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Description

Technical Field

[0001] The present invention relates to a method of displaying an elastic image and a diagnostic ultrasound system
suitable for quantitatively evaluating the hardness (hereinafter referred to as "elasticity") of body tissue of a region to be
diagnosed by ultrasound examination.

Background Art

[0002] A diagnostic ultrasound system transmits ultrasonic waves to the inside of a subject by an ultrasound probe,
receives a reflected echo signal of the ultrasonic waves corresponding to the structure of the body tissue from the inside
of the subject, reconstructs a cross-sectional image, such as a B-mode image, and displays this for diagnosis.
[0003] Recently, it has been proposed to measure ultrasound image data by applying compression a subject by a
manual or mechanical method, determine the displacement of various body regions caused by the compression on the
basis of frame data of two ultrasound images having different measurement time periods, and generate an elastic image
representing the elasticity of the body tissue on the basis of the  displacement data. Various physical values correlating
to the elasticity of body tissue are known, and, for example, distortion or an elasticity modulus of the body tissue is used.
Here, distortion is a relative value obtained by spatially differentiating displacement, which is the amount of movement
of the body tissue, and elasticity is a quantitative value obtained by dividing the change in stress acting on each body
region by displacement.
[0004] For an elastic image, for example, as discussed in Patent Document 1, an elastic image colorized by adding
color information, such as red, blue, and other colors, to regions in the tissue in accordance with the distortion or the
elasticity modulus.
[0005] Since the displacement of the body tissue changes depending on the magnitude of the compression force,
even for body tissue in the same region, distortion increases when strongly compressed. Therefore, a color elastic image
representing distortion merely represents a relative display of the distortion of the regions on the color elastic image,
and hardness cannot be quantitatively evaluated.
[0006] Patent Document 2 proposes to set two regions of interest (ROIs) in a B-mode image, measure the distortions
in the two ROIs, and displaying numerical values of distortions in relation to the two ROIs on an image. Accordingly, by
comparing the distortions of the two ROIs, the hardness of the ROIs can be relatively evaluated.
[0007] In other words, according to the technique described in Patent Document 2, the two ROIs may be set to a
region that is presumed to be a tumor, such as cancer, and a region where no tumor exist, the distortions in the two
ROIs are compared, and the distortion of the tumor is relatively evaluated with respect to that of the region without a tumor.
[0008] However, since a B- mode image does not represent distortion of tissue, it is difficult to recognize regions having
different distortions. Thus, according to the technique described in Patent Document 2, it is difficult to appropriately set
the magnitudes and the positions of the two ROIs whose distortions are to be compared.
[0009] Moreover, according to Patent Document 2, hardness cannot be quantitatively evaluated because consideration
is not taken into account for a case in which, for example, the hardness of a region that is presumed to be an affected
region, such as a tumor, be represented as an index, such as a ratio, with reference to a region of normal tissue or a
region of body tissue having less individual difference in hardness. 

Patent Document 1: JP2000-60853A
Patent Document 2: US2002/017883A1

[0010] As further prior art, WO 2004/004574 A1 discloses a method for display of an ultrasonographic image of body
tissue, wherein regions of interest are designated in the image. Upon application of pressure to the tissue, displacement
values of the different regions of interest are calculated and displayed. The pre-characterising first part of the independent
claims starts out from this prior art.
[0011] WO 2004/010872 A1 discloses an ultrasonic diagnostic system which comprises an ultrasonic scanner with a
pressure gauge for measuring the pressure applied by the scanner on the surface of the body being scanned. The tissue
is scanned with and without application of pressure, and an elasticity distribution image of the tissue is obtained.
[0012] US 5 678 565 discloses a method for ultrasonographic imaging of body tissue, wherein the ultrasonographic
probe comprises an array of pressure sensors. When the probe is pressed against the body tissue, the pressure distri-
bution under the probe is obtained. The ratio is calculated between, on the one hand, the difference between the actual
pressure at a certain location and the theoretically calculated pressure at the same location for a homogeneous model
of the tissue and, on the other hand, the theoretically calculated pressure. The ratio is interpreted as a measure for the
elasticity of the tissue under the probe.
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Summary of the invention

[0013] It is an object of the invention to provide a method for displaying an elastic image, and a diagnostic ultrasonic
system, which allow easy quantitative evaluation of the hardness of body tissue in a region to be diagnosed. This object
is solved by the method of claim 1 and the system of claim 11. The dependent claims relate to preferred embodiments
of the invention.
[0014] A method of displaying an elastic image according to an embodiment of the present invention that is capable
of solving the above-identified problems includes the steps of measuring ultrasound cross-section data of a cross-section
region of a subject while applying compression to the subject; determining a physical value correlating to the elasticity
of tissue in the cross-section region on the basis of the ultrasound cross-section data; generating and displaying an
elastic image of the cross-section region on the basis of the physical value; setting a plurality of regions of interest in
the displayed elastic image; and converting the physical value of each of the regions of interest into an index value and
displaying the index value together with the elastic image.
[0015] According to an embodiment of the present invention, since a plurality of regions of interest (ROIs) whose
physical values correlating to the elasticity of the tissue, i.e., distortions or the elasticity moduli, are to be compared are
set on the elastic image, for example, regions having different distortions can be easily recognized, the size and the
positions of the plurality of ROIs to be compared can be  appropriately set. In particular, since the distortions of the
plurality of regions of interest related to the comparison are mutually converted into index values and the index values
are displayed on the display device, the difference in the hardness of the regions of interest can be quantitatively evaluated
and a highly accurate diagnosis is possible. For example, a ROI set in a region of normal tissue or a region in body
tissue with small individual difference in hardness is set as a reference to represent the hardness of the ROI set in a
region presumed to be an affected area, such as a tumor, as an index.
[0016] As regions of interest, a first region of interest and a second region of interest set in a large region surrounding
the first region of interest are set. The second region of interest does not include the first region of interest. Therefore,
since regions of interest can be set separately for a malignant region (first region of interest) and a benign region (second
region of interest), the malignant region can be compared with the benign region to carry out an accurate diagnosis.
However, the present invention is not limited, and the first region of interest and the second region of interest can be
set away from each other. In either case, the ratio of the physical values of the first region of interest and the second
region of interest or the ratio of the average values of the physical  values of the regions of interest can be used as an
index value.
[0017] Furthermore, a scale for the physical value on the display device can be displayed, and display marks can be
displayed at positions on the scale corresponding to the physical values of the first region of interest and the second
region of interest. In this way, the difference in hardness of the tissue in the first and second regions of interest can be
quantitatively confirmed on one view.
[0018] As the regions of interest, a first region of interest set in an affected area and second and third regions of interest
being set away from each other in the lateral direction of the elastic image and sandwiching the first region of interest
may be set. In such case, the index value may be a ratio of the physical value of the first region of interest and the sum
of the physical values of the second and third regions of interest. In this way, even when the pressure applied to the
regions of interest is biased, the average of an area where pressure is weak and an area where the pressure is strong
may be obtained to balance the stress.
[0019] Furthermore, it is preferable for displaying a colored elastic image to determine average values of the physical
values of the regions of interest and respectively relate the minimum value and the maximum value of the average
values to a lower limit value and an upper limit value of a dynamic range of color information for color conversion. In this
way, the resolution of the color display can be improved. In such a case, the level of the dynamic range corresponding
to an intermediate value can be variably set when at least three regions of interest are set and the intermediate value
is between the minimum value and the maximum value of the average values of the physical values. In this way, by
changing the gradation between the regions of interest to increase the gradation, visual observation is facilitated.
[0020] The method of displaying an elastic image according to an embodiment of the present invention is not limited
to comparing the hardness of tissue in a plurality of regions of interest in the same cross-section region. For, for example,
tissue in corresponding regions, such as the left and right hands, feet, or breasts, the ultrasound cross-section data of
each of left and right cross-section regions, which are symmetrical, of the subject are measured; elastic images of the
left and right cross-section regions can be generated and displayed; two regions of interest can be set in each of the
left and right displayed elastic images; the ratio of the physical values of the two set regions of interest can be determined
for each of the left and right elastic images; and the ratio of the ratios of the physical values of the  two regions of interest
can be determined for the left and right elastic images. In this way, the difference in the hardness of the tissue in
corresponding regions, such as the left and right hands, feet, or breasts, can be quantitatively evaluated, and the accuracy
of the diagnosis can be improved.
[0021] The method of displaying an elastic image according to the present invention may include the steps of measuring
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the ultrasound cross-section data for a plurality of frames; determining the change over time of the physical value
correlating to the elasticity of the tissue in the cross-section region on the basis of the plurality of frames of the ultrasound
cross-section data; generating and displaying on a display device a moving image of an elastic image of the cross-
section region on the basis of the change over time of the physical value; setting at least two regions of interest on a
still image of the elastic image displayed on the display device; and displaying on the display device the change over
time of the physical value of each of the regions of interest.
[0022] In this way, quantitative comparison of regions of interest for distortions that change in accordance with the
change in the compression force can be accurately carried out. In such a case, the physical value of each of the regions
of interest can be converted into an index value, and the change over time of the index value can be displayed on the
display device. The change in the added value obtained by adding in order the index values of the regions of interest
corresponding to a plurality of frames can be displayed on the display device. Furthermore, a time average of the index
values of the regions of interest corresponding to a plurality of frames can be determined and displayed on the display
device.
[0023] A diagnostic ultrasound system that carries out a method of displaying an elastic image according to an em-
bodiment of the present invention may include ultrasound cross-section data measuring means for measuring ultrasound
cross-section data of a cross-section region of a subject while applying compression to the subject with an ultrasound
probe; signal processing means for processing the measured ultrasound cross-section data and generating a cross-
sectional image; elastic-information computing means for determining a physical value correlating to the elasticity of
tissue in the cross-section region on the basis of the measured ultrasound cross-section data and generating an elastic
image of the cross-section region on the basis of the physical value; a display device for displaying the cross-sectional
image and/or the elastic image; inputting means for setting a plurality of regions of interest in the elastic image displayed
on the display device; and indexing  means for converting the physical value of each of the set regions of interest into
an index value and displaying the index value on the display device.
[0024] The diagnostic ultrasound system may include pressuring controlling means for supporting the ultrasound probe
and for increasing or decreasing the compression applied to the subject with the ultrasound probe and fixing means for
supporting the pressuring controlling means. In this way, since compression can be applied at constant pressure and
constant speed to body tissue without depending on the repulsive force of the subject, a distortion elastic image with
excellent reproducibility and evaluation ability can be obtained, and the index values of the physical values correlating
to the elasticity according to the present invention can be stabilized.

Brief Description of the Drawings

[0025]

Fig. 1 illustrates the overall structure of a diagnostic ultrasound system according to an embodiment employing a
method of displaying an elastic image according to the present invention.
Fig. 2 is a flow chart illustrating an embodiment of the process according to the elastic image according to the present
invention.
Fig. 3 illustrates a display example of an elastic  image.
Fig. 4 illustrates another display example of an elastic image.
Fig. 5 illustrates a display example of a color scale in the example of the displayed image in Fig. 4.
Fig. 6 illustrates another example of a method of setting a ROI.
Fig. 7 illustrates another example of a method of setting a ROI.
Fig. 8A illustrates a display example of change over time in distortion of each ROI.
Fig. 8B illustrates a display example of change over time in the distortion ratio of each ROI.
Fig. 8C illustrates a display example of change over time in distortion between the ROIs.
Fig. 9A illustrates a display example of change over time in distortion or elasticity modulus of each ROI.
Fig. 9B illustrates another display example of change over time in distortion or elasticity modulus of each ROI.
Fig. 10 illustrates a configuration for displaying an elastic image and a graph of the ratio of distortion average values
fitting the ROIs.
Fig. 11 illustrates a modification of the display configuration in Fig. 10.
Fig. 12A illustrates an example setting of a typical  dynamic range.
Fig. 12B illustrates an embodiment of an example setting of a typical dynamic range according to the present invention.
Fig. 12C illustrates another embodiment of an example setting of a typical dynamic range according to the present
invention.
Fig. 13 illustrates the characteristics of another embodiment of the method of displaying an elastic image according
to the present invention.
Fig. 14 illustrates an embodiment of an automatic pressurizing device of the diagnostic ultrasound system according
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to the present invention.
Fig. 15 illustrates the detailed structure of a pressurizing system for fixing the probe in Fig. 14.

Best Mode for Carrying Out the Invention

[0026] Embodiments of the present invention will be described below with reference to the accompanying drawings.

(First Embodiment)

[0027] Fig. 1 illustrates the overall structure of a diagnostic ultrasound system according to an embodiment of the
present invention. Fig. 2 illustrates a flow chart of a process of a method of displaying an elastic image according to an
embodiment of the present invention. As shown in Fig. 1, the diagnostic ultrasound system according to this embodiment
includes an ultrasound probe 2 used in contact with a subject 1, an ultrasound transmission and reception unit 3, a
phasing and adding circuit 4, a cross-sectional-image configuring unit 5, a distortion computing unit 6, an elastic-image
configuring unit 7, a graphic unit 8, a color-scale generating unit 9, an image combining unit 10, an image display unit
11, a controlling and computing unit 12, and a keyboard 13.
[0028] The probe 2 is constituted of a plurality of transducers and has a function of electrically carrying out electronic
beam scanning on a predetermined cross-section region of the subject 1 and transmitting and receiving ultrasonic waves
to and from the subject 1.
[0029] The ultrasound transmission and reception unit 3 repeatedly transmits ultrasonic waves in time intervals to the
predetermined cross-section region of the subject 1 through the probe 2 and receives reflected echo signals from the
cross-section region. In other words, when transmitting, the ultrasound transmission and reception unit 3 has a function
of driving the probe to generate a transmission pulse for generating ultrasonic waves and setting a converging point of
the transmitted ultrasonic waves at a predetermined depth. When receiving, the reflected echo signals received at the
probe 2 are amplified by a  predetermined gain and RF signals, i.e., reception signals, are generated.
[0030] The phasing and adding circuit 4 receives the amplified RF signals from the ultrasound transmission and
reception unit 3, matches and adds the phases, and generates in timesequence ultrasound cross-section data, which
is RF signal data, converged at a plurality of converging points.
[0031] The probe 2, the ultrasound transmission and reception unit 3, and the phasing and adding circuit 4 constitutes
ultrasound cross-section data measuring means for measuring ultrasound cross-section data of a cross-section region
of the subject while applying compression to the subject 1 with the probe 2.
[0032] The cross-sectional-image configuring unit 5 constitutes signal processing means for generating a cross-sec-
tional image by processing ultrasound cross-section data and reconfigures a dark and light cross-sectional image, such
as a monochrome image, of a cross-section region of the subject 1 on the basis of the RF signal data output from the
phasing and adding circuit 4. In other words, the cross-sectional-image configuring unit 5 includes a signal processing
unit and a monochrome scan converter. The signal processing unit receives the RF signal data from the phasing and
adding circuit 4 and carries out signal processing, such as gain correction, log compression, detection, outline  enhance-
ment, and filtering, to obtain cross-sectional image data. The monochrome scan converter includes an A/D converter
for converting the cross-sectional image data from the signal processing unit into a digital signal, a frame memory for
time-sequentially storing a plurality of converted cross-sectional image data sets, and a controller. The cross-sectional-
image configuring unit 5 obtains the cross-section frame data of the inside of the subject 1 stored in the monochrome
scan converter or the frame memory as one image and reads out the obtained cross-section frame data in television
synchronization.
[0033] The distortion computing unit 6 measures displacement of the body tissue of the cross-section region of the
subject 1 on the basis of the RF signal output from the phasing and adding circuit 4 so as to determine distortion, as
described below. The elastic-image configuring unit 7 includes an elastic data processing unit and a color scan converter
and reconfigures a color elastic image on the basis of the distortion determined at the distortion computing unit 6. In
other words, the distortion computing unit 6 and the elastic-image configuring unit 7 constitute elastic-information com-
puting means for determining distortion, which is a physical values correlating to the elasticity of tissue in the cross-
section region, on the basis of the ultrasound cross-section data and for  generating an elastic image of the cross-section
region on the basis of the physical value.
[0034] The graphic unit 8 visualizes an image other than the ultrasound signal. The color-scale generating unit 9
generates a color scale of the distortion of an elastic image, as described below. The image combining unit 10 combines
the monochrome cross-section image output from the cross-sectional-image configuring unit 5, the color elastic image
output from the elastic-image configuring unit 7, a data image, such as the elastic data, output from the graphic unit 8,
and a color scale output from the color-scale generating unit 9, at a specific address. The image display unit 11 displays
the combined image generated at the image combining unit 10. The image combining unit 10 includes a frame memory,
an image processing unit, and an image selecting unit and selects and combines the monochrome cross-section image,
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the color elastic image, the data image, and the color scale that are input in accordance with a command sent from the
controlling and computing unit 12.
[0035] The controlling and computing unit 12 controls the above-described components in accordance with a process
set in advance or in accordance with commands input accordingly through the keyboard 13. The keyboard 13 is an
interface for various settings. In particular, the keyboard 13 according to this embodiment constitutes inputting means
for  setting a plurality of regions of interest on a still image of an elastic image displayed on the image display unit 11.
The controlling and computing unit 12 includes indexing means for mutually converting the distortions of the regions of
interest set in the elastic image into index values via the keyboard 13 and for displaying the index values on the image
display unit 11 via the graphic unit 8.
[0036] Next, the detailed structure and the operation of the diagnostic ultrasound system according to this embodiment
will be described with reference to the process shown in the flow chart in Fig. 2. Since the basic operation of the diagnostic
ultrasound system is known, functions and operations related to the method of displaying an elastic image according to
the present invention will be mainly described.

(Step S1)

[0037] The distortion computing unit 6 includes an RF signal selecting unit and a displacement computing unit and is
provided in a diverging manner after the phasing and adding circuit 4. The RF signal selecting unit includes a frame
memory and a selector. The RF signal selecting unit stores a plurality of RF signal data sets from the phasing and adding
circuit 4 in the frame memory and selects one pair of RF signal frame data sets, i.e., two sets of RF signal frame data
having different measurement time periods, from the  stores RF signal frame data group using the selector.
[0038] For example, the RF signal selecting unit stores in order the RF signal data sets generated in time sequence
on the basis of the frame rate of the images from the phasing and adding circuit 4 in the frame memory. Then, the
selector selects the currently stored RF signal frame data set (N) as a first data set in accordance with a command from
a controlling unit not shown in the drawings. At the same time, one RF signal frame data set (X) is selected from an RF
signal frame data group (N- 1, N- 2, N- 3, ...N- M) stored in the past in terms of time. Here, the characters N, M, and X
are index numbers added to the RF signal frame data and are positive integers.

(Step S2)

[0039] The displacement computing unit of the distortion computing unit 6 determines the displacement of body tissue
from a pair of RF signal frame data sets. For example, the displacement computing unit carries out one-dimensional or
two-dimensional correlation processing on the pair of RF signal frame data set (N) and RF signal frame data set (X) that
has been selected by the RF signal selecting unit so as to determine a one-dimensional or two-dimensional displacement
distribution related to a movement vector (direction and magnitude of displacement) representing the displacement of
body tissue corresponding to each point on  the cross-sectional image. Here, a block matching method is employed to
detect the movement vector.

(Step S3)

[0040] The distortion is calculated by spatially differentiating the displacement, which is the amount of movement, of
the body tissue determined in Step S2. More specifically, when ΔL is the displacement measured at the displacement
computing unit, the distortion (S) can be determined by the expression S=ΔL/ΔX since ΔL can be calculated by spatially
differentiating ΔL.
[0041] Here, the block matching method is a known method for carrying out processing for dividing an image into
blocks constituted of, for example, NxN pixels, focusing attention on a block in a region of interest, finding a block that
is most similar to the block on which attention is focused on, and determining a sample value by referring to the block
and carrying out predictive coding or, in other words, by the difference.
[0042] In this embodiment, a case in which the distortion is determined as elastic information will be described as an
example. However, the present invention is not limited, and, an elasticity modulus may be determined as elastic infor-
mation. Since the elasticity modulus is calculated by dividing the change of pressure by the change of the amount of
movement, the pressure (stress) applied to each region of  the body tissue must be determined. More specifically, for
example, when the displacement measured by the displacement computing unit is ΔL and pressure measured by a
pressure measuring unit, not shown in the drawings, is ΔP, Young’s modulus Ym, which is an elasticity modulus, can
be calculated by the expression Ym= (ΔP) / (ΔL/L) . Since the elasticity modulus of body tissue corresponding to each
point on the cross- sectional image is determined from Young’s modulus Ym, two- dimensional elastic data sets can be
continuously obtained. Young’s modulus is the ratio of the simple tensile stress applied to an object to the distortion
generated parallel to the tension.
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(Step S4)

[0043] The elastic data processing unit of the elastic-image configuring unit 7 stores the elastic frame data sets output
in time sequence from the distortion computing unit 6 in the frame memory and carries out image processing on the
stored frame data in accordance with a command of a controlling unit, not shown in the drawings. The color scan converter
of the elastic-image configuring unit 7 converts the elastic frame data output from the elastic data processing unit into
image data with color information. In other words, the color scan converter converts the elastic frame data into image
data with red (R), green (G), and blue (B), which are the three primary colors of light. For example, elastic  data with a
high level of distortion is converted into a red color code, and, at the same time, elastic data with a low level of distortion
is converted into a blue color code. The gradation of red (R), green (G), and blue (B) is 256, where, 255 represents
display in high brightness and, in contrast, 0 represents no display at all. An operation units, such as the keyboard 13,
is connected to the color scan converter via the controlling and computing unit 12. The control unit control the color of
the elastic image. Furthermore, a pressure gauge (not shown in the drawings) may be provided on the probe 2 so as to
provide a pressure measuring unit (not shown in the drawings) for measuring the pressure applied by pressing the probe
2 against the subject 1.
[0044] The combining unit 10 stores image data output from the cross-sectional-image configuring unit 5, the elastic-
image configuring unit 7, and the graphic unit 8 in the frame memory. The image processing unit of the combining unit
10 adds and combines the cross-sectional image data and the elastic image data stored in the frame memory by a set
percentage corresponding to a command from the controlling unit. Therefore, the brightness information and the color
information of each pixel of the combined image are defined by adding the information sets for the monochrome cross-
sectional image and the color elastic image by a set  percentage. Moreover, the image selecting unit of the combining
unit 10 selects an image to be displayed on the image display unit 11 from the cross-sectional image data and the elastic
image data in the frame memory and the combined image data in the image processing unit, in accordance with a
command form the controlling unit and displays the image on the image display unit 11.

(Step S5)

[0045] An elastic image is displayed on the image display unit 11 by inputting a command is from the keyboard 13,
and, at the same time, the displayed elastic image is frozen at a given timing to set, for examples, two regions of interest
ROI1 and ROI2 whose elasticity values are to be compared, as shown in Fig. 3. For example, the ROI1 is set in a large
region surrounding the ROI2. In other words, the ROI2 is set in a region that has small distortion (hard) that is presumed
to be affected, such as a tumor, in the elastic image. Then, the ROI1, which is a reference for the index, is set in a region
that is presumed to be a normal region in the elastic image and that is a large region surrounding the ROI2 so as to be
compared with the distortion of the ROI2. Here, the ROI2 is the region that does not include the ROI1. The controlling
and computing unit 12 outputs a command to the graphic unit 8 for displaying the ROI1 and ROI2 whose setting are
input from the keyboard 13 in white dotted lines, as shown in Fig. 3. The image for setting the ROIs can be a combined
image obtained by superimposing a color elastic image on a monochrome B-mode image. In Fig. 3, the image is
monochrome. However, the actual image is colored in red, blue, and other colors, so that the spreading and size of the
affected region, such as a tumor, can be easily diagnosed.

(Step S6)

[0046] The controlling and computing unit 12 calculates the distortions of the ROI1 and ROI2 set in the elastic image
in Fig. 3 and includes the indexing means for calculating the distortion average values ROI1_AVE and ROI2_AVE. The
controlling and computing unit 12 calculates the distortion average value AVE per unit time by dividing the distortion by
the time elapsed between the frames of the pair of RF signal frame data sets (N) and (X) related to distortion calculation
and transfers the result to the graphic unit 8 so as to display a color scale representing the relationship of colors and
magnitude of the distortion on a screen. At this time, the positions of the average values that are the reference for color
scan conversion are indicated by arrows provided on or next to the color scale, as shown in Fig. 4. As shown in Fig. 5,
the upper limit of the color value is X times the distortion average value AVE. Everything below the upper limit is linearly
color scan converted to  configure the color scale.
[0047] Next, the controlling and computing unit 12 calculates a distortion ratio COMP from the distortion average
values ROI1_ AVE and ROI2_ AVE. More specifically, the distortion ratio COMP is the ratio of the distortion average
values of the ROI1 and ROI2, which are physical values (hardness) correlating to the elasticity of the tissue, and is an
index value obtained by mutually converting the ROI1_AVE and ROI2_ AVE.
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(Step S7)

[0048] Next, the controlling and computing unit 12 transfers the computation result to the graphic unit 8, displays a
display window 40 in the lower right area of the screen as shown in Figs. 3 and 4, and displays the distortion average
values and the distortion ratio in the display window 40. In other words, ROI1_ AVE=0.5%, ROI2_ AVE=0.1%, and
COMP=0.2 are displayed in the display window 40.
[0049] Here, the regions of interest ROI1 and ROI2 are independent regions of interest. When these regions overlap
each other as shown in Fig. 3, the distortions and the average values can be calculated by removing the area of ROI2
from the area of ROI1.
[0050] As described above, the ROI2 is set in a region that has small distortion (hard) that is presumed to be affected,
such as a tumor, in the elastic image. However, the color  scale may be used as a reference to automatically set the
ROI2. An arrow 41 may be set on the color scale, and the colors on the harder side of the set arrow 41 may be detected.
The region corresponding to the detected colors is set as the ROI2. In this way, the ROI2 can be efficiently set by using
the property that a tumorous region is a hard region.
[0051] As described above, according to this embodiment, since the distortion ratio (hardness ratio) of ROI1 and ROI2
is calculated and displayed on a screen, the hardness of an affected region can be quantitatively examined by comparing
the hardness of the regions of interest. For example, since cancer is known to have a distortion ratio that is 10 times or
more greater than that of fat, by setting the ROI1 in a fat layer and the ROI2 in a region that is presumed to be an affected
region, such as cancer, and calculating the ratio, a method of accurately diagnosing cancer can be established. Fur-
thermore, the ROI1 can be automatically set in a region where fat exist relatively stably, such as a region at constant
depth of 2 to 3 cm from the body surface.
[0052] As shown in Fig. 4, by displaying indicator marks, such as arrows, at positions corresponding to the average
values of the distortion in the ROI1 and the ROI2 next to or on the color scale, the correlation of the distortions of the
ROI1 and ROI2 can be recognized visually, instead of numerically. In other words, the relationship of the magnitude and
the colors of the average value of the distortion in the ROI2 can be grasped in detail.
[0053] When the ROI2 is set as a point, the level of distortion at the point is displayed on the screen. Therefore, since
an arrow is displayed at a position on the color scale corresponding to the magnitude of the distortion and the color, the
user can grasp the distortion in more details.

(Second Embodiment)

[0054] In the above-described embodiment, a case in which two ROIs whose values of hardness ratio are to be
compared are set is described. However, the present invention is not limited, and any number of ROIs to be used for
comparison can be generated by the controlling and computing unit 12 and the keyboard 13. In such a case, the distortions
of a plurality of ROIs can be mutually converted into index values.
[0055] A case in which three ROIs are set will be described with reference to Fig. 6. As shown in the drawing, on an
elastic image or a combined image of an elastic image and a B-mode image, a ROI1 is set, and ROI2 and ROI3, which
are vertically provided at positions laterally apart from the ROI1, are set. The distortions in these ROIs or the average
values are mutually converted into index values, and the index values are displayed on the image display unit 11.
[0056] Examples of the index values for such a case are listed below.

(1) Ratio of distortion average values of ROIs 

(2) Ratio of the added values of distortions of ROIs 
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(3) Ratio of a combination of a plurality of ROIs 

[0057] Here, an example of converting the ratio of a combination of a plurality of ROIs into an index values will be
described with reference to Fig. 7. Fig. 7 schematically illustrates the relationship between the probe 2 for applying
compression and an elastic image. In other words, ROI1, ROI2, and ROI3 are set apart from each other in the lateral
direction of the image in correspondence to the extending range of the probe 2, and the ROI3 in the middle is set as a
region presumed to be affected.
[0058] When compression is applied manually with the probe 2, compression forces F1 to F3 applied in the longitudinal
direction of the probe 2 may not be uniform, as shown in Fig. 7. When there is a difference in the magnitudes of the
compression forces, the values of distortion will be different even when the hardness of the body tissue is the  same.
Therefore, for example, even when the tissue of the ROI1 and the tissue of ROI2 are the same, the ratio of ROI1/ROI3
and the ratio of ROI2/ROI3 will be different values. Thus, as in the above- mentioned (3), by setting Ratio (5) = (ROI1+ROI2)
/ROI3 as an index, the differences in the magnitudes of the compression forces F1 and F3 can be compensated for.

(Third Embodiment)

[0059] In the above-described first and second embodiments, examples of converting the distortions of a plurality of
ROIs to be compared into index values and displaying these on the image display unit 11 are described. However, the
present invention is not limited, and, as shown in Fig. 8A or 8B, the change over time of the distortions or the distortion
ratios of ROI1, ROI2, and ROI3 can be represented as a graph. The positions of the ROIs according to this embodiment
are the same as those in Fig. 6.
[0060] More specifically, as shown in Fig. 8A or 8B, by determining the distortions or the distortion ratios on the basis
of ultrasound measurement data for a plurality of frames measured in time sequence and displaying the change over
time as a graph, the difference in the hardness of the ROIs can be recognized without flaw.
[0061] Fig. 8B will be described in detail. Here, for the sake of description, the ROI1 and ROI3 are normal regions and
the ROI2 is a tumorous region. Since ROI1/ROI3 is the ratio of normal regions, the ratio of the distortion average values
is substantially one. Since the distortion of the tumorous region is small compared with the distortion of the normal
regions, the ratio of the distortion average values ROI2/ROI3 is a value smaller than one. In this way, by setting in advance
the ROI3, which is a normal region, and comparing each region with the ROI3, it can be determined whether each region
is a normal region or a tumorous region. The settings of the regions to be determined can be freely set with the keyboard
13. When a ROI is set, whether it is a normal region or a tumorous region is determined on the basis of the ratio of the
distortion average values based on the ROI3 at the controlling and computing unit 12. The determination result is displayed
on the screen as characters or by displaying the inside of the ROIs in color. For color display, for example, a region is
displayed in green when the region is determined to be a normal region (when the ratio is substantially one), whereas
a region is displayed in orange when the region is to be determined to be a tumorous region (when the ratio is smaller
than one). In other words, the controlling and computing unit 12 includes determining means for determining whether
or not the tissue in each ROI is normal on the basis of the mutual ratios of the distortion average values of the ROIs and
for  displaying the determination results.
[0062] In theory, the distortion ratios will be constant values over time. If the distortion ratios change over time, erroneous
compression is occurring. Thus, the operator can be encouraged to carry out the compression one more time.
[0063] As shown in Fig. 8C, by adding the distortion ratios determined for the frames and displaying the added values
corresponding to the added numbers of frames as a graph, the difference between the ratios of ROI1/ROI3 and ROI2/ROI3
will become clear.
[0064] More specifically, according to this embodiment, ultrasound cross-section data of a cross-section region is
measured for a plurality of frames while applying compression to the subject 1, and the change over time of the distortion,
which is a physical value correlating to the elasticity of tissue in the cross-section region, is determined on the basis of
the ultrasound cross-section data for the plurality of frames. Then, a moving image of the elastic image for the cross-
section region is generated on the basis of the change over time of the distortion and is displayed on a display device;
at least two ROIs are displayed on a static image of the displayed elastic image; and the change over time of the distortion
of each ROI is displayed. In this way, the distortions that change in accordance with the change in the compression
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force can be  accurately and quantitatively compared for the ROIs.
[0065] Fig. 9A illustrates a configuration in which the display width is automatically adjusted by omitting the display of
the distortion or the elasticity modulus between the ROI1 and the ROI2 on the display axis of the distortion or the elasticity
modulus of the distortion graph since the distortion of ROI1 is quite different from the distortions of the ROI2 and ROI3.
According to this configuration, the distortions or the elasticity moduli for comparing a normal region and a tumorous
region can be displayed in one screen.
[0066] Fig. 9B is a configuration in which the display width is automatically adjusted by omitting the upper and lower
displays of the distortion on the display axis of the distortion or the elasticity modulus of the distortion graph since the
distortions of all ROIs are concentrated in the central area. According to this configuration, the comparison range can
be extended so that the distortions or the elasticity moduli are displayed in one screen.
[0067] Fig. 10 illustrates a configuration in which an elastic image 30 and a graph 31 of the ratios of the distortion
average values corresponding to the ROIs are displayed on the same screen on the image display unit 11. The elastic
image 30 is displayed in the upper area of the screen, and the graph 31 is displayed in the lower area of the screen.
Accordingly, the ratios of the average values of the  distortion corresponding to the ROIs can be relatively recognized
in relation to the elastic image 30, and the elastic image can be observed while confirming the values of the ratios in
time sequence. A width-adjustment arrow 32 is for adjusting the vertical distance of the elastic image 30. When the width
of the width-adjustment arrow is decreased, the elastic image 30 shrinks. In contrast, when the width of the width-
adjustment arrow is increased, the elastic image 30 is enlarged. More specifically, the distortion computing unit 6, which
is elastic-information computing means, generates a plurality of elastic images based on a plurality of ultrasound cross-
section data sets measured in time sequence, displays the generated elastic images and the cross-section image
displayed on the image display unit 11 in an overlapping manner on the same screen, and also displays the change in
the ratios of the average values of the distortions in the ROIs on the same screen.
[0068] Fig. 11 illustrates a configuration in which, in addition to the configuration shown in Fig. 10, a time phase bar
35 is displayed on the graph 31 of the ratios of the distortion average values and an elastic image 30 corresponding to
the time phase bar 35 is displayed. Moreover, Fig. 11 illustrates a configuration for enabling loop-playback in predeter-
mined intervals. By moving the time phase bar 35 in the lateral direction with the keyboard  13, the controlling and
computing unit 12 displays the elastic image 30 corresponding to a predetermined time phase. For example, on the
basis of the graph of the ratios of the distortion average values of the ROIs, a time phase for optimal compression can
be found from the slope, the maximum point, or the minimum point of the graph, and an elastic image 30 that corresponds
to the time phase for optimal compression can be displayed. More specifically, when the distortion computing unit 6,
which is the elastic-information computing means, generates a plurality of elastic images on the basis of a plurality of
ultrasound cross-section data sets measured in time sequence and displays an elastic image corresponding to an
assigned measurement time phase on the image display unit 11 when the time phase bar 35 for assigning the meas-
urement time phase for the plurality of elastic images measured in time sequence is operated by the inputting means.
[0069] Furthermore, a start frame and an end frame for a predetermined interval are assigned; the display of the time
axis is enlarged; and loop playback is carried out. An arrow 36 is a symbol indicating the start frame and the end frame.
When all frames cannot be displayed on the time axis, the time axis is scrolled by the time phase bar 35.

(Fourth Embodiment)

[0070] The characteristics of another embodiment of a method  of displaying an elastic image according to the present
invention will be described with reference to Figs. 12A to 12C. By variably setting a dynamic range in accordance with
index values when the index values that relate to distortions and that are determined in the first to third embodiments
are displayed in color, the resolution of the display in color can be improved.
[0071] In other words, for a conventional dynamic range, as shown in Fig. 12A, color values are linearly assigned to
the entire range of theoretical values of distortion. In contrast, according to this embodiment, for example, when two
ROIs, ROI1 and ROI2, are set as shown in Fig. 3, the small value and the large value of the average values of distortions
for the ROIs are related to the upper limit value and the lower limit value of the dynamic range of the color information
for displaying in color, as shown in Fig. 12B. In this way, the resolution of the display in color can be improved. Furthermore,
when three ROIs, ROI1 ROI2, and ROI3, are set, as shown in Fig. 6, the minimum value and the maximum value of the
average values of distortions of the ROIs are related to the upper limit value and the lower limit value of the dynamic
range, as shown in Fig. 12C. Then, for example, by setting the color value to an appropriate level and setting a non-
linear dynamic range for ROI3 whose average value of distortion is an intermediate  value, the resolution of the display
in color for the target region can be improved.

(Fifth Embodiment)

[0072] The characteristics of another embodiment of a method of displaying an elastic image according to the present
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invention will be described with reference to Fig. 13. According to the above-described first to fourth embodiments, the
hardness of the tissue of a plurality of ROIs in the same cross-section region is compared. However, the present invention
is not limited and can be employed, for example, for diagnosing abnormal regions by separately measuring ultrasound
cross-section data sets for left and right cross-section regions, which are symmetrical, such as the left and right hands,
feet, or breasts of the subject, generating elastic images for the left and right cross-section regions, and comparing the
elastic images.
[0073] In other words, as shown in Fig. 13, two layers, layer 1 and layer 2, are set as regions of interest (ROIs) in each
of the left and right elastic images. The ratios of the distortions of the layers 1 and the layers 2 are determined as below. 

[0074] Then, the ratio of the ratios of distortions of the left and right ROIs can be determined as below and displayed. 

[0075] According to this embodiment, the difference in the hardness of the tissue in corresponding regions, such as
the left and right hands, feet, or breasts, can be quantitatively evaluated to increase the accuracy of a diagnosis.

(Sixth Embodiment)

[0076] Another embodiment of a diagnostic ultrasound system according to the present invention will be described
with reference to Figs. 14 and 15. As described above, the distortion of body tissue changes depending on the compression
conditions. Thus, this embodiment provides an automatic pressurizing apparatus for applying compression to the body
tissue at constant pressure and constant speed without depending on the repulsive force of the subject 1 so as to obtain
a distortion elastic image with excellent reproducibility and evaluation ability.
[0077] Fig. 14 illustrates an example of a pressurizing system 50 that is capable of increasing and decreasing the
compression applied by the probe 2 to the subject 1. The pressurizing system 50 includes a bar 51 fixed to a bed 52
and a probe holding section 53 supported by the bar 51. The pressurizing system 50 enables the compression applied
by the probe-2 to be increased or decreased by the examiner by operating one button, without touching the subject 1.
In  particular, the pressurizing system 50 takes into consideration the repulsive force from the subject 1. Accordingly,
the probe 2 to be used for obtaining a tissue elastic image is fixed to the probe holding section 53, and the probe holding
section 53 is repeatedly controlled to vertically move the probe 2 at constant speed and constant pressure by a stepping
motor and the like in accordance with a control command.
[0078] Fig. 15 illustrates the concept of the structure of the probe holding section 53 holding the probe 2. As clearly
shown in the drawing, the probe holding section 53 is fixed to the bar 51. The probe holding section 53 is provided with
driving means 55, such as a stepping motor. The probe 2 is fixed to the driving means 55 with gripping means, such as
a screw. The speed and pressure of the vertical movement of the probe 2 can be changed by range switching. In other
words, the probe holding section 53 constitutes pressure controlling means, and the bar 51 constitutes fixing means for
supporting the pressure controlling means.
[0079] The pressurizing system 50 having such a structure can be operated in conjunction with the diagnostic ultrasound
system and can be switched at the diagnostic ultrasound system. Furthermore, the pressurizing system 50 can be
programmed such that, after one command is issued, it continues to carry out vertical movement until a stop button  is
pushed or pressure is generated.
[0080] A conventionally proposed automatic pressurization system does not take into consideration the repulsive force
from the subject 1. Therefore, when the body is hard, it receives a great repulsive force proportional to the hardness.
Thus, the obtained numerical data was difficult to process.
[0081] In contrast, according to this embodiment, even when a repulsive force is received from the body of the subject
1, compression can be applied to the subject 1 at constant pressure and constant speed. Therefore, a tissue elastic
image and its data having excellent reproducibility and evaluation ability can be obtained. As a result, for each region,
the value of distortion obtained when pressure is applied at constant speed can be stabilized. Therefore, for example,
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the accuracy of differentiating benign and malignant cancer is improved.
[0082] In the above, the characteristics of a method of displaying an elastic image according to the present invention
has been described while taking the distortion of tissue as an example. However, the present invention is not limited, to
the distortion of tissue and an elasticity modulus may be used as a physical value correlating to the elasticity of the tissue.

Claims

1. A method of displaying an elastic image comprising the steps of:

measuring ultrasound cross-section data of a cross-section region of a subject while applying compression to
the subject;
determining a physical value correlated with the elasticity of tissue in the cross-section region, on the basis of
the ultrasound cross-section data;
generating and displaying an elastic image of the cross-section region on the basis of the physical value; and
setting a plurality of regions of interest in the displayed elastic image;
characterised by
converting the physical values of a first and of a second one of the regions of interest into the ratio between the
physical value of the first region of interest and the physical value of the second region of interest, and displaying
the ratio together with the elastic image.

2. The method of displaying an elastic image according to Claim 1, wherein the regions of interest include a first region
of interest and a second region of interest set in a large region surrounding the first region of interest.

3. The method of displaying an elastic image according to Claim 1, wherein the physical values include distortions
and/or elasticity moduli of the regions of interest.

4. The method of displaying an elastic image according to Claim 2, further comprising the steps of:

calculating a distortion of the first region of interest or an average value of the distortion; and
calculating a distortion of a region obtained by subtracting the first region of interest from the second region of
interest or an average value of the distortion.

5. The method of displaying an elastic image according to Claim 1, wherein the regions of interest include a first region
of interest and a second region of interest set away from the first region of interest.

6. The method of displaying an elastic image according to Claim 1,
wherein the regions of interest include a first region of interest set in an affected area and second and third regions
of interest being set away from each other in the lateral direction of the elastic image and sandwiching the first region
of interest, and
wherein said ratio is the ratio of the physical value of the first region of interest and the sum of the physical values
of the second and third regions of interest.

7. The method of displaying an elastic image according to Claim 1, further comprising the steps of:

measuring the ultrasound cross-section data of each of left and right cross-section regions of the subject, the
left and right cross-section regions being symmetrical;
generating and displaying elastic images of the left and right cross-section regions;
setting two regions of interest in each of the left and right displayed elastic images;
determining the ratio of the physical values of the two set regions of interest for each of the left and right elastic
images; and
determining the ratio of the ratios of the physical  values of the two regions of interest for the left and right elastic
images, and displaying the ratio.

8. The method of displaying an elastic image according to Claim 1, further comprising the steps of:

storing the measured ultrasound cross-section data sets corresponding to a plurality of frames in a frame memory;
taking out, in order, the ultrasound cross-section data sets corresponding a plurality of pairs of frames stored
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in the frame memory at different measurement time periods;
computing the displacement distribution data sets for the tissue in the cross-section region corresponding to
the pairs of frames;
determining a physical value correlated with the elasticity of the tissue in the cross-section region on the basis
of the each displacement distribution data set;
generating and displaying a moving image of a plurality of frames of an elastic image of the cross-section region
on the basis of the determined physical values;
setting the plurality of regions of interest by freezing the displayed moving elastic image;
determining average values of the physical values of the plurality of frames in the set regions of interest and
the-ratio of the average values; and
displaying the determined average values of the  physical values and the ratio on a display device together with
the moving elastic image.

9. The method of displaying an elastic image according to Claim 1, further comprising the steps of:

measuring the ultrasound cross-section data for a plurality of frames;
determining the change over time of the physical value correlating to the elasticity of the tissue in the cross-
section region on the basis of the plurality of frames of the ultrasound cross-section data;
generating and displaying on a display device a moving image of an elastic image of the cross-section region
on the basis of the change over time of the physical value;
setting at least two regions of interest on a still image of the elastic image displayed on the display device; and
displaying on the display device the change over time of the physical value of each of the regions of interest.

10. The method of displaying an elastic image according to Claim 9, further comprising the steps of:

converting the physical value of each of the regions of interest into said ratio; and
displaying the change over time of the ratio on  the display device.

11. A diagnostic ultrasound system comprising:

an ultrasound probe (2);
ultrasound cross-section data measuring means (3, 4) for measuring ultrasound cross-section data of a cross-
section region of a subject with the ultrasound probe;
signal processing means (5) for processing the measured ultrasound cross-section data and generating a cross-
sectional image;
elastic-information computing means (6, 7) for determining a physical value correlated with the elasticity of
tissue in the cross-section region on the basis of the measured ultrasound cross-section data and generating
an elastic image of the cross-section region on the basis of the physical value;
a display device (10, 11) for displaying the cross-sectional image and/or the elastic image; and
inputting means (13) for setting a plurality of regions of interest in the elastic image displayed on the display
device;
characterised by
indexing means (12) for converting the physical values of a first and of a second one of the regions of interest
into the ratio between the physical value of the first region of interest and the physical value of the second region
of interest, and displaying the ratio.

12. The diagnostic ultrasound system according to Claim 11, wherein the elastic-information computing means generates
a plurality of the elastic images on the basis of the plurality of ultrasound cross-section data sets measured in time
sequence, displays the generated elastic images on the same screen on the display device as the displayed cross-
sectional image in an overlapping manner, and displays the change in said ratio of the regions of interest on the
same screen.

13. The diagnostic ultrasound system according to Claim 11, wherein the elastic-information computing means generates
a plurality of the elastic images on the basis of a plurality of the ultrasound cross-section data sets measured in time
sequence, and displays the elastic image corresponding to an assigned measurement time phase on the display
device when a time phase bar for assigning the measurement time phase of the plurality of elastic images displayed
on the display device is operated by the inputting means.
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14. The diagnostic ultrasound system according to Claim 11, wherein the regions of interest include a first region of
interest and a second region of interest set in a large region surrounding the first region of interest.

15. The diagnostic ultrasound system according to Claim 11, wherein the physical values include distortions and/or
elasticity moduli of the first region of interest and the second region of interest.

16. The diagnostic ultrasound system according to Claim 11, further comprising:

determining means for determining whether or not the tissue in the region of interest is normal on the basis of
the ratio of the physical values.

17. The diagnostic ultrasound system according to Claim 14, wherein a distortion of the first region of interest or an
average value of the distortion is calculated and a distortion of a region obtained by subtracting the first region of
interest from the second region of interest or an average value of the distortion is calculated.

18. The diagnostic ultrasound system according to Claim 14, wherein the indexing means displays a scale for the
physical value on the display device and displays display marks at positions on the scale corresponding to the
physical values of the first region of interest and the second region of interest.

19. The diagnostic ultrasound system according to Claim 11, wherein the regions of interest include a first region of
interest and a second region of interest set away from the first region of interest.

20. The diagnostic ultrasound system according to Claim 11,
wherein the regions of interest include a first region of interest set in an affected area and second and third regions
of interest being set away from each other in the lateral direction of the elastic image and sandwiching the first region
of interest, and
wherein said ratio is the ratio of the physical value of the first region of interest and the sum of the physical values
of the second and third regions of interest.

21. The diagnostic ultrasound system according to Claim 11, wherein the indexing means determines average values
of the physical values of the regions of interest and  relates the minimum value and the maximum value of the
average values into color to a lower limit value and an upper limit value of a dynamic range of color information for
color conversion.

22. The diagnostic ultrasound system according to Claim 21, wherein the indexing means variably sets the level of the
dynamic range corresponding to an intermediate value when at least three regions of interest are set and the
intermediate value is between the minimum value and the maximum value of the average values of the physical
values.

23. The diagnostic ultrasound system according to Claim 11, wherein
the ultrasound cross-section region data measuring means measures the ultrasound cross-section data of each of
left and right cross-section regions of the subject, the left and right cross-section regions being symmetrical,
the signal processing means generates and displays on the display device cross-sectional images of the left and
right cross-section regions,
the elastic image generating means generates elastic images of the left and right cross-section regions and displays
the elastic images on the display device,
the inputting means sets two regions of interest in  each of the left and right elastic images displayed on the display
device, and
the indexing means determines the respective ratios of the physical values of the two regions of interest in each of
the left and right elastic images, determines the ratio of the ratios of the physical values of the left and right regions
of interest, and displays the ratio on the display device.

24. The diagnostic ultrasound system according to Claim 11, wherein
the ultrasound cross-section region data measuring means measures ultrasound cross-section data of the cross-
section region of the subject corresponding to a plurality of frames while applying compression to the subject,
the elastic-information computing means determines the change over time of a physical value correlated with the
elasticity of tissue of the cross-section region on the basis of the ultrasound cross-section data of the plurality of
frames, and generates and displays on the display device a moving image of an elastic image of the cross-section
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region on the basis of the change over time of the physical value,
the inputting means sets at least two regions of interest on a still image of the elastic image displayed on the display
device, and
the indexing means displays the change over time of the physical value of each of the regions of interest on the
display device.

25. The diagnostic ultrasound system according to Claim 24, wherein the indexing means mutually converts the physical
values of the regions of interest into said ratio and displays the change over time of the ratio on the display device.

26. The diagnostic ultrasound system according to Claim 24, wherein the indexing means mutually converts the physical
values of the regions of interest into said ratio and displays on the display device the change of an added value
obtained by adding in order the ratios for a plurality of frames.

27. The diagnostic ultrasound system according to Claim 11, further comprising:

pressuring controlling means for supporting the ultrasound probe and for increasing or decreasing the com-
pression applied to the subject with the ultrasound probe; and
fixing means for supporting the pressuring controlling means.

Patentansprüche

1. Verfahren zum Anzeigen eines Elastizitätsbilds mit folgenden Schritten:

Messen von Ultraschall-Querschnittsdaten eines Querschnittsbereichs eines Objekts unter Anlegen von Druck
an das Objekt,
Bestimmen eines mit der Elastizität von Gewebe in dem Querschnittsbereich korrelierten physikalischen Werts
auf der Grundlage der Ultraschall-Querschnittsdaten,
Erzeugen und Anzeigen eines Elastizitätsbilds des Querschnittsbereichs auf der Grundlage des physikalischen
Werts, und
Festlegen mehrerer interessierender Bereiche in dem angezeigten Elastizitätsbild,
gekennzeichnet durch
Umwandeln der physikalischen Werte eines ersten und eines zweiten der interessierenden Bereiche in das
Verhältnis zwischen dem physikalischen Wert des ersten interessierenden Bereichs und dem physikalischen
Wert des zweiten interessierenden Bereichs und Anzeigen des Verhältnisses zusammen mit dem Elastizitäts-
bild.

2. Verfahren nach Anspruch 1, wobei die interessierenden Bereiche einen ersten interessierenden Bereich und einen
in einem den ersten interessierenden Bereich umgebenden großen Bereich festgelegten zweiten interessierenden
Bereich umfassen.

3. Verfahren nach Anspruch 1, wobei die physikalischen Werte Verformungen und/oder Elastizitätsmodule der inter-
essierenden Bereiche umfassen.

4. Verfahren nach Anspruch 2 mit folgenden weiteren Schritten:

Berechnen einer Verformung des ersten interessierenden Bereichs oder eines Mittelwerts der Verformung, und
Berechnen einer Verformung eines Bereichs, der durch Abziehen des ersten interessierenden Bereichs vom
zweiten interessierenden Bereich gewonnen wird, oder eines Mittelwerts der Verformung.

5. Verfahren nach Anspruch 1, wobei die interessierenden Bereiche einen ersten interessierenden Bereich und einen
abseits vom ersten interessierenden Bereich festgelegten zweiten interessierenden Bereich umfassen.

6. Verfahren nach Anspruch 1, wobei die interessierenden Bereiche einen in einem betroffenen Gebiet festgelegten
ersten interessierenden Bereich und einen zweiten und einen dritten interessierenden Bereich umfassen, die den
ersten interessierenden Bereich zwischen sich aufnehmen und mit Abstand voneinander in Querrichtung des Ela-
stizitätsbilds festgelegt sind, und
wobei das genannte Verhältnis das Verhältnis des physikalischen Werts des ersten interessierenden Bereichs und
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der Summe der physikalischen Werte des zweiten und des dritten interessierenden Bereichs ist.

7. Verfahren nach Anspruch 1 mit folgenden weiteren Schritten:

Messen der Ultraschall-Querschnittsdaten jeweils von einem linken und einem rechten Querschnittsbereich
des Objekts, wobei der linke und der rechte Querschnittsbereich symmetrisch vorliegen,
Erzeugen und Anzeigen von Elastizitätsbildern des linken und des rechten Querschnittsbereichs,
Festlegen von zwei interessierenden Bereichen jeweils im linken und im rechten angezeigten Elastizitätsbild,
Bestimmen des Verhältnisses der physikalischen Werte der beiden festgelegten interessierenden Bereiche für
jeweils das linke und das rechte Elastizitätsbild, und
Bestimmten des Verhältnisses der Verhältnisse der physikalischen Werte der beiden interessierenden Bereiche
für das linke und das rechte Elastizitätsbild und Anzeigen jenes Verhältnisses.

8. Verfahren nach Anspruch 1 mit folgenden weiteren Schritten:

Speichern von Sätzen gemessener Ultraschall-Querschnittsdaten, die mehreren Rahmen entsprechen, in einem
Rahmenspeicher,
geordnetes Gewinnen von Sätzen der Ultraschall-Querschnittsdaten, die mehreren Paaren von Rahmen ent-
sprechen, die zu verschiedenen Messzeitspannen im Rahmenspeicher gespeichert wurden,
Berechnen von Sätzen von Verschiebungsverteilungsdaten für das Gewebe im Querschnittsbereich entspre-
chend den Paaren von Rahmen,
Bestimmen eines physikalischen Werts, der mit der Elastizität des Gewebes im Querschnittsbereich korreliert
ist, auf der Grundlage eines jeweiligen Satzes von Verschiebungsverteilungsdaten,
Erzeugen und Anzeigen eines sich bewegenden Bilds aus mehreren Rahmen eines Elastizitätsbilds des Quer-
schnittsbereichs auf der Grundlage der bestimmten physikalischen Werte,
Festlegen der interessierenden Bereiche durch Anhalten des angezeigten sich bewegenden Elastizitätsbilds,
Bestimmen von Mittelwerten der physikalischen Werte der mehreren Rahmen in festgelegten interessierenden
Bereichen sowie des Verhältnisses der Mittelwerte, und
Anzeigen der bestimmten Mittelwerte der physikalischen Werte und des Verhältnisses auf einer Anzeigevor-
richtung zusammen mit dem sich bewegenden Elastizitätsbild.

9. Verfahren nach Anspruch 1 mit folgenden weiteren Schritten:

Messen der Ultraschall-Querschnittsdaten für mehrere Rahmen,
Bestimmen der zeitlichen Änderung des physikalischen Werts, der mit der Elastizität des Gewebes im Quer-
schnittsbereich korreliert ist, auf der Grundlage der mehreren Rahmen der Ultraschall-Querschnittsdaten,
Erzeugen und Anzeigen eines sich bewegenden Bilds eines Elastizitätsbilds eines Querschnittsbereichs auf
einer Anzeigevorrichtung auf der Grundlage der zeitlichen Änderung des physikalischen Werts,
Festlegen mindestens zweier interessierender Bereiche auf einem Standbild des auf der Anzeigevorrichtung
angezeigten Elastizitätsbilds, und
Anzeigen der zeitlichen Änderung des physikalischen Werts jedes der interessierenden Bereiche auf der An-
zeigevorrichtung.

10. Verfahren nach Anspruch 9 mit folgenden weiteren Schritten:

Umwandeln des physikalischen Werts der jeweiligen interessierenden Bereiche in das genannte Verhältnis, und
Anzeigen der zeitlichen Änderung des Verhältnisses auf einer Anzeigevorrichtung.

11. Diagnostisches Ultraschallsystem aufweisend:

eine Ultraschallsonde (2),
eine Ultraschall-Querschnittsdaten-Messeinrichtung (3, 4) zum Messen von Ultraschall-Querschnittsdaten ei-
nes Querschnittsbereichs eines Objekts mit der Ultraschallsonde,
eine Signalverarbeitungseinrichtung (5) zum Verarbeiten der gemessenen Ultraschall-Querschnittsdaten und
zum Erzeugen eines Querschnittsbilds,
eine Elastizitätsinformations-Berechnungseinrichtung (6, 7) zum Bestimmen eines physikalischen Werts, der
mit der Elastizität von Gewebe im Querschnittsbereich korreliert ist, auf der Grundlage der gemessenen Ultra-
schall-Querschnittsdaten und zum Erzeugen eines Elastizitätsbilds des Querschnittsbereichs auf der Grundlage
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des physikalischen Werts,
eine Anzeigevorrichtung (10, 11) zum Anzeigen des Querschnittsbilds und/oder des Elastizitätsbilds, und
eine Eingabeeinrichtung (1, 3) zum Festlegen mehrerer interessierender Bereiche in dem auf der Anzeigevor-
richtung angezeigten Elastizitätsbild,
gekennzeichnet durch
eine Indizierungseinrichtung (12) zum Umwandeln der physikalischen Werte eines ersten und eines zweiten
interessierenden Bereichs in das Verhältnis zwischen dem physikalischen Wert des ersten interessierenden
Bereichs und dem physikalischen Wert des zweiten interessierenden Bereichs und zum Anzeigen des Verhält-
nisses.

12. Diagnostisches Ultraschallsystem nach Anspruch 11, wobei die Elastizitätsinformations-Berechnungseinrichtung
auf der Grundlage mehrerer Sätze von Ultraschall-Querschnittsdaten, die in zeitlicher Abfolge gemessen wurden,
mehrere Elastizitätsbilder erzeugt, die erzeugten Elastizitätsbilder in überlappender Weise auf dem gleichen Schirm
der Anzeigevorrichtung wie das angezeigte Querschnittsbild anzeigt und die Änderung des genannten Verhältnisses
der interessierenden Bereiche auf dem gleichen Schirm anzeigt.

13. Diagnostisches Ultraschallsystem nach Anspruch 11, wobei die Elastizitätsinformations-Berechnungseinrichtung
auf der Grundlage mehrerer Sätze von Ultraschall-Querschnittsdaten, die in zeitlicher Abfolge gemessen wurden,
mehrere Elastizitätsbilder erzeugt und dann, wenn von einer Eingabeeinrichtung ein auf der Anzeigevorrichtung
angezeigter Zeitphasenbalken zum Zuweisen der Messzeitphase der mehreren Elastizitätsbilder betätigt wird, das
Elastizitätsbild auf der Anzeigevorrichtung anzeigt, das einer zugewiesenen Messzeitphase entspricht.

14. Diagnostisches Ultraschallsystem nach Anspruch 11, wobei die interessierenden Bereiche einen ersten interessie-
renden Bereich und einen in einem den ersten interessierenden  Bereich umgebenden großen Bereich festgelegten
zweiten interessierenden Bereich umfassen.

15. Diagnostisches Ultraschallsystem nach Anspruch 11, wobei die physikalischen Werte Verformungen und/oder Ela-
stizitätsmodule des ersten und des zweiten interessierenden Bereichs umfassen.

16. Diagnostisches Ultraschallsystem nach Anspruch 11, weiterhin umfassend:

eine Bestimmungseinrichtung, um auf der Grundlage des Verhältnisses der physikalischen Werte zu bestimmen,
ob das Gewebe in dem interessierenden Bereich normal ist.

17. Diagnostisches Ultraschallsystem nach Anspruch 14, wobei eine Verformung des ersten interessierenden Bereichs
oder ein Mittelwert der Verformung berechnet wird und eine Verformung eines Bereichs, der durch Abziehen des
ersten interessierenden Bereichs vom zweiten interessierenden Bereich gewonnen wird, oder ein Mittelwert der
Verformung berechnet wird.

18. Diagnostisches Ultraschallsystem nach Anspruch 14, wobei die Indizierungseinrichtung auf der Anzeigevorrichtung
eine Skala für den physikalischen Wert anzeigt und an Stellen auf der Skala, die den physikalischen Werten des
ersten und des zweiten interessierenden Bereichs entsprechen, Anzeigemarken anzeigt.

19. Diagnostisches Ultraschallsystem nach Anspruch 11, wobei die interessierenden Bereiche einen ersten interessie-
renden Bereich und einen abseits vom ersten interessierenden Bereich festgelegten zweiten interessierenden Be-
reich umfassen.

20. Diagnostisches Ultraschallsystem nach Anspruch 11,
wobei die interessierenden Bereiche einen in einem betroffenen Gebiet festgelegten ersten interessierenden Bereich
und einen ersten und einen zweiten interessierenden  Bereich umfassen, die den ersten interessierenden Bereich
zwischen sich aufnehmen und mit Abstand voneinander in Querrichtung des Elastizitätsbilds festgelegt sind, und
wobei das genannte Verhältnis das Verhältnis des physikalischen Werts im ersten interessierenden Bereich und
der Summe der physikalischen Werte im zweiten und dritten interessierenden Bereich ist.

21. Diagnostisches Ultraschallsystem nach Anspruch 11, wobei die Indizierungseinrichtung Mittelwerte der physikali-
schen Werte der interessierenden Bereiche bestimmt und zur Farbumwandlung den Minimalwert und den Maxi-
malwert der Mittelwerte in Farbe zu einem unteren Grenzwert und einem oberen Grenzwert eines dynamischen
Bereichs der Farbinformationen in Beziehung setzt.
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22. Diagnostisches Ultraschallsystem nach Anspruch 21, wobei die Indizierungseiririchtung den Pegel des dynamischen
Bereichs variabel entsprechend einem Zwischenwert festlegt, wenn mindestens drei interessierende Bereiche fest-
gelegt sind und der Zwischenwert zwischen dem Minimalwert und dem Maximalwert der Mittelwerte der physikali-
schen Werte liegt.

23. Diagnostisches Ultraschallsystem nach Anspruch 11, wobei
die Ultraschall-Querschnittsdaten-Messeinrichtung für den Bereich die Ultraschall-Querschnittsdaten für jeweils
einen linken und einen rechten Querschnittsbereich des Objekts misst, wobei der linke und der rechte Querschnitts-
bereich symmetrisch liegen,
die Signalverarbeitungseinrichtung Querschnittsbilder des linken und des rechten Querschnittsbereichs erzeugt
und auf der Anzeigevorrichtung anzeigt,
die Elastizitätsbild-Erzeugungseinrichtung Elastizitätsbilder des linken und des rechten Querschnittsbereichs er-
zeugt und die Elastizitätsbilder auf der Anzeigevorrichtung anzeigt,
die Eingabeeinrichtung zwei interessierende Bereiche in jeweils dem linken und dem rechten Elastizitätsbild festlegt,
die auf der Anzeigevorrichtung angezeigt werden, und
die Indizierungseinrichtung die entsprechenden Verhältnisse der physikalischen Werte der beiden interessierenden
Bereiche jeweils im linken und rechten Elastizitätsbild bestimmt, das Verhältnis der Verhältnisse der physikalischen
Werte des linken und des rechten interessierenden Bereichs bestimmt und das Verhältnis auf der Anzeigevorrichtung
anzeigt.

24. Diagnostisches Ultraschallsystem nach Anspruch 11, wobei
die Ultraschall-Querschnittsdaten-Messeinrichtung für einen Bereich unter Anlegen einer Kompression an das Ob-
jekt Ultraschall-Querschnittsdaten des Querschnittsbereichs des Objekts misst, die mehreren Rahmen entsprechen,
die Elastizitätsinformations-Berechnungseinrichtung auf der Grundlage der Ultraschall-Querschnittsdaten mehrerer
Rahmen die zeitliche Änderung eines physikalischen Werts, der mit der Elastizität von Gewebe im Querschnittsbe-
reich korreliert ist, berechnet und auf der Grundlage der zeitlichen Änderung des physikalischen Werts ein beweg-
liches Bild eines Elastizitätsbilds des Querschnittsbereichs erzeugt und auf der Anzeigevorrichtung anzeigt,
die Eingabeeinrichtung auf einem Standbild des auf der Anzeigevorrichtung angezeigten Elastizitätsbilds mindestens
zwei interessierende Bereiche festlegt, und
die Indizierungseinrichtung die zeitliche Änderung des physikalischen Werts für die jeweiligen interessierenden
Bereiche auf der Anzeigevorrichtung anzeigt.

25. Diagnostisches Ultraschallsystem nach Anspruch 24, wobei die Indizierungseinrichtung die physikalischen Werte
der interessierenden Bereiche miteinander in das genannte Verhältnis umwandelt und die zeitliche Änderung des
Verhältnisses auf der Anzeigevorrichtung anzeigt.

26. Diagnostisches Ultraschallsystem nach Anspruch 24, wobei die Indizierungseinrichtung die physikalischen Werte
der interessierenden Bereiche miteinander in das genannte Verhältnis umwandelt und die Änderung eines Sum-
menwerts auf der Anzeigevorrichtung anzeigt, der durch geordnetes Summieren der Verhältnisse für mehrere Rah-
men gewonnen wird.

27. Diagnostisches Ultraschallsystem nach Anspruch 11, weiterhin aufweisend:

eine Drucksteuereinrichtung zum Halten der Ultraschallsonde und zum Erhöhen oder Verringern der an das
Objekt anliegenden Kompression mit der Ultraschallsonde, und
eine Befestigungseinrichtung zum Halten der Drucksteuereinrichtung.

Revendications

1. Procédé d’affichage d’une image élastique comprenant les étapes suivantes :

mesurer des données ultrasonores de section transversale d’une région de section transversale d’un sujet tout
en appliquant une compression au sujet ;
déterminer une valeur physique corrélée à l’élasticité du tissu dans la région de section transversale, en se
basant sur les données ultrasonores de section transversale ;
générer et afficher une image élastique de la région de section transversale en se basant sur la valeur physique ;
et



EP 1 800 603 B1

19

5

10

15

20

25

30

35

40

45

50

55

établir une pluralité de régions d’intérêt dans l’image élastique affichée ;
caractérisé par le fait de convertir les valeurs physiques d’une première et d’une deuxième des régions d’intérêt
en le rapport entre la valeur physique de la première région d’intérêt et la valeur physique de la deuxième région
d’intérêt, et d’afficher ce rapport en même temps que l’image élastique.

2. Procédé d’affichage d’une image élastique selon la revendication 1, dans lequel les régions d’intérêt comprennent
une première région d’intérêt et une deuxième région d’intérêt établie dans une grande région entourant la première
région d’intérêt.

3. Procédé d’affichage d’une image élastique selon la revendication 1, dans lequel les valeurs physiques comprennent
des distorsions et/ou des modules d’élasticité des régions d’intérêt.

4. Procédé d’affichage d’une image élastique selon la revendication 2, comprenant en outre les étapes suivantes :

calculer une distorsion de la première région d’intérêt ou une valeur moyenne de la distorsion ; et
calculer une distorsion d’une région obtenue en soustrayant la première région d’intérêt de la deuxième région
d’intérêt ou une valeur moyenne de la distorsion.

5. Procédé d’affichage d’une image élastique selon la revendication 1, dans lequel les régions d’intérêt comprennent
une  première région d’intérêt et une deuxième région d’intérêt établie à l’écart de la première région d’intérêt.

6. Procédé d’affichage d’une image élastique selon la revendication 1,
dans lequel les régions d’intérêt comprennent une première région d’intérêt établie dans une zone affectée et des
deuxième et troisième régions d’intérêt établies à l’écart l’une de l’autre dans la direction latérale de l’image élastique
et qui prennent entre elles la première région d’intérêt, et
dans lequel ledit rapport est le rapport de la valeur physique de la première région d’intérêt et de la somme des
valeurs physiques des deuxième et troisième régions d’intérêt.

7. Procédé d’affichage d’une image élastique selon la revendication 1, comprenant en outre les étapes suivantes :

mesurer les données ultrasonores de section transversale d’une région de section transversale gauche et d’une
région de section transversale droite du sujet, les régions de section transversale gauche et droite étant
symétriques ;
générer et afficher des images élastiques des régions de section transversale gauche et droite ;
établir deux régions d’intérêt dans chacune des images élastiques gauche et droite affichées ;
déterminer le rapport des valeurs physiques des deux régions d’intérêt établies pour chacune des images
élastiques gauche et droite ; et
déterminer le rapport des rapports des valeurs physiques des deux régions d’intérêt pour les images élastiques
gauche et droite, et afficher le rapport.

8. Procédé d’affichage d’une image élastique selon la revendication 1, comprenant en outre les étapes suivantes :

stocker les ensembles de données ultrasonores de section transversale mesurées correspondant à une pluralité
de vues dans une mémoire d’image ;
extraire, dans l’ordre, les ensembles de données ultrasonores de section transversale correspondant à une
pluralité de paires de vues stockées dans la mémoire d’image à différents intervalles temporels de mesure ;
calculer les ensembles de données de distribution de déplacement pour le tissu dans la région de section
transversale correspondant aux paires de vues ;
déterminer une valeur physique corrélée à l’élasticité du tissu dans la région de section transversale en se
basant sur chaque ensemble de données de distribution de déplacement ;
générer et afficher une image animée d’une pluralité de vues d’une image élastique de la région de section
transversale en se basant sur les valeurs physiques déterminées ;
établir la pluralité de régions d’intérêt en figeant l’image élastique animée affichée ;
déterminer des valeurs moyennes des valeurs physiques de la pluralité de vues dans les régions d’intérêt
établies et le rapport des valeurs moyennes ; et
afficher les valeurs moyennes déterminées des valeurs physiques et le rapport sur un dispositif d’affichage en
même temps que l’image élastique animée.
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9. Procédé d’affichage d’une image élastique selon la revendication 1, comprenant en outre les étapes suivantes :

mesurer les données ultrasonores de section transversale pour une pluralité de vues ;
déterminer la variation dans le temps de la valeur physique corrélée à l’élasticité du tissu dans la région de
section transversale en se basant sur la pluralité de vues des données ultrasonores de section transversale ;
générer et afficher sur un dispositif d’affichage une image animée d’une image élastique de la région de section
transversale en se basant sur la variation dans le temps de la valeur physique ;
établir au moins deux régions d’intérêt sur une image fixe de l’image élastique affichée sur le dispositif
d’affichage ; et
afficher sur le dispositif d’affichage la variation dans le temps de la valeur physique de chacune des régions
d’intérêt.

10. Procédé d’affichage d’une image élastique selon la revendication 9, comprenant en outre les étapes suivantes :

convertir la valeur physique de chacune des régions d’intérêt en ledit rapport ; et
afficher la variation dans le temps du rapport sur le dispositif d’affichage.

11. Système d’échographie comprenant :

une sonde à ultrasons (2) ;
un moyen de mesure de données ultrasonores de section transversale (3, 4) pour mesurer des données ultra-
sonores de section transversale d’une région de section transversale d’un sujet avec la sonde à ultrasons ;
un moyen de traitement du signal (5) pour traiter les données ultrasonores de section transversale mesurées
et générer une image de section transversale ;
un moyen de calcul d’information élastique (6, 7) pour déterminer une valeur physique corrélée à l’élasticité du
tissu dans la région de section transversale, en se basant sur les données ultrasonores de section transversale
mesurées et générer une image élastique de la région de section transversale en se basant sur la valeur
physique ;
un dispositif d’affichage (10, 11) pour afficher l’image de section transversale et/ou l’image élastique ; et
un moyen d’entrée (13) pour établir une pluralité de régions d’intérêt dans l’image élastique affichée sur le
dispositif d’affichage ;
caractérisé par
un moyen d’indexation (12) pour convertir les valeurs physiques d’une première et d’une deuxième des régions
d’intérêt en le rapport entre la valeur physique de la première région d’intérêt et la valeur physique de la deuxième
région d’intérêt, et afficher ce rapport.

12. Système d’échographie selon la revendication 11, dans lequel le moyen de calcul d’information élastique génère
une pluralité des  images élastiques en se basant sur la pluralité d’ensembles de données ultrasonores de section
transversale mesurées en séquence temporelle, affiche les images élastiques générées sur le même écran du
dispositif d’affichage que l’image de section transversale affichée d’une manière superposée, et affiche la variation
dudit rapport des régions d’intérêt sur le même écran.

13. Système d’échographie selon la revendication 11, dans lequel le moyen de calcul d’information élastique génère
une pluralité des images élastiques en se basant sur une pluralité des ensembles de données ultrasonores de
section transversale mesurées en séquence temporelle, et affiche l’image élastique correspondant à une phase
temporelle de mesure attribuée sur le dispositif d’affichage quand une barre de phase temporelle pour attribuer la
phase temporelle de mesure de la pluralité d’images élastiques affichées sur le dispositif d’affichage est actionnée
par le moyen d’entrée.

14. Système d’échographie selon la revendication 11, dans lequel les régions d’intérêt comprennent une première
région d’intérêt et une deuxième région d’intérêt établie dans une grande région entourant la première région d’intérêt.

15. Système d’échographie selon la revendication 11, dans lequel les valeurs physiques comprennent des distorsions
et/ou des modules d’élasticité de la première région d’intérêt et de la deuxième région d’intérêt.

16. Système d’échographie selon la revendication 11, comprenant en outre :

un moyen de détermination pour déterminer si le tissu présent dans la région d’intérêt est normal ou non en se



EP 1 800 603 B1

21

5

10

15

20

25

30

35

40

45

50

55

basant sur le rapport des valeurs physiques.

17. Système d’échographie selon la revendication 14, dans lequel une distorsion de la première région d’intérêt ou une
valeur moyenne de la distorsion est calculée et une distorsion d’une région obtenue en soustrayant la première
région d’intérêt de la deuxième région d’intérêt ou une valeur moyenne de la distorsion est calculée.

18. Système d’échographie selon la revendication 14, dans lequel le moyen d’indexation affiche une échelle pour la
valeur physique sur le dispositif d’affichage et affiche des repères d’affichage en des positions sur l’échelle corres-
pondant aux valeurs physiques de la première région d’intérêt et de la deuxième région d’intérêt.

19. Système d’échographie selon la revendication 11, dans lequel les régions d’intérêt comprennent une première
région d’intérêt et une deuxième région d’intérêt établie à l’écart de la première région d’intérêt.

20. Système d’échographie selon la revendication 11,
dans lequel les régions d’intérêt comprennent une première région d’intérêt établie dans une zone affectée et des
deuxième et troisième régions d’intérêt établies à l’écart l’une de l’autre dans la direction latérale de l’image élastique
et qui prennent entre elles la première région d’intérêt, et
dans lequel ledit rapport est le rapport de la valeur physique de la première région d’intérêt et de la somme des
valeurs physiques des deuxième et troisième régions d’intérêt.

21. Système d’échographie selon la revendication 11, dans lequel le moyen d’indexation détermine des valeurs moyen-
nes des valeurs physiques des régions d’intérêt et établit une relation en couleur entre la valeur minimum et la
valeur maximum des valeurs moyennes et une valeur limite inférieure et une valeur limite supérieure d’une plage
dynamique d’information de couleur pour la colorisation.

22. Système d’échographie selon la revendication 21, dans lequel le moyen d’indexation règle de façon variable le
niveau de la plage dynamique correspondant à une valeur intermédiaire quand au moins trois régions d’intérêt sont
établies et que la valeur intermédiaire est comprise entre la valeur minimum et la valeur maximum des valeurs
moyennes des valeurs physiques.

23. Système d’échographie selon la revendication 11, dans lequel :

le moyen de mesure de données ultrasonores de région de section transversale mesure les données ultraso-
nores de section  transversale d’une région de section transversale gauche et d’une région de section trans-
versale droite du sujet, les régions de section transversale gauche et droite étant symétriques,
le moyen de traitement du signal génère et affiche sur le dispositif d’affichage des images de section transversale
des régions de section transversale gauche et droite,
le moyen de génération d’image élastique génère des images élastiques des régions de section transversale
gauche et droite et affiche les images élastiques sur le dispositif d’affichage,
le moyen d’entrée établit deux régions d’intérêt dans chacune des images élastiques gauche et droite affichées
sur le dispositif d’affichage, et
le moyen d’indexation détermine les rapports respectifs des valeurs physiques des deux régions d’intérêt dans
chacune des images élastiques gauche et droite, détermine le rapport des rapports des valeurs physiques des
régions d’intérêt gauche et droite, et affiche le rapport sur le dispositif d’affichage.

24. Système d’échographie selon la revendication 11, dans lequel :

le moyen de mesure de données ultrasonores de région de section transversale mesure les données ultraso-
nores de section transversale de la région de section transversale du sujet correspondant à une pluralité de
vues tout en appliquant une compression au sujet,
le moyen de calcul d’information élastique détermine la variation dans le temps d’une valeur physique corrélée
à l’élasticité du tissu de la région de section transversale en se basant sur les données ultrasonores de section
transversale de la pluralité de vues, et génère et affiche sur le dispositif d’affichage une image animée d’une
image élastique de la région de section transversale en se basant sur la variation dans le temps de la valeur
physique,
le moyen d’entrée établit au moins deux régions d’intérêt sur une image fixe de l’image élastique affichée sur
le dispositif d’affichage, et
le moyen d’indexation affiche la variation dans le temps de la valeur physique de chacune des régions d’intérêt
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sur le dispositif d’affichage.

25. Système d’échographie selon la revendication 24, dans lequel le moyen d’indexation convertit mutuellement les
valeurs physiques des régions d’intérêt en ledit rapport et affiche la variation dans le temps du rapport sur le dispositif
d’affichage.

26. Système d’échographie selon la revendication 24, dans lequel le moyen d’indexation convertit mutuellement les
valeurs physiques des régions d’intérêt en ledit rapport et affiche sur le dispositif d’affichage la variation d’une valeur
additionnée obtenue en additionnant dans l’ordre les rapports pour une pluralité de vues.

27. Système d’échographie selon la revendication 11, comprenant en outre :

un moyen de commande de pression pour supporter la sonde à ultrasons et pour augmenter ou diminuer la
compression appliquée au sujet avec la sonde à ultrasons ; et
un moyen de fixation pour supporter le moyen de commande de pression.
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为索引值（12），并在显示装置（8）上显示索引值。以这种方式，该方
法能够定量评价待诊断区域的身体组织的硬度。
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