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cludes: a gantry, including a front face plate in which an
insertion opening is formed for inserting a breast into an
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figured to rotate the radiation tube and the sensing
device around a rotation axis set in the normal direction
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rotational path of the collimator, wherein an edge of the
collimator or sensing device is fit into the gap.
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Description

Title of Invention: COMPUTED TOMOGRAPHIC MAM¬

MOGRAPHY APPARATUS

Technical Field
[0001] The present invention relates to a medical computed tomography (hereinafter, "CT")

apparatus, and more particularly relates to a computed tomographic mammography

apparatus (hereinafter, "mammographic CT apparatus" used for taking images of

breasts.

Background Art
[0002] In addition to breast cancer examinations by palpation and ultrasound diagnosis,

mammographic CT apparatuses have come to be used which can display within the

breast in three-dimensional (3D) images.

[0003] PTL 1 discloses CT breast imaging made up of a gantry to which a cone-beam

radiation source and a sensing device are mounted. The subject lies prone on a table

having a breast insertion opening, with the gantry located so as to surround the breast.

Citation List

Patent Literature
[0004] PTL 1: US Patent No. 698783 1

Summary of Invention

Technical Problem
[0005] In a conventional mammographic CT apparatus, the breast is inserted from the

insertion opening into an accommodation portion, while the breastbone is pressed

against the upper face of a top panel. The breast overlaps an X-ray irradiation area in

the accommodation portion which is irradiated by the X-rays, the X-rays which have

transmitted through the breast are sensed by the sensing device, and thus an X-ray

transmission image of the breast can be taken. The X-ray irradiation region of the

mammographic CT apparatus needs to be close to the top panel, so that images of the

portions of the breast near the breastbone (the portions around the base of the breast)

can also be taken. The sensing device also is preferably located as close as possible to

the top panel.

[0006] On the other hand, leakage of X-rays to the subject side must be prevented. The

apparatus according to PTL 1 has a configuration where a collimator defining the X-

ray irradiation region is integrally built into the X-ray generator, around the focal

point. However, the collimator built into the X-ray generator is at a position away from

the sensing device, so an X-ray penumbra is formed at a wide region on the outer side



of the X-ray irradiation region. Accordingly, the collimator alone placed near the focal

point cannot sufficiently prevent leakage of X-rays to the subject.

[0007] Providing the collimator at a position near the sensing device enables occurrence of

the penumbra to be suppressed. Also, the collimator is preferably situated near the top

panel so as to being the X-ray irradiation region close to the top panel. However, an X-

ray shield disposed on the inner side of the top panel to prevent leakage of X-rays in

terferes with the collimator, so the collimator cannot be brought into proximity with

the top panel beyond a certain extent.

[0008] On the other hand, the sensing device has a sensing area around the middle thereof

where sensing of X-rays is performed by a sensing element, and a non-sensing area on

the perimeter where wiring circuits and the like are laid out, and X-rays cannot be

sensed. In order to enable images to be taken up to the base portion of the breast, the

sensing area needs to be brought into proximity with the top panel, but this is restricted

by the existence of the non-sensing area. Also, the X-ray shield disposed on the inner

side of the top panel interferes with the sensing device, so the sensing device cannot be

brought into proximity with the top panel beyond a certain extent.

[0009] The present invention provides a mammographic CT apparatus using radiation such

as X-rays, in which both prevention of leakage of radiation to the subject side, and r a

diographs to the base of the breast, are realized.

Solution to Problem
[0010] A mammographic CT apparatus according to the present invention includes:

a gantry, including a front face plate in which an insertion opening is formed for

inserting a breast into an accommodation portion;

a radiation tube disposed within the gantry;

a sensing device disposed within the gantry so as to face the radiation tube, and

configured to sense radiation which has been emitted from the radiation tube and been

transmitted through the accommodation portion;

a driving unit configured to rotate the radiation tube and the sensing device around a

rotation axis set in the normal direction of the accommodation portion, at the same

angular speed and in the same direction;

a collimator disposed between the accommodation portion and the radiation tube, and

configured to rotate around the rotation axis integrally with the radiation tube and

sensing device; and

an annular shield disposed between the rotational path of the collimator and the ro

tational path of the radiation tube, having an annular gap corresponding to the ro

tational path of the collimator,

wherein an edge of the collimator is fit into the gap.



[001 1] Further, a mammographic CT apparatus according to the present invention includes:

a gantry, including a front face plate in which an insertion opening is formed for

inserting a breast into an accommodation portion;

a radiation tube disposed within the gantry;

a sensing device disposed within the gantry so as to face the radiation tube, and

configured to sense radiation which has been emitted from the radiation tube and been

transmitted through the accommodation portion;

a driving unit configured to rotate the radiation tube and the sensing device around a

rotation axis set in the normal direction of the accommodation portion, at the same

angular speed and in the same direction; and

an annular shield which surrounds the perimeter of the insertion opening, disposed

on an inner side of the front face plate, and having an annular gap corresponding to the

rotational path of the sensing device,

wherein an edge of the sensing device is fit into the gap.

[0012] Further features of the present invention will become apparent from the following de

scription of exemplary embodiments with reference to the attached drawings.

Brief Description of Drawings
[0013] [fig.l]Fig. 1 is an overall perspective view of a mammographic CT apparatus

according to the present invention.

[fig.2A]Fig. 2A is a cross-sectional view of a mammographic CT apparatus according

to a first embodiment, as viewed from the X direction in Fig. 1.

[fig.2B]Fig. 2B is a cross-sectional view of the mammographic CT apparatus

according to the first embodiment, as viewed from the Y direction in Fig. 1.

[fig.3]Fig. 3 is an enlarged view of around a collimator according to the first em

bodiment.

[fig.4]Fig. 4 is a configuration diagram of a mammographic CT apparatus system

according to the present invention.

[fig.5A]Fig. 5A is a cross-sectional view of a mammographic CT apparatus according

to a second embodiment, as viewed from the X direction in Fig. 1.

[fig.5B]Fig. 5B is a cross-sectional view of the mammographic CT apparatus

according to the second embodiment, as viewed from the Y direction in Fig. 1.

[fig.6A]Fig. 6A is a cross-sectional view of a mammographic CT apparatus according

to a third embodiment, as viewed from the X direction in Fig. 1.

[fig.6B]Fig. 6B is a cross-sectional view of the mammographic CT apparatus

according to the third embodiment, as viewed from the Y direction in Fig. 1.

[fig.7]Fig. 7 is an enlarged perspective view of around a collimator according to the

third embodiment.



[fig.8A]Fig. 8A is a cross-sectional view of a mammographic CT apparatus according

to a fourth embodiment, as viewed from the X direction in Fig. 1.

[fig.8B]Fig. 8B is a cross-sectional view of the mammographic CT apparatus

according to the fourth embodiment, as viewed from the Y direction in Fig. 1.

[fig.9A]Fig. 9A is a cross-sectional view of a mammographic CT apparatus according

to a fifth embodiment, as viewed from the X direction in Fig. 1.

[fig.9B]Fig. 9B is a cross-sectional view of the mammographic CT apparatus

according to the fifth embodiment, as viewed from the Y direction in Fig. 1.

[fig.lOA]Fig. 10A is a cross-sectional view of a mammographic CT apparatus

according to a sixth embodiment, as viewed from the X direction in Fig. 1.

[fig.lOB]Fig. 10B is a cross-sectional view of the mammographic CT apparatus

according to the sixth embodiment, as viewed from the Y direction in Fig. 1.

[fig. 1l]Fig. 11 is an enlarged view of around a collimator according to the sixth em

bodiment.

[fig.l2A]Fig. 12A is a cross-sectional view of a mammographic CT apparatus

according to a seventh embodiment, as viewed from the X direction in Fig. 1.

[fig.l2B]Fig. 12B is a cross-sectional view of the mammographic CT apparatus

according to the seventh embodiment, as viewed from the Y direction in Fig. 1.

[fig.l3A]Fig. 13A is a cross-sectional view of a mammographic CT apparatus

according to an eighth embodiment, as viewed from the X direction in Fig. 1.

[fig.l3B]Fig. 13B is a cross-sectional view of the mammographic CT apparatus

according to the eighth embodiment, as viewed from the Y direction in Fig. 1.

[fig.l4A]Fig. 14A is a cross-sectional view of a mammographic CT apparatus

according to a ninth embodiment, as viewed from the X direction in Fig. 1.

[fig.l4B]Fig. 14B is a cross-sectional view of the mammographic CT apparatus

according to the ninth embodiment, as viewed from the Y direction in Fig. 1.

[fig.l5A]Fig. 15A is a cross-sectional view of a mammographic CT apparatus

according to a tenth embodiment, as viewed from the X direction in Fig. 1.

[fig.l5B]Fig. 15B is a cross-sectional view of the mammographic CT apparatus

according to the tenth embodiment, as viewed from the Y direction in Fig. 1.

Description of Embodiments
[0014] Embodiments to carry out the present invention will be described with reference to

the drawings. Note that in the drawings referenced below, the same reference numerals

denote the same components.

First Embodiment
[0015]

Overview of Mammographic CT Apparatus



[0016] A mammographic CT apparatus 1 includes a gantry 2 configuring a chamber within

which is stored a radiation tube 8, a collimator 12, and so forth, as illustrated in Figs. 1

through 3. At the center portion of the gantry 2 is provided an accommodation portion

3 into which a breast 15 of a subject P is inserted. A supporting portion 4 supports the

gantry 2.

[0017] The gantry 2 is a hollow disc-shaped member, having an inner peripheral plate 5

which surrounds the accommodation portion 3, an outer peripheral plate 6 which

surrounds the outer periphery, a front face plate 7 which connects the inner peripheral

plate 5 and the outer peripheral plate 6 at the front side, and an unshown back plate

which covers the back side. The front face plate 7 has formed therein an insertion

opening 17 through which the breast 15 is inserted to and removed from the accom

modation portion 3. The radiation tube 8, a sensing device 11, and a later-described

collimator 12 are supported by a rotating plate (omitted from illustration) within the

gantry 2, so that these three are integrally rotated by a driving unit 101 (see Fig. 4)

during CT imaging. This rotation is performed on a rotational axis D established in the

normal direction of the insertion opening 17. The rotational axis D passes through the

inner side of the accommodation portion 3 and extends in the direction of insertion and

removal of the breast 15 to and from the accommodation portion 3 (Y direction). A c

cordingly, the radiation tube 8, sensing device 11, and collimator 12 are rotated at the

same angular speed. When imaging with the mammographic CT apparatus 1, the

subject P inserts a breast 15 into the accommodation portion 3 through the insertion

opening 17, from the front face side of the front face plate 7 of the gantry 2, and

maintains this posture for CT imaging. Note that the front face plate 7 is erect in the

present embodiment, so the subject P stands in front of the front face plate 7 for the ex

amination. However, the mammographic CT apparatus 1 according to the present

invention may be laid sideways, so that the front face plate 7 serves as the top panel of

the above-described related art, with the subject P lying prone on the front face plate 7

for the examination. In this case, the inner peripheral plate 5 may be omitted.

Radiation Tube
[0018] As illustrated in Figs. 2A, 2B, and 3, the radiation tube 8 is a transmissive radiation

tube, including an electron gun 9 to generate an electron beam, and an emitter 10. A

heat filament type electron source, for example, can be used for the electron gun 9. The

emitter 10 has a transmitting target, where a target layer that generates radiation under

irradiation of the electron beam from the electron gun 9 is layered on a radiation

transmitting support substrate. The material making up the support substrate is

preferably one which has sufficient strength to support the target layer, absorbs little

radiation generated at the target layer, and has high thermal conductivity, so that heat

generated at the target layer can be quickly dissipated. Examples of such a material



include diamond, silicon carbide, aluminum nitride, and so forth. The material making

up the target layer preferably has a high melting point and high radiation generation ef

ficiency. Examples of this material include tungsten, tantalum, molybdenum, alloys

thereof, and so forth. The radiation tube 8 is supported by an unshown rotating plate

which is rotated by the driving unit 101 (see Fig. 4), and rotates on the rotational axis

D extending in the direction of insertion and removal of the breast 15 to and from the

accommodation portion 3.

Sensing Device
[0019] The sensing device 11 is provided at a position facing the radiation tube 8 (emitter

10) across the accommodation portion 3. The sensor area of the sensing device 11 is

usually a size which matches an irradiation region 13 of radiation which is defined by

the later-described collimator 12. The shape of the sensor area is square, to match the

shape of the irradiation region 13. The sensing device 11 is supported by the unshown

rotating plate which is rotated by the driving unit 101 (see Fig. 4), along with the

radiation tube 8. The sensing device 11 rotates on the rotational axis D extending in the

direction of insertion and removal of the breast 15 to and from the accommodation

portion 3, in the same direction and the same angular speed as the radiation tube 8, by

the rotation of the rotating plate.

Collimator
[0020] The collimator 12 is disposed between the radiation tube 8 and accommodation

portion 3 at a position near the accommodation portion 3, as illustrated in Figs. 2A, 2B,

and 3, to define the irradiation region 13 of radiation emitted from the radiation tube 8.

The collimator 12 is supported by the unshown rotating plate supporting the radiation

tube 8 and sensing device 11, and integrally rotates with the radiation tube 8 and

sensing device 11 in the same direction at the time of CT imaging.

[0021] Radiation generated at the target layer is externally emitted through the target layer

and the support substrate holding the target layer. The emission range of the radiation

emitted from the emitter 10 is according to that restricted by an unshown forward

shield, provided to the emitter 10. The irradiation region 13 is further defined by the

collimator 12 provided between the emitter 10 and the accommodation portion 3.

[0022] The sensing device 11 is irradiated by the radiation. The collimator 12 restricts the ir

radiation region 13 so that the entire breast 15 of the subject P is irradiated, all the way

to the tip, and so that the transmitted radiation forms a generally square shape on the

sensing device 11. The irradiation region 13 is defined by the radiation transmitting

portion formed in the collimator 12. When the entire breast 15 is within the irradiation

region 13, the radiation which has been transmitted through the breast 15 reaches the

sensing device 11, and thus a transmission image of within the breast 15 is obtained.



Heavy metals which have radiation shielding properties, such as lead, tungsten,

tantalum, rhenium, and so forth, are suitable as materials for the collimator 12.

[0023] The term "collimator 12" according to the present invention refers to a member

formed of a radiation shielding material (hereinafter "shield material") which shields

part of the radiation emitted from the emitter 10 of the radiation tube 8 so as to restrict

part or all of the perimeter of the irradiation region 13. The collimator 12 can be

configured of a frame of a shield material defining an opening serving as a radiation

transmission portion (hereinafter "transmission portion"). Forming the collimator 12 so

that the side of the frame facing the front face plate 7 has a cross-sectional shape in the

form of the letter "U", or the equals symbol "=", so as to be opened forwards, f a

cilitates attachment of the irradiation region 13 to the front face plate 7 side. A

collimator 12 which is formed as a square frame surrounding the entire perimeter of

the transmission portion serves to facilitate shielding of excessive radiation which

might leak the front face plate 7 side. Also, the collimator 12 is provided separately

from the radiation tube 8 and close to the accommodation portion 3, so the penumbra,

which readily occurs in arrangements where the radiation tube 8 and collimator are

integral and collimation is performed at a position away from the accommodation

portion 3, can be reduced.

Shield
[0024] A plate- shaped shield 14 is provided on the inner side of the front face plate 7 of the

gantry 2, surrounding the perimeter of the insertion opening 17, as illustrated in Figs.

2A, 2B, and 3. The shield 14 is provided to isolate the irradiation region 13 and the

subject P from each other, and follows the front face plate 7 between the rotation path

of the collimator 12 and the rotation path of the emitter 10 created by rotation of the

radiation tube 8. The shield 14 has an annular shape, with the middle portion corre

sponding to the insertion opening 17 and the accommodation portion 3 leading thereto

being open. The shield 14 shields the subject P from direct irradiation by radiation

from the emitter 10, scattered radiation occurring when radiation strikes the collimator

12, and so forth, thus preventing radiation from leaking to the subject P. Heavy metals

which have high radiation shielding properties, such as lead, tungsten, tantalum,

rhenium, and so forth, are suitable as materials for the shield 14. While the shield 14 is

usually a circular annular shape, an elliptic annular shape, rectangular annular shape,

or the like, may be employed. The shield 14 is disposed on the inner face of the front

face plate 7, between the rotation path of the collimator 12 and the rotation path of the

radiation tube 8.

[0025] The shield 14 has a gap 14c formed as to the insertion opening 17, and the collimator

12 is situated at a position corresponding to this gap 14c, as illustrated in Fig. 3. The

front edge of the collimator 12 facing the front face plate 7 is situated closer to the



front face plate 7 than the back face of the shield 14 in the Y direction, over the entire

rotation path of the collimator 12. That is to say, the edge of the collimator 12 which

faces the front face plate 7 is fit into the gap 14c. Thus, the front edge of the collimator

12 facing the front face plate 7 overlaps the thickness direction of the shield 14 when

viewed from the Z direction. Accordingly, the collimator 12 can be brought into

proximity with the front face plate 7 of the gantry 2, and the irradiation region 13

brought into proximity with the front face plate 7, so that CT imaging can be

performed over a wide range, including the base of the breast 15. This arrangement

where the front edge of the collimator 12 facing the front face plate 7 overlaps the

shield 14 in the thickness direction thereof also contributes to suppressing leakage of

radiation from between the collimator 12 and the shield 14.

[0026] The sensing device 11 may also be situated such that the edge is situated further

toward the front face plate 7 than the back face of the shield 14 in the Y direction, on

the rotation path of the collimator 12. The collimator 12 and sensing device 11 are both

in close proximity to the accommodation portion 3, and are disposed facing each other.

[0027] While the edge of the collimator 12 facing the front face plate 7 is situated further

toward the front face plate 7 than the back face of the shield 14 in the Y direction, over

the entire the rotation path of the collimator 12, this may be arranged to be part of the

rotation path. For example, in a case where the collimator 12, radiation tube 8, and

sensing device 11 have a rotation path for preliminary rotation other than the exposure

period, the above-described arrangement does not necessarily have to be made for the

preliminary rotation path.

Imaging System

[0028] Fig. 4 is a configuration diagram illustrating the mammographic CT system

according to the present invention. A system control apparatus 100 controls a radiation

generator 103 including the radiation tube 8 and a driving circuit 102 thereof, the

sensing device 11, and the driving unit 101. The driving circuit 102 outputs various

types of control signals to the radiation tube 8 under control of a radiation generation

control unit 108 of the system control apparatus 100. The rotation driving control

circuit 107 outputs driving control signals to the driving unit 101, to perform driving of

the aforementioned unshown rotating plate, so as to be rotated a predetermined

amount, based on position information from a position detection sensor 104 and under

control of the system control apparatus 100. The emission state of radiation emitted

from the radiation generator 103 is controlled while rotating the driving unit 101 a pre

determined amount by the control signals. Radiation emitted from the radiation

generator 103 is partially shielded by the collimator 12 and the like, passes through the

breast 15, and is sensed at the sensing device 11. The sensing device 11 converts the

sensed radiation into image signals, and outputs the image signals to a signal



processing unit 105. The signal processing unit 105 subjects the image signals to pre

determined signals processing under control of the system control apparatus 100, and a

CT image is generated by an image processing unit 106 within the system control

apparatus 100, from the image information imaged at each rotation position, and stored

in an image storage unit 109. The radiation tube 8 is rotated once around the accom

modation portion 3 illustrated in Figs. 2A and 2B, while multiple images are being

taken. These images are composited at an image compositing unit 110, thereby

generating a three-dimensional image, which is displayed on a screen of a display unit

111.

Second Embodiment
[0029] A second embodiment will be described. The shield 14, of which the center portion is

opened, is disposed having been divided into an inner peripheral shield 14b on the

insertion opening side and an outer peripheral shield 14a on the radiation tube side, as

illustrated in Figs. 5A and 5B. The gap 14c is formed between the inner peripheral

shield 14b and the outer peripheral shield 14a. The collimator 12 is disposed at a

position corresponding to the gap 14c, and the edge of the collimator 12 facing the

front face plate 7 is situated closer to the front face plate 7 than the back face of the

outer peripheral shield 14a in the Y direction. That is to say, the edge of the collimator

12 facing the front face plate 7 is fit into the gap 14c. Other configurations are the

same as with the first embodiment described above.

[0030] This layout where the collimator 12 is situated on the radiation tube 8 side enables

the size and weight of the collimator 12 to be reduced.

Third Embodiment
[0031] A third embodiment will be described. The collimator 12 according to the third em

bodiment is curved three dimensionally, as illustrated in Figs. 6A, 6B, and 7.

Specifically, the collimator 12 is curved in a convex shape toward the outer side of

rotation in the radial direction of rotation on the rotation axis D. Other configurations

are the same as with the first embodiment described above.

[0032] Thus, reducing the width of the gap 14c between the insertion opening 17 and the

shield 14 allows leakage of radiation from this region to be suppressed. The width of

the gap 14c can be maximally reduced by matching the center of curvature of the

collimator 12 with the rotation axis D.

Fourth Embodiment
[0033] A fourth embodiment will be described. The fourth embodiment is the same as the

second embodiment, other than the collimator 12 being curved as in the third em

bodiment, as illustrated in Figs. 8A and 8B. Thus, the advantages of both the second

and third embodiments can be had.



Fifth Embodiment
[0034] A fifth embodiment will be described. The shield 14 is provided with the gap 14c as

to the insertion opening 17 in the same way as in the third embodiment, and a curved

collimator 12 is disposed at a position corresponding to this gap 14c, as illustrated in

Figs. 9A and 9B. Further, the sensing device 11 is provided adjacent to the gap 14c,

and a sub-shield 16 is provided which fills in at least the gap 14c where the sensing

device 11 is adjacent. The sub-shield 16 rotates on the rotation axis D, synchronously

with the sensing device 11 and in the same direction.

[0035] Providing the sub-shield 16 in this way can suppress scattered radiation occurring

due to the sensing device 11 being irradiated by the radiation, from leaking from the

gap 14c adjacent to the sensing device 11. The sub-shield 16 can be formed of the

same material as the shield 14.

[0036] To maximize the above-described effect, the center of curvature of the collimator 12

preferably matches the rotation axis D, and the center of curvature of the sub-shield 16

also matches the rotation axis D. While the present embodiment is an embodiment

where the sub-shield 16 has been applied to the third embodiment, the sub-shield 16

may be applied to other embodiments as well.

Sixth Embodiment
[0037] A sixth embodiment will be described. The radiation tube 8 is supported by the

unshown rotating plate which is rotated by the driving unit 101 (see Fig. 4), and rotates

on the rotational axis D extending in the direction of insertion and removal of the

breast 15 to and from the accommodation portion 3, as illustrated in Figs. 10A, 10B,

and 11, by rotation of the rotating plate.

[0038] The sensing device 11 has a sensing area 1l a at the middle portion thereof where

radiation can be sensed, and a non-sensing area 1lb at the perimeter portion where

radiation cannot be sensed. The sensing device 11 according to the present em

bodiment has multiple sensing elements disposed in the sensing area 11a, and has

signal lines connected to the multiple sensing elements disposed in the non-sensing

area 1lb. The sensing area 1l a is of a size which matches that of the irradiation region

13 defined by the collimating functions of the emitter 10. The planar shape of the

sensing area 1l a is square. The sensing elements are not particularly restricted as long

as they are elements capable of converting the intensity of incident radiation into

electrical signals, but in the present embodiment are configured using photoelectric

converting elements such as a complementary metal-oxide semiconductor (CMOS)

sensor and fluorescent material. The sensing device 11 may be a digital sensor type

sensing device having an A-D converter, from the perspective of compatibility with the

imaging system.



[0039] A double- annular shield 14 is disposed on the inner side of the front face plate 7 of

the gantry 2, surrounding the insertion opening 17. This shield 14 is divided into an

inner peripheral shield 14b on the inner peripheral side (the perimeter of the insertion

opening 17) and an outer peripheral shield 14a on the outer peripheral side (the

perimeter of the outer peripheral plate 6), and a gap 14c is formed therebetween in an

annular shape. The gap 14c is formed corresponding to the rotational movement path

of the sensing device 11, with the sensing device 11 being provided at a position corre

sponding to the gap 14c, and the edge of the sensing device 11 facing the front face

plate 7 is fit into the gap 14c. That is to say, the edge of the sensing device 11 facing

the front face plate 7 is situated closer to the front face plate 7 than the back faces of

the outer peripheral shield 14a and inner peripheral shield 14b in the Y direction. The

edge of the sensing device 11 facing the front face plate 7 is fit into the gap 14c, and

thus rotationally moves on the rotation axis D.

[0040] The shield 14 configured including the outer peripheral shield 14a and inner p e

ripheral shield 14b shields the subject P from direct irradiation by radiation from the

emitter 10, scattered radiation occurring when radiation strikes the sensing device 11,

and so forth, thus preventing radiation from leaking to the subject P. Heavy metals

which have high radiation shielding properties, such as lead, tungsten, tantalum,

rhenium, and so forth, are suitable as materials for the shield 14. While the shield 14

(outer peripheral shield 14a and inner peripheral shield 14b) is usually a circular

annular shape, an elliptic annular shape, rectangular annular shape, or the like, may be

employed.

[0041] Thus, the front edge of the sensing device 11 facing the front face plate 7 overlaps

the thickness direction of the shield 14 when viewed from the Z direction. A c

cordingly, the sensing device 11 can be brought into proximity with the front face plate

7 of the gantry 2 without being obstructed by the shield 14, and the sensing area 1l a

brought into proximity with the front face plate 7, so that CT imaging can be

performed over a wide range, including the base of the breast 15. This arrangement

where the front edge of the sensing device 11 facing the front face plate 7 overlaps the

shield 14 in the thickness direction thereof when viewed from the Z direction also con

tributes to suppressing leakage of radiation from between the sensing device 11 and the

shield 14.

Seventh Embodiment
[0042] A seventh embodiment will be described. In the present embodiment, a single

annular shield 14 is disposed on the inner face of the front face plate 7, with a gap 14c

at the outer edge of the front face plate 7, as illustrated in Figs. 12A and 12B. The

sensing device 11 is provided at a position corresponding to the gap 14c, and the edge

of the sensing device 11 facing the front face plate 7 is situated closer to the front face



plate 7 than the back face of the shield 14 in the Y direction. Other configurations are

the same as with the sixth embodiment described above.

[0043] Thus, this configuration where the irradiation region 13 essentially does not

transverse the gap 14c enables more sure leakage prevention of radiation to the subject

P than the sixth embodiment.

Eighth Embodiment
[0044] An eighth embodiment will be described. The sensing device 11 according to the

eighth embodiment is curved three dimensionally, as illustrated in Figs. 13A, and 13B.

Specifically, the sensing device 11 is curved in a convex shape toward the outer side of

rotation in the radial direction of rotation on the rotation axis D. Other configurations

are the same as with the sixth embodiment described above.

[0045] This allows reduction of the width of the gap 14c between the outer peripheral shield

14a and inner peripheral shield 14b to be reduced, so leakage of radiation from this

region can be suppressed. The width of the gap 14c can be maximally reduced by

matching the center of curvature of the sensing device 11 with the rotation axis D.

Ninth Embodiment
[0046] A ninth embodiment will be described. The present embodiment is the same as the

seventh embodiment, other than the sensing device 11 being curved in a convex shape

toward the outer side of rotation in the radial direction of rotation on the rotation axis

D, as illustrated in Figs. 14A and 14B. This allows reduction of the width of the gap

14c at the outer perimeter of the front face plate 7 to be reduced, so leakage of

radiation from this region can be suppressed. The width of the gap 14c can be

maximally reduced by matching the center of curvature of the sensing device 11 with

the rotation axis D.

Tenth Embodiment
[0047] A tenth embodiment will be described. The present embodiment is the same as the

sixth embodiment, other than being provided with the sub-shield 16 which fills in the

gap 14c in the region overlapped by the irradiation region 13 from the emitter 10 to the

accommodation portion 3, which rotates on the rotation axis D synchronously with the

sensing device 11 in the same direction, as illustrated in Figs. 15A and 15B.

[0048] Thus, leakage of radiation from the gap 14c situated between the emitter 10 and ac

commodation portion 3 can be suppressed. The sub-shield 16 is effective when

provided in the gap 14c in the irradiation region 13 from the emitter 10 to the accom

modation portion 3, and can improve radiation leakage preventing effects by being

provided over an even wider region.

[0049] According to the present invention, providing the collimator near to the accom

modation portion enables the penumbra of radiation which spreads outwards from the



irradiation region to be suppressed. Also, an annular shield is provided between the ro

tational path of the collimator and the rotational path of the radiation tube, so leakage

of scattered radiation due to the collimator to the subject can be prevented. Also,

providing the collimator near to the front face plate enables radiation imaging to the

base of the breast.
[0050] Further, providing the sensing device near to the front face plate enables radiation

imaging to the base of the breast to be performed more effectively.

[0051] While the present invention has been described with reference to exemplary em

bodiments, it is to be understood that the invention is not limited to the disclosed

exemplary embodiments. The scope of the following claims is to be accorded the

broadest interpretation so as to encompass all such modifications and equivalent

structures and functions.

[0052] This application claims the benefit of Japanese Patent Application Nos. 2013-239624

and 2013-239625, filed November 20, 2013, which are hereby incorporated by

reference herein in their entirety.

Reference Signs List
[0053] 1 Mammographic CT apparatus

2 Gantry

3 Accommodation portion

7 Front face plate

8 Radiation tube

11 Sensing device

12 Collimator

14 Shield

14c Gap

15 Breast

101 Driving unit

P Subject

D Rotation axis
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Claims
A mammographic CT apparatus comprising:

a gantry, including a front face plate in which an insertion opening is

formed for inserting a breast into an accommodation portion;

a radiation tube disposed within the gantry;

a sensing device disposed within the gantry so as to face the radiation

tube, and configured to sense radiation which has been emitted from

the radiation tube and been transmitted through the accommodation

portion;

a driving unit configured to rotate the radiation tube and the sensing

device around a rotation axis set in the normal direction of the accom

modation portion, at the same angular speed and in the same direction;

a collimator disposed between the accommodation portion and the

radiation tube, and configured to rotate around the rotation axis in

tegrally with the radiation tube and sensing device; and

an annular shield disposed between the rotational path of the collimator

and the rotational path of the radiation tube, having an annular gap cor

responding to the rotational path of the collimator,

wherein an edge of the collimator is fit into the gap.

The mammographic CT apparatus according to Claim 1, wherein the

edge of the collimator is fit into the gap over the entire rotational path.

The mammographic CT apparatus according to either Claim 1 or 2,

wherein an edge of the sensing device is fit into the gap.

The mammographic CT apparatus according to either Claim 1 or 2,

further comprising:

a sub-shield;

wherein the sensing device is disposed at a position in the gap, and the

sub-shield fills in the gap at the portion where the edge of the sensing

device is, and rotates around the rotation axis synchronously with the

sensing device and in the same direction.

The mammographic CT apparatus according to any one of Claims 1

through 4, wherein the collimator is curved in a convex shape toward

the outer side of rotation in the radial direction of rotation on the

rotation axis.

The mammographic CT apparatus according to Claim 5, wherein the

center of curvature of the collimator matches the rotation axis.

A mammographic CT apparatus comprising:
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a gantry, including a front face plate in which an insertion opening is

formed for inserting a breast into an accommodation portion;

a radiation tube disposed within the gantry;

a sensing device disposed within the gantry so as to face the radiation

tube, and configured to sense radiation which has been emitted from

the radiation tube and been transmitted through the accommodation

portion;

a driving unit configured to rotate the radiation tube and the sensing

device around a rotation axis set in the normal direction of the accom

modation portion, at the same angular speed and in the same direction;

and

an annular shield which surrounds the perimeter of the insertion

opening, disposed on an inner side of the front face plate, and having an

annular gap corresponding to the rotational path of the sensing device,

wherein an edge of the sensing device is fit into the gap.

[Claim 8] The mammographic CT apparatus according to Claim 7, wherein the

sensing device has a sensing area at the middle portion thereof where

radiation can be sensed, and a non- sensing area at the perimeter where

radiation cannot be sensed,

and wherein the edge of the sensing device which is fit into the gap is a

non-sensing area.

[Claim 9] The mammographic CT apparatus according to may one of Claims 1

through 7, wherein the shield includes an inner peripheral shield

provided to the side of the insertion opening and an outer peripheral

shield provided to the side of the radiation tube, the gap being formed

between the inner peripheral shield and the outer peripheral shield.

[Claim 10] The mammographic CT apparatus according to Claim 9, further

comprising:

a sub-shield which fills in the gap at a position overlapped by an ir

radiation region which extends from an emitter of the radiation tube to

the accommodation portion, and rotates around the rotation axis syn

chronously with the sensing device and in the same direction.

[Claim 11] The mammographic CT apparatus according to either Claim 7 or 8,

wherein the gap is formed between outer perimeter of the shield and an

outer peripheral plate of the gantry 2.

[Claim 12] The mammographic CT apparatus according to any one of Claims 7

through 11, wherein the sensing device is curved in a convex shape

toward the outer side of rotation in the radial direction of rotation on
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the rotation axis.

[Claim 13] The mammographic CT apparatus according to Claim 12, wherein the

center of curvature of the sensing device matches the rotation axis.
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