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Description
Technical Field

[0001] The present invention relates to a pressing
member, an ultrasonic probe and an ultrasonic diagnos-
ing device, and relates to a technique of enhancing the
precision of an elastic image representing hardness and
softness of a biomedical tissue of a subject by pressing
the subject.

Background Art

[0002] An ultrasonic diagnosing device is a device for
repetitively transmitting ultrasonic waves at a time inter-
val to a subject through a probe which is contacted with
the subject, receiving a time-series reflection echo signal
emitted from the subject, and achieving a grayscale to-
mogram, for example, a monochromatic B mode image
on the basis of the reflection echo signal.

There has been proposed a technique of measuring the
displacement of a biomedical tissue of a subject on the
basis of the time-series reflection echo signal emitted
from the subject, acquiring elastic information such as
hardness, softness, strain, elasticity modulus, etc. of the
biomedical tissue from the measured displacement and
constructing a color elasticimage from the acquired elas-
tic information in the ultrasonic diagnosing device as de-
scribed above (for example, see Patent Document 1).
Patent Document 1: JP-2005-66041

[0003] However, when uniformity of stress field gen-
erated in the tissue is low, the pressed tissue is pushed
outinto a press-weak region. This being pushed out pre-
vents the stress from coming down to a deep region,
which may cause occurrence of noises in the elastic im-
age. Therefore, even when uniform press is applied, the
region area of the elastic image which can be normally
acquired is reduced, and thus the efficiency of the image
diagnosis is lowered.

In (Patent Document 1), a flat-plate type press plate is
mounted on a probe so that a broad region of the subject
can be uniformly pressed. However, the same problem
may occur in the end region of the press plate, and it is
still required to make an effort of further improving the
press plate.

[0004] Therefore, the present invention has an object
to achieve an elastic image having high precision by en-
abling a subject to be uniformly pressed.

Disclosure of the Invention

[0005] In order to solve the problem, a pressing mem-
ber according to the present invention is constructed as
follows. That is, the pressing member that is detachably
mounted in an ultrasonic probe to press a subject is pro-
vided with a first member for transferring pressing force
in adirection parallel to a pressing direction to the subject
and a second member for transferring pressing force in
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a direction different from the pressing direction.

[0006] In order to solve the problem, an ultrasonic
probe according to the present invention is constructed
as follows. That is, the probe is equipped with a pressing
portion for pressing a subject, and the pressing portion
has a first member for transferring pressing force in a
direction parallel to the pressing direction to the subject,
and a second member for transferring the pressing force
in a direction different from the pressing direction.
Furthermore, in order to solve the problem, an ultrasonic
diagnosing device of the present invention is constructed
as follows. That is, the ultrasonic diagnosing device is
equipped with an ultrasonic probe having an ultrasonic
transmission/reception face for repetitively transmitting
ultrasonic waves to a subject and receiving time-series
reflection echo signal corresponding to the transmission
of the ultrasonic waves, a tomogram constructing portion
for constructing a tomogram of a biomedical tissue of the
subject on the basis of the time-series reflection echo
signal, an elastic image constructing portion for measur-
ing the displacement of the biomedical tissue of the sub-
ject on the basis of the time-series reflection echo signal
to acquire elastic information and construct an elastic
image, and a display portion for displaying an image con-
structed by the tomogram constructing portion and the
elasticimage constructing portion, wherein the ultrasonic
probe is equipped with a pressing portion for pressing a
subj ect, and the pressing portion has a first member for
transferring pressing force in a direction parallel to the
pressing direction to the subject, and a second member
for transferring the pressing force in a direction different
from the pressing direction.

[0007] According to the pressing member, the ultra-
sonic probe and the ultrasonic diagnosing device of the
present invention, the subject can be uniformly pressed,
and thus a high-precision elastic image can be achieved.
Accordingly, the image diagnosis can be efficiently per-
formed.

Brief Description of the Drawings
[0008]

[Fig. 1A] is a diagram showing the shape of a press-
ing plate according to a first embodiment of the
present invention.

[Fig. 1B] is a diagram showing a state that the press-
ing plate according to the first embodiment of the
present invention is mounted on a probe.

[Fig. 1C] is a diagram showing another possible
structure of the pressing plate according to the first
embodiment of the present invention.

[Fig. 1D] is a diagram showing another possible
shape of the pressing plate according to the firstem-
bodiment of the present invention.

[Fig. 2] is a diagram showing first and second em-
bodiments of the present invention.

[Fig. 3] is a diagram showing third and fourth em-
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bodiments of the present invention.

[Fig. 4] is a diagram showing a fifth embodiment ac-
cording to the present invention.

[Fig. 5] is a diagram showing a sixth embodiment of
the present invention.

[Fig. 6] is a diagram showing a seventh embodiment
of the present invention.

[Fig. 7] is a diagram showing an eighth according to
the present invention.

[Fig. 8] is a diagram showing a ninth embodiment
according to the present invention.

[Fig. 9] is a diagram showing the ninth embodiment
according to the present invention.

[Fig. 10] is a diagram showing the overall construc-
tion of an embodiment of the present invention.
[Fig. 11] is a diagram showing a prior art.

Best Modes for carrying out the Invention

[0009] First, examples of an ultrasonic probe (herein-
after referred to as "probe") and an ultrasonic diagnosing
device to which the present invention is applied will be
described with reference to Fig. 10. Fig. 10 is a block
diagram showing an example of the construction of the
probe and the ultrasonic diagnosing device to which the
present invention is applied.

As shown in Fig. 10, an ultrasonic diagnosing device 1
is equipped with a probe 10 which is used in contact with
a subject 5, a transmission portion 12 for repetitively
transmitting ultrasonic waves to a subject through the
probe 10 at a time interval, a reception portion 14 for
receiving a time-series reflection echo signal occurring
from the subj ect, and a phasing adding portion 16 for
phasing and adding the received reflection echo signal
to generate RF signal frame data in time-series.

[0010] There are further provided a tomogram con-
structing portion 18 for constructing a grayscale tomo-
gram of the subj ect, for example, a monochromatic to-
mogram on the basis of the RF signal frame data from
the phasing and adding portion 16, and an elastic image
constructing portion 20 for measuring the displacement
of the biomedical tissue of the subject from the RF signal
frame data of the phasing and adding portion 16 to
achieve elastic data and constructing a color elastic im-
age. An image combining portion 22 for combining the
monochromatic tomogram and the color elastic image
and an image display portion 24 for displaying the com-
bined composite image are provided.

[0011] The probe 10 is formed by arranging an acous-
tic lens and plural transducers, and has a function of per-
forming electrical beam-scanning to transmit/receive ul-
trasonic waves to/from the subj ect through the transduc-
ers. Furthermore, the probe 10 is used under the state
that the pressing plate is mounted on the probe, or used
under the state that the probe 10 is equipped with the
pressing plate.

The transmission portion 12 has a function of generating
a wave transmitting pulse for driving the probe 10 to gen-
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erate ultrasonic waves, and also setting the convergent
point of the transmitted ultrasonic waves to some depth.
Furthermore, the reception portion 14 amplifies the re-
flection echo signal received in the probe 10 by a prede-
termined gain to generate an RF signal, that is, a wave
reception signal.

The phasing and adding portion 16 receives the RF signal
amplified in the reception portion 14 to control the phase,
and forms ultrasonic beams for one point or plural con-
vergent points to generate RF signal frame data.
[0012] The tomogram constructing portion 18 is con-
figured to contain a signal processor 30 and a monochro-
matic scan converter 32. Here, the signal processor 30
receives the RF signal frame data from the phasing and
adding portion 16 and executes signal processing such
as gain compensation, log compression, wave detection,
edge enhancement, filter processing, etc. to achieve to-
mogram data. The monochromatic scan converter 32 is
configured to contain an A/D converter for converting to-
mogram data from the signal processor 30 to a digital
signal, a frame memory for storing plural converted tom-
ogram data in time-series, and a controller. The mono-
chromatic scan converter 32 achieves as one image to-
mographic frame data in the subject which are stored in
the frame memory by the controller, and converts the
achieved tomographic frame data to a signal to be read
out in synchronism with television.

[0013] Furthermore, the elastic image constructing
portion 20is constructed to contain an RF signal selecting
portion 34, a displacement measuring portion 35, a pres-
sure measuring portion 36, an elastic data calculator 37,
an elastic signal processor 38 and a color scan converter
39, and itis provided at the rear stage of the phasing and
adding portion 16 while branched from the phasing and
adding portion 16.

[0014] The RF signal selecting portion 34 is configured
to contain a frame memory and a selecting portion. The
RF signal selecting portion 34 stores the plural RF signal
frame data from the phasing and adding portion 16 into
the frame memory, and selects a pair of, that is, two RF
signal frame data from the stored RF signal frame data
group through the selecting portion. For example, the RF
signal selecting portion 34 successively stores into the
frame memory the RF signal frame data which are gen-
erated from the phasing and adding portion 16 in time-
series, thatis, on the basis of the frame rate of the image,
and selects the presently stored RF signal frame data
(N) as first data in accordance with an instruction from
the controller 26, and at the same time selects one RF
signal frame data (X) from RF signal frame data group
(N-1,N-2,N-3, ..., N-M) which were stored in past times.
Here, N, M, X represent index numbers allocated to the
RF signal frame data, and they are assumed to be natural
numbers.

[0015] The displacement measuring portion 35 deter-
mines the displacement, etc. of the biomedical tissue
from a pair of RF signal frame data. For example, the
displacement measuring portion 35 executes one-di-
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mensional or two-dimensional correlation processing on
the one pair of data selected by the RF signal selecting
portion 34, that is, the RF signal frame data (N) and the
RF signal frame data (X) to determine a one-dimensional
or two-dimensional displacement distribution concerning
the displacement of the biomedical tissue corresponding
to each point of the tomogram and the displacement vec-
tor, that is, the direction and the magnitude of the dis-
placement. Here, for example, a block matching method
is used for detection of the displacement vector. Accord-
ing to the block matching method, an image is divided to
blocks each comprising NxN pixels, a block in a region
of interest is noted, a block which is most approximate
to the block being noted is found from a previous frame,
and a sample value is determined on the basis of the
block concerned by the predictive coding, that is, the dif-
ference.

[0016] The pressure measuring portion 36 measures
and estimates the pressure in the body cavity of a diag-
nosis site of the subject 5. For example, apressure meas-
uring portion having a pressure sensor is secured to the
probe 10 or the pressing plate which is used in contact
with the surface of the body of the subject, and a stress
distribution is applied to the inside of the body cavity of
the diagnosis site of the subject by pressurizing or reduc-
ing the pressure of the head of the probe 10 and the
pressing plate. At this time, the pressure sensor meas-
ures and holds the pressure applied to the surface of the
body by the probe head and the pressing plate at any
time phase.

[0017] The elastic data calculator 37 calculates the
strain or elasticity modulus of the biomedical tissue cor-
responding to each point on the tomogram on the basis
of the measurement value, for example, the displace-
ment vector from the displacement measuring portion 35
and the pressure value from the pressure measuring por-
tion 36, and generates an elastic image signal, that is,
elastic frame data on the basis of the strain or the elas-
ticity modulus.

[0018] At this time, the data of the strain is calculated
by spatially differentiating the movement amount, that is,
the displacement of the biomedical tissue. The data of
the elasticity modulus is calculated by diving the variation
of the pressure by the variation of the movement amount.
For example, when the displacement measured by the
displacement measuring portion 35 is represented by AL
and the pressure variation measured by the pressure
measuring portion 36 is represented by AP, the strain (S)
can be calculated by spatially differentiating AL, and thus
it is calculated by using the equation of S=AL/AX. Fur-
thermore, Young's modulus is known as the elasticity
modulus corresponding to the strain, and the Young'’s
modulus Ym is calculated according to the equation of
Ym= (AP) / (AL/L) . That is, the Young’s modulus corre-
sponds to the ration of the simple pressure applied to an
object and the strain per unit length in the pressure ap-
plying direction. The elasticity modulus of the biomedical
tissue corresponding to each point of the tomogram is
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determined from this Young’'s modulus, and thus the two-
dimensional elastic image data can be sequentially
achieved.

[0019] The elastic data processor 38 is configured to
contain a frame memory and an image processor, and it
stores into the frame memory elastic frame data which
are output from the elastic data calculator 37 in time-
series, and executes image processing on the stored
frame data through the image processor in response to
an instruction from the controller 26.

[0020] The color scan converter 39 executes the con-
version to hue information on the basis of the elastic
frame data from the elastic data processor 38. That is, it
executes the conversion to light’s three primary colors,
that is, red (R), green (G), blue (B) on the basis of the
elastic frame data. For example, elastic data having large
strain is converted to a red color code, and elastic data
having small strain is converted to a blue color code.

In the ultrasonic diagnosing device of the present inven-
tion, an accommodating portion for accommodating at
least one pressing plate which is detachably mounted on
the probe described below is provided in the neighbor-
hood of a probe holder or to the side surface of the device
or the like, for example. The pressing plate accommo-
dating portion is designed to have a shape like a basket
or box or a shape like a hook which is inserted through
a hole portion of the pressing plate described later to hold
the pressing plate, whereby the pressing member can
be taken in and out freely.

[0021] Inthe image pickup operation of an elastic im-
age by using the ultrasonic diagnosing device as de-
scribed above, when uniformity of a stress field generat-
ed in the tissue is low, the pressed tissue is pushed out
into a press-weak area, and noise may occur in the elastic
image. This phenomenon will be described with refer-
ence to Fig. 11. Fig. 11 is a diagram showing a model in
which a target having uniform hardness is pressed by
using the probe 10. The contact area of the probe 10 to
the subject, that is, the pressing area is small, and thus
a displacement vector faces the outside in a region 506.
Accordingly, the pressed tissue at the center portion is
pushed out to the non-pressed region, so that noises are
induced at both the side regions 510 of the elastic image
displayed on the image display portion 24. Furthermore,
the stress to be applied to a deep region is prevented
from coming down to the deep region by the above flee-
ing, so that noise is induced in a deep region 511 of the
elastic image. Therefore, even when uniform pressing is
applied, the area of the region in which a normal elastic
image 512 can be achieved is reduced. That is, the nor-
mal region of the elastic image displayed on the image
display portion 24 is narrowed. The above-described
problem associated with the elastic image is solved by
the pressing member, the probe and the ultrasonic diag-
nosing device of the present invention described below,
and some embodiments will be described in detail.
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(First Embodiment)

[0022] A firstembodiment according to the present in-
vention will be described. First, the shape of the pressing
member of this embodiment will be described. The press-
ing member of this embodiment is characterized by com-
prising a first member for transferring pressing force in a
direction parallel to the pressing direction to the subject,
and a second member for transferring pressing force in
a direction different from the pressing direction.

The second member is preferably designed as follows.
That is, it is formed so as to extend to the edge portion
of the first member. Furthermore, it is designed so that
the transferring direction of the pressing force faces the
center portion side of the first member so as to intersect
with the pressing direction. Furthermore, considering the
perspective of the subject, the second member is formed
S0 as to press a part of the subject pressed by the first
member so that the part of the subject is prevented from
being pushed outin a direction different from the pressing
direction.

Furthermore, considering the perspective of the contact
face of the pressing member to the subject, the first mem-
ber has a first face vertical to the pressing direction, and
the second member has a second face perpendicular to
the direction different from the pressing direction. That
is, the contact face is formed so that the vertical direction
of at least a partial face thereof is different from the ver-
tical direction of the other remaining face thereof.

An example in which a plate-shaped member is used as
the pressing member will be described below, and thus
the pressing member will be referred to as pressing plate.
[0023] Fig. 1A shows an example of the pressing plate
of this embodiment. Fig. 1A (a) is a top view of the press-
ing plate 100, Fig. 1A (b) is a bottom view of the pressing
plate 100, Fig. 1A(c) is a cross-sectional view of the
pressing plate 100 taken at a position indicated by a one-
dotted chain line A when viewed in the minor axis direc-
tion, Fig. 1A(d) is a cross-sectional view of the pressing
plate 100 at a position indicated by a one-dotted chain
line when viewed in the major axis direction. The pressing
plate 100 is formed of material such as plastic, polyvinyl
based material or the like, for example. The pressing
plate 100 is designed to be larger in dimension than the
probe 10 in the major and minor axes of the probe 10 so
that the pressing plate 100 can press the subject over a
broader area than the ultrasonic wave transmission/re-
ception face 11 of the probe 10, and the edge portion of
the pressing plate 100 is designed in a substantially rec-
tangular shape or the like so that the four corners thereof
are rounded. The shape of the edge portion of the press-
ing plate may be set to another shape, and for example
it may be circular, elliptic or polygonal.

[0024] The lower surface of the pressing plate is the
surface which comes into contact with the body surface
of the subject. As shown in Fig. 1A(b), the lower surface
of the pressing plate 100 has a flat face (first face) 70 at
the center portion thereof, and a slant face 71 (second
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face) that extends to the edge portion of the flat face 70
and intersects with the flat face 70 . That s, the slant face
71 is designed to be oblique to the flat face 70 so that
the vertical direction (the direction of the normal line) of
the slant face 71 intersects with the vertical direction (the
direction of the normal line) of the flat face 70 (that is, the
slant face 71 faces the center portion side of the lower
surface of the pressing plate). This design makes the
lower surface of the pressing plate in a concave shape.
The slant face 71 may be flat or concaved. Or, it may
contain a flat face and a concave face in mixture.

The length in the major direction of the flat face 70 of the
pressing plate 100 is set to be equal to or longer than the
length in the major direction of the probe 10. The inter-
section angle between the slant face 71 and the flat face
71 is set in the range from 90 to 180 degrees. The width
of the slant face 71 may be set to several mm to several
cm which is in the same level as the width in the minor
direction of the probe 10, however, it may be set in ac-
cordance with the site of the subject. Likewise, the width
of the flat face 70 from the side surface of the probe 10
to the slant face 71 may be set in the range from several
mm to several cm, however, it may be set in accordance
with the site of the subject.

[0025] The slant face 71 may be formed at at least a
part of the edge portion of the pressing plate 100, how-
ever, it is preferable that the slant face 71 is formed on
the whole periphery of the edge portion of the pressing
plate 100. Particularly, in the case of the pressing plate
100 shown in Fig. 1A, the slant face 71 is formed at both
the sides in each of the minor axis direction and the major
axis direction along each axis direction, and this it is suit-
able for a linear type probe. That is, the slant face 71
formed along the minor axis direction of the pressing plate
100 is formed obliquely to the flat face 70 so as to face
the center portion side in the major axis direction of the
pressing plate 100, and the slant face 71 formed along
the major direction of the pressing plate 100 is formed
obliquely to the flat face 70 so as to face the center portion
side in the minor axis direction of the pressing plate 100.
The slant face 71 may be formed along any one of the
minor axis direction and the major axis direction of the
pressing plate 100, or may be formed at only one side in
one axis direction.

[0026] Inthe above embodiment, the lower surface of
the pressing plate has the flat face and the slant face.
However, it may be designed in other shapes. For exam-
ple, the lower surface of the pressing plate may be de-
signed in a concaved shape at least a part of which varies
smoothly. That is, at least one of the flat face 70 and the
slant face 71 may be designed to have a concave shape
at least a part of which varies smoothly. Conversely, it
may be designed to have a convex shape at least a part
of which varies smoothly. That is, at least one of the flat
face 70 and the slant face 71 may be designed to have
a convex shape at least a part of which varies smoothly.
Fig. 1D shows these examples. In the example of each
pressing plate shown in Fig. 1D, the display of the fixing
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portion mounted on the upper surface is omitted, and the
cross-section in the major axis direction is shown when
viewed in the major axis direction. With respect to a
pressing plate 100-1 of Fig. 1D (a), only the slant face
71 has a smooth concave shape. With respectto a press-
ing plate 100-2 of Fig. 1D (b), both the flat face 70 and
the slant face 71 have a smooth concave shape and they
are smoothly connected to each other, thereby forming
a smooth concave shape as a whole. With respect to a
pressing plate 100-3 of Fig. 1D (c), only the slant face 71
has a smooth convex shape. With respect to a pressing
plate 100-4 of Fig. 1D (d), both the flat face 70 and the
slant face 71 have a smooth convex shape, and they are
smoothly connected and form a smooth convex shape
as awhole. In any case, the same is applied to the minor
axis direction of the pressing plate.

[0027] Furthermore, a hole portion 72 is provided to a
part of the pressing plate 100 so that an acoustic lens,
that is, an ultrasonic wave transmission/reception face
11 of the probe 10 can be disposed. The probe 10 trans-
mits/receives ultrasonic waves through this hole portion
72 to/from the subject. That s, it is configured so that the
ultrasonic wave transmission/reception face 11 of the
probe 10 is brought into direct contact with the subject
through the hole portion 72. The hole portion in which
the ultrasonic wave transmission/reception face is dis-
posed is preferably formed substantially at the center of
the pressing plate, and the hole portion 72 is formed sub-
stantially at the center of the flat portion 70 in the pressing
plate 100 shown in Fig. 1A. The surface of the ultrasonic
wave transmission/reception face 11 may also serve as
at least a part of the flat face 70. That is, the pressing
plate 100 may be constructed so that the ultrasonic wave
transmission/reception face 11 constitutes a part of the
flat face 70 of the pressing plate 100. Furthermore, by
setting the ultrasonic wave transmission/reception face
11 to the flat face 70, the pressing plate 100 which does
not have the flat face 70, but has only the slant face 71
may be constructed.

[0028] The upper surface of the pressing plate is
equipped with a fixing portion through which the pressing
plate is detachably mounted on the probe. This fixing
portion has at least one side surface fixing portion for
fixing the arrangement position in the side surface direc-
tion of the probe while sandwiching the probe therein. At
least one side surface fixing portion has a fitting portion
which is fitted to at least a part of the side surface of the
probe to fix the arrangement position in the insertion di-
rection of the probe. By the fixing portion having the
above structure, the relative position in the minor axis
direction and the major axis direction between the probe
and the pressing plate is fixed by the side surface fixing
portion , and the relative position in the probe insertion
direction between the probe and the pressing plate is
fixed by the fitting portion, whereby the pressing plate is
mounted on the probe.

[0029] In the example of the fixing portion shown in
Fig. 1A, a pair of counter plates 73 as the side surface
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fixing portion are formed and disposed in each of the
major axis direction and the minor axis direction while
the hole portion 72 in which the probe 10 is disposed is
sandwiched therebetween, and a projecting portion 74
as a fitting portion is formed at the hole portion 72 side
of each of the pair of counter plates 73-a. The two pairs
of counter plates 73 clamp and hold the probe 10 dis-
posed in the hole portion 72 in the major axis direction
and the minor axis direction, whereby the relative posi-
tions in the minor axis direction and the major axis direc-
tion between the probe 10 and the pressing plate 100
are fixed. Furthermore, the projecting portions 74 are fit-
ted to recesses 75 of the probe 10, whereby the relative
position in the probe insertion direction between the
probe 10 and the pressing plate 100 is fixed. If each coun-
ter plate 74 is formed of a material such as plastic, pol-
yvinyl or the like, it would be easy to slightly deform the
counter plates by the force having the same level as hu-
man power to fitthe projecting portions 74 to the recesses
75 of the probe 10. The pressing plate 100 can be easily
mounted on and detached from the probe 10 by the fixing
portion having the structure as described above.

[0030] The back surface of each counter plate may be
provided with an antiskid grip to be gripped by a hand.
Figs. 1C (a) (b) show an example of the structure of the
antiskid grip. Figs. 1C (a) (b) are diagrams showing the
probe 10 on which the pressing plate 100 is mounted
when the probe 10 is viewed in the major axis direction
and in the minor axis direction, respectively. An examiner
grips the antiskid grips 76 and presses the subject
through the pressing plate 100. In order to make it easy
to grasp the antiskid grips 76, the back surfaces of the
counter plates 73 may be designed to have a concave
shape 77 which is matched with the shape of a finger.
The antiskid grip 76 may be provided to the back surface
of at least one counter plate. Furthermore, the back sur-
face of the counter plate may be designed to have a con-
cave shape 77 with omitting the antiskid grip 76.

[0031] Furthermore, the conventional probe is provid-
ed with a projecting portion for making the ultrasonic
wave scan direction recognizable, and the fixing portion
of the pressing plate may have a structure which enables
an examiner to grasp the projecting portion even under
the state that the pressing plate is mounted on the probe.
The example of this structure is shown in Fig. 1C(c)(d).
Fig. 1C(c) is a diagram showing an example in which one
of the counter plates has a structure covering the pro-
jecting portion 77, and is views of the probe 10 in which
the pressing plate 100 is mounted, the views being taken
in the major axis direction (upper diagram) and in the
minor axis direction (lower diagram), respectively. In this
structure, a raised portion 78 occurs at the outside of the
counter plate 73 covering the projecting portion 77, and
thus the examiner can recognize this raised portion 78
as a substitute of the projecting portion 77. Furthermore,
Fig. 1C (d) shows a diagram showing a structure in which
the counter plate 73 avoids the projecting portion 77, and
shows the probe 10 having the pressing plate 100 mount-
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ed thereon when the probe 10 is viewed in the major axis
direction (upper diagram) and in the minor direction (low-
er diagram). In this structure, the counter plate 73 avoids
the projection portion 77, and holds the side surface of
the probe at only the portion between the projection por-
tion 77 and the pressing plate 100. Therefore, the exam-
iner can directly recognize the projection portion 77 of
the probe.

[0032] Atleasta part of the pressing plate is construct-
ed by a deformable member, and at least a part of the
slant face of the edge portion is configured to be deform-
able to a desired shape. Copper, iron, aluminum or the
like may be used as the deformable material. By forming
the pressing plate of the deformable member, the edge
portion of the pressing plate can be deformed so that the
slant angle of the edge portion is matched with the shape
of the body surface of the subject. By using the pressing
plate as described above, the examiner can deform the
surface of the lower surface of the pressing plate in con-
formity with the shape of the body surface of the subject,
whereby the body surface of the subject can be effectively
pressed. Particularly, by adopting the material (plastic,
foamed polystyrene or the like) or the structure (the
boundary portion between the flat portion and the edge
portion is thinned) that can be easily deformed by minute
force having the same level as pressing and in which the
deformation is within the plastic deformation range, the
lower surface shape of the pressing plate and the slant
angle of the slant face of the edge portion is automatically
deformed simultaneously with the pressing while follow-
ing the shape of the body surface of the subject, and also
the shape of the lower surface of the pressing plate is
returned to the original one simultaneously with release
ofthe pressing. As aresult, even the same pressing plate
can be flexibly adapted to different body surface shapes,
so that the burden of exchanging the pressing plate can
be reduced, and further the efficiency of the image diag-
nosis can be enhanced.

[0033] Furthermore, the edge portion (second mem-
ber) having the slant face may be configured to be de-
tachable from the flat portion (first member) having the
flat face. Plural kinds of edge portions having different
slant faces are prepared in advance, and an edge portion
having a slant face conformed to the body surface shape
of the subject is selected and mounted to the flat portion.
By using the thus-constructed pressing plate, the press-
ing plate can be flexibly adapted to the different body
surface shapes of the subject.

[0034] Next, the state that the pressing plate is detach-
ably mounted on the ultrasonic wave transmission/recep-
tion surface side of the probe will be described. Fig. 1B
shows an example in which the pressing plate 100 shown
in Fig. 1A is mounted on the probe 10. Fig. 1B (a) is a
view taken in the major axis direction, Fig. 1B (b) is a
cross-sectional view in the minor axis direction at a po-
sition indicated by a one-dotted chain line when viewed
in the minor axis direction, Fig. 1C (c) is a perspective
view showing the lower surface of the pressing member
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100 and the ultrasonic wave transmission/reception face
11. The two pairs of counter plates 73 in the minor axis
direction and in the major axis direction sandwich the
probe 10 among them to fix the relative positions in the
respective directions so that the ultrasonic wave trans-
mission/reception face 11 is disposed in the hole portion
72 and slightly projects from the lower face of the pressing
plate 100. The projecting portions 74 at the inside of the
counter plates 73-a are fitted to the recesses 75 of the
probe 10, whereby the relative position in the insertion
direction between the probe and the pressing plate is
fixed. The pressing plate 100 is fixed to the probe 10 as
described above. The examples of the pressing plate
shown in Fig. 1C, 1D can be mounted to the probe 10 in
the same manner.

Under the state that the pressing plate 100 is mounted
on the probe 10, the vertical direction of the surface of
at least a part of the lower surface of the pressing plate
100 is different from the vertical direction of the ultrasonic
wave transmission/reception face 11. For example, the
lower surface of the pressing plate 100 has the flat face
70 along the ultrasonic wave transmission/reception face
11 and the slant face 71 having an angle different from
the flat face 70 with respect to the ultrasonic wave trans-
mission/reception face 11. In the example of Fig. 1B, the
slant face 71 is inclined to the center portion side of the
ultrasonic wave transmission/reception face 11 with re-
spect to the flat face 70 so that the vertical direction of
the slant face 71 intersects with the vertical direction of
the flat face 70. Furthermore, the flat face 70 is parallel
to the ultrasonic wave transmission/reception face 11. In
the foregoing description, the pressing plate is detacha-
bly mounted on the probe. However, the probe may be
configured to be equipped with each pressing plate de-
scribed above in advance.

[0035] Next, the aspect of the variation of the tissue of
the subject when the subject 5 is pressed by using the
pressing plate 100 as described above will be described
with reference to Fig. 2(a). Fig. 2(a) shows the probe 10
having the pressing plate 100 mounted thereon when the
probe 10 is viewed in the major direction, and shows the
aspect of the displacement vector in a pressed tissue of
the subject 5.

By using the pressing plate 100, the subject 5 is pressed
vertically to the surface with which the probe 10 is in
contact together with the acoustic lens as the ultrasonic
wave transmission/reception face 11, the strain and the
elasticity modulus of the biomedical tissue corresponding
to each point on the tomogram are calculated from the
displacement vector indicated by an arrow 102 which is
calculated from the reflection echo signal received by the
probe 10, and the pressure value from the pressure
measuring portion 36, and then the elastic image signal,
that is, the elastic frame data are generated on the basis
of the strain and the elasticity modulus. On the basis of
the elastic frame data, the elastic image corresponding
tothe region 104 is displayed on the image display portion
24. This subject 5 is assumed to have uniform hardness.
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[0036] Inthisembodiment, the surface area of the sub-
ject 5 under press is more increased as compared with
the case where the subject 5 is pressed by only the probe
10 by using the pressing plate 100. Furthermore, the
shape of the pressing plate 100 is set so that the center
portion thereof is set to a flat shape and the edge portion
thereof has a shape facing the inside (that is, the center
portion side ofthe probe 10). Therefore, the displacement
vector faces the inside (that is, the center portion side of
the probe 10) in the region 105 of the edge portion, and
it faces the same direction as the pressing direction in
the deep region 106. The region of the center portion is
pressed inwardly (that is, to the center portion side of the
probe 10) by the displacement vector 102 of the region
105 of the edge portion, and thus the tissue is suppressed
from fleeing outwardly (to the edge portion side of the
probe 10) as shown in Fig. 11, so that the stress effec-
tively comes down to the deep portion.

[0037] Accordingly, the pressing plate 100 keeps the
pressing direction to be vertical to the surface with which
the probe 10 comes into contact, and also the edge por-
tion region is pressed to the center portion side of the
probe 10, whereby the region of the elastic image 108
displayed on the image display portion 24 is broadened
in the major axis direction of the probe 10. Furthermore,
stress which is sufficient to achieve the elastic image 108
can be applied at the deep portion, and thus an elastic
image 108 which is broad in the depth direction can be
achieved. In order to make the difference from Fig. 11
easily understandable, the partial regions corresponding
to the partial regions 510, 511 and 512 of the elastic im-
age of Fig. 11 are represented by the same region num-
berswhile the region numbers are written in parentheses.
That is, by using the pressing plate of this embodiment,
the normal elastic image can be achieved in all the re-
gions 510 to 512. Accordingly, the elastic image which
is normally displayed is broadened and thus the image
diagnosis can be efficiently performed.

(Second Embodiment)

[0038] Next, a second embodiment of the present in-
vention will be described with reference to Fig. 2 (b). Fig.
2 (b) shows the probe 10 on which the pressing plate 100
is mounted when the probe 10 is viewed in the major axis
direction. A pressing plate 110 having an arcuate lower
surface is detachably secured to the ultrasonic wave
scanning face side of the probe 10. The difference from
the first embodiment resides in that the pressing plate
110 has an arcuate shape.

The arcuate pressing plate 110 is designed so that the
slant angle gradually grows steeper to the subject side
as the position shifts to the edge portion, and the contact
surface with the subject 5 has a concave shape. For ex-
ample, the pressing plate has a concave curve as shown
in Fig. 1D(b). Therefore, the displacement vector 102 of
the edge portionisinclined to the inside (thatis, the center
portion side of the probe 10) as compared with the dis-
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placement vector 102 at the center portion.

[0039] Asdescribed above, the region 111 at the cent-
er portionis pressed inwardly (thatis, to the center portion
side of the probe 10) by the displacement vector 102 of
the regions of the edge portions. Therefore, in the region
111 at the center portion, the displacement vector 102 is
kept vertical to the ultrasonic wave transmission/recep-
tion face 11 at the shallow portion (that is, the portion
near to the probe 10) and the deep portion (that is, the
portion far away from the probe 10). Furthermore, in the
regions other than the region 111 of the center portion,
the displacement vector 102 in the pressing direction
gradually becomes vertical to the ultrasonic wave trans-
mission/reception face 11 as the position approaches to
the region 106 of the deep portion.

[0040] Accordingly, as in the case of the first embodi-
ment, the pressing direction is kept to be vertical to the
surface with which the probe 10 is in contact over a broad
range, whereby the normal region of the elastic image
109 displayed on the image display portion 24 is broad-
ened in the major axis direction and the deep direction
of the probe 10. In order to make the difference from Fig.
11 easily understandable, the partial regions correspond-
ing to the partial regions 510, 511 and 512 of the elastic
image of Fig. 11 are represented by the same region
numbers while the region numbers are written in paren-
theses. Accordingly, the normally displayed elastic im-
ageis broader, and thus the image diagnosis of the inside
of the subject 5 can be efficiently performed.

The probe may be designed to be equipped with the
pressing plate of this embodiment in advance as in the
case of the first embodiment.

(Third Embodiment)

[0041] Next, a third embodiment of the present inven-
tion will be described with reference to Figs. 3 (a) (b).
Fig. 3 (a) shows a pressing plate 152 for pressing the
subject 5 and the probe 10 when they are viewed in the
major axis direction. Fig. 3 (b) shows the pressing plate
152 and the probe 10 when they are viewed in the minor
axis direction. The flat-plate type pressing plate 152 is
detachably secured to the ultrasonic wave scanning face
side of the probe 10. The difference from the first em-
bodiment and the second embodiment resides in that the
pressing plate 152 is of a flat-plate type and the size of
the pressing plate is suitable for the site being examined
of the subject 5.

[0042] An observation site 150 of the subject 5 is a
breast, for example. The pressing plate 152 has the size
suitable for the observation site 150, and the surface area
of the pressing face is larger than the case where the
observation site 150 is pressed in the major axis and
minor axis directions by only the probe 10.

When no pressing plate is provided, there is a case where
the ultrasonic wave irradiation direction of the probe 10
and the pressing direction are not coincident with each
other. Fig. 3 (c) shows the probe 10 under the state that
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no pressing plate is provided when the probe 10is viewed
in the minor axis direction. The width in the minor axis
direction of the probe 10 is equal to about 1cm, and the
pressing face is not fixed, so that the ultrasonic wave
irradiation direction 160 is fluctuated, so that the ultra-
sonic wave irradiation direction 160 and the pressing di-
rection 162 are hardly coincident with each other. There-
fore, according to this embodiment, by increasing the sur-
face area of the pressing face as shown in Fig. 3 (b) , the
direction of pressing the subject 5 by the probe 10 is set
to be vertical to the ultrasonic wave transmission/recep-
tion face 11, and the subject 5 is pressed so that the
ultrasonic wave scanning direction 160 and the pressing
direction 162 are coincident with each other. Accordingly,
the elastic image can be stably achieved.

The probe may be configured to be equipped with the
pressing plate of this embodiment as in the case of the
first embodiment.

(Fourth Embodiment)

[0043] With respect to the pressing plate 152 of the
third embodiment shown in Figs. 3 (a) (b) , the pressing
force is strong at the center portion 156, however, the
pressing force may be reduced at the edge portions 154.
Therefore, the elastic image of the depth region of the
center portion 156 is clearly displayed, however, the elas-
tic image of the depth region of each edge portion 154
may be disturbed.

[0044] Therefore, a fourth embodiment as an improve-
ment of the third embodiment will be described with ref-
erence to Figs. 3(d) (e) . Fig. 3(d) shows a pressing plate
158 for pressing the subject 5 and the probe 10 when
they are viewed in the maj or axis direction. Fig. 3 (e)
shows the pressing plate 158 and the probe 10 when
they are viewed in the minor axis direction.

[0045] The difference from the third embodiment re-
sides in that the pressing plate 158 is designed in such
a cup-shape as to be curved to the subject side in both
the minor axis direction and the maj or axis direction and
wrap the observation site 150. By using this pressing
plate 158, the stress force is strong not only at the center
portion 162, but also at the edge portions 160. This prin-
ciple of pressing is identical to that of the firstembodiment
shown in Fig. 2(a), and the displacement vector faces
the inside (that is, the center portion side of the probe
10) in the region 160 of the edge portion, and faces the
same direction as the pressing direction in the deep re-
gion. Furthermore, the region 162 of the center portion
is pressed inwardly (that is, to the center portion side of
the probe 10) by the displacement vector 102 of the re-
gions of the edge portions, and thus the stress loss is
small, so that sufficiently large stress is applied even in
the deep region. As a result, a proper elastic image can
be achieved. The pressing plate 158 may be designed
in a spherical shape, an ellipsoidal shape or a substan-
tially conical shape so that the pressing plate 158 can be
brought into close contact with the observation site of the
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subject 5 in connection with the shape of the body surface
of the observation site of the subject 5.

[0046] As described above, the pressing direction is
kept to be vertical to the surface with which the probe
comes into contact, whereby the region of the elastic im-
age displayed on the image display portion 24 can be
broadened in the major axis direction or in the depth di-
rection. Accordingly, the normally displayed elastic im-
age is broadened, and thus the image diagnosis can be
efficiently performed.

The probe may be configured to be equipped with the
pressing plate of this embodiment in advance as in the
case of the first embodiment.

(Fifth Embodiment)

[0047] Next, a fifth embodiment according to the
present invention will be described with reference to Fig.
4. Figs. 4(a)(b) shows a pressing plate 200 for pressing
the subject 5 and the probe 10 when they are viewed in
the major axis direction. An observation site 206 of the
subject 5 corresponds to a part of the neck of the subject
5, for example. The difference from the first to fourth em-
bodiments resides in that a deformable member 208
formed of a material which efficiently propagates ultra-
sonic waves therethrough is inserted between the press-
ing plate 200 and the observation site 206 of the subject 5.
[0048] Fig. 4(a) is a diagram for clarifying the effect of
the present invention in this embodiment. When no de-
formable member 208 is provided as shown in Fig. 4 (a),
a gap occurs between the observation site 206 of the
subject 5 and the pressing plate 200. Therefore, the re-
gion 204 of the center portion is normally pressed by the
pressing plate 200, however, a gap occurs in the region
of each edge portion, so that the region of the edge por-
tion is not pressed in close contact with the pressing plate
200.

[0049] Fig. 4(b) shows the construction that the gap
regions 202 are embedded with the deformable member
208. The deformable member 208 is formed of a gel ma-
terial or the like through which ultrasonic waves are
passed, and it is secured to the surface of the pressing
plate 200. By using the deformable member 208, the gap
regions 202 occurring in Fig. 4 (a) are embedded, and
the pressing plate 200 is brought into close contact with
the observation site 206 of the subject 5 through the de-
formable member 208. Accordingly, the subject 5 can be
uniformly pressed inwardly (that is, to the center portion
side of the probe 10) under the state that the pressing
plate 200 is brought into close contact with the subject
5. Therefore, as in the case of each of the above-de-
scribed embodiments, the region of the elasticimage 108
displayed on the image display portion 24 can be broad-
ened in the depth direction. That is, even at a site which
is more slender than the width of the major axis of the
probe 5 like the observation site 206 of the subject 5, the
elastic image which is normally displayed at the deep
portion can be broadened by using the deformable mem-
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ber, and thus the image diagnosis can be efficiently per-
formed.

[0050] An existing product formed of polymer gel for
acoustic coupling "Sonagel" (produced by Takiron Co.,
Ltd.) or the like may be used as an example of the de-
formable member 208. Furthermore, a bag filled with lig-
uid may be used. Still furthermore, by fixing the deform-
able member as described above to the pressing plate,
the pressing plate and the deformable member are con-
structed as one unit.

(Sixth Embodiment)

[0051] Next, a sixth embodiment according to the
present invention will be described with reference to Fig.
5. Fig. 5 shows a pressing plate 250 having a convex
shape for pressing the body surface of the subject 5 and
a convex type probe 11 when the pressing plate and the
convex type probe are viewed in the major axis direction.
The difference from the first to fifth embodiments resides
in that a pressing plate 250 adapted to the convex type
probe 11 as one type probe 10 is provided. The lower
surface of the pressing plate 250 has a plane which is
substantially coincident with the curvature of the ultra-
sonic wave transmission/reception face of the convex
type probe 11. For example, the pressing plate has a
convex surface as shown in Fig. 1(D)(d), for example.
That is, the lower surface of the pressing plate 250 as
the contact surface with the subject 5 has the surface
having substantially the same shape as the ultrasonic
wave transmission/reception face of the convex type
probe 11, and it is designed in a convex shape so as to
projectto the subject 5 side. Accordingly, the convex type
probe 11 and the lower surface of the pressing plate 250
are brought into close contact with the subject 5 to press
the subject 5, whereby the elasticimage can be efficiently
displayed by using even the convex type probe 11.
The probe may be configured to be equipped with the
pressing plate of this embodiment in advance as in the
case of the first embodiment.

(Seventh Embodiment)

[0052] Next, a seventh embodiment according to the
present invention will be described with reference to Fig.
6. Fig. 6 (a) is a diagram showing the outlook of a tran-
srectal ultrasonic probe. When the examiner grips a
probe grip portion 302 and inserts a body insertion portion
300 into the rectum, the ultrasonic wave transmission/
reception face comes into contact with the inner surface
of the rectum of the subject 5. A biplane type ultrasonic
wave transmission/reception portion 304 and a ultrasonic
wave transmission/reception portion 306 are disposed in
the body insertion portion 300, and a monochromatic to-
mogram and a color elastic image are generated on the
basis of reflection echo signals received from the respec-
tive ultrasonic wave transmission/reception portions. A
pressing mechanism as shown in Patent Document 2 is
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equipped in the probe, and a switch (not shown) as an
interface for operating the pressing mechanism is pro-
vided to the probe grip portion 302. The examiner may
operate the switch by his/her finger with which the probe
grip portion 302 is gripped, thereby controlling the press-
ing of the inner surface of the rectum.

Patent Document 2: WO 2004/105615

[0053] Figs. 6(b) and Fig. 6(c) show the transrectal ul-
trasonic probe whenitis viewed inthe minor axis direction
and the major axis direction, respectively. In this embod-
iment, a bag 315 is mounted to the outside of an existing
transrectal ultrasonic probe by a fixing belt 314, and liquid
(water, normal saline solution or the like) is supplied/ex-
hausted to/from the bag 315 by a pump (disposed at the
outside of the subject, and not shown) connected through
a tube 312 to thereby expand or contract the bag 315,
whereby pressing is directly applied to the inner surface
of the rectum of the subject 5.

[0054] Thebag 315 whichisin contact with the rectum,
the prostate 308 of the subject 5 is set to a state as shown
in Fig. 3(b) when the bag 315 is expanded, and it can
press the target over a broad area by the ultrasonic wave
transmission/reception face, so that the pressing can be
efficiently performed till the deep region. Furthermore, at
any position of the ultrasonic wave transmission/recep-
tion face; the bag 315 is expanded in the vertical direction
(the normal-line direction) to the face concerned. There-
fore, the subject 5 can be uniformly pressed at any po-
sitionin any direction, and thus the uniformity of the image
quality can be enhanced.

(Eighth Embodiment)

[0055] Next, an eight embodiment of the present in-
vention will be described with reference to Fig. 7. Fig. 7
(a) shows the pressing plate for pressing the subject 5
and the probe 10 when they are viewed in the major axis
direction. Fig. 7 (b) shows the pressing plate and the
probe 10 whenthey are viewed in the minor axis direction.
The difference from each of the above-described embod-
iments resides in that the side surfaces of the probe 10
are provided with a structure that the edge portion of the
pressing plate (the second member) is divided into plural
parts and these parts can be opened/closed. Thatis, both
the side surfaces in the minor axis direction of the probe
10 are provided with retractable pressing plate edge por-
tions 51-a and 51-b respectively, and both the side sur-
faces in the major axis direction of the probe 10 are pro-
vided with retractable pressing plate edge portions 52-a
and 52-b. The pressing plate edge portions 51-a and 51-
b have the same-level width as the width in the minor
direction of the probe 10, and the pressing plate edge
portions 52-a and 52-b have the same-level width as the
width in the major axis direction of the probe 10. The
contact surface of the press plate edge portion with the
subject may be designed in a flat shape or in a curved
shape, and Fig. 7 shows an example in which the contact
surface concerned has a curved surface which is con-



19 EP 1842 488 Al 20

cavedto the subject 5 side. Furthermore, one end of each
pressing plate edge portion is retractably connected to
the side surface of the flat portion (first member) 50
through a hinge or the like. The flat portion 50 is formed
so as to extend to the side surface in the neighborhood
of the acoustic lens of the probe 10, that is, the ultrasonic
wave transmission/reception face 11. The opening/clos-
ing of the edge portions of the pressing plate may be
performed independently of one other or interlockingly
with one another.

[0056] Whenthe pressing plate is not being used, each
edge portion of the pressing plate is kept folded toward
the probe 10 side, and under this state the probe 10 is
brought into contact with the subject 5 as in the case of
the probe having no pressing plate. Figs. 7 (c) (d) shows
the state that the pressing plate is being used. Fig. 7 (c)
shows the pressing plate and the probe 10 under the
state that the pressing plate edge portions are unfolded
when they are viewed in the major axis direction. Fig. 7
(d) shows the pressing plate and the probe 10 under the
state that the pressing plate edge portions are unfolded
when they are viewed in the minor axis direction. The
edge portions 51-a, 51-b, 52-a, 52-b of the pressing plate
are tilted at an angle of 6 from the side surface of the
probe 10 to the subject 5 side, and form the whole of the
pressing plate together with the flat portion 50. This angle
0 is preferably variable in accordance with the curved
surface shape of the body surface of the subject. For
example, it can be implemented by a structure in which
a proper angle is selected from preset angles of plural
stages and fixed. Specifically, inthe case of alinear probe
10 shown in Fig. 7, the angle 0 is preferably set to 90
degrees or more because the tissue of the subject is
pressed inwardly (that is, to the center portion side of the
probe 10) . In the case of the convex type probe shown
in Fig. 5, the angle 8 at which the pressing plate edge
portion of the side surface of the probe in the minor axis
direction is tilted is preferably set to be less than 90 de-
grees. Furthermore, itis preferable that the pressing plate
edge portion of the side surface in the major axis direction
of the convex type probe is divided to plural parts in the
major axis direction, and these parts are tilted at 90 de-
grees or more from the side surface in the major axis
direction of the probe and fixed.

[0057] As described above, according to the pressing
plate structure of this embodiment, a work of mounting
the pressing plate separately can be omitted. By unfold-
ing the pressing plate edge portions in the course of the
image pickup operation of tomograms, elastic images of
the same site can be sequentially picked up. Conversely,
by folding the pressing plate edge portions in the course
of the image pickup operation of elastic images, tomo-
grams of the same site can be sequentially picked up.
Therefore, the image diagnosis can be efficiently per-
formed.
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(Ninth Embodiment)

[0058] Next, a ninth embodiment of the present inven-
tion will be described with reference to Fig. 8. Figs. 8 (a)
(b) show the pressing plate 100 for pressing the subject
5 and the probe 10 when they are viewed in the major
axis direction. The difference from each of the above-
described embodiments resides in that the pressing plate
is provided with a puncture guide portion having a guide
hole which penetrates through the pressing plate to guide
a puncture needle. In Fig. 8, the same pressing plate 100
as shown in Fig. 2(a) is used. However, the pressing
plate of this embodiment is not limited to the pressing
plate 100, and the puncture guide portion may be pro-
vided to pressing plates having other shapes.

As shown in Fig. 8 (a), the pressing plate 100 is equipped
with a puncture guide portion 60 on the side surface side
in the minor axis direction of the probe 10. A guide hole
62 for guiding a puncture needle 61 is provided to the
center portion of the puncture guide portion 60 so as to
penetrate through the pressing plate, and the puncture
needle 61 is inserted into the subject 5 by inserting the
puncture needle 61 through the guide hole 62. Fig. 8 (b)
shows an example in which the puncture needle 61 is
inserted into the guide hole 62 of the puncture guide por-
tion 60 and the puncture needle 61 is inserted till a punc-
ture site 63 of the subject 5. Fig. 8 shows an example in
which the puncture guide portion 60 is provided to one
side surface in the minor axis direction of the probe 10.
However, the puncture guide portion 60 may be provided
to the opposite side surface side in the minor axis direc-
tion, or to one side surface side in the major axis direction,
or plural puncture guide portions 60 may be provided to
plural places.

[0059] The puncture guide portion 60 may be disposed
on the pressing plate 100 while it has a mechanism for
varying the guide angle of the puncture needle 61 in ac-
cordance with the position of the puncture site 63 (for
example, plural guide holes which are different in angle
are provided as disclosed in Patent Document 3) . When
the puncture site 63 is located at a deep portion, the punc-
ture needle 61 is fixed in proximity to the side surface in
the minor axis direction of the probe 10 so that the guide
angle is small with respect to the side surface in the minor
axis direction of the probe 10 . Conversely, when the
puncture site 63 is located at a shallow portion, the punc-
ture needle 61 is fixed so as to be kept at a distance from
the side surface in the minor axis direction of the probe
10 so that the guide angle is large with respect to the
side surface in the minor axis direction of the probe 10.
The probe may be configured to be equipped with the
pressing plate having the puncture guide portion of this
embodiment in advance as in the case of the first em-
bodiment.

[0060] As described above, according to the pressing
plate structure of this embodiment, the puncture can be
performed while the pressing plate does not obstruct,
and also the puncture can be performed while properly
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guided. Therefore, the image diagnosis and the remedy
and tissue diagnosis based on puncture can be efficiently
performed.

Patent Document 3: JP-A-8-617

(Tenth Embodiment)

[0061] Next, atenth embodiment of the present inven-
tion will be described with reference to Fig. 9. Fig. 9 shows
the same transrectal ultrasonic probe as shown in Fig.
6. Fig. 9(a) shows the transrectal ultrasonic probe when
it is viewed in the major axis direction thereof. Fig. 9(b)
is a view taken from the tip of the body insertion portion
300 in the minor axis direction. Fig. 9(c) is a view taken
in the major axis direction of the body insertion portion
300. In the transrectal ultrasonic probe shown in Fig. 9,
the ultrasonic wave transmission/reception face 315 is
brought into contact with the inner surface of the rectum
of the subject 5, and the body insertion portion 300 has
the ultrasonic wave transmission/reception face on which
the biplane type ultrasonic transmission/reception por-
tions 304 and 306 are disposed as in the case of the
transrectal ultrasonic probe shown in Fig. 6.

[0062] The housing at the ultrasonic wave transmis-
sion/reception portion side of the body insertion portion
300 also functions as the first member of the pressing
plate, and both the side surfaces of the body insertion
portion 300 are provided with movable pressing plate
edge portions (second members) 315-a and 315-b. One
end of each pressing plate edge portion is movably con-
nected to the side surface of the body insertion portion
300 through a hinge. The surfaces of the pressing plate
edge portions 315a and 315-b at the body insertion por-
tion side are joined to bag portions 316-a and 316-b,
respectively. The bag portion 316 is joined to the pressing
plate edge portion 315 and the body insertion portion 300
and disposed therebetween. By injecting liquid or gas
into the bag portion 316, the pressing plate edge portions
315 are spread out and set to the state shown in Figs. 9
(b)(c). Furthermore, by exhausting liquid or gas from the
bag portion 316, the pressing plate edge portions 315
are folded and retracted to the position indicated by a
dashed line shown in Figs. 9 (b) (c). The bag portion 316
is connected to a pump (not shown) disposed at the out-
side of the subject through a tube 312, and the injection
or exhaust of liquid or gas into or from the bag portion
316 is carried out by the pump.

[0063] Beforethe bodyinsertion portion 300is inserted
into the rectum of the subject 5, each pressing plate edge
portion 315 is folded, and the body insertion portion 300
is kept in a substantially cylindrical shape so as to be
easily inserted. After the body insertion portion 300 is
inserted into the rectum and the ultrasonic wave trans-
mission/reception face comes into contact with the inner
surface of the rectum, liquid or gas is injected into the
bag portion 316 to spread out the pressing plate edge
portions 315. The spread-out pressing plate edge por-
tions 315 expands the contact area with the inner surface
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of the rectum, and thus the inner surface of the rectum
can be effectively pressed. After the image pickup oper-
ation, the liquid or gas is exhausted from the bag portion
316, and thus the pressing plate edge portions 315 are
folded and returned to the original positions. Under this
state, the body insertion portion 300 is take out to the
outside of the rectum.

It may be possible that the pressing plate end portions
315 are not provided, and only the bag portion 316 is
provided and expanded to form a broad-range contact
surface, thereby pressing the inner surface of the rectum.
[0064] As described above, according to the pressing
plate structure of this embodiment, the transrectal ultra-
sonic probe is provided with the pressing plate edge por-
tions, whereby the transrectal ultrasonic probe can be
easily inserted and taken out and also the stress in the
rectum can be efficiently performed. Accordingly, the im-
age diagnosis of the rectum can be efficiently performed.
[0065] The embodiments ofthe presentinvention have
been described. However, the pressing plate, the ultra-
sonic probe and the ultrasonic diagnosing device of the
presentinvention are not limited to the contents disclosed
in the description of the embodiments, and other embod-
iments can be adopted within the subject matter of the
present invention.

For example, in the description of each embodiment, with
respect to the pressing to the subject 5, an examiner may
press the subject 5 while viewing elastic images dis-
played on the image display portion 24 and manually
carrying out minute adjustment, or the probe 10 may be
equipped with a pressing motor to automatically press
the subject 5 by driving the motor as disclosed in Patent
Document 2. When the pressing is carried out by driving
the motor, the driving operation of the motor may be con-
trolled in accordance with the type of the pressing plate.
Furthermore, when a pressing plate having a sharp slope
atthe edge portion thereofis used, the probe 10is greatly
moved up and down so that the elastic image of the region
of the deep portion is efficiently displayed, and when a
relatively small pressing plate is used, the probe 10 is
finely vibrated.

Still furthermore, the mode in which the pressing plate is
detachable from the probe 10 and the mode in which the
probe and the pressing plate are formed integrally with
each other are adopted in the description of the above-
described embodiments. However, these modes may be
reversed and applied.

In the description of some embodiments, a hole is formed
at a part (for example, the center portion) of the pressing
plate so that the acoustic lens of the probe 10, that is,
the ultrasonic wave transmission/reception face 11 can
be disposed in the pressing plate. However, it is unnec-
essary to provide a hole to the pressing plate insofar as
the pressing plate is constructed by a member through
which ultrasonic waves are transmitted.
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Claims

1.

10.

A pressing member that is detachably mounted in
an ultrasonic probe to press a subject, comprising:

a first member for transferring pressing force in
a direction parallel to a pressing direction to the
subject; and

a second member for transferring pressing force
in a direction different from the pressing direc-
tion.

The pressing member according to claim 1, wherein
the second member is formed so as to extend to the
edge portion of the first member.

The pressing member according to claim 2, wherein
the direction different from the pressing direction is
a direction facing the center portion side of the first
member so that the pressing force is transferred in
a direction intersecting with the pressing direction.

The pressing member according to claim 2, wherein
the second member is formed so as to press in a
direction along which a part of the subject pressed
by the first member is prevented from being pushed
outin adirection different from the pressing direction.

The pressing member according to claim 3, wherein
the first member has a first face vertical to the press-
ing direction, and the second member has a second
face vertical to the direction different from the press-
ing direction.

The pressing member according to claim 5, wherein
at least one of the first face and the second face has
a flat face at at least a part thereof.

The pressing member according to claim 5, wherein
at least one of the first face and the second face has
a smoothly varying concave shape at at least a part
thereof.

The pressing member according to claim 7, wherein
the first face and the second face are integral with
each other to form a smoothly varying concave
shape.

The pressing member according to claim 5, wherein
at least one of the first face and the second face is
formed so as to have a smoothly varying convex
shape at at least a part thereof.

The pressing member according to claim 5, wherein
the second member is formed along at least one of
the minor axis direction and the major axis direction
of the first member.
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11.

12.

13.

14.

15.

16.

17.

18.
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The pressing member according to claim 10, wherein
a face formed along the minor axis direction of the
pressing member in the second face is formed ob-
liquely to the first face so as to face the center portion
side in the major axis direction of the pressing mem-
ber, and a face formed along the major axis direction
of the pressing member in the second face is formed
obliquely to the first face so as to face the center
portion side inthe minor axis direction of the pressing
member.

The pressing member according to claim 1, further
comprising a guide portion having a guide hole that
penetrates through the pressing member to guide a
puncture needle.

The pressing member according to claim 4 mounted
on the ultrasonic probe, wherein the first face has a
face parallel to a ultrasonic wave transmission/re-
ception face of the ultrasonic probe and the second
face has a face that faces the center portion side of
the ultrasonic wave transmission/reception face.

A ultrasonic probe having a pressing portion for
pressing a subject, wherein the pressing portion has
a first member for transferring pressing force to the
subject in a direction parallel to the pressing direc-
tion, and a second member for transferring pressing
force in a direction different from the pressing direc-
tion.

The ultrasonic probe according to claim 14, wherein
the first member is formed so as to extend to the side
surface of the ultrasonic probe, and the second
member is formed so as to extend to the edge portion
of the first member.

The ultrasonic probe according to claim 15, wherein
the first member has a first face parallel to a ultra-
sonic wave transmission/reception face of the ultra-
sonic probe, and the second member has a second
face that is formed so as to face the center portion
side of the ultrasonic wave transmission/reception
face.

The ultrasonic probe according to claim 16, wherein
the second member has a movable connecting por-
tion and is connected to the edge portion of the first
member so as to be foldable to the side surface side
of the ultrasonic probe.

The ultrasonic probe according to claim 14, further
comprising a body insertion portion to be inserted
into a body cavity of the subject, wherein the first
member is formed integrally with a housing of the
body insertion portion, and the second member is
formed so as to be foldable to the side surface side
in the minor axis direction of the body insertion por-
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20.

21.
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tion.

The ultrasonic probe according to claim 18, further
comprising a bag portion between the pressing por-
tion and the side surface in the minor axis direction
of the body insertion portion, wherein the pressing
portion is spread out by injecting liquid or gas into
the bag portion, and the pressing portion is folded
by exhausting the liquid or the gas from the bag por-
tion.

The ultrasonic probe according to claim 18, wherein
the pressing portion is equipped with a guide portion
having a guide hole that penetrates through the
pressing portion to guide a puncture needle.

A ultrasonic diagnosing device comprising an ultra-
sonic probe having an ultrasonic wave transmission/
reception face for repetitively transmitting ultrasonic
waves to a subject and receiving a time-series re-
flection echo signal corresponding to the transmis-
sion of the ultrasonic waves, a tomogram construct-
ing portion for constructing a tomogram of a biomed-
ical tissue of the subject on the basis of the time-
series reflection echo signal, an elastic image con-
structing portion for measuring the displacement of
the biomedical tissue of the subj ect on the basis of
the time-series reflection echo signalto achieve elas-
tic information and construct an elastic image, and
a display portion for displaying the images construct-
ed by the tomogram constructing portion and the
elastic image constructing portion, wherein the ultra-
sonic probe is equipped with a pressing portion for
pressing the subject, and the pressing portion has a
first member for transferring pressing force to the
subject in a direction parallel to a pressing direction,
and a second member for transferring pressing force
in a direction different from the pressing direction.

The ultrasonic diagnosing device according to claim
21, wherein the pressing portion comprises a press-
ing member having a fixing portion to be detachably
mounted on the ultrasonic probe, and the ultrasonic
diagnosing device is equipped with an accommodat-
ing portion for accommodating the pressing member
separated from the ultrasonic probe.
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FIG. 5
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