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7) ABSTRACT

An ultrasonic diagnostic apparatus for collecting correct
strain information irrespective of the depth of an object.

The ultrasonic diagnostic apparatus comprises an ultrasonic
probe for transmitting/receiving ultrasonic waves to/from an
object, pressing means for pressing biological tissues of the
object, transmission means for transmitting ultrasonic waves
to the biological tissues via the ultrasonic probe, reception
means for receiving the reflected echo signals generated from
the object via the ultrasonic probe, strain information calcu-
lating means for calculating the strain distribution of the
biological tissues on the basis of the data on a pair of frames
at different acquisition times received by the reception means,
strain image construction means for constructing the strain
image according to the strain distribution determined by the
strain information calculating means, and display means for
displaying the strain image.

The ultrasonic diagnostic apparatus further comprises strain
distribution correcting means for correcting strain distribu-
tion by using a strain distribution correcting function defined
under the press condition of the press by the pressing means.

Therefore, corrected strain information can be collected irre-
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FIG. 6
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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus, particularly to an ultrasonic diagnostic
apparatus suitable for constructing and displaying a strain
image by measuring the strain distribution while pressing
biological tissues.

BACKGROUND ART

[0002] As means for diagnosing diseased area by softness
or hardness of biological tissues, elastic images are con-
structed and displayed by pressing the biological tissues
using a device such as an ultrasonic probe and calculating
strain information of the biological tissues such as distortion
or elasticity modulus based on the displacement of the bio-
logical tissues caused by the applied pressure.

[0003] While an accurate diagnosis of biological tissues
can be performed by elasticity modulus which is a quantita-
tive strain information, since elasticity modulus is a value
wherein the stress added to each region of the biological
tissues is divided by the strain, it is necessary to acquire the
stress added to each region of the biological tissues. Acqui-
sition of stress being added to each region is generally carried
out by measuring the pressure being added to the skin surface
of an object to be examined by a device such as a pressure
sensor using press means such as an ultrasonic probe and
estimating the stress acted on the biological tissues inside of
the object due to the pressure. However, because of the enor-
mous quantity of computation required for presuming the
distribution of stress acting on the biological tissues, real time
processing of stress acquisition is considered difficult at the
present stage. Apparatus configuration is also considered dif-
ficult because of the enormous quantity of memory required
to perform stress distribution analysis using a method such as
the finite element method.

[0004] Since it is not yet practical to acquire quantitative
elasticity modulus in real time as stated above, elasticity
diagnosis is performed mainly by real time strain images
based on the strain acquired by differentiating the displace-
ment. In the strain images constructed based on strain infor-
mation, it is possible to recognize relative difference in strain
size as the difference of hardness in biological tissues, thus
considered useful for diagnosis since the relative difference
of hardness can be acquired though information on quantita-
tive hardness cannot be acquired. They are applied in the
regions such as mammary gland tissues, prostatic glandular
tissues, and thyroid tissues. The above-mentioned technique
for constructing strain images based on the strain information
is disclosed in non-patent document 1 and patent documents
land 2.

[0005] Non-patent document 1: Karsten Mark Hiltawsky,
et al., Freehand ultrasound elastography of breast lesions:
Clinical results. Ultrasound in Med. & Biol., Vol. 27, No. 11,
pp- 1461-1469, 2001.

[0006] Patent Document 1: JP-P2004-229459
[0007] Patent Document 2: W0O2006/041050-A1
DISCLOSURE OF THE INVENTION
Problems to be Solved
[0008] The prior art disclosed in the above-mentioned

documents acquires the displacement of each region of bio-
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logical tissues which varies in compliance with pressure on
the basis of a pair of frame data acquired at different times,
and obtains strain distribution of the biological tissues from
acquired displacement of each region. However, the fact that
the stress acting on biological tissues gets attenuated as the
depth of the region from pressing means gets deeper is not
taken into consideration. Therefore, there are cases that the
tissues having the same elasticity in the depth direction are
measured as having different values depending on the depth
from the pressing means, which could lead to an inaccurate
diagnosis.

[0009] The pressure added to the object using pressing
means such as an ultrasonic probe is transmitted by elastic
waves from the contact surface between the pressing means
and the object in the depth direction of the object. In the
transmission process, the elastic waves are transmitted to a
wide range while being diffracted, thus the stress per unit area
are attenuated depending on the depth. As a result, the stress
is attenuated as it reaches the deeper region, and the displace-
ment gets smaller in accordance with the attenuation. For
example, when there are tissues having the same hardness in
the shallow part and the deep part from the vicinity of the
pressing means, since the strain in the deep part is measured
smaller than the strain in the shallow part, there is a potential
of misdiagnosing the tissues in the deep part as hard tissues
since the tissue in the deep part has smaller displacement than
the shallow part.

[0010] The objective of the present invention is to obtain
appropriate strain information regardless of the depth from
the pressing means.

Means for Solving the Problem

[0011] In order to solve the above-described problem, the
ultrasonic diagnostic apparatus of the present invention com-
prises:

[0012] anultrasonic probe for transmitting/receiving ultra-

sonic waves to/from an object to be examined;

[0013] pressing means for pressing biological tissues of the
object;
[0014] transmission means for transmitting ultrasonic

waves to the biological tissues by the ultrasonic probe;
[0015] reception means for receiving the reflected echo
signals generated from the object by the ultrasonic probe;
[0016] strain information calculating means for obtaining
strain distribution of biological tissues based on a pair of
frame data acquired at different times that are received by the
reception means;

[0017] strain image constructing means for constructing
strain images based on the strain distribution obtained by the
strain information calculating means; and

[0018] display means for displaying the strain images,
[0019] characterized in further comprising:
[0020] strain distribution correcting means for correcting

the strain distribution using a strain distribution correcting
function being set depending on the pressure condition
applied by the pressing means.

[0021] Itfurther comprises storage means for obtaining and
storing the strain distribution correcting function depending
on the press condition by the pressing means, wherein the
strain distribution correcting means corrects the strain distri-
bution by the stored strain distribution correcting function.
[0022] It also comprises storage means for obtaining and
storing the strain distribution correcting function for each
coordinate position of the strain distribution, wherein the
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strain distribution correcting means corrects the strain distri-
bution by the stored strain distribution correcting function.
[0023] Also, in place of the storage means, it comprises
displacement calculation means for correcting the displace-
ment distribution of biological tissues obtained on the basis of
a pair of frame data by the displacement distribution correct-
ing function being set depending on the pressure condition
applied by the pressing means, wherein the strain calculation
means obtains the strain distribution based on the corrected
displacement distribution.

[0024] Here, the principle of the present invention will be
described referring to FIG. 2 and FIG. 3. For example, as
shown in FIG. 2, an example that a linear ultrasonic probe 21
is used as pressing means and a phantom having uniform
hardness is used as a pressure target 22 will be described.
Generally, as shown in FIG. 2(B), strain measurement is
performed by applying the ultrasonic transmission/reception
surface of the ultrasonic probe 21 to a pressing target 22
shown in FIG. 2(A), and from the condition thereof by adjust-
ing the pressure so as to generate compression (strain change)
in the range of 5-20% as shown in FIG. 2(C). FIG. 3 is for
explaining stress distribution in a section parallel to an x-axis
(tomographic section) by representing a contact surface 23
between the ultrasonic probe 21 and the pressing target 22 by
an x-y axis and depth direction by a z-axis.

[0025] The contact surface 23 should have sufficient hard-
ness in comparison to the pressing target 22 so its shape does
not change by the pressure within the measurement range.
Also, the length of the contact surface 23 in the x-axis direc-
tion is set as 2-x0, and the length in the y-axis direction is set
as 2-y0. A stress o in the contact surface 23 is set as 0=00
(z=0). It is assumed now that elastic waves of the pressure
added to the contact surface 23 is spread and transmitted at a
diffraction angle 1 with respect to the press direction, and that
a stress 0(z) in the z-direction on an arbitrary “xy” surface
(z=constant) in the channel region of the elastic waves is a
steady value without depending on the coordinate of “x,y”. In
other words, it is assumed that “external force added by
pressure to the pressing target=stressxarea” is constant
regardless of depth.

[0026] When the strain is measured with respect to a con-
stant FOV range 24 of the pressing target 22 in the condition
of the above-described assumption, distribution of the strain
in the central axis of the FOV range 24 is such that the strain
e decreases as the depth gets deeper as shownin FIG. 4(A). In
other words, since the pressure added by the ultrasonic probe
21 spreads and transmits within the pressing target 22, the
stress acting on the biological tissues are attenuated in com-
pliance with the depth and the strain of the tissues in a deeper
part in the FOV range 24 is measured smaller than the strain
of the tissues in a shallow part. While attenuation of stress that
acts on biological tissues occurs due to the factors other than
diffraction transmission of elastic waves, the attenuation
depends on pressure measurement condition such as the
shape of the contact surface between pressing means and an
object, size of the pressing target (boundary condition) and a
diffraction angle 1. As for the size of the pressing target
(boundary condition), when the pressing target is large
enough in comparison to the contact surface, the stress attenu-
ates according to a predetermined function as to be described
below in embodiment 1. However, for example, when the
width of the pressing target is small, that is the width of the
contact surface is narrower than the width of the ultrasonic
transmission/reception surface, the stress is attenuated in the
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vicinity of the contact surface which makes it harder to reach
the deep part, since both sides of the pressing target can
change their shape without restriction. Therefore, since the
manner of stress attenuation differs depending on the bound-
ary condition such as the size or shape of the pressing target,
the boundary condition should be taken into consideration as
measurement condition.

[0027] Given this factor, the present invention measures the
strain distribution for each pressure measuring condition in
advance, and sets a strain distribution correcting function to
calculate the strain distribution in the case that the stress in the
contact surface does not get attenuated even in an arbitrary
depth. Then it is set so that the strain distribution is corrected
by the distribution correcting function so as to obtain appro-
priate strain information regardless of depth or direction from
the pressing means.

BRIEF DESCRIPTION OF THE DIAGRAMS

[0028] FIG. 1is ablock configuration diagram of the entire
ultrasonic diagnostic apparatus in the embodiment 1 related
to the present invention.

[0029] FIG. 2 illustrates the operation for pressing a press-
ing target using a linear ultrasonic probe.

[0030] FIG. 3 illustrates stress distribution in the depth
direction of the pressing target in the embodiment 1 being
pressed by a linear ultrasonic probe.

[0031] FIG. 4 illustrates the fact that the strain distribution
attenuates by the stress attenuation in the embodiment 1 being
pressed by a linear ultrasonic probe.

[0032] FIG. 5 illustrates that strain distribution can be cor-
rected properly using a strain distribution correcting function
in the embodiment 1.

[0033] FIG. 6 shows a configuration diagram of embodi-
ment 2 of pressing means wherein a circular balloon is to be
attached to a transrectal ultrasonic probe.

[0034] FIG. 7 illustrates press direction generated by a bal-
loon in the embodiment 2.

[0035] FIG. 8 illustrates attenuation of stress in the FOV
range in the embodiment 2.

[0036] FIG. 9 shows a configuration in embodiment 3 of
pressing means wherein a tubelike balloon is attached to a
transrectal ultrasonic probe.

[0037] FIG. 10 illustrates attenuation of stress in the FOV
range in embodiment 4 pressed by a transrectal ultrasonic
probe.

[0038] FIG. 11 illustrates embodiment 6 which makes a
strain distribution correcting function to be arbitrarily fine-
adjustable in the depth direction.

BEST MODE TO CARRY OUT THE INVENTION

[0039] Hereinafter, the present invention will be described
based on embodiments. FIG. 1 shows a block configuration
diagram of an entire ultrasonic diagnostic apparatus in the
firstembodiment related to the present invention. As shown in
the diagram, an ultrasonic probe (hereinafter abbreviated as a
probe) 2 to be applied to an object 1 is formed having a
plurality of transducers that transmit/receive ultrasonic waves
to/from an object 1. The probe 2 is driven by the ultrasonic
pulses provided from a transmission circuit 3. A transmission/
reception control circuit 4 is for controlling transmission
timing of the ultrasonic pulses for driving the plurality of
transducers of the probe 2, and forming ultrasonic beams
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toward a focal point set in the object 1. Also, it electronically
scans ultrasonic beams in the array direction of the transduc-
ers of the probe 2.

[0040] On the other hand, the probe 2 receives the reflected
echo signals generated from the object 1 and outputs them to
a reception circuit 5. The reception circuit 5 receives the
reflected echo signals in accordance with the timing signals
inputted from the transmission/reception control circuit 4 and
performs reception process such as amplification. The
reflected echo signals processed by the reception circuit 5 are
amplified by combining and adding phases of the reflected
echo signals received by the plurality of transducers in a
phasing and adding circuit 4. The reflected echo signals pro-
cessed by the reception circuit 5 are amplified by adjusting
and adding phases of the reflected echo signals received by
the plurality of transducers in the phasing and adding circuit
6. The reflected echo signals phased and added in the phasing
and adding circuit 6 are inputted to the signal processing unit
7, and receive signal processing such as gain compensation,
log compression, detection, edge enhancement and filtering.
[0041] The reflected echo signals processed by the signal
processing unit 7 are transmitted to a black and white scan
converter 8, and converted into 2-dimensional tomographic
data (digital data) corresponding to the scan plane of the
ultrasonic beams. Image reconstruction means of tomo-
graphic images (B-mode images) is configured by the above-
described signal processing unit 7 and the black and white
scan converter 8. The tomographic image data outputted from
the black and white scan converter § are provided to an image
display 10 via the switching and adding circuit 9, and the
B-mode images are displayed.

[0042] On the other hand, the reflected echo signals output-
ted from the phasing and adding circuit 6 are transmitted to a
RF signal frame data selecting unit 11. The RF signal frame
data selecting unit 11 selects a reflected echo signal group
corresponding to the scan plane (tomographic plane) of the
ultrasonic beams as frame data, obtains a plurality of frames
of data, and stores them in a device such as a memory. A
displacement calculation unit 12 sequentially receives the
plurality of frame data acquired at different times stored in the
RF signal frame data selecting unit 11, obtains displacement
vector of the plurality of measuring points on a tomographic
plane based on the received pair of frame data and outputs
them as displacement frame data to a strain information cal-
culating unit 13.

[0043] The strain information calculating unit 13 of the
present embodiment is configured so as to obtain strain of the
biological tissues in the respective measuring points based on
displacement frame data. The strain distribution (frame data)
obtained in the strain information calculating unit 13 is to be
outputted to a strain distribution correcting unit 14.

[0044] The strain distribution correcting unit 14 corrects
the strain distribution inputted from the strain information
calculating unit 13 by the strain distribution correcting func-
tion outputted from a strain distribution correcting function
creating unit 18. Then it performs a variety of imaging pro-
cess such as a smoothing process in the coordinate plane,
contrast optimization process and a smoothing process
between the frames in the time axis direction with respect to
the strain information by the corrected strain distribution, and
outputs them to a color scan converter 15.

[0045] The color scan converter 15 receives the strain dis-
tribution corrected by the strain distribution correcting unit 14
and constructs color strain images by appending a hue code
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for each pixel of the frame data of strain distribution in accor-
dance with the set strain color map.

[0046] The color strain images constructed by the color
scan converter 15 are displayed on the image display 10 via
the switching and adding unit 9. The switching and adding
unit 9 is configured having a function for inputting black and
white tomographic images outputted from the black and
white scan converter 8 and color strainimages outputted from
the color scan converter 15, and displays one of them by
switching both images, a function for making one of the
images transparent, performing additive synthesis and dis-
playing by superimposing over the image display 10, and a
fanction for juxtaposing and displaying both images. Also,
the image data outputted from the switching and adding unit
9 is to be stored in a cine memory 20 under the control of an
apparatus control interface unit 19. The image data stored in
the cine memory 20 are to be displayed on the image display
10 under the control of the apparatus control interface unit 19.
[0047] The strain distribution correcting function creating
unit 18 related to the feature of the present embodiment reads
a pressure measurement condition inputted from the appara-
tus control interface unit 19 such as the shape of a contact
surface between the pressing means (a probe 2 in FIG. 1) and
anobject 1, the size of the FOV range of a measurement target
(boundary condition) or a diffraction angle . Then the strain
distribution correcting function creating unit 18 calculates or
selects and sets the strain distribution correcting function
described in enmbodiments below. The set strain distribution
correcting function is outputted to the strain distribution cor-
recting unit 14.

[0048] Basic operation of such configured present embodi-
ment will be described. First, ultrasonic beams are scanned to
the object 1 by adding pressure to the object 1 by the probe 2,
and the probe 2 continually receives the reflected echo signals
from the scan plane. Then a tomographic image is recon-
structed by the signal processing unit 7 or the black and white
scan converter 8 based on the reflected echo signals outputted
from the phasing and adding circuit 6, and the reconstructed
image is displayed on the image display 10 by the switching
and adding device 9.

[0049] On the other hand, the RF signal frame data select-
ing unit 11 reads the reflected echo signals, repeatedly obtains
frame data by synchronizing the signals to the frame rate and
stores the obtained data to a built-in frame memory in chro-
nological order. Then by setting a pair of frame data acquired
atdifferenttimes as a unit. it continually selects plural pairs of
frame data and outputs them to a displacement calculation
unit 12. The displacement calculation unit 12 performs one-
dimensional or two-dimensional correlation processing on a
pair of selected frame data, measures the displacement in the
plurality of measuring points on a scan plane, and generates
displacement frame data. The block matching method or the
gradient method disclosed in documents such as JP-A-HS5-
317313 are commonly known as the detection method of
displacement vectors. The block matching method divides an
image into blocks formed by, for example, NxN pixels,
searches from the previous frame for the most approximated
block to the target block of the present frame, and obtains the
displacement of the measuring point based on the searched
block. Also, displacement can be obtained by calculating
auto-correlation in the same region of a pair of RF signal
frame data.

[0050] The strain information calculating unit 13 obtains
the strain variation of the respective measuring points by
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reading frame data of the strain, and outputs the strain distri-
bution (frame data) to the strain distribution correcting unit
14. Calculation of displacement variation can be carried out,
as commonly known, by performing spatial differentiation on
the displacement of the respective measuring points and cal-
culating strain variation AE of the respective measuring
points. Also, as proposed in Non-patent document 1, by set-
ting a region of interest “ROI” and the reference region ROI0
in a FOV range and obtaining the average value of the strain
variation Ae and Ae0 in those regions, differentiation of
benignancy/malignancy of tissues can be performed by the
ratio of the obtained average values (average of Ae0/average
value of Ae).

[0051] The strain distribution correcting unit 14 performs
processing such as a smoothing process on the inputted strain
distribution, corrects the strain distribution using a strain
distribution correcting function inputted from the strain dis-
tribution correcting function creating unit 18, and outputs the
strain information based on the corrected strain distribution to
the color scan converter 15. The color scan converter 15
generates color strain images based on the strain distribution.
A color strain image is colored for each pixel unit in accor-
dance with the strain of frame data by, for example, 256
shades of hue gradation. In place of the color scan converter
15, ablack and white scan converter may be used. In this case,
benignancy or malignancy of tissues can be differentiated by
the method such as making luminance to be bright for the
region having large strain and making luminance to be dark
for the region having small strain.

[0052] Hereinafter, concrete embodiments of the strain dis-
tribution correction based on the difference of pressing means
and the difference of pressure measurement condition will be
described using the present embodiment. Each embodiment
will be performed by the devices which are the feature of the
present embodiment such as the strain information calculat-
ing unit 13, strain distribution correcting unit 14, strain dis-
tribution correcting function creating unit 18 and apparatus
control interface unit 19.

[0053] In the present invention, strain distribution of FIG.
4(A) is measured in advance for each pressure measurement
condition, and a strain distribution correcting function
wherein the stress on the contact surface does not get attenu-
ated even in an arbitrary depth is set in the strain distribution
correcting function creating unit 18. Then the strain distribu-
tion correcting unit 14 can obtain adequate strain information
regardless of depth or direction from the pressing means by
correcting the strain distribution obtained from the strain
information calculating unit 13 using a strain distribution
correcting function.

EMBODIMENT 1

[0054] In the present embodiment 1, correction is per-
formed on strain information of the case using a linear-type
probe 21 shown in FIG. 2 as pressing means and that the
ultrasonic transmission/reception surface (contact surface) of
the probe 21 is pushed and pressed against the object. The
contact surface of the linear-type probe 21 has sufficient
hardness compared to the object 1, and does not change its
shape by the pressure within the measurement range.

[0055] Also, as shown in FIG. 3, the length of a contact
surface 23 in the x-axis direction is set as 2-x0, the length in
the y-axis direction is set as 2-y0, and the stress o on the
contact surface 23 is set as 0=00(z=0). It is now assumed that
the elastic waves of the pressure added to the contact surface
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23 is spread and transmitted at diffraction angle 1 with
respect to the pressure direction, and in an arbitrary “xy”
plane (z=constant) in the channel region of the elastic waves,
the model that the stress o(z) in the z-direction is a steady
value without depending on the coordinate of “x,y” is set, as
shown in the following formula (1). In other words, pressure
(external force) added to the object 1=stressxarea, is constant
regardless of the depth. In the formula (1), “ds” is a minute
area element.

[(z) ds=constant (1)

[0056] Also, a spreading range Ux(z) of the depth “z” in the
x-direction with a diffraction angle 1 can be expressed by the
following formula (2).

Ux(z)=2(x0+z-tan ¢)) 2

[0057] In the same manner, the spreading range Uy(z) of
the depth “z” in the y-direction with a diffraction angle ) can
be expressed by the following formula (3).

Uy(z)=2(30+ztan ) (€)

[0058] From these formulas, the following formula (4) can
be expressed.

00-(2x0)-(2)0)=0(z)- 2(x0+ztamp)-2 (y0+z-tan ) 4

[0059] From the formula (4), the stress in an arbitrary posi-
tion of the z-axis can be expressed by the following formula
OF

0(z)=00-(x0-y0)/{(x0+z-tan 1p)-(y0+z-tan )} (5)

[0060] Here, while the diffraction angle 1 depends on the
frequency of the elastic waves (frequency of the repeated
pressing operation), in the condition that, for example, y=rn/
4, the formula (5) is expressed as the formula (6).

0(z)=00-{x0-0}/{(x0+z)-(0+z) } (6)

Also, in the case of a shallow region in the vicinity of the
contact surface, under the condition that z<<x0,y0 the stress
can be expressed as 0(z)=00 (constant). In the case of a deep
region, the stress can be expressed as o(z)~00-{x0-y0}/{z-z}
under the condition that z>>x0,y0.

[0061] Therefore, in the deep region, the stress gets drasti-
cally changed and attenuated in the relationship of 1/z°. As a
result, even the stress o(z) of the biological tissues having
uniform hardness gets attenuated as they are transmitted, and
the strain distribution is acquired with the attenuated strain
value.

[0062] In the present embodiment 1, the strain distribution
correcting unit 14 corrects strain distribution considering the
above-mentioned stress attenuation, and develops strain
information based on the corrected strain distribution (here-
inafter, referred to as the corrected strain distribution). The
concrete correcting method of the strain distribution in the
present embodiment 1 will be described in detail.

[0063] It is assumed that the measurement of strain distri-
bution is performed by the probe 21 in FIG. 2 under the
above-described pressure measuring condition. It is also
assumed that elasticity of the biological tissues in an FOV
range 24 is uniform, and the strain distribution data obtained
by the measurement is set as E(x,z). The FOV range at this
time is set as —x0=x=x0, 0=z=z0. In this condition, for
example, the strain distribution €(0,z) in the depth direction
on the center line x=0 turns out as the distribution being
decreased toward the depth as shown in FIG. 4(A) due to
attenuation of the stress. Then since the strain information
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based on the strain distribution €(x,z) turns out as shown in
FIG. 4(B) and the strain becomes smaller as the region gets
deeper, there is a possibility of misidentifying that a hard
region exists in the deep region.

[0064] Given this factor, in the present embodiment, the
following formula (7) is defined in the strain distribution
correcting function creating unit 18 by setting the strain dis-
tribution correcting function w(z) and considering the above-
described formula (6). The strain distribution correcting func-
tion w(z) is the inverse number of the strain attenuation
amount shown in the formula (6).

w(z)={(%0+2)-(30+z) }/{x00} @)

[0065] Further, the strain distribution correcting unit 14
obtains the corrected strain distribution €'(x,z) by the follow-
ing formula (8).

€'(x,2=wiz)e(x2) (8

[0066] The strain distribution correcting unit 14 corrects
strain distribution by multiplying the inverse number of the
stress attenuation amount by the strain distribution. In other
words, the strain distribution correcting unit 14 corrects strain
distribution using the strain distribution correcting function
“w(z)” outputted from the strain distribution correcting func-
tion creating unit 18 in prospect of the stress attenuation. In
this manner, the corrected strain distribution is distributed
flatly with respect to the depth direction as shown in FIG.
5(A), and an elastic image by the strain information based on
the corrected strain distribution also turns out not having
difference in strain size over the entire image as shown in FIG.
5(B), whereby making it possible to avoid misidentification.
[0067] Also, in the case of measuring the biological tissues
having the regions with different hardness as a measurement
target, difference of the hardness can be obtained more accu-
rately by applying the strain distribution correcting function
“w(z)”.

[0068] While the approximation was performed using the
formula (6) assuming that the diffraction angle yp=n/4, the
present invention does not have to be limited thereto, and the
angle may be set variably. Also, the strain distribution cor-
recting function w(z) may be set by repeatedly setting the
diffraction angle  of elastic waves as the function of the
pressure operation frequency, repeatedly measuring the pres-
sure operation frequency and assuming the stress attenuation
using the formula (5).

EMBODIMENT 2

[0069] In embodiment 2, correction is made on the strain
information of the case using a convex-type transrectal probe
shown in FIG. 6, and that an object is pressed by expanding/
contracting a spherical-shaped balloon 33 which is attached
to the end of the transrectal probe as pressing means. The
balloon 33 is an example of being attached encompassing a
convex-type ultrasonic transmission/reception surface 32,
and is expended/contracted by charging/discharging water
from a syringe, etc. via a fluid channel 34 communicated
therein.

[0070] As previously described, attenuation of stress
depends on the shape of a contact surface for adding pressure,
and also depends on the transmission of stress being spread by
the diffraction of elastic waves. In other words, attenuation of
stress appears prominently in pressure measuring condition
having a wide FOV range with respect to the contact surface
area, to which a probe of intra-luminal type such as the
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transrectal probe 31 in the embodiment 2 is relevant. A trans-
vaginal probe and transesophageal probe, etc. can be cited as
the other body-inserting probes.

[0071] Themethod for measuring elasticity by adding pres-
sure using a spherical-shaped balloon 33 as shown in FIG. 6
is proposed in Patent Document 1. In the case of the embodi-
ment 2, when the film surface of the balloon 33 contacts the
skin surface in a body cavity of the object and liquid is
charged into the balloon 33, the direction that the film surface
extends to press biological tissues is the normal line direction
of the spherical surface as shown in FIG. 7. Regarding the
“xy” plane shown in FIG. 7(A), transmission of stress will be
described under the same condition as the embodiment 1 and
the pressure can be applied to a pressure target with sufficient
force while maintaining the spherical surface.

[0072] Inthe same manner as the pressure operation in FIG.
2, after pressing in the initial state, the biological tissues are
pressed by repeatedly adding and reducing the pressure force.
Now, the curvature radius of the balloon 33 in the initial state
is set as “r0”, and the stress on the contact surface o is set as
0=00(r=r0). Then, as shown in FIG. 8, the coordinate of the
measuring point on the “xy” plane is specified as (r,0). Also,
the elastic waves generated on the contact surface 36 are
assumed to be transmitted toward normal line direction of the
spherical surface as spherical waves. At this time, the model
that the “force=stressxarea” is constant without depending on
the depth is developed as in the embodiment 1. In other words,
in accordance with the formula (1), the following formula (9)
can be expressed.

00-4(10 V=0 (r)-4n(r)> )

[0073] Therefore, o(r) can be obtained by the following
formula (10).

o(r)=00-(r0/r)* (10)

[0074] As is apparent from the formula (10), o(r) is drasti-
cally changed and attenuated in the relationship of 1/r*. Given
this factor, in the present embodiment, the strain distribution
correcting function creating unit 18 defines the following
formula (11) as the strain distribution correcting function w(r)
by coupling with the formula (10). The strain distribution
correcting function w(r) is the inverse number of the stress
attenuation amount shown in the formula (10).

w(r)=(r/10)? 11

[0075] The strain distribution correcting unit 14 corrects
strain distribution by the strain distribution correcting func-
tion w(r), and obtains the strain distribution €'(r,0) by the
following formula (12).

€'(r,0)=wir)xe(r,0) (12)

[0076] In accordance with the present embodiment, the
strain distribution correcting unit 14 corrects strain distribu-
tion by multiplying the inverse number of the stress attenua-
tion amount by the strain distribution as the embodiment 1.
Difference in stress size due to attenuation of stress can be
eliminated in the entire region of the corrected strain infor-
mation, and misidentification in diagnosis due to strain infor-
mation based on the corrected strain distribution can be pre-
vented. Also, in the case of measuring the biological tissues
having the regions with different hardness as a measurement
target, the difference of hardness can be accurately acquired
by applying the strain distribution correcting function w(r).

EMBODIMENT 3

[0077] Inthe embodiment 2, the case of using a balloon 33
having a spherical-shaped membrane as pressing means is
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described. In the present embodiment 3, as shown in FIGS.
9(A) and (B), an example of a strain distribution correcting
functionin the case of using a balloon 41 having a cylindrical-
shaped membrane as pressing means will be described. The
balloon 41 in the present embodiment contacts a pressing
target by its cylindrical-shaped film surface, expands/con-
tracts while maintaining the cylindrical film surface, and
applies pressure in the normal line directions of the cylindri-
cal film surface. In the case of the present embodiment that the
contact surface between the balloon 41 and the pressing target
is very wide and the length 2-70 in the z-axis direction of FIG.
9(B) is sufficiently large compared to the size of radius “r” of
the FOV range, attenuation can be ignored regarding stress
transmission within the “yz” plane in the same manner as the
shallow part in the embodiment 1. In other words, when
pressure is applied using a sufficiently large cylindrical-
shaped balloon 41, stress attenuation needs to be considered
only within the “xy” plane indicated in FIG. 8. The following
formulas (13) and (14) are set from the model condition of the
formula (1).

00-2mr0=0(r)-2mr (13)
5(r)=00-(:0/r) (14)
[0078] By these formulas, itis apparent that the stress in the

present embodiment is drastically attenuated in the relation-
ship of 1/r. Given this factor, based on the formula (14), the
strain distribution correcting function creating unit 18 defines
the following formula (15) as the strain distribution correct-
ing function w(r). The strain distribution correcting function
w(r) is the inverse number of the stress attenuation amount
indicated in the formula (14).

w(r)=(r/+0) (15)

[0079] Then the strain distribution correcting unit 14 cor-
rects the measured strain distribution €(r,0) by the strain dis-
tribution correcting function w(r), and obtains the corrected
strain distribution €'(r,0) by the following formula (16).

€'(r,0)=w(r)xe(r0) (16)

[0080] By this formula, in accordance with the present
embodiment, the strain distribution correcting unit 14 cor-
rects the strain distribution by multiplying the inverse number
of the stress attenuation amount by the stress distribution in
the same manner as the embodiments 1 and 2. Thus the
misidentification caused by the strain information based on
the corrected strain distribution can be prevented. Also, in the
case of measuring the biological tissues having regions with
different hardness, the difference of hardness can be accu-
rately acquired by applying the strain distribution correcting
function w(r).

[0081] Also, as is evidenced that the stress is attenuated in
accordance with 1/1% in the case of the balloon in embodiment
2 and the stress is attenuated in accordance with 1/rin the case
of the balloon in the embodiment 3, attenuation characteristic
of stress varies when a balloon is used as pressing means
depending on the form of expansion/contraction of the bal-
loon and the size of the contact surface.

[0082] Also, the strain correcting method of the present
embodiment 3 can be applied in the case of measuring the
strain by using the pressure force added to biological tissues
of a blood vessel wall or its surrounding tissues utilizing the
phenomenon of expansion/contraction caused by the motion
of ablood vessel wall as pressing means. For example, it can
be applied to diagnoses such as thyroid diagnosis using pulses
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of carotid artery or diagnosis of deep venous thrombosis
using arterial pulses of a lower limb.

[0083] Furthermore, in place of the method using pulses, it
can also be applied to the case of measuring strain using
pressure force added to biological tissues of a blood vessel
wall orits surrounding tissues by utilizing expansion/contrac-
tion of a balloon inserted into the blood vessel as pressing
means such as a balloon catheter.

EMBODIMENT 4

[0084] The embodiment 4 is an example of correcting
strain distribution in the case of using a convex-type probe 2
itself as pressing means. In the embodiments 1~3, stress force
which is uniform in the depth direction of a pressing target
within the FOV range was the press measurement condition
for stress attenuation. The present embodiment 4 is an
example of strain correction in the case of adding pressure
force to a pressing target using a transrectal probe 31 shown
in FIG. 6 as pressing means without using a balloon.

[0085] The convex-type probe 2 has curvature in the long-
axis direction of the ultrasonic transmission/reception surface
32, and presses the pressing target, for example, while mov-
ing the center ofthe long axis toward normal line directions as
shown in FIG. 10. In this case, pressure direction on the
contact surface is different from the depth direction of the
fan-shaped FOV range, component force of the depth direc-
tion in the FOV range of the pressure force in the y-axis
direction added to the contact surface becomes effective pres-
sure force toward the ultrasonic beam direction. Therefore,
the pressure measuring condition of the embodiment 4 brings
out the characteristic that the pressure in the contact surface
becomes inhomogeneous in accordance with the direction of
ultrasonic beams. As a result, stress distribution becomes
inhomogeneous in the FOV range which makes strain distri-
bution also inhomogeneous, which could lead to a misdiag-
nosis.

[0086] In FIG. 10, when it is assumed that the probe 2 is
moved to the y-direction in the diagram to apply pressure, the
range of pressure direction is at least 0<6<z, and the range of
the direction without pressure is n=0=2m. In the range of
pressure direction, steady size pressure o0 is added in the
y-axis direction as shown in the diagram in any coordinate
(r0,8) of the contact surface. Unlike the case of a balloon,
component of pressure in the normal line direction on the
contact surface varies depending on the coordinate (r0,0).
Given this factor, the component 00" in the normal line direc-
tion varies by “sin 8” as shown in the following formula (17).
The 6 is an angle formed by the normal line and the x-axis.

60'(6)=00-sin 17

[0087] In accordance with this formula, in the case of per-
forming diagnosis in a wide FOV range, stress and strain
becomes large in the central part of FOV range (0=in the
vicinity of /2), and stress becomes small in both sides of the
FOV range (8=0 or the vicinity of x). Consequently, mea-
sured value of the strain within the FOV range also varies
depending on the stress, which could lead to misdiagnosing
that, for example, there are harder tissues in the side parts than
in the central part. Given this factor, in the present embodi-
ment considering nonuniformity of pressure measuring con-
dition, the strain distribution correcting function creating unit
18 sets a strain distribution correcting function w(6) as below,
and the strain distribution correcting unit 14 corrects the
strain distribution.
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[0088] First, the strain distribution correcting function cre-
ating unit 18 sets the strain distribution correcting function
w(6) as the following formula (18) based on the formula (17).
The strain distribution correcting function w(B) is the inverse
number of the stress attenuation amount indicated in the
formula (17).

w(8)=1/(sin 0) (18)

[0089] Therefore, the strain distribution correcting unit 14
obtains the corrected strain distribution €'(r,0) by correcting
the measured strain distribution €(r,0) by the following for-
mula (19).

€'(r,0)=w(0)xe(r,0) (19)

[0090] The strain distribution correcting unit 14 corrects
the strain distribution by multiplying the inverse number of
stress attenuation amount by the strain distribution. Further,
in accordance with the stress that attenuates in compliance
with the depth, it can be corrected in the same manner using,
for example, the strain distribution correcting function w(r) in
the embodiment 3. In other words, depending on size of FOV
range, particularly the depth range, effect of stress distribu-
tion attenuation in the depth direction appears at the same
time. In this case, a strain distribution correcting function
w(r,0) is developed as the function of “r” and “0”. For
example, in the case that the relationship of the formula (14)
can be recognized in the depth direction under the measuring
condition in embodiment 3, the following formula (20) is to
be used as the strain distribution correcting function w(r,0).

w(r,0)=w(r)xw(0)=(r/r0)x(1/sin 6} (20)

[0091] While the pressure force on both of the side-parts is
assumed only as vertical component in the embodiment 4,
since pressure component in lateral direction is also gener-
ated in reality in this region due to the region pushed away by
the movement of the probe 2, it also is possible to set a strain
distribution correcting function w(r,8) considering the lateral
component.

EMBODIMENT 5

[0092] Since the strain distribution correcting function in
the embodiments 1~4 is the function in compliance with only
the coordinate within the FOV range, it is preferable, for
example, to obtain the calculated value (configuration value)
of the strain distribution correcting function in advance for
the coordinate positions of each frame in accordance with the
pressed condition of the pressing means and to store them in
amemory in the strain distribution correcting function creat-
ing unit 18. In this manner, it is possible to perform correction
in real timereferring to the configuration value corresponding
to the coordinate of the calculated strain value.

[0093] Also, as for the strain distribution correcting func-
tion, appropriate function such as logarithmic function or
exponential function can be applied by analyzing pressure
measuring condition, without limiting to the function of (1/r)
and (1/r*) illustrated in the embodiments 1~4.

[0094] Further, depending on the pressure measuring con-
dition such as the shape of the probe 2 or a pressing target,
there are cases that it is difficult to develop an appropriate
strain distribution correcting function by modeling due to
complexity in transmission of stress distribution. In this case,
for example, the strain distribution correcting function creat-
ing unit 18 can develop a strain distribution correcting func-
tion by a simulation such as the finite element method.
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[0095] By creating a strain distribution correcting function
from an actual measurement value using a phantom and stor-
ing the obtained strain distribution correcting function in a
memory of the strain distribution correcting function creating
unit 18, the strain distribution correcting unit 14 can correct
the strain distribution in accordance with the stored strain
correcting function.

EMBODIMENT 6

[0096] Here, an embodiment for controlling the strain dis-
tribution correcting function creating unit 18 via the appara-
tus control interface 19 in FIG. 1 will be described.

[0097] As shown in embodiments 1~5, it is necessary to
switch the strain distribution correcting functions to apply in
accordance with the pressure measuring condition such as the
kind of pressing means as the probe 2 or a balloon, the shape
of FOV range or diffraction angle 1. Given this factor, strain
distribution correcting function switching means and
ON/OFF switching means are provided to the apparatus con-
trol interface unit 19 so that an examiner can switch the
functions in accordance with the pressure measuring condi-
tion. In concrete terms, the strain distribution correcting func-
tion creating unit 18 sets a strain distribution correcting func-
tion in accordance with the kind of the probe 2 or pressing
means, and stores them in the memory.

[0098] Forexample, in the case that a liner-type probe 21 is
provided to an ultrasonic diagnostic apparatus and the mea-
surement modeis switched to linear scanning in the apparatus
control interface unit 19, the strain distribution correcting
function creating unit 18 applies the strain distribution cor-
recting function of the embodiment 1. Also, in the case that a
convex-type transrectal probe 31 is provided to an ultrasonic
diagnostic apparatus and the measurement mode is switched
to convex scanning in the apparatus control interface unit 19,
the strain distribution correcting function creating unit 18
applies the strain distribution correcting function in the
embodiment 2. In this manner, by preparing a specific strain
distribution correcting function for each configuration of the
probe 2 and switching the probe 2, the strain distribution
correcting functions can be automatically switched.

[0099] Also, when a balloon is used, the region without
reflected echo signals up to the film surface can be observed
on a B-mode image. By detecting an individual layer region
without echoes on a B-mode image, the strain distribution
correcting function can be automatically switched to the one
for using a balloon.

[0100] Also, switching means to determine whether to per-
form strain distribution correcting process or not can be pro-
vided. Further, it can be set to read out the strain information
stored in the cine memory unit, switch the strain distribution
correcting functions indicated in the respective embodiments,
and create the corrected strain information for comparison.
[0101] Also, to the common ultrasonic diagnostic appara-
tus, a function such as TCG (time gain control) or STC (sen-
sitivity time control) is provided for adjusting sensitivity of
the received signals in accordance with the measurement
depth. These functions are set so that the sensitivity of each
position in the measurement depth can be adjusted by the fine
adjustment knob. Given this factor, for enabling to individual
adjustment for strain distribution correcting functions in
accordance with the depth, a fine-adjustment knob (including
lateral direction) of strain distribution correcting functions
can be provided as shown in FIG. 11. Then, for example,
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when it is determined that the intensity of correction is small
in a deep region, the operation can be carried out to make the
correction more effective.

[0102] In this case, the fine-adjustment knob for a strain
distribution correcting function can be variably adjusted and
set on only fine weight from the present selected strain dis-
tribution correcting function, and also can be restricted not to
make extreme variation.

[0103] Also, an adjustment knob of TGC for B-mode
images can be switched and replaced as an adjustment knob
for strain distribution correcting functions.

[0104] Further, not only the correction in the depth direc-
tion of w(r}, butalso adjustment in the angle direction of w(6)
(lateral direction) can be made in the same manner.

[0105] While an example for correcting strain distribution
by setting strain distribution correcting functions is explained
in the above respective embodiments, the present invention
does not have to be limited to the embodiments thereof,
corrected strain distribution can be obtained by setting a
correcting function of displacement in advance and correct-
ing displacement distribution to use for strain calculation,
which can achieve the same effectiveness as the above-de-
scribed embodiments. In concrete terms, displacement distri-
bution is measured for each pressure measuring condition and
a displacement distribution correcting function to make dis-
placement distribution wherein the stress on the contact sur-
face does not get attenuated even in an arbitrary depth is set in
advance in a displacement distribution correcting function
creating unit (not shown in the diagram). Then a displacement
correcting unit (not shown in the diagram) obtains appropri-
ate displacement information regardless of the depth or direc-
tion from the pressing means by correcting the displacement
distribution acquired by a displacement calculating unit 12
using the displacement distribution correcting function. Then
the strain information calculating unit 13 obtains displace-
ment distribution from the corrected displacement informa-
tion.

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic probe for transmitting/receiving ultrasonic
waves to/from an object to be examined,

pressing means for adding pressure to biological tissues of
the object;

transmission means for transmitting ultrasonic waves to
the biological tissues by the ultrasonic probe;

reception means for receiving the reflected echo signals
generated from the object by the ultrasonic probe;

strain information calculating means for obtaining strain
distribution of biological tissues based on apair of frame
data acquired at different times received by the reception
means;

strain image construction means for constructing a strain
image based on the strain distribution obtained by the
strain information calculating means; and

display means for displaying the strain image,

characterized in further comprising strain distribution cor-
recting means for correcting the strain distribution by a
strain distribution correcting function being set in accor-
dance with the pressing condition by the pressing means.

2. The ultrasonic diagnostic apparatus according to claim

1, characterized by comprising storing means for acquiring
the strain distribution correcting function in accordance with
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the pressing condition by the pressing means, wherein the
strain distribution correcting means corrects the strain distri-
bution by the stored strain distribution correcting function.

3. The ultrasonic diagnostic apparatus according to claim
1, characterized by comprising storing means for acquiring
the strain distribution correcting function for each coordinate
position of the strain distribution, wherein the strain distribu-
tion correcting means corrects the strain distribution by the
stored strain distribution correcting function.

4. The ultrasonic diagnostic apparatus according to claim
1, wherein the strain distribution correcting function corrects
the strain distribution so that the stress does not get attenuated
in an arbitrary depth, based on the stress attenuation amount
that works on the biological tissues of the object.

5. The ultrasonic diagnostic apparatus according to claim
4, wherein the strain distribution correcting function is the
inverse number of the stress attenuation amount.

6. The ultrasonic diagnostic apparatus according to claim
5, wherein the strain distribution correcting means corrects
the strain distribution by multiplying the strain distribution by
the inverse number of the stress attenuation amount.

7. The ultrasonic diagnostic apparatus according to claim
1, wherein the strain distribution correcting function is cre-
ated by calculating stress attenuation amount which attenu-
ates based on the pressing condition of the press means.

8. The ultrasonic diagnostic apparatus according to claim
1, wherein the strain distribution correcting function is cre-
ated in accordance with the kind of ultrasonic probe.

9. The ultrasonic diagnostic apparatus according to claim
1, wherein the strain distribution correcting function is cre-
ated based on the shape of a contact surface of the pressing
means or the ultrasonic probe.

10. The ultrasonic diagnostic apparatus according to claim
1, wherein the strain distribution correcting function is cre-
ated based on the distance of the pressing means or the ultra-
sonic probe from the contact surface.

11. The ultrasonic diagnostic apparatus according to claim
1, wherein the strain distribution correcting function is cre-
ated based on a diffraction angle of the elastic waves.

12. The ultrasonic diagnostic apparatus according to claim
1, wherein the strain distribution correcting function is cre-
ated based on the radius of the contact surface of the pressing
means or the ultrasonic probe.

13. The ultrasonic diagnostic apparatus according to claim
1, wherein the strain distribution correcting function is cre-
ated based on the size of the pressing means or the ultrasonic
probe.

14. The ultrasonic diagnostic apparatus according to claim
1, characterized in further comprising adjustment means for
independently adjusting the strain distribution correcting
function for each depth in the object.

15. The ultrasonic diagnostic apparatus according to claim
1, characterized in further comprising displacement calculat-
ing means for correcting displacement distribution of biologi-
cal tissues acquired based on a pair of frame data by the
displacement distribution correcting function set in accor-
dance with the pressing condition by the pressing means,
wherein the strain information calculating means obtains the
strain distribution based on the corrected displacement
distribution.
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