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(57) ABSTRACT

Based on the ultrasonic tomographic data measured by exert-
ing the pressure to the tissue of a body of the subject 1, the
elastic data such as the distortion or the elastic modulus of the
tissue at the plural measurement points in the tomographic
site of the subject body are obtained. Based on the obtained
elastic data, the elastic image in the tomographic site is gen-
erated to be displayed. The distribution of the elastic data such
as the distortion and the elastic modulus in the interest region
ROI set on the elastic image is displayed as the histogram. The
new quantitative information which reflects the tissue prop-

(30) Foreign Application Priority Data erty is supplied in addition to the information which relates to
the elasticity of the tissue graded with the hue or brightness
Oct. 19,2005 (IP) oo 2005-304347  for assisting in the tissue identification.
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FIG. 3(B)

FIG. 3(A)
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FIG. 3(D)

FIG. 3(C)
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ULTRASONOGRAPH FOR CREATING
ELASTIC IMAGE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonograph
for creating elastic image intended to assist in an appropriate
diagnosis by supplying to users an elastic image generated
based on the measured elasticity (rigidity or flexibility) of the
body tissue of the subject resulting from the compression
exerted thereto, and other quantitative information which
relates to the elasticity of the tissue.

BACKGROUND ART

[0002] In the technical field of the ultrasonic diagnostic
system, as described in Patent Documents 1 and 2, there has
been proposed that the compression is exerted to the subject
with the ultrasonic transmission/reception surface of the
ultrasonic probe manually or mechanically to obtain dis-
placements of the respective sites in the body through the
correlation calculation of the ultrasonic reception signals
which closely exist in time-series. Then the elastic data with
respect to the tissue elasticity are obtained based on the
obtained displacements so as to create the image of the elastic
data. The elastic modulus represented by Young’s modulus of
the body tissue derived from the displacements of the respec-
tive sites in the body, the distortion obtained through spatial
differentiation, and the stress distribution and distortion
inside the body resulting from the external compression may
be used as the elastic data of the tissue. The aforementioned
elastic data are measured to display the elastic image graded
with the hue or brightness in accordance with the size of the
data such that the elasticity of the body tissue may be easily
recognized, and the diseased tissue such as the cancer tumor
may be appropriately identified.

[0003] Since the elastic image is graded with the hue or
brightness in accordance with the level of the elasticity, for
example, the displacements of the respective measurement
points, distortion or the elastic modulus, the rigidity or flex-
ibility of the body tissue may be easily recognized.

[0004] In the case where the diseased site is identified by
determining with respect to the difference in the elasticity of
the target site based on the elastic image, it may be the case
where the difference in the elasticity in the boundary region
between different color gradients, or the region with similar
color gradients cannot be clarified. In the aforementioned
case, the operator with insufficient experience or skill may
fail to have the correct determination.

[0005] Alternatively, the treatment method performed by
irradiating the high-intensity focused ultrasound (hereinafter
referred to as HIFU) to destroy the diseased tissue has also
been proposed. As the destroyed diseased tissue will become
rigid owing to the thermal denaturalization, the method
allows the level of the rigidity to be correlated with the treat-
ment effect. The determination whether the treatment has
been performed uniformly may be made by measuring the
elasticity in the site to be treated and observing the elastic
image. However, as mentioned above, it is difficult to clearly
identify the gradient difference with respect to the minimal
portion in the region having similar color gradients in the
elastic image. As a result, the determination whether the
treatment has been performed cannot be clearly made.
[0006] Inthe case wherethe diseased siteis identified based
on the elastic image, or the treatment effect is determined,

Jun. 4, 2009

other quantitative information relative to the tissue elasticity
in addition to the elastic information such as the color gradi-
ent may be helpful to assist the operator in the appropriate
diagnosis.

Patent Document 1: JP 5-317313 A
Patent Document 2: JP 2000-60853 A

DISCLOSURE OF INVENTION

[0007] The present invention provides the quantitative aux-
iliary elastic information in addition to the elastic image of the
tissue graded with hue or brightness for assisting in the appro-
priate diagnosis.

[0008] In the course of the consideration for solving the
above-identified problems, it is confirmed firstly that the tis-
sue deformation with the external force such as compression
exerted thereto causes the tissue-forming elements to have
inherent behavior in unison. Itis assumed that if the inherent
unison behavior may be expressed as the statistical data, they
may be the auxiliary elastic information data for assisting in
the appropriate diagnosis.

[0009] To solve the above-identified problems, the present
invention provides the ultrasonic diagnostic system which
includes elastic data calculation means for calculating elastic
data of the tissue at plural measurements points in a tomo-
graphic site of a subject based on an ultrasonic tomographic
data measured by compressing the tissue of the subject, elas-
tic image generation means for generating an elastic image in
the tomograhpic site based on the elastic data, histogram
evaluation means for generating a histogram showing an elas-
ticity distribution based on the elastic data, and image display
means for displaying at least one of the elastic image and the
histogram image. In this case, an interest region is set on the
elastic image such that the elastic distribution in the interest
region is formed into the histogram.

[0010] The distribution of the elastic data such as the dis-
placement, distortion or elastic modulus in the interest region
including the target site may be displayed as the histogram.
Accordingly, the quantitative auxiliary information based on
the unison behavior which reflects the tissue property may be
supplied. The histogram is a graph showing the number of the
measurement points with identical or similar elastic data by
defining the elastic data such as the displacements, distortion,
or elastic modulus of the tissue at all the measurement points
in the interest region as the population. The operator observes
the histogram to identify the elastic distribution of the tissue
in the interest region including the target site quantitatively
and relatively. The tissue identification at the diseased site
may be effectively assisted. The determination with respect to
the treatment effect may also be appropriately made.

[0011] Particularly, as the histogram represents the feature
of the unison behavior of the tissue, the evaluation may be
appropriately made with respect to the uniformity in the elas-
ticity of the tissue at the target site such as the diseased site.
This makes it possible to identify the various types of the
tissue properties, for example, the cancer tumor as consider-
ably rigid solid tissue, the fiber adenoma as the flexible solid
tissue, or the cyst as the mobile cystic tissue so as to provide
the clinically useful diagnostic information.

[0012] Intheaforementioned case, theinterest region seton
the elastic image may be automatically changed to follow the
tissue in the interest region which displaces in accordance
with the pressure exerted to the subject. This makes it possible
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to correctly recognize how the distribution of the elastic infor-
mation of the tissue is changed at any time.

[0013] Thetomographic imageinthe tomographicsite gen-
erated based on the ultrasonic tomographic data, the elastic
image, and the histogram may be displayed on the same
screen. The distribution image of the tissue shown on the
tomographic image, the elastic information of the respective
regions based on the elastic image, and the auxiliary elastic
information based on the histogram may be observed simul-
taneously, thus further improving the accuracy in the tissue
identification.

[0014] The histogram image may contain not only the his-
togram but also the property derived from the histogram as the
auxiliary elastic information. For example, the histogram
image includes at least one of the average, the standard devia-
tion, and the median of the elastic data. At least one of the
functions by approximating the histogram distribution, the
elastic data of the peak in the histogram, the standard devia-
tion of the peak, and the half width of the peak may be
displayed together with the histogram. A cursor is displayed
on the image of the histogram such that the number of the
measurement points in a single section of the histogram des-
ignated by the cursor, and the elastic data in the section may
be displayed as the numeric values. Plural cursors may be
displayed on the histogram image such that at least one of the
number of the measurement points in the plural sections of the
histogram between two cursors, the average value of the
elastic data inthe plural sections, the standard deviation of the
elastic data in the plural sections, and the half value of the
peak may be displayed in the numeric value.

[0015] Thetomographic imagein the tomographicsite gen-
erated based on the ultrasonic tomographic data, the elastic
image, and the histogram is displayed on the same screen, and
plural cursors are displayed on the histogram image. At least
one of the number of the measurement points in the plural
sections of the elastic data between the two cursors, the aver-
age value of the elastic data in the plural sections, and the
standard deviation of the elastic data in the plural sections is
displayed in the numeric value as the auxiliary elastic infor-
mation. Positions of the plural measurement points in the
section between the two cursors may be displayed on the
elastic image so as to be identifiable.

[0016] The plural cursors are displayed on the histogram
image such that the ratio of the elastic data in the two elastic
data sections designated by the cursors is displayed in the
numeric value as the auxiliary elastic information. This
makes it possible to evaluate the elasticity of the tissue at two
target sites with respect to the relative ratio.

[0017] Thecursor is displayed on the histogram image, and
the half width of the elastic data of the peak in the histogram
distribution designated by the cursor is obtained. Based on the
obtained half width value, the tissue property corresponding
to the peak is evaluated to display the evaluation result as the
auxiliary elastic information together with the histogram.
[0018] The interest region set on the elastic image may be
automatically changed by following the tissue which dis-
places in accordance with the pressure, and the histogram in
the changed interest region may be displaced correspond-
ingly.

[0019] The ultrasonic diagnostic system according to the
present invention is capable of obtaining the displacement
vector of the tissue at the plural measurement points in the
tomographic site of the subject based on the ultrasonic
tomogrpahic data measured under the pressure to the tissue of
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the subject, generating the elastic image for displaying the
displacement vector corresponding to the measurement
points at the tomographic site so as to be displayed, and
displaying the distribution of the displacement vector com-
ponent in the specific direction in the interest region set on the
elastic image as the histogram.

[0020] Inthe presentinvention, besides the elastic image of
the tissue graded with hue or brightness, the histogram indi-
cating the elastic distribution of the tissue in the interest
region is displayed as the auxiliary elastic information. This
makes it possible to quantitatively and relatively identify the
elastic distribution of the tissue in the interest region which
contains the target site for effectively assisting in identifica-
tion of the tissue at the diseased site.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1isablock diagram of an ultrasonic diagnostic
system according to an embodiment of the present invention.
[0022] FIG.2isaflowchart according to a control routine in
the ultrasonic diagnostic system of an embodiment of the
present invention.

[0023] FIG. 3(A) is an outline view of an exemplary ultra-
sonic probe.
[0024] FIG. 3(B) is an outline view of an exemplary ultra-

sonic probe provided with a compression plate.

[0025] FIG. 3(C) is an outline view of an exemplary ultra-
sonic probe having pressure sensors attached to the compres-
sion plate.

[0026] FIG. 3(D) is an outline view of an exemplary ultra-
sonic probe having a reference deforming body attached to
the compression plate.

[0027] FIG. 4isaview showing the structure of ahistogram
evaluation unit according to an embodiment of the invention.
[0028] FIG. 5 is an explanatory view showing the concept
of the elastic frame data.

[0029] FIG. 6 is an explanatory view showing the elastic
image according to an embodiment of the present invention.
[0030] FIG. 7isanexplanatory view with respect to ROI set
on the elastic frame data.

[0031] FIG. 8 is a view showing an exemplary display of a
histogram according to a first embodiment of the present
invention.

[0032] FIG.9isaview showing an exemplary display of the
image according to the present invention.

[0033] FIG. 10 is a view showing an exemplary display of
a histogram according to a fourth embodiment of the present
invention.

[0034] FIG. 11 is a view showing an exemplary display of
a histogram according to a fifth embodiment of the present
invention.

[0035] FIG. 12 is a view showing an exemplary display of
a histogram according to a sixth embodiment of the present
invention.

[0036] FIG. 13 is a view showing an exemplary display of
ahistogram according to a seventh embodiment ofthe present
invention.

[0037] FIG. 14 is a view showing an exemplary display of
ahistogram according to an eighth embodiment ofthe present
invention.

[0038] FIG. 15 is a view showing an exemplary display of
a histogram according to a tenth embodiment of the present
invention.
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[0039] FIG. 16 is aview showing the display example of the
histogram for comparison with the one in the tenth embodi-
ment.

[0040] FIG.17(A)is a view showing an exemplary display
of a histogram according to a fourteenth embodiment of the
present invention.

[0041] FIG. 17(B) is a view showing another exemplary
display of the histogram according to the fourteenth embodi-
ment of the present invention.

[0042] FIG. 17(C) is a view showing still another exem-
plary display of the histogram according to the fourteenth
embodiment of the present invention.

[0043] FIG. 18 is a view showing an exemplary display of
a histogram according to a fifteenth embodiment of the
present invention.

[0044] FIG. 19 is a view showing an exemplary display of
a histogram according to a sixteenth embodiment of the
present invention.

[0045] FIG. 20 is a view showing another exemplary dis-
play of a histogram according to the sixteenth embodiment of
the present invention.

[0046] FIG. 21 is a view showing an exemplary display of
a histogram according to a seventeenth embodiment of the
present invention.

[0047] FIG. 22 is a view showing an exemplary display of
a histogram according to an eighteenth embodiment of the
present invention.

[0048] FIG. 23 shows an exemplary display of a histogram
according to a nineteenth embodiment of the present inven-
tion.

[0049] FIG. 24 shows an exemplary display of a histogram
according to a twentieth embodiment of the present invention.
[0050] FIG. 25 shows an exemplary display of a histogram
according to a twenty-first embodiment of the present inven-
tion.

[0051] FIG. 26 shows an exemplary display of a histogram
according to a twenty-second embodiment of the present
invention.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0052] The present invention will be described based on the
embodiments. FIG. 1 is a block diagram of an ultrasonic
diagnostic system according to an embodiment of the inven-
tion. FIG. 2 is a flowchart of the control routine executed in
the ultrasonic diagnostic system according to an embodiment
as the feature of the invention.

[0053] Referring to FIG. 1. an ultrasonic probe 2 to be
pressed against a subject 1 includes an ultrasonic transmis-
sion/reception surface 21 having plural transducers aligned
for transmitting/receiving the ultrasonic wave to/from the
subject 1 as shown in FIG. 3(A). The probe 2 is driven by the
ultrasonic pulse fed from a transmission circuit 3 for
mechanically or electronically scanning beam. A transmis-
sion/reception control circuit 4 controls the timing for trans-
mitting the ultrasonic pulse to drive the plural transducers on
the probe 2 for forming the ultrasonic beam to the focal point
set in the subject 1. The transmission/reception control circuit
dis structured to electronically scan the ultrasonic beam in the
direction of alignment of the transducers of the probe 2.
[0054] Meanwhile, the probe 2 receives a reflection echo
signal generated in the subject 1 so as to be output to areceiver
circuit 5. The receiver circuit 5 executes the reception process
by taking the reflection echo signal for amplification in accor-
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dance with the timing signal input from the transmission/
reception control circuit 4. The reflection echo signal sub-
jected to the reception process by the receiver circuit 5
controls the phase of the reflection echo signal received by the
plural transducers in a phase adjustment adder circuit 6 to
form the ultrasonic wave reception beam with respect to at
least one convergence point. The reflection echo signal sub-
jected to the phase adjustment and addition in the phase
adjustment adder circuit 6 (hereinafter referred to as the ultra-
sonic tomographic data) is input to a signal processing unit 7
where signal processing such as the gain correction, log com-
pression, phase detection, outline highlighting, filter process-
ing and the like is performed. The high frequency (RF) signal
of the ultrasonic tomographic data generated in the phase
adjustment adder circuit 6 may be the combined and demodu-
lated 1, Q signals. The ultrasonic beam is scanned in one
direction inside the subject 1 by the probe 2 so as to obtain the
ultrasonic tomographic data corresponding to a single sheet
of the tomographic image.

[0055] The ultrasonic tomographic data processed in the
signal processing unit 7 is led to a monochrome scan con-
verter 8 to be converted into the digital signal and further
converted into the two-dimensional tomographic image data
corresponding to the scan surface of the ultrasonic beam. The
monochrome scan converter 8 serves as means to control the
tomographic scan means and the system for reading at TV
sinc. such that the RF signal frame data inside the subject 1
including the mobile tissue are derived at the ultrasonic fre-
quency, and the frame data are converted into the image to be
displayed. The monochrome scan converter 8 includes an
A/D converter for converting the reflection echo signal from
the signal processing unit 7 into the digital signal, a frame
memory which stores the plural sheets of the tomographic
data digitized in the A/D converter in time-series, and the
controller for controlling the operation of the aforementioned
components. The signal processing unit 7 and the mono-
chrome scan converter 8 form the means for re-structuring the
image of the tomogrpahic image. The tomogrpahic image
data output from the monochrome scan converter 8 are sup-
plied to an image display unit 10 via a selector adder unit 9
such that the tomographic image is displayed.

[0056] The image display unit 10 for displaying the time-
series tomographic data obtained by the monochrome scan
converter 8 includes a D/ A converter for converting the image
data input via a selector adder unit 9 into the analog signal,
and a color TV monitor which receives the input of the analog
video signal from the D/A converter so as to be displayed as
the image.

[0057] Meanwhile, the ultrasonic tomographic data output
from the phase adjustment adder circuit 6 are led to the RF
signal frame data selector 11 which selects the RF signal
groups corresponding to the scan surface (tomographic sur-
face) of the ultrasonic beam for the plural frames as the frame
data so as to be stored in the memory. A displacement mea-
surement unit 12 sequentially takes plural pairs of the frame
data stored in the RF signal frame data selector 11 at different
time points, and obtains the displacement vector at the plural
measurement points on the tomogrpahic surface based on the
taken pair of frame data so as to be output to a distortion/
elastic modulus calculation unit 13 as the displacement frame
data.

[0058] The distortion/elastic modulus calculation unit 13
obtains the distortion at the plural measurement points on the
tomographic surface based on the input displacement frame
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data so as to be output to an elastic data processing unit 14 as
the elastic frame data. The distortion/elastic modulus calcu-
lation unit 13 takes measurement data of the pressure exerted
to the subject from a pressure measurement unit 19 to obtain
the stress distribution at the respective portions of the subject.
The elastic modulus is derived from the stress distribution and
the distortion frame data which have been already obtained.
The elastic modulus is output to the elastic data processing
unit 14 as the elastic frame data. As shown in FIG. 3(C), the
pressure measurement unit 19 takes output signals from the
plural pressure sensors 23 attached to the compression plate
22 to measure the pressure exerted to the surface of the body
ofthe subject 1. The measured pressure data are transmitted to
the distortion/elastic modulus calculation unit 13. As shown
in FIG. 3(D), the pressure exerted to the body surface may be
measured based on the displacement frame data of a reference
deforming body 24 using the probe 2 equipped with the
reference deforming body 24 attached on the upper surface of
the compression plate 22. The pressure measurement process
is disclosed in Japanese Unexamined Patent Application Pub-
lication No. 2005-13283 or 2005-66041.

[0059] The elastic data processing unit 14 subjects the elas-
tic frame data like the distortion or the elastic modulus input
from the distortion/elastic modulus calculation unit 13 to
various image processing such as the smoothing process in
the coordinate plane, the contrast optimizing process, and the
smoothing process between the frames in the time-axis direc-
tion. The processed signal will be transmitted to a color scan
converter 15.

[0060] Thecolor scan converter 15 generates a color elastic
image by converting the elastic frame data output from the
elastic data processing unit 14 so as to be displayed on the
image display unit 10 through the selector adder unit 9. That
is, the color scan converter 15 applies the graded hue code
such as red, green, and blue (for example, 256 gradients) to
the elastic image based on the predetermined ranges of the
upper and the lower limits of the elasticity (distortion or
elastic modulus). For example, the rigid region where the
elastic modulus of the elastic frame data measures the large
value is converted into the blue code, and the flexible region
where the elastic modulus measures the small value is con-
verted into the red code. The monochrome scan converter
may be used instead of the color scan converter 15. In the
aforementioned case, the distribution of the elastic modulus
may be expressed by the brightness, that is, the brightness of
the rigid region where the elastic modulus measures the large
value may be made high, and the brightness of the flexible
region where the elastic modulus measures the small value
may be made low.

[0061] The selector adder unit 9 includes a function for
receiving the monochrome tomographic data output from the
monochrome scan converter 8, and color elastic image data
output from the color scan converter 15 to select one of those
data to be displayed, a function for making one of those image
data half-transparent to be subjected to the additive synthesis
and superimposing the resultant image on the image display
unit 10, and a function for displaying both the image data side
by side. A cine-memory unit 18 stores the image data output
from the selector adder unit 9 in the memory and calls the
previous image data in response to the command from the
system control interface unit 17 so as to be displayed on the
image display unit 10. The selected image data may be trans-
ferred to such recording medium as MO.
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[0062] A histogram evaluation unit 20 as a feature of the
embodiment takes the displacement frame data or the elastic
frame data such as the distortion frame data output from the
displacement measurement unit 12 and the distortion/elastic
modulus calculation unit 13 to generate the histogram, as
described below, and evaluates the statistic characteristics
based on the histogram. The histogram image data are gen-
erated to be displayed on the image display unit 10 via the
selector adder unit 9.

[0063] The detail structure of the aforementioned embodi-
ment will be described accompanied with the operation refer-
ring to the flowchart shown in F1G. 2.

(Step S1)

[0064] The ultrasonic tomographic data are sequentially
obtained while exerting the pressure to the tissue of the sub-
ject1(S1). At this time, the ultrasonic transmission/reception
surface 21 of the probe 2 as shown in FIG. 3(A) is brought into
contact with the body surface of the subject 1 for transmitting/
receiving the ultrasonic wave while being moved up and
down manually to compress the subject 1. Preferably, as
described in FIG. 3(B), in order to apply effectively the stress
distribution to the diagnostic point of the subject 1, the com-
pression plate 22 is attached to the ultrasonic transmission/
reception surface 21 of the probe 2 having both surfaces on
the same plane to press the body of the subject 1 with the
compression surface formed of the ultrasonic transmission/
reception surface 21 and the compression plate 22.

(Step S2)

[0065] The RF signal frame data selector 11 sequentially
stores the ultrasonic tomographic data (RF signal frame data)
sequentially output from the phase adjustment adder circuit 6
in time-series at the frame rate of the ultrasonic diagnostic
system in the frame memory. The latest RF signal frame data
are stored as N. In response to the control command, one of
the RF signal frame data X is selected among the previous RF
signal frame data N-1,N-2,N-3, ..., N-M. Then the latest RF
signal frame data N and the selected RF signal frame data X
are combined as a pair of RF signal frame data so as to be
output to the displacement measurement unit 12.

(Step S3)

[0066] The displacement measurement unit 12 subjects the
selected pair of the RF signal frame data N and X to the one-
or two-dimensional correlation processing to measure each
displacement or displacement vector (direction and amount
of the displacement) of the respective measurement points on
the tomographic image to generate the displacement frame
data. As the process for detecting the displacement vector, the
block matching process and gradient process may be
employed as disclosed in Japanese Unexamined Patent
Application Publication No. 5-317313. In the block matching
process, the image is divided into plural blocks formed of nxn
pixels, and the block which is the most approximate to the
target block in the present frame is searched among the blocks
in the previous frame such that the displacement vector is
obtained.

(Step S4)

[0067] The distortion/elastic modulus calculation unit 13
calculates each distortion and elastic modulus of the respec-
tive measurement points on the tomographic image based on
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the displacement frame data and the pressure data derived
from the displacement measurement unit 12 and the pressure
measurement unit 19, respectively. The elastic frame data as
the distortion or the elastic modulus corresponding to the
tomographic image are generated to be output to the elastic
data processing unit 14. The distortion is calculated by per-
forming spatial differentiating of the displacement with no
need of the pressure data. One of the elastic modulus, for
example, Young’s modulus is calculated by obtaining each
stress (pressure) at the respective measurement points based
on the pressure data as shown in the following formula, and
further dividing the stress by each distortion amount at the
respective measurenient points. The indexes of i and j denote
the coordinate of the measurement point of the frame data.

Ymi,j=pressure (stress)ij/(distortion amount7,7)

where 1,j=1, 2,3, ...

(Step S5)

[0068] The elastic data processing unit 14 subjects the elas-
tic frame data input from the distortion/elastic modulus cal-
culation unit 13 to the image processing, for example, the
smoothing processing in the coordinate plane, the contrast
optimizing process, the smoothing process between the
frames in the time axis direction and the like such that the
processed data are transmitted to the color scan converter 15.
The image processing performed by the elastic data process-
ing unit 14 is disclosed in Japanese Unexamined Patent
Application Publication No. 2004-261198, for example.

[0069] The color scan converter 15 inputs the elastic frame
data output from the elastic data processing unit 14, and the
upper and the lower limit values for defining the gradient
selection range of the elastic frame data to generate the elastic
image data formed by converting the elastic frame data into
the hue information. The upper and the lower limit values are
defined by the command from the system control unit (not
shown) or the gradient selection range in the elastic frame
data from the elastic data processing unit 14. For example, the
color scan converter 15 converts the region where the large
elastic modulus is detected into the blue code, and converts
the region where the small elastic modulus is detected into the
red code on the input elastic frame data.

[0070] The monochrome scan converter may also be used
instead of the color scan converter 15. It may be structured to
increase the brightness of the region where the large distor-
tion is detected, and decrease the brightness of the region
where the small distortion is detected.

[0071] The elastic image data generated by the color scan
converter 15 are output to the selector adder unit 9. The
selector adder unit 9 sums the monochrome tomographic
image data output from the monochrome scan converter 8 and
the color elastic image data output from the color scan con-
verter 15, or selects one of those data so as to be output to the
image display unit 10 for display. For example, either the
monochrome tomographic image data or the color elastic
image data may be displayed, or both of those data are
summed and synthesized to be displayed. As disclosed in
Japanese Unexamined Patent Application Publication No.
2000-60853, the monochrome tomographic image and the
color or monochrome elastic image may be displayed on the
respective two screens simultaneously. As disclosed in Japa-
nese Unexamined Patent Application Publication No. 2004-
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135929, the half-transparent color elastic image may be
superimposed onto the monochrome tomographic image so
as to be displayed.

[0072] The display image data output from the selector
adder unit 9 are transmitted to the image display unit 10, and
input to the cine-memory unit 18 simultaneously. The cine-
memory unit 18 stores the input display image data into the
memory. The cine-memory unit 18 calls the previous display
image data to be displayed on the image display unit 10 or
transfers the selected display image data to the recording
medium such as the MO in accordance with the control signal
from the system control interface unit 17.

(Steps S6 and S7)

[0073] 1In steps S6 and S7, the histogram evaluation pro-
cessing according to the present invention is executed. The
histogram evaluation unit 20 obtains the distortion and elastic
modulus at the respective measurement points in the interest
region at the current time using the elastic frame data output
from the distortion/elastic modulus calculation unit 13 to
obtain the histogram in the interest region. The image infor-
mation which reflects the obtained histogram is generated to
be displayed on the image display unit 10 via the selector
adder unit 9 for the purpose of informing the operator of the
diagnostic information. The image information which
reflects the histogram is allowed to contain the statistic fea-
ture of the elasticity at the respective sites in the interest
region including the target site.

[0074] The flow of the process executed in the histogram
evaluation unit 20 will be described referring to FIG. 4. The
histogram evaluation unit 20 includes a memory unit 31, a
histogram calculation unit 32, a statistic evaluation unit 33,
and an image development unit 34. The elastic frame data
output from the distortion/elastic modulus calculation unit 13
are stored once in the memory unit 31, and then output to the
histogram calculation unit 32.

[0075] Thehistogram calculation unit 32 receives the elas-
tic frame data output from the memory unit 31, and the
coordinate data of the interest region (ROI) output from the
system control interface unit 17. The ROI is set to be input
(S6) from the system control interface unit 17 on the color
elastic image displayed on the image display unit 10 in step
Ss.

[0076] The histogram calculation unit 32 calculates the
histogram by making the elastic frame data which distribute
in the ROI as the population, and generates the histogram data
including the numeric data so as to be output to the statistic
evaluation unit 33. In other words, the distortion value or the
elastic modulus value in the ROI is divided into plural sec-
tions, and the number of measurement points of the distortion
value or the elastic modulus value in the respective sections is
calculated. The histogram data are generated by allocating the
plural sections of the distortion or the elastic modulus on the
horizontal axis, and the number of the measurement points on
the vertical axis.

[0077] The statistic evaluation unit 33 analyzes the histo-
gram data output from the histogram calculation unit 32 to
extract the statistic property of the histogram data. The sta-
tistic evaluation data as the statistic property are generated to
be output to the image development unit 34 together with the
histogram data. The image development unit 34 develops the
statistic evaluation data output from the statistic evaluation



US 2009/0143676 A1l

unit 33 and the image which reflects the histogram data into
the histogram image data so as to be output to the selector
adder unit 9.

[0078] The process executed in the histogram evaluation
unit 20 will be described in detail referring to FIGS. 5 to 8.
The numeric values of the elastic modulus in the elastic frame
data at the time point t when the calculation is executed in the
distortion/elastic modulus calculation unit 13 are defined to
Eij(t) where each of i(=1, 2,3, .. .N)and j(=1, 2,3, .. . M)
denotes a natural number as shown in the conceptual view of
FIG. 5. Referring to FIG. 5, the index i denotes the coordinate
of the elastic image in the horizontal axis direction, and the
index j denotes the coordinate of the elastic image in the
vertical axis direction, respectively.

[0079] The memory unit 31 stores the elastic frame data
Ei,j(t) to be output to the histogram calculation unit 32. Mean-
while, the operator sets the interest region ROI via the input
means of the system control interface unit 17 such device as
a track ball on the elastic image displayed on the image
display unit 10 as shown in FIG. 6. The system control intet-
face unit 17 reads the coordinates of the set ROI, for example,
four angular coordinates P1(x1, y1), P2(x2, y1), P3 (x1, v2),
and P4 (x2, y2) in case of the rectangular ROI so as to be
output to the histogram calculation unit 32 as the ROI coor-
dinate data as shown in FIG. 6.

[0080] The histogram calculation unit 32 calculates the
histogram data using the elastic frame data and the ROI coor-
dinate data. First of all, the numeric data of the elastic modu-
lus at the measurement points inside the ROI are extracted
from the elastic frame data in reference to the ROI coordinate
data as shown in FIG. 7.

[0081] The histogram data are calculated by defining the
numeric data of the elastic modulus at the measurement
points in the ROI as population. The process for calculating
the histogram data is the same as that for developing the
general histogram. The process will be described in more
detail referring to FIG. 8. The display range of the histogram
is defined from O (kPa) to 700 (kPa) in terms of the elastic
modulus, and the pin width as the section of the histogram is
defined to 25 (kPa). Then 28 pins are provided, that is, each
width of the respective pins is defined as follows.

Pin1: 0-24.99 ... (kPa)

Pin 2: 25-49.99 . .. (kPa)

Pin 3: 50-74.99 . . . (kPa)

Pin 27: 650-674.99 . . . (kPa)

Pin 28: 675-699.99 . . . (kPa)

[0082] The number of the measurement points with the
elastic modulus of the respective pins in the range is counted
from the population corresponding to the thus set pins as
follows.

Pin 1: 17 (counts)

Pin 2: 87 (counts)

Pin 3: 142 (counts)

Pin 27: 74 (counts)

Pin 28: 63 (counts)

The aforementioned processing is executed to generate the
histogram data which reflect the relationship between the pin
number (pin range) and the number of the measurement
points.

[0083] The statistic evaluation unit 33 calculates the statis-
tic feature of the generated histogram data to generate the
statistic evaluation data. One of the number of the measure-

Jun. 4, 2009

ment points as the sample of the elastic modulus data as the
population, the average value, the median, the distributed
value, standard deviation of the elastic modulus data, half-
width of the peak, distortion, and kurtosis may be selected to
be set arbitrarily as the statistic features. It is to be understood
that the property which represents the statistic feature is not
limited to those described above.

(Step S8)

[0084] The image development unit 34 develops the histo-
gram image data based on the histogram data calculated by
the histogram calculation unit 32 and the statistic evaluation
data obtained by the statistic evaluation unit 33. The devel-
oped histogram image data are displayed on the image dis-
play unit 10 via the selector adder unit 9 so as to be supplied
to the operator as the auxiliary elastic information for the
tissue identification.

[0085] In the embodiment, the measurement is made by
contacting the probe 2 with the surface of the body of the
subject 1. However, the invention is not limited to the one as
described above. The invention is applicable to the arbitrary
ultrasonic probe, for example, the rectum probe, transesoph-
ageal probe, the intraoperative probe, and the endovascular
probe.

[0086] The embodiment of the histogram image data gen-
erated by the histogram evaluation unit 20 will be described.
The case where the ROI is set as shown in FIG. 6 will be
described in following embodiments.

FIRST EMBODIMENT

[0087] A first embodiment relates to generation of the his-
togram image as shown in FIG. 8. Referring to FIG. 6, ROI
contains the tissues 1, 2, and 3. The information with respect
to the rigidity inherent to the respective tissues 1 to 3 is
displayed in real time on the image display unit 10 as the
elastic image together with the ranges of the tissues 1 to 3.
This makes it possible to easily recognize the relationship of
(rigidity of tissue 1)<(rigidity of tissue 2)<(rigidity of tissue
3).

[0088] The histogram image as shown in FIG. 8 is gener-
ated based on the elastic modulus data in the ROI. That is, the
vertical axis of the histogram image in the drawing correlates
with the number of the measurement points belonging to the
elastic modulus of the respective pins. As the number of the
measurement points becomes large, the length of the pin
increases. The population in the elastic frame data designated
by the ROI contains elastic modulus data inherent to the
respective tissues 1 to 3. The resultant histogram has the large
number of the measurement points in the range of the corre-
sponding elastic modulus.

[0089] The statistic evaluation unit 33 calculates the num-
ber of the measurement points belonging to the population,
the average value, the median, and the variance of the elastic
modulus in the population, which are displayed in real time
on the image display unit 10 together with the histogram as
shown in FIG. 8.

[0090] The selector adder unit 9 displays the image on the
image display unit 10 in various display modes as shown in
FIG. 9. Referring to the exemplary drawing, the tomographic
image output from the monochrome scan converter 8, the
elastic image output from the color scan converter 15, and the
histogram image output from the histogram evaluation unit
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20 are combined to develop the single display image data to
be displayed in real time on the image display unit 10.
[0091] Theembodiment allows the operator to evaluate the
binding of the target region to the peripheral tissue in terms of
rigidity in the objective and quantitative manner, which
makes sure to assist in the tissue identification.

[0092] In the case of the elastic image showing the level of
the brightness (hue) and the extent thereof, the diagnosis
tends to be made by the operator subjectively. As a result, the
diagnostic results vary depending on the operators. The
embodiment allows the operator to diagnose in the objective
and universal manner rather than the subjective manner, thus
providing the clinically useful ultrasonic diagnostic system.
[0093] As the histogram reflects the feature of the unison
behavior of the tissue, the uniformity in the rigidity of the
tissue of the target site such as the diseased portion may be
evaluated. This makes it possible to identify the tissue prop-
erties, for example, the cancer tumor as the considerably rigid
solid tissue, the fiber adenoma as the flexible solid tissue, or
cyst as the mobile cystic tissue, thus providing the clinically
useful diagnostic information.

SECOND EMBODIMENT

[0094] In the first embodiment, the elastic modulus is
employed. However, the present invention is not limited to the
elastic modulus. The distortion data, displacement data, and
the displacement vector may be employed as the elastic data.
That is, the same histogram and the same statistic property
data are obtained based on distortion as the elastic frame data
calculated in the distortion/elastic modulus calculation unit
13 such that the image is displayed. Alternatively, the histo-
gram and the statistic property data are obtained based on the
displacement frame data calculated by the displacement cal-
culation unit 12 such that the image is displayed. If the dis-
placement frame data are formed of the displacement vectors,
the histogram and the statistic property data are obtained
based on the vector data such that the image is displayed.
[0095] The histogram and the statistic property data are
obtained based on the elastic data correlating with the rigidity
ofthe tissue so as to be displayed, thus providing substantially
the same effect as that of the first embodiment.

THIRD EMBODIMENT

[0096] In the first embodiment, the histogram and the sta-
tistic property data are obtained based on the elastic frame
data formed of the numeric elastic modulus data calculated by
the distortion/elastic modulus calculation unit 13. However,
the present invention is not limited to one as described above,
the histogram and the statistic property data may be obtained
by inputting the elastic frame data subsequent to the image
processing in the elastic data processing unit 14 into the
histogram evaluation unit 20 such that substantially the same
effect as that of the first embodiment may be obtained.
[0097] Thehistogram and the statistic property data may be
obtained based on the elastic image data converted by the
color scan converter 15 so as to provide the same effect as that
of the first embodiment.

FOURTH EMBODIMENT

[0098] FIG. 10 shows an exemplary display of the histo-
gram image according to a fourth embodiment. In the first
embodiment, the histogram is generated based on the elastic
modulus as the elastic data correlated with the elasticity so as
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to be displayed. The present invention is not limited to the one
as described above. The obtained histogram is approximated
(fitting) with an appropriate function such as double Gaussian
or plural Gaussian functions by the statistic evaluation unit 33
so as to be displayed as shown in FIG. 10. In this case, the
average and the standard deviation of the respective Gaussian
function are obtained, and output as the statistic evaluation
data. Referring to the drawing, the fitting function, the elastic
modulus m1 to m3 at the peak of the function, or the average
M of the elastic modulus and the width information such as
the standard deviations ol to 03 may be obtained to be
displayed as the property amount data of the histogram.
[0099] Compared with the first embodiment, the embodi-
ment further allows the operator to evaluate the binding of the
target region with the peripheral tissue in terms of the rigidity
in the objective and quantitative manner, and makes sure to
assist in the tissue identification.

FIFTH EMBODIMENT

[0100] FIG. 11 shows an exemplary display of the histo-
gram image according to a fifth embodiment. In the embodi-
ment, the histogram with the arbitrary elastic modulus is
designated among those shown in the first embodiment so as
to display the specific histogram information. Specifically,
plural cursors (C1, C2, . . .) are displayed on the histogram
image data via the input means of the system control interface
unit 17 so as to allow the operator to freely move the cursors.
The histogram information at the cursor C1, C2, . . . desig-
nated by the operator, for example, numeric data such as the
number of counts N1, N2, the average value m1, m2 may be
displayed in synchronization with the cursor movement.

[0101] The embodiment further allows the operator to
evaluate the binding of the target region with the peripheral
tissue in terms of the rigidity in the objective and quantitative
manner, and makes sure to assist in the tissue identification.

SIXTH EMBODIMENT

[0102] FIG. 12 shows an exemplary display of the histo-
gram image according to a sixth embodiment. In the embodi-
ment, the histogram range is designated by the cursors C1,C2
shown in a fifth embodiment to calculate the statistic property
in the range and the resultant image is displayed.

[0103] In the case where the range is defined on the histo-
gram by the cursors C1 and C2 as shown in FIG. 12, the
statistic properties such as the number N of the measurement
points, the average value m, and the standard deviation a of
the histogram data corresponding to the range are calculated
to be displayed as the numeric data.

[0104] Therange on thehistogram arbitrarily designated by
the operator using the cursors C1 and C2 is only subjected to
the fitting with the approximate function as described in the
fourth embodiment such that the statistic properties are
extracted to be displayed as the image.

SEVENTH EMBODIMENT

[0105] FIG. 13 shows an exemplary display of the histo-
gram image according to a seventh embodiment. The embodi-
ment is structured to display the region of the elastic image
corresponding to the block of the measurement points in the
region of the selected histogram between the cursors C1 and
C2 in the sixth embodiment, which is shown as a shaded
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region 41 of FIG. 13. The operator is allowed to easily rec-
ognize the correlation between the histogram and the tissue.

EIGHTH EMBODIMENT

[0106] FIG. 14 shows an exemplary display of the histo-
gram image according to an eighth embodiment. The embodi-
ment displays the calculated ratio of the elastic modulus at
two peak positions C1 and C2 on the histogram, that is,
m2/ml. Assuming that the C1 is the region of the normal
tissue, the embodiment allows the operator to recognize as to
how many times the rigidity of the tissue in the region C2 is
higher than the C1 immediately.

[0107] Conventionally, the body tissue is pressed such that
the resultant distortion and the elastic modulus in the respec-
tive inner region are calculated, and elastic image developed
by grading with the level is displayed. However, it is impos-
sible to allow the operator to recognize how the target region
is bound with the peripheral tissue in terms of the rigidity.
Meanwhile, the present invention allows the operator to
evaluate the binding of the target region with the peripheral
tissue in terms of the rigidity in the objective and quantitative
manner and makes sure to perform the tissue identification.
[0108] There has been often the case where the diagnosis is
made based on the level of the brightness (hue) and the extent
thereof on the elastic image which may be subjectively deter-
mined by the operator, resulting in variance in the diagnostic
results depending on the operators. The embodiment avoids
the subjective determination to make sure to provide the
objective and universal diagnosis and the clinically useful
ultrasonic diagnostic system.

NINTH EMBODIMENT

[0109] The embodiment adds the following function to the
histogram evaluation unit 20 in addition to the eighth embodi-
ment.

[0110] Each half-width of the elastic modulus of the peak
portion designated by the cursors C1 and C2 of FIG. 14 is
obtained, based on which the tissue property is evaluated. The
evaluation result is output and displayed. For example, if the
half-width of the elastic modulus is in the range from 1 to 20
kPa, it is determined as the cancer tumor which is the consid-
erably rigid solid tissue. If the half-width of the elastic modu-
lus is in the range from 21 to 70 kPa, it is determined as the
fiber adenoma which is the flexible solid tissue. If the half-
width of the elastic modulus is 71 kPa or larger, it is deter-
mined as the cyst which is the mobile cystic tissue.

[0111] The ratio between the variance/average at the peak
portion is obtained and formed to be non-dimensional. In case
of the cancer tumor, the variance is small and the average is
large, and accordingly, the ratio therebetween becomes small
(for example, 0.1). In case of the fiber adenoma, the variance
is the intermediate value, and the average is also the interme-
diate value. Accordingly, the ratio between the variance and
the average becomes intermediate (for example, 0.3). In case
of the cyst, the variance is large, and the average is small. The
resultant ratio between the variance and the average becomes
large (for example, 0.5).

[0112] The embodiment is capable of outputting and dis-
playing the evaluation results of the tissue property, thus
further improving the reliability in the tissue identification.

TENTH EMBODIMENT

[0113] FIG. 15 is an exemplary display of the histogram
image according to a tenth embodiment. In the embodiment,
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the ROT set on the elastic image is automatically changed by
following the movement ofthe tissue which displaces accom-
panied with the pressure, and the histogram in the thus
changed interest region is displayed correspondingly. As the
ROT is set by tracking the same tissue region, the appropriate
histogram information may be obtained.

[0114] Generally the elasticity may be formed into the
image using the ultrasonic wave as the elastic image calcu-
lated during the compression to the subject by manually mov-
ing up and down the ultrasonic probe in contact with the body
surface of the subject at the diagnostic point. If the set ROI
coordinate data are kept fixed as shown in FIG. 16, the tissue
which displaces with the pressure deviates from the ROI, or
the tissue outside the ROI may enter into the ROI, thus chang-
ing the population in the ROI. Calculation of the histogram of
the measurement points in the ROI may not allow the objec-
tivecomparison. Accordingly, the comparison with the elastic
images obtained in the state where the compression force
changes as time elapses may fail to provide the appropriate
identification information.

[0115] In the embodiment, the coordinate data of the ROI
are updated in response to the compression state of the sub-
ject, and the state of the body in motion such as the pulsating.
More specifically, as shown in FIG. 6 the histogram evalua-
tion unit 20 receives the points which represent the ROI
region set by the system control interface unit 17, for
example, P1(t0)(x1,y1), P2(t0)(x2,y1), P3(t0)(x1,y2), and
P4(t0)(x2,y2) at ROI setting time point, t0. Then at a time
point t1, the displacement frame data Di,j(t1) at the time point
tl are input from the displacement measurement unit 12 as
shown in FIG. 1. In reference to the displacement data of the
coordinate corresponding to the displacement frame data Di,j
(t1) obtained at the time point t1, the position of the tissue at
the time point t1 displaced from the ROI with the coordinates
of P1(t0)(x1,y1), P2(t0)(x2,y1), P3(t0)(x1,y2) and P4(t0)(x2,
y2) at the time point to may be obtained. The obtained coor-
dinates P1(t1), P2(t1), P3(t1) and P4(t1) are updated as the
new ROI coordinate data. The histogram and the statistic
properties are obtained using the population which distributes
in the updated ROI coordinate so as to be displayed.

[0116] Inthe embodiment, the body is compressed to bring
the tissue inside the body close to the ultrasonic probe during
the compression. The processing of the embodiment is
repeated at the arbitrary time point to update the ROI coordi-
nate data in response to the compression state of the subject,
the state of the body in motion such as the pulsating. In the
embodiment, the position and the size of the ROI may be
changed depending on the time as shown in FIG. 15. The
same tissue region in the body may be extracted at the arbi-
trary time point.

[0117] In the embodiment, the population is formed based
on the elastic frame data corresponding to the same tissue
region so as to calculate the histogram and the statistic prop-
erties to be displayed. This may prevent the other tissue from
entering into the ROI during the compression stage. As a
result, the number of the samples in the population is
changed. However, statistic property such as the average and
the variance as the important information for differentiating
the tissue feature may be maintained as the stable value at the
arbitrary time. This makes sure to evaluate the value inherent
to the tissue.

[0118] Referring to FIG. 16, if the ROI coordinates are
fixed, the calculated histograms vary depending on the time.
The indexes representing the statistic properties calculated
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based on the histogram may also vary depending on the time.
The aforementioned process may interfere with the objective
and reliable diagnosis. In the embodiment, the RO1 coordi-
nate data are updated in response to the compression process
to extract the same tissue region at the arbitrary time point,
and to evaluate the resultant statistic properties. This makes it
possible to make the diagnosis in the objective and reliable
manner with high accuracy.

ELEVENTH EMBODIMENT

[0119] An eleventh embodiment shows another exemplary
display of the histogram image. In the embodiment, the his-
togram evaluation unit 20 stores the previously obtained his-
togram data to form cumulative histogram data by temporally
accumulating the histogram data of the respective pins at the
current time, and the previous histogram data. The statistic
property of the cumulative histogram data may be obtained
such that the image is displayed.

[0120] Thehistogram evaluation unit 20 may be structured
to store the previously obtained histogram data to form
smoothing histogram data by temporally smoothing the his-
togram data for the respective pins at the current time and the
previous histogram data. In this case, the statistic property of
the smoothing histogram data may be obtained such that the
image thereof is displayed. The embodiment may extract the
stable and accurate static property amount.

TWELFTH EMBODIMENT

[0121] The aforementioned respective embodiments show
examples where the histogram and the statistic property are
calculated in real time so as to be displayed. However, the
present invention is not limited to the aforementioned struc-
tures. The image data stored in the cine-memory unit 18 may
be used to perform the required processing as shown in FIG.
2.

[0122] The aforementioned process is performed while
freezing the system via the system control interface unit 17.
The cine-memory unit 18 calls the previous display image
data in accordance with the control signal of the system
control interface unit 17 so as to designate the display image
data and the ROI for evaluation with the histogram among
those of the arbitrary frame. The coordinate data of the ROI
are output to the histogram evaluation unit 20. The informa-
tion which designates the frame to be processed is output to
the distortion/elastic modulus calculation unit 13 such that
the previous elastic frame data stored therein are read and
transmitted to the histogram evaluation unit 20 for calculating
the histogram and the statistic property. This makes it possible
to allow the present invention to be implemented off-line.

THIRTEENTH EMBODIMENT

[0123] The determination whether or not the histogram is
displayed as described in the aforementioned embodiments
may be arbitrarily made, or the display of the histogram (pin
width, each range of horizontal axis and vertical axis) may be
arbitrarily set or changed. The determination as to which
statistic information including the average value, standard
deviation of the statistic property is calculated and displayed
may be arbitrarily made by the system control interface unit
17.

FOURTEENTH EMBODIMENT

[0124] FIG. 17 shows an exemplary display where the his-
togram is generated using the displacement vector as one of
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the elastic data correlating with the elasticity according to a
fourteenth embodiment of the present invention. In the
embodiment, based on the ultrasonic tomographic data mea-
sured by pressing the tissue of the subject body, the displace-
ment vector of the tissue at the plural measurement points in
the tomographic site of the subject is obtained to generate the
elastic image showing the displacement vector corresponding
to the measurement point in the tomographic site. Then the
distribution of the displacement vector component in the
depth direction as the specific direction in the interest region
to be set for the elastic image is displayed in the histogram.
The horizontal axis of the histogram in the drawing denotes
the depth direction component of the displacement.

[0125] FIG. 17(A) shows that the target region set in the
ROI is the considerably rigid solid tissue as the cancer tumor.
As arrows in the upper view of FIG. 17(A) show, each dis-
placement vector at the respective measurement points is
directed in the same direction. The histogram showing the
distribution of the displacement vector in the ROI becomes
the one concentrated in the narrow range as shown in the
lower view of FIG. 17(A). As the tissue elements are bound
strongly. they may be in the motion state without deforming
the entire structure, even if it is pressed.

[0126] FIG. 17(B) shows that the target region set in the
ROI is the flexible solid tissue as the fiber adenoma. The
displacement vectors of the respective measurement points
are directed in relatively wider distributed directions as
shown with arrows in the upper view of FIG. 17(B). The
distribution width ofthe histogram showing the displacement
vectors in the ROI is relatively widened as the lower view of
FIG. 17(B) shows. The histogram shows that the tissue ele-
ments are bound to a certain degree so as to allow the defor-
mation a certain degree upon reception of the pressure while
binding with one another.

[0127] FIG. 17(C) shows that the target region set in the
ROI is the mobile cystic tissue as the cyst. The displacement
vectors at the respective measurement points are directed in
various directions as shown with arrows in the upper view of
FIG. 17(C). The distribution width on the histogram showing
the displacement vectors in the ROI is widened as the lower
view of FIG. 17(C) shows. The histogram shows that the
tissue elements are not bound with one another such that the
respective elements move in the arbitrary directions upon
reception of the pressure.

[0128] Itis to beunderstood that the difference in the tissue
property may be identified by forming the histogram by the
component of the depth direction of the displacement vector
or the component of the lateral direction. Besides the differ-
ence in the rigidity, the binding level of the tissue elements
may be identified by observing the distribution width. The
effective auxiliary elastic information for identifying the tis-
sue may be obtained.

FIFTEENTH EMBODIMENT

[0129] FIG. 18 shows an exemplary display of the elastic
information according to a fifteenth embodiment of the
present invention. In the embodiment, the range for allocating
the gradient (256 gradients) with the hue or brightness of the
elastic image is changed in accordance with the width of the
elastic data of the histogram in the interest region ROI to
emphasize the contrast of the difference in the elasticity
within the interest region ROI. FIG. 18(a) shows the elastic
image and the histogram in the field of view. F1G. 18(b) shows
the histogram at the measurement points in the interest region
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ROI which has been manually or automatically set by detect-
ing the boundary in the elastic image. FIG. 18(c) shows the
allocation range of the gradient automatically changed in
accordance with the width of the elastic data of the histogram
at the measurement points in the interest region ROI to dis-
play the emphasize contrast of the difference in the elasticity
within the ROIL.

[0130] The embodiment displays the distribution of the
rigidity of the tissue in the ROI while emphasizing the con-
trast to provide effective auxiliary elastic information for
identifying the tissue.

SIXTEENTH EMBODIMENT

[0131] FIG. 19 shows an exemplary display of the elastic
information according to a sixteenth embodiment of the
present invention. In the exemplary display of the elastic
information according to the first embodiment as shown in
FIG. 9, the auxiliary elastic information image which
includes the elastic image and the histogram (histogram
image) is displayed on the single screen. In the embodiment,
the histogram image is displayed on the small window so as to
be partially superimposed on the elastic image as shown in
FIG. 19.

[0132] The histogram image may be displayed at the sac-
rifice of the resolution because it is in no danger of the over-
sight problem. Accordingly, the histogram image does not
have to be displayed in the same size as those of the tomo-
graphic image and the elastic image. As shown in the embodi-
ment the histogram image having its size reduced may be
displayed on the small window in the image region of the
elastic image. As the operator is allowed to observe the elastic
information of the elastic image at the sufficient resolution,
the information loss may be suppressed.

[0133] Inthe example of FIG. 19, as the histogram image is
partially superimposed onto the elastic image to hide the
information contained therein, the operator may miss the
important elastic information as the case may be. To avoid the
aforementioned problem, it is preferable to form the histo-
gram image to be half-transparent and superimposed onto the
elastic image as shown in FIG. 20. Accordingly, missing of
the elastic information hidden by the histogram image super-
imposed thereto may be prevented.

[0134] The generally employed image development pro-
cess so called alpha blending for generating the colored half-
transparent image will be described. Assuming that the color
information of the pixel is expressed by three primary colors
(R, G. B), the color information E(i,j) of the element in the
coordinate (i,j) of the colored elastic image becomes the
function of the color information of the three primary colors,
that is, Br(i,)), Eg(i,j) and Eb(i,j) as expressed by the follow-
ing equation.

EG)~(ErGg) () ED(7)-
Likewise as above, the color information H(i,j) of the pixel at

the colored histogram image at the coordinate (i,)) becomes
the function as follows.

H)=(Hr(0,7) Hg (1)) Hb(i)-

Assuming that the superposition ratio between both images is
setto o (0=a=3), the color information G(i,}) of the pixel of
the half-transparent superimposed image at the coordinate
(i) in the region where the histogram image is superimposed
may be obtained by the following equation:

Cl)=axE(i ) +H1-o)xH(i, ).
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The color information of the pixel of the half-transparent
superimposed image at the coordinate (i,j) includes the image
information of both the elastic image and the histogram
image at the ratio of ¢, which allows the respective color
information data to be simultaneously recognized through the
half-transparent views.

[0135] As mentioned above, the embodiment prevents
deterioration in the accuracy of the image diagnosis, if each of
the plural images is reduced into small but the same size to be
disposed on the limited screen of the single monitor simulta-
neously so as not to interfere with one another.

SEVENTEENTH EMBODIMENT

[0136] FIG. 21 shows an exemplary display of the elastic
information according to a seventeenth embodiment. FIGS.
19 and 20 show that the contracted histogram image is dis-
played on the window in the region of the diagnostic image
such as the tomographic image and the elastic image. In the
embodiment, the relationship of the diagnostic image and the
histogram image with respect to the size on the display region
may be inverted in need as shown in FIG. 21.

[0137] The embodiment may be structured to switch the
relationship of size between the diagnostic image and the
histogram image on the display region by operating the image
selection key provided on the predetermined key or button of
the system control interface unit 17 in the ultrasonic diagnos-
tic system. Besides the key and the button of the system
control interface unit 17, the image selector key may be
formed as an icon displayed on the monitor image.

[0138] Theembodiment allows the cursor movement onthe
histogram image to be efficiently performed on the enlarged
histogram image in the embodiment as shownin FIGS. 11 and

EIGHTEENTH EMBODIMENT

[0139] FIG. 22 shows an exemplary display of the elastic
information in the case where the present invention is applied
to the diagnosis for identifying the cystic cancerin the thyroid
gland. Identification of the cystic cancer in the thyroid gland
is considerably important for the image diagnosis with
respect to the thyroid gland. It is well known that the cystic
cancer has the cell density which distributes inside the tumor.
The peripheral edge of the tumor has the cell density higher
than that of the center of the tumor. In the case where the
cystic cancer is evaluated in reference to the elastic image, the
peripheral edge of the tumor is likely to be displayed as the
image indicating the rigid region compared with the center of
the tumor. In other words, the site with the higher cell density
tends to be measured as being rigid compared with the site
with the lower cell density.

[0140] The embodiment displays the appropriate elastic
information for evaluating the feature of the elasticity distri-
bution inside the tumor. For example, there may be the case
where the difference in the rigidity between the peripheral
edge and the center of the tumor may not be recognized by the
generally employed elastic image especially in case of the
tumor in the thyroid gland. FIG. 22 shows an exemplary
display of both the elastic image of the thyroid gland tumor
and the histogram image in case of the cystic cancer. Refer-
ring to the drawing, the histogram is analyzed regarding the
center of the tumor ROI2 and the annular peripheral edge of
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the tumor ROI1 as the independent populations to obtain and
display effective information for identifying the cystic cancer
objectively.

[0141] In the embodiment, the images are displayed as
follows.

(1) The peripheral edge and the center of the region doubted
as the cystic cancer are set to ROI1 and ROI2, respectively so
as to be displayed.

(2) Eachhistogram of the ROI1 and ROI2 is discriminated by
different colors, and synthesized histogram image is dis-
played.

(3) Each statistic information of the histograms is calculated
and displayed. In the drawing, the average, the standard
deviation and the median are displayed.

[0142] The ROI1 and ROI2 may be set through various
processes. For example, the operator is allowed to designate
the outer periphery and the inner periphery of the annular
peripheral edge ROI1 by drawing the lines using the input
means such as a mouse and a track ball of the system control
interface 17. The annular region between the drawn lines is
recognized as the peripheral edge ROI1 to be set.

[0143] Theoperator is allowed to adjust two oval templates
selected from the plural preliminarily prepared oval templates
to the outer and the inner peripheries of the peripheral edge
ROI1 so as to be set by operating the mouse and the track ball.
The annular region defined by the outer peripheral lines of the
two oval templates is recognized to be set as the peripheral
edge ROI1, and the inner region of the small oval template is
recognized to be set as the ROI2.

[0144] The operator is allowed to dispose two torus (annu-
lar) ROIs on the image among the previously prepared plural
torus ROIs suitable for designating the peripheral edge by
operating the mouse and the track ball. The annular region
defined by the two torus ROIs is considered as the peripheral
edge ROI1, and the inner region of the small torus ROI is
considered as the ROI2 so as to be set.

[0145] The embodiment allows the quantitative and objec-
tive diagnosis with respect to the cystic cancer in case of the
use of the elastic image which cannot be recognized with
respect to the difference in the rigidity between the peripheral
edge and the center of the tumor quantitatively.

NINETEENTH EMBODIMENT

[0146] Generally, the inspection so called the dynamic test
to evaluate the movability (mobility) of the tumor for per-
forming the image diagnosis on the mammary gland region
has been well known as introduced in the reference titled
“Dynamic tests in real-time breast echography” by Ueno E, et
al, Ultrasound Med Biol., 14: 53-57, 1988. The dynamic test
is intended to evaluate the level how the interest tumor is
bound with the peripheral tissue. More specifically, the diag-
nosis is made to evaluate whether the target tumor is moved
accompanied with the movement of the peripheral tissue or it
moves independently without being influenced by the move-
ment of the peripheral tissue when the entire breast is largely
deformed while observing the tomographic image in real
time. For example, as the madidans tumor of the breast cancer
grows wet in the peripheral tissue, it is highly bound with the
peripheral tissue with the low mobility. Meanwhile, as the
benign tumor shows no madidans property, its movement is
independent from that of the peripheral tissue. The mobility
of the benign tumor has high mobility. However, as the evalu-
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ation on the mobility depends on the experience of the opera-
tor, which is likely to be made subjectively, the resultant
evaluation is less objective.

[0147] In the embodiment, the mobility is evaluated using
the histogram. FIGS. 23(a) and 23(5) show exemplary dis-
plays of the elastic information according to the embodiment.
The interest site shown in FIG. 23(a) is expected to be the
tumor with high mobility such as the benign tumor which is
not bound with the peripheral mammary gland. When the
breast is largely deformed from outside, the tumor slips at the
boundary with the mammary gland. That is, there are differ-
ences in the displacement direction and displacement amount
between the boundary region at the tumor side and the bound-
ary region at the mammary gland side. The displacement may
be made in the opposite directions as the case may be. Refer-
ring to FIG. 23(a), the ROI is set in the region which contains
the boundary between the tumor and the mammary gland.
Then the compression operation applied when the displace-
ment of 0.05 mm is made in the depth direction in the ROT is
set as the criterion of the evaluation. When the amount of the
lateral displacement in the ROI is displayed into the histo-
gram, there are two peaks in the histogram each having the
same amount of the displacement in the positive direction
(rightward on the image) and in the negative direction (left-
ward on the image). The extent of the histogram (half-width
of the peak, standard deviation, variance) and the distance
between the peaks (mm) may indicate the level of the mobil-
ity so as to be used for the evaluation.

[0148] Meanwhile, the interest site shown in FIG. 23(5) is
assumed to be the malignant tumor with low mobility. As the
tumor is strongly bound with the peripheral mammary gland,
the tumor and the mammary gland around the boundary take
the similar motions when the entire breast is largely deformed
outside. The differences in the displacement direction and the
displacement amount between the boundary region at the
tumor and the boundary region at the mammary gland around
the boundary are small. The tumor and the mammary gland
may be completely bound and displace in unison as the case
may be. Likewise the case as shown in FIG. 23(a), the ROl is
set on the region including the boundary between the tumor
and the mammary gland. The compression applied when the
displacement of 0.05 mm in the depth direction is made in the
ROI is set as the criterion of the evaluation. The histogram
which represents the amount of the lateral displacement in the
ROI is shown in FIG. 23(5). The peak of the histogram with
the similar displacement amount occurs in one of the positive
direction (for example, rightward on the image) or the nega-
tive direction (for example, leftward on the image). The
extent of the histogram (half width of the peak, standard
deviation, and variance) may indicate the level of the mobility
so as to be used for the evaluation.

TWENTIETH EMBODIMENT

[0149] In the nineteenth embodiment, the histogram based
on the displacement information is provided as the auxiliary
elastic information for objectively evaluating the mobility
which relates to the humidity coefficient of the tumor to its
periphery as one of the information data to determine whether
the tumor is benign or malignant. For the aforementioned
object in the embodiment, the method which employs the
histogram will be described as the auxiliary elastic informa-
tion for evaluating the syncretio between the tissues.

[0150] FIG. 24 shows an exemplary elastic images in the
case where the tumor exists in the mammary gland tissue. The
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drawing shows the auxiliary elastic information suitable for
the operation to extract the tumor around the boundary
between the mammary gland and the greater pectoral muscle.
When the tumor around the boundary between the mammary
gland and the greater pectoral muscle is extracted, the
approach to the tumor is made from the intermediate portion
between the mammary gland and the pectoral muscle. In the
aforementioned operation, the determination whether or not
the tumor and the greater pectoral muscle, and the mammary
gland and the greater pectoral muscle are separable without
the syncretio becomes considerably important for the opera-
tion.

[0151] In the embodiment, the ROI is set in the region
required to be evaluated with respect to the syncretio between
the mammary gland and the greater pectoral muscle as shown
in FIG. 24(a). Likewise the case as shown in FIG. 23, if there
is no syncretio between the mammary gland and the greater
pectoral muscle, they will move independently in response to
the deformation of the breast. In this case, the slippage occurs
at the boundary. In the case where the predetermined amount
of the displacement in the depth direction is made to display
the histogram images for indicating the lateral displacement,
two peak portions appear in the histogram as shown in FIG.
24(a).

[0152] Meanwhile, if the strong syncretio occurs between
the mammary gland and the greater pectoral muscle strongly,
the mammary gland is bound with the greater pectoral muscle
to move in unison as shown in FIG. 24(b). Accordingly, the
distribution having the peak at the constant displacement is
obtained. The extent of the histogram in the ROI (half-width
of the peak, standard deviation, and variance) may be the
criterion for evaluating the possibility of the syncretio or
separation.

[0153] The histogram based on the displacement informa-
tion may be used for evaluation to determine with respect to
the possibility of separation as the important information for
planning the operation to extract the tumor.

[0154] Besides the extraction operation, the evaluation
with respect to the syncretio between tissues may be effec-
tively used for the breast implant by inserting the bag (saline
bag or silicon bag) between the mammary gland and the
greater pectoral muscle. The similar effect may be derived
from the application to the surgery using the endoscope.

TWENTY-FIRST EMBODIMENT

[0155] Referring to FIG. 25, a twenty-first embodiment
shows the application of the quantitative auxiliary elastic
information of the present invention to the determination with
respect to the treatment effect of the high-intensity focused
ultrasound (hereinafter referred to as HIFU).

[0156] The HIFU treatment is performed to destroy the
tissue of the diseased site (for example, lesion such as cancer)
by irradiating the ultrasound to the site to be treated inside the
subject body from the ultrasonic treatment probe, focusing
the high-intensity ultrasound to the small region of the site to
be treated, and heating the focal site to a high temperature
ranging from 60 to 90° C. The treatment is performed by
destroying the entire tissue of the diseased site while gradu-
ally moving the focal point in the site to be treated.

[0157] As the tissue of the diseased site destroyed by the
treatment becomes rigid through the thermal denaturaliza-
tion. The level of the rigidity, thus may be correlated with the
treatment effect. The determination whether or not the treat-
ment has been uniformly performed over the entire tissue of
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the site to be treated may be made by observing the elastic
image which represents the elastic information measured in
the interest region ROI at the site to be treated. The elastic
image displayed in the gradient corresponding to the rigidity
fails to identify the gradient difference in the considerably
tiny site in the region where the color gradients are approxi-
mated as described in Background Art. Accordingly, there
may be the case where the determination whether or not the
treatment has been performed cannot be clearly made. In this
case, the histogram as the auxiliary elastic information
according to the present invention may be used for assisting in
the appropriate diagnosis in the quantitative and objective
mannet.

[0158] FIG. 25(a) shows the elastic image each represent-
ing the cross-sectional view of the prostate gland including
the prostate cancer before the treatment. As the ROl is set in
the region of the prostate gland cancer, the image shows the
elasticity of approximately 100 (kPa) as shown in the draw-
ing.

[0159] FIG. 25(b) shows the intermediate stage of the
HIFU treatment applied to the region of the prostate cancer.
The area of the prostate cancer sufficiently radiated with the
ultrasound becomes rigid through the thermal denaturaliza-
tion. The histogram shows the change in the rigidity to
approximately 300 (kPa) as shown in FIG. 25(b). As the
histogram in FIG. 25() shows, the tissue region with the
rigidity of 100 (kPa) indicates that the untreated prostate
cancer is left in the ROI. The aforementioned regions denote
the one where the treatment has not been completed yet owing
to insufficient irradiation of the ultrasound.

[0160] Likewise the embodiment shown in FIG. 13, the
incomplete treatment region is selected by the cursors C1 and
C2, and the measurement points are feedbacked to the elastic
image to be displayed. This makes it possible to display the
incomplete treatment region on the image to be recognizable
by the operator.

[0161] On the final step, the HIFU treatment is applied
again to the incomplete treatment region with insufficient
thermal denaturalization as shown in FIG. 25(c). This makes
it possible to confirm that the treatment to the entire region in
the ROI has been uniformly applied in reference to the histo-
gram.

[0162] The threshold value of 200 (kPa) or higher may be
set as the criterion for determination with respect to comple-
tion of the treatment. The common condition may be set for
determining the effect of the treatment to make sure the
appropriate treatment to be performed in accordance with the
constant treatment criterion.

[0163] The treatment method by burning the cancer tissue
with heat is not limited to the use of HIFU, but RFA (percu-
taneous radiofrequency wave ablation treatment) may be
employed. The present invention may also be applied to cryo
treatment by sharply cooling the cancer tissue in view of
hardening through the thermal denaturalization.

[0164] Thepresentinvention is applicable to the method for
evaluation whether or not the treatment has been uniformly
performed. or the treatment effect has been uniformly
obtained with respect to the treatment for changing the rigid-
ity owing to the tissue denaturalization, which is applied to
the cancer tissue as well as the hormonal therapy with the
medication.

TWENTY-SECOND EMBODIMENT

[0165] Referring to FIG. 26, a twenty-second embodiment
of the present invention suitable for the breast cancer screen-
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ing will be described. In the process for screening the breast
cancer, the ultrasonic probe is brought into contact with the
breast to scan the tomographic image of the breast in real time
as shown in FIGS. 26(a) and 26(5). In the aforementioned
screening, the time for screening of the subject is limited, and
accordingly, efficient checking is required. The observation
of all the regions on the measurement cross section displayed
as the tomographic image which is scanned in real time with-
out the oversight problem requires much time, and depends
largely on the experience. The tomographic image such as the
B mode image indicates the information of the structure of the
tissue in the body developed as the image, and may be used for
identifying the information of the mode of the tissue, for
example, whether the tumor image is formed, the rear echo is
intensified, the peripheral edge portion is roughened, and the
like. The experience of the operator is required for the effi-
cient diagnosis as the tumor is detected or identified based on
the large number of complex views.

[0166] As the tumor is rigid compared with the peripheral
fatty tissue and mammary gland tissue, the observation is
made to determine with regard to whether or not the region
with the high elastic modulus exists in the measurement cross
section upon inspection based on the elastic modulus as the
elastic information, for example. The worth the malignant
tissue becomes, the higher the rigidity becomes. The deter-
mination may only be made whether or not the region with the
abnormal rigidity exists in the measurement cross section,
thus allowing the operator to recognize it efficiently in real
time.

[0167] As described in Background Art, however, there
may be the case where the difference in the elasticity cannot
be clearly discriminated with respect to the boundary region
with different color gradients or the region with the approxi-
mated gradient of color for identifying the tumor such as the
breast cancer based on elasticity difference of the elastic
image. The careful observation of all the regions on the mea-
surement cross section based on the elastic images is
required. The aforementioned observation while sweeping
the measurement cross section in real time may be the burden
to the operator.

[0168] In the embodiment, the distribution of the elastic
information is formed into the histogram in addition to or in
place of the elastic image so as to be displayed as the auxiliary
elastic information. This makes it possible to realize the effi-
cient screening. Referring to FIG. 26(c), the elastic informa-
tion such as distortion or elastic modulus is measured in real
time during the scan of the cross-section, and the distribution
of the resultant elastic information is formed into the histo-
gram to be displayed. Assuming that the threshold value Eth
of the elastic modulus of the tumor doubted to be malignant is
setto 200 (kPa), the distribution of the measurement points of
the elastic modulus equal to or higher than the value Eth
existing on the elastic image may be immediately determined.
In other words, the embodiment eliminates the burden for
making the confirmation in detail like the case of the elastic
image.

[0169] The threshold value Cth is set on the vertical axis
(level) of the histogram. When the measurement point equal
to or higher than Eth is measured to be equal to or higher than
the value of Cth, the alarm message of “region with abnormal
elasticity” is displayed on the image of the histogram so as to
prevent the oversight.

[0170] Thescale ofthe vertical axis (level) of the histogram
may be changed from the linear scale to the log scale. The log
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scale makes it possible to detect the very small tumor doubted
to be the malignant tumor at lower level with high sensitivity
without the oversight.

[0171] As described in each embodiment, the auxiliary
elastic information which contains the histogram of the elas-
tic distribution in addition to or in place of the elastic image
based on the displacement, distortion or the elastic modulus is
displayed on the screen of the image display unit 10, thus
realizing the efficient diagnosis without giving the burden to
the operator.

1. An ultrasonic diagnostic system provided with elastic
data calculation means for calculating elastic data of a tissue
at plural measurement points of a tomographic site in a body
of a subject based on ultrasonic tomographic data measured
by exerting a pressure to the tissue of the subject, and elastic
image generation means for generating an elastic image of the
tomographic site based on the elastic data, comprising unison
behavior acquisition means for acquiring a statistic property
value representative of a unison behavior of the tissues which
form the body of the subject based on the elastic data.

2. The ultrasonic diagnostic system according to claim 1,
wherein the unison behavior acquisition means acquires the
unison behavior by forming an elastic distribution based on
the elastic data.

3. The ultrasonic diagnostic system according to claim 1,
wherein the unison behavior reflects a property of the tissue.

4. The ultrasonic diagnostic system according to claim 1,
wherein the unison behavior acquisition means includes
means for graphing a number of the measurement points with
identical or similar elastic data as a histogram while defining
the elastic data at all the measurement points contained in an
interest region as a population.

5. The ultrasonic diagnostic system according to claim 4,
wherein the unison behavior acquisition means includes
means for displaying not only the histogram but also an
amount of the property generated by the histogram as auxil-
iary elastic information data.

6. The ultrasonic diagnostic system according to claim 1,
wherein the unison behavior acquisition means acquires the
statistic property amount representative of the unison behav-
ior of the tissue after performing an image processing to the
elastic data.

7. The ultrasonic diagnostic system according to claim 1,
further comprising means for allowing the unison behavior
acquisition means includes means to evaluate a binding state
of a target region of the body of the subject with a peripheral
region in terms of rigidity.

8. The ultrasonic diagnostic system according to claim 1,
wherein the unison behavior acquisition means includes his-
togram evaluation means for generating a histogram repre-
senting an elastic distribution on the elastic image, and image
display means for displaying at least one of the elastic image
and an image of the histogram.

9. The ultrasonic diagnostic system according to claim 8,
wherein the histogram evaluation means generates a histo-
gram which represents the elastic distribution in an interest
region set on the elastic image.

10. The ultrasonic diagnostic system according to claim 8
or 9, wherein the elastic data includes one of a displacement,
a distortion and an elastic modulus of the tissue.

11. The ultrasonic diagnostic system according to claim 8
or 9, wherein the histogram displays numbers of the measure-
ment points with the elastic data corresponding to plural
sections formed by dividing the elastic data in lengths.
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12. The ultrasonic diagnostic system according to claim 9,
wherein the elastic image generation means automatically
changes the interest region set on the elastic image by follow-
ing the tissue which displaces in accordance with the pressure
exerted to the body of the subject.

13. The ultrasonic diagnostic system according to claim 8
or 9, further comprising means for displaying at least one of
an average, a standard deviation, and a median of the elastic
data on the histogram together with the histogram image.

14. The ultrasonic diagnostic system according to claim 8
or 9, wherein the image display means displays a tomo-
graphic image of the tomographic site generated based on the
ultrasonic tomographic data, the elastic image, and the histo-
gram image o1 a same screet.

15. The ultrasonic diagnostic system according to claim 8
or 9, further comprising means for displaying at least one of
a function approximating the histogram distribution, the elas-
tic data of a peak on the histogram, and a standard deviation
of the peak together with the histogram image.

16. The ultrasonic diagnostic system according to claim
11, wherein the histogram evaluation means obtains the num-
ber of the measurement points in the section of the elastic data
designated by a cursor displayed on the histogram image, and
the elastic data in the section, which are displayed in numeric
values on the histogram image.

17. The ultrasonic diagnostic system according to claim
11, wherein the histogram evaluation means obtains at least
one of the number of the measurement points in plural sec-
tions of the elastic data defined by plural cursors displayed on
the histogram image, an average value of the elastic data in the
plural sections, and a standard deviation of the elastic data in
the plural sections so as to be displayed in a numeric value on
the histogram image.

18. The ultrasonic diagnostic system according to claim
11, wherein:

the image display means displays a tomographic image in

the tomographic site generated based on the ultrasonic
tomographic data, the elastic image, and the histogram
together on a same screen; and

the histogram evaluation means obtains at least one of the

number of the measurement points in the plural sections
of the elastic data defined by plural cursors displayed on
the histogram image, an average value of the elastic data
in the plural sections, and a standard deviation of the
elastic data in the plural sections to be displayed in a
numeric value on the histogram image, and further dis-
plays positions of the plural measurement points in the
sections defined by the cursors on the elastic image so as
to be identifiable.

19. The ultrasonic diagnostic system according to claim
11, wherein the histogram evaluation means obtains a ratio of
the elastic data in the sections of two elastic data designated
by two cursors displayed on the histogram image so as to be
displayed in a numeric value on the histogram image.

20. The ultrasonic diagnostic system according to claim
11, wherein the histogram evaluation means obtains a half-
width ofthe elastic data of a peak in the histogram distribution
designated by a cursor displayed on the histogram image,
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evaluates a tissue property corresponding to the peak based
on the half-width, and displays the evaluation result on the
histogram image.

21. The ultrasonic diagnostic system according to claim 9,
wherein:

the image generation means automatically changes the

interest region set on the elastic image by following the
tissue which displaces in accordance with the pressure;
and

the histogram evaluation means generates the histogram

with respect to the changed interest region.

22. The ultrasonic diagnostic system according to claim 8
or 9, wherein the image generation means reallocates a gra-
dient of the elastic image with at least one of a hue and a
brightness corresponding to a width of the elastic data with
the histogram distribution in the interest region to intensify a
contrast of the elastic image.

23. The ultrasonic diagnostic system according to claim 8
or 9, wherein the image display means displays the histogram
on a small window the histogram to be superimposed or as
being half-transparent on the elastic image.

24. The ultrasonic diagnostic system according to claim
14, wherein the image display means displays the tomo-
graphic image, the elastic image, and the histogram on win-
dows, and is allowed to switch each size of the windows in
response to an input command.

25. The ultrasonic diagnostic system according to claim 8
or 9, wherein the histogram evaluation means differentiates
the histograms corresponding to the plural interest regions set
on the elastic image by different colors, which are synthe-
sized.

26. The ultrasonic diagnostic system according to claim 8§,
wherein:

the elastic data calculation means obtains a displacement

vector of the tissue at the plural measurement points in
the tomographic site of the body of the subject based on
the ultrasonic tomographic data;

the elastic image generation means generates the elastic

image for displaying the displacement vector corre-
sponding to the measurement points in the tomographic
site; and

the histogram evaluation means generates the histogram

showing a distribution of the displacement vector com-
ponent in a specific direction in the interest region set on
the elastic image.

27. The ultrasonic diagnostic system according to claim
26, wherein the interest region is set to a region which con-
tains a boundary between different tissues.

28. The ultrasonic diagnostic system according to claim 8§,
wherein:

the elastic data calculation means obtains plural elastic

frame data on plural tomographic surfaces ofthe body of
the subject based on ultrasonic tomographic data mea-
sured by changing the measurement tomographic sut-
face of the body of the subject; and

the histogram evaluation means generates a histogram

showing the elastic distribution of the plural elastic
frame data.
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