave
which reaches a to-be-examined part.

SUMMARY OF THE DISCLOSURE

[0006] (1) In order to solve the subject described above,
according to one aspect of the present disclosure, an ultra-
sonic diagnosing device for diagnosing a state of a to-be-
examined part that is an examination target of a to-be-exam-
ined body, based on echo signals caused by ultrasonic signals
transmitted to the to-be-examined part, is provided. The ultra-
sonic diagnosing device includes a container body containing
liquid, an ultrasonic wave penetrating part having ultrasonic
penetrability, covering an opening formed in the container
body, and capable of coming in close contact with the to-be-
examined body, a probe having an ultrasonic wave transmit-
ting part configured to transmit the ultrasonic signals, the
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probe soaked in the liquid inside the container body in a state
where the ultrasonic wave transmitting part is separated from
the ultrasonic wave penetrating part, the ultrasonic signals
transmitted to the to-be-examined part through the liquid and
the ultrasonic wave penetrating part by the ultrasonic wave
transmitting part, and a drive mechanism configured to move
the probe soaked in the liquid inside the container body, and
change a position of the ultrasonic wave transmitting part in a
direction following a front surface shape of the to-be-exam-
ined part.

[0007] (2) The container body may have a to-be-examined
body housing formed into a concave shape so that the to-be-
examined body is capable of coming in close contact with the
ultrasonic wave penetrating part when the to-be-examined
body is received in the to-be-examined body housing.

[0008] (3) Moreover, the drive mechanism may include an
electric motor having a rotatable output shaft extending in
leftward-and-rightward directions of a knee received in the
to-be-examined body housing, the knee being the to-be-ex-
amined body, and a rotary shaft having a swing shaft part
extending in the extending direction of the output shaft and to
which the probe is fixed, and a coupling part coupling the
swing shaft part to the output shaft, the rotary shaft provided
in the container body so that the probe fixed to the swing shaft
part swings in a direction following a front surface shape of a
cartilage of the knee received in the to-be-examined body
housing, the cartilage being the to-be-examined part.

[0009] (4) Moreover, the rotary shaft may be formed with a
communication hole configured to guide a cable connected
with the probe to outside the container body.

[0010] (5)The drive mechanism may further include aslide
mechanism configured to move the electric motor in the left-
ward-and-rightward directions of the knee received in the
to-be-examined body housing.

[0011] (6) The to-be-examined body housing may be
formed with a right kneecap housing section in which a right
kneecap is received when the right knee is received in the
to-be-examined body housing, and a left kneecap housing
section in which a left kneecap is received when the left knee
is received in the to-be-examined body housing.

[0012] (7)The drive mechanism may include a guiding part
formed in one of a rail shape and a groove shape, extending in
adirection following a front surface shape of a knee cartilage
received in the to-be-examined body housing, the knee carti-
lage being the to-be-examined part, a probe holder having a
guided part and configured to hold the probe, the guided part
engaged with the guiding part and of which position is
changeable along the guiding part, and a drive part configured
to change the position of the probe holder along the guiding
part.

[0013] (8) Moreover, the drive mechanism may further
include a coupling part coupling the probe holder to the drive
part by being coupled at one end side to the probe holder to be
rotatable and being coupled at the other end side to the drive
part.

Effects of the Disclosure

[0014] According to the present disclosure, an intensity of
an ultrasonic wave which reaches a to-be-examined part can
be stabilized.
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BRIEF DESCRIPTION OF DRAWINGS

[0015] FIG. 1 is a schematic top view of an ultrasonic
diagnosing device according to one embodiment of this dis-
closure, illustrating a state where a knee joint is set to the
ultrasonic diagnosing device.

[0016] FIG. 2 is a schematic side view of the ultrasonic
diagnosing device illustrated in FIG. 1.

[0017] FIG. 3 is a schematic top view of an ultrasonic
diagnosing device according to a modification, illustrating a
state corresponding to FIG. 1.

[0018] FIG. 4 is a schematic view of a drive mechanism of
an ultrasonic diagnosing device according to another modi-
fication.

[0019] FIG. 5 is a schematic view of a drive mechanism of
an ultrasonic diagnosing device according to another modi-
fication.

[0020] FIG. 6 is a perspective view illustrating part of the
drive mechanism illustrated in FIG. 5, in an enlarged manner.
[0021] FIG. 7 is a schematic view of a drive mechanism of
an ultrasonic diagnosing device according to another modi-
fication, illustrating a state corresponding to FIG. 5.

[0022] FIG. 8 is a schematic top view of an ultrasonic
diagnosing device according to another modification, illus-
trating a state corresponding to FIG. 1.

MODES FOR CARRYING OUT THE
DISCLOSURE

[0023] An ultrasonic diagnosing device 1 according to one
embodiment of this disclosure is described with reference to
the drawings. FIG. 1 is a schematic top view of the ultrasonic
diagnosing device 1, illustrating a state where a knee joint as
a to-be-examined body is set to the ultrasonic diagnosing
device 1. Further, FIG. 2 is a schematic side view of the
ultrasonic diagnosing device 1.

[0024] With the ultrasonic diagnosing device 1 according
to this embodiment, a medial condyle of femur in a knee joint
cartilage (a to-be-examined part, hereinafter, may simply be
referred to as the knee cartilage) is a diagnosis target. The
knee cartilage generally has a curvature radius of about 30
mm to 40 mm in a side cross section thereof. The ultrasonic
diagnosing device 1 according to this embodiment, although
described later in detail, is configured so that a probe config-
ured to transmit and receive ultrasonic signals performs an arc
scan centering on a center of curvature of the knee cartilage,
at a position separated from the knee cartilage. Thus, the
probe changes its position in a direction following a shape of
a front surface of the knee cartilage.

[0025] Note that, the arc scan is a scan in which the probe
transmits ultrasonic signals toward inside of an arc while
changing its position on the arc. Further in the following
description, in the respective drawings, a direction indicated
by the arrow noted as front is referred to as one of the front
side and the forward direction, a direction indicated by the
arrow noted as rear is referred to as one of the rear side and the
rearward direction, a direction indicated by the arrow noted as
up is referred to as one of the upper side and the upward
direction, a direction indicated by the arrow noted as down is
referred to as one of the lower side and the downward direc-
tion, a direction indicated by the arrow noted as right is
referred to as one of the right side and the rightward direction,
and a direction indicated by the arrow noted as left is referred
to as one of the left side and the leftward direction, for the sake
of convenience.
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[0026] The ultrasonic diagnosing device 1 is configured to
be capable of, in a state where a knee 100 (right knee or left
knee) as the to-be-examined body is bent, transmitting ultra-
sonic signals from the front side of the knee to the knee
cartilage (to-be-examined part), and diagnosing a state of the
knee cartilage based on echo signals caused by the ultrasonic
signals. Note that in FIG. 1, a state where the right knee 100
is set to the ultrasonic diagnosing device 1 is illustrated. With
the ultrasonic diagnosing device 1, the probe 8 configured to
transmit the ultrasonic signals mechanically and automati-
cally scans the knee cartilage in the direction following the
front surface shape of the knee cartilage, and thus, echo
signals from the knee cartilage within a requested range can
be received. As illustrated in FIG. 1, the ultrasonic diagnosing
device 1 includes a container 2, the probe 8, a drive mecha-
nism 10, a user interface 25, a controller 26, a signal processor
27, and a display unit 28.

[0027] The container 2 contains water w that is liquid hav-
ing ultrasonic penetrability. The container 2 has a container
body 3 and a silicon sheet 7 covering an opening 3« formed in
the container body 3.

[0028] Asillustrated in FIGS. 1 and 2, the container body 3
is provided as a structural body in which liquid can be con-
tained. Inarear part of the container body 3, a concave formed
to concave in the forward direction and extending in the
upward-and-downward directions is formed. The concave is
provided as a knee housing 4 (to-be-examined body housing)
in which the patient’s knee 100 which is the diagnosis target
is received.

[0029] In a right part of the knee housing 4, a concave
formed to concave in the forward direction from a bottom part
of the knee housing 4 and extending in the upward-and-
downward directions is formed. The concave is provided as a
right kneecap housing section 5 in which a cap of the patient’s
right knee is received. Further, in a left part of the knee
housing 4, a concave formed to concave in the forward direc-
tion from the bottom part of the knee housing 4 and extending
in the upward-and-downward directions is formed. The con-
cave is provided as a left kneecap housing section 6 in which
a cap of the patient’s left knee is received.

[0030] The silicon sheet 7 is a sheet-shaped member made
of silicon. The silicon sheet 7 is adhered to cover the opening
3a formed in a center portion of the bottom part of the knee
housing 4 in the leftward-and-rightward directions, in other
words, a portion between the right and left kneecap housing
sections 5 and 6 in the knee housing 4. The silicon sheet 7 is
provided as an ultrasonic wave penetrating part through
which the ultrasonic wave transmitted by the probe 8 is pen-
etrable. The opening 3a has, in a side view, a gentle curvature
along the knee joint (e.g.. about 60 mm).

[0031] Further, although the silicon sheet is used as the
ultrasonic wave penetrating part in this embodiment, without
limiting to this, any material may be used as long as it forms
a member which can penetrate ultrasonic waves there-
through. Note that, it preferably is amember having elasticity
to be in close contact with the patient’s knee 100. Moreover in
this embodiment, the silicon sheet 7 is directly adhered to the
opening 3a; however, without limiting to this, it may be
adhered via a member having a cushioning property and
water resistance (e.g., closed cell foam rubber). Thus, a varia-
tion of degree of close contact between the patient’s knee 100
and the silicon sheet 7 caused by difference in shape of the
knee depending on the patient can be reduced.
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[0032] Theprobe 8 is fixed to arotary shaft 20 while soaked
in the water w filling the container 2. More specifically, the
probe 8 is fixed to the rotary shaft 20 so that an ultrasonic
wave transmitting and receiving part 8a (ultrasonic wave
transmitting part) that is a part configured to transmit and
receive the ultrasonic signals, opposes to the silicon sheet 7
via the water w. The probe 8 is configured to transmit the
ultrasonic signals to the patient’s knee 100 received inside the
knee housing 4, and receive echo signals caused by the trans-
mitted ultrasonic signals.

[0033] The probe 8 is connected with the controller 26 and
the signal processor 27 via a cable 9. As illustrated in FIG. 2,
the cable 9 is guided outside the container 2 through an
annular seal member 19 fitted into a cable hole formed in an
upper wall of the container body 3. The ultrasonic wave
transmitting and receiving part 8a of the probe 8 is configured
to transmit the ultrasonic signals based on a command from
the controller 26 and receive the echo signals caused by the
ultrasonic signals. The echo signals received by the ultrasonic
wave transmitting and receiving part 8a are suitably analyzed
by the signal processor 27 to diagnose the state of the cartilage
of the patient’s knee 100.

[0034] The drive mechanism 10 causes the probe 8 soaked
in the water w filling the container 2, to mechanically scan
along the patient’s knee. The drive mechanism 10 includes a
main body 11 and the rotary shaft 20.

[0035] The main body 11 is disposed outside the container
2. The main body 11 has a pedestal 12, a slide part 13, a slide
mechanism 14, and an electric motor 15.

[0036] A bottom face of the pedestal 12 is placed on an
installation base etc., and thus, the main body 11 is set on the
installation base. The pedestal 12 is formed into a substan-
tially plate shape of which upper and lower faces are formed
to be flat and having a given thickness in the upward-and-
downward directions. The slide part 13 is disposed on the
pedestal 12 via the slide mechanism 14.

[0037] The slide part 13 is provided as a separate member
from the pedestal 12 and is disposed on the pedestal 12. In this
embodiment, the slide part 13 is structured to be narrower
than the pedestal 12 in a plan view and thinner than the
pedestal 12 in the upward-and-downward directions, for
example.

[0038] The slide mechanism 14 is provided between the
pedestal 12 and the slide part 13, and slides the slide part 13
in the leftward-and-rightward directions with respect to the
pedestal 12. The slide mechanism 14 has a plurality of slide
rails 14a extending in the leftward-and-rightward directions,
for exaniple. The slide part 13 is in a state where it is slidable
along the slide rails 14a in the leftward-and-rightward direc-
tions with respect to the pedestal 12.

[0039] The electric motor 15 is provided as a drive source
configured to reciprocate the probe 8 fixed to the rotary shaft
20, within a given angle range 6 (see FI1G. 2). The electric
motor 15 may be structured with a servomotor that is capable
of an angle control, for example. The electric motor 15
changes a rotational position of the rotary shaft 20 based on a
command from the controller 26.

[0040] The electric motor 15 has an output shaft 15a which
is capable of rotating in both positive and negative directions.
The output shaft 154 is provided to extend in the leftward-
and-rightward directions of the knee 100 received in the knee
housing 4. A tip part of the output shaft 15a s disposed inside
the container body 3 via an annular seal member 16 fixedly
inserted into a through hole formed in a side wall of the
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container body 3. The seal member 16 is provided as a water
resistant slide part configured to hold the output shaft 15a to
be rotatable with respect to the container 2 and prevent the
water w inside the container 2 from leaking outside the con-
tainer 2. The tip part (a part disposed inside the container body
3) of the output shaft 15« is fixed to one end side of the rotary
shaft 20.

[0041] Further, the main body 11 has a slide actuator (not
illustrated) that is a drive source configured to slide the slide
part 13 with respect to the pedestal 12. The slide actuator
changes the position of the slide part 13 in the leftward-and-
rightward directions, based on a command from the controller
26.

[0042] The rotary shaft 20 has a swing shaft part 21 and a
pair of crank parts 22 and 23, and these parts are integrally
formed.

[0043] The swing shaft part 21 is a stick-shaped part pro-
vided to extend inside the container 2 in the extending direc-
tion of the output shaft 154 (the leftward-and-rightward direc-
tions of FIG. 1). As illustrated in FIGS. 1 and 2, the swing
shaft part 21 is disposed in a part of space of the container 2,
on the front side of the knee housing 4. In other words, the
swing shaft part 21 is disposed on the front side of the knee
100 received in the knee housing 4, by being separated from
the knee 100. The probe 8 is fixed to a center part of the swing
shaft part 21 in the leftward-and-rightward directions, so that
the ultrasonic wave fransmitting and receiving part 8a
opposes to the knee 100 via the water w and the silicon sheet
7.

[0044] The pair of crank parts 22 and 23 is connected at
their respective one end portions with both end portions of the
swing shaft part 21 so that they are perpendicular to the swing
shaft part 21 and parallel to each other. One of the crank parts,
the crank part 22 (the left crank part in FIG. 1), is fixed at its
other end portion to the tip part of the output shaft 154. In
other words, the one of the crank parts, the crank part 22, is
provided as a coupling part coupling the swing shaft part 21 to
the output shaft 15a. The other crank part 23 (the right crank
part in FIG. 1) is fixed at its other end portion to a supporting
shaft 17. The supporting shaft 17 is provided to penetrate an
annular seal member 18 fixedly inserted into a through hole
formed in another side wall of the container body 3. The seal
member 18 is provided, similar to the seal member 16, as a
water resistant slide part configured to prevent the water w
inside the container 2 from leaking outside the container 2.
[0045] With the configuration described above, the rotary
shaft 20 is supported to be rotatable with respect to the con-
tainer 2 via the output shaft 15¢ and the supporting shaft 17.
Further, the rotary shaft 20 is actuated by the electric motor 15
to swing over the given angle range 0, and thus, the ultrasonic
wave transmitting and receiving part 8a of the probe 8 swings
over the given angle range 0 along the front surface of the
knee cartilage in the upward-and-downward directions.
[0046] Moreover, with the ultrasonic diagnosing device 1, a
distance L1 from a wave transmitting surface of the ultrasonic
wave transmitting and receiving part 84 to a center axis of the
output shaft 154, and a distance 1.2 from the wave transmit-
ting surface to the silicon sheet 7 are determined based on a
general thickness of a patient’s soft tissue and a focal point of
the probe 8.

[0047] The user interface 25 is comprised of a keyboard, a
touch panel, etc., and receives an operational input from a
user. In response to the operational input from the user, the
user interface 25 commands the controller 26 to start trans-
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mitting and receiving the ultrasonic signals by the probe 8,
and driving the drive mechanism 10 to cause the probe 8 to
scan. Further, in response to the operational input from the
user, the user interface 25 outputs a command to design or
switch a display mode to the display unit 28. Note that the user
interface 25 may be incorporated with the display unit 28.
[0048] The controller 26 generates the ultrasonic signals
and outputs them to the probe 8. Further the controller 26
controls the electric motor 15 and the slide actuator to cause
the probe 8 to scan a requested range of the knee 100.
[0049] The signal processor 27 analyzes the state of the
knee cartilage based on the echo signals, and outputs the
analysis result to the display unit 28. The display unit 28
displays the analysis result of the knee cartilage obtained by
the signal processor 27. The user (e.g., doctor) looks at the
analysis result displayed on the display unit 28 to diagnose the
state of the patient’s knee joint.

[0050] Usage of Ultrasonic Diagnosing Device

[0051] Next, a usage of the ultrasonic diagnosing device 1
according to this embodiment is described.

[0052] First, the patient’s knee joint is set to the ultrasonic
diagnosing device 1. Specifically, for example, in a case of
diagnosing the joint of the patient’s right knee 100, the right
knee is received in the knee housing 4 so that an inner (medial
condyle side) part of the right knee 100 comes in close contact
with the silicon sheet 7. Here, a kneecap 101 of the right knee
100 is received in the right kneecap housing section 5. Thus,
the right knee 100 can be set to the ultrasonic diagnosing
device 1 without the kneecap contacting the container 2.
Similarly, in a case of diagnosing the joint of the patient’s left
knee, the left knee is received in the knee housing 4 so that a
kneecap ofthe left kneeis received in the left kneecap housing
section 6 and an inner part of the left knee comes in close
contact with the silicon sheet 7.

[0053] After setting the patient’s knee to the device 1 as
described above, the user suitably controls the user interface
25. Thus, the controller 26 is activated to start the transmis-
sionand reception of the vltrasonic signals by the probe 8, and
the electric motor 15 and the slide actuator are activated to
cause the probe 8 to scan the given range of the patient’s knee
100. Specifically, for example, in a state where the slide part
13 is located at a given position in the leftward-and-rightward
directions, the controller 26 swings the rotary shaft 20 over
the given angle range 6. Thus, the probe 8 can perform an arc
scan at a certain position of the knee cartilage in the leftward-
and-rightward directions. The arc scan is performed at a plu-
rality of positions in the leftward-and-rightward directions of
the knee cartilage, and thus, three-dimensional echo data
along the cartilage front surface can be acquired. As the
three-dimensional echo data, for example, echo data of which
an X-axis is the leftward-and-rightward directions, a Y-axis is
the upward-and-downward directions of the knee (the arc
direction of the arc scan), and a Z-axis is an intensity of the
echo signal, can be acquired.

[0054] When the probe 8 scans as described above (the scan
in the leftward-and-rightward directions and the arc scan), the
probe 8 changes its position while soaked in the water w
inside the container 2. In other words, the ultrasonic wave
transmitting and receiving part 8a does not come in contact
with the silicon sheet 7 while moving. Conventionally, as
disclosed in Patent Document 1 described above for example,
the probe scans while being in contact with a front surface of
an acoustic matching member (corresponding to the silicon
sheet 7 of this embodiment). Thus, acquisition of an echo
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image requires comparatively long time. In this regard, with
the ultrasonic diagnosing device 1, the ultrasonic signals are
transmitted and received in a state where the water w with
comparatively high ultrasonic penetrability intervenes
between the ultrasonic wave transmitting and receiving part
8a and the silicon sheet 7, without the ultrasonic wave trans-
mitting and receiving part 8« being in contact with the silicon
sheet 7.

[0055] Moreover, the signal processor 27 analyzes the state
of the knee cartilage based on the three-dimensional echo
data acquired as described above, and outputs the analysis
result to the display unit 28. The user can diagnose the state of
the knee cartilage by looking at the analysis result displayed
on the display unit 28. Note that the signal processor 27 may
be configured to generate an echo image based on the three-
dimensional echo data and display the echo image on the
display unit 28. In this case, the user can diagnose the state of
the patient’s knee cartilage by looking at the echo image
displayed on the display unit 28.

[0056] Effects

[0057] As described above, with the ultrasonic diagnosing
device 1 according to this embodiment, the ultrasonic wave
transmitting and receiving part 8a scans the knee 100 while
transmitting and receiving the ultrasonic waves through the
water w, to the ultrasonic wave penetrating part (silicon sheet
7) which is in close contact with the knee 100. In other words,
with the ultrasonic diagnosing device 1, there is no possibility
of air bubbles entering between the ultrasonic wave transmit-
ting and receiving part 8a and the silicon sheet 7, and a state
between the ultrasonic wave transmitting and receiving part
8a and the silicon sheet 7 does not significantly vary. Thus, a
variation of an intensity of an ultrasonic wave which reaches
the knee cartilage front surface is reduced.

[0058] Therefore, with the ultrasonic diagnosing device 1,
the intensity of the ultrasonic wave which reaches the knee
cartilage as the to-be-examined part can be stabilized, and
thus, reliability of the device can be improved.

[0059] Further, with the ultrasonic diagnosing device 1, the
drive mechanism 10 moves the probe 8 so that the ultrasonic
wave transmitting and receiving part 8a changes its position
in the direction following the front surface shape of the knee
cartilage. Thus, the probe 8 can scan while keeping a substan-
tially fixed distance between the ultrasonic wave transmitting
and receiving part 8¢ and the front surface of the knee carti-
lage. As aresult, an accurate echo image of the knee cartilage
can be obtained.

[0060] Further, with the ultrasonic diagnosing device 1,
since the knee housing 4 where the knee 100 as the to-be-
examined body is received is formed in the container 2, the
knee 100 can be diagnosed by the knee 100 being suitably set
to the device 1.

[0061] Further, with the ultrasonic diagnosing device 1, the
rotary shaft 20 to which the probe 8 is fixed is swung by the
electric motor 15, and thus, the probe 8 can be moved in the
direction following the front surface shape of the knee carti-
lage.

[0062] Further, with the ultrasonic diagnosing device 1, the
output shaft 15a of the electric motor 15 is provided to extend
in the leftward-and-rightward directions of the knee 100
received in the knee housing 4. Moreover, the ultrasonic
diagnosing device 1 includes the rotary shaft 20 in which the
swing shaft part 21 provided to extend in the extending direc-
tion of the output shaft 154 at the position on the front side of
the knee 100 which is received in the knee housing 4 is
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integrally formed with the crank part 22 coupling the swing
shaft part 21 to the output shaft 154. With this configuration,
when the output shaft 154 is rotated, the swing shaft part 21
moves along an arc with a comparatively large curvature
radius by following the front surface shape of the knee carti-
lage, on the front side of the knee 100. Therefore, according to
the ultrasonic diagnosing device 1, the configuration with
which the probe 8 is moved in the direction following the
front surface shape of the knee cartilage can suitably be
achieved with a comparatively simple configuration includ-
ing the electric motor 15 and the rotary shaft 20.

[0063] Further, with the ultrasonic diagnosing device 1,
since the slide mechanism 14 can move the electric motor 15
in the leftward-and-rightward directions, the probe 8 can scan
in the leftward-and-rightward directions of the knee cartilage.
Moreover, with the ultrasonic diagnosing device 1, the con-
troller 26 can activate the electric motor 15 configured to
cause the probe 8 to perform the arc scan, and the slide
actuator configured to cause the probe 8 to scan in the left-
ward-and-rightward directions of the knee 100. Thus, for
example, the three-dimensional echo data of which the X-axis
is the leftward-and-rightward directions of the knee, the
Y-axis is the upward-and-downward directions of the knee
(the arc direction of the arc scan), and the Z-axis is the
intensity of the echo signal, can automatically be acquired.
[0064] Further, with the ultrasonic diagnosing device 1,
since the right and left kneecap housing sections 5 and 6 are
provided, both of the right and left knee cartilages can suit-
ably be set to the device 1.

[0065] 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, vari-
ous modifications may be applied.

[0066] Modifications

[0067] (1) FIG. 3 is a schematic top view of an ultrasonic
diagnosing device 1a according to amodification, illustrating
a state corresponding to FIG. 1. The configuration of the
ultrasonic diagnosing device la according to this modifica-
tion is mainly different from the above embodiment in terms
of a configuration of a drive mechanism 10a, particularly
configurations of a rotary shaft 20a and a supporting shaft
17a.

[0068] As illustrated in FIG. 3, the rotary shaft 20a of this
modification is formed with a through hole from a part where
the probe 81s fixed, to a part on the supporting shaft 17a side.
The through hole is formed as a communication hole 24
which guides the cable 9 connected with the probe 8 to out-
side the container 2. The communication hole 24 is commu-
nicated with the outside of the container 2 through a through
hole 175 formed in the supporting shaft 17a.

[0069] Further, in this modification, the cable 9 connected
with the probe 8 is guided outside the container 2 through the
communication hole 24 and the through hole 175 described
above. Thus, with the ultrasonic diagnosing device 1¢ accord-
ing to this modification, different from the case of the above
embodiment, the cable hole through which the cable 9 pen-
etrates the container 2 and the seal member 19 which prevents
the water leakage between the cable 9 and the cable hole can
be omitted.

[0070] (2) FIG. 4 is a schematic view of a drive mechanism
104 of an ultrasonic diagnosing device according to another
modification. The ultrasonic diagnosing device according to
this modification is greatly different from the above embodi-
ment in terms of a configuration of the drive mechanism 104.
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[0071] Asillustrated in FIG. 4, the drive mechanism 105 of
this modification has a link mechanism 30. The link mecha-
nism 30 has a first link member 31 and a second link member
32 respectively having a substantially straight shape.

[0072] The first link member 31 is formed into a compara-
tively short rod shape. The first link member 31 is fixed at one
end side to the output shaft 15a of the electric motor 15 so that
an axial direction of the first link member 31 becomes per-
pendicular to the axial direction of the output shaft 15a. On
the other hand, the first link member 31 is fixed at the other
end side to one end side of the second link member 32 by a
coupling pin 33 so as to be swingable.

[0073] The second link member 32 is formed into a rod
shape longer than the first link member 31. The second link
member 32 is fixed at the end side to the other end side of the
first link member 31 by the coupling pin 33 so as to be
swingable, as described above. On the other hand, the second
link member 32 is fixed at the other end side to a rotary shaft
206 by a coupling pin 34 so as to be swingable.

[0074] Similar to the case of the above embodiment, the
rotary shaft 205 has the swing shaft part 21 and the pair of
crank parts 22 and 23, and these parts are integrally formed.
The pair of crank parts 22 and 23 respectively has a bent
portion at an intermediate position in the extending direction
of the crank parts 22 and 23.

[0075] The electric motor 15 of this modification can be
structured with a motor having the output shaft 15a rotatable
only in one direction. In other words, by providing the link
mechanism 30 described above, even without using the motor
rotatable in both positive and negative directions, by rotating
the output shaft 154 only in the one direction (the arrow Al in
FIG. 4), the probe 8 can be swung along the arrows A2 in FIG.
4. Note that, to detect an angular position of the probe 8 by the
ultrasonic diagnosing device according to this modification, a
rotary encoder (not illustrated) configured to detect a rota-
tional position of the rotary shaft 205 may be used.

[0076] Further, also with the ultrasonic diagnosing device
according to this modification, similar to the case of the above
embodiment, the arc scan by the probe 8 can be performed
without being in contact with the silicon sheet 7 as the ultra-
sonic wave penetrating part. Thus, it can be prevented that air
bubbles enter between the ultrasonic wave transmitting and
receiving part 8a and the silicon sheet 7, and as a result,
similar to the case of the above embodiment, the intensity of
the ultrasonic wave which reaches the knee cartilage as the
to-be-examined part can be stabilized and the reliability of the
device can be improved.

[0077] (3) FIG. 5 is a schematic view of a drive mechanism
40 of an ultrasonic diagnosing device according to another
modification. Further, FI1G. 6 is a perspective view illustrating
part of the drive mechanism 40 in an enlarged manner. The
ultrasonic diagnosing device according to this modification is
greatly different from the above embodiment in terms of a
configuration of the drive mechanism 40. More specifically,
the drive mechanism 40 of this modification is configured
such that the probe 8 changes its position along a requested
track by moving along rail parts 41. As illustrated in FIGS. 5
and 6, the drive mechanism 40 includes a pair of rail parts 41,
a probe holder 42, a pair of guide rollers 43 provided for each
rail part 41, a linear actuator 44 (drive part), and a coupling
part 45.

[0078] The pair of rail parts 41 is provided as guiding parts
formed in a rail shape extending in the direction following the
front surface shape of the knee cartilage. The pair of rail parts
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41 is respectively structured with a stick-shaped member
extending in an arc shape. Specifically, for example, the rail
parts 41 are formed in an arc shape centering on the center of
curvature of the cartilage of the knee 100 received in the knee
housing 4, and disposed by being separated to the front side
from the knee 100. Although the illustration is omitted, the
pair of rail parts 41 is fixed to the container body 3 so as to be
separated from each other and overlap in a plan view.

[0079] The probe holder 42 is structured with a block-
shaped member. The probe holder 42 is formed with a probe
insertion hole 42a through which the probe 8 is inserted and
fixed. The probe holder 42 is sandwiched between the pair of
rail parts 41.

[0080] To the probe holder 42, two pairs of guide rollers 43
are attached to be rotatable with respect to the probe holder
42. The pairs of guide rollers 43 are provided as guided parts
engaged with the rail parts 41 and capable of changing posi-
tions along the rail parts 41, respectively. Each pair of guide
rollers 43 holds the corresponding rail part 41 by sandwiching
the rail part 41 therebetween. Thus, the probe holder 42 is
changeable of its position along the pair of rail parts 41 via the
guide rollers 43.

[0081] The linear actuator 44 is configured such that a rod
part 44b moves in projecting and retreating directions with
respect to a main body 44a. The linear actuator 44 is disposed
on the upper side of the water w inside the container 2 so that
the rod part 445 extends in a horizontal direction. The rod part
44p elongates and contracts in the horizontal direction. A tip
portion of the rod part 445 is coupled to one end side of the
coupling part 45.

[0082] The coupling part 45 is structured with a straight
stick-shaped member coupling the tip portion of the rod part
445 to a rear end portion of the probe holder 42 (a portion on
an opposite side from the ultrasonic wave transmitting and
receiving part 8a of the probe 8 which is held by the probe
holder 42). The coupling part 45 is coupled at the end side
(rod part 4454 side) portion to the tip portion of the rod part 445
so that the tip portion of the rod part 445 becomes slidable in
the extending direction of the coupling part 45. On the other
hand, the other end side (probe holder 42 side) of the coupling
part 45 is coupled to the probe holder 42 so as to be rotatable
with respect to the probe holder 42.

[0083] A hole 45a is formed in the coupling part 45,
between the portion coupled to the rod part 445 and the
portion coupled to the probe holder 42. The hole 454 pen-
etrates the coupling part 45 in a direction perpendicular to the
extending direction of the coupling part 45 and formed into an
elongate hole in the extending direction of the coupling part
45. Further, a fulcrum shaft 46 fixed to the container 2 is
inserted through the hole 45a. Thus, the coupling part 45 is
supported by the fulcrum shaft 46 to be swingable.

[0084] With the ultrasonic diagnosing device according to
this modification, when the probe 8 performs the arc scan, the
rod part 445 of the linear actuator 44 may be moved in the
projecting and retreating directions with respect to the main
body 44a.

[0085] When the rod part 44 is moved in the projecting
direction with respect to the main body 44a (a direction of the
arrow B1 in FIG. 8), the rod part 445 pushes the coupling part
45, ata portion on the upper side of the fulcrum shaft 46. Here,
a force acts on a portion of the coupling part 45 on the lower
side of the fulcrum shaft 46, in a direction of the arrow C1 by
having the fulcrum shaft 46 as a fulcrum. Accordingly, the
pairs of guide rollers 43 move to the arrow C1 side while
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sandwiching the rail parts 41 therebetween, respectively. As a
result, the probe holder 42 to which the pairs of guide rollers
43 are attached also moves to the C1 side, and thus, the
position of the probe holder 42, in other words the probe 8,
can be changed to a position D1 along the rail parts 41.

[0086] On theotherhand, when the rod part445is moved in
the retreating direction with respect to the main body 44a (a
direction of the arrow B2 in FIG. 5), the rod part 445 pulls the
coupling part 45, at the portion on the upper side of the
fulcrum shaft 46. Here, a force acts on the portion of the
coupling part 45 on the lower side of the fulcrum shaft 46, in
a direction of the arrow C2 by having the fulcrum shaft 46 as
a fulcrum. Accordingly, the pairs of guide rollers 43 move to
the arrow C2 side while sandwiching the rail parts 41 ther-
ebetween, respectively. As a result, the probe holder 42 to
which the pairs of guide rollers 43 are attached also moves to
the C2 side, and thus, the position of the probe holder 42, in
other words the probe 8, can be changed to a position D2
along the rail parts 41.

[0087] Also with the ultrasonic diagnosing device accord-
ing to this modification, similar to the case of the above
embodiment, the arc scan by the probe 8 can be performed
without being in contact with the silicon sheet 7 as the ultra-
sonic wave penetrating part, and therefore, it can be prevented
that air bubbles enter between the ultrasonic wave transmit-
ting and receiving part 8a and the silicon sheet 7, and as a
result, the intensity of the ultrasonic wave which reaches the
knee cartilage can be stabilized.

[0088] Note that in this modification, the guiding parts are
structured with the rail parts 41, and the guided parts are
structured with the guide rollers 43; however it is not limited
to this. Specifically, for example, the guiding parts may be
structured with grooves formed along the rail parts, and the
guided parts may be structured with protrusions protruding
from the probe holder, engaged with the grooves, and capable
of sliding along the grooves, respectively.

[0089] (4)FIG. 7 is a schematic view of a drive mechanism
40a of an ultrasonic diagnosing device according to another
modification. The drive mechanism 40a of the ultrasonic
diagnosing device according to this modification has a similar
structure to the drive mechanism 40 illustrated in FIG. 5.
Specifically, similar to the drive mechanism 40 illustrated in
FIG. 5, the drive mechanism 40a according to this modifica-
tion includes the pair of rail parts 41, the probe holder 42, the
pairs of guide rollers 43 provided for the respective rail parts
41, the linear actuator 44 (drive part), and the coupling part
45. However, different from the drive mechanism 40 illus-
trated in FIG. 5, the drive mechanism 40« is not formed with
the hole 45a in the coupling part 45, and is configured such
that the coupling part 45 slides in the in the projecting and
retreating directions of the rod part 44b. Even with such a
configuration, the probe 8 can perform the arc scan.

[0090] (5)FIG. 8 is a schematic view of an ultrasonic diag-
nosing device 16 according to another modification, illustrat-
ing a state corresponding to FIG. 1. In the above embodiment,
the rotary shaft 20 is supported to the container 2 via the
output shaft 154 and the supporting shaft 17; however, itis not
limited to this. Specifically, as illustrated in FIG. 8, a rotary
shaft 20c may be supported to the container 2 only via the
output shaft 15a. Thus, compared to the above embodiment,
part of the rotary shaft, the supporting shaft 17, the seal
member 18, etc. can be omitted. As a result, the structure of
the device can be simplified.
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[0091] (6) In the above embodiment, the controller 26 con-
trols the electric motor 15 and the slide actuator to acquire the
three-dimensional echo data along the cartilage front surface;
however, it is not limited to this. For example, a configuration
may be provided in which the controller 26 is capable of
controlling only the electric motor 15. In this case, the slide
part 13 is manually slid and the electric motor 15 is activated
while fixed to a given position in the leftward-and-rightward
directions. Thus, the arc scan can be performed. Therefore,
the arc scan can be performed on a requested position of the
knee 100 in the leftward-and-rightward directions without
moving the knee 100 received in the knee housing 4 in the
leftward-and-rightward directions. In addition, with this con-
figuration, the slide actuator can be omitted, and thus, the
structure of the device can be simplified.

DESCRIPTION OF REFERENCE NUMERALS

[0092] 1, 1a, 15 Ultrasonic Diagnosing Device

[0093] 3 Container Body

[0094] 3a Opening

[0095] 7 Silicon Sheet (Ultrasonic Wave Penetrating Part)
[0096] 8 Probe

[0097] 8a Ultrasonic Wave Transmitting and Receiving

Part (Ultrasonic Wave Transmitting Part)

[0098] 10, 10a, 105, 10c, 40, 40a Drive Mechanism
[0099] 100 Knee (To-be-examined Body)
[0100] w Water (Liquid)

1. An ultrasonic diagnosing device for diagnosing a state of
ato-be-examined part that is an examination target of a to-be-
examined body, based on echo signals caused by ultrasonic
signals transmitted to the to-be-examined part, comprising:

a container body containing liquid,

an ultrasonic wave penetrating part having ultrasonic pen-
etrability, covering an opening formed in the container
body, and capable of coming in close contact with the
to-be-examined body;

a probe having an ultrasonic wave transmitting part con-
figured to transmit the ultrasonic signals, the probe
soaked in the liquid inside the container body in a state
where the ultrasonic wave transmitting part is separated
from the ultrasonic wave penetrating part, the ultrasonic
signals transmitted to a knee through the liquid and the
ultrasonic wave penetrating part by the ultrasonic wave
transmitting part, the knee being the to-be-examined
body; and

adrive mechanism configured to move the probe soaked in
the liquid inside the container body, and change a posi-
tion of the ultrasonic wave transmitting part in a direc-
tion following a front surface shape of a cartilage of the
knee, the cartilage being the to-be-examined part.

2. The ultrasonic diagnosing device of claim 1, wherein the

container body has a to-be-examined body housing formed
into a concave shape so that the to-be-examined body is
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capable of coming in close contact with the ultrasonic wave
penetrating part when the to-be-examined body is received in
the to-be-examined body housing.

3. The ultrasonic diagnosing device of claim 2, wherein the
drive mechanism includes:

an electric motor having a rotatable output shaft extending
in leftward-and-rightward directions of a knee received
in the to-be-examined body housing, the knee being the
to-be-examined body; and

a rotary shaft having a swing shaft part extending in the
extending direction of the output shaft and to which the
probe is fixed, and a coupling part coupling the swing
shaft part to the output shaft, the rotary shaft provided in
the container body so that the probe fixed to the swing
shaft part swings in a direction following a front surface
shape of a cartilage of the knee received in the to-be-
examined body housing, the cartilage being the to-be-
examined part.

4. The ultrasonic diagnosing device of claim 3, wherein the
rotary shaft is formed with a communication hole configured
to guide a cable connected with the probe to outside the
container body.

5. The ultrasonic diagnosing device of claim 3, wherein the
drive mechanism further includes a slide mechanism config-
ured to move the electric motor in the leftward-and-rightward
directions of the knee received in the to-be-examined body
housing.

6. The ultrasonic diagnosing device of claim 3, wherein the
to-be-examined body housing is formed with a right kneecap
housing section in which a right kneecap is received when the
right knee is received in the to-be-examined body housing,
and a left kneecap housing section in which a left kneecap is
received when the left knee is received in the to-be-examined
body housing.

7. The ultrasonic diagnosing device of claim 2, wherein the
drive mechanism includes:

a guiding part formed in one of a rail shape and a groove
shape, extending in a direction following a front surface
shape of a knee cartilage received in the to-be-examined
body housing, the knee cartilage being the to-be-exam-
ined part;

a probe holder having a guided part and configured to hold
the probe, the guided part engaged with the guiding part
and of which position is changeable along the guiding
part; and

a drive part configured to change the position of the probe
holder along the guiding part.

8. The ultrasonic diagnosing device of claim 7, wherein the
drive mechanism further includes a coupling part coupling
the probe holder to the drive part by being coupled at one end
side to the probe holder to be rotatable and being coupled at
the other end side to the drive part.
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