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FIG. 2
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FIG. 3
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FIG. 5
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FIG. 9
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FIG. 12
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FIG. 15
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1
ULTRASONIC DIAGNOSTIC APPARATUS
FOR GENERATING THREE DIMENSIONAL
CARDIAC MOTION IMAGE BY SETTING
LINE SEGMENTED STRAIN GAUGES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2008-
160744, filed Jun. 19, 2008, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultrasonic diagnostic
apparatus, an ultrasonic image processing apparatus, and a
medical image processing apparatus for supporting intuitive
recognition of complicated wall motion resulting from a
multi-layered structure of a myocardium by displaying a
gauge divided between endomyocardial and epimyocardial
layers of the heart, for example, so as to overlap on a medical
image, such as an ultrasonic image, when evaluating the
movement of tissue using an ultrasonic image.

2. Description of the Related Art

For body tissue, such as a myocardium, it is very important
for diagnosis of the tissue to evaluate the function objectively
and quantitatively. In recent years, various quantitative evalu-
ation methods have been tried mainly for the heart as an
example.

For example, as disclosed in JP-A-2003-175041, a tech-
nique called speckle tracking for calculating wall motion
information on a local portion, such as displacement or strain,
while tracking a local region of an image acquired by an
ultrasonic diagnostic apparatus, for example, has already
been put to practical use. Moreover, as disclosed in JP-A-
2007-117611, and Article of Osaka City University ‘Ogawa
et al. Am J Cardiol 2006; 98: 1531-1538’, a strain gauge
display method of displaying a ‘strain gauge’ connecting the
pair between two points for strain measurement, for example,
using the speckle tracking has been proposed.

In the known methods, however, a state of movement of the
line segment between two points which connects the position
of the endomyocardial layer with the position of the epimyo-
cardial layer is displayed by strain gauges on only one plane.
For this reason, the heart wall motion showing three-dimen-
sional complicated movement may not be sufficiently
observed.

BRIEF SUMMARY OF THE INVENTION

In view of the above, it is an object of the invention to
provide an ultrasonic diagnostic apparatus, an ultrasonic
image processing apparatus, and a medical image processing
apparatus capable of sufficiently observing a state of the
motion of tissue, which shows three-dimensional compli-
cated movement and is represented by the heart, by setting a
gauge for performing strain measurement in three-dimen-
sional data and imaging it.

According to an aspect of the invention, an ultrasonic diag-
nostic apparatus includes: a data collection unit that collects
volume data over one or more periods of movement of tissue
of a subject body, which moves periodically, by ultrasonically
scanning the tissue of the subject body; an interest region
setting unit that sets a three-dimensional region of interest of
the tissue of the subject body for the volume data in a prede-
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2

termined time phase; a motion vector information generating
unit that generates motion vector information on the region of
interest in time phases other than the predetermined time
phase by processing using pattern matching; a gauge setting
unit that sets at least one three-dimensional position of a strain
gauge, which is a line segment on the tissue of the subject
body, using the motion vector information on the region of
interest; an image generating unit that generates a three-
dimensional strain gauge image obtained by imaging the set
strain gauge in a three-dimensional manner; and a display
unit that displays the three-dimensional strain gauge image in
a predetermined form.

According to another aspect of the invention, an ultrasonic
diagnostic apparatus includes: a data collection unit that col-
lects volume data over one or more periods of movement of
tissue of a subject body, which moves periodically, by ultra-
sonically scanning the tissue of the subject body; an interest
region setting unit that sets a three-dimensional region of
interest of the tissue of the subject body for the volume data in
a predetermined time phase; a motion vector information
generating unit that generates motion vector information on
the region of interest in time phases other than the predeter-
mined time phase by processing using pattern matching; a
gauge setting unit that sets at least one three-dimensional
position of a strain gauge, which is a line segment on the
tissue of the subject body, using the motion vector informa-
tion on the region of interest; a section setting unit that sets at
least one arbitrary section for volume data in each time phase;
an image generating unit that generates a three-dimensional
strain gauge image obtained by projection of the strain gauge
onto at least the one arbitrary section; and a display unit that
displays the three-dimensional strain gauge image in a pre-
determined form.

According to yet another aspect of the invention, an ultra-
sonic diagnostic apparatus includes: a data collection unit that
collects volume data over one or more periods of movement
of tissue of a subject body, which moves periodically, by
ultrasonically scanning the tissue of the subject body; a sec-
tion setting unit that sets at least one arbitrary section for
volume data in each time phase; an interest region setting unit
that sets a region of interest of the tissue of the subject body on
at least the one arbitrary section in a predetermined time
phase; a motion vector information generating unit that gen-
erates motion vector information on the region of interest in
time phases other than the predetermined time phase by pro-
cessing using pattern matching; a gauge setting unit that sets
at least one three-dimensional position of a strain gauge,
whichisa line segment on the tissue of the subject body, using
the motion vector information on the region of interest; an
image generating unit that generates a three-dimensional
strain gauge image in which the strain gauge is set at a cor-
responding position on at least the one arbitrary section; and
adisplay unit that displays the three-dimensional strain gauge
image in a predetermined form.

According to yet another aspect of the invention, an ultra-
sonic image processing apparatus includes: a storage unit that
stores volume data collected over one or more periods of
movement of tissue of a subject body, which moves periodi-
cally, by ultrasonically scanning the tissue of the subject
body; an interest region setting unit that sets a three-dimen-
sional region of interest of the tissue of the subject body for
the volume data in a predetermined time phase; a motion
vector information generating unit that generates motion vec-
tor information on the region of interest in time phases other
than the predetermined time phase by processing using pat-
tern matching; a gauge setting unit that sets at least one
three-dimensional position of a strain gauge. which is a line
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segment on the tissue of the subject body, using the motion
vector information on the region of interest; an image genet-
ating unit that generates a three-dimensional strain gauge
image obtained by imaging the set strain gauge in a three-
dimensional manner; and a display unit that displays the
three-dimensional strain gauge image in a predetermined
form.

According to yet another aspect of the invention, an ultra-
sonic image processing apparatus includes: a storage unit that
stores volume data collected over one or more periods of
movement of tissue of a subject body, which moves periodi-
cally, by ultrasonically scanning the tissue of the subject
body; an interest region setting unit that sets a three-dimen-
sional region of interest of the tissue of the subject body for
the volume data in a predetermined time phase; a motion
vector information generating unit that generates motion vec-
tor information on the region of interest in time phases other
than the predetermined time phase by processing using pat-
tern matching; a gauge setting unit that sets at least one
three-dimensional position of a strain gauge, which is a line
segment on the tissue of the subject body, using the motion
vector information on the region of interest; a section setting
unit that sets at least one arbitrary section for volume data in
each time phase; an image generating unit that generates a
three-dimensional strain gauge image obtained by projection
of the strain gauge onto at least the one arbitrary section; and
adisplay unit that displays the three-dimensional strain gauge
image in a predetermined form.

According to yet another aspect of the invention, an ultra-
sonic image processing apparatus includes: a storage unit that
stores volume data collected over one or more periods of
movement of tissue of a subject body, which moves periodi-
cally, by ultrasonically scanning the tissue of the subject
body; a section setting unit that sets at least one arbitrary
section for volume data in each time phase; an interest region
setting unit that sets a region of interest of the tissue of the
subject body on at least the one arbitrary section in a prede-
termined time phase; a motion vector information generating
unit that generates motion vector information on the region of
interest in time phases other than the predetermined time
phase by processing using pattern matching; a gauge setting
unit that sets at least one three-dimensional position of astrain
gauge, which is a line segment on the tissue of the subject
body, using the motion vector information on the region of
interest; an image generating unit that generates a three-
dimensional strain gauge image in which the strain gauge is
set at a corresponding position on at least the one arbitrary
section; and a display unit that displays the three-dimensional
strain gauge image in a predetermined form.

According to yet another aspect of the invention, a medical
image processing apparatus includes: a storage unit that
stores volume data collected for tissue of a subject body,
which moves periodically, over one or more periods; an inter-
est region setting unit that sets a three-dimensional region of
interest of the tissue of the subject body for the volume data in
a predetermined time phase; a motion vector information
generating unit that generates motion vector information on
the region of interest in time phases other than the predeter-
mined time phase by processing using pattern matching; a
gauge setting unit that sets at least one three-dimensional
position of a strain gauge, which is a line segment on the
tissue of the subject body, using the motion vector informa-
tion on the region of interest; an image generating unit that
generates a three-dimensional strain gauge image obtained by
imaging the set strain gauge in a three-dimensional manner;
and a display unit that displays the three-dimensional strain
gauge image in a predetermined form.
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According to yet another aspect of the invention, a medical
image processing apparatus includes: a storage unit that
stores volume data collected for tissue of a subject body,
which moves periodically, over one or more periods; an inter-
est region setting unit that sets a three-dimensional region of
interest of the tissue of the subject body for the volume data in
a predetermined time phase; a motion vector information
generating unit that generates motion vector information on
the region of interest in time phases other than the predeter-
mined time phase by processing using pattern matching; a
gauge setting unit that sets at least one three-dimensional
position of a strain gauge, which is a line segment on the
tissue of the subject body, using the motion vector informa-
tion on the region of interest; a section setting unit that sets at
least one arbitrary section for volume data in each time phase;
an image generating unit that generates a three-dimensional
strain gauge image obtained by projection of the strain gauge
onto at least the one arbitrary section; and a display unit that
displays the three-dimensional strain gauge image in a pre-
determined form.

According to yet another aspect of the invention, a medical
image processing apparatus includes: a storage unit that
stores volume data collected for tissue of a subject body,
which moves periodically, over one ormore periods; a section
setting unit that sets at least one arbitrary section for volume
datain each time phase; an interest region setting unit that sets
aregion of interest of the tissue of the subject body on at least
the one arbitrary section in a predetermined time phase; a
motion vector information generating unit that generates
motion vector information on the region of interest in time
phases other than the predetermined time phase by processing
using pattern matching; a gauge setting unit that sets at least
one three-dimensional position of a strain gauge, which is a
line segment on the tissue of the subject body, using the
motion vector information on the region of interest; an image
generating unit that generates a three-dimensional strain
gauge image in which the strain gauge is set at a correspond-
ing position on at least the one arbitrary section; and a display
unit that displays the three-dimensional strain gauge image in
a predetermined form.

According to yet another aspect of the invention, an ultra-
sonic image generating method includes: collecting volume
data over one or more periods of movement of tissue of a
subject body, which moves periodically, by ultrasonically
scanning the tissue of the subject body; setting a three-dimen-
sional region of interest of the tissue of the subject body for
the volume data in a predetermined time phase; generating
motion vector information on the region of interest in time
phases other than the predetermined time phase by processing
using pattern matching; setting at least one three-dimensional
position of a strain gauge, which is a line segment on the
tissue of the subject body, using the motion vector informa-
tion on the region of interest; generating a three-dimensional
strain gauge image obtained by imaging the set strain gauge in
athree-dimensional manner; and displaying the three-dimen-
sional strain gauge image in a predetermined form.

According to yet another aspect of the invention, an ultra-
sonic image generating method includes: collecting volume
data over one or more periods of movement of tissue of a
subject body, which moves periodically, by ultrasonically
scanning the tissue of the subject body; setting a three-dimen-
sional region of interest of the tissue of the subject body for
the volume data in a predetermined time phase; generating
motion vector information on the region of interest in time
phases other than the predetermined time phase by processing
using pattern matching; setting at least one three-dimensional
position of a strain gauge, which is a line segment on the
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tissue of the subject body, using the motion vector informa-
tion on the region of interest; setting at least one arbitrary
section for volume data in each time phase; generating a
three-dimensional strain gauge image obtained by projection
of the strain gauge onto at least the one arbitrary section; and
displaying the three-dimensional strain gauge image in a
predetermined form.

According to yet another aspect of the invention, an ultra-
sonic image generating method includes: collecting volume
data over one or more periods of movement of tissue of a
subject body, which moves periodically, by ultrasonically
scanning the tissue of the subject body; setting at least one
arbitrary section for volume data in each time phase; setting a
region of interest of the tissue of the subject body on at least
the one arbitrary section in a predetermined time phase; gen-
erating motion vector information on the region of interest in
time phases other than the predetermined time phase by pro-
cessing using pattern matching; setting at least one three-
dimensional position of a strain gauge, which is a line seg-
ment on the tissue of the subject body, using the motion vector
information on the region of interest; generating a three-
dimensional strain gauge image in which the strain gauge is
set at a corresponding position on at least the one arbitrary
section; and displaying the three-dimensional strain gauge
image in a predetermined form.

According to yet another aspect of the invention, an ultra-
sonic image processing method includes: storing volume data
collected over one or more periods of movement of tissue of
a subject body, which moves periodically, by ultrasonically
scanning the tissue of the subject body; setting a three-dimen-
sional region of interest of the tissue of the subject body for
the volume data in a predetermined time phase; generating
motion vector information on the region of interest in time
phases other than the predetermined time phase by processing
using pattern matching; setting at least one three-dimensional
position of a strain gauge, which is a line segment on the
tissue of the subject body, using the motion vector informa-
tion on the region of interest; generating a three-dimensional
strain gauge image obtained by imaging the set strain gauge in
athree-dimensional manner; and displaying the three-dimen-
sional strain gauge image in a predetermined form.

According to yet another aspect of the invention, an ultra-
sonic image processing method includes: storing volume data
collected over one or more periods of movement of tissue of
a subject body, which moves periodically, by ultrasonically
scanning the tissue of the subject body; setting a three-dimen-
sional region of interest of the tissue of the subject body for
the volume data in a predetermined time phase; generating
motion vector information on the region of interest in time
phases other than the predetermined time phase by processing
using pattern matching; setting at least one three-dimensional
position of a strain gauge, which is a line segment on the
tissue of the subject body, using the motion vector informa-
tion on the region of interest; setting at least one arbitrary
section for volume data in each time phase; generating a
three-dimensional strain gauge image obtained by projection
of the strain gauge onto at least the one arbitrary section; and
displaying the three-dimensional strain gauge image in a
predetermined form.

According to yet another aspect of the invention, an ultra-
sonic image processing method includes: storing volume data
collected over one or more periods of movement of tissue of
a subject body, which moves periodically, by ultrasonically
scanning the tissue of the subject body; setting at least one
arbitrary section for volume data in each time phase; setting a
region of interest of the tissue of the subject body on at least
the one arbitrary section in a predetermined time phase; gen-
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erating motion vector information on the region of interest in
time phases other than the predetermined time phase by pro-
cessing using pattern matching; setting at least one three-
dimensional position of a strain gauge, which is a line seg-
ment on the tissue of the subject body, using the motion vector
information on the region of interest; generating a three-
dimensional strain gauge image in which the strain gauge is
set at a corresponding position on at least the one arbitrary
section; and displaying the three-dimensional strain gauge
image in a predetermined form.

According to yet another aspect of the invention, a medical
image processing method includes: storing volume data col-
lected for tissue of a subject body, which moves periodically,
over one or more periods; setting a three-dimensional region
of interest of the tissue of the subject body for the volume data
in a predetermined time phase; generating motion vector
information on the region of interest in time phases other than
the predetermined time phase by processing using pattern
matching; setting at least one three-dimensional position ofa
strain gauge, which is a line segment on the tissue of the
subject body, using the motion vector information on the
region of interest; generating a three-dimensional strain
gauge image obtained by imaging the set strain gauge in a
three-dimensional manner; and displaying the three-dimen-
sional strain gauge image in a predetermined form.

According to yet another aspect of the invention, a medical
image processing method includes: storing volume data col-
lected for tissue of a subject body, which moves periodically,
over one or more periods; setting a three-dimensional region
of interest of the tissue of the subject body for the volume data
in a predetermined time phase; generating motion vector
information on the region of interest in time phases other than
the predetermined time phase by processing using pattern
matching; setting at least one three-dimensional position ofa
strain gauge, which is a line segment on the tissue of the
subject body, using the motion vector information on the
region of interest; setting at least one arbitrary section for
volume data in each time phase; generating a three-dimen-
sional strain gauge image obtained by projection of the strain
gauge onto at least the one arbitrary section; and displaying
the three-dimensional strain gauge image in a predetermined
form.

According to yet another aspect of the invention, a medical
image processing method includes: storing volume data col-
lected for tissue of a subject body, which moves periodically,
over one or more periods; setting at least one arbitrary section
for volume data in each time phase; setting a region of interest
of the tissue of the subject body on at least the one arbitrary
section in a predetermined time phase; generating motion
vector information on the region of interest in time phases
other than the predetermined time phase by processing using
pattern matching; setting at least one three-dimensional posi-
tion of a strain gauge, which is a line segment on the tissue of
the subject body, using the motion vector information on the
region of interest; generating a three-dimensional strain
gauge image in which the strain gauge is set at a correspond-
ing position on at least the one arbitrary section; and display-
ing the three-dimensional strain gauge image in a predetet-
mined form.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 is a block diagram illustrating an ultrasonic diag-
nostic apparatus according to a first embodiment;
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FIG. 2 is a flow chart illustrating the flow of processing for
generating and displaying a three-dimensional strain gauge
image in the first embodiment;

FIG. 3 is a flow chart illustrating the flow of processing
executed to generate a strain gauge image:

FIG. 4 is a view illustrating an example of a three-dimen-
sional strain gauge image displayed on a display unit;

FIG. 5 is a view illustrating a three-dimensional strain
gauge image, in which only strain gauges set on 4C and 2C
planes in the reference time phase are extracted, together with
an MPR image in the reference time phase;

FIG. 6 is a view illustrating a three-dimensional strain
gauge image, in which only a strain gauge set on a 4C-plane
image in the reference time phase is extracted, together with
an MPR image in the reference time phase;

FIG. 7 is a view illustrating a three-dimensional strain
gauge image, in which only a strain gauge set on a 2C-plane
image in the reference time phase is extracted, together with
an MPR image in the reference time phase;

FIG. 8 is a view illustrating a three-dimensional strain
gauge image, in which strain gauges set on A-plane image,
M-plane image, and B-plane image in the reference time
phase are extracted, together with an MPR image in the ref-
erence time phase;

FIG. 9 is a view illustrating a three-dimensional strain
gaugeimage, in which a strain gauge set on the A-plane image
in the reference time phase is extracted, together withan MPR
image in the reference time phase;

FIG. 10 is a view illustrating a three-dimensional strain
gauge image, in which a strain gauge set on the M-plane
image in the reference time phase is extracted, together with
an MPR image in the reference time phase;

FIG. 11 is a view illustrating a three-dimensional strain
gaugeimage, in which a strain gauge set on the B-plane image
in the reference time phase is extracted, together withan MPR
image in the reference time phase;

FIG. 12 is a flow chart illustrating the flow of processing for
generating and displaying a three-dimensional strain gauge
image in a second embodiment;

FIG. 13 is a flow chart illustrating the flow of calculation
processing of motion vector information in step S13;

FIG. 14 is a view illustrating an example of a three-dimen-
sional strain gauge image displayed on a display unit;

FIG. 151s a flow chart illustrating the flow of processing for
generating and displaying a three-dimensional strain gauge
image in a third embodiment;

FIG. 16 is a view illustrating an example (short-axis image)
of a three-dimensional strain gauge image including a strain
gauge in which a midmyocardial layer gauge point is set;

FIG. 17 is a view illustrating another example (apical
image) of a three-dimensional strain gauge image including a
strain gauge in which a midmyocardial layer gauge point is
set;

FIG. 18 is a flow chart illustrating the flow of rotation
difference information generation processing;

FIG. 19 is a view illustrating an example of rotation differ-
ence information; and

FIG. 20 is a view illustrating an example of rotation differ-
ence information.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the invention will be
described with reference to the accompanying drawings.
Moreover, in the following description, constituent compo-
nents having approximately the same function and configu-

10

15

20

25

30

35

40

45

50

55

60

65

8

ration are denoted by the same reference numeral, and a
repeated explanation thereof will only be made as needed.

In addition, in each embodiment to be described below, a
case where the technical idea of the invention is applied to an
ultrasonic diagnostic apparatus will be described as an
example. However, the invention does not need to be limited
to the ultrasonic diagnostic apparatus, and the technical idea
of the invention may also be applied to an ultrasonic image
processing apparatus using a workstation, a personal com-
puter, etc., a medical image processing apparatus using a
medical image, such as a CT image or an MRI image, and a
medical image diagnostic apparatus (for example, an appara-
tus for X-ray computerized tomography and a magnetic reso-
nance imaging apparatus) other than the ultrasonic diagnostic
apparatus.

Moreover, functions realized by constituent components in
each embodiment, in particular, functions realized by a
motion vector processing unit 19, an image generating unit
21, a tracking processing unit 33, a motion information cal-
culating unit 37, and a gauge setting unit 38 (refer to FIG. 1)
which will be described later may be realized by installing a
software program for executing the same processing as each
of the constituent components in a computer such as a work-
station, an ultrasonic diagnostic apparatus having a computer
function, and the like and then loading the software program
into a memory. In this case, a program capable of causing a
computer to execute a corresponding technique may be dis-
tributed in a state where the program is stored in a recording
medium, such as a magnetic disk (for example, a floppy
(registered trademark) disk or a hard disk), an optical disk (for
example, a CD-ROM or a DVD), and a semiconductor
memory.

(First Embodiment)

FIG. 1 is a block diagram illustrating an ultrasonic diag-
nostic apparatus 1 according to a first embodiment. The ultra-
sonic diagnostic apparatus 1 includes an ultrasonic probe 11,
atransmission unit 13, a reception unit 15, a B-mode process-
ing unit 17, the motion vector processing unit 19, the image
generating unit 21, a display unit 23, a control unit (CPU) 31,
a volume data generating unit 35, the motion information
generating unit 37, the gauge setting unit 38, a storage unit 39,
an operation unit 41, and a network transmission and recep-
tion unit 43. In addition, in the case of applying the technical
idea of the invention to an ultrasonic image processing appa-
ratus, the inside components of a dotted line of FIG. 1 are
constituent components of the ultrasonic image processing
apparatus, for example.

The ultrasonic probe 11 generates an ultrasonic wave on
the basis of a driving signal from the transmission unit 12 and
has a plurality of piezoelectric vibrators that convert reflected
waves from a subject body into electric signals, a matching
layer provided in the piezoelectric vibrators, a packing mate-
rial that prevents rearward propagation of an ultrasonic wave
from the piezoelectric vibrators, and the like. When an ultra-
sonic wave is transmitted from the ultrasonic probe 11 to the
subject body, various harmonic components are generated
with propagation of an ultrasonic wave due to nonlinearity of
the body tissue. A fundamental wave and harmonic compo-
nents which form the transmitted ultrasonic wave are scat-
tered rearward by the boundary of the acoustic impedance of
the body tissue, minute scattering, and the like and are
received as a reflected wave (echo) in the ultrasonic probe 11.

The transmission unit 13 has a delay circuit, a pulse circuit,
and the like which are not shown. The pulse circuit repeatedly
generates a rate pulse for forming a transmitted ultrasonic
wave at a predetermined rate frequency fr Hz (period; 1/fr
second). In addition, in the delay circuit, a delay time which
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is required for making ultrasonic waves converge in the beam
shape and determining the transmission directivity for every
channel is given to each rate pulse. The transmission unit 12
applies a driving pulse to every vibrator, at timing based on
the rate pulse, such that an ultrasonic beam is formed toward
a predetermined scan line.

The reception unit 15 has an amplifying circuit, an A/D
converter, an adder, and the like which are not shown. The
amplifying circuit amplifies an echo signal received through
the probe 11 for every channel. The A/D converter gives a
delay time, which is required for determining the receiving
directivity, to the amplified echo signal, and then the adder
performs adding processing. By this addition, an ultrasonic
echo signal corresponding to the predetermined scan line is
generated.

The B-mode processing unit 17 generates a B-mode signal
corresponding to the amplitude of an ultrasonic echo by per-
forming envelope detection processing on the ultrasonic echo
signal received from the reception unit 15.

The motion vector processing unit 19 detects and tracks the
tissue position using pattern matching processing between
two frames with different time phases and calculates the
displacement of each tissue on the basis of the moved posi-
tion. Specifically, the motion vector processing unit 19 cal-
culates, for a region of interest on one frame, a corresponding
region on another frame which is most similar to the region of
interest. The total displacement of the tissue can be defined by
accumulating a distance between the region of interest and the
corresponding region which estimated by motion vector pro-
cessing unit. By performing this processing frame by frame at
each position on a frame, displacement (motion vector) of
each tissue or spatial-temporal distribution data regarding
displacement of tissue can be acquired.

The image generating unit 21 generates a B-mode ultra-
sonic image showing dimensional distribution related to a
predetermined reconstruction of a B-mode signal. In addi-
tion, the image generating unit 21 generates a B-mode ultra-
sonic image, an image regarding motion information of tis-
sue, a superimposed image of the B-mode ultrasonic image
and the image regarding motion information of tissue, and the
like. Here, the motion information of the tissue is physical
information which may be acquired regarding the motion of
the tissue other than strain, strain rate, displacement, and
velocity of the tissue. Hereinafter, an image including such
motion information of the tissue is generally called a ‘motion
information image’.

The display unit 23 displays morphological information or
motion information in the body, on the basis of a video signal
from the image generating unit 21, as an image in a predeter-
mined form. In addition, the display unit 23 displays markers
for supporting matching of the positions between images in
the case of displaying a plurality of images.

The control unit (CPU) 31 has a function as an information
processing device (computer) and statically or dynamically
controls an operation of a main body of the ultrasonic diag-
nostic apparatus. In particular, the control unit 31 realizes an
arbitrary section tracking function, which will be described
later, by loading an exclusive program stored in the storage
unit 39 into a memory (not shown).

The volume data generating unit 35 executes spatial inter-
polation processing using B-mode data for every frame,
which is received from the B-mode processing unit 17, and
spatial distribution data of tissue displacement for every time
phase, which is received from the motion vector processing
unit 19, and generates volume data on a diagnostic subject,
which moves periodically, for each time phase regarding the
periodic movement. Moreover, in the present embodiment, it
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is assumed that the volume data generating unit 35 generates
volume data using data (so-called raw data) in a preceding
stage compared with the image generating unit 21. However,
the volume data generating unit 35 may be configured to
generate volume data using data (so-called image data) in a
subsequent stage compared with the image generating unit
21, without being limited to that described above.

The motion information calculating unit 37 calculates vari-
ous kinds of motion information (for example, displacement,
velocity, strain, a strain rate, torsion, and a difference of
rotation components between endomyocardial and epimyo-
cardial layers) using each coordinate of the tissue for every
time phase acquired by the motion vector processing unit 19.

The gauge setting unit 38 executes processing, such as
strain gauge setting to be described later, using the motion
vector information output from the motion vector processing
unit 19.

The storage unit 39 is a recording medium, such as a
magnetic disk (for example, a floppy (registered trademark)
disk or a hard disk), an optical disk (for example, a CD-ROM,
a DVD), and a semiconductor memory, and is a device that
reads information recorded in these recording media. Trans-
mission and reception conditions, a predetermined scan
sequence, raw data and ultrasonic image data (for example,
tissue image data photographed in a tissue Doppler mode, a B
mode, etc.) corresponding to each time phase, volume data
for every time phase generated in the volume data generating
unit 35, various kinds of motion information acquired, an
exclusive program for realizing a motion vector calculating
fanction, a control program for executing generation and
display of a three-dimensional strain gauge image, diagnostic
information (for example, a patient ID and doctor’s opinion),
a diagnostic protocol, a body mark generating program, and
the like are stored in the storage unit 39.

The operation unit 41 is connected to the main body of the
apparatus and has a mouse or a trackball, a mode switch, a
keyboard, and the like for importing to the main body of the
apparatus various instructions from an operator, such as an
instruction for setting a region of interest (ROI) and an
instruction for setting various conditions on the image qual-
ity, designation of a reference time phase in arbitrary section
tracking processing, setting of an arbitrary section in the
reference time phase, and the like.

The transmission and reception unit 43 is a device which
transmits information to another apparatus or receives infor-
mation from another apparatus through a network. Data or an
analysis result of an ultrasonic image obtained in the ultra-
sonic diagnostic apparatus 1 may be transmitted to another
apparatus through the network by the transmission and recep-
tion unit 43.

(Function of generation and display of a three-dimensional
strain gauge image)

Next, a function of generation and display of a three-di-
mensional strain gauge image that the ultrasonic diagnostic
apparatus 1 has will be described. This function is to generate
a line segment (gauge) for visually showing the reigional
strain of the cardiac muscle and to display it at the corre-
sponding position on an ultrasonic image in a three-dimen-
sional manner.

Moreover, in the present embodiment, a motion informa-
tion generating function when a diagnostic subject is the heart
will be described as an example in order to make a specific
explanation. However, a subject to which the motion infor-
mation generating function is applied is not limited to the
heart, and the motion information generating function may be
applied to any part as long as the part substantially moves
periodically.



US 9,186,125 B2

11

FIG. 2 is a flow chart illustrating the flow of processing
(processing for generating and displaying a three-dimen-
sional strain gauge image) based on the function of generation
and display of a three-dimensional strain gauge image. Here-
inafter, an explanation will be made with reference to FIG. 2.

[Step S1: Data Collection]

First, for a desired observation portion of the heart of a
certain patient, time-series three-dimensional image data
(volume data; hereinafter, referred to as a ‘time-series volume
data group’) is collected over a period of at least one cardiac
beat using a predetermined time as a reference time (step S1).
In addition, the volume data collection method is not particu-
larly limited to one method. For example, volume scan may
be performed using any one of a one-dimensional array probe
with mechanical scan or a two-dimensional array probe.
Alternatively, it may be possible to use three-dimensional
triggered scan of generating volume data regarding a desired
range by connecting sub-volume data regarding a small
region, which was collected in synchronization with ECG, on
the basis of a matched trigger and of sequentially updating the
sub-volume data according to time information.

[Step S2: Calculation Processing of Motion Vector Infor-
mation]

Next, motion vector information of tissue in each time
phase is generated (step S2). That is, the motion vector pro-
cessing unit 19 calculates spatial-temporal motion vector
information by extracting a region of interest of a myocardial
portion from volume data in predetermined time phase,
among volume data corresponding to each time phase of one
or more cardiac beats which forms a time-series volume data
group collected, in response to the user’s instruction or the
like and by tracking the extracted region of interest tempo-
rally by three-dimensional pattern matching processing
(speckle tracking processing: ST processing).

[Step S3: Generation of a Three-Dimensional Strain Gauge
Image]

Then, processing for generating a three-dimensional strain
gauge image is executed (step S3).

FIG. 3 is a flow chart illustrating the flow of processing
executed to generate a strain gauge image. As shown in FIG.
3, the gauge setting unit 36 sets a predetermined number of
(for example, about tens of) strain gauges for an ultrasonic
image corresponding to the time phase (for example, time
phase of end-systole as a reference time phase) as a reference
(step S3a).

That is, the gauge setting unit 36 displays five MPR images
of two B-mode images (apical four-chamber image: 4C, api-
cal two-chamber image: 2C) and three C-mode images (api-
cal level: A (Apical), middle level: M (Mid), basal level: B
(Basal); hereinafter, apical level: A (Apical), middle level: M
(Mid), and basal level: B (Basal) are simply referred to as A
plane, M plane, and B plane, respectively), for example, sets
the initial outline at positions of endomyocardial and epimyo-
cardial layers on each MPR image in the time phase of end-
systole, and sets one sides of a number of gauge endpoints set
beforehand at predetermined distances (or at equal angles
with the center of gravity of the endomyocardial layer as the
center) on the initial outline. In addition, the gauge setting
unit 36 sets a plurality of strain gauges by setting the posi-
tions, at which the normal vector with respect to the
endomyocardial layer surface at one side of each gauge end-
point on the initial outline crosses the epimyocardial layer, as
other sides of the gauge endpoints and connecting the gauge
endpoints with each other as a line segment (strain gauge)
along the normal vector.

Then, the gauge setting unit 36 sets each strain gauge for
volume data in another time phase by using motion vector
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information and each strain gauge set in the reference time
phase (step S35). That is, the gauge setting unit 36 sets each
corresponding strain gauge on volume data ineach time phase
by tracking a gauge endpoint, which forms each strain gauge
set in the reference time phase, using the motion vector infor-
mation.

Then, the image generating unit 21 generates a strain gauge
image for every time phase, in which each strain gauge is
disposed at a corresponding position of the ultrasonic image,
by rendering processing or the like. (step S3¢).

[Step S4: Display of a Strain Gauge Image]

Then, the display unit 23 displays a three-dimensional
strain gauge image in a predetermined form (step S4).

FIG. 4 is a view illustrating an example of a three-dimen-
sional strain gauge image displayed on the display unit 23. On
a three-dimensional strain gauge image 50 shown in FIG. 4,
strain gauges set for the five MPR images of two planes (4C,
2C) of a B-mode image and three planes (A plane, M plane, B
plane) of a C-mode image in the reference time phase are
displayed sparsely so that they are easily observed among a
plurality of strain gauges set within a region of interest of the
myocardium.

In the case of displaying the three-dimensional strain
gauge image 50 continuously with time-series, each strain
gauge of the three-dimensional strain gauge image 50 exists
within each plane of the five MPR images (that is, 4C plane,
2C plane, A plane, M plane, and B plane) in the reference time
phase, while the strain gauge of the three-dimensional strain
gauge image 50 may arbitrarily protrude from the planes of
the five MPR images according to the movement of the tissue
in subsequent time phase. Accordingly, in the example shown
in FIG. 4, recognition of the anatomical orientation is realized
by displaying the three-dimensional strain gauge image 50 in
each time phase while showing the positions of the five MPR
images in the reference time phase so that the correspondence
relationship between each strain gauge on the three-dimen-
sional strain gauge image 50 in each time phase and each
strain gauge on the five MPR images in the reference time
phase can be easily understood.

In addition, a number of strain gauges may be displayed in
high density in a three-dimensional space of the myocardium,
for example, without being limited to the example of FIG. 4.
However, if easiness in understanding the anatomical orien-
tation or an adverse effect in which displays of strain gauges
are interfered with each other so as to be difficult to be seen is
taken into consideration, it can be said that the example of
FIG. 4 is preferable.

Moreover, three-dimensional strain gauges may be selec-
tively displayed. For example, as shown in FIG. 5, it is pos-
sible to generate a three-dimensional strain gauge image 51,
in which only strain gauges set on the 4C and 2C planes in the
reference time phase are extracted, and to display the three-
dimensional strain gauge image 51 together with a 4C-plane
image and a 2C-plane image in the reference time phase. In
addition, a three-dimensional strain gauge image 52 in which
only a strain gauge set on the 4C-plane image in the reference
time phase is extracted is displayed in FIG. 6 together with a
corresponding MPR image in the reference time phase. A
three-dimensional strain gauge image 53 in which only a
strain gauge set on the 2C-plane image in the reference time
phase is extracted is displayed in FIG. 7 together with a
corresponding MPR image in the reference time phase. A
three-dimensional strain gauge image 54 in which strain
gauges set on the A-plane image, M-plane image, and
B-plane image in the reference time phase are extracted is
displayed in FIG. 8 together with a corresponding MPR
image in the reference time phase. A three-dimensional strain
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gauge image 55 in which a strain gauge set on the A-plane
image in the reference time phase is extracted is displayed in
FIG. 9 together with a corresponding MPR image in the
reference time phase. A three-dimensional strain gauge
image 56 in which a strain gauge set on the M-plane image in
the reference time phase is extracted is displayed in FIG. 10
together with a corresponding MPR image in the reference
time phase. A three-dimensional strain gauge image 57 in
which a strain gauge set on the B-plane image in the reference
time phase is extracted is displayed in FIG. 11 together with
a corresponding MPR image in the reference time phase.

According to the configuration described above, the fol-
lowing effects can be obtained.

In the ultrasonic diagnostic apparatus, a plurality of strain
gauges defined by gauge endpoints are set in each time phase
using motion vector information of the tissue and a three-
dimensional strain gauge image, in which each strain gauge is
disposed at the three-dimensional position corresponding to
an ultrasonic image in each time phase, is generated and
displayed. The observer can intuitively see not only a change
in distance between endomyocardial and epimyocardial lay-
ers (change in wall thickness) but also a difference of rotation
or displacement between the endomyocardial and epimyocar-
dial layers by observing the three-dimensional strain gauge
image displayed. Particularly by observing the three-dimen-
sional behavior of a three-dimensional strain gauge. a situa-
tion of wall movement of the heart having a three-dimen-
sional structure can be expressed in a form closer to the actual
condition. As a result, the movement which could not be seen
in the related art can be checked.

(Second Embodiment)

Next, a second embodiment of the invention will be
described. An ultrasonic diagnostic apparatus according to
the present embodiment serves to generate and display a
three-dimensional strain gauge image with an object to be
subjected to speckle tracking processing as a strain gauge
between endomyocardial and epimyocardial layers of the
heart.

FIG. 12 1s a flow chart illustrating the flow of processing for
generating and displaying a three-dimensional strain gauge
image in the second embodiment. Hereinafter, details of the
processing in each step will be described.

[Step S11: Data Collection]

First, similar to step S1, a time-series volume data group is
collected (step S11).

[Step S12: Setting of Arbitrary Section and Strain Gauge]

Then, a plurality of arbitrary sections are set for volume
data in a reference time phase, and a strain gauge is set
between endomyocardial and epimyocardial layers of the
heart on each section (step S12). That is, in reference time
phase t, (for example, time phase of end-diastole or time
phase of end-systole) of a period T, for example, three sec-
tions of B, M, and A planes are set and a strain gauge is set
between the endomyocardial and epimyocardial layers exist-
ing on an MPR image corresponding to each section.

Moreover, setting of arbitrary sections for volume data in
the reference time phase may be automatically executed using
a device or may be manually executed by an operator’s input
using the operation unit 41. Moreover, for example, the
method of step S3a may be used as a method of setting astrain
gauge.

[Step S13: Calculation Processing of Motion Vector Infor-
mation]

Then, the motion vector processing unit 19 calculates
motion vector information for every time phase by tracking
each section and strain gauge set in the reference time phase
t, by speckle tracking processing and sets each corresponding
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section for volume data of remaining time phases (that s,
each time phase other than the reference time phase t, in the
period T) in which sections and strain gauged were not set in
step S12 (step S31).

Moreover, a specific method of tracking an arbitrary sec-
tion will be described below according to examples.

FIRST EXAMPLE

In a tracking method of this example, a motion component
V is calculated by projecting a motion vector at each position
of the tissue, which exists on each section, in the normal
direction and averaging them and arbitrary sections and strain
gauges in each time phase are tracked using the motion com-
ponent V.

FIG. 13 is a flow chart illustrating the flow of calculation
processing of motion vector information in step S13. As
shown in FIG. 13, first, a motion component V=V, meant(to)
in the reference time phase t, is calculated by averaging only
anormal direction component V,, (projected component in the
normal direction) of the motion vector of each myocardium
(that s, each position of the tissue included in each plane) on
each of the B, M, and A planes set for volume data in the
reference time phase (step S13a).

Then, each of the B, M, and A planes set in the reference
time phase is moved in parallel by the motion component
V=V_, meant(t,) along the normal direction to thereby set a
heart region included in each of the B, M, and A planes after
movement as an arbitrary section in a time phase t; and set a
corresponding strain gauge (step S135).

Then, a motion component V=V_, meant(t,) in a time phase
t; (where, ‘1’ is an integer satisfying 2=<i=n) is calculated by
averaging only a normal direction component of the motion
vector of each myocardium on each of the B, M, and A planes
in the time phase t; (step S13¢).

Then, each of the B, M, and A planes in the time phase t; is
moved in parallel by the motion component V=V_, meant(t,)
along the normal direction to thereby set the B, M, and A
planes and corresponding strain gauges in the time phase t,
(step S134d).

Then, B, M, and A planes and strain gauges in each time
phase can be tracked by sequentially repeating the processing
of steps S13¢ and S134 in a time-series manner until a time
phaset,,.

Forthe B, M, and A planes and the strain gauges tracked by
the above-described method in the first example, the positions
after movement are detected using the motion component V
calculated by averaging only the normal direction compornent
of each position (each myocardium) on each plane. Accord-
ingly, in the method of this example, B, M, and A planes in
each time phase are parallel to B, M, and A planes set in the
reference time phase, respectively.

SECOND EXAMPLE

In a tracking method of this example, a motion component
V is calculated by averaging a motion vector at each position
of the tissue existing within a set arbitrary section (without
projection in the normal direction) and arbitrary sections and
strain gauges in each time phase are tracked using the motion
component V.

That is, referring to FIG. 13, first, a motion component
V=V __. (1) in the reference time phase to is calculated by
averaging a motion vector of each myocardium (that is, each
position of the tissue included in each plane) on each of the B,
M, and A planes set for volume data in the reference time
phase (step S13a).
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Then, each of the B, M, and A planes set in the reference
time phase is moved in parallel by the motion component
V=V, condlo) to thereby set B, M, and A planes ina time phase
t, and set a corresponding strain gauge (step S134).

Then, a motion component V=V_ (1) in a time phase t,
(where, ‘1’ is an integer satisfying 2<i<n) is calculated by
averaging the motion vector of each myocardium on each of
the B, M, and A planes in the time phase t; (step S13¢).

Then, each of the B, M, and A planes in the time phase t, is
moved in paralle] by the motion component V=V, ..(t,)
along the normal direction to thereby set the B, M, and A
planes and strain gauges in the time phase t; (step S134d).

Then, arbitrary sections and strain gauges in each time
phase can be tracked by sequentially repeating the processing
of steps S13¢ and S13d in a time-series manner until a time
phase t,.

Forthe B, M, and A planes and the strain gauges tracked by
the above-described method in the second example, the posi-
tions after movement are detected by using the motion com-
ponent V calculated by averaging the motion vector of each
position (each myocardium) on each plane. Accordingly, in
the method of this example, B, M, and A planes in each time
phase are not always parallel to B, M, and A planes set in the
reference time phase, respectively.

THIRD EXAMPLE

In atracking method ofthis example, arbitrary sections and
strain gauges in each time phase can be tracked by detecting
each position on an arbitrary section in a subsequent time
phase using a motion vector for every position of the tissue,
which exists within the set arbitrary section, and repeating the
detection in a time-series mannet.

That is, referring to FIG. 13, first, a motion vector V=V(j,
t,) regarding each position pj(x, y, z) (where, ‘j’ is an integer
satisfying 1<j=m and ‘m’ is the number of positions of myo-
cardial tissues existing on each plane) on each of B, M, and A
planes set for volume data in the reference time phase t, is
calculated (step S13a).

Then, a position after moving each position on each of the
B, M, and A planes in the reference time phase by the motion
vector V=V, to) 1s detected, and planes formed by the posi-
tions are set as B, M, and A planes in a subsequent time phase
t, and strain gauges are set (step S135).

Then, for the positions onthe B, M, and A planes in the time
phase t;, the motion vector V=V(j, t,) is calculated (step
S13¢).

Then, a position after moving each position on each of the
B, M, and A planes in the time phase t, by the motion vector
V=V(j, t,) corresponding to the position is detected, and B,
M, and A planes and strain gauges in a subsequent time phase
t; (where, ‘1’ is an integer satisfying 2<i=n) are set for the
planes formed by the positions (step S134).

Then, arbitrary sections in each time phase can be tracked
by sequentially repeating the processing of steps S13¢ and
S13d in a time-series manner until a time phase t,.

Forthe B, M, and A planes and strain gauges tracked by the
method of the third example, arbitrary sections in each time
phase are tracked by detecting each position, which forms
each of B, M, and A planes in a subsequent time phase, using
a motion vector of each position (each myocardium) on each
plane and repeating the detection in a time-series manner.
Accordingly, in the method of this example, B, M, and A
planes in each time phase become arbitrary curved surfaces in
the three-dimensional coordinate system at each time phase
after the reference time phase.
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Inaddition, the arrangement of highly precise strain gauges
corresponding to more local tracking positions becomes pos-
sible in order of the third, second, and first examples.

[Step S14: Generation of a Three-Dimensional Strain
Gauge Image]

Then, the image generating unit 21 generates a three-di-
mensional strain gauge image by projecting a strain gauge,
which belongs to an arbitrary section in each time phase, onto
aprojection plane (step S14). In the case of using the tracking
method of the first or second example, as a method of projec-
tion of a strain gauge in each tracking method, it is preferable
to make a tracked arbitrary section (flat surface in any
method) equal to the projection plane.

On the other hand, in the case of the method of the third
example, the tracked arbitrary section does not necessarily
become a flat surface. Accordingly, it is preferable to calcu-
late a regression plane regarding each fine local position (each
position pj (X, v, z) tracked in tracking processing) of the
myocardium within the tracked arbitrary section and to
reconstruct a three-dimensional strain gauge image using the
regression plane as a projection plane. Alternatively. a three-
dimensional strain gauge image regarding the regression
plane may be generated using data at each position on the
regression plane.

[Step S15: Image Display]

Then, the display unit 23 displays a three-dimensional
strain gauge image in a predetermined form (step S15).

FIG. 14 is a view illustrating an example of a three-dimen-
sional strain gauge image displayed on the display unit 23. In
FIG. 14, five MPR images of an apical four-chamber image
(4C image), an apical two-chamber image (2C image), a
B-plane image, an M-plane image, and an A-plane image are
set and strain gauges are displayed on each MPR image.

(Third Embodiment)

Next, a third embodiment of the invention will be
described. An ultrasonic diagnostic apparatus according to
the presentembodiment is another example of generating and
displaying a three-dimensional strain gauge image with an
object to be subjected to speckle tracking processing as a
strain gauge between endomyocardial and epimyocardial lay-
ers of the heart.

FIG. 1515 a flow chart illustrating the flow of processing for
generating and displaying a three-dimensional strain gauge
image in the third embodiment. Hereinafter, details of the
processing in each step will be described.

[Step S21: Data Collection]

First, similar to step S1, a time-series volume data group is
collected (step S21).

[Step S22: Setting of an Arbitrary Section]

Then, a desired arbitrary section (MPR image may be
either singular or plural) is set for volume data in reference
time phase t, (for example, time phase of end-diastole or time
phase of end-systole) of the period T (step S22). Setting of the
arbitrary section for volume data in the reference time phase
may be automatically executed using a device or may be
manually executed by an operator’s input using the operation
unit 41.

[Step S33: Calculation Processing of Motion Vector Infor-
mation]

Then, the motion vector processing unit 19 executes
speckle tracking processing (two-dimensional ST process-
ing) within the MPR image set in the reference time phase to
and calculates motion vector information in each time phase
of each point corresponding to the tissue (step S33).
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[Step S34: Generation of a Three-Dimensional Strain
Gauge image]

Then, the image generating unit 21 generates a three-di-
mensional strain gauge image using the motion vector infor-
mation for every time phase obtained by the two-dimensional
ST processing (step S34). That is, the image generating unit
21 sets a strain gauge in the reference time phase using the
method of step S3a, for example, and tracks an endpoint of
the strain gauge using the motion vector information for every
time phase. As a result, a strain gauge is set on each MPR
image in each time phase, and a three-dimensional strain
gauge image is generated.

[Step S35: Tmage Display]

Then, the display unit 23 displays a three-dimensional
strain gauge image in a predetermined form (step S35). The
three-dimensional strain gauge image obtained by the method
in the present embodiment is similar to an example of FIG.
14, for example, when the MPR images set in step S32 are
assumed to be five MPR images of two planes (apical four-
chamber image: 4C, apical two-chamber image: 2C) of a
B-mode image and three planes (A plane, M plane, B plane)
of a C-mode image. In addition, display of the three-dimen-
sional strain gauge image using the five MPR images is a
suitable example of the method in the present embodiment.

(Fourth Embodiment)

Next, a fourth embodiment of the invention will be
described. An ultrasonic diagnostic apparatus according to
the present embodiment generates and displays a three-di-
mensional strain gauge image, in which a gauge midpoint
(point existing on the line segment obtained by connecting
gauge endpoints) is set in the strain gauge, in the method
according to any one of the first to third embodiments. In
addition, the gauge midpoint is set as a middle point of the
gauge together with endpoints of the strain gauge, for
example, in the reference time phase and is tracked in each
time phase by tracking processing using motion vector infor-
mation in steps S35, S14, and S24.

FIG. 16 is a view illustrating an example (short-axis image)
of a three-dimensional strain gauge image including a strain
gauge in which a gauge midpoint is set. As shown in FIG. 16,
it is characteristic that the strain gauge deformed like the line
plot with angulation can be observed. This suggests that intui-
tive recognition of the complicated wall motion resulting
from the multi-layered structure of a myocardium can be
realized in a three-dimensional manner by the strain gauge
having a gauge midpoint. Specifically, it is thought that a
result in which endomyocardial layer, midmyocardial layer,
and epimyocardial layer in each layer show complicated
movements according to expansion and contraction of the
heart corresponding to the three-layered structure of the heart
including a longitudinal muscle of the endomyocardial layer,
a circular muscle of the midmyocardial layer, and a longitu-
dinal muscle of the epimyocardial layer is expressed.
Undoubtedly, this phenomenon cannot be checked by a three-
dimensional strain gauge image using a strain gauge which
does not have a gauge midpoint, for example, and it is infor-
mation provided for the first time by the three-dimensional
strain gauge image in the present embodiment.

Moreover, in the case of ischemic heart disease, it is known
that the endomyocardial layer side of the myocardium is first
injured due to its sensitiveness. Therefore, it can be said that
when local myocardial ischemia is caused by stress echo, it is
very useful to compare and observe before and after of the
stress using a three-dimensional strain gauge image including
a strain gauge in which a gauge midpoint is set. According to
such observation, it is expected that for example, when the
endomyocardial layer side is injured after the stress to thereby
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change to a different motion state from that before the stress,
the three-dimensional state can be understood clearly and
intuitively as a change of a bending state of the line plot with
angulation of the strain gauge display ofthe invention. More-
over, not only for the before and after of the stress but also for
progress observation of a change of the wall motion before
and after medical care using a drug(eg. dobutamine) and the
like, the same effects may be expected.

FIG. 17 is a view illustrating another example (apical
image) of a three-dimensional strain gauge image including a
strain gauge in which a gauge midpoint is set. As shown in
FIG. 17, in the case of an apical image, a difference of moving
distance (displacement) between respective layers of
endomyocardial and epimyocardial layers according to the
shortening movement in the long axis direction is intuitively
expressed by strain gauge display rather than the rotation
component between the endomyocardial and epimyocardial
layers. Accordingly, an effect that which one of the endomyo-
cardial and epimyocardial layers contributes to an increase in
wall thickness is easily checked canbe expected, for example.

Furthermore, in the present embodiment, for the clinical
purpose, one gauge endpoint is set on the endomyocardial
layer, another gauge endpoint is set on the epimyocardial
layer, and a gauge midpoint is set at a middle point between
gauge endpoints in a time phase of end-diastole in order to
observe the motion of each of the endomyocardial layer,
midmyocardial layer, and epimyocardial layer of the myocar-
dium. However, the invention is not limited thereto, and there
is no limitation in positions of gauge endpoint and gauge
midpoint as long as they are effective in visually showing
local deformation of the myocardium. Moreover, in the
present embodiment, one gauge midpoint is set between
gauge endpoints in order to observe the motion of each of the
endomyocardial layer, midmyocardial layer, and epimyocar-
dial layer of the myocardium. However, the invention is not
limited to this example, and a desired number of gauge mid-
points may be set at desired positions as long as they are
located between gauge endpoints. In this manner, a strain
gauge configured to include a plurality of line segments can
be defined by setting at least one midpoint.

(Fifth Embodiment)

Next, a fifth embodiment of the invention will be described.
An ultrasonic diagnostic apparatus according to the present
embodiment calculates quantification information on a dis-
placement component or rotation difference of endomyocar-
dial and epimyocardial layers of the heart or quantification
information on a displacement component or rotation differ-
ence of the endomyocardial and epimyocardial layers with
respect to the midmyocardial layer (hereinafter, both infor-
mation are referred to as ‘rotation difference information’)
using a result of three-dimensional speckle tracking process-
ing and displays the information in a predetermined form
independently or together with a three-dimensional strain
gauge image. Moreover, in the present embodiment, it is
preferable that a predetermined short-axis level (for example,
A plane, M plane, or B plane) be set beforehand.

FIG. 18 is a flow chart illustrating the flow of rotation
difference information generation processing. This rotation
difference information generation processing is executed, for
example, before and after generation of a three-dimensional
strain gauge image or in parallel with generation of the three-
dimensional strain gauge image by the motion information
calculating unit 37.

First, the rotation difference information generating unit 37
sets the systolic center for an ultrasonic image in each time
phase and calculates rotation difference information for every
anatomical segment regarding a myocardial portion (step
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S41). In setting the systolic center, for example, the position
of the center of gravity of an endomyocardial layer is adopted.
Moreover, allocation (segmentation) of the anatomical seg-
ment may be executed, for example, by assigning a section,
which is specified beforehand at the time of data collection, as
a display format and making the user adjusting the probe
position according to the display format. By this segmenta-
tion, the myocardium is divided into anatomical regions of
Sept/Ant/Lat/Post/Inf, for example.

Then, the rotation difference information generating unit
37 calculates rotation information in each region of the myo-
cardium in each time phase according to the following
Expression (1), for example, in the unit of ‘degree’ on the
condition that a direction in which the positions of endomyo-
cardial and epimyocardial layers rotate counterclockwise for
the position of the center of gravity of the endomyocardial
layer in time phase of end-diastole is positive and a direction
in which they rotate clockwise is negative (step S42).

dRot(i, 0)=Rot(i)-Rot(0) (Expression 1)

In addition, dRot(i, 0) means a difference value of relative
rotation of an epimyocardial layer with respect to an
endomyocardial layer, Rot(i) means a rotation angle of the
endomyocardial layer in each region, and Rot(o) means a
rotation angle of the epimyocardial layer in each region.

Then, the rotation difference information generating unit
37 generates, for example, rotation difference information
shown in FIG. 19 by plotting rotation information for every
region of the myocardium in each time phase (step S43). The
generated rotation difference information is displayed in
steps S4, S15, and 828, for example. In FIG. 19, ‘ES’ indi-
cates a time phase of end-systole and ‘global” indicates an
average value in the entire myocardium. The generated rota-
tion difference information is displayed in steps S4, S15, and
S25, for example.

In the above example, an example using the Expression (1)
for calculating rotation difference information from only
information on endomyocardial and epimyocardial layers is
shown. However, the invention is not limited to the example.
For example, the rotation difference information may be cal-
culated according to the following Expression (2) in which
the motion of the midmyocardial layer is also taken into
consideration.

That is, rotation information RG(m) which is a relative
rotation difference between a midmyocardial layer and an
epimyocardial layer with respect to a rotation difference
between an endomyocardial layer and the midmyocardial
layer is calculated for each region of the myocardium in each
time phase according to the following Expression (2), in the
unit of ‘degree’ on the condition that a direction in which the
positions of endomyocardial and epimyocardial layers and
midmyocardial layer rotate counterclockwise for the position
of the center of gravity of the endomyocardial layer in time
phase of end-diastole is positive and a direction in which they
rotate clockwise is negative (step S42).

RG(m) = 8Rot(i, m) — SRoi(m, 0) (Expression 2)
= Rot(i) — Rot(m) — (Rot(m) — Rot(0))

= Rot(i) — 2% Rot(m) + Rot(o)

Inaddition, Rot(i) is a rotation angle of the endomyocardial
layer in each region, Rot(0) is a rotation angle of the epimyo-
cardial layer in each region, and Rot(m) means a rotation
angle of the midmyocardial layer in each region.
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In this case, the rotation difference information generating
unit 37 generates, for example, inside and outside rotation
difference information shown in FIG. 20 by plotting rotation
information for every region of the myocardium in each time
phase (step S43). Similarly in FIG. 20, ‘ES’ indicates a time
phase of end-systole and ‘global’ indicates an average value
in the entire myocardium. The generated rotation difference
information is displayed in steps S4, S15, and S25, for
example.

In this way, a rotation difference between endomyocardial
and epimyocardial layers in each region of the myocardium or
a rotation difference of the endomyocardial and epimyocar-
dial layers sides with respect to the midmyocardial layer is
expressed quantitatively. By displaying it in a graph, it may be
possible to analyze a temporal change in the rotation differ-
ence between endomyocardial and epimyocardial layers in
each region of the myocardium or the rotation difference of
the endomyocardial and epimyocardial layers sides with
respect to the midmyocardial layer. Moreover, parametric
imaging which shows new wall motion information becomes
possible by converting the obtained rotation difference
parameter into a color code and displaying it on the MPR
image so as to superimpose by matching the positions. As
another method of the parametric imaging, it is possible to
convert a rotation difference parameter into a color code, to
perform mapping to the position on the endomyocardial layer
surface, and to display it in a three-dimensional manner by
rendering processing. Furthermore, it can be said to be a
suitable application to support recognition of a state of a
temporal change of the wall motion, for a temporal change in
calculation parameter in the present embodiment, particu-
larly by graphical display of a result of a change obtained by
using processing including a difference or by displaying the
result of the change by parametric imaging.

In addition, the invention is not limited to the embodiments
described above and may be embodied in practice by modi-
fying constituent components without departing from the
scope and spirit of the invention. For example, specific modi-
fications include the following examples.

(1) Each of the functions in the present embodiments may
be realized by installing a program, which is used to execute
corresponding processing, in a computer, such as a worksta-
tion, and thenloading the program into a memory. In this case,
a program capable of causing a computer to execute a corre-
sponding technique may be distributed in a state where the
program is stored in recording media, such as a magnetic disk
(for example, a floppy disk or a hard disk), an optical disk (for
example, a CD-ROM or a DVD), and a semiconductor
memory.

(2) The display form of a three-dimensional strain gauge
image described in each of the embodiments is merely an
example, and the technical idea of the invention is not limited
thereto. The display form may be modified in various ways.
For example, three-dimensional strain gauge images col-
lected at different time may be displayed simultaneously.
Such a display form is especially effective for observation of
temporal change of a diagnostic portion, such as postopera-
tive observation.

In addition, various kinds of inventions may be realized by
proper combination of the plurality of constituent compo-
nents disclosed in the embodiments described above. For
example, some constituent components may be eliminated
from all components shown in the above embodiments.
Moreover, the constituent components in different embodi-
ments may be appropriately combined.
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What is claimed is:
1. An ultrasonic diagnostic apparatus, comprising:
an ultrasonic scanner that collects volume data over one or
more periods of movement of tissue of a subject body,
which moves periodically, by ultrasonically scanning
the tissue of the subject body;
interest region setting circuitry configured to set a three-
dimensional region of interest of the tissue of the subject
body for the volume data at a predetermined time;
motion vector information generating circuitry configured
to generate three-dimensional motion vector informa-
tion on the region of interest at times other than the
predetermined time by processing using pattern match-
ing;
gauge setting circuitry configured to set a reference surface
in a three-dimensional space at the predetermined time,
set at least one three-dimensional position of a strain
gauge on the reference surface, and set the at least one
three-dimensional position of the strain gauge at times
other than the predetermined time, using the three-di-
mensional motion vector information on the region of
interest, the strain gauge being a line segment on the
tissue of the subject body and extending in a wall thick-
ness direction of heart tissue;
image generating circuitry configured to generate a three-
dimensional strain gauge image depicting the at least
one three-dimensional position of the strain gauge and
the position of the reference surface in the three-dimen-
sional space in a three-dimensional manner; and
a display that displays the three-dimensional strain gauge
image.
2. The ultrasonic diagnostic apparatus according to claim
1,
wherein the gauge setting circuitry sets the strain gauge as
a plurality of line segments connecting two endpoints
and one or more middle points, which exist between the
endpoints, with each other.
3. The ultrasonic diagnostic apparatus according to claim
1, further comprising:
setting circuitry configured to set a short-axis position of
the heart and a rotation center when the short-axis posi-
tion is set as a reference position on volume data in a
plurality of time phases including the predetermined
time phase,
calculation circuitry configured to calculate rotation angles
of positions of endomyocardial and epimyocardial lay-
ers from a reference time when the rotation center is set
as a reference, and
rotation difference information circuitry configured to gen-
erate first rotation difference information indicating a
difference between the rotation angle of the endomyo-
cardial layer position and the rotation angle of the
epimyocardial layer position, and
the display displays the first rotation difference informa-
tion.
4. The ultrasonic diagnostic apparatus according to claim
3 s
wherein the calculation circuitry calculates a rotation angle
of amidmyocardial layer position, which exists between
the endomyocardial layer position and the epimyocar-
dial layer position, from the reference time,
the rotation difference information generating circuitry
generates second rotation difference information indi-
cating a difference between the rotation angle of the
endomyocardial layer position and the rotation angle of
the midmyocardial layer position and third rotation dif-
ference information indicating a difference between the
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rotation angle of the epimyocardial layer position and
the rotation angle of the midmyocardial layer position,
and
the display displays the second rotation difference infor-
mation and the third rotation difference information.
5. The ultrasonic diagnostic apparatus according to claim
4,
wherein the image generating circuitry generates the three-
dimensional strain gauge image obtained by converting
at least one of the first rotation difference information,
the second rotation difference information, and the third
rotation difference information into color information
and mapping the converted color information to a cor-
responding position.
6. The ultrasonic diagnostic apparatus according to claim
35
wherein the rotation difference information generating cir-
cuitry generates the rotation difference information for
every anatomical segment regarding a myocardial por-
tion of the heart, and
the display displays the rotation difference information for
every anatomical segment as a temporal change curve.
7. The ultrasonic diagnostic apparatus according to claim
35
wherein the rotation difference information generating cir-
cuitry generates information on atemporal change of the
rotation difference information by performing subtrac-
tion of the rotation difference information correspond-
ing to volume data collected at a different time, and
the display displays the information on the temporal
change of the rotation difference information.
8. The ultrasonic diagnostic apparatus according to claim
1,
wherein the display simultaneously displays the plurality
of three-dimensional strain gauge images corresponding
to volume data collected at a different time.
9. The ultrasonic diagnostic apparatus according to claim
1, wherein the display is configured to display a strain gauge
set in a predetermined cross section from among a plurality of
strain gauges set in a region of interest of a myocardium.
10. The ultrasonic diagnostic apparatus according to claim
9, wherein the predetermined cross section is a cross section
orthogonal to a long-axis.
11. The ultrasonic diagnostic apparatus according to claim
1, wherein the image generating circuitry is configured to
calculate a regression plane on an MPR image and to generate
the three-dimensional strain gauge image by projecting the
strain gauge to the regression plane.
12. The ultrasonic diagnostic apparatus of claim 1, further
comprising:
a processor configured to perform, using the volume data,
segmentation on a myocardial region.
13. An ultrasonic diagnostic apparatus, comprising:
an ultrasonic scanner that collects volume data over one or
more periods of movement of tissue of a subject body,
which moves periodically, by ultrasonically scanning
the tissue of the subject body;
interest region setting circuitry configured to set a three-
dimensional region of interest of the tissue of the subject
body for the volume data at a predetermined time;
motion vector information generating circuitry configured
to generate three-dimensional motion vector informa-
tion on the region of interest at times other than the
predetermined time by processing using pattern match-
ing;
gauge setting circuitry configured to set a reference surface
in a three-dimensional space at the predetermined time,
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set at least one three-dimensional position of a strain
gauge on the reference surface, and set the at least one
three-dimensional position of the strain gauge at times
other than the predetermined time, using the three-di-
mensional motion vector information on the region of 5
interest, the strain gauge being a line segment on the
tissue of the subject body and extending in a wall thick-
ness direction of heart tissue;

section circuitry configured to set at least one arbitrary
section for volume data at each time;

image generating circuitry configured to generate a three-
dimensional strain gauge image obtained by projection
of the strain gauge disposed in the three-dimensional
space onto at least the one arbitrary section, the three-
dimensional strain gauge image depicting the at least
one three-dimensional position of the strain gauge and
the position of the reference surface; and

a display that displays the three-dimensional strain gauge
image.

14. The ultrasonic diagnostic apparatus according to claim

13, further comprising:

a processor configured to set an multi-planar reconstruc-
tion (MPR) image dynamically on at least the one arbi-
trary section so as to follow the movement of a tissue
portion including an multi-planar reconstruction (MPR)
image.

15. The ultrasonic diagnostic apparatus according to claim
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wherein the gauge setting circuitry sets the strain gauge as
a plurality of line segments connecting two endpoints
and one or more middle points, which exist between the
endpoints, with each other.

16. The ultrasonic diagnostic apparatus according to claim

13, further comprising:

setting circuitry configured to set a short-axis position of
the heart and a systolic center when the short-axis posi-
tion is set as a reference position on volume data in a
plurality of time phases including the predetermined
time phase,

calculation circuitry configured to calculate rotation angles
of positions of endomyocardial and epimyocardial lay-
ers from a reference time when the rotation center is set
as a reference, and

rotation difference information generating circuitry con-
figured to generate first rotation difference information
indicating a difference between the rotation angle of the
endomyocardial layer position and the rotation angle of
the epimyocardial layer position, and

the display displays the first rotation difference informa-
tion.

17. The ultrasonic diagnostic apparatus according to claim
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wherein the calculation circuitry calculates a rotation angle
ofamidmyocardial layer position, which exists between
the endomyocardial layer position and the epimyocar-
dial layer position, from the reference time,

the rotation difference information generating circuitry
generates second rotation difference information indi-
cating a difference between the rotation angle of the
endomyocardial layer position and the rotation angle of 60
the midmyocardial layer position and third rotation dif-
ference information indicating a difference between the
rotation angle of the epimyocardial layer position and
the rotation angle of the midmyocardial layer position,
and

the display displays the second rotation difference infor-
mation and the third rotation difference information.
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18. The ultrasonic diagnostic apparatus according to claim
17,
wherein the image generating circuitry generates the three-
dimensional strain gauge image obtained by converting
at least one of the first rotation difference information,
the second rotation difference information, and the third
rotation difference information into color information
and mapping the converted color information to a cor-
responding position.
19. The ultrasonic diagnostic apparatus according to claim
16,
wherein the rotation difference information generating cir-
cuitry generates the rotation difference information for
every anatomical segment regarding a myocardial por-
tion of the heart, and
the display displays the rotation difference information for
every anatomical segment as a temporal change curve.
20. The vltrasonic diagnostic apparatus according to claim
16,
wherein the rotation difference information generating cir-
cuitry generates information on atemporal change of the
rotation difference information by performing subtrac-
tion of the rotation difference information correspond-
ing to volume data collected at a different time, and
the display displays the information on the temporal
change of the rotation difference information.
21. The ultrasonic diagnostic apparatus according to claim
13,
wherein the display simultaneously displays the plurality
of three-dimensional strain gauge images corresponding
to volume data collected at a different time.
22. An ultrasonic diagnostic apparatus, comprising:
an ultrasonic scanner that collects volume data over one or
more periods of movement of tissue of a subject body,
which moves periodically, by ultrasonically scanning
the tissue of the subject body;
section setting circuitry configured to set at least one arbi-
trary section for volume data at each time;
interest region setting circuitry configured to set a region of
interest of the tissue of the subject body on at least the
one arbitrary section at a predetermined time;
motion vector information generating circuitry configured
to generate three-dimensional motion vector informa-
tion on theregion of interest in time phases other than the
predetermined time phase by processing using pattern
matching;
gauge setting circuitry configured to set a reference surface
in a three-dimensional space at the predetermined time,
set at least one three-dimensional position of a strain
gauge on the reference surface, and set the at least one
three-dimensional position of the strain gauge at times
other than the predetermined time, using the three-di-
mensional motion vector information on the region of
interest, the strain gauge being a line segment on the
tissue of the subject body and extending in a wall thick-
ness direction of heart tissue;
image generating circuitry configured to generate a three-
dimensional strain gauge image in which the strain
gauge disposed in the three-dimensional space is setat a
corresponding position on at least the one arbitrary sec-
tion, the three-dimensional strain gauge image depicting
the at least one three-dimensional position of the strain
gauge and the position of the reference surface; and
a display that displays the three-dimensional strain gauge
image.
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23. The ultrasonic diagnostic apparatus according to claim
22, further comprising:

a processor configured to set an multi-planar reconstruc-
tion (MPR) image dynamically on at least the one arbi-
trary section so as to follow the movement of a tissue
portion including an multi-planar reconstruction (MPR)
image.

24. The ultrasonic diagnostic apparatus according to claim

22,

wherein the gauge setting circuitry sets the strain gauge as
a plurality of line segments connecting two endpoints
and one or more middle points, which exist between the
endpoints, with each other.

25. The ultrasonic diagnostic apparatus according to claim

22, further comprising:

setting circuitry configured to set a short-axis position of
the heart and a systolic center when the short-axis posi-
tion 1s set as a reference position on volume data at a
plurality of times including the predetermined time,

calculation circuitry configured to calculate rotation angles
of positions of endomyocardial and epimyocardial lay-
ers from a reference time when the rotation center is set
as a reference, and

rotation difference information generating circuitry con-
figured to generate first rotation difference information
indicating a difference between the rotation angle of the
endomyocardial layer position and the rotation angle of
the epimyocardial layer position, and

the display displays the first rotation difference informa-
tion.

26. The ultrasonic diagnostic apparatus according to claim

25,

wherein the calculation circuitry calculates a rotation angle
ofamidmyocardial layer position, which exists between
the endomyocardial layer position and the epimyocar-
dial layer position, from the reference time,

the rotation difference information generating circuitry
generates second rotation difference information indi-
cating a difference between the rotation angle of the
endomyocardial layer position and the rotation angle of
the midmyocardial layer position and third rotation dif-
ference information indicating a difference between the
rotation angle of the epimyocardial layer position and
the rotation angle of the midmyocardial layer position,
and

the display displays the second rotation difference infor-
mation and the third rotation difference information.

27. The ultrasonic diagnostic apparatus according to claim

26,

wherein the image generating circuitry generates the three-
dimensional strain gauge image obtained by converting
at least one of the first rotation difference information,
the second rotation difference information, and the third
rotation difference information into color information
and mapping the converted color information to a cor-
responding position.

28. The ultrasonic diagnostic apparatus according to claim

25,

wherein the rotation difference information generating cir-
cuitry generates the rotation difference information for
every anatomical segment regarding a myocardial por-
tion of the heart, and

the display displays the rotation difference information for
every anatomical segment as a temporal change curve.
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29. The ultrasonic diagnostic apparatus according to claim

)

wherein the rotation difference information generating cir-
cuitry generates information on atemporal change of the
rotation difference information by performing subtrac-
tion of the rotation difference information correspond-
ing to volume data collected at a different time, and

the display displays the information on the temporal
change of the rotation difference information.

30. The ultrasonic diagnostic apparatus according to claim

wherein the display simultaneously displays the plurality
of three-dimensional strain gauge images corresponding
to volume data collected at a different time.

31. An ultrasonic image processing apparatus, comprising:

an ultrasonic scanner that collects volume data collected
over one or more periods of movement of tissue of a
subject body, which moves periodically, by ultrasoni-
cally scanning the tissue of the subject body;

interest region setting circuitry configured to set a three-
dimensional region of interest of the tissue of the subject
body for the volume data at a predetermined time;

motion vector information generating circuitry configured
to generate three-dimensional motion vector informa-
tion on the region of interest at times other than the
predetermined time by processing using pattern match-
ing;

gauge setting circuitry configured to set a reference surface
in a three-dimensional space at the predetermined time,
set at least one three-dimensional position of a strain
gauge on the reference surface, and set the at least one
three-dimensional position of the strain gauge at times
other than the predetermined time, using the three-di-
mensional motion vector information on the region of
interest, the strain gauge being a line segment on the
tissue of the subject body and extending in a wall thick-
ness direction of heart tissue;

image generating circuitry configured to generate a three-
dimensional strain gauge image depicting the at least
one three-dimensional position of the strain gauge and
the position of the reference surface in the three-dimen-
sional space in a three-dimensional manner; and

a display that displays the three-dimensional strain gauge
image.

32. An ultrasonic image processing apparatus, comprising:

an ultrasonic scanner that collects volume data collected
over one or more periods of movement of tissue of a
subject body, which moves periodically, by ultrasoni-
cally scanning the tissue of the subject body;

interest region setting circuitry configured to set a three-
dimensional region of interest of the tissue of the subject
body for the volume data at a predetermined time;

motion vector information generating circuitry configured
to generate three-dimensional motion vector informa-
tion on the region of interest at times other than the
predetermined time by processing using pattern match-
ing;

gauge setting circuitry configured to set a reference surface
in a three-dimensional space at the predetermined time,
set at least one three-dimensional position of a strain
gauge on the reference surface, and set the at least one
three-dimensional position of the strain gauge at times
other than the predetermined time, using the three-di-
mensional motion vector information on the region of
interest, the strain gauge being a line segment on the
tissue of the subject body and extending in a wall thick-
ness direction of heart tissue;
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section setting circuitry configured to set at least one arbi-
trary section for volume data at each time;

image generating circuitry configured to generate a three-
dimensional strain gauge image obtained by projection
of the strain gauge disposed in the three-dimensional
space onto at least the one arbitrary section, the three-
dimensional strain gauge image depicting the at least
one three-dimensional position of the strain gauge and
the position of the reference surface; and

a display that displays the three-dimensional strain gauge
image.

33. An ultrasonic image processing apparatus, comprising:

an ultrasonic scanner configured to collect volume data
collected over one or more periods of movement of
tissue of a subject body, which moves periodically, by
ultrasonically scanning the tissue of the subject body;

section setting circuitry configured to set at least one arbi-
trary section for volume data at each time;

interest region setting circuitry configured to seta region of
interest of the tissue of the subject body on at least the
one arbitrary section at a predetermined time;

motion vector information generating circuitry configured
to generate three-dimensional motion vector informa-
tion on the region of interest at times other than the
predetermined time by processing using pattern match-
ing;

gauge setting circuitry configured to set a reference surface
in a three-dimensional space at the predetermined time,
set at least one three-dimensional position of a strain
gauge on the reference surface, using the three-dimen-
sional motion vector information on the region of inter-
est, the strain gauge being a line segment on the tissue of
the subject body and extending in a wall thickness direc-
tion of heart tissue;

image generating circuitry configured to generate a three-
dimensional strain gauge image in which the strain
gauge disposed in the three-dimensional space is setat a
corresponding position on at least the one arbitrary sec-
tion, the three-dimensional strain gauge image depicting
the at least one three-dimensional position of the strain
gauge and the position of the reference surface; and

a display that displays the three-dimensional strain gauge
image.

34. A medical image processing apparatus, comprising:

an ultrasonic scanner that collects volume data collected
for tissue of a subject body, which moves periodically,
over one or more periods, by ultrasonically scanning the
tissue of the subject body;

interest region setting circuitry configured to set a three-
dimensional region of interest of the tissue of the subject
body for the volume data at a predetermined time;

motion vector information generating circuitry configured
to generate three-dimensional motion vector informa-
tion on the region of interest at times other than the
predetermined time by processing using pattern match-
ing;

gauge setting circuitry configured to set a reference surface
in a three-dimensional space at the predetermined time,
set at least one three-dimensional position of a strain
gauge on the reference surface, using the three-dimen-
sional motion vector information on the region of inter-
est, the strain gauge being a line segment on the tissue of
the subject body and extending in a wall thickness direc-
tion of heart tissue;

image generating circuitry configured to generate a three-
dimensional strain gauge image depicting the at least
one three-dimensional position of the strain gauge and
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the position of the reference surface in the three-dimen-
sional space in a three-dimensional manner; and

a display that displays the three-dimensional strain gauge
image.

35. A medical image processing apparatus, comprising:

an ultrasonic scanner configured to collect volume data
collected for tissue of a subject body, which moves peti-
odically, over one or more periods, by ultrasonically
scanning the tissue of the subject body;

interest region setting circuitry configured to set a three-
dimensional region of interest of the tissue of the subject
body for the volume data at a predetermined time;

motion vector information generating circuitry configured
to generate three-dimensional motion vector informa-
tion on the region of interest at times other than the
predetermined time by processing using pattern match-
ing;

gauge setting circuitry configured to set a reference surface
in a three-dimensional space at the predetermined time,
set at least one three-dimensional position of a strain
gauge on the reference surface, using the three-dimen-
sional motion vector information on the region of inter-
est, the strain gauge being a line segment on the tissue of
the subject body and extending in a wall thickness direc-
tion of heart tissue;

section setting circuitry configured to set at least one arbi-
trary section for volume data at each time;

image generating circuitry configured to generate a three-
dimensional strain gauge image obtained by projection
of the strain gauge disposed in the three-dimensional
space onto at least the one arbitrary section, the three-
dimensional strain gauge image depicting the at least
one three-dimensional position of the strain gauge and
the position of the reference surface; and

a display that displays the three-dimensional strain gauge
image.

36. A medical image processing apparatus, comprising:

an ultrasonic scanner configured to collect volume data
collected for tissue of a subject body, which moves peri-
odically, over one or more periods, by ultrasonically
scanning the tissue of the subject body;

section setting circuitry configured to set at least one arbi-
trary section for volume data in each time phase;

interest region setting circuitry configured to set a region of
interest of the tissue of the subject body on at least the
one arbitrary section at a predetermined time;

motion vector information generating circuitry configured
to generate three-dimensional motion vector informa-
tion on the region of interest at times other than the
predetermined time by processing using pattern match-
mng;

gauge setting circuitry configured to set a reference surface
in a three-dimensional space at the predetermined time,
set at least one three-dimensional position of a strain
gauge on the reference surface, using the three-dimen-
sional motion vector information on the region of inter-
est, the strain gauge being a line segment on the tissue of
the subject body and extending in a wall thickness direc-
tion of heart tissue;

image generating circuitry configured to generate a three-
dimensional strain gauge image in which the strain
gauge disposed in the three-dimensional space is setata
corresponding position on at least the one arbitrary sec-
tion, the three-dimensional strain gauge image depicting
the at least one three-dimensional position of the strain
gauge and the position of the reference surface; and

a display that displays the three-dimensional strain gauge
image.
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