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(57) ABSTRACT

An ultrasound diagnostic device including a component
specifier. Assume a first direction is a depth direction substan-
tially perpendicular to a surface of a subject, a second direc-
tion is a direction orthogonal to the first direction, a first pixel
is apixel ata pixel location N in the second direction, a second
pixel is a pixel at a pixel location N+1 in the second direction,
and N is a positive integer. The component specifier detects
one or more feature lines from the ultrasound image by
repeatedly, while incrementing N, linking the first pixel with
the second pixel when luminance of the second pixel is high
and the second pixel is in close proximity to the first pixel, and
specifies which of the one or more feature lines indicates a

A61B 8/08 (2006.01) boundary between components, based on an order in the first
A61B 8/06 (2006.01) direction of the one or more feature lines.
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ULTRASOUND DIAGNOSTIC DEVICE,
IMAGE PROCESSING METHOD FOR
ULTRASOUND DIAGNOSTIC DEVICE, AND
NON-TRANSITORY COMPUTER-READABLE
RECORDING MEDIUM

[0001] This application is based on an application No.
2013-169527 filed in Japan on Aug. 19, 2013, an application
No. 2013-171033 filed in Japan on Aug. 21, 2013, and an
application No. 2014-160638 filed in Japan on Aug. 6, 2014,
the contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

[0002] (1) Field of the Invention

[0003] The present invention relates to ultrasound diagnos-
tic devices, ultrasound image analysis methods, and pro-
grams thereof that are used to perform ultrasound diagnosis
by bringing an ultrasound probe that performs transmission
and reception of ultrasound waves into contact with a body
surface, and in particular limb joints, of a subject.

[0004] (2) Description of the Related Art

[0005] In recent years the use of ultrasound diagnostic
devices to evaluate disease activity of arthritis, including
rheumatoid arthritis, is becoming common. In the evaluation
of disease activity, B-mode images and power Doppler
images are mainly used. Synovial thickening, synovial fluid
retention, and bone erosion may be observed in B-mode
images, and synovitis may be observed in power Doppler
images.

[0006] In addition, methods have been proposed of using
ultrasound images to grade disease activity of such condi-
tions. In a case in which power Doppler images are used to
grade synovitis levels, grades are determined depending on
what proportion of a synovial membrane region that is thick-
ened is occupied by a blood-flow signal that is observed.

[0007] Inorderto objectively quantify disease activity from
ultrasound images, eliminating user activity, including sub-
jectivity ofthe examiner, and quantifying according to certain
criteria, is preferable. For example, Takao Koike, New treat-
ment of rheumatoid arthritis using ultrasound investigation,
Medical Review Co., Ltd., Mar. 10, 2010, pp. 40-43, proposes
having an examiner trace frechand on an ultrasound image an
articular cavity lined by a synovial membrane that is thick-
ened, and calculating an occupation ratio of a blood-flow
signal in the region traced as a quantitative evaluation value.
However, by making the examiner trace the articular cavity in
freehand, variations occur in the trace result because a trace of
an articular cavity from the same ultrasound image may vary
depending on the examiner, and even the same examiner may
produce a different trace at different times. As a result, quan-
tification of the occupation ratio of a blood-flow signal varies
depending on subjectivity of the examiner.

[0008] In order to solve the above technical problem, in
Japanese Patent Application Publication No. 2013-056156,
for example, a method is proposed of objectively quantifying
disease activity by analysis of an articular cavity region by
clipping out an articular cavity region after specifying a bone
surface. According to this method, subjectivity of the exam-
iner is eliminated, and not only a blood-flow signal, but also
image findings such as destruction of bone cortex, narrowing
of a joint due to cartilage damage, extension of an articular
capsule due to synovial thickening, etc., can be quantitatively
evaluated.
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SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0009] However, in order to quantify disease activity with a
higher level of objectivity, increasing detection accuracy of
components of a joint such as bone surfaces, articular cavity
region, etc., is important. Conventionally, detection of bound-
aries of such components uses edge detection technology by
setting a threshold value for luminance and using a differen-
tial, second-order differential, etc., with respect to luminance
in adirection that is substantially perpendicular to boundaries
of components. However, in such a method, in locations
where multiple components exist, such as joints, multiple
boundaries are acquired as a single line drawing. Thus, to
specify each component, pattern matching, etc., needs to be
performed, and determination is necessary of which edge
corresponds to which boundary of a component. Thus, an
appropriate pattern does not always exist, causing situations
in which components cannot be specified, boundaries of one
component and another are falsely recognized, etc.

[0010] The present invention aims to provide an ultrasound
diagnostic device that accurately specifies each component
that makes up a joint.

Means for Solving the Problems

[0011] The ultrasound diagnostic device pertaining to an
aspect of the present invention is an ultrasound diagnostic
device that specifies, from an ultrasound image of a subject
that includes a joint, a joint image portion that indicates
components of the joint, the ultrasound diagnostic device
comprising: an image processing circuit that acquires the
ultrasound image and specifies the joint image portion,
including: an ultrasound image acquirer that acquires the
ultrasound image; and a component specifier that specifies an
image portion indicating a boundary between the compo-
nents, wherein when a first direction is a depth direction
substantially perpendicular to a surface of the subject, a sec-
ond direction is a direction orthogonal to the first direction, a
first pixel is a pixel at a pixel location N in the second direc-
tion, a second pixel is a pixel at a pixel location N+1 in the
second direction, and N is a positive integer, the component
specifier detects one or more feature lines from the ultrasound
image by repeatedly, while incrementing N, linking the first
pixel with the second pixel when luminance of the second
pixel is high and the second pixel is in close proximity to the
first pixel, and specifies which of the one or more feature lines
indicates a boundary between the components, based on an
order in the first direction of the one or more feature lines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Theseand the other objects, advantages and features
of the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings which illustrate a specific embodiment of the
invention.

[0013] In the drawings:

[0014] FIG. 1isa block diagram of an ultrasound diagnos-
tic device pertaining to an embodiment;

[0015] FIG. 2 illustrates an outline of a joint;

[0016] FIG. 3A illustrates an example of an ultrasound
image of a joint, and

[0017] FIG. 3B illustrates an example of an ultrasound
image of a joint suffering from rheumatoid arthritis;
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[0018] FIG. 4 is a flowchart illustrating an operation of the
ultrasound diagnostic device pertaining to the embodiment;
[0019] FIG.5is aflowchart illustrating a component speci-
fication operation of the ultrasound diagnostic device pertain-
ing to the embodiment;

[0020] FIG. 6A illustrates a bone surface in an ultrasound
image of a joint, and FIG. 6B illustrates edge classification in
an ultrasound image of a joint;

[0021] FIG. 7 is a flowchart illustrating an edge detection
operation using dynamic programming pertaining to the
embodiment;

[0022] FIG.8Aillustrates an edge detected in an ultrasound
image of a joint, FIG. 8B illustrates an example of edge
detection using dynamic programming pertaining to the
embodiment, FIG. 8C illustrates an example of values
(“Value”) in edge detection using dynamic programming per-
taining to the embodiment, FIG. 8D illustrates an example of
edge detection using dynamic programming pertaining to the
embodiment, and FIG. 8E illustrates an example of values
(“Value”) in edge detection using dynamic programming per-
taining to the embodiment;

[0023] FIG.9is a flowchart illustrating an edge classifica-
tion operation pertaining to the embodiment;

[0024] FIG.10A illustrates an example of specification ofa
synovial membrane pertaining to the embodiment, and FIG.
10B illustrates an example of specification of a synovial
membrane pertaining to the embodiment;

[0025] FIG. 11 illustrates an edge of an edge of a bone
surface in an ultrasound image;

[0026] FIG.12A illustrates an example of specification ofa
joint pertaining to the embodiment, and FIG. 12B illustrates
an example of specification of a joint pertaining to the
embodiment;

[0027] FIG. 13 illustrates an example of specification of an
articular capsule pertaining to the embodiment;

[0028] FIG. 14 is a flowchart illustrating a disease activity
quantification operation of the ultrasound diagnostic device
pertaining to the embodiment;

[0029] FIG. 15 illustrates bone erosion in an ultrasound
image of a joint;

[0030] FIG. 16A illustrates detection of bone erosion pet-
taining to the embodiment, FIG. 16B is a conceptual diagram
of a single-order differential used for detection of bone ero-
sion, and FIG. 16C illustrates a bone erosion detection opera-
tion;

[0031] FIG.17A illustrates quantification of a bone surface
pertaining to the embodiment, and FIG. 17B illustrates quan-
tification of a bone surface pertaining to the embodiment;
[0032] FIG. 18A illustrates quantification of a bone surface
pertaining to the embodiment, and FIG. 18B illustrates quan-
tification of bone erosion pertaining to the embodiment;
[0033] FIG. 19A illustrates an example of quantification of
an articular capsule pertaining to the embodiment, and FIG.
19B illustrates an example of quantification of an articular
capsule pertaining to the embodiment;

[0034] FIG. 20A illustrates an example of specification of
an articular cavity region pertaining to a modification, FIG.
20B illustrates an example of specification of an articular
cavity region pertaining to the modification, and FIG. 20C
illustrates an example of specification of an articular cavity
region pertaining to the modification;

[0035] FIG.21A illustrates an example of quantification of
an articular cavity region pertaining to the embodiment, and
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FIG. 21B illustrates an example of quantification of an articu-
lar cavity region pertaining to the embodiment: and

[0036] FIG. 22 illustrates an example of quantification of
an articular cavity region pertaining to the embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0037] The following is a description of an embodiment of
the present invention with reference to the drawings.

Embodiment

[0038] FIG. 1isablock diagram illustrating a configuration
of an ultrasound diagnostic device pertaining to the embodi-
ment. An ultrasound diagnostic device 20 includes an ultra-
sound transmitter-receiver 21, an ultrasound image generator
22, a storage 23, an edge detector 24, a component specifier
25, a pathology analyzer 26, a controller 27, and an display
generator 28. The ultrasound image generator 22, the storage
23, the edge detector 24, and the component specifier 25
compose an image processing circuit and are configured as
one circuit. Note that the ultrasound transmitter-receiver 21,
the pathology analyzer 26, the controller 27, and the display
generator 28 are configured as one or more circuits different
from the image processing circuit. Alternatively, the ultra-
sound transmitter-receiver 21, the pathology analyzer 26, the
controller 27, and the display generator 28 may be configured
as part of the image processing circuit if required. An ultra-
sound probe 11, an input 31, and a display 32 are externally
connected to the ultrasound diagnostic device 20. Alterna-
tively, the ultrasound probe 11, the input 31, and the display
32 may be included in the ultrasound diagnostic device 20.

[0039] The ultrasound probe 11 is, for example, a linear
probeincluding a row of transducers that include lead zircon-
ate titanate (PZT), etc., arranged as a transducer array. The
ultrasound probe 11 converts an ultrasound transmission sig-
nal generated by the ultrasound transmitter-receiver 21 to a
transmit ultrasound wave, and transmits the ultrasound wave
to a subject. The transmitted transmit ultrasound wave is
reflected at a position within the subject, i.e., a living organ-
ism, where a difference in acoustic impedance exists between
components of a joint. The greater the difference in acoustic
impedance, the greater the energy of the ultrasound wave that
is reflected.

[0040] A reflected ultrasound wave is received by the ultra-
sound probe 11. The ultrasound wave received by the ultra-
sound probe 11 is inputted to the ultrasound transmitter-
receiver 21 as an ultrasound reception signal. The ultrasound
transmitter-receiver 21 performs beamforming by delay-and-
sum, and outputs an ultrasound reception signal after delay-
and-sum as an echo signal in scan lines pertaining to one
transmission and reception of an ultrasound wave.

[0041] Theultrasound image generator 22 aggregates echo
signals inputted from the ultrasound transmitter-receiver 21,
performs envelope detection, logarithmic compression, etc.,
and changes the echo signals to luminance data. In addition to
this, the ultrasound image generator changes a position of a
scan line and depth in the scan line to orthogonal coordinates,
and generates an ultrasound image. The ultrasound image
generated by the ultrasound image generator 22 is tempo-
rarily stored at the storage 23.

[0042] The storage 23 is a storage device that temporarily
stores an ultrasound image, specification information and
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disease activity of components (described later), and may
include, for example, RAM, flash memory, a hard disk drive,
etc.

[0043] The input 31 is a configuration for the examiner to
input an examiner name, a patient name, and setting informa-
tion of the ultrasound diagnostic device, and, for example,
may include an input device such as a keyboard, trackball, pen
tablet, etc. Further, for example, the input 31 may be inte-
grated with the display 32 (described later) as a touch panel,
etc.

[0044] The edge detector 24 reads an ultrasound image
stored by the storage 23 and detects an edge in the ultrasound
image. An edge that is detected is used for specifying an
image portion that indicates a component of a joint (hereafter
referred to as “component™) from an ultrasound image.
[0045] The component specifier 25 specifies each compo-
nent in an ultrasound image, by using an edge detected by the
edge detector 24. Specifically, from an ultrasound image of a
joint, the component specifier 25 specifies image portions
each indicating a bone surface, a joint position, an articular
cavity region, and a synovial membrane (hereafier referred to
as “bone surface”, “joint position”, “articular cavity region”,
and “synovial membrane”, respectively).

[0046] The pathology analyzer 26 analyzes each compo-
nent of an ultrasound image specified by the component
specifier 25, and quantitatively evaluates disease activity ofa
pathology of rheumatoid arthritis.

[0047] Thecontroller 27 holds setting information inputted
by a user via the input 31 in association with an ultrasound
image stored by the storage 23. Further, the controller 27
acquires each component of an ultrasound image specified by
the component specifier 25 and an evaluation result of disease
activity output by the pathology analyzer 26, and notifies the
display generator 28 of such data along with setting informa-
tion.

[0048] The display generator 28 reads an ultrasound image
stored by the storage 23. Further, the display generator 28
receives from the controller 27 an examiner name, patient
name, time information, and setting information of the ultra-
sound diagnostic device inputted from the input 31, and an
evaluation result of disease activity output by the pathology
analyzer 26. The display generator 28 superimposes such
information on the ultrasound image, and outputs to the dis-
play 32.

[0049] The display 32 is a monitor that displays an image
generated by the display generator 28 to an examiner, and is,
for example, an LCD display.

[0050] The ultrasound transmitter-receiver 21, the ultra-
sound image generator 22, the edge detector 24, the compo-
nent specifier 25, the pathology analyzer 26, the controller 27,
and the display generator 28 are each implemented, for
example, by memory, a programmable device such as a cen-
tral processing unit (CPU) or a graphic processing unit
(GPU), and software or hardware such as a field program-
mable gate array (FPGA), an application specific integrated
circuit (ASIC), etc.

<Measurement Target>

[0051] The main target when measuring a subject in the
present embodiment is a joint. As an example of a joint, a
schematic of a finger joint is illustrated in FIG. 2. As illus-
trated in FIG. 2, the joint includes a bone 11, a bone 121,
cartilage 112, cartilage 122, a synovial membrane 130, and an
articular capsule 140. The cartilage 112 and the cartilage 122
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are incidental to a tip portion of the bone 111 and the bone
121, respectively, and the synovial membrane 130 exists so as
to enclose the cartilage 112 and the cartilage 122. The articu-
lar capsule 140 is attached to the bone 111 and the bone 121
so as to surround the synovial membrane 130.

[0052] For example, as rheumatoid arthritis progresses,
thickening of the synovial membrane 130, accumulation of
synovial fluid in the synovial membrane 130, and bone ero-
sion due to destruction of bone cortex may be confirmed.
Further, due to destruction of the cartilage 112 and the carti-
lage 122, gaps in the joint may become narrow and the joint
may ankylose. Further, in many cases, an increase in angio-
genesis in the synovial membrane is observed.

[0053] Using FIG. 3A and FIG. 3B, ultrasound image of
joints and pathology of rheumatoid arthritis is described
below.

[0054] FIG. 3A is an ultrasound image of a joint that is not
suffering from rheumatoid arthritis. In the ultrasound image,
abone surface 201, a bone surface 202, skin 203, sinew 204,
and an articular capsule 205 are illustrated. The bone surface
201, the bone surface 202, and the skin 203 are comparatively
hard components, and are therefore illustrated in the ultra-
sound image at a high luminance A region surrounded by the
bone surface 201, the bone surface 202, and the articular
capsule 205 is an articular cavity region 206.

[0055] A majority of ultrasound waves that reach the bone
111 and the bone 112 are reflected at bone surfaces, and
therefore an interior of the bones are not illustrated, and only
the bone surfaces are illustrated having high luminance. The
sinew 204 and the articular capsule 205 are illustrated having
a low luminance compared to the bone surface 201, the bone
surface 202, and the skin 203. Further, the synovial mem-
brane 130 has an even lower luminance than the sinew 204
and the articular capsule 205, and the cartilage 112 and the
cartilage 122 have almost no luminance. Accordingly, in an
ultrasound image of the joint, in addition to the skin 203, the
bone surface 201, and the bone surface 202, the sinew 204 and
the articular capsule 205 are illustrated having a compara-
tively high luminance.

[0056] Ontheotherhand, FIG. 3B isan ultrasound image of
a joint that is suffering from rheumatoid arthritis. As disease
activity of rheumatoid arthritis progresses, the synovial mem-
brane 130 gets thicker, and therefore the articular capsule 140
that surrounds the synovial membrane 130 also enlarges.
Thus, in the ultrasound image enlargement of the articular
capsule 205 is observed. Further, destruction of bone cortex is
observed in the ultrasound image as bone erosion 207. Fur-
thermore, inside the articular cavity region 206, a blood-flow
signal 208 that is attributable to angiogenesis is observed.

<Operations™>

[0057] Operations of the ultrasound diagnostic device 20
pertaining to the embodiment are described below. FIG. 4 is a
flowchart illustrating an overall operation of the ultrasound
diagnostic device 20.

[0058] First, an ultrasound image is acquired (step S101).
Specifically, the ultrasound transmitter-receiver 21 transmits
an ultrasound transmission signal to the ultrasound probe 11,
and the ultrasound probe 11 changes the ultrasound transmis-
sion signal to a transmit ultrasound wave and transmits the
transmit ultrasound wave to the subject. The ultrasound probe
11 changes a reflected ultrasound wave that is reflected from
the subject to an ultrasound reception signal and transmits the
ultrasound reception signal to the ultrasound transmitter-re-



US 2015/0051488 A1l

ceiver 21. The ultrasound transmitter-receiver 21 performs
beamforming by delay-and-sum with respect to the ultra-
sound reception signal, and outputs an echo signal to the
ultrasound image generator 22. The ultrasound image gen-
erator 22 performs envelope detection, logarithmic compres-
sion, etc., with respect to the echo signal, and changes the
echo signal to luminance data. In addition to this, the ultra-
sound image generator 22 changes a position of a scan line
and depth in the scan line to orthogonal coordinates, and
generates an ultrasound image. The following assumes the
ultrasound image is a B-mode image, but the ultrasound
imageis not limited to being a B-mode image, and may be any
image generated using ultrasound waves, such as an M-mode
image, a power Doppler image, etc. The ultrasound image
generated by the ultrasound image generator 22 is stored at
the storage 23.

[0059] Next, components are specified from the ultrasound
image (step $200). By this operation, a bone surface and a
synovial membrane are specified, and from the bone surface
and the synovial membrane, a bone end, joint position, articu-
lar capsule, and articular cavity region are specified. Infor-
mation of each component so specified is stored at the storage
23. Details are described later.

[0060] Next, disease activity is quantified (step S300). Dis-
ease activity is an indicator that indicates, with respect to joint
diseases such as rheumatoid arthritis, presence or absence of
disease, and in the presence of disease, the progress thereof.
For example, a degree of thickening of a synovial membrane
and articular capsule, smoothness of a bone surface, a shape
of a joint, presence or absence of blood flow in an articular
cavity region and in the presence of blood flow, a range of
blood flow in the articular cavity region, etc. By quantifying
disease activity, judgment of presence, absence, and degree of
progress of a joint disease, and objective evaluation of
progress of a joint disease over a predetermined period, etc.,
are possible, and precise care, etc., can be performed with
respect to a subject. According to this operation, disease
activity of rheumatoid arthritis in each of a bone surface,
synovial membrane, joint, articular capsule, and articular
cavity region is quantified. A result of quantification of dis-
ease activity in each of such components is stored at the
storage 23. Details are described later.

[0061] Finally, an image is generated and outputted to the
display 32 (step S102). Specifically, an examiner name,
patient name, time information, and setting information of the
ultrasound diagnostic device from the input 31, and evalua-
tionresult of disease activity output by the pathology analyzer
26 are superimposed on an ultrasound image stored by the
storage 23, and outputted to the display 32.

<Component Specification>

[0062] Component specification in step S200 is described
in detail below. F1G. 5 is a flowchart illustrating a component
specification operation.

[0063] Note that in the present embodiment, in an ultra-
sound image, a depth direction is a y axis, and a direction
orthogonalto the y axis, or in other words a direction approxi-
mately parallel to skin, is an x axis. Further, the upper-left of
an ultrasound image is an origin, coordinate values on the x
axis increase from left to right, and coordinate values on the y
axis increase from top to bottom. In other words, a side near
the skin is up and a side farther from the skin is down. In the
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following, a deep side is referred to as down and a shallow
side is referred to as up, but this indicates the same relation-
ship as described above.

[0064] As mentioned above, energy of a reflected ultra-
sound wave increases corresponding with an increase in dif-
ference of acoustic impedance between components in a sub-
ject. Accordingly, it is likely that a linear region that has a high
luminance in an ultrasound image indicates a component
boundary. Further, as mentioned above, a bone surface is
depicted with high luminance, and a region deeper than a
bone surface (bone interior) has almost no luminance. Thus,
after detecting a potential boundaries of components, first
specifying a bone surface, then specifying boundaries of
other components at shallower depths, is efficient. FIG. 6 A
illustrates linear areas of high luminance detected from an
image of a joint region. Specification is performed starting
from a bone surface 301 and a bone surface 302. Note that in
FIG. 6A, edges other than the bone surface 301 and the bone
surface 302 are indicated by dashed lines.

[0065] First, the edge detector 24 performs an edge
enhancement process (step S201). Specifically, edges are
extracted from the ultrasound image, here a B-mode image,
and images of edges that are extracted and the source B-mode
image are combined. In this way, even if the extraction of
edges in the edge enhancement is performed imperfectly,
such that one component boundary is extracted as two inde-
pendent edges, etc., the source B-mode image compensates
for this, and therefore a corresponding edge (feature line)
detected in edge detection (described later) is not broken.
Here, edge enhancement may be performed through: the
Sobel filter; a second derivative process; binary processing
using a pre-set representative luminance value of a bone
surface or a value inputted via the input 31 by an examiner as
a threshold; a method of picking out a stressed edge from a
differential image using the Sobel operator, Laplacian filter,
etc.; a method of using the Canny algorithm to extract con-
tinuous edges; etc. For example, in a case of creating a first-
order differential image using the Sobel operator, edges hav-
ing intensity in a horizontal direction in an ultrasound image
are emphasized by setting a derivative of the operator as
shown by L, in the following formula (Math 1). L, in the
following formula (Math 1) is a derivative for emphasizing
luminance change in a direction from top to bottom in an
image, and can extract edges that extend in a horizontal direc-
tion of the image.

+1 42 41 [Math 1]
L=| 0 0 0
-1 -2 -1
[0066] Next, the edge detector 24 detects edges by dynamic

programming (step S202). Here, in a target joint, each edge to
be detected is a feature line indicating either a boundary line
of a component or a fiber of fibrous tissue, and, unlike the
edges extracted by the edge enhancement process as men-
tioned above, the edges detected here are not limited to those
corresponding to areas having the highest luminescence.
Details of the operation are illustrated in the flowchart of FIG.
7

[0067] First, the edge detector 24 sets x as one (step S401)
and acquires luminance values for every pixel with an x
coordinate of one (step S402). Next, with respect to the
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acquired luminance values, the edge detector 24 picks out and
stores pixels having a local maximum luminance value (peak)
in the y axis direction as search start points (step S403). In the
following, each of j search start points (j is a positive integer)
is denoted as a coordinate (1, y,)

[0068] Next, for each search start point, the edge detector
24 searches for a pixel that makes up a same edge with the
search start point. Specifically, the edge detector 24 incre-
ments the x coordinate by one (step S404) and, for each search
start point, performs a search of a corresponding point from
among pixels with an x coordinate of two. Specifically, the
edge detector 24 acquires luminance values for every pixel
with an x coordinate of two (step 406). Then, based on Math
2 below, searches for a pixel having a minimum Value
(“Value” indicating the value defined in Math 2) among all
pixels with an x coordinate of two.

Value=m-L{x,y)+n-ly-y;|

[0069] Here, L(x, y) is a luminance value of a pixel with a
coordinate (X, y). Further, m and n satisfy the relationship
n>0>m.

[0070] Specifically, first the edge detector 24 determines
whether or not the Value is below a threshold value Th (step
S407). This determination is made because when ly-y| is
very large, or in other words the difference in y coordinates of
the search start point and the given pixel is large, the search
start point and the given pixel do not make up the same
continuous edge. Note that this determination, instead of
whether or not the Value is below the threshold value Th, may
be performed based on whether or not ly-y,l is below a
predetermined threshold value. Next, the edge detector 24
determines, from among pixels having a Value below the
predetermined threshold value Th, a pixel with a minimum
Value. Specifically, the edge detector 24 determines whether
aValue for a given pixel is below a minimum value Min (step
S408), and when the Value is below the minimum value Min,
the y coordinate of the given pixel is stored in a variable p, and
the Value is set as the new minimum value Min (step S409).
Note that an initial value of the minimum value Min may be
equal to the threshold value Th, or in a case in which the
minimum value Min is not yet defined, the initial value of the
minimum value Min may be defined upon a “Yes” determi-
nation at step S408.

[0071] Theprocessing of steps S407-S409 is executed with
respect to all pixels with an x coordinate of two. That is, the
edge detector 24 repeats such processing while incrementing
y by one each time (step S411) until determining that the
coordinates (2, y) reach the bottom of the ultrasound image
(step S410).

[0072] In this way, in a case in which one or more pixels
have a Value below the predetermined threshold Th (“Yes” at
step S407), a y coordinate of a pixel that has the smallest
Value is stored as the variable p and the Value for the pixel is
stored as the minimum value Min. Accordingly, when a value
is stored as the variable p (“Yes” at step S412), with respect to
asearch start point(1,y,), (x. p)isassociated with (1,y ) as the
next point in the same edge, and (x, p) is set as a new search
start point (step S413). On the other hand, when no pixel
exists having a Value below the predetermined value Th
(“Yes” at step S407 does not occur), no value is stored as the
variable p (“No” at step S412). In such a case, an edge is
determined to end at (x-1, y ) (step S414).

[0073] By repeating the processing of steps S407-S414
with respect to every search start point (steps S415, S416), for

[Math 2]
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every search start point with an x coordinate x-1 (e.g. one),
when a corresponding point exists, the corresponding point is
set as a new search start point, and when there is no corre-
sponding point, the corresponding edge is determined to end.
Note that in a case in which a single corresponding point with
an x coordinate x (e.g. two) corresponds to a plurality of
search start points, each with an x coordinate x-1 (e.g. one),
for every combination other than the combination having the
smallest Value, the corresponding point with an x coordinate
X (e.g. two) may be considered an end of an edge, or each
combination other than the combination having the smallest
Value may be invalidated and another corresponding point
may be searched for.

[0074] Next, the edge detector 24 acquires luminance val-
ues for every pixel with an x coordinate of two, picks out a
pixel whose y coordinate is a local maximum luminance
value, and adds the coordinates of such a pixel as a search start
point (x, y;) (step S417). At this time, a point already specified
as a new search start point in step S413 is not added, to avoid
duplication. In this way, (i) each corresponding point (x-1,y,)
specified in step S413, and (ii) a point whose y coordinate has
a local maximum luminance value that is not included in the
corresponding points specified in step S413, are set as new
search start points.

[0075] The processing of steps S404-S417 is repeated with
respect to the new search start points (step S418). In this way,
the edge detector 24 detects whether or not, for each search
start point with x=2, a corresponding point with x=3 exists,
and sets one or more search start points with x=3. By repeat-
ing the above processing until a right-side end of the image is
reached, an edge that is substantially parallel with the y axis
is detected by a method that is efficient and has a low inci-
dence of misidentification. For example, misidentification of
high luminance noise that overlaps an edge as an edge is
avoided, and misidentification of an edge that is interrupted
near a center of an ultrasound image and a different edge that
is not as deep as the interrupted edge as a single edge is
avoided. By repeating this processing, a boundary of a com-
ponent that is thought to be a bone surface is detected, for
example, as illustrated in FIG. 8A.

[0076] FIG. 8B and FIG. 8D illustrate a relationship
between luminance values of pixels and a detected edge. FIG.
8B illustrates a relationship between a region A in FIG. 3 and
luminance values of each pixel, and FIG. 8D illustrates a
relationship between a region B in FIG. 3 and luminance
values of each pixel. Note that here, m=-1, n=20, and Th=-
20. In FIG. 8B, an edge 501 and an edge 502 are detected. If
local maximum luminance values were simply detected fol-
lowing the y axis, when x=4, (4, 1) and (4, 2) would be
detected, and there would be a possibility of misidentification
of (4, 1) being linked to (3, 2) and (4, 2) being linked to (3, 6).
However, in the method pertaining to the present embodi-
ment, a difference in y coordinates is taken into account, and
(4, 2)in the edge 501 is not misidentified as a part of the edge
502. FIG. 8C illustrates Values when (3, 6) is a search start
point. The Value of (4, 2) is =20, and the Value of (4, 6) is =70,
and therefore (3, 6) and (4, 6) are linked, whereas (3, 6) and (4,
2) are not linked.

[0077] Further, in FIG. 8D, edges 503-506 are detected.
Here, as in FIG. 8B, pixels (5, 2), (5. 10), etc. are not misi-
dentified as belonging to the edge 504. Thus, the edge 504 is
correctly detected. FIG. 8E illustrates Values when (4, 6)is a
search start point. In this case, since all Values are greater than
or equal to the threshold value Th (-20), the search start point
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(4, 6) does not have a corresponding point. Thus, interruption
of the edge 504 at (4, 6) is correctly recognized, and a situa-
tion where the edge 504 is connected with the edge 503 or the
edge 506 does not occur. Further. since only one correspond-
ing point is linked with each search start point, the edges 505
and 506, which are separate edges, are not misidentified as
branch portions of a single edge. Since the Value for (5, 12)
with respect to (4, 12) is =70, a part of the edge 505 that has
a lower luminance (from (4, 12) to (5, 12)) is not missed from
detection. Thus, the edges 505 and 506 are correctly identi-
fied, such that the edge 505 is an edge in close proximity to the
edge 506.

[0078] Returning to FIG. 5, description continues. Next, a
bone surface is detected by the component specifier classify-
ing detected edges (step S203). FIG. 6B illustrates detected
edges classified as a skin segment 303, a sinew segment 304,
and a bone segment 305. Anatomically, the least deep position
is skin, the deepest position is a bone surface, and between
these is sinew and an articular capsule. Therefore, for
example, by methods such as k-means clustering, mean-shift
clustering, etc., that classify edges in proximity with each
other on the image to one segment, edges detected in step
S202 are classified to segments. In this way, edges included in
the bone segment 305 are detected as bone surfaces.

[0079] Specifically, an operation is performed such as the
operation illustrated by the flowchart in FIG. 9. First, if an
edge is in a shallow region (step S501), whether or not the
edge spans from a left end to a right end of an ultrasound
image is determined (step S502). A positive determination
results in classification of the edge as belonging to a skin
segment (step S503). Alternatively, if an edge is in a deep
region (step S504), whether or not the edge trends downwards
towards a point facing another edge (step S505) and whether
or not luminance below the edges is low (step S506) is detet-
mined Positive determination for both steps results in classi-
fication of the edge as belonging to a bone segment (step
S507). Alternatively, an edge that lies between the deep
region and the shallow region, an edge in the shallow region
that is not classified as belonging to a skin segment, and an
edge in the deep region that is not classified as belonging to a
bone segment are classified as belonging to a sinew segment
(step S509).

[0080] In this way, boundaries of components of a joint are
accurately detected as edges, and such edges are classified as
either a bone surface, skin, articular capsule, muscle fiber, or
sinew.

<Specification of Other Components>

[0081] Returning to FIG. 5, description continues. Next,
the component specifier 25 detects a synovial membrane
based on luminance value (step S204). FIG. 10A and FIG.
10B illustrate a synovial membrane detection process. An
edge 452 in FIG. 10A is a detected bone surface. The com-
ponent specifier 25, for each x coordinate, acquires lumi-
nance values for each pixel from a top end of the ultrasound
image to the bone surface, and detects whether or not the
luminance values indicate a synovial membrane. For
example, pixels on astraight line 451 of x=x, are classified as
sinew or muscle fiber, or a synovial membrane. Specifically,
based on two points: (i) synovial membrane is located deeper
than muscle fiber, etc., and (ii) synovial membrane has a
lower luminance than muscle fiber, etc., a pixel is classified as
belonging to one of the two groups according to luminance
value and depth. By performing the above processing for
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every x coordinate, a region in which synovial membrane
exists is detected. FIG. 10B illustrates a synovial membrane
region 481 detected in the ultrasound image.

[0082] Returning to FIG. 5, description continues. Next,
based on the bone surface, a joint, bone ends, and articular
cavity region are specified (step S204). The following
describes how each of such components are detected.
[0083] A jointis detected by the following method. FIG. 11
illustrates a bone surface 301 and a bone surface 302 that are
detected. The joint is determined to be an interrupted portion
in which the bone surface 301 and the bone surface 302 are
not continuous (step S508 in FIG. 9). Note that two joint
positions such as a joint position 381 and a joint position 382,
asillustrated in FIG. 12A, may be specified, or ajoint position
383 that encompasses two bone surfaces, as illustrated in FIG.
12B, may be specified.

[0084] A bone end is detected by the following method.
First, a detection result of the bone surface 301 is smoothed.
Curvature of each point on a bone surface is calculated.
Finally, a point where the curvature of the bone surface 301 is
positive and has a convex shape is detected as a bone end.
Every bone has a bone end, and therefore the same process is
performed with respect to the bone surface 302, and a bone
end is detected. In FIG. 11, the locations surrounded by
circles are such bone ends.

[0085] An articular capsule is detected by the following
method. FIG. 13 illustrates edges that are located less deeply
on the ultrasound image than the bone surface 301, the bone
surface 302, and the joint. Edges 391 and an edge 394 are
edges that are located less deeply than an articular cavity
region, the bone surface 301, and the bone surface 302. Ana-
tomically, since the articular capsule 140 is connected to the
bone 111 and the bone 121, as illustrated in FIG. 2, the
articular capsule in the ultrasound image is also connected to
the bone surface 301 and the bone surface 302. Further, an
articular cavity region has a low luminance, while an articular
capsule and a bone surface have high luminance. Thus,
among edges detected in step S202, an edge that is connected
to the bone surface 301 and the bone surface 302, and that
along with the bone surface 301 and the bone surface 302
surrounds a region having a low luminance, is specified as an
articular capsule. In FIG. 13, an articular capsule 394 is
detected that contacts the bone surface 301 at a point 392 and
contacts the bone surface 302 at a point 393. Specifically, as
in the steps after step S509 in the flowchart in FIG. 9, with
respect to an edge that is classified as belonging to a sinew
segment, whether or not each end of the edge contacts a bone
surface (the bone surface 301 and the bone surface 302) is
determined (step S510). Further, whether or not a region
surrounded by the edge, the bone surface 301, and the bone
surface 302 has a low luminance is determined (step S511). If
both determinations are positive, the edge is determined to be
an articular capsule (step S512), and if at least one determi-
nation is negative, the edge is determined to be muscle fiber
(step S513).

[0086] When an articular capsule is specified, a region that
is surrounded by a bone surface (the bone surface 301 and the
bone surface 302) and an articular capsule, and that has a low
luminance, is determined to be an articular cavity region.

<Quantification of Disease Activity>

[0087] Quantification of disease activity in step S300 is
described in detail below. FIG. 14 is a flowchart illustrating
quantification of disease activity.
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<<Quantification of Bone Surface>>

[0088] First, the pathology analyzer 26 performs quantifi-
cation of a bone surface (step S301). As rheumatoid arthritis
progresses, a bone erosion 311 becomes observable in the
bone surface 301 as illustrated in FIG. 15. Accordingly, bone
erosion can be extracted from the bone surface 301, and
progress of the bone erosion can be quantitatively evaluated.
[0089] First, the bone erosion 311 is extracted. The bone
erosion 311 may be extracted as a point of the bone surface
having local extrema values. As illustrated in FIG. 16A, a
bone surface 321 in which bone erosion is present has a
concave shape. This concavity is detected as extrema values
of the bone surface. Specifically, as illustrated in FIG. 16B, a
first order differential of the bone surface in the x axis direc-
tion and the y axis direction in the ultrasound image is calcu-
lated. In other words, a difference in x axis coordinates and a
difference in y axis coordinates are calculated for a pixel 1
(illustrated as a pixel 325 in FIG. 16B) and a pixel (i+1)
(illustrated as a pixel 326 in F1G. 16B) that is adjacent to the
pixel i, and extrema values thereof are detected. More spe-
cifically, calculation is performed according to following for-
mulae (Math 3).

X=X 17X

Y=Y [Math 3]

[0090] First, from the origin of the x axis, first-order differ-
entials of the bone surface 321 are calculated. A local extre-
mum 322 is where a value of a first-order differential of the x
axis direction greatly decreases, and a local extremum 323 is
where the value returns to the original level. Further, from the
local extremum 323 a sign of a first-order differential of the y
axis inverts from minus to plus, and around a local extremum
324 inverts again, from plus to minus. Where a value of a
first-order differential fluctuates greatly, or where a sign
inverts between plus and minus multiple times within a local
region such as a local region 331, the pathology analyzer 26
determines that bone erosion is present in such a region.
[0091] A method of specifying a local region in which bone
erosion is present is described below using FIG. 16C. First,
the pathology analyzer 26 calculates a first-order differential
of pixels of the bone surface 321 included in the local region
331, then determines whether or not bone erosion is included.
Note that a first-order differential of a pixel is calculated in
both an x axis direction and a y axis direction. Next, the local
region 331 is moved a certain distance along the bone surface
321. By repeating these two operations, a local region in
which bone erosion is present is automatically specified. On
the other hand, when first-order differentials are calculated in
the same way for a bone surface in which bone erosion is not
present, the first-order differentials do not change greatly for
the x axis or the y axis. Accordingly, extrema values do not
occur, and the pathology analyzer 26 automatically deter-
mines that bone erosion is not present in the bone surface.
[0092] Next, quantification of detected bone erosion is per-
formed. As one method of quantification of bone erosion, a
function is fitted and a difference between the function and
the bone surface is calculated. FIG. 17A illustrates a case
where bone erosion exists, and illustrates a bone surface 361
and a fitting function 362. On the other hand, FIG. 17B
illustrates a case where bone erosion does not exist, and
illustrates a bone surface 363 and a fitting function 364. As
illustrated in FIG. 17A and FIG. 17B, a case in which bone
erosion is present has a larger fitting error, which is a differ-
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ence between a bone surface and a fitting function, compared
to a caseinwhich bone erosion is not present. Further, as bone
erosion progresses, smoothness of a bone surface is lost, and
therefore the fitting error increases. Accordingly, the fitting
error is an indicator of a degree of progression of bone ero-
sion.

[0093] Here, any function may be used for fitting. However,
a fitting function that fits a portion of bone erosion is not
desirable and therefore care is required for selection of the
fitting function. Note that when more than one bone erosion is
present, a fitting error for each bone erosion may be applied
individually, or a statistical quantity such as a maximum
value, minimum value, total value, average value, median
value, etc., of fitting errors of the bone erosions may be
calculated.

[0094] Further, as illustrated in FIG. 18A, a function may
be fitted to an entire bone surface. Specifically, a deepest
portion of the bone surface, or an interrupted portion (joint
position) is separated into left and right, and a function is
fitted to each of the left and the right portions. When a func-
tion is fitted to an entire bone surface, detection of a position
of bone erosionis notrequired. F1G. 18A illustrates a function
371 that is fitted to a bone surface 365 and a function 372 that
is fitted to a bone surface 366. When bone erosion is present,
a fitting error between the function 371 and the bone surface
3651slarge. In such a case, presence of bone erosion is known
and evaluation of disease activity of rheumatoid arthritis is
also performed by performing quantification by using the
fitting error. Note that any function may be used for fitting.
However, a fitting function that fits a portion of bone erosion
is not desirable and therefore care is required for selection of
the fitting function.

[0095] Alternatively, bone erosion may be directly quanti-
fied. FIG. 18B illustrates an elliptic function 373 fitted to a
bone surface 367 in which a bone erosion is determined to be
present. In such a case, for example, a least-squares method is
used to determine a fitting function. In such a case, various
geometric quantities of an ellipse, such as area, major axis,
minor axis, eccentricity, etc., may be used as an index in
quantification. Note that when more than one bone erosion is
present, a quantification indicator for each bone erosion may
be used, or a statistical quantity such as a maximum value,
minimum value, total value, average value, median value,
etc., of indicators after quantifying the bone erosions may be
used.

<<Quantification of Synovial Membrane>>

[0096] Next, quantification of a synovial membrane is per-
formed (step S302). FIG. 10B is a diagram illustrating quan-
tification of a synovial membrane. Here, a synovial mem-
brane that is detected is indicated as a region 481. Here, with
respect to a bone end 308 and a bone end 309 detected in step
S204, a straight line 482 connects the bone end 308 and the
bone end 309, a straight line 483 through the bone end 308 is
parallel to the y axis, and a straight line 484 through the bone
end 309 is also parallel to the y axis.

[0097] As described above, when rheumatoid arthritis
progresses, synovial membranes thicken. As a synovial mem-
brane thickens, the synovial membrane thickens first towards
skin, or in other words upwards in an ultrasound image. As
thickening progresses further, the synovial membrane also
broadens left and right in the ultrasound image. Here, a syn-
ovial membrane region not exceeding the straight line 482,
the straight line 483, or the straight line 484, is given a score
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GS1. Further, a synovial membrane region exceeding the
straight line 482, or extending as far as a region 485 above the
joint surrounded by the straight line 482, the straight line 483,
and the straight line 484, is given a score GS2. Furthermore,
a synovial membrane region exceeding the straight line 483
or the straight line 484, or extending as far as at least one of a
region 486 to the left of the straight line 483 and a region 487
to the right of the straight line 484, is given a score GS3. Note
that although the region 481 illustrated in FIG. 10B, which
indicates the synovial membrane, exceeds the straight line
482 and extends as far as the region 485, neither the straight
line 483 nor the straight line 484 is exceeded, and therefore
the pathology analyzer 26 determines that the synovial mem-
brane has a score GS2.

<<Quantification of Joint>>

[0098] Next, a joint is quantified (step S303). As rheuma-
toid arthritis progresses, cartilage decreases, and therefore, as
shown in FIG. 2, the bone 111 and the bone 121 become close
to each other. Accordingly, in an ultrasound image, an interval
between joint positions narrows. Thus, by quantifying the
interval of the joint positions, disease activity of theumatoid
arthritis can be evaluated. Specifically, a distance or a hori-
zontal distance (x coordinate difference) between the joint
position 381 and the joint position 382, as shown in FIG. 124,
1s quantified.

<<Quantification of Articular Capsule>>

[0099] Next, an articular capsule is quantified (step S304).
As shown in FIG. 2, as rheumatoid arthritis progresses, the
synovial membrane 130 thickens, and therefore the articular
capsule 140 that encapsulates the synovial membrane 130
also enlarges. Accordingly, in an ultrasound image, the shape
of an edge of the articular capsule changes. Accordingly, by
quantifying a length, height, width, area, etc., of the articular
capsule, disease activity of rheumatoid arthritis can be evalu-
ated.

[0100] Methods of quantifying the length, the height, the
width, and the area of the articular capsule are described using
FIG. 19A and FIG. 19B.

[0101] The length of the articular capsule is quantified
using a length of an edge 394 of the articular capsule.

[0102] The height of the articular capsule is quantified as a
length of a perpendicular line 406 that is perpendicular to a
horizontal line 404 that passes through a left end 402 of the
edge 394, and as a length of a perpendicular line 407 that is
perpendicular to a horizontal line 405 that passes through a
right end 403 of the edge 394. The length of the perpendicular
line 406 is measured from an extremum value 401 that is at the
smallest value of a y coordinate of the edge 394 to the hori-
zontal line 404, and the length of the perpendicular line 407 is
measured from the extremum value 401 to the horizontal line
405. Note that both lengths may be used individually, or a
statistical quantity such as a maximum value, a minimum
value, an average value, a total value, etc., may be used.
Alternatively, as illustrated in FIG. 19B, the height of the
articular capsule may be quantified as a length of a perpen-
dicular line 412 that is perpendicular to a straight line 411 that
connects the left end 402 of the edge 394 to the right end 403
of the edge 394. The length of the perpendicular line 412 is
measured from the extremum value 401 to the straight line
411.
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[0103] Thewidth of the articular capsuleis quantified using
a horizontal distance 408 (x coordinate difference) between
the left end 402 and the right end 403, or alternatively, a length
of the straight line 411 that connects the left end 402 and the
right end 403.

[0104] The area of the articular capsule is quantified using
an area of aregion surrounded by the edge 394 and the straight
line 411, or in other words a number of pixels within the
region surrounded by the edge 394 and the straight line 411.
[0105] Note that locations of the left end 402 and the right
end 403 of the edge 394 of the articular capsule are coordi-
nates detected in step S509, and the extremum value 401 is,
among pixels included in the edge 394, a pixel whose y
coordinate value is lowest. However, the left end 402, the
right end 403, and the extremum value 401 may be set through
the input 31 by a user.

<<Quantification of Articular Cavity Region>>

[0106] Next, an articular cavity region is quantified (step
S305). An indicator for quantifying the articular cavity region
may be an area, height, width, or angle of the articular cavity
region. In FIG. 21A, an articular cavity region 423, an articu-
lar cavity region height 431, and an articular cavity region
width 432 are illustrated. In FIG. 21B, arrows 433 that extend
from a joint position to two ends of the articular capsule and
an angle 434 of the articular cavity region are illustrated.
[0107] The area of the articular cavity region is quantified
by a count of pixels within the articular cavity region 423.
[0108] The width of the articular cavity region is quantified
by a difference between a maximum value and a minimum
value of x coordinates in pixels within the articular cavity
region 423, or alternatively a difference (horizontal distance)
between x coordinates of a left end and a right end of the
articular capsule.

[0109] Theheight ofthe articular cavity region is quantified
by a difference between a maximum value and a minimum
value of y coordinates in pixels within the articular cavity
region 423.

[0110] The angle of the articular cavity region is quantified
by the angle 434 between the two arrows 433 that each extend
to one of two ends of the articular cavity region from a center
of a joint position. Specifically, the center point between the
joint position 381 and the joint position 382, specified in step
S204, is used as the center of the joint position. Note that for
the two ends of the articular cavity region, ends of the articu-
lar capsule 394 specified in step S204 may be used, or coor-
dinates used to quantify the width of the articular cavity
region may be used. Specifically, coordinates with the highest
x coordinate value and coordinates with the lowest x coordi-
nate value may be used.

[0111] Further, quantification of the articular cavity region
may be performed using a power Doppler image including
blood-flow signals. As rheumatoid arthritis progresses,
angiogenesis occurs in the synovial membrane, and therefore
a blood-flow signal may be detected in the synovial mem-
brane region. FIG. 22 illustrates a blood-flow signal 442, a
blood-flow signal 443, and a blood-flow signal 444 in a power
Doppler image. As an indicator in quantification, the follow-
ing may be used: a total area of the blood-flow signal 442 and
the blood-flow signal 443 observed inside the articular cavity
region 423; a proportion of the total area of the blood-flow
signal 442 and the blood-flow signal 443 with respect to the
area of the articular cavity region 423; a number of blood-flow
signals measured as a continuous region; or other indicators.
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Note that since the blood-flow signal 444 is outside the region
of the articular cavity region 423, the blood-flow signal 444 is
not subject to quantification.

[0112] Further, position of blood-flow signals may be sub-
jectto quantification. This is because, as rheumatoid arthritis
progresses, the synovial membrane thickens, and therefore a
blood-flow signal may be observed in an upper portion of the
articular cavity region. First, a straight line that crosses the
articular cavity region 423 is set as a boundary line 441 that
divides the articular cavity region 423 into an upper portion
and a lower portion. Note that for the two ends of the bound-
ary line 441, as in the quantification of the width and angle of
the articular cavity region described above, ends of the articu-
lar capsule 394 specified in step S204 may be used, or coor-
dinates used to quantify the width of the articular cavity
region, i.e., coordinates of the pixel with the highest x coor-
dinate value and coordinates of the pixel with the lowest x
coordinate value may be used. Further, the boundary line 441
may be inputted via the input 31 by a user. Next, the blood-
flow signal 442 that is above the boundary line 441 and the
blood-flow signal 443 that is below the boundary line 441 are
separated into two categories. In each region, the following
are quantified: a total area of a blood-flow signal, a proportion
of atotal area of the blood-flow signal with respect to an area
of the articular cavity region 423, and a number of blood-flow
signals measured as a continuous region.

[0113] Further, different coefficients may be set for a
blood-flow signal positioned above the boundary line 441 and
a blood-flow signal positioned below the boundary line 441,
and quantification may be performed by calculating a
weighted average according to the following formula (Math
4).

Value=w,Q,+0,0;

[0114] Here, w, is a coefficient allocated to a blood-flow
signal positioned above the boundary line 441, Q, is a quan-
tification value derived from the blood-flow signal positioned
above the boundary line 441, w, is a coefficient allocated to a
blood-flow signal positioned below the boundary line 441,
and Q, is a quantification value derived from the blood-flow
signal positioned above the boundary line 441. Q, is a total
area of the blood-flow signal in the upper portion, a propor-
tion of the total area of the blood-flow signal with respect to an
area of the articular cavity region 423, or a number of blood-
flow signals measured as a continuous region. Q, is similar,
with respect to the lower portion. Q1 and Q2 preferably use a
same type of quantification evaluation value.

[0115] Further, a vertical distance from the boundary line
441 to a position of a blood-flow signal may be used for
quantification. As illustrated in FIG. 22, a length of a vertical
line 445 from the blood-flow signal 442 to the boundary line
441 and a length of a vertical line 446 from the blood-flow
signal 443 to the boundary line 441 may be evaluation values.
In such a case, quantification is performed such that, with
respect to a blood-flow signal above the boundary line 441, a
higher evaluation value is provided as distance from the
boundary line 441 increases, with respect to a blood-flow
signal below the boundary line 441, a lower evaluation value
is provided as distance from the boundary line 441 increases,
and by using a total of the evaluation values. Further, weight-
ing may be performed using the evaluation values that depend
on distance. For example, for each blood-flow signal, weight-
ing may be performed on the area of the blood-flow signal
according to the following formula (Math 5), where 1, is an

[Math 4]
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evaluation value based on distance from the boundary line
441 to the blood-flow signal, and V,, is an area of the blood-
flow signal.

Value=21,V,

[0116] Insuch a case, a quantification value is defined that
comprehensively evaluates position and area of blood flow.
Note that V, may also be a proportion of a total area of the
blood-flow signal with respect to an area of the articular
cavity region 423, ora number of blood-flow signals observed
as a continuous region. Further, for each blood-flow signal, 1,
may be a straight-line distance from a center of a joint posi-
tion to the blood-flow signal. In such a way, an evaluation
value that is higher as distance from the center of the joint
position increases and an evaluation value that is lower as
distance from the joint position decreases are used.

[Math 5]

<Summary>

[0117] According to the above configuration, each feature
line that indicates a boundary between components is
detected in an independent form, and a set of multiple feature
lines are allocated to boundaries of components. Thus,
boundary lines of components, in other words a bone surface,
skin, and articular cavity, correspond to one or more of the
feature lines. Thus, when compared to a case in which one
edge is detected as a line image, pattern matching is not
required, and therefore situations are avoided where an
appropriate comparison pattern does not exist and a determi-
nation cannot be made, and an inappropriate comparison
pattern is used and incorrect recognition of a boundary is
performed. Further, when compared to a case in which an
edge is detected using only luminance, a situation is avoided
where an edge is incorrectly recognized due to a high lumi-
nance edge being in close proximity to another edge or high
luminance noise overlapping an edge.

[0118] Furthermore, an amount of calculation is success-
fully reduced due to a lot of calculation, such as pattern
matching calculation, not being required.

[0119] Thus, each component is detected with high accu-
racy, and quantification of pathology having high reliability is
performed independently of an examiner.

Modifications Pertaining to the Embodiment

[0120] (1) In the embodiment, the ultrasound diagnostic
device 20 performs quantification of disease activity with
respect to all of the bone surface, synovial membrane, joint,
articular capsule, and articular cavity region. However, the
present invention is not limited in this way. The ultrasound
diagnostic device 20 may, for example, from among the bone
surface, synovial membrane, joint, articular cavity, and
articular cavity region, quantify only some of the above, or
may quantify only disease activity as specified by a user using
the input 31. Note that components that are not required to be
specified when performing quantification are not required to
be detected. For example, when the synovial membrane is not
quantified, the synovial membrane may also not be detected.
[0121] Further, the ultrasound diagnostic device 20 may
perform only detection of components without performing
quantification, and quantification processing, etc., may be
performed by an external device.

[0122] (2) In the embodiment, the ultrasound diagnostic
device 20 uses the ultrasound probe 11 to acquire an ultra-
sound image, and performs detection of components and
quantification of disease activity with respect to the image so
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acquired. However, the present invention is not limited in this
way. The ultrasound diagnostic device 20 may, for example,
store a plurality of ultrasound images in the storage 23,
acquire an ultrasound image from the storage 23, and perform
detection of components and quantification of disease activ-
ity with respect to the ultrasound image so acquired. Alterna-
tively, for example, the ultrasound diagnostic device 20 may
acquire an ultrasound image from an external hard disk, SD
card or other memory device, server on a network, network
access storage (NAS) or other external storage, etc., and
perform detection of components and quantification of dis-
ease activity with respect to the ultrasound image so acquired.

[0123] (3) In the embodiment, the ultrasound diagnostic
device 20 detects the articular cavity region 423 by specifying
the articular capsule 394. However, the present invention is
not limited in this way. For example, in a case in which the
articular capsule is not quantified, as described below, the
articular cavity region may be detected directly without
detecting the articular capsule, by using joint positions.

[0124] Specifically, using a low luminance of the articular
cavity region in the ultrasound image compared to a bone
surface or the articular capsule, the articular cavity region
rendered in low luminance may be detected by a dynamic
contour model, region expansion method, etc. As illustrated
in FIG. 20A, using the joint position 381 and the joint position
382 specified in step S205, an initial search point 421 may be
set above a center point between the joint position 381 and the
joint position 382, for example, and a region rendered by low
luminescence may be iteratively expanded from the initial
search point 421. FIG. 20B illustrates an expanded search
region 422. In this way, an articular cavity region 423 can be
detected, as illustrated in FIG, 20C. Note that in the above
detection, the bone surface 301 and the bone surface 302
specified in step S205 may be used.

[0125] Note that although the initial search point 421 is
described as being above the point between the joint position
381 and the joint position 382, the initial search point 421
may be the point between the joint position 381 and the joint
position 382, or may be set by a user using the input 31.

[0126] (4) Intheembodiment, in steps S405-S415, process-
ing order of the search start point is not mentioned. For
example, processing may be performed in order from the
bottom of the ultrasound image, or in order from the highest
luminance. In this way, after accurately extracting a bone
surface and skin, which are rendered by high luminescence,
an articular capsule, etc., may be specified.

[0127] (5) Inthe embodiment, prior to detection of edges in
step S202, enhancement processing of edges is performed in
step S201. However, the present invention is not limited in
this way. For example, enhancement processing of edges
need not be performed.

[0128] Further, each time a single edge is detected in step
S202, the following steps may be performed: (i) specify
whether the edge is a boundary of a component, (ii) after
eliminating the edge detected in step S202 from the ultra-
sound image, again perform the edge enhancement in step
S201, and (iii) again perform the edge detection in step S202.
Alternatively, after determining aboundary of a component to
which each edge corresponds in step S205, edge enhance-
ment in step S201 may be performed again after eliminating
edges other than specified edges, and the specified edges may
be re-detected in step S202. In this way, detection accuracy of
edges is improved.
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[0129] (6) In the embodiment, the edge detector 24 links a
corresponding point corresponding to a minimum Value
according to Math 2 to a search start point. However, the
present invention is not limited in this way. As long as the
Value is lower when luminance of the corresponding point is
higher, and lower when distance between the search start
point and the corresponding point is shorter or a difference
between y coordinates of the search start point and the corre-
sponding point is lower, the Value may, for example, be a
value obtained by dividing the distance between the search
start point and the corresponding point by the luminance of
the corresponding point.

[0130] (7) In the embodiment, the edge detector 24 links a
corresponding point having an x coordinate differing by one
from that of a single-pixel search start point. However, the
present invention is not limited in this way. For example, the
search start point may be a pixel group of two-by-two pixels,
and the corresponding point may be a pixel group of the same
size whose upper-left pixel has an x coordinate differing by
two from an upper-left pixel of the pixel group of the search
start point. In such a case, luminance of a pixel group may be
aluminance value of a pixel specified in the pixel group, such
as an upper-left pixel, or may be a statistical value such as an
average value, highest value, median value, etc., of the lumi-
nance of all pixels in the pixel group. Further, size of a pixel
group is not limited to two-by-two pixels. In a range that does
not affect accuracy of edge detection, the size of the pixel
group may be four-by-four pixels, three-by-two pixels, or any
other size.

[0131] (8) In the embodiment, quantification of the articu-
lar cavity region by using a power Doppler image that
includes a blood-flow signal is described. Similarly, for
example, quantification of the synovial membrane may be
performed by using a power Doppler image that includes a
blood-flow signal. In other words, quantification may be per-
formed of: a total area of the blood-flow signal 442 and the
blood-flow signal 443 observed inside the region 481 of the
synovial membrane; a proportion of the total area of the
blood-flow signal 442 and the blood-flow signal 443 with
respect to an area of the region 481 of the synovial membrane;
a number of blood-flow signals measured as a continuous
region; etc. Further, quantification of the synovial membrane
may be performed using Math 4 and Math 5. As rheumatoid
arthritis progresses, angiogenesis occurs in the synovial
membrane. Therefore, disease activity may be evaluated with
greater accuracy by making such modifications.

[0132] (9) In the embodiment, the edge detector 24
searches for a corresponding point starting from a search start
point having a lowest x coordinate and in a direction of
increasing x coordinate value, but the present invention is not
limited in this way. For example, the edge detector 24 may
search for a corresponding point starting from a search start
point have a highest x coordinate and in a direction of decreas-
ing x coordinate value. Further, the edge detector 24 may
search for a corresponding point starting from a search start
point and in both a direction of increasing x coordinate value
and a direction of decreasing x coordinate value, which
enables detecting an edge that reverses direction along the x
axis. In such a case, in detection of bone erosion, instead of
detecting whether or not a first-order differential value of an
x axis direction greatly fluctuates, the edge detector 24 may
detect whether or not a sign of the first-order differential of
the x axis direction changes (from plus to minus or vice-
versa).
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[0133] (10) The components of the ultrasound diagnostic
devices pertaining to the embodiment and the modifications
may, in whole or in part, be implemented as an integrated
circuit of one chip or a plurality of chips, be implemented as
a computer program, and be implemented in any other form.
For example, the entire ultrasound diagnostic device may be
implemented as one chip, or the image generator may be
implemented as one chip and the component specifier, etc.,
implemented as another chip.

[0134] Inacasein which implementation is achieved by an
integrated circuit, implementation may typically be achieved
as a large scale integration (LSI). Here, an LS may variously
be referred to as an IC. system LSI, super LSI, or ultra LSI,
depending on the degree of integration.

[0135] Further, circuit integration methods are not limited
to LSI, and implementation may be achieved by a dedicated
circuit or general-purpose processor. Alternatively, a field
programmable gate array (FPGA) that is programmable after
LSImanufacture, and/or reconfigurable processor that allows
reconfiguring of connections and settings of internal circuit
cells may be used.

[0136] Furthermore, if circuit integration technology to
replace LSI arises due to progress in semiconductor technol-
ogy and other derivative technologies, such technology may
of course be used to perform integration of function blocks.

[0137] Further, the ultrasound diagnostic devices pertain-
ing to the embodiment and the modifications may be imple-
mented by a program stored on a storage medium and a
computer that reads and executes the program. The storage
medium may be any kind of storage medium, such as a
memory card, CD-ROM, etc. Further, the ultrasound diag-
nostic device pertaining to the present invention may be
implemented by a program downloadable across a network
and a computer that downloads the program across the net-
work and executes the program.

[0138] (11) The embodiment described above illustrates
one specific preferred example of the present invention. The
values, forms, materials, components, component positions
and connections, steps, step order, etc., illustrated in the
embodiment represent examples and do not limit the spirit of
the present invention. Further, among components in the
embodiment, components not disclosed in the independent
claims reciting top-level concepts of the present invention are
described as components that may or may not be included, but
when included contribute to a preferable form of implemen-
tation.

[0139] Further, to aid in understanding the invention, the
scale of components in each drawing referred to in the
embodiment may differ from actual implementation. Further,
disclosure of the above embodiment is not a limitation and
may be appropriately changed within the scope of the spirit of
the present invention.

[0140] Furthermore, although members such as circuit
parts, lead wires, etc., do exist on a substrate of an ultrasound
diagnostic device, such electrical wiring and electric circuits
may be implemented in various ways based on common
knowledge in the technical field, and are therefore omitted
from the description as they have no direct relevance to
description of the present invention. Note that each drawing
described above is schematic, and is not an exact representa-
tion.
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<Supplement>

[0141] The following is a description of the configuration
and effects of an ultrasound diagnostic device, an image
processing method of an ultrasound diagnostic device, and a
computer-readable non-transitory storage medium, each of
which pertains to one aspect of the present invention.

[0142] (1) The ultrasound diagnostic device pertaining to
one aspect of the present invention specifies, from an ultra-
sound image of a subject that includes a joint, a joint image
portion that indicates components of the joint, the ultrasound
diagnostic device including: an image processing circuit that
acquires the ultrasound image and specifies the joint image
portion, including: an ultrasound image acquirer that acquires
the ultrasound image; and a component specifier that speci-
fies an image portion indicating a boundary between the
components, wherein when a first direction is a depth direc-
tion substantially perpendicular to a surface of the subject, a
second direction is a direction orthogonal to the first direc-
tion, a first pixel is a pixel at a pixel location N in the second
direction, a second pixel is a pixel at a pixel location N+1 in
the second direction, and N is a positive integer, the compo-
nent specifier detects one or more feature lines from the
ultrasound image by repeatedly, while incrementing N, link-
ing the first pixel with the second pixel when luminance ofthe
second pixel is high and the second pixel is in close proximity
to the first pixel, and specifies which of the one or more
feature lines indicates a boundary between components,
based on an order in the first direction of the one or more
feature lines.

[0143] Further, the image processing method of an ultra-
sound diagnostic device pertaining to one aspect of the
present invention is an image processing method of an ultra-
sound diagnostic device that specifies, from an ultrasound
image of a subject that includes a joint, a joint image portion
that indicates components of the joint, the image processing
method including: acquiring the ultrasound image, specify-
ing an image portion indicating a boundary between the com-
ponents, wherein when a first direction is a depth direction
substantially perpendicular to a surface of the subject, a sec-
ond direction is a direction orthogonal to the first direction, a
first pixel is a pixel at a pixel location N in the second direc-
tion, a second pixel is a pixel at a pixel location N+1 in the
second direction, and N is a positive integer, the specifying
includes: detecting one or more feature lines from the ultra-
soundimage by repeatedly, while incrementing N, linking the
first pixel with the second pixel when luminance of the second
pixel is high and the second pixel is in close proximity to the
first pixel, and specifying which of the one or more feature
lines indicates a boundary between components, based on an
order in the first direction of the one or more feature lines.
[0144] Further, the computer-readable non-transitory stor-
age medium pertaining to one aspect of the present invention
stores a program that causes a processor to execute image
processing, the processor being used by an ultrasound diag-
nostic device that specifies, from an ultrasound image of a
subject that includes a joint, a joint image portion that indi-
cates components of the joint, the image processing includ-
ing: acquiring the ultrasound image; and specifying an image
portion indicating a boundary between the components,
wherein when a first direction is a depth direction substan-
tially perpendicular to a surface of the subject, a second
direction is a direction orthogonal to the first direction, a first
pixel is a pixel at a pixel location N in the second direction, a
second pixel is a pixel at a pixel location N+1 in the second
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direction, and N is a positive integer, the specifying includes:
detecting one or more feature lines from the ultrasound image
by repeatedly, while incrementing N, linking the first pixel
with the second pixel when luminance of the second pixel is
high and the second pixel is in close proximity to the first
pixel, and specifying which of the one or more feature lines
indicates a boundary between components, based on an order
in the first direction of the one or more feature lines.

[0145] 1In this way, each feature line indicating a boundary
of a component is detected in an independent form, and
therefore pattern matching to associate sets of multiple fea-
ture lines with boundaries of components is not required.
Thus, a boundary line of a component corresponds to a fea-
ture line, and regardless of a form of the feature line, a bound-
ary between one component and another component is accu-
rately detected. Further, even if a form of an image portion
indicating a joint differs greatly from a typical form of an
image indicating a joint, an order of each component in the
depth direction does not change. Therefore, each component
1s accurately specified without mistaking one component for
another.

[0146] (2) Further, the ultrasound diagnostic device (1) per-
taining to one aspect of the present invention may be config-
ured such that the component specifier specifies, from one of
the one or more feature lines that is deep in the first direction,
a bone surface as a boundary between the components, and
further specifies, from a region in which the one or more
feature lines are not detected that is less deep in the first
direction than the bone surface, and based on a change of
luminance in the first direction, an image portion indicating a
synovial membrane.

[0147] In this way, from the bone surface and the ultra-
sound image, a synovial membrane region is detected.
[0148] (3) Further, the ultrasound diagnostic device (1) per-
taining to one aspect of the present invention may be config-
ured such that the first direction is parallel with a y axis and
the second direction is parallel with an x axis, the first pixel is
a pixel having a local maximum luminance relative to other
pixels in the first direction, or a pixel linked with the first pixel
in aprevious iteration of the linking, and the second pixelis a
pixel among pixels having an x coordinate of N+1 that has a
lowest Value according to Value=m'L(N+1, y)+n-ly-y,/
where (N, y,) are coordinates of the first pixel, L(N+1, y) is
luminance of a given pixel having an x coordinate of N+1,
(N+1, y) are coordinates of the given pixel, and m and n
satisfy n>0>m.

[0149] Inthis way, a feature line is detected by repeatedly,
while incrementing x, linking a pixel having a high luminance
and a small difference in coordinates in the y axis direction.
[0150] (4) Further, the ultrasound diagnostic device (3) per-
taining to one aspect of the present invention may be config-
ured such that the image processing circuit further includes an
edge enhancer, and the component specifier detects the one or
more feature lines by the linking of the first pixel with the
second pixel being performed based on a result of the edge
enhancer performing edge enhancement on the ultrasound
image.

[0151] In this way, a boundary between components is
enhanced by the edge enhancer, and therefore the boundary
between components is detected with greater accuracy.
[0152] (5) Further, the ultrasound diagnostic device (1) per-
taining to one aspect of the present invention may be config-
ured such that the component specifier detects a plurality of
feature lines from the ultrasound image by repeatedly per-
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forming detection of one feature line from the ultrasound
image, and detection of a new feature line is performed after
eliminating a previously detected feature line from the ultra-
sound image.

[0153] Inthis way, pixels pertaining to a feature line that is
already detected do not affect detection of another feature
line, and therefore a boundary between components is
detected with greater accuracy.

[0154] (6) Further, the ultrasound diagnostic device (1) per-
taining to one aspect of the present invention may be config-
ured such that the component specifier, when specifying the
image portion indicating the boundary between the compo-
nents: classifies a feature line that is shallow in the first
direction as belonging to a skin segment, and classifies a
feature line that is deep in the first direction as belonging to a
bone segment; and specifies an image portion indicating skin
from the feature line classified as belonging to the skin seg-
ment, and an image portion indicating a bone surface from the
feature line classified as belonging to the bone segment.
[0155] Inthis way, based on anatomical order, a feature line
is classified as belonging to a segment, and thus a specifica-
tion is made of a boundary between components that a
detected feature line corresponds to.

[0156] (7) Further, the ultrasound diagnostic device (6) per-
taining to one aspect of the present invention may be config-
ured such that the component specifier further specifies, as an
image portion indicating an articular capsule, a feature line
that 1s shallower in the first direction than the bone surface,
both ends of the feature line being in close proximity to the
bone surface.

[0157] In this way, the image portion indicating the articu-
lar capsule is specified based on a detected bone surface and
anatomy.

[0158] (8) Further, the ultrasound diagnostic device (6) pet-
taining to one aspect of the present invention may be config-
ured such that the component specifier further specifies, when
the bone surface has an interrupted portion and the interrupted
portion of the bone surface is deeper in the first direction than
other portions of the bone surface, a center of the interrupted
portion as indicating a center of a joint position in the second
direction.

[0159] In this way, the image portion indicating the joint
position is specified based on a detected bone surface and
anatomy.

[0160] (9) Further, the ultrasound diagnostic device (7) per-
taining to one aspect of the present invention may be config-
ured such that the component specifier further specifies a
region between the articular capsule and the bone surface as
an image portion indicating an articular cavity region.
[0161] In this way, the image portion indicating the articu-
lar cavity region is specified based on a detected joint position
and anatomy.

[0162] (10) Further, the ultrasound diagnostic device (6)
pertaining to one aspect of the present invention may further
include a pathology analyzer that performs quantification of
disease activity in the bone surface by using the image portion
indicating the bone surface specified by the component speci-
fier.

[0163] Inthis way, quantification of disease activity is pet-
formed based on a shape of the bone surface.

[0164] (11) Further, the ultrasound diagnostic device (10)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer quantifies a
smoothness of the bone surface.
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[0165] In this way, quantification of disease activity is per-
formed based on the smoothness of the bone surface.

[0166] (12) Further, the ultrasound diagnostic device (11)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer fits a predefined
functionto the image portion indicating the bone surface, and
quantifies a difference between the image portion indicating
the bone surface and the predefined function as the smooth-
ness of the bone surface.

[0167] In this way, the shape and the smoothness of the
bone surface is quantified.

[0168] (13) Further, the ultrasound diagnostic device (10)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer quantifies bone
erosion of the bone surface.

[0169] In this way, quantification of disease activity is per-
formed based on the bone erosion of the bone surface.
[0170] (14) Further, the ultrasound diagnostic device (13)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer calculates a first-
order differential of the first direction or the second direction
in the image portion indicating the bone surface, specifies an
image portion indicating the bone erosion based on variation
of the first-order differential, fits a predefined function to the
image portion indicating the bone erosion, and quantifies a
difference between the image portion indicating the bone
erosion and the predefined function as a smoothness of the
bone surface.

[0171] In this way, a position of the bone erosion is speci-
fied, and the shape and the smoothness of the bone surface is
quantified based on the shape of the bone erosion.

[0172] (15) Further, the ultrasound diagnostic device (8)
pertaining to one aspect of the present invention may further
include a pathology analyzer that performs quantification of
disease activity in the joint by using the image portion indi-
cating the bone surface specified by the component specifier,
wherein the pathology analyzer quantifies a straight-line
length or a horizontal length of the interrupted portion of the
bone surface.

[0173] In this way, quantification of disease activity is per-
formed based on a shape of the joint.

[0174] (16) Further, the ultrasound diagnostic device (7)
pertaining to one aspect of the present invention may further
include a pathology analyzer that performs quantification of
disease activity in the articular capsule by using the image
portion indicating the articular capsule specified by the com-
ponent specifier, wherein the pathology analyzer quantifies at
least one of a thickness, width, length, and area of the articular
capsule.

[0175] In this way, quantification of disease activity is pet-
formed based on a shape of the articular capsule.

[0176] (17) Further, the ultrasound diagnostic device (16)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer quantifies, as the
thickness of the articular capsule, (i) a difference between a
coordinate having a highest value in the first direction of an
image portion indicating the articular capsule and a coordi-
nate in the first direction of an end point of the image portion
indicating the articular capsule, or (ii) a distance from the
coordinate having the highest value in the first direction of the
image portion indicating thearticular capsule to a straight line
connecting both ends of the image portion indicating the
articular capsule, as the width of the articular capsule, a
coordinate difference along the second direction of coordi-
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nates at both ends of the image portion indicating the articular
capsule, as the length of the articular capsule, a length from
one end of a feature line indicating the articular capsule to
another end of the feature line, and as the area of the articular
capsule, an area surrounded by a straight line connecting both
ends of the image portion indicating the articular capsule and
the feature line indicating the articular capsule.

[0177] In this way, based on a feature point of an image
indicating a detected articular capsule, disease activity of the
articular capsule is quantified.

[0178] (18) Further, the ultrasound diagnostic device (9)
pertaining to one aspect of the present invention may further
include a pathology analyzer that performs quantification of
disease activity in the articular cavity region by using the
image portion indicating the articular cavity region specified
by the component specifier, wherein the pathology analyzer
quantifies at least one of a height, width, area, and shape ofthe
articular cavity region.

[0179] In this way, quantification of disease activity is per-
formed based on a shape of the articular cavity region.

[0180] (19) Further, the ultrasound diagnostic device (18)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer quantifies, as the
height of the articular cavity region, a difference between a
smallest value and a largest value of coordinates along the
first direction in an image portion indicating the articular
cavity region, as the width of the articular cavity region, a
difference between a smallest value and a largest value of
coordinates along the second direction in the image portion
indicating the articular cavity region, and as the shape of the
articular cavity region, an angle between a straight line join-
ing a center of an interrupted portion of an image portion
indicating a bone surface to one end of an image portion
indicating an articular capsule and another straight line join-
ing the center of the interrupted portion of the image portion
to another end of the image portion indicating the articular
capsule.

[0181] In this way, based on a feature point of an image
indicating a detected articular cavity region, disease activity
of the articular cavity region is quantified.

[0182] (20) Further, the ultrasound diagnostic device (18)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer quantifies at least
one of a total area of a blood-flow signal in the image portion
indicating the articular cavity region, a ratio of a total area of
the blood-flow signal in the image portion indicating the
articular cavity region to an area of the image portion indi-
cating the articular cavity region, and a number of blood-flow
signals as a continuous area in the image portion indicating
the articular cavity region.

[0183] In this way, based on a blood-flow signal of the
articular cavity region, disease activity of the articular cavity
region is quantified.

[0184] (21) Further, the ultrasound diagnostic device (20)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer quantifies, in
combination, a blood-flow signal position in the image por-
tion indicating the articular cavity region and at least one of
the total area of the blood-flow signal in the image portion
indicating the articular cavity region, the ratio of the total area
of the blood-flow signal in the image portion indicating the
articular cavity region to the area of the image portion indi-
cating the articular cavity region, and the number of blood-
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flow signals as the continuous area in the image portion
indicating the articular cavity region.

[0185] In this way, based on a blood-flow signal and a
position thereof, disease activity of the articular cavity region
is quantified.

[0186] (22) Further, the ultrasound diagnostic device (2)
pertaining to one aspect of the present invention may further
include a pathology analyzer that performs quantification of
disease activity in the synovial membrane by using the image
portion indicating the synovial membrane specified by the
component specifier.

[0187] In this way, quantification of disease activity is per-
formed based on the state of the synovial membrane.

[0188] (23) Further, the ultrasound diagnostic device (22)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer performs quan-
tification based on whether or not an image portion indicating
the synovial membrane is intersected by a straight line joining
image portions indicating metaphyses and whether or not the
image portion indicating the synovial membrane extends to
an image portion indicating a diaphysis.

[0189] In this way, quantification of disease activity is per-
formed based on the range of the synovial membrane.
[0190] (24) Further, the ultrasound diagnostic device (22)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer quantifies at least
one of a total area of a blood-flow signal in the image portion
indicating the synovial membrane, a ratio of a total area of the
blood-flow signal in the image portion indicating the synovial
membrane to an area of the image portion indicating the
synovial membrane, and a number of blood-flow signals as a
continuous area in the image portion indicating the synovial
membrane.

[0191] In this way, quantification of disease activity of the
synovial membrane is performed based on a blood-flow sig-
nal of the synovial membrane.

[0192] (25) Further, the ultrasound diagnostic device (24)
pertaining to one aspect of the present invention may be
configured such that the pathology analyzer quantifies, in
combination, a blood-flow signal position in the image por-
tion indicating the synovial membrane and at least one of the
total area of the blood-flow signal in the image portion indi-
cating the synovial membrane, the ratio of the total area of the
blood-flow signal in the image portion indicating the synovial
membrane to the area of the image portion indicating the
synovial membrane, and the number of blood-flow signals as
the continuous area in the image portion indicating the syn-
ovial membrane.

[0193] In this way, quantification of disease activity of the
synovial membrane is performed based on a blood-flow sig-
nal and a position thereof.

[0194] Although the present invention has been fully
described by way of examples with reference to the accom-
panying drawings, it is to be noted that various changes and
modifications will be apparent to those skilled in the art.
Therefore, unless such changes and modifications depart
from the scope of the present invention, they should be con-
strued as being included therein

What is claimed is:

1. An ultrasound diagnostic device that specifies, from an
ultrasound image of a subject that includes a joint, a joint
image portion that indicates components of the joint, the
ultrasound diagnostic device comprising:
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an image processing circuit that acquires the ultrasound
image and specifies the joint image portion, including;
an ultrasound image acquirer that acquires the ultrasound
image; and
a component specifier that specifies an image portion indi-
cating a boundary between the components, wherein
when a first direction is a depth direction substantially
perpendicular to a surface of the subject, a second direc-
tion is a direction orthogonal to the first direction, a first
pixel is a pixel at a pixel location N in the second direc-
tion, a second pixel is a pixel at a pixel location N+1 in
the second direction, and N is a positive integer,
the component specifier
detects one or more feature lines from the ultrasound
image by repeatedly, while incrementing N, linking
the first pixel with the second pixel when luminance
of the second pixel is high and the second pixel is in
close proximity to the first pixel, and
specifies which of the one or more feature lines indicates
aboundary between components, based on an order in
the first direction of the one or more feature lines.
2. The ultrasound diagnostic device of claim 1, wherein
the component specifier specifies, from one of the one or
more feature lines that is deep in the first direction, a
bone surface as a boundary between the components,
and further specifies, from a region in which the one or
more feature lines are not detected that is less deep in the
first direction than the bone surface, and based on a
change of luminance in the first direction, an image
portion indicating a synovial membrane.
3. The ultrasound diagnostic device of claim 1, wherein
the first direction is parallel with a y axis and the second
direction is parallel with an x axis,
the first pixel is a pixel having a local maximum luminance
relative to other pixels in the first direction, or a pixel
linked with the first pixel in a previous iteration of the
linking,
the second pixel is a pixel among pixels having an x coor-
dinate of N+1 that has a lowest Value according to

Value=m-L(N+1,y)+n:ly-yyl

where (N, y,,) are coordinates of the first pixel, LIN+1, y)
is luminance of a given pixel having an x coordinate of
N+1, (N+1, y) are coordinates of the given pixel, and m
and n satisfy n>0>m.

4. The ultrasound diagnostic device of claim 3, wherein

the image processing circuit further includes an edge
enhancer, and

the component specifier detects the one or more feature
lines by the linking of the first pixel with the second pixel
being performed based on a result of the edge enhancer
performing edge enhancement on the ultrasound image.

5. The ultrasound diagnostic device of claim 1, wherein

the component specifier detects a plurality of feature lines
from the ultrasound image by repeatedly performing
detection of one feature line from the ultrasound image,
and

detection of a new feature line 1s performed after eliminat-
ing a previously detected feature line from the ultra-
sound image.

6. The ultrasound diagnostic device of claim 1, wherein

the component specifier, when specifying the image por-
tion indicating the boundary between the components:
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classifies a feature line that is shallow in the first direc-
tion as belonging to a skin segment, and classifies a
feature line thatis deep in the first direction as belong-
ing to a bone segment; and

specifies an image portion indicating skin from the fea-
ture line classified as belonging to the skin segment,
and an image portion indicating a bone surface from
the feature line classified as belonging to the bone
segment.

7. The ultrasound diagnostic device of claim 6, wherein

the component specifier further specifies, as an image por-
tion indicating an articular capsule, a feature line that is
shallower in the first direction than the bone surface,
both ends of the feature line being in close proximity to
the bone surface.

8. The ultrasound diagnostic device of claim 6, wherein

the component specifier further specifies, when the bone
surface has an interrupted portion and the interrupted
portion of the bone surface is deeper in the first direction
than other portions of the bone surface, a center of the
interrupted portion as indicating a center of a joint posi-
tion in the second direction.

9. The ultrasound diagnostic device of claim 7, wherein

the component specifier further specifies a region between
the articular capsule and the bone surface as an image
portion indicating an articular cavity region.

10. The ultrasound diagnostic device of claim 6, further

comptrising:

a pathology analyzer that performs quantification of dis-
ease activity in the bone surface by using the image
portion indicating the bone surface specified by the com-
ponent specifier.

11. The ultrasound diagnostic device of claim 10, wherein

the pathology analyzer quantifies a smoothness of the bone
surface.

12. The ultrasound diagnostic device of claim 11, wherein

the pathology analyzer fits a predefined function to the
image portion indicating the bone surface, and quanti-
fies a difference between the image portion indicating
the bone surface and the predefined function as the
smoothness of the bone surface.

13. The ultrasound diagnostic device of claim 10, wherein

the pathology analyzer quantifies bone erosion of the bone
surface.

14. The ultrasound diagnostic device of claim 13, wherein

the pathology analyzer calculates a first-order differential
of the first direction or the second direction in the image
portion indicating the bone surface, specifies an image
portion indicating the bone erosion based on variation of
the first-order differential, fits a predefined function to
the image portion indicating the bone erosion, and quan-
tifies a difference between the image portion indicating
the bone erosion and the predefined function as a
smoothness of the bone surface.

15. The ultrasound diagnostic device of claim 8, further

comprising:

a pathology analyzer that performs quantification of dis-
ease activity in the joint by using the image portion
indicating the bone surface specified by the component
specifier, wherein

the pathology analyzer quantifies a straight-line length or a
horizontal length of the interrupted portion of the bone
surface.
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16. The ultrasound diagnostic device of claim 7, further

comptrising:

a pathology analyzer that performs quantification of dis-
ease activity in the articular capsule by using the image
portion indicating the articular capsule specified by the
component specifier, wherein

the pathology analyzer quantifies at least one of a thick-
ness, width, length, and area of the articular capsule.

17. The ultrasound diagnostic device of claim 16, wherein

the pathology analyzer quantifies, as the thickness of the
articular capsule, (i) a difference between a coordinate
having a highest value in the first direction of an image
portion indicating the articular capsule and a coordinate
in the first direction of an end point of the image portion
indicating the articular capsule, or (ii) a distance from
the coordinate having the highest value in the first direc-
tion of the image portion indicating the articular capsule
to a straight line connecting both ends of the image
portion indicating the articular capsule,

as the width of the articular capsule, a coordinate differ-
ence along the second direction of coordinates at both
ends of the image portion indicating the articular cap-
sule,

as the length of the articular capsule, a length from one end
of a feature line indicating the articular capsule to
another end of the feature line, and

as the area of the articular capsule, an area surrounded by a
straight line connecting both ends of the image portion
indicating the articular capsule and the feature line indi-
cating the articular capsule.

18. The ultrasound diagnostic device of claim 9, further

comprising:

a pathology analyzer that performs quantification of dis-
ease activity in the articular cavity region by using the
image portion indicating the articular cavity region
specified by the component specifier, wherein

the pathology analyzer quantifies at least one of a height,
width, area, and shape of the articular cavity region.

19. The ultrasound diagnostic device of claim 18, wherein

the pathology analyzer quantifies, as the height of the
articular cavity region, a difference between a smallest
value and a largest value of coordinates along the first
direction in an image portion indicating the articular
cavity region,

as the width of the articular cavity region, a difference
between a smallest value and a largest value of coordi-
nates along the second direction in the image portion
indicating the articular cavity region, and

as the shape of the articular cavity region, an angle between
a straight line joining a center of an interrupted portion
of an image portion indicating a bone surface to one end
of an image portion indicating an articular capsule and
another straight line joining the center of the interrupted
portion of the image portion to another end of the image
portion indicating the articular capsule.

20. The ultrasound diagnostic device of claim 18, wherein

the pathology analyzer quantifies at least one of a total area
of ablood-flow signal in the image portion indicating the
articular cavity region, a ratio of a total area of the
blood-flow signal in the image portion indicating the
articular cavity region to an area of the image portion
indicating the articular cavity region, and a number of
blood-flow signals as a continuous area in the image
portion indicating the articular cavity region.
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21. The ultrasound diagnostic device of claim 20, wherein

the pathology analyzer quantifies, in combination, a blood-
flow signal position in the image portion indicating the
articular cavity region and at least one of the total area of
the blood-flow signal in the image portion indicating the
articular cavity region, the ratio of the total area of the
blood-flow signal in the image portion indicating the
articular cavity region to the area of the image portion
indicating the articular cavity region, and the number of
blood-flow signals as the continuous area in the image
portion indicating the articular cavity region.

22. The ultrasound diagnostic device of claim 2, further
comprising:

a pathology analyzer that performs quantification of dis-
ease activity in the synovial membrane by using the
image portion indicating the synovial membrane speci-
fied by the component specifier.

23. The ultrasound diagnostic device of claim 22, wherein

the pathology analyzer performs quantification based on
whether or not an image portion indicating the synovial
membrane is intersected by a straight line joining image
portions indicating metaphyses and whether or not the
image portion indicating the synovial membrane
extends to an image portion indicating a diaphysis.

24. The ultrasound diagnostic device of claim 22, wherein

the pathology analyzer quantifies at least one of a total area
of ablood-flow signal in the image portion indicating the
synovial membrane, a ratio of a total area of the blood-
flow signal in the image portion indicating the synovial
membrane to an area of the image portion indicating the
synovial membrane, and a number of blood-flow signals
as a continuous area in the image portion indicating the
synovial membrane.

25. The ultrasound diagnostic device of claim 24, wherein

the pathology analyzer quantifies, in combination, a blood-
flow signal position in the image portion indicating the
synovial membrane and at least one of the total area of
the blood-flow signal in the image portion indicating the
synovial membrane, the ratio of the total area of the
blood-flow signal in the image portion indicating the
synovial membrane to the area of the image portion
indicating the synovial membrane, and the number of
blood-flow signals as the continuous area in the image
portion indicating the synovial membrane.

26. An image processing method of an ultrasound diagnos-
tic device that specifies, from an ultrasound image of'a subject
that includes a joint, a joint image portion that indicates
components of the joint, the image processing method com-
prising:
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acquiring the ultrasound image; and
specifying an image portion indicating a boundary
between the components, wherein
when a first direction is a depth direction substantially
perpendicular to a surface of the subject, a second direc-
tion is a direction orthogonal to the first direction, a first
pixel is a pixel at a pixel location N in the second direc-
tion, a second pixel is a pixel at a pixel location N+1 in
the second direction, and N is a positive integer,
the specifying includes:
detecting one or more feature lines from the ultrasound
image by repeatedly, while incrementing N, linking
the first pixel with the second pixel when luminance
of the second pixel is high and the second pixel is in
close proximity to the first pixel, and

specifying which of the one or more feature lines indi-
cates a boundary between components, based on an
order in the first direction of the one or more feature
lines.

27. A computer-readable non-transitory storage medium
that stores a program that causes a processor to execute image
processing, the processor being used by an ultrasound diag-
nostic device that specifies, from an ultrasound image of a
subject that includes a joint, a joint image portion that indi-
cates components of the joint, the image processing includ-
ing:

acquiring the ultrasound image; and

specifying an image portion indicating a boundary

between the components, wherein

when a first direction is a depth direction substantially

perpendicular to a surface of the subject. a second direc-
tion is a direction orthogonal to the first direction, a first
pixel is a pixel at a pixel location N in the second direc-
tion, a second pixel is a pixel at a pixel location N+1 in
the second direction, and N is a positive integer,

the specifying includes:

detecting one or more feature lines from the ultrasound
image by repeatedly, while incrementing N, linking
the first pixel with the second pixel when luminance
of the second pixel is high and the second pixel is in
close proximity to the first pixel, and

specifying which of the one or more feature lines indi-
cates a boundary between components, based on an
order in the first direction of the one or more feature
lines.
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