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IMAGE PROCESSING APPARATUS,
RADIOGRAPHY SYSTEM, IMAGE
PROCESSING METHOD, AND IMAGE
PROCESSING PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 USC 119 from
Japanese Patent Application No. 2017-099106 filed May 18,
2017, the disclosure of which 1s incorporated by reference
herein.

BACKGROUND

Technical Field

The present disclosure relates to an 1image processing
apparatus, a radiography system, an 1mage processing
method, and an 1mage processing program.

Related Art

In recent years, a technique has been known which
derives at least one of the bone density and bone mineral
content of a subject on the basis of the detection results of
each radiation detector 1n a radiography apparatus including
two radiation detectors that are stacked in a radiation emis-
sion direction and are 1rradiated with radiations having
different energy levels (see JP2011-56257A). In the radiog-
raphy apparatus, one radiation detector that 1s provided on
the incident side of the radiation mainly absorbs a low-
energy component of the radiation and generates 1image data
of a radiographic 1mage and the other radiation detector
mainly absorbs a high-energy component of the radiation
and generates 1mage data of a radiographic image.

SUMMARY

In addition, a DXA profile which indicates a correspon-
dence relationship between a pixel position and a pixel value
and 1s derived using 1image data (for example, dual-energy
X-ray absorptiometry (DXA) image data) generated on the
basis of image data of two radiographic 1mages generated by
irradiation with (absorption of) radiations having different
energy levels 1s used to derive bone density and bone
mineral content.

However, 1n a case in which bone density and bone
mineral content are derived using the DXA profile, the
accuracy of derivation 1s likely to be reduced according to,
for example, the state of the radiographic image.

The present disclosure has been made in view of the
above-mentioned problems and an object of the present
disclosure 1s to provide an 1mage processing apparatus, a
radiography system, an 1mage processing method, and an
image processing program that can improve the accuracy of
derivation of at least one of bone density or bone mineral
content.

In order to achieve the object, the present disclosure
provides an 1mage processing apparatus comprising: an
acquisition unit that acquires a first radiographic image
generated by a first radiation detector irradiated with radia-
tion with a first energy level and a second radiographic
image generated by a second radiation detector irradiated
with radiation with a second energy level different from the
first energy level from a radiography apparatus including the
first and second radiation detectors 1n which a plurality of
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pixels, each of which includes a conversion element that
generates a larger amount of charge as it 1s 1rradiated with a
larger amount of radiation, are arranged and which are
arranged 1n a direction 1n which the radiation 1s emitted; and
a dertvation unit that derives a reference line which satisfies
a predetermined accuracy for defining a bone mass, on the
basis of a pixel value of a predetermined region correspond-
ing to a soft tissue 1n a profile indicating a correspondence
relationship between a pixel position and the pixel value in
a deritvation region including a region corresponding to the
soit tissue and a region corresponding to a bone tissue 1n a
difference 1mage for derivation which 1s a difference 1mage
between the first radiographic 1mage and the second radio-
graphic 1mage and 1s used to derive at least one of bone
density or bone mineral content.

In order to achieve the object, the present disclosure
provides an 1mage processing apparatus comprising: an
acquisition unit that acquires a first radiographic image
generated by a single radiation detector irradiated with
radiation with a first energy level and a second radiographic
image generated by the radiation detector irradiated with
radiation with a second energy level different from the first
energy level from a radiography apparatus including the
radiation detector in which a plurality of pixels, each of
which includes a conversion element that generates a larger
amount of charge as it 1s 1rradiated with a larger amount of
radiation, are arranged; and a derivation unit that derives a
reference line which satisfies a predetermined accuracy for
defining a bone mass, on the basis of a pixel value of a
predetermined region corresponding to a soft tissue 1n a
profile indicating a correspondence relationship between a
pixel position and the pixel value 1n a derivation region
including a region corresponding to the soft tissue and a
region corresponding to a bone tissue 1n a difference image
for derivation which 1s a difference 1mage between the first
radiographic 1image and the second radiographic image and
1s used to derive at least one of bone density or bone mineral
content.

In the 1image processing apparatus according to the pres-
ent disclosure, the derivation unit may comprise a determi-
nation unit that determines whether the reference line sat-
1sfying the predetermined accuracy 1s capable of being
derived. In a case 1n which the determination unit determines
that the reference line 1s capable of being derived, the
derivation unit may derive the reference line.

In the 1mage processing apparatus according to the pres-
ent disclosure, 1n a case in which the determination unit
determines that the reference line 1s not capable of being
derived, the derivation unit may specily a region corre-
sponding to the soft tissue and derive the reference line on
the basis of a pixel value of the specified region correspond-
ing to the soft tissue.

In the 1image processing apparatus according to the pres-
ent disclosure, the determination unit may determine
whether the reference line satisfying the predetermined
accuracy 1s capable of being derived, on the basis of a
variation 1n the pixel value of the region corresponding to
the soft tissue 1n the profile.

In the 1image processing apparatus according to the pres-
ent disclosure, 1n a case in which the determination unit
determines that the reference line satistying the predeter-
mined accuracy 1s not capable of being derived, the deriva-
tion unit may derive the reference line on the basis of a pixel
value of a region corresponding to the soft tissue which 1s
wider than the predetermined region corresponding to the
soft tissue.
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In the 1mage processing apparatus according to the pres-
ent disclosure, 1n a case 1n which the profile includes a gas
region caused by gas generated in a body of a subject from
which at least one of the bone density or the bone mineral
content 1s to be dernived, the determination unit may deter-
mine that the reference line satistying the predetermined
accuracy 1s not capable of being derived and the derivation
unit may derive the reference line on the basis of a pixel
value of a region corresponding to the soit tissue between

the gas region and the region corresponding to the bone
tissue.

In the 1mage processing apparatus according to the pres-
ent disclosure, 1n a case in which the profile includes an
artifact region caused by an artifact 1n a body of a subject
from which at least one of the bone density or the bone
mineral content 1s to be derived, the determination unit may
determine that the reference line satistying the predeter-
mined accuracy 1s not capable of being derived.

In the 1mage processing apparatus according to the pres-
ent disclosure, 1n a case i which a position of a bone tissue
used to derive at least one of the bone density or the bone
mineral content 1s different from a predetermined position,
the determination unit may determine that the reference line
satisfying the predetermined accuracy 1s not capable of
being derived.

In the 1mage processing apparatus according to the pres-
ent disclosure, the determination unit may determine
whether the reference line 1s capable of being derived on the
basis of a condition 1n which 1maging conditions for gen-
erating the first radiographic 1image and the second radio-
graphic 1image are predetermined.

In the 1image processing apparatus according to the pres-
ent disclosure, the determination umt may determine
whether the reference line satisiying the predetermined
accuracy 1s capable of being derived on the basis of an
inclination of the entire region corresponding to the soft
tissue 1n the profile.

In the 1image processing apparatus according to the pres-
ent disclosure, the determination unit may determine
whether the reference line satisfying the predetermined
accuracy 1s capable of being derived on the basis of whether
a component caused by a scattered ray of the radiation 1s
included 1n the pixel value of the region corresponding to the
soit tissue 1n the profile.

In the 1mage processing apparatus according to the pres-
ent disclosure, 1n a case in which the determination unit
determines that the reference line satisiying the predeter-
mined accuracy 1s not capable of being derived, the deriva-
tion unit may remove the component caused by the scattered
ray ol the radiation from the pixel value of the predeter-
mined region corresponding to the soit tissue on the basis of
a predetermined scattered ray distribution model and derive
the reference line.

In the 1mage processing apparatus according to the pres-
ent disclosure, in a case in which the determination unit
determines that the reference line satisfying the predeter-
mined accuracy 1s not capable of being derived, the deriva-
tion unit may derive the reference line, on the basis of a pixel
value of a region corresponding to the soit tissue which 1s
specified on the basis of at least one of a bone part difference
image which 1s a difference 1image between the first radio-
graphic 1mage and the second radiographic image and 1n
which the bone tissue 1s highlighted or a soft part difference
image which 1s a difference 1image between the first radio-
graphic 1mage and the second radiographic image and 1n
which the soft tissue 1s highlighted.
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The 1mage processing apparatus according to the present
disclosure may further comprise a bone derivation unit that
derives at least one of the bone mineral content or the bone
density on the basis of a bone mass which 1s defined on the
basis of the reference line 1n the region corresponding to the
bone tissue.

In the 1mage processing apparatus according to the pres-
ent disclosure, each of the first and second radiation detec-
tors may comprise a light emitting layer that 1s irradiated
with the radiation and emits light. The plurality of pixels of
cach of the first and second radiation detectors may receive
the light, generate the charge, and accumulate the charge.
The light emitting layer of one of the first and second
radiation detectors which 1s provided on an incident side of
the radiation may include CslI and the light emitting layer of
the other radiation detector may include GOS.

In order to achieve the object, the present disclosure
provides a radiography system comprising: the image pro-
cessing apparatus according to the present disclosure; and a
radiography apparatus that outputs a first radiographic image
and a second radiographic image to the 1image processing
apparatus.

In order to achieve the object, the present disclosure
provides an 1mage processing method comprising: acquiring
a first radiographic image generated by a first radiation
detector 1rradiated with radiation with a first energy level
and a second radiographic 1mage generated by a second
radiation detector irradiated with radiation with a second
energy level different from the first energy level from a
radiography apparatus including the first and second radia-
tion detectors in which a plurality of pixels, each of which
includes a conversion element that generates a larger amount
of charge as it 1s 1irradiated with a larger amount of radiation,
are arranged and which are arranged 1n a direction in which
the radiation 1s emitted; and deriving a reference line which
satisfies a predetermined accuracy for defining a bone mass,
on the basis of a pixel value of a predetermined region
corresponding to a soft tissue i1n a profile indicating a
correspondence relationship between a pixel position and
the pixel value 1n a derivation region including a region
corresponding to the soft tissue and a region corresponding
to a bone tissue 1n a difference 1mage for derivation which
1s a difference 1mage between the first radiographic image
and the second radiographic 1image and 1s used to derive at
least one of bone density or bone mineral content.

In order to achieve the object, the present disclosure
provides an 1mage processing method comprising: acquiring
a first radiographic 1image generated by a single radiation
detector irradiated with radiation with a first energy level
and a second radiographic 1image generated by the radiation
detector 1rradiated with radiation with a second energy level
different from the first energy level from a radiography
apparatus including the radiation detector in which a plu-
rality of pixels, each of which includes a conversion element
that generates a larger amount of charge as it 1s 1rradiated
with a larger amount of radiation, are arranged; and deriving
a reference line which satisfies a predetermined accuracy for
defining a bone mass, on the basis of a pixel value of a
predetermined region corresponding to a soft tissue 1n a
profile indicating a correspondence relationship between a
pixel position and the pixel value 1n a derivation region
including a region corresponding to the soft tissue and a
region corresponding to a bone tissue 1n a difference image
for derivation which 1s a difference 1mage between the first
radiographic 1image and the second radiographic image and
1s used to derive at least one of bone density or bone mineral
content.
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In order to achieve the object, the present disclosure
provides a non-transitory recording medium recording an
image processing program that causes a computer to per-
form: acquiring a first radiographic 1image generated by a
first radiation detector 1rradiated with radiation with a first
energy level and a second radiographic 1mage generated by
a second radiation detector irradiated with radiation with a
second energy level different from the first energy level from
a radiography apparatus including the first and second
radiation detectors in which a plurality of pixels, each of
which includes a conversion element that generates a larger
amount of charge as 1t 1s 1rradiated with a larger amount of
radiation, are arranged and which are arranged 1n a direction
in which the radiation 1s emitted; and deriving a reference
line which satisfies a predetermined accuracy for defining a
bone mass, on the basis of a pixel value of a predetermined
region corresponding to a soit tissue 1n a profile indicating
a correspondence relationship between a pixel position and
the pixel value 1n a derivation region including a region
corresponding to the soft tissue and a region corresponding
to a bone tissue 1n a difference 1mage for derivation which
1s a difference 1mage between the first radiographic 1mage
and the second radiographic 1mage and 1s used to derive at
least one of bone density or bone mineral content.

In order to achieve the object, the present disclosure
provides a non-transitory recording medium recording an
image processing program that causes a computer to per-
form: acquiring a first radiographic 1image generated by a
single radiation detector irradiated with radiation with a first
energy level and a second radiographic image generated by
the radiation detector irradiated with radiation with a second
energy level different from the first energy level from a
radiography apparatus including the radiation detector in
which a plurality of pixels, each of which includes a
conversion element that generates a larger amount of charge
as 1t 1s wrradiated with a larger amount of radiation, are
arranged; and deniving a reference line which satisfies a
predetermined accuracy for defining a bone mass, on the
basis of a pixel value of a predetermined region correspond-
ing to a soft tissue 1n a profile indicating a correspondence
relationship between a pixel position and the pixel value in
a dertvation region including a region corresponding to the
soit tissue and a region corresponding to a bone tissue 1n a
difference 1mage for derivation which 1s a difference 1image
between the first radiographic 1mage and the second radio-
graphic 1mage and 1s used to derive at least one of bone
density or bone mineral content.

According to the present disclosure, 1t 1s possible to

improve the accuracy of derivation of at least one of bone
density or bone mineral content.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary Embodiments of the present invention will be
described in detail with reference to the following figures,
wherein:

FIG. 1 1s a block diagram 1llustrating an example of the
configuration of a radiography system according to each
embodiment.

FIG. 2 1s a side cross-sectional view illustrating an
example of the configuration of a radiography apparatus
according to a first embodiment.

FIG. 3 1s a block diagram illustrating an example of the
configuration of a main portion of an electric system of a
radiography apparatus according to each embodiment.
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FIG. 4 1s a block diagram 1llustrating an example of the
configuration of a main portion of an electric system of a
console according to each embodiment.

FIG. 5 1s a graph 1llustrating the amount of radiation that
reaches each of a first radiation detector and a second
radiation detector.

FIG. 6 1s a front view 1illustrating an example of a region
from which a DXA profile used to derive bone density 1s to
be derived.

FIG. 7 1s a graph 1llustrating a bone density derivation
process.

FIG. 8 1s a flowchart illustrating an example of the flow
of image processing performed by a control unit of a console
according to the first embodiment.

FIG. 9 1s a graph 1llustrating an example of a profile curve
(DXA profile) 1n a case 1n which noise 1s superimposed.

FIG. 10 1s a graph illustrating an example of a profile
curve 1n a case 1 which a gas region 1s included.

FIG. 11 1s a diagram illustrating an example of the
specification of a soft region 1n a case in which noise 1s
superimposed.

FIG. 12 1s a diagram 1illustrating an example of the
specification of the soft region 1n a case 1n which the gas
region 1s 1ncluded.

FIG. 13 1s a flowchart 1illustrating an example of an ES
image soit region specification process performed by the
control unit according to the first embodiment.

FIG. 14 1s a diagram 1illustrating an example of the
specification of a bone region using a profile curve of a bone
part profile.

FIG. 15 1s a diagram 1illustrating an example of the
specification of a soft region using a profile curve of a soft
part profile.

FIG. 16 1s a diagram 1illustrating an example of the
derivation of a reference line by the soft region specified by
the soft part profile illustrated in FIG. 185.

FIG. 17 1s a diagram illustrating an example 1n which the
reference line 1s derived from the bone part profile and the
area of the bone region 1s derived.

FIG. 18 1s a diagram 1illustrating an example of a case 1n
which the gas region 1s included 1n a profile curve of a bone
part ES 1mage.

FIG. 19 1s a diagram 1illustrating an example of a DXA
image generated from a first radiographic image and a
second radiographic 1image of the femur of the subject.

FIG. 20 1s a flowchart 1llustrating an example of an ES
image soit region specification process performed by a
control unit according to a second embodiment.

FIG. 21 1s a flowchart illustrating an example of 1image
processing performed by the control unit according to the
second embodiment.

FIG. 22 1s a flowchart illustrating an example of a
scattered ray removal process performed by the control unit
according to the second embodiment.

FIG. 23 1s a diagram 1illustrating an example of a scattered
ray model.

FIG. 24 1s a diagram 1llustrating an example of a profile

curve of a DXA profile in a DXA 1mage in a case 1n which
a rib 1s 1included.

FIG. 25 1s a diagram 1illustrating an example of a soft
region specified from a profile curve of a soft part profile in
a case 1 which the rib 1s included.

FIG. 26 1s a diagram 1llustrating an example of a profile
curve of a DXA profile in a DXA 1mage 1n a case 1n which
a transverse process 1s 1ncluded.
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FIG. 27 1s a diagram illustrating an example of a soft
region specified from a profile curve of a soft part profile in
a case 1n which the transverse process 1s icluded.

FIG. 28 1s a side cross-sectional view 1illustrating another
example of the configuration of the radiography apparatus.

FIG. 29 1s a graph illustrating the amount of radiation

absorbed by a radiation detector 1n a case 1n which radiation
1s emitted at different tube voltages.

DETAILED DESCRIPTION

Hereinafter, embodiments of the present disclosure will
be described 1n detail with reference to the drawings.

First Embodiment

First, the configuration of a radiography system 10
according to this embodiment will be described with refer-
ence to FIG. 1. As illustrated 1n FIG. 1, the radiography
system 10 includes a radiation emitting apparatus 12, a
radiography apparatus 16, and a console 18. In this embodi-
ment, the console 18 1s an example of an 1mage processing
apparatus according to the present disclosure.

The radiation emitting apparatus 12 according to this
embodiment 1ncludes a radiation source 14 that irradiates a
subject W, which 1s an example of an imaging target, with
radiation R such as X-rays. An example of the radiation
emitting apparatus 12 1s a treatment cart. A method for
commanding the radiation emitting apparatus 12 to emit the
radiation R 1s not particularly limited. For example, 1in a case
in which the radiation emitting apparatus 12 includes an
irradiation button, a user, such as a radiology technician,
may press the 1irradiation button to command the emission of
the radiation R such that the radiation R 1s emitted from the
radiation emitting apparatus 12. In addition, for example, the
user, such as a radiology technician, may operate the console
18 to command the emission of the radiation R such that the
radiation R 1s emitted from the radiation emitting apparatus
12.

When receiving the command to emit the radiation R, the
radiation emitting apparatus 12 emits the radiation R from
the radiation source 14 according to set exposure conditions,
such as a tube voltage, a tube current, and an 1rradiation
period. Hereinafter, the dose of the radiation R 1s simply
referred to as “the amount of radiation”.

Next, the configuration of the radiography apparatus 16
according to this embodiment will be described with refer-
ence to FIG. 2. As illustrated 1n FIG. 2, the radiography
apparatus 16 includes a plate-shaped housing 21 that trans-
mits the radiation R and has a waterprool, antibacterial, and
airtight structure. The housing 21 includes a first radiation
detector 20 A and a second radiation detector 20B that detect
the radiation R transmitted through the subject W. In addi-
tion, the housing 21 includes a radiation limitation member
24, a control substrate 26 A, a control substrate 26B, and a
case 28. The radiography apparatus 16 captures radiographic
images of the subject W using the first radiation detector
20A and the second radiation detector 20B. Hereinafter, in a
case 1n which the first radiation detector 20A and the second
radiation detector 20B do not need to be distinguished from
cach other, they are generically referred to as “radiation
detectors 20”.

The first radiation detector 20A 1s provided on the inci-
dent side of the radiation R 1n the radiography apparatus 16
and the second radiation detector 20B 1s provided so as to be
stacked on the side of the first radiation detector 20A from
which the radiation R 1s transmitted and emitted. The first
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radiation detector 20A includes a thin film transistor (TFT)
substrate 30A and a scintillator 22A which 1s an example of
a light emitting layer that 1s 1rradiated with the radiation R
and emits light. The TFT substrate 30A and the scintillator
22A are stacked 1n the order of the TFT substrate 30A and
the scintillator 22A from the incident side of the radiation R.
The term ““stacked” means a state 1n which the first radiation
detector 20A and the second radiation detector 20B overlap
each other 1n a case 1n which the first radiation detector 20A
and the second radiation detector 20B are seen from the
incident side or the emission side of the radiation R 1n the
radiography apparatus 16 and 1t does not matter how they
overlap each other. For example, the first radiation detector
20A and the second radiation detector 20B, or the first
radiation detector 20A, the radiation limitation member 24,
and the second radiation detector 20B may overlap while
coming into contact with each other or may overlap with a
gap therebetween in the stacking direction.

The second radiation detector 20B includes a TFT sub-
strate 30B and a scintillator 22B which 1s an example of the
light emitting layer. The TF'T substrate 30B and the scintil-
lator 22B are stacked in the order of the TFT substrate 30B
and the scintillator 22B from the incident side of the
radiation R.

That 1s, the first radiation detector 20A and the second
radiation detector 20B are so-called irradiation side sam-
pling (ISS) radiation detectors that are irradiated with the
radiation R from the side of the TF'T substrates 30A and 30B.

In the radiography apparatus 16 according to this embodi-
ment, the scintillator 22A of the first radiation detector 20A
and the scintillator 22B of the second radiation detector 20B
have different compositions. Specifically, for example, the
scintillator 22A includes Csl (T1) (cesium 1odide having
thalllum added thereto) as a main component and the
scintillator 22B includes gadolimmum oxysulfide (GOS) as a
main component. GOS has a higher sensitivity to the high-
energy radiation R than Csl. In addition, a combination of
the composition of the scintillator 22A and the composition
of the scintillator 22B 1s not limited to the above-mentioned
example and may be a combination of other compositions or
a combination of the same compositions.

For example, the scintillators 22A and 22B have emission
characteristics that vary depending on a thickness. As the
thickness increases, the amount of light emitted increases
and sensitivity increases. However, image quality deterio-
rates due to, for example, light scattering.

For example, 1n a case in which the scintillators 22A and
22B are formed by being filled with particles which are
irradiated with the radiation R and emait light, such as GOS
particles, as the diameter of the particle increases, the
amount of light emitted increases and sensitivity increases.
However, the amount of light scattering increases and the
increase 1n the amount of light scattering aflects adjacent
pixels 32 (see FIG. 3), which results in the deterioration of
image quality.

In addition, the scintillators 22A and 22B may have a
stacked structure of a small-particle layer and a large-
particle layer. For example, 1n a case 1n which each of the
first radiation detector 20A and the second radiation detector
20B 1s 1rradiated with the radiation R from the scintillators
22A and 22B to the TFT substrates 30A and 30B unlike the
radiography apparatus 16 according to this embodiment,
image blurring 1s small 1n the scintillators 22A and 22B 1n
which a region close to the irradiation side of the radiation
R 1s filled with small particles and a region close to the side
of the TFT substrate 30 that 1s the emission side of the
radiation R 1s filled with large particles. However, oblique
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components of light that 1s radially emitted by the small
particles are less likely to reach the TFT substrates 30A and
30B and sensitivity 1s reduced. In addition, 1n a case 1n
which the ratio of the region filled with small particles to the
region filled with large particles 1s changed such that the
number of layers formed by the region filled with large
particles 1s larger than the number of layers formed by the
region filled with small particles, sensitivity increases. How-
ever, 1n this case, light scattering affects adjacent pixels 32,
which results 1n the deterioration of 1image quality.

As the filling rate of the particles increases, the sensitivity
of the scintillators 22A and 22B increases. However, the
amount of light scattering increases and image quality
deteriorates. Here, the filling rate 1s a value obtained by
dividing the total volume of the particles of the scintillator
22 A or 22B by the volume of the scintillator 22A or 22B and
multiplying the divided value by 100 (the total volume of the
particles of the scintillator 22A or 22B/the volume of the
scintillator 22A or 22Bx100). In addition, powder 1s treated
in the scintillators 22A and 22B. Therefore, in a case in
which the filling rate 1s greater than 80%, 1t 1s diflicult to
manufacture the scintillators 22A and 22B. For this reason,
it 1s preferable that the filling rate 1s 1n the range of 50 vol
% to 80 vol %.

In addition, the emission characteristics of the scintillators
22A and 22B vary depending on the doping amount of
activator. As the doping amount of activator increases, the
amount of light emitted tends to increase. However, the
amount of light scattering increases and image quality
deteriorates.

The emission characteristics of the scintillators 22A and
22B with respect to the radiation R vary depending on the
material used for the scintillators 22A and 22B. For
example, 1n a case in which each of the first radiation
detector 20A and the second radiation detector 20B 1s
irradiated with the radiation R from the scintillators 22A and
22B to the TF'T substrates 30A and 30B unlike the radiog-
raphy apparatus 16 according to this embodiment, the scin-
tillator 22 A 1s made of GOS and the scintillator 22B 1s made
of CsI (Tl) in order to put emphasis on sensitivity in the
scintillator 22A and to put emphasis on 1mage quality in the
scintillator 22B.

In addition, the emission characteristics of the scintillators
22 A and 22B with respect to the radiation R vary depending
on whether the scintillators 22A and 22B have a plate-
shaped layer structure or a columnar separated layer struc-
ture.

For example, the scintillator 22 A 1s configured to have the
plate-shape layer structure and the scintillator 22B 1s con-
figured to have the columnar separated layer structure in
order to put emphasis on sensitivity in the scintillator 22A
and to put emphasis on 1image quality in the scintillator 22B.

In a case 1n which reflecting layers that transmit the
radiation R and reflect visible light are formed on the sides
of the TFT substrates 30A and 30B which are opposite to the
scintillators 22 A and 22B, light generated by the scintillators
22A and 22B 1s more eflectively guided to the TFT sub-
strates 30A and 30B and sensitivity 1s improved. A method
for forming the reflecting layer 1s not particularly limited.
For example, any of a sputtering method, a vapor deposition
method, and a coating method may be used to form the
reflecting layer. It 1s preferable that the reflecting layer 1s
made of a maternial with high reflectance 1n an emission
wavelength range of the scintillators 22A and 22B used. For
example, the reflecting layer 1s made of Au, Ag, Cu, Al, Nu,
and Ti1. For example, 1n a case 1n which the scintillators 22A
and 22B are made of GOS:Tb, the reflecting layer 1is
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preferably made of Ag, Al, and Cu that have high reflectance
in a wavelength of 400 nm to 600 nm. In a case 1n which the
thickness of the reflecting layer 1s less than 0.01 pum,
reflectance 1s not obtained. Even in a case in which the
thickness 1s greater than 3 um, the effect of further improv-
ing the retlectance 1s not obtained. For this reason, 1t 1s
preferable that the thickness of the reflecting layer 1s in the
range of 0.01 um to 3 um.

Theretore, the characteristics of the scintillators 22A and
22B may vary depending on a change in the diameter of
particles, the multi-layered structure of the particles, the
filling rate of the particles, the doping amount of activator,
a material, a layer structure, and the formation of the
reflecting layer.

The radiation limitation member 24 that limits the trans-
mission of the radiation R 1s provided between the first
radiation detector 20A and the second radiation detector
20B. An example of the radiation limitation member 24 1s a
plate-shaped member made of, for example, copper or tin. It
1s preferable that a variation 1n the thickness of the radiation
limitation member 24 1n the incident direction of the radia-
tion R 1s equal to or less than 1% 1n order to uniformize the
limitation (transmittance) of the radiation. In a case 1n which
the first radiation detector 20A sufliciently absorbs the
radiation R, the radiation limitation member 24 may not be
provided.

The control substrate 26 A 1s provided so as to correspond
to the first radiation detector 20A and electronic circuits,
such as an 1mage memory 36 A and a control unit 58 A which
will be described below, are formed on the control substrate
26A. The control substrate 26B 1s provided so as to corre-
spond to the second radiation detector 20B and electronic
circuits, such as an 1image memory 56B and a control unit
58B which will be described below, are formed on the
control substrate 26B. The control substrate 26A and the
control substrate 268 are provided on the side of the second
radiation detector 20B which 1s opposite to the incident side
of the radiation R.

The case 28 1s provided at a position (that 1s, outside the
range of an i1maging region) that does not overlap the
radiation detector 20 at one end of the housing 21. For
example, a power supply umt 70 which will be described
below 1s accommodated 1n the case 28. The installation
position of the case 28 1s not particularly limited. For
example, the case 28 may be provided at a position that
overlaps the radiation detector 20 on the side of the second

radiation detector 20B which 1s opposite to the incident side
of the radiation.

Next, the configuration of a main portion of an electric
system of the radiography apparatus 16 according to this
embodiment will be described with reference to FIG. 3.

As 1llustrated 1in FIG. 3, a plurality of pixels 32 are
two-dimensionally provided in one direction (a row direc-
tion 1n FIG. 3) and a cross direction (a column direction in
FIG. 3) that intersects the one direction on the TFT substrate
30A. The pixel 32 includes a sensor unit 32A and a field
effect thin film transistor (TFT; hereinafter, simply referred
to as a “thin film transistor’”) 32B.

The sensor unit 32A includes, for example, an upper
clectrode, a lower electrode, and a photoelectric conversion
film which are not illustrated, absorbs the light emitted from
the scintillator 22A, generates charge, and accumulates the
generated charge. The thin film transistor 32B reads the
charge accumulated in the sensor unit 32A, converts the
charge into an electric signal, and outputs the electric signal
in response to a control signal. The sensor unit 32A 1s an
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example of a conversion element that generates a larger
amount of charge as the amount of radiation becomes larger.

A plurality of gate lines 34 which extend in the one
direction and are used to turn on and oif each thin film
transistor 32B are provided on the TFT substrate 30A. In
addition, a plurality of data lines 36 which extend in the
cross direction and are used to read out the charge through
the thin film transistors 32B in an on state are provided on
the TFT substrate 30A.

A gate line driver 52A 1s provided on one side of two
adjacent sides of the TFT substrate 30A and a signal
processing unit 54 A 1s provided on the other side. Each gate
line 34 of the TFT substrate 30A 1s connected to the gate line
driver 52A and each data line 36 of the TFT substrate 30A
1s connected to the signal processing unit 54A.

The thin film transistors 32B corresponding to each gate
line 34 on the TF'T substrate 30A are sequentially turned on
(in units of rows illustrated 1n FIG. 3 1n this embodiment) by
control signals which are supplied from the gate line driver
52A through the gate lines 34. Then, the charge which has
been read by the thin film transistor 32B 1n an on state 1s
transmitted as an electric signal through the data line 36 and
1s 1nput to the signal processing unit 54 A. In this way, charge
1s sequentially read from each gate line 34 (1n units of rows
illustrated 1n FIG. 3 1n this embodiment) and image data
indicating a two-dimensional radiographic 1mage 1s
acquired.

The signal processing unit S4A includes amplifying cir-
cuits (not 1llustrated) for amplifying an input electric signal
and sample-and-hold circuits (not 1illustrated) which are
provided for each data line 36. The electric signal transmit-
ted through each data line 36 1s amplified by the amplifying
circuit and 1s then held by the sample-and-hold circuit. A
multiplexer and an analog/digital (A/D) converter are con-
nected to the output side of the sample-and-hold circuit in
this order. The electric signals held by each sample-and-hold
circuit are sequentially (serially) input to the multiplexer and
are sequentially selected by the multiplexer. Then, the
selected electric signal 1s converted into digital image data
by the A/D converter.

The control umt S8 A which will be described below 1s
connected to the signal processing unit S4A. The image data
output from the A/D converter of the signal processing unit
54A 1s sequentially output to the control unit 58A. The
image memory 56A 1s connected to the control unit 58A.
The image data sequentially output from the signal process-
ing unit 54 A 1s sequentially stored 1n the 1mage memory 56 A
under the control of the control unit 58A. The image
memory 36A has memory capacity that can store a prede-
termined amount of 1mage data. Whenever a radiographic
image 1s captured, captured image data 1s sequentially stored
in the 1mage memory 56A.

The control unit S8A includes a central processing unit
(CPU) 60, a memory 62 including, for example, a read only
memory (ROM) and a random access memory (RAM), and
a non-volatile storage unit 64 such as a flash memory. An
example of the control unit S8A 1s a microcomputer.

A communication unit 66 1s connected to the control unit
58 A and transmits and receives various kinds of information
to and from external apparatuses, such as the radiation
emitting apparatus 12 and the console 18, using at least one
of wireless communication or wired communication. The
power supply unit 70 supplies power to each of the above-
mentioned various circuits or elements (for example, the
gate line driver 52A, the signal processing unit 54A, the
image memory S6A, the control unit 58A, and the commu-
nication umt 66). In FIG. 3, lines for connecting the power
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supply unit 70 to various circuits or elements are not
illustrated 1n order to avoid complication.

Components of the TFT substrate 30B, the gate line driver
52B, the signal processing unit 34B, the image memory S6B,
and the control unit $8B of the second radiation detector 20B
have the same configurations as the corresponding compo-
nents of the first radiation detector 20A and thus the descrip-
tion thereof will not be repeated here. In addition, the control
unit 58A and the control unit 58B are connected such that
they can communicate with each other.

With the above-mentioned configuration, the radiography
apparatus 16 according to this embodiment captures radio-
graphic 1mages using the first radiation detector 20A and the
second radiation detector 20B. Hereinafter, the radiographic
image captured by the first radiation detector 20A 1s referred
to as a “first radiographic 1mage” and 1mage data indicating
the first radiographic 1mage 1s referred to as “first radio-
graphic 1mage data”. In addition, hereinafter, the radio-
graphic image captured by the second radiation detector 20B
1s referred to as a “second radiographic 1image™ and i1mage
data indicating the second radiographic image 1s referred to
as “second radiographic image data”.

Next, the configuration of the console 18 according to this
embodiment will be described with reference to FIG. 4. As
illustrated 1n FIG. 4, the console 18 includes a control unit
80. The control unit 80 includes a CPU 82 that controls the
overall operation of the console 18, a ROM 84 1n which, for
example, various programs or various parameters are stored
in advance, and a RAM 86 that 1s used as, for example, a
work area when the CPU 82 executes various programs.

In addition, the console 18 includes a non-volatile storage
unit 88 such as a hard disk drive (HDD). The storage unit 88
stores and holds 1mage data indicating the radiographic
image captured by the first radiation detector 20A, image
data indicating the radiographic image captured by the
second radiation detector 20B, and various other data items.

The console 18 further includes a display unit 92, an
operation unit 94, and a communication unit 96. The display
unit 92 displays, for example, information related to imaging
and a captured radiographic image. The operation unit 94 is
used by a user to mput a command to capture a radiographic
image and a command to perform 1mage processing for the
captured radiographic image. For example, the operation
unit 94 may have the form of a keyboard or the form of a
touch panel integrated with the display unit 92. The com-
munication unit 96 transmits and receives various kinds of
information to and from the radiography apparatus 16 and
the radiation emitting apparatus 12, using at least one of
wireless communication or wired communication. In addi-
tion, the communication unit 96 transmits and receives
various kinds of information to and from the external
systems, such as a picture archiving and communication
system (PACS) and a radiology information system (RIS),
using at least one of wireless communication or wired
communication.

The control unit 80, the storage unit 88, the display unit
92, the operation unit 94, and the communication unit 96 are
connected to each other through a bus 99.

In the radiography apparatus 16 according to this embodi-
ment, since the first radiation detector 20A and the radiation
limitation member 24 absorb the radiation R, the amount of
radiation that reaches the second radiation detector 20B 1s
less than the amount of radiation that reaches the first
radiation detector 20A. In addition, the radiation limitation
member 24 generally has the characteristic that it absorbs a
larger number of soft-ray components than hard-ray com-
ponents 1n energy forming the radiation R, which depends
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on the material forming the radiation limitation member 24.
Theretfore, the energy distribution of the radiation R that
reaches the second radiation detector 20B has a larger
number of hard-ray components than the energy distribution
of the radiation R that reaches the first radiation detector
20A.

In this embodiment, for example, about 50% of the
radiation R that has reached the first radiation detector 20A
1s absorbed by the first radiation detector 20A and 1s used to
capture a radiographic image. In addition, about 60% of the
radiation R that has passed through the first radiation detec-
tor 20A and reached the radiation limitation member 24 1s
absorbed by the radiation limitation member 24. About 50%
of the radiation R that has passed through the first radiation
detector 20A and the radiation limitation member 24 and
reached the second radiation detector 20B 1s absorbed by the
second radiation detector 20B and 1s used to capture a
radiographic 1mage. Since the absorptivity of radiation by
the radiation detector 20 and the radiation limitation member
24 varies depending on the energy of the radiation R, the
shape of a spectrum changes.

That 1s, the amount of radiation used by the second
radiation detector 20B to capture a radiographic image 1s
about 20% of the amount of radiation used by the first
radiation detector 20A to capture a radiographic image. In
addition, the ratio of the amount of radiation used by the
second radiation detector 20B to capture a radiographic
image to the amount of radiation used by the first radiation
detector 20A to capture a radiographic 1image 1s not limited
to the above-mentioned ratio. However, it 1s preferable that
the amount of radiation used by the second radiation detec-
tor 20B to capture a radiographic 1image 1s equal to or greater
than 10% of the amount of radiation used by the first
radiation detector 20A to capture a radiographic 1mage in
terms of diagnosis.

Low-energy components of the radiation R are absorbed
first. The radiation R absorbed by each of the first radiation
detector 20A and the second radiation detector 20B will be
described with reterence to FIG. 5. In FIG. 5, the vertical
axis indicates the amount of radiation R absorbed per unit
area and the horizontal axis indicates the energy of the
radiation R 1n a case in which the tube voltage of the
radiation source 14 1s 80 kV. In addition, in FIG. 5, a solid
line L1 indicates the relationship between the energy of the
radiation R absorbed by the first radiation detector 20A and
the amount of radiation R absorbed per unit area. In addition,
in FIG. 5, a solid line L2 indicates the relationship between
the energy of the radiation R absorbed by the second
radiation detector 20B and the amount of radiation R
absorbed per unit area. Since the low-energy components of
the radiation R are absorbed first, for example, as illustrated
in FIG. 5, the energy components of the radiation R that
reaches the second radiation detector 20B do not include the
low-energy components of the energy components of the
radiation R that reaches the first radiation detector 20A. That
1s, the energy of the radiation R emitted to the first radiation
detector 20A 1s different from the energy of the radiation R
emitted to the second radiation detector 20B through the first
radiation detector 20A. Therelfore, 1n the radiography appa-
ratus 16 according to this embodiment, the radiation detec-
tors 20 are wrradiated with the radiations R having different
energy levels and radiographic images are generated by the
radiation detectors 20.

The console 18 according to this embodiment acquires
radiographic image data generated by the radiation detectors
20 1rradiated with the radiations R having different energy
levels (radiation R with a first energy level and radiation R
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with a second energy level). In addition, the console 18
derives the ratio of the values of the corresponding pixels of
first radiographic 1image data and second radiographic image
data and generates 1image data for deriving the bone density
of the subject W. Hereinafter, the image data for deriving the
bone density of the subject W 1s referred to as “dual-energy
X-ray absorptiometry (DXA) image data” and an image
indicated by the DXA 1mage data 1s referred to as a “DXA
image”. Specifically, the console 18 performs log conversion
for each pixel value of each of the first radiographic image
data and the second radiographic image data. Then, the
console 18 subtracts image data obtained by performing log
conversion for the second radiographic image data from
image data obtained by performing log conversion for the
first radiographic 1image data for each corresponding pixel to
generate DXA 1mage data. As such, the DXA 1image accord-
ing to this embodiment 1s an example of a difference 1mage
for dertvation according to the present disclosure.

In addition, for example, as illustrated in FIG. 6, the
console 18 according to this embodiment derives bone
density from each pixel value (that 1s, the ratio of the values
of the corresponding pixels of the first radiographic image
and the second radiographic image) of the bone of the
subject W 1n the cross-sectional direction (the horizontal
direction 1n the example 1illustrated 1n FIG. 6) in the DXA
image.

FIG. 7 1illustrates the value of each pixel in a derivation
region R1 of the DXA image 1llustrated in FIG. 6. In FIG.
7, the horizontal axis indicates a pixel position in the
horizontal direction of FIG. 6. In addition, in FIG. 7, the
vertical axis indicates an average value of the values of a
plurality of pixels 1n the vertical direction of FIG. 6 at each
pixel position 1n the horizontal direction of FIG. 6. Herein-
after, a data group of the pixel values at each pixel position
along the horizontal direction of FIG. 6 which 1s 1llustrated
in FIG. 7 1s referred to as a “DXA profile”. In addition, a
curve indicating the DXA profile 1s referred to as a profile
curve (see a profile curve Pdxa 1n FIG. 9). That 1s, the DXA
profile 1s a difference 1mage between the first radiographic
image and the second radiographic 1mage and indicates the
correspondence relationship between a pixel position and a
pixel value 1n a derivation region R including a region
corresponding to the soft tissues and a region corresponding
to the bone tissues 1n the DXA 1mage used to derive bone
density. The DXA profile according to this embodiment 1s an
example of a profile according to the present disclosure.

As 1llustrated 1 FIG. 7, for the pixel values 1n the DXA
profile, a pixel value at a pixel position corresponding to the
bone tissue of the subject W 1s less than a pixel value at a
pixel position corresponding to the soft tissue. The console
18 according to this embodiment derives the average value
of the pixel values 1n soft tissue regions (hereinafter, referred
to as “soft regions”) on both sides of a bone tissue region
(heremafter, referred to as a “bone region™) and derives a
straight line (hereinafter, referred to as a “reference line”) K
that connects the average values derived at the pixel posi-
tions 1n a central portion of each soit region. In addition, the
console 18 adds the differences between the reference line K
and the pixel values at each pixel position in the bone region
to derive the area of the bone region (the area of a hatched
portion 1illustrated 1n FIG. 7). The area 1s a value corre-
sponding to the bone mass of the subject W. For example,
the bone region 1s separated from the soft region by a
predetermined number of pixels 1n FIG. 7 1n order to prevent
the influence of noise caused by rays scattered by the bone.
In this embodiment, the “noise” 1s noise that 1s superim-
posed on 1mage data indicating a radiographic image, such
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as the first radiographic 1image data or the second radio-
graphic 1image data, by the influence of, for example, scat-
tered rays or disturbance and includes a state in which the
influence of the noise superimposed on the 1image appears 1n
the 1image 1ndicated by the 1image data and a state 1n which
a sufliciently high signal/noise (S/N) ratio 1s not obtained
since the amount of radiation R 1s small.

In addition, the console 18 divides the derived area by the
number of pixels corresponding to the width of the bone
region to derive the difference between the pixel values of
the bone region and the soit region per unit number of pixels.
The difference 1s a value corresponding to the bone density
of the subject W. Then, the console 18 multiplies the derived
difference between the pixel values of the bone region and
the soft region per unit number of pixels by a predetermined
unit conversion coeflicient to derive the bone density of the
subject W. In this embodiment, the pixel position of the
derivation region R1 used to derive the DXA profile 1n the
DXA 1mage data, the pixel position of the soft region of the
DXA profile, and the pixel position of the bone region are
predetermined according to, for example, the subject W and
an 1maging part.

In the derivation of the bone density, for example, 1n a
case 1 which noise 1s superimposed on the profile curve
Pdxa or 1n a case in which gas generated 1n the body of the
subject W 1s included 1n at least one of the first radiographic
image or the second radiographic image (which will be
described 1n detail below), the pixel value of the soft region
1s likely to be an mappropriate value. In a case 1n which the
pixel value of the soft tissue 1s an mappropriate value, the
reference line K which 1s a straight line connecting the
derived average values at the pixel positions i1n the central
portion of each soft region 1s likely to be inappropriate as
described above. In a case in which the reference line K 1s
inappropriate, the accuracy of derivation of the bone density
1s reduced and does not satisiy a predetermined accuracy.

For this reason, 1n this embodiment, 1n a case 1n which
bone density 1s derived, the console 18 appropriately derive
the reference line K to improve the accuracy of derivation of
the bone density.

Next, the operation of the console 18 according to this
embodiment when bone density 1s derived will be described.

FIG. 8 1s a flowchart illustrating an example of the flow
of 1mage processing performed by the control unit 80 of the
console 18 according to this embodiment. In a case 1n which
the user mputs a command to derive bone density through
the operation unit 94, the control unit 80 of the console 18
according to this embodiment executes an 1mage processing
program stored i the ROM 84 to perform the image
processing 1illustrated in FIG. 8. In addition, 1n a case in
which the CPU 82 of the control unit 80 according to this
embodiment executes the 1mage processing program, the
control unit 80 according to this embodiment functions as an
example of an acquisition unit, a determination unit, a
derivation unit, and a bone derivation unit according to the
present disclosure.

In Step S100 of FIG. 8, the control unit 80 acquires first
radiographic 1mage data and second radiographic image
data. The acquisition destination of the first radiographic
image data and the second radiographic image data 1s not
particularly limited. For example, 1n a case 1n which the first
radiographic 1image data and the second radiographic image
data recerved from the radiography apparatus 16 have been
stored 1n the storage unit 88 1n advance, the control unit 80
may acquire the first radiographic 1mage data and the second
radiographic 1mage data from the storage unit 88. In addi-
tion, for example, the control unit 80 may directly acquire
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the first radiographic i1mage data and the second radio-
graphic 1image data from the radiography apparatus 16.

Then, 1n Step S102, as described above, the control unit
80 generates DXA 1mage data (DXA 1mage) using the first
radiographic 1image data and the second radiographic image.
Then, 1n Step S104, as described above, the control unit 80
derives a DXA profile using the DXA 1mage data.

Then, 1n Step S106, the control unit 80 specifies the soit
tissues 1n the profile curve Pdxa of the DXA profile. As
described above, the pixel position of the soft region 1n the
DXA profile 1s predetermined according to, for example, an
imaging part and the body thickness of the subject W. In this
embodiment, information indicating the imaging part or the
body thickness of the subject W 1s associated with the first
radiographic 1image data and the second radiographic image
data 1n advance and the control unit 80 acquires the first
radiographic image data and the second radiographic image
data 1n Step S100 and also acquires the information indi-
cating the 1imaging part or the body thickness of the subject
W. Then, the control unit 80 specifies the pixel position of
a predetermined soit region on the basis of, for example, the
body thickness of the subject W or the imaging part specified
by the information indicating the 1imaging part to specily a
soit region. Hereinafter, the predetermined soit region 1s
referred to as an “initial soft region”.

Then, 1 Step S108, the control unit 80 detects whether
superimposed noise and a gas region corresponding to gas
generated 1n the body of the subject W are present in the
initial soft region of the profile curve Pdxa in the DXA
profile. Steps S108 to S112, S116, and S118 1n the 1mage
processing according to this embodiment are a process for
determining whether bone density satisiying the predeter-
mined accuracy 1s capable of being derived on the basis of
the reference line K derived from the imitial soft region and
correspond to a determination process by a determination
unit according to the present disclosure.

A method that 1s used by the control unit 80 to detect
whether noise 1s superimposed on the initial soft region of
the profile curve Pdxa in 1s not particularly limited. For
example, 1n a case 1 which noise 1s superimposed on the
initial soft region as illustrated 1n FIG. 9, a pixel value 1n the
initial soft region of the profile curve Pdxa varies. For this
reason, the control unit 80 may set a first threshold value for
detecting the variation 1n the pixel value regarded as noise
in advance. In a case in which the amplitude of the pixel
value 1n the 1nitial soft region of the DXA profile Pdxa 1s
greater than the first threshold value, the control unit 80 may
detect that noise 1s superimposed.

In addition, a method that 1s used by the control unit 80
to detect whether the gas region 1s present in the 1inmitial soft
region of the profile curve Pdxa 1s not particularly limaited.
For example, 1n a case i which the mtial soft region
includes a gas region G as illustrated 1n FIG. 10, a protrusion
that has a larger width than that in a case 1n which noise 1s
superimposed 1s generated 1n the DXA profile Pdxa. There-
fore, the control unit 80 may set a second threshold value for
detecting the width of a region regarded as the gas region G
of the DXA profile Pdxa 1n advance and detect the width of
a region 1n which the pixel value increases by the predeter-
mined second threshold value or more, decreases by the
second threshold value or more, and 1s maintained. In a case
in which the detected width 1s greater than the second
threshold value, the control unit 80 may detect that the gas
region G 1s generated.

Then, 1n Step S110, the control unit 80 determines
whether both noise and the gas region G have been detected.
In a case 1n which both noise and the gas region GG have been
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detected, the determination result in Step S110 1s “Yes” and
the process proceeds to Step S122. The control unit 80
performs a soft region specification process using an ES
image (Hereinafter, referred to as an “ES 1mage soft region
specification process”) which will be described in detail
below. In a case in which none of noise and the gas region
G has been detected and 1n a case 1n which only one of noise
and gas region G 1s detected, the determination result in Step
S110 1s “No” and the process proceeds to Step S112.

Then, mm Step S112, the control unit 80 determines
whether noise has been detected. In a case 1n which noise has
been detected, the determination result in Step S112 1s “Yes™
and the process proceeds to Step S114.

Then, 1n Step S114, the control unit 80 specifies a soft
region 1n the profile curve Pdxa and proceeds to Step S124.
In this embodiment, in a case in which noise 1s superim-
posed on the profile curve Pdxa, for example, the control
unit 80 increases the width of the soft region to be larger than
the width of the 1mitial soft region as illustrated 1n FIG. 11.
In a case 1n which the width of the soft region 1s increased,
noise 1s averaged and the influence of variation 1s prevented.
An increase 1n the width of the soft region may be prede-
termined. For example, the increase 1n the width of the soft
region may be predetermined according to, for example, an
imaging part or the body thickness of the subject W.

On the other hand, 1n a case 1n which noise has not been
detected, the determination result in Step S112 1s “No” and
the process proceeds to Step S116.

In Step S116, the control unit 80 determines whether the
gas region G has been detected. In a case 1n which the gas
region G has been detected, the determination result in Step
S116 1s “Yes” and the process proceeds to Step S118.

In Step S118, the control unit 80 determines whether each
of the number of detected gas regions G and the width of the
detected gas region G 1s equal to or less than a predeter-
mined third threshold value. In this embodiment, 1n a case 1n
which a plurality of gas regions G are included in the 1nitial
soit region or 1n a case 1 which the width of the gas region
G 1s relatively large, the reference line K 1s derived using a
newly specified soft region, without using the initial soft
region. In a case 1n which the gas regions G are generated
and the number of gas regions G 1s small or 1n a case 1n
which the width of the gas region G 1s relatively small, the
reference line K 1s dertved using the initial soft region. In
this embodiment, the third threshold value for determining
whether to use the initial soft region 1s predetermined for
cach of the number of gas regions G and the width of the gas
region G.

In a case 1 which each of the number of gas regions G
and the width of the gas region G 1s equal to or less than the
third threshold value, the determination result 1n Step S118
1s “Yes” and the process proceeds to Step S120.

Then, 1n Step S120, the control unit 80 specifies a soft
region 1n the profile curve Pdxa and proceeds to Step S124.
In this embodiment, in a case 1n which the gas region G 1s
generated 1n the profile curve Pdxa, for example, the control
unit 80 specifies a region between the gas region G and the
bone region as the soft region as 1llustrated 1n FIG. 12. In a
case 1 which the gas region G 1s avoided, a variation 1n the
profile curve Pdxa 1n the soit region 1s prevented. In addi-
tion, 1n a case in which the soft region 1s specified so as to
avoid the gas region G, a variation in the pixel value 1n a
region that 1s closer to the bone region than to the gas region
(G becomes more stable as 1n this embodiment. Therefore, a
region that 1s closer to the bone region than to the gas region
G 1s preferable as the soft region.
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On the other hand, 1n a case 1n which each of the number
of gas regions G and the width of the gas region G 1s greater
than the third threshold value, the determination result in
Step S118 1s “No” and the process proceeds to Step S122.

Then, 1 Step S122, the control unit 80 performs the ES
image soit region specification process. FIG. 13 1s a flow-
chart 1llustrating an example of the flow of the ES image soft
region specification process performed by the control unit 80
according to this embodiment.

In Step S200 1illustrated 1n FIG. 13, the control unit 80
generates 1mage data indicating a bone part energy subtrac-
tion 1mage (hereinafter, referred to as an “ES image™) in
which the bone tissues have been highlighted. Hereinatter,
the 1image data 1s referred to as “bone part ES 1mage data™.
A method for generating the bone part ES image data 1s not
particularly limited. For example, the control unit 80 may
subtract image data obtained by multiplying the first radio-
graphic 1mage data by a predetermined coetlicient for a bone
part from 1mage data obtained by multiplying the second
radiographic 1mage data by a predetermined coeflicient for
a bone part for each corresponding pixel to generate bone
part ES 1image data indicating a bone part ES 1image 1n which
the soft tissues have been removed and the bone tissues have
been highlighted. As such, the bone part ES image according
to this embodiment 1s an example of a bone part difference
image according to the present disclosure.

Then, 1n Step S202, the control unit 80 specifies a bone
region. Specifically, the control unit 80 according to this
embodiment derives a bone part profile from the bone part
ES 1mage, similarly to the derivation of the DXA profile
from the DXA image. Then, for example, as 1illustrated 1n
FIG. 14, the control unit 80 specifies a bone region using a
profile curve Pb of the bone part profile. For example, as
illustrated in FIG. 14, the bone part ES 1mage 1s an image 1n
which the bone tissues have been highlighted. Therefore, in
the profile curve Pb obtained from the bone part ES image,
a position corresponding to the bone tissue 1s clearer than
that in the profile curve Pdxa obtained from the DXA image.
In addition, since the influence of the gas region G 1s
reduced, 1t 1s easy to specily the bone region.

Then, 1n Step S204, the control unit 80 generates 1image
data (hereinafter, referred to as “soft part ES 1image data™)
indicating a soft part ES image in which the soft tissues have
been highlighted. A method for generating the soft part ES
image data 1s not particularly limited. For example, the
control unit 80 may subtract image data obtained by multi-
plying the first radiographic image data by a predetermined
coellicient for a soft part from i1mage data obtained by
multiplying the second radiographic image data by a pre-
determined coefllicient for a soft part for each corresponding
pixel to generate soft part ES image data indicating a soft
part ES 1image in which the bone tissues have been removed
and the soft tissues have been highlighted. Here, the soft part
ES 1mage data can be generated by the same method as that
used to generate the bone part ES 1image data, using the
predetermined coeflicient for a soft part different from the
predetermined coeflicient for a bone part. As such, the soft
part ES 1mage according to this embodiment 1s an example
of a soft part difference 1mage according to the present
disclosure.

Then, 1n Step S206, the control unit 80 specifies a soft
region. Specifically, the control unit 80 according to this
embodiment derives a soit part profile from the soft part ES
image, similarly to the derivation of the DXA profile from
the DX A image. Then, for example, as illustrated 1n FIG. 15,
the control unit 80 specifies a soft region using a profile
curve Ps of the soft part profile. For example, as 1llustrated
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in FIG. 15, the soft part ES 1mage 1s an image in which the
soft tissues have been highlighted. Therefore, 1n the profile
curve Ps obtained from the soft part ES image, a position
corresponding to the soit tissue 1s clearer than that in the
profile curve Pdxa obtained from the DXA image. In addi- 5
tion, since the gas region G 1s clear, 1t 1s easy to specily the
soft tissue 1 a region other than the gas region G. For
example, as 1llustrated in FIG. 15, the control unit 80
according to this embodiment specifies the soit region 1n a
region other than the bone region derived 1n Step S202. It1s 10
preferable that the soft region 1s a region in which the
amplitude of the pixel value 1n the profile curve Ps 1s small
and which 1s considered to be flat. Here, the amplitude of the
pixel value at which the profile curve Ps 1s considered to be
flat may be predetermined according to, for example, the 15
accuracy ol detection of bone density.

In a case in which the soit region 1s specified 1n this way,
the ES 1mage soft region specification process 1 Step S122
of the 1image processing ends and the process proceeds to
Step S124. 20

In Step S124, for example, as illustrated 1n FIG. 16, the
control unit 80 derives the reference line K, using the soft
region specified by the ES image soft region specification
process. Then, 1n Step S126, the control unit 80 derives bone
density, using the reference line K derived in Step S124. 25

Then, 1n Step S128, the control unit 80 performs a control
process of displaying the bone density derived in Step S126
on the display unit 92 and ends the image processing.

As such, 1n this embodiment, the control unit 80 of the
console 18 determines whether bone density satisiying the 30
predetermined accuracy 1s capable of being derived using
the reference line K derived from the 1nitial soft region of the
profile curve Pdxa, on the basis of whether noise and the gas
region G are superimposed on the profile curve Pdxa of the
DXA profile. In a case 1n which the control unit 80 deter- 35
mines that the bone density 1s not capable of being derived,
the control unit 80 specifies a region in which the influence
of noise and the gas region G 1s prevented as the soft region
and derives bone density, using the reference line K derived
from the specified soit region. 40

With this configuration, according to the console 18 of
this embodiment, 1t 1s possible to derive an appropnate
reference line K. Therefore, 1t 1s possible to improve the
accuracy of deriving bone density.

In addition, the ES image soft region specification process 45
1s not limited to the above-mentioned process described 1n
this embodiment and may be any process as long as it
specifies the soit region on the basis of at least one of the
bone part ES 1mage or the soft part ES image. For example,
the profile curve Pb of the bone part profile 1s derived from 50
the bone part ES 1mage generated 1n Step S200 of the ES
image soit region specification process (see FIG. 13. Then,
for example, as 1llustrated 1n FIG. 17, the reference line K
1s derived from the profile curve Pb and the area of the bone
region 1s derived by the same method as that used to derive 55
the bone density from the DXA 1mage. As described above,
cach of the first radiographic image data and the second
radiographic 1image data 1s multiplied by a predetermined
coellicient for a bone part to generate the bone part ES
image. Therefore, 1n some cases, the area of the bone region 60
derived from the profile curve Pb 1s not equal to the area of
the bone region derived from the profile curve Pdxa of the
DXA profile. For this reason, a conversion coeflicient for
converting the area of the bone region derived from the
profile curve Pb into the area of the bone region derived 65
from the profile curve Pdxa 1s obtained by experiments 1n
advance and the area of the bone region derived from the
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profile curve Pb i1s converted using the conversion coefli-
cient to obtain an appropriate bone mass. In addition, instead

of the configuration converting the area of the bone region,
a conversion coellicient for converting the pixel value of the
profile curve Pb into a pixel value corresponding to the
profile curve Pdxa may be obtained, the pixel value of the
profile curve Pb may be converted using the conversion
coellicient, and the area of the bone region may be dernived.
The bone density of the subject W can be derived using the
converted area of the bone region as described above.

For example, in a case in which gas 1s generated in the
body of the subject W, for example, the gas region G 1s likely
to be included 1n the profile curve Pb derived from the bone
part ES image generated 1n Step S200 of the ES image soft
region specification process (see FIG. 13) as illustrated in
FIG. 18. For example, 1n a case 1n which the control unit 80
detects that the gas region G 1s present in the profile curve
Ps of the soft part profile, using the same detection method
as that used 1n Step S108 of the above-mentioned i1mage
processing (see FIG. 8), the control unit 80 specifies the
position of the gas region G from the profile curve Ps
derived from the soft part ES image generated 1n Step S204
of the ES 1mage soft region specification process. A method
for specilying the position of the gas region G from the
profile curve Ps 1s not particularly limited. For example, the
control unit 80 may detect the position of the gas region G,
using the same method as that used 1n Step S108. Alterna-
tively, the profile curve Ps may be displayed on the display
unit 92 and the position of the gas region G designated by
the user may be received through the operation unit 94. In
addition, the control unit 80 changes the profile curve Pb on
the basis of the specified position of the gas region G such
that the pixel value of the gas region G 1s close to the pixel
value of a region 1n the vicimity of the gas region G. The, for
example, the same profile curve Ps as that 1llustrated 1n FIG.
17 1s obtained. The method that 1s used by the control unit
80 to make the pixel value of the gas region G close to the
pixel value of the region in the vicinity of the gas region G
1s not particularly limited. For example, a method that
adjusts the predetermined coeflicient for a bone part in the
gas region G may be used. In a case 1n which this method
1s used, the predetermined coetlicient for a bone part 1n the
gas region G 1s different from the predetermined coetlicient
for a bone part 1n other regions.

Second Embodiment

In this embodiment, an aspect in which bone density 1s
derived 1n a case 1n which the entire profile curve Pdxa (at
least the entire mitial soft region) of the DXA profile 1s
inclined by the influence of scattered rays generated by
radiation R which 1s direct rays incident on a radiography
apparatus 16 and the inclination has an effect on the deri-
vation of a reference line K will be described.

In some cases, for example, an 1image (a so-called omitted
portion; hereinafter, referred to as a “direct ray portion™)
formed by direct rays of the radiation R which have reached
the radiography apparatus 16 without passing through the
subject W 1s generated in the first radiographic 1image and
the second radiographic image acquired by the radiography
apparatus 16.

For example, 1n general, bone density 1s derived using the
first radiographic 1mage and the second radiographic image
in which the femur of the subject W 1s an 1imaging part. In
a case 1n which the image of the femur 1s captured, the direct
ray portion 1s included 1n the first radiographic image and the
second radiographic 1image due to, for example, positioning.
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FIG. 19 illustrates an example of a DXA 1mage generated
from the first radiographic image and the second radio-
graphic 1image of the femur of the subject W. For example,
a direct ray portion 1mage 102 1s generated 1n the vicinity of
a femur 1mage 100 indicating the femur in the DXA 1mage
illustrated 1n FIG. 19. In a case in which many direct rays are
generated and reach the radiography apparatus 16, the femur
which 1s an 1maging part 1s irradiated with scattered rays
caused by the direct rays. For example, as illustrated in FIG.
20, the scattered rays have an effect on the DXA profile.

In the example illustrated in FIG. 20, scattered ray com-
ponents caused by a direct ray portion D1 are included 1n an
initial soft region S1. Therefore, the profile curve Pdxa 1s
inclined 1n the entire region from the bone region to the
direct ray portion D1, particularly, in the mitial soft region
S1, and the pixel value increases from the bone region
toward the direct ray portion D1.

In this case, since the pixel value of the 1nitial soft region
1s inappropriate, the reference line K is inappropriate and the
accuracy of derivation of the bone density 1s reduced and
does not satisty the predetermined accuracy.

For this reason, 1n this embodiment, 1n a case 1n which
bone density 1s derived, the console 18 reduces the influence
of scattered rays and appropriately derives the reference line
K to improve the accuracy of derivation of the bone density.

Since the configuration of a radiography system 10
according to this embodiment 1s the same as that of the
radiography system 10 (see FIGS. 1 to 4) according to the
first embodiment, the description thereof will not be
repeated. In this embodiment, since 1mage processing per-
formed by the control unit 80 of the console 18 1s partially
different from the 1mage processing (see FIG. 8) according
to the first embodiment, the 1mage processing performed by
the control unit 80 according to this embodiment will be

described.

FIG. 21 1s a flowchart 1llustrating an example of the flow
of the image processing performed by the control unit 80 of
the console 18 according to this embodiment. As illustrated
in FIG. 21, the image processing according to this embodi-
ment 1s different from the image processing (see FIG. 8)

according to the first embodiment 1n that Steps S107 to S111
are performed instead of Steps S108 to S122.

As 1llustrated i FIG. 21, 1n Step S107, the control unit 80
detects whether there 1s influence of scattered rays in the
initial soft region of the profile curve Pdxa of the DXA
profile. A method that 1s used by the control unit 80 to detect
whether there 1s influence of the scattered rays 1n the 1nitial
soit region 1s not particularly limited. For example, 1n a case
in which there 1s influence of the scattered rays as 1llustrated
in FIG. 20, the profile curve Pdxa 1s inclined 1n the initial
soit region S1. Theretfore, the inclination of the profile curve
Pdxa 1n the initial soft region S1 i1s detected and a fourth
threshold value for detecting the influence of the scattered
rays 1s predetermined. In a case in which the inclination of
the profile curve Pdxa in the 1nitial soft region S1 detected
by the control unit 80 1s equal to or greater than the fourth
threshold value, 1t may be detected that there 1s influence of
noise. In addition, for example, whether there 1s influence of
scattered rays may be detected on the basis of the area of the
direct ray portion or the distance from the direct ray portion
to a measurement position.

Step S107 and S109 1n the 1image processing according to
this embodiment are a process for determining whether bone
density satisfying a predetermined accuracy 1s capable of
being derived, on the basis of the reference line K derived
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from the 1nitial soit region and correspond to a determina-
tion process by a determination unit according to the present
disclosure.

Then, 1n Step S109, the control unmit 80 determines
whether the influence of the scattered rays has been detected.
In a case 1n which the influence of the scattered rays has not
been detected, the determination result 1n Step S109 1s “No”
and the process proceeds to Step S124. On the other hand,
in a case 1n which the influence of the scattered rays has been
detected, the determination result in Step S109 15 “Yes” and
the process proceeds to Step S111.

In Step S111, the control unit 80 performs a scattered ray
removal process. FIG. 22 1s a flowchart illustrating an
example of the flow of the scattered ray removal process
performed by the control unit 80 according to this embodi-
ment.

In Step S300, the control unit 80 acquires 1maging con-
ditions 1n a case in which the first radiographic image and
the second radiographic image are captured. Here, the
imaging conditions acquired by the control unit 80 have an
ellect on the scattered rays and include, for example, a tube
voltage and a tube current.

A method that 1s used by the control unit 80 to acquire the
imaging conditions 1s not particularly limited. For example,
in a case 1n which the 1maging conditions are associated with
the first radiographic i1mage data and the second radio-
graphic 1image data 1n advance, the 1imaging conditions are
acquired 1n Step S100, 1n addition to the first radiographic
image data and the second radiographic image data. For
example, the control unit 80 may acquire the i1maging
conditions designated by the user through the operation unit
94.

Then, mm Step S302, the control unit 80 estimates a
distribution of the scattered rays. For example, the control
unit 80 according to this embodiment estimates the distri-
bution of the scattered rays, using a scattered ray model
illustrated 1n FIG. 23. For example, in the scattered ray
model 1llustrated 1n FIG. 23, an imaging surface 29 of the
housing 21 according to this embodiment which 1s irradiated
with the radiation R 1s 1rradiated with the radiation R which
1s a direct ray and each of the first radiation detector 20A and
the second radiation detector 20B 1s 1rradiated with scattered
rays X that are incident from a pinhole 42 provided in the
imaging surface 29 through a grid 40 that 1s made of, for
example, lead for removing scattered rays. The distribution
of the scattered rays X emitted to each of the first radiation
detector 20A and the second radiation detector 20B 1is
measured 1n advance and 1s stored as a scattered ray distri-
bution model 1n, for example, the storage unit 88 1n advance.

The control unit 80 reads out the scattered ray distribution
model from the storage unit 88, detects the region of the
direct ray portion from the soft part ES image, and integrates
the values of the scattered rays obtained by the scattered ray
distribution model according to the region of the direct ray
portion to estimate a scattered ray distribution in the soft part
ES 1mage. A method that 1s used by the control unit 80 to
detect the region of the direct ray portion 1s not particularly
limited. For example, a fifth threshold value for detecting the
region of the direct ray portion may be predetermined. In a
case 1 which the number of pixels which have a value
greater than the fifth threshold value and are adjacent to each
other 1s equal to or greater than the fifth threshold value, the
control unit 80 may detect a region including the pixels as
the direct ray portion.

Then, 1n Step S304, the control unit 80 acquires a cor-
rection coethicient. In general, the distribution of the scat-
tered rays varies depending on, for example, the grid 40 used
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for imaging or the film thickness of the scintillators 22A and
22B. Therefore, the console 18 experimentally obtains a
correspondence relationship between the correction coetli-
cient and the type and position of the grid 40 or the film
thickness of the scintillators 22A and 22B which 1s a factor
changing the distribution of the scattered rays and stores the
correspondence relationship 1n, for example, the storage unit
88 1n advance. Therefore, 1n Step S304, the control unit 80
acquires the correction coetlicient from the storage unit 88.
Then, 1n Step S306, the control unit 80 corrects the distri-
bution of the scattered rays estimated 1n Step S302 with the
read-out correction coeflicient.

Then, 1n Step S308, the control unit 80 removes the
influence of the scattered rays from the DXA 1mage on the
basis of the distribution of the scattered rays corrected in
Step S306, ends the scattered ray removal process, and
proceeds to Step S124 of the 1image processing.

The scattered ray removal process performed 1n Step S111
of the 1image processing 1s not limited to the process 1llus-
trated as an example 1n the flowchart in FIG. 23 and other
methods may be used.

As such, 1n this embodiment, 1n a case in which a
component caused by the influence of the scattered rays 1s
included 1n the profile curve Pdxa of the DXA profile,
particularly, in the 1nitial soft region, the control unit 80 of
the console 18 determines that bone density satistying the
predetermined accuracy 1s not capable of being derived,
removes the component caused by the influence of the
scattered rays, and derives bone density on the basis of the
reference line K derived from the initial soit region.

Therefore, according to the console 18 of this embodi-
ment, 1t 1s possible to derive an approprate reference line K
and thus to improve the accuracy of deriving bone density.

As described above, in each of the above-described
embodiments, the control unit 80 of the console 18 acquires
the first radiographic image data and the second radio-
graphic 1mage data and derives the reference line K which
satisfies a predetermined accuracy for defining a bone mass,
on the basis of the pixel value of the initial soft region 1n the
DXA profile indicating the correspondence relationship
between the pixel position and the pixel value of the
derivation region R1 having the soft region and the bone
region 1 the DXA image which 1s a difference image
between the first radiographic 1mage and the second radio-
graphic 1mage and 1s used to derive at least one of bone
density or bone mineral content.

In some cases, the accuracy of derivation 1s reduced in the
derivation of bone density or bone mineral content using the
DXA profile. The examination results of the inventor prove
that the cause of the reduction 1n the accuracy of derivation
1s the derivation of an inappropriate reference line K. In a
case 1 which the reference line 1s derived from the region
corresponding to the soft tissue and, for example, there 1s
influence of noise or gas 1s generated in the body of the
subject, the pixel value of the region corresponding to the
soit tissue for deriving the reference line K 1s likely to be an
inappropriate value. In this case, an appropriate reference
line 1s not likely to be derived. In a case in which bone
density or bone mineral content 1s derived using the 1nap-
propriate reference line K, the accuracy of derivation of the
bone density or the bone mineral content 1s reduced.

In contrast, according to the console 18 of each of the
above-described embodiments, i1t 1s possible to derive an
approprate reference line K and thus to improve the accu-
racy of derivation of bone density.

In each of the above-described embodiments, the control
unit 80 of the console 18 determines whether the reference
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line K satistying the predetermined accuracy 1s capable of
being derived. In a case in which the control unit 80
determines that the reference line K 1s capable of being
derived, the control unit 80 derives the reference line. In
each of the above-described embodiments, 1n a case in
which the control unit 80 of the console 18 determines that
the reference line K satisiying the predetermined accuracy 1s
not capable of being derived, the control unit 80 specifies a
region satisiying the predetermined accuracy as the soft
region and derives bone density, using the reference line K
derived from the specified soit region.

Therefore, 1t 1s possible to derive an appropriate reference
line K and thus to improve the accuracy of derivation of
bone density.

For example, 1n a case in which noise 1s superimposed on
the profile curve Pdxa of the DXA profile or the gas region
G 1s included 1n the profile curve Pdxa, the noise and the gas
region G vary whenever the first radiographic image and the
second radiographic image are captured. Therefore, the
derived reference line K varies. As a result, in some cases,
in the measurement of the bone density of the same subject
W, the derived bone density varies even though there 1s no
substantial change 1n the bone density of the subject W.

In contrast, according to the console 18 of this embodi-
ment, 1t 1s possible to derive an appropriate reference line K.
Therefore, the value of bone density 1s stably obtained and
the reproducibility of the value of bone density increases.

For example, the configuration and operation of the
radiography system 10, the radiography apparatus 16, and
the console 18 described 1n each of the above-mentioned
embodiments are 1llustrative and can be changed according
to situations, without departing from the scope and spirit of
the 1nvention.

For example, the first embodiment and the second
embodiment may be combined with each other.

For example, in a case 1n which the initial soft region 1s
used, 1t 1s dithicult to appropnately derive the reference line
K 1n some imaging parts. A region for deriving the reference
line K may be specified by the ES image soft region
specification process (see FIG. 13) described in the first
embodiment. For example, in a case in which the imaging
part 1s the first lumbar vertebra (a lumbar vertebra closest to
the head: 1), a rib 1s likely to be included 1n the radio-
graphic 1mage. In this case, as illustrated 1n FIG. 24, the
image of the rib 1s likely to be included in the profile curve
Pdxa of the DXA profile 1n the DXA 1mage and a region
corresponding to the rib 1s likely to be superimposed on the
position of the initial soft region. For this reason, the control
unit 80 of the console 18 generates a bone part ES 1mage,
using the ES 1mage soit region specification process, derives
a bone part profile from the generated bone part ES 1mage,
and specifies a bone region using the profile curve Pb of the
bone part profile. In addition, the control unit 80 generates
a soft part ES image, derives a soit part profile from the
generated soft part ES 1image, and specifies a soit region on
the basis of, for example, the profile curve Ps of the soft part
profile and the specified bone region as illustrated 1n FIG.
25. The control unit 80 derives bone density, using the
reference line K derived from the specified soft region.
Theretore, 1t 1s possible to improve the accuracy of deriva-
tion of the bone density.

For example, 1n a case in which the imaging part 1s the
lumbar vertebra, a transverse process 1s likely to be included
in the radiographic image. In this case, as illustrated 1n FIG.
26 1n which the transverse process 1s included, the image of
the transverse process 1s likely to be included 1n the profile

curve Pdxa of the DXA profile 1n the DXA image and a
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region corresponding to the transverse process 1s likely to be
superimposed on the position of the 1nitial soft region. For
this reason, the control unit 80 of the console 18 generates
a bone part ES 1mage, using the ES image soit region
specification process, derives a bone part profile from the
generated bone part ES 1mage, and specifies a bone region
using the profile curve Pb of the bone part profile. In
addition, the control unit 80 generates a soft part ES image,
derives a soit part profile from the generated soit part ES
image, and specifies a soft region on the basis of, for
example, the profile curve Ps of the soft part profile and the
specified bone region as 1llustrated in FIG. 27. The control
unit 80 derives bone density, using the reference line K
derived from the specified soft region. Therefore, it 1s
possible to improve the accuracy of derivation of the bone
density.

In each of the above-described embodiments, 1t 1s deter-
mined whether the reference line K 1s derived from the
initial soft region on the basis of whether noise 1s superim-
posed, whether the gas region G i1s present, or whether a
component caused by the scattered rays 1s present. However,
the criterion for whether the reference line K 1s derived from
the mnitial soft region 1s not limited thereto. For example,
whether the reference line K 1s derived from the 1nitial soft
region may be determined on the basis of whether an
artifact, such as an 1implant, 1s present. In a case 1n which an
artifact 1s not included, it may be determined that the
reference line K 1s derived from the initial soft region.

For example, evaluation may be performed on the basis of
whether an artifact, such as an implant, 1s present, the size
of the 1rradiation field, or the position of the bone tissue
(bone part image). For example, in a case in which an
artifact 1s not included, 1t 1s determined that the reference
line K 1s derived from the initial soft region. In a case 1n
which an artifact 1s included, 1t 1s determined that the
reference line K 1s not capable of being derived from the
initial soft region. Therefore, a region other than an artifact
region including an artifact may be specified as the soft
region and the reference line K may be derived from the
specified soft region.

In a case in which the backbone 1s bent, for example, in
the case of scoliosis, the bone part image 1s located outside
the vicinity of the center of the image and is close to the
outside of the irradiation field. Therefore, as described
above, the gap between the bone part image and the outside
of the irradiation field 1s small. For this reason, it 1s deter-
mined whether the reference line K 1s derived from the
initial soft region on the basis of whether the bone tissue 1s
located at a predetermined position. For example, 1in a case
in which the bone tissue (bone image) 1s located i1n the
vicinity of the center of the image, 1t 1s determined that the
reference line K 1s derived from the 1nitial soft region. In the
case 1n which the bone tissue (bone 1mage) 1s located outside
the vicinity of the center of the image, it 1s determined that
the reference line K 1s not capable of being derived from the
initial soft region. Theretfore, the reference line K may be
derived from the specified soft region.

In addition, 1t may be determined whether the reference
line K 1s derived from the 1nitial soft region, on the basis of
the 1maging conditions of the first radiographic 1image and
the second radiographic image. The i1maging conditions
include, for example, the position of the irradiation field. In
a case 1 which the position of the bone part image in the
radiographic 1mage 1s in the vicinity of the outside of the
irradiation field, the gap (distance) from the bone part image
to the outside of the irradiation field 1s small. Therefore, 1n
a case 1 which the size of the irradiation field 1s equal to or
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greater than a predetermined size, it 1s determined that the
reference line K 1s derived from the initial soft region. In a
case 1n which the size of the irradiation field 1s less than the
predetermined size, it 1s determined that the reference line K
1s not capable of being derived from the 1nitial soft region.
Theretfore, the reference line K may be derived from the
specified soft region.

In the above-described embodiments, the radiography
apparatus 16 includes two radiation detectors. However, for
example, as illustrated in FIG. 28, the radiography apparatus
16 may include a single radiation detector. In the example
illustrated 1n FIG. 28, a radiation detector 20C that detects
the radiation R transmitted through the subject W and a
control substrate 26C are provided in the housing 21 of the
radiography apparatus 16. The configuration of the radiation
detector 20C 1s the same as that of the first radiation detector
20A according to the first embodiment and the configuration
of the control substrate 26C 1s the same as that of the control
substrate 26A according to the first embodiment. Therefore,
the description thereof will not be repeated here.

In the radiography apparatus 16 1llustrated in FIG. 28, two
radiography operations are performed at different tube volt-
ages from the radiation emitting apparatus 12 and bone
density 1s derived on the basis of radiographic 1mage data
captured by the radiation detector 20C 1n the two radiogra-
phy operations. Since different tube voltages are used 1n the
two radiography operations, the radiation detector 20C 1s
irradiated with the radiations R having different energy
levels.

The radiation R absorbed by the radiation detector 20C
will be described with reference to FIG. 29. In FIG. 29, the
vertical axis indicates the amount of radiation R absorbed
per unit area and the horizontal axis indicates the energy of
the radiation R. In addition, in FIG. 29, a solid line L3
indicates the relationship between the energy of the radiation
R absorbed by the radiation detector 20C and the amount of
radiation R absorbed per unit area in a case 1n which the tube
voltage of the radiation source 14 1s 140 kV. In FIG. 29, a
solid line L4 indicates the relationship between the energy of
the radiation R absorbed by the radiation detector 20C and
the amount of radiation R absorbed per unit area 1n a case in
which the tube voltage of the radiation source 14 1s 100 kV.
As 1llustrated i FIG. 29, since the tube voltages of the
radiation source 14 are difterent from each other, the radia-
tion detector 20C 1s 1rradiated with the radiations R having
different energy levels 1n first 1rradiation and second irra-
diation.

In each of the above-described embodiments, the 1mage
display process performed by the console 18 may be per-
formed by the control unit S8A or the control unit 58B of the
radiography apparatus 16. In addition, in a case 1n which the
radiography apparatus 16 includes an overall control unit
that controls the overall operation of the control unit S8A
and the control unit 58B, the overall control unit may
perform the bone density derivation process or the image
display process. Furthermore, for example, an 1image pro-
cessing apparatus that 1s connected to the console 18 through
the network may perform the image display process.

In the first embodiment, the case in which an indirect-
conversion-type radiation detector that converts radiation
into light and converts the converted light into charge 1s
applied to both the first radiation detector 20A and the
second radiation detector 20B has been described. However,
the mvention 1s not limited thereto. For example, a direct-
conversion-type radiation detector that directly converts
radiation into charge may be applied to at least one of the
first radiation detector 20A or the second radiation detector
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20B. In addition, for example, a conversion layer that
absorbs radiation and converts the radiation into charge 1n
the direct-conversion-type radiation detector 1s made of
amorphous selenium (a-Se) and crystalline cadmium tellu-
ride (CdTe).

In the first embodiment, the case 1n which the irradiation
side sampling radiation detectors 1n which the radiation R 1s
incident from the TFT substrates 30A and 30B are applied
to the first radiation detector 20A and the second radiation
detector 20B, respectively, has been described. However, the
invention 1s not limited thereto. For example, a so-called
penetration side sampling (PSS) radiation detector 1n which
the radiation R 1s incident from the scintillator 22A or 22B
may be applied to at least one of the first radiation detector
20A or the second radiation detector 20B.

In each of the above-described embodiments, the case 1n
which bone density 1s derived using the first radiographic
image data and the second radiographic image data has been
described. However, the invention 1s not limited thereto. For
example, bone mineral content or both bone density and
bone mineral content may be derived using the first radio-
graphic 1mage data and the second radiographic image data.
In a case 1n which bone mineral content 1s derived, bone
density 1s derived using the profile curve Pdxa of the DXA
profile derived from the DXA 1mage, similarly to the deri-
vation of the bone density. Therefore, the same task as that
in the case 1n which the bone density 1s derived occurs. As
a result, for example, the same eflect as that in each of the
above-described embodiments 1s obtained 1n a case 1n which
the bone mineral content 1s derived instead of the bone
density 1n each of the above-described embodiments.

In each of the above-described embodiments, the image
processing performed by the execution of software (pro-
gram) by the CPU 82 of the control unit 80 may be
performed by various processors other than the CPU 82. In
this case, examples of the processor include a programmable
logic device (PLD) whose circuit configuration can be
changed after manufacture, such as a field-programmable
gate array (FPGA), and a dedicated electric circuit, such as
an application specific integrated circuit (ASIC), which 1s a
processor having a dedicated circuit configuration designed
to perform a specific process. In addition, the 1mage pro-
cessing may be performed by one of the various processors
or may be performed by a combination of two or more
processors of the same type or different types (for example,
a combination of a plurality of FPGAs and a combination of
a CPU and an FPGA). Specifically, the hardware structure of
the various processors 1s an electric circuit obtained by
combining circuit elements such as semiconductor elements.

In each of the above-described embodiments, the aspect
in which the image processing program 1s stored (installed)
in the ROM 84 1n advance has been described. However, the
invention 1s not limited thereto. The image processing
program may be recorded on a recording medium, such as
a compact disk read only memory (CD-ROM), a digital
versatile disk read only memory (DVD-ROM), or a univer-
sal serial bus (USB) memory, and then provided. In addition,
the 1mage processing program may be downloaded from an
external apparatus through the network.

What i1s claimed 1s:

1. An 1mage processing apparatus comprising:

an acquisition unit, which 1s a processor, that acquires a

first radiographic 1image generated by a first radiation
detector 1rradiated with radiation with a first energy
level and a second radiographic 1image generated by a
second radiation detector irradiated with radiation with
a second energy level different from the first energy
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level from a radiography apparatus including the first
and second radiation detectors in which a plurality of
pixels, each of which includes a conversion element
that generates a larger amount of charge as 1t 1s 1rra-
diated with a larger amount of radiation, are arranged
and which are arranged in a direction in which the
radiation 1s emitted;

a derivation unit, which 1s a processor, that derives a

reference line which satisfies a predetermined accuracy
for defining a bone mass, on the basis of a pixel value
of a predetermined region corresponding to a soit tissue
in a profile indicating a correspondence relationship
between a pixel position and the pixel value in a
derivation region including a region corresponding to
the soft tissue and a region corresponding to a bone
tissue 1n a difference image for derivation which 1s a
difference 1mage between the first radiographic image
and the second radiographic image and 1s used to derive
at least one of bone density or bone mineral content;
and

a bone derivation unit, which 1s a processor, that derives

at least one of the bone mineral content or the bone
density on the basis of a bone mass which 1s defined on
the basis of the reference line 1n the region correspond-
ing to the bone tissue.

2. An 1mage processing apparatus comprising:
an acquisition unit, which 1s a processor, that acquires a

first radiographic 1mage generated by a single radiation
detector irradiated with radiation with a first energy
level and a second radiographic image generated by the
radiation detector irradiated with radiation with a sec-
ond energy level different from the first energy level
from a radiography apparatus including the radiation
detector 1n which a plurality of pixels, each of which
includes a conversion element that generates a larger
amount of charge as 1t 1s irradiated with a larger amount
of radiation, are arranged; and

a derivation unit, which 1s a processor, that derives a

reference line which satisfies a predetermined accuracy
for defining a bone mass, on the basis of a pixel value
of a predetermined region corresponding to a soft tissue
in a profile indicating a correspondence relationship
between a pixel position and the pixel value i a
derivation region including a region corresponding to
the soft tissue and a region corresponding to a bone
tissue 1n a difference image for derivation which 1s a
difference 1mage between the first radiographic image
and the second radiographic image and 1s used to derive
at least one of bone density or bone mineral content;
and

a bone derivation unit that derives at least one of the bone

mineral content or the bone density on the basis of a
bone mass which 1s defined on the basis of the reference
line 1n the region corresponding to the bone tissue.

3. The 1mage processing apparatus according to claim 1,
wherein the derivation unit comprises a determination

unit, which 1s a processor, that determines whether the
reference line satistying the predetermined accuracy 1s
capable of being derived, and

in a case 1n which the determination unit determines that

the reference line 1s capable of being derived, the
derivation unit derives the reference line.

4. The 1mage processing apparatus according to claim 3,
wherein, 1n a case in which the determination unit deter-

mines that the reference line 1s not capable of being
derived, the derivation unit specifies a region corre-
sponding to the soit tissue and derives the reference
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line on the basis of a pixel value of the specified region
corresponding to the soit tissue.

5. The 1mage processing apparatus according to claim 3,

wherein the determination unit determines whether the
reference line satisiying the predetermined accuracy 1s
capable of being derived, on the basis of a variation 1n
the pixel value of the region corresponding to the soft
tissue 1n the profile.

6. The 1mage processing apparatus according to claim 5,

wherein, 1n a case 1n which the determination unit deter-
mines that the reference line satistying the predeter-
mined accuracy 1s not capable of being derived, the
derivation unit derives the reference line on the basis of
a pixel value of a region corresponding to the soft tissue
which 1s wider than the predetermined region corre-
sponding to the soft tissue.

7. The 1mage processing apparatus according to claim 3,

wherein, 1n a case 1n which the profile includes a gas
region caused by gas generated 1n a body of a subject
from which at least one of the bone density or the bone
mineral content 1s to be derived, the determination unit
determines that the reference line satistying the prede-
termined accuracy 1s not capable of being derived, and

the derivation unit derives the reference line on the basis
of a pixel value of a region corresponding to the soft
tissue between the gas region and the region corre-
sponding to the bone tissue.

8. The 1mage processing apparatus according to claim 3,

wherein, 1in a case 1n which the profile includes an artifact
region caused by an artifact in a body of a subject from
which at least one of the bone density or the bone
mineral content 1s to be derived, the determination unait
determines that the reference line satistying the prede-
termined accuracy 1s not capable of being derived.

9. The 1mage processing apparatus according to claim 3,

wherein, 1n a case 1n which a position of a bone tissue
used to derive at least one of the bone density or the
bone mineral content 1s different from a predetermined
position, the determination unit determines that the
reference line satistying the predetermined accuracy 1s
not capable of being derived.

10. The image processing apparatus according to claim 3,

wherein the determination unit determines whether the
reference line 1s capable of being derived on the basis
of a condition 1n which 1maging conditions for gener-
ating the first radiographic 1image and the second radio-
graphic 1mage are predetermined.

11. The image processing apparatus according to claim 3,

wherein the determination unit determines whether the
reference line satisiying the predetermined accuracy 1s
capable of being derived on the basis of an inclination
of the entire region corresponding to the soft tissue 1n
the profile.

12. The image processing apparatus according to claim 3,

wherein the determination unit determines whether the
reference line satistying the predetermined accuracy 1s
capable of being derived on the basis of whether a
component caused by a scattered ray of the radiation 1s
included 1n the pixel value of the region corresponding
to the soft tissue 1n the profile.

13. The image processing apparatus according to claim

12,

wherein, 1n a case 1n which the determination unit deter-
mines that the reference line satistying the predeter-
mined accuracy 1s not capable of being derived, the
derivation unit removes the component caused by the
scattered ray of the radiation from the pixel value of the
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predetermined region corresponding to the soit tissue
on the basis of a predetermined scattered ray distribu-
tion model and derives the reference line.

14. The 1image processing apparatus according to claim 3,

wherein, 1n a case in which the determination unit deter-
mines that the reference line satisiying the predeter-
mined accuracy 1s not capable of being derived, the
derivation unit derives the reference line, on the basis
of a pixel value of a region corresponding to the soft
tissue which 1s specified on the basis of at least one of
a bone part difference image which 1s a diflerence
image between the first radiographic image and the
second radiographic image and in which the bone tissue
1s highlighted or a soft part difference 1mage which 1s
a difference 1image between the first radiographic image
and the second radiographic image and 1n which the
soit tissue 1s highlighted.

15. The 1image processing apparatus according to claim 1,

wherein each of the first and second radiation detectors
comprises a light emitting layer that 1s 1rradiated with
the radiation and emuits light,

the plurality of pixels of each of the first and second
radiation detectors receive the light, generate the
charge, and accumulate the charge, and

the light emitting layer of one of the first and second
radiation detectors which 1s provided on an incident
side of the radiation includes CsI and the light emitting
layer of the other radiation detector includes GOS.

16. A radiography system comprising;:

the 1mage processing apparatus according to claim 1; and

a radiography apparatus that outputs a first radiographic
image and a second radiographic 1image to the image
processing apparatus.

17. An 1mage processing method comprising:

acquiring a first radiographic image generated by a first
radiation detector irradiated with radiation with a first
energy level and a second radiographic 1image gener-
ated by a second radiation detector irradiated with
radiation with a second energy level different from the
first energy level from a radiography apparatus includ-
ing the first and second radiation detectors in which a
plurality of pixels, each of which includes a conversion
clement that generates a larger amount of charge as 1t
1s 1rradiated with a larger amount of radiation, are
arranged and which are arranged 1n a direction 1n which
the radiation 1s emitted;

deriving a reference line which satisfies a predetermined
accuracy for defining a bone mass, on the basis of a
pixel value of a predetermined region corresponding to
a soit tissue 1n a profile indicating a correspondence
relationship between a pixel position and the pixel
value 1 a dernivation region including a region corre-
sponding to the soft tissue and a region corresponding,
to a bone tissue 1n a difference 1image for derivation
which 1s a difference 1mage between the first radio-
graphic 1image and the second radiographic image and
1s used to derive at least one of bone density or bone
mineral content; and

deriving, using a bone derivation unit, which 1s a proces-
sor, at least one of the bone mineral content or the bone
density on the basis of a bone mass which 1s defined on
the basis of the reference line 1n the region correspond-
ing to the bone tissue.

18. An 1mage processing method comprising:

acquiring a first radiographic 1mage generated by a single
radiation detector irradiated with radiation with a first
energy level and a second radiographic 1image gener-
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ated by the radiation detector irradiated with radiation
with a second energy level different from the first
energy level from a radiography apparatus including
the radiation detector 1n which a plurality of pixels,
cach of which includes a conversion element that 5
generates a larger amount of charge as 1t 1s rradiated
with a larger amount of radiation, are arranged;

deriving a reference line which satisfies a predetermined
accuracy for defining a bone mass, on the basis of a
pixel value of a predetermined region corresponding to 10
a soit tissue 1n a profile indicating a correspondence
relationship between a pixel position and the pixel
value 1n a derivation region including a region corre-
sponding to the soft tissue and a region corresponding
to a bone tissue 1n a difference image for derivation 15
which 1s a difference 1mage between the first radio-
graphic 1image and the second radiographic image and
1s used to derive at least one of bone density or bone
mineral content; and

deriving, using a bone derivation umt, which 1s a proces- 20
sor, at least one of the bone mineral content or the bone
density on the basis of a bone mass which 1s defined on
the basis of the reference line 1n the region correspond-
ing to the bone tissue.
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