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(54) X-RAY CT IMAGING DEVICE

(57) In an X-ray CT imaging, an X-ray generator (11)
and a two-dimensional X-ray detector (21) are opposed
to each other between an object and are rotated by a
rotary shaft (32) around the object. At least one of the
rotary shaft supporter (61) and an object holder (40) in-
cludes a movement mechanism (42, 65) for moving a
supporter (30) for the X-ray generator and the X-ray de-
tector relative to the object. In offset scan CT imaging,
the rotation of the supporter by the rotary shaft is per-
formed simultaneously with the relative two-dimensional
movement of the rotary shaft by the movement mecha-
nism. In the relative two-dimensional movement, the po-
sition of the rotary shaft is moved according to the rotary
angle of the supporter along a circular orbit around the
center of a CT imaging region in a plane crossing the
rotary shaft. Thus, it becomes possible to image a larger
region of interest of the object.
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Description

TECHNICAL FIELD

[0001] The invention relates to an X-ray computerized
tomography (CT) imaging apparatus, in particular, a head
X-ray CT imaging apparatus using an X-ray cone beam,
suitable for dentistry, oral surgery, ophthalmology,
otolaryngology and the like.

BACKGROUND ART

[0002] In an X-ray computer tomography apparatus
using an X-ray cone beam, an X-ray generator and an
X-ray detector interposing an object is rotated around the
object relative to the object. During the rotation, the X-
ray generator generates an X-ray cone beam having a
cone or pyramid shape to irradiate the object in various
directions, and the X-ray detector having a two-dimen-
sional detection plane measures an intensity distribution
of X-rays transmitting the object or a projection of the
object. The acquired projection data is back-projected to
reconstruct the distribution of X-ray absorption coeffi-
cients and to create a two-dimensional tomographic view
or a three-dimensional stereoscopic view.
[0003] An X-ray detector for a wider imaging area is
generally more expensive. Therefore, it is proposed to
image a wider area with a less-expensive X-ray detector
having a smaller detection area. In a normal X-ray cone
beam CT imaging the entire imaging area is always in-
cluded in an X-ray irradiation field, and the projection in
the entire imaging area is detected. The image recon-
struction can be carried out by using projection data ob-
tained during a rotation of 180 degrees. On the other
hand, X-ray cone-beam CT imaging apparatuses de-
scribed in JP-A 2002-204796 and 2005-6772 shift detec-
tion center in the X-ray detector in a direction perpendic-
ular to a line connecting the X-ray detector and an axis
of the object (or rotation center) for CT imaging. When
the shift becomes larger, the X-ray detector detects, in
each instant, not the entire area to be imaged, but a part
thereof. However, by using projection data obtained dur-
ing a rotation of 360 degrees, an image of an area wider
by the offset of the detection center can be reconstructed.
If the position of the X-ray detector is shifted so that the
line connecting the X-ray detector and the rotation center
reaches to an edge of the detection plane, the X-ray de-
tector detects, in each instant, the X-rays transmitting a
half of the area of interest to be imaged, while the width
of the imaged area during the rotation of 360 degrees
become twice in contrast to the normal CT imaging.
[0004] In an X-ray CT imaging apparatus described in
JP-A 2007-29168, a distance between an X-ray gener-
ator (and/or an X-ray detector) and the revolution center
is changed relatively in order to change the magnification
factor. Because the revolution center of the X-ray gen-
erator and the X-ray detector is different from the center
of a region of interest in an object, the positions of the X-

ray generator and the X-ray detector are controlled so
that the relative position relationship between the X-ray
generator, the object and the X-ray detector is kept con-
stant. In a X-ray cone-beam CT imaging apparatus de-
scribed in JP-A 2007-143948, one rotation driver can be
used for CT and panorama imaging. However, CT imag-
ing with an offset scan cannot be performed. In the ap-
paratus, the rotary arm is set below a patient. Further, In
an X-ray cone-beam CT imaging apparatus described in
JP-A H09-327453, an X-ray tube and an X-ray image
intensifier (X-ray detector) are mounted opposing to each
other in a gantry, and they can be moved in the gantry
along an arc. Thus, the field of view of a tomographic
section in an X-ray CT image can be enlarged. However,
the apparatus cannot perform panorama imaging.
[0005] As explained above, the size of a reconstructed
image can be changed largely by shifting the position of
the X-ray generator relatively to that for the normal CT
imaging. However, it is desirable to image a still larger
region of interest of an object.

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED

[0006] It is a problem of the invention to image a still
larger region of interest of an object.

SOLUTIONS

[0007] A first X-ray CT imaging apparatus according
to the invention includes a first supporter for supporting
an X-ray generator generating an X-ray cone beam and
a two-dimensional X-ray detector, the X-ray generator
and the X-ray detector being arranged to interpose an
object, a rotary shaft for revolving the supporter around
the object, and a second supporter supporting the rotary
shaft. At least one of the second supporter and an object
holder for holding the object has a movement mechanism
for moving the first supporter relative to the object. In CT
imaging with offset scan, the revolution of the supporter
by the rotary shaft is performed at the same time as rel-
ative two-dimensional displacement of the rotary shaft
by the movement mechanism. In the relative two-dimen-
sional movement of the rotary shaft, a position of the
rotary shaft is moved according to a rotary angle of the
first supporter in two dimensions in a plane crossing the
rotary shaft along a circular orbit around a center of a CT
imaging region (offset from the center of the CT imaging
region).
[0008] A second X-ray CT imaging apparatus accord-
ing to the invention includes a first supporter for support-
ing an X-ray generator generating an X-ray cone beam
and a two-dimensional X-ray detector, the X-ray gener-
ator and the X-ray detector being arranged to interpose
an object, a rotary shaft for revolving the first supporter
around the object; and a second supporter supporting
the rotary shaft. At least one of the second supporter and
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an object holder for holding the object has a movement
mechanism for moving the first supporter relative to the
object. In a CT imaging with offset scan, the revolution
of the supporter by the rotary shaft is performed at the
same time as relative two-dimensional movement of the
rotary shaft by the movement mechanism. In the relative
two-dimensional movement of the rotary shaft, a position
of the rotary shaft is moved along a circular orbit in a
plane intersecting the rotary shaft, and a center of revo-
lution of the X-ray cone beam around the object according
to the rotation of the supporter is set to a position different
from a symmetrical axis of the broadening X-ray cone
beam.
[0009] A third X-ray CT imaging apparatus according
to the invention includes a first supporter for supporting
an X-ray generator generating an X-ray cone beam and
a two-dimensional X-ray detector, the X-ray generator
and the X-ray detector being arranged to interpose an
object; a rotary shaft for revolving the supporter around
the object; a second supporter supporting the rotary
shaft; and a mode changer for changing between general
CT imaging mode and offset CT imaging mode. At least
one of the second supporter and an object holder for
holding the object has a movement mechanism for mov-
ing the first supporter relative to the object. In the general
CT imaging mode, the position of the rotary shaft is fixed
at a center of a region to be imaged in a plane perpen-
dicular to the rotary shaft, and the first supporter is re-
volved. In the offset CT imaging mode, the revolution of
the first supporter by the rotary shaft is performed at the
same time as relative two-dimensional movement of the
rotary shaft by the movement mechanism, and in the rel-
ative two-dimensional movement of the rotary shaft, a
position of the rotary shaft is moved along a circular orbit,
and a revolution center of the X-ray cone beam around
the object according to the rotation of the first supporter
is set to a position different from a symmetrical axis of
the broadening X-ray cone beam (offset from the center
of the CT imaging region).
[0010] In any of the X-ray CT imaging apparatuses, for
example, a displacement device is provided in the sup-
porter, and it displaces the rotary shaft held by a support-
ing frame relative to the center axis of the imaging region.
[0011] In any of the X-ray CT imaging apparatuses, for
example, the displacement device has a first moving de-
vice mounted to the supporting frame and displacing the
rotary shaft in a plane crossing the center axis so as to
move the center axis in the first direction, and a second
moving device mounted to the object holder and displac-
ing the object in the second direction different from the
first direction. In CT imaging, the simultaneous displace-
ment of the center axis in the first direction and the object
in the second direction creates a synthesized motion, to
move the center axis while keeping the center of the ir-
radiated region at the center of a circular orbit.
[0012] In any of the X-ray CT imaging apparatuses, for
example, the circular orbit is a true circle.
[0013] In any of the X-ray CT imaging apparatuses, for

example, the movement mechanism is set in the second
supporter or in the object holder.
[0014] In any of the X-ray CT imaging apparatuses, for
example, the movement mechanism includes a first part
in the second supporter for moving the position of the
rotary shaft along a first direction in a plane crossing the
rotary shaft, and a second part in the object holder for
moving the position of the rotary shaft in a second direc-
tion different from the first direction.
[0015] Any of the X-ray CT imaging apparatuses, for
example, has a device for restricting an irradiation field,
wherein the device restricts the X-ray beam generated
by the X-ray generator to a narrow width beam having a
width narrower in an axial direction of the rotary shaft
than in a direction in parallel to the axial direction, and at
least one of panorama imaging and cephalometric X-ray
imaging is possible by irradiating the narrow width beam.

ADVANTAGES OF THE INVENTION

[0016] In an X-ray imaging apparatus of the invention,
because an X-ray cone beam irradiating a part of a region
of an object to be imaged is incident onto the X-ray de-
tector, the region to be imaged can be enlarged, in con-
trast to a case wherein the X-ray transmitting the entire
region of interest is incident onto the X-ray detector. Fur-
ther, because the rotary shaft is moved relative to the
center of the region to be imaged, the magnifying factor
of the reconstructed image can be changed. Thus, CT
imaging can be performed in a larger region of interest.
For example, if the supporter is revolved while shifted
relative to the rotary shaft, CT imaging can be performed
in a larger region of interest. Further, the X-ray generator
and the object are moved around the object while moving
the rotary shaft and the object, CT imaging can be per-
formed in a larger region of interest. If the supporter is
rotated while the object is fixed, CT imaging can be per-
formed in a larger region of interest.
[0017] In the X-ray imaging apparatus, for example,
CT imaging can be performed in a larger region of interest
by rotating the center position of the rotary shaft of the
supporter relative to a region to be imaged along a cir-
cular orbit having a center in a region of interest while
rotating the supporter.
[0018] In the X-ray imaging apparatus, for example,
the rotary shaft or the object can be moved in a plane by
moving the rotary shaft or the object in the first and sec-
ond directions.
[0019] In the X-ray imaging apparatus, preferably, an
X-ray narrow beam can be irradiated so that at least one
of panorama imaging and cephalometric X-ray imaging
becomes possible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]

Fig. 1 is a diagram for explaining position relationship
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between an X-ray generator, an X-ray detector and
an object in a normal X-ray CT imaging.
Fig. 2A is a diagram for explaining position relation-
ship between an X-ray generator, an X-ray detector,
an object and a rotary shaft at four phases in an
embodiment of the invention.
Fig. 2B is a diagram of another example of X-ray CT
imaging with a magnifying factor larger than the
counterpart used in Fig. 2A.
Fig. 3 is a diagram for explaining offset scan imaging.
Fig. 4A is a schematic diagram at two positions
shown in Figs. 2A and 2B.
Fig. 4B is a schematic diagram at the other two po-
sitions shown in Figs. 2A and 2B.
Fig. 5A is a diagram of explaining a position relation-
ship between the X-ray generator, the X-ray detec-
tor, the object and a rotary shaft at four phases in an
embodiment of the invention.
Fig. 5B is a diagram of another example X-ray im-
aging with a magnifying factor different from the
counterpart used in Fig. 5A.
Fig. 6A is a schematic diagram at two positions
shown in Figs. 5A and 5B.
Fig. 6B is a schematic diagram at the other two po-
sitions shown in Figs. 5A and 5B.
Fig. 7 is a sectional view at the four positions shown
in Figs. 5A and 5B.
Fig. 8 is a diagram on the movement of the position
of the rotary shaft in a different embodiment.
Fig. 9 is a diagram for explaining an embodiment for
imaging an elliptical imaging region.
Fig. 10A is a schematic diagram at two positions in
the embodiment shown in Fig. 9.
Fig. 10B is a schematic diagram at the other two
positions in the embodiment shown in Fig. 9.
Fig. 11 is a sectional view at the four positions in the
embodiment shown in Fig. 9.
Fig. 12 is a diagram on an embodiment wherein an
object is rotated.
Fig. 13 is a front view and a side view of an embod-
iment of an X-ray CT imaging apparatus.
Fig. 14 is a partially broken top view of a plane move-
ment mechanism.
Fig. 15 is a partially broken side view of the plane
movement mechanism.
Fig. 16 is a partially broken top view of another ex-
ample of a plane movement mechanism.
Fig. 17 is a diagram of a different embodiment of an
X-ray CT imaging apparatus.
Fig 18 is a diagram of a structure of a modified ex-
ample of a rotary system.
Fig. 19 is a diagram for explaining a double-purpose
apparatus used for CT and panorama imaging.
Fig. 20 is a diagram of an example of the X-ray de-
tector.
Fig. 21A is a diagram of a control system of an X-
ray imaging apparatus.
Fig. 21B is a diagram of another example of a control

system of an X-ray imaging apparatus.
Fig. 21C is a diagram of a further example of a control
system of an X-ray imaging apparatus.
Fig. 22 is a flowchart for controlling revolution.

EXPLANATION OF REFERENCE SYMBOLS

[0021] 11: X-ray generator. 21: X-ray detector. 30: Ro-
tary arm. (supporter). 31: Rotation center. 32 Rotary
shaft. 40: Chair (Object holder). 51: Imaging region. 60:
Controller. 60x: X-axis control motor. 60y: Y-axis control
motor. 60z: Z-axis control motor. 60r: Rotation control
motor. 61: Top frame (rorary shaft supporter). 41, 65: XY
table (Movement mechanism).

PREFERRED EMBODIMENTS

[0022] Embodiments of the invention are explained be-
low, referring to the appended drawings.
In CT imaging, an X-ray generator and an X-ray detector
are circled around an object relative to the object. The
X-ray generator exposes the object to an X-ray cone
beam, and the X-ray detector having a two-dimensional
detection plane detects X-rays transmitting the object. A
larger object is desirable to be imaged in CT imaging. In
the invention, in order to image a larger region, the center
axis 34 of X-rays (or the symmetrical axis of an X-ray
cone beam) does pass the center position (x) of the im-
aging region of an object and the center axis becomes
tangent to an arc 33 having its center at the center posi-
tion (x). Preferably, X-rays passing through the center of
a region of interest of the object enter an edge of the two-
dimensional detection plane of the X-ray detector. (A
scan for imaging a larger imaging region with an X-ray
cone beam by irradiating a part of the imaging region is
referred to as offset scan.)
[0023] In the offset scan, a region imaged in each in-
stant by the X-ray detector does not include the larger
entire region to be imaged, but data necessary for image
reconstruction on the entire region larger than the region
imaged in each instant can be acquired. The imaging
operation may be continued beyond 360 degrees. In or-
der to enlarge an imaging region by setting a variable
magnifying factor in CT imaging, the center (the rotary
shaft) of the revolving motion of the X-ray generator and
the X-ray detector is moved in two dimensions relative
to the object to circle around the object.
[0024] The above-mentioned phrase of "relative to"
means that various situations mentioned below are al-
lowed. For example, the supporter supporting the X-ray
generator and the X-ray detector is rotated, while the
object is fixed, and the rotary shaft of the supporter is
rotated. Alternatively, the supporter may be rotated, while
the object is moved with a movement mechanism, and
the position of the rotary shaft which supports the sup-
porter supporting the X-ray generator and the X-ray de-
tector is fixed. Alternatively, both the object and the sup-
porter are moved. In the relative two-dimensional dis-
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placement of the rotary shaft, it is moved offset from the
center of the imaging region in a plane crossing the rotary
shaft along a circular orbit around the center of the im-
aging region. In CT imaging, a position relationship is
required that the X-ray generator and the X-ray detector
are revolved around an object while keeping the distanc-
es between the X-ray generator, the object and the X-
ray detector constant. Therefore, in order to change the
magnifying factor, the field of view in CT imaging has to
be changed under the requirement on the position rela-
tionship. Such X-ray CT imaging is explained below.
[0025] For comparison, a normal X-ray CT imaging,
without using offset scan is explained with reference to
Fig. 1 on the positions of the X-ray generator, an object
and the X-ray detector. (In the appended drawings, p1,
p2, p3 and p4 added to the reference numerals represent
four phases of successive rotation by 90 degrees.) An
X-ray generator 11 and an X-ray detector 21 are attached
to the two ends of a supporter (not shown), opposing to
each other and interposing an imaging region 51A1 of
an object between them. The X-ray generator 11 and the
X-ray detector 21 are circled around the imaging region
51A1. The revolution center (+) of mechanical movement
of the supporter supporting the X-ray generator 11 and
the X-ray detector 21 coincides with the center position
(x) of the imaging region 51A1 during a CT imaging proc-
ess.
[0026] The center axis of an X-ray cone beam gener-
ated by the X-ray generator 11 passes the center x of
the imaging region 51A1 and is detected by the X-ray
detector 21. In the imaging, the X-ray generator 11 and
the X-ray detector 21 are circled around the object in a
certain direction. In the drawings, the positions of the X-
ray generator 11 and the X-ray detector 21 are shown at
four phases p1, p2, p3 and p4 in one circulation.
[0027] Next, various embodiments of offset scan X-ray
CT imaging of the invention are explained.
[0028] Figs. 2A and 2B schematically show the relative
positions of the X-ray generator, an object and the X-ray
detector in offset scan CT imaging in an embodiment of
the invention at the four phases p1, p2, p3 and p4 of
successive rotation by 90 degrees. The width of the im-
aging region becomes about twice and thrice in Figs. 2
and 3 respectively, in contrast to that in the normal CT
imaging shown in Fig. 1. The X-ray generator 11 gener-
ates an X-ray cone beam, and the X-ray detector 21 re-
ceives the X-ray cone beam transmitting the object.
[0029] In the offset scan imaging, the revolution center
31 (+) of the X-ray generator 11 and the X-ray detector
21 is offset relative to the center (x) of the imaging region
51B1, 51C of the object, and it is moved continuously as
shown in the drawing with 31p1 => 31p2 => 31p3 =>
31p4 => 31p1. The center position (x) of the imaging
region 51 is fixed at the center of a region of interest. The
X-ray generator 11 and the X-ray detector 21 supported
by the supporter so as to oppose to each other are circled
around the object by a rotary shaft 32 (Fig. 3) supporting
the supporter. Therefore, the revolution center 31 agrees

with the position of the rotary shaft 32. The revolution
center 31 (+) for the X-ray generator 11 and the X-ray
detector 21 is separated from the center position (x) of
the imaging region 51, and it is circled around the center
position (x) of the imaging region. The circular trajectory
of the revolution center 31 is shown with a dashed line.
[0030] The revolution period of the revolution center
31 agrees with that of the revolution of the X-ray gener-
ator 11 and the X-ray detector 21. A plane movement
mechanism for moving the rotary shaft 32 or the revolu-
tion center 31 for the X-ray generator 11 and the X-ray
detector 21 makes the revolution center 31 circle around
the center position (x) of the imaging region 51 as shown
in the drawings as 31p1 => 31p2 => 31p3=> 31p4=>
31p1. The position of the rotary shaft 32 or the revolution
center 31 is offset from the center position (x) of the im-
aging region in a plane crossing the rotary shaft 32. The
trajectory of the circular motion is a true circle having a
center thereof at the center (x) of the CT imaging region.
The period of the circular motion agrees with the rotation
of the supporter (rotary arm 30 in Fig. 3) by the rotary
shaft 32. That is, in synchronization with one rotation of
the supporter supporting the X-ray generator 11 and the
X-ray detector 21 around the imaging region 51, the cir-
cular trajectory of the rotary shaft 31 revolves around the
imaging region 51. Thus, the position of the X-ray gen-
erator 11 is moved as shown in the drawing with 11p1
=> 11p2 => 11p3=> 11p4 => 11p1, while that of the X-
ray detector 21 is moved as shown similarly in the draw-
ing with 21p1 => 21p2 => 21p3=> 21p4 => 21p1.
[0031] When an image of the object is taken in the
imaging plane of the X-ray detector 21, the magnifying
factor is FS/FB wherein FS is distance between the X-
ray generator 11 and the X-ray detector 21 and FB is
distance between the X-ray generator and the center of
the imaging region of the object. The magnifying factor
can be changed by setting the distances FS, FB appro-
priately. Because the X-ray cone beam broadens as it
propagates, the imaging region extends also in a direc-
tion vertical to the rotation plane. In the case of Fig. 2B,
the magnifying factor becomes larger by setting the cent-
er position (x) of the imaging region 51 nearer to the X-
ray detector, relative to the case of Fig. 2A, and the im-
aging region becomes nearer to the X-ray detector and
extends more in the horizontal and vertical directions.
[0032] In the offset scan imaging, X-rays along the
symmetrical axis 34 of a broadening X-ray cone beam
enter a position offset from the center 51A1, 51B1 of the
imaging region 51. In the examples shown in Figs. 2A
and 2B, the position of the X-ray generator 11 is offset,
as shown schematically in Fig. 3, so that the X-rays along
the symmetrical axis of the X-ray cone beam enters an
edge 21a of the detection plane of the X-ray detector 21.
In each instant, the X-ray cone beam irradiates a part (a
half in the examples) of the imaging region 51, and the
X-rays transmitting the part of the imaging region 51 strike
on the x-ray detector 21. Thus, by a revolution by 360
degrees around the object, the entire imaging region is
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imaged, and a three-dimensional image of the object is
reconstructed based on the projection data acquired
above.
[0033] Next, the position relationship between the X-
ray generator, the object and the X-ray detector is ex-
plained. The X-ray generator 11 and the X-ray detector
21 are rotated, while the rotary shaft 32 is moved in two
dimensions by a movement mechanism such as an XY
table 65. The supporter such as a rotary arm 30 for sup-
porting the X-ray generator 11 and the X-ray detector 21
is supported by the rotary shaft 32, which is supported
by the XY table 65. The XY table 65 includes a motor
(not shown) for movement in X-axis and another motor
(not shown) for movement in Y-axis. The movement
mechanism shifts the X-ray generator 11 and the X-ray
detector 21 by moving the rotary shaft 32 relative to the
object 50. Further, while the supporter which supports
the X-ray generator 11 and the X-ray detector 21 is shifted
in a plane perpendicular to the rotary shaft 32, it is rotated
by a motor (not shown) around the rotary shaft being
displaced by the movement mechanism by driving the
motors (not shown) incorporated in the XY table 65.
[0034] Then, the trajectory of the X-ray generator 11
and the X-ray detector 21 relative to the object 50 is ob-
tained as a synthesized motion resulting from the simul-
taneous driving of the movement and revolution (first rev-
olution) of the rotary shaft 32 around the object by a move-
ment mechanism such as an XY table and the revolution
(second revolution) of the X-ray generator 11 and the X-
ray detector 21 around the rotary shaft 32 being displaced
by the first revolution. The movement mechanism makes
the first revolution synchronize with the second revolu-
tion. In concrete, the angular velocity of the second rev-
olution is set to the same as the first revolution. Thus,
the X-ray generator 11 and the X-ray detector 21 are
revolved around the object 50 while the distance of the
X-ray generator 11 and the X-ray detector 21 relative to
the object is kept constant.
[0035] Situations of the relative rotation are shown
schematically in Figs. 4A and 4B as perspective views
at the four phases p1, p2, p3 and p4 shown in Figs. 2A
and 2B. In the offset scan imaging, the object 50 is fixed
at a predetermined position, and the rotary shaft 32 is
rotated along a circular orbit by the plane movement
mechanism such as the XY table 65 while the X-ray gen-
erator 11 and the X-ray detector 21 are revolved around
the object 50 by the rotary shaft 32.
[0036] On the other hand, the X-ray generator and the
X-ray detector are also moved or revolved around an
object relative to the object even when the position of the
rotary shaft is fixed and only rotation is allowed. Figs. 5A
and 5B show relative positions in such cases between
the X-ray generator, the object and the X-ray detector at
the four phases p1, p2, p3 and p4 in one revolution. In
Figs. 5A and 5B, the width of the imaging regions 51B2
and 51C2 is about double and twice as wide as that in
the normal CT imaging shown in Fig. 1.
[0037] The revolution center (+) of the X-ray generator

and the X-ray detector is set at a predetermined position,
and the center position (x) of the imaging region 51 is
offset from the revolution center (+) and is moved in a
circle relative to the center position of the imaging region
51. The trajectory of the center of the imaging region 51
is shown with dashed lines. The symmetrical axis of the
X-ray cone beam passes a position crossing the rotary
shaft 32. The relative movement of the object can be
performed, for example, by moving the object with the
XY table 65 provided in a mechanism for holding the ob-
ject while rotating the rotary shaft. This situation is shown
in Figs. 6A, 6B and 7 at the four phases p1, p2, p3 and
p4 schematically. An object 50 is placed on a supporter
40, and the object 50 is moved by a movement mecha-
nism such as a triaxial movement mechanism 41 provid-
ed in a chair for supporting the object or a plane move-
ment mechanism 46.
[0038] Further, the above-mentioned movement of the
revolution center can be combined with the movement
of the center of the imaging region. For example, the
revolution center of the X-ray generator and the X-ray
detector is moved linearly in a first direction, and simul-
taneously the center of the imaging region 51 is moved
linearly in a second direction crossing the first direction.
In an example shown in Fig. 8, the relationship between
the X-ray generator, the X-ray detector, the object and
the rotary shaft is shown at the four phases p1, p2, p3
and p4. The rotary shaft 32 is moved linearly as shown
in the drawing with 31p1’ => 31p2’ => 31p3’ => 31p4’ =>
31p1’, while the center (x) of the imaging region 51 is
moved linearly as shown in the drawing with 51p1’ =>
51p2’ => 51p3’ => 51p4’ => 51p1’. For example, by driv-
ing the X table in the supporting frame and the Y table in
the object holder simultaneously, a synthesized motion
is created wherein the revolution center is moved along
a circular orbit relative to the object. Thus, the rotary shaft
32 is moved in a plane while it rotates. Alternatively, non-
linear motions can be used instead of the linear motions.
[0039] The position of the rotary center 31 is not nec-
essarily limited to that of the rotary shaft 32. For example,
the rotary shaft 32 is revolved in the embodiments shown
in Figs. 4A and 4B, but the object may be revolved further.
In medical cases wherein the object is a patient, it is de-
sirable generally that the position of a patient is fixed and
that the supporter is moved by a movement mechanism
while revolved around the rotary shaft because a patient
feels fear or bad when he or she is moved or revolved.
[0040] Next, an embodiment for imaging an elliptical
region is explained. In an example shown in Figs. 9, 10A,
10B and 11, a supporting frame 61 supports the rotary
shaft 32 which rotatably supports the rotary arm 30 hav-
ing the X-ray generator 11 and the X-ray detector 21. An
X table 65c provided in the supporting frame 61 moves
the rotary shaft 32 for the rotary arm 30 in X direction,
while the position of the object 50 is fixed. Thus, an el-
liptical region 51 is imaged. Alternatively, the rotary shaft
32 can be moved linearly by the supporting frame in a
direction, while the imaging region is revolved. Such an
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elliptical imaging region can be effectively used, partic-
ularly for a dental arch in dentistry. As mentioned above,
the pattern of the trajectory of the rotary shaft 32 is not
necessarily a circle, and an appropriate shape such as
an ellipse can be adopted according to the purpose of
the imaging.
[0041] Further, as shown in Fig. 12 schematically, an
object 50 is placed on a table 45. The object 50 is rotated
by rotating the table 45, while the positions of an X-ray
generator 11 and an X-ray detector 21 are fixed. Such
an apparatus can be applied for nondestructive testing
to an object such as a semiconductor component other
than a person. In this case, too, the X-ray generator 11
and the X-ray detector 21 are revolved relative to the
object 50. A rotary arm 30 holds the X-ray generator 11
and the X-ray detector 21 at both ends thereof, while
opposing them to each other. The X-rays passing the
center of the imaging region of the object 50 strike the
two-dimensional detection plane of the X-ray detector 21
at points offset from the center of the detection plane in
the rotation direction. In this example, the X-ray passing
the center of the imaging region of the object is arranged
to strike an edge 21a of the two-dimensional detection
plane of the X-ray detector 21.
[0042] A rotary shaft 32 for rotating the rotary arm 30
is supported rotatably by a supporting frame (shown with
dashed lines), and the frame is fixed to a base (not
shown). On the other hand, the object 50 is placed on
the table 45, and a movement mechanism 46 moves the
table 45 in the two-dimensional plane. The movement
mechanism 46 is fixed to a base (not shown). Thus, the
distances of the X-ray generator 11 and the X-ray detec-
tor 21 relative to the object 50 can be changed, and the
magnifying factor can be changed. The movement mech-
anism 46 changes the position of the object 50 in a plane
so as to revolve the object 50 around the rotary shaft 32.
On the other hand, the rotary shaft 32 makes the X-ray
generator 11 and the X-ray detector 21 revolve around
the object 50 in a horizontal plane.
[0043] Therefore, the trajectory of the X-ray generator
11 and the X-ray detector 21 relative to the object 50 is
obtained, if viewed from the object 50, as a result of syn-
thesis of two motions driven simultaneously, that is, a
revolution (first revolution) of the rotary shaft 32 around
the object by the movement mechanism 46 such as an
XY table, and a revolution (second revolution) of the X-
ray generator 11 and the X-ray detector 21 around the
rotary shaft 32 being displaced by the first revolution. The
movement mechanism 46 synchronizes the first revolu-
tion with the second revolution. In concrete, the angular
velocity of the first revolution is the same as that of the
second revolution. Thus, the relative position relationship
of the X-ray generator 11 and the X-ray detector 21 rel-
ative to the object 50 is kept constant, while the X-ray
generator 11 and the X-ray detector 21 revolves around
the object 50.
[0044] Next, the structure of the X-ray CT imaging ap-
paratus is explained in detail.

[0045] Fig. 13 shows (a) a front view and (b) a side
view of a cone beam X-ray CT imaging apparatus ac-
cording to an embodiment. The X-ray CT imaging appa-
ratus has a main body M1 and a computer M2. In the
main body M1. a main frame 60 having a very rigid struc-
ture has a top frame 61 (a device for rotatably supporting
the rotary shaft) supporting a rotary arm (supporter) 30
at a lower side with a rotary shaft 32, a pair of lateral
beams 62 fixing and holding the two ends of the top frame
61 , a pair of vertical beams 63 supporting the lateral
beams 61, and a base 64 fixing the pair of vertical beams
63. The base 64 is also a base of the entire apparatus.
[0046] An XY table (movement mechanism) 65 is pro-
vided inside the top frame 61 , and the rotary shaft 32 for
the rotary arm 30 is fixed to the XY table 65. The XY table
65 rotatably supports and displaces the rotary shaft 32.
The rotary arm 30 is driven by a motor 60r (not shown)
on imaging at a constant revolution speed around an ob-
ject. The lateral beams 62 are moved up and down by a
lift mechanism 66 provided in the vertical beam 63.
[0047] On the other hand, a triaxial movement mech-
anism 41 is provided on the base 63, and a chair 40 as
a part of a device for holding an object is placed thereon.
A device for fixing the patient’s head is provided above
the back of the chair 40. A triaxial movement mechanism
is provided inside the chair 40, and an object sitting on
the chair 40 is moved by the triaxial movement mecha-
nism 41 in X, Y and Z directions or front and back, left
and right, and up and down directions. X, Y and Z tables
(not shown) for linear translation provided inside the tri-
axial movement mechanism 41 perform precise linear
movement with a known cross roller guide, a convention-
al combinations of a bearing and a guide or the like.
[0048] The movement of the X, Y and Z tables for linear
movement may have a mechanism such as a rack-and-
pinion, a ball screw or a screwed shaft, and it is desirable
that the position can be set precisely. The triaxial move-
ment mechanism 41 is an example of a movement mech-
anism for moving an object in a plane perpendicular to
the rotary shaft 32. In this embodiment, the triaxial move-
ment mechanism 41 moves the chair 40 in a first direction
such as X direction, in a second direction perpendicular
to the first direction such as Y direction and in a third
direction perpendicular to the first and second directions
such as Z direction. However, the chair 40 is moved gen-
erally in a first direction and a second direction different
from the first direction. In this example, a movement
mechanism is provided both in the top frame and in the
chair. Alternatively, it may be provided only in one of
them. It is also possible that the movement mechanisms
in the top frame and in the chair have different functions.
For example, one of them has a mechanism for moving
only in X direction and the other has a mechanism for
moving only in Y direction.
[0049] An operational panel 67 used by an operator
for instructing operations is provided at a surface of one
of the vertical beams 63. The operational panel 67 has
a display screen 68 for inputting and displaying instruc-
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tions for various operations. The operational panel 67
can also be used as a mode switch for changing between
normal CT imaging mode and offset CT imaging mode.
X-rays transmitting an object are detected as projection
data by the X-ray detector 21, and the data is sent to the
computer M2 having a main body 70, a keyboard 71 for
receiving key-inputs and a display device 72.
[0050] Next, examples of the movement mechanism
provided in the rotary arm 3 are explained. They can be
applied to a gate type apparatus shown in Fig. 13 and to
an apparatus shown in Fig. 17. A portion on the control
of the position and rotation of the rotary arm (supporter)
30 is shown in a partially broken top view shown in Fig.
14 and in a partially broken top view shown in Fig. 15.
Inside the top frame (rotary shaft supporter) 61, a move-
ment mechanism is provided for displacing the position
of the rotary shaft 32 for the rotary arm 30 in two dimen-
sions. An XY table is used as the movement mechanism
which can move front and back and left and right in two
dimensions. The XY table has an X table 35X and a Y
table 35Y. The Y table 35Y is moved by a motor 60y in
the front-and-back direction (Y direction), and the X table
35X, supported by the Y table 35Y and supporting the
rotary shaft 32 extending vertically, is moved by a motor
60x in a lateral direction (X direction) to move the rotary
shaft 32. The motors 60x and 60y can be controlled in-
dependently of each other. The tables 35X, 35Y and the
motors 60x, 60y are components of an example of the
moving mechanism driven to move the rotary shaft 32
relative to the object 50 in two dimensions and to rotates
the rotary shaft 32 to revolve the X-ray generator 11 and
the X-ray detector 21 relative to the object at the same
time.
[0051] The longitudinal direction of the rotary arm is
denoted as X direction, and a direction perpendicular to
the X direction as Y direction. (Needless to say, two shafts
movable in two dimensions can also be used, as will be
explained later with reference to Fig. 18 and the like.)
The rotary shaft 32 is connected to a rotation table, which
is connected to a rotary arm 30 via a bearing 37. A motor
60r transmits a rotation force with a belt 38 to the bearing
36 in order to rotate the rotary arm 30. The rotary shaft
32, the bearing 36, the belt 38 and the motor 60r are
components of an example of a rotation mechanism for
rotating the rotary arm 30. By driving a motor 60x for
driving the X table 35X and another motor 60y for driving
the Y table 35Y according to a predetermined program,
the rotary shaft 32 can be moved front and back (Y di-
rection) and right and left (X direction) while the rotary
arm 30 is rotated.
[0052] In the XY table shown in Figs. 14 and 15, the
motor 60r for controlling the rotation is provided at the
side of the rotary arm 30. However, as shown in Fig. 16,
X, Y tables 35X, 35Y and a motor 60y for controlling the
rotation may be arranged in the same housing of the top
frame 61. In the example shown in Fig. 16, the motor 60y
for controlling Y axis drives the Y table 35y in Y direction
in the housing of the top frame 61. The rotary shaft 32

for the rotary arm 30 is supported by the X table 35X
supported by the Y table 35Y rotatably via a bearing 37’.
The X table 35X is driven in X direction by a motor 60x
for control in X axis. A motor, a belt and the like for driving
the bearing 37’ are also arranged in the same housing
though not shown in Fig. 16.
[0053] In the X-ray CT imaging apparatus shown in
Figs. 13 to 16, various types of CT imaging explained
above with reference to Figs. 2 to 16 can be performed.
Needless to say, the structure of the X-ray CT imaging
apparatus can be modified or simplified according to the
type of CT imaging.
[0054] Fig. 17 shows another embodiment of the X-ray
CT imaging apparatus. A main body M1 of the X-ray CT
imaging apparatus has a base 80 placed on a base floor,
an upright support 81 extending from the base 80, and
a lift frame 82, while it does not include a chair. The lift
frame 82 is attached to the upright support 81 so as to
be moved up and down by a motor 60z (not shown) for
controlling the up and down movement. The lift frame 82
has a bottom frame 83 extending horizontally from the
lower end thereof, and the bottom frame 83 has a chin
rest 84 so that the position of a patient can be adjusted
easily. A patient as an object 50 stands on the base 80
and places his or her chin on the chin rest 84. The pa-
tient’s head is interposed and immobilized by side hold-
ers (not shown) extending from the two sides of the chin
rest 84. Thus, the object is positioned so that a region of
interest to be imaged is located at an imaging region.
Further, a top frame 60 extends forward from a top end
of the lift frame 82, and it supports the rotary arm 30
rotatably.
[0055] The rotary arm (supporter) 30 has a U-character
shape, and it has an X-ray generation section 10 and an
X-ray detection section 20, opposing to each other. A
plane movement mechanism as shown in Figs. 14 and
15 is arranged inside the top frame 61, but the explana-
tion on the plane movement mechanism is omitted here
for the brevity of explanation. In CT imaging, the rotary
arm 30 is rotated, and the object 50 is exposed to an X-
ray cone beam, while X-rays transmitting the object are
detected by the X-ray detection section 20 as projection
data. The detected projection data is sent to a computer
M2, similarly to the X-ray CT imaging apparatus shown
in Fig. 13, but the detailed explanation is omitted here.
In the X-ray CT imaging apparatus, an X-ray CT imaging
which does not need to move an object is possible among
various embodiments of CT imaging explained with ref-
erence to Figs. 2 to 11.
[0056] In order to move the rotary shaft, a different ro-
tary shaft movement mechanism can be used instead of
the above-mentioned bearing or XY table. For example,
a connection member or a plurality of connection mem-
bers connected in series may be used to move the rotary
shaft in a plane perpendicular to the rotary shaft. For
example, the connection member is a member which can
be extended freely.
[0057] 1 Fig. 18 shows another example of a plane
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movement mechanism controlled with polar coordinates
schematically. The plane movement mechanism has two
arms AM1 and AM2. A reference point PT1 is fixed rel-
ative to the main body of the X-ray imaging apparatus,
and a first arm AM1 is supported at the point PT1 rotat-
ably. Further, the other end of the first arm AM1 is con-
nected roratably to en end of the second arm AM2, and
the other end of the second arm supports the rotary shaft
(+) of the rotary arm rotatably.
[0058] The two arms AM1, AM2 and the rotary shaft
32 are controlled by motors (not shown) provided for con-
trolling the rotation angles. The rotation angle K1 of the
first arm AM1 relative to the main body of the X-ray im-
aging apparatus and the relative rotation angle K2 of the
second arm AM2 relative to the first arm AM1 are con-
trolled by the motors for controlling the rotation angles
so as to move the rotary shaft 32 in the two dimensional
plane perpendicular to the rotary shaft. In the upper side
in Fig. 18, the positions of the X-ray generator 11, the
rotary shaft (+) and the X-ray detector 21 are shown at
the four phases of successive rotation by 90 degrees as
shown with arrows.
[0059] As explained above, the first part for moving the
position of the rotary shaft in a first direction in the plane
perpendicular to the rotary shaft may be an X table 35X
in an XY table or a first arm AM1 in a plane movement
mechanism controlled with the polar coordinates. Fur-
ther, the second part for moving the position of the rotary
shaft in a second direction different from the first direction
may be a Y table 35Y in the XY table or a second arm
AM2 in the plane movement mechanism. The rotary shaft
held at the end of the second arm AM2 is moved easily
by the rotations by the motors.
[0060] Further, when the irradiation field of X-ray beam
is limited to create an X-ray narrow beam, at least one
of panorama X-ray imaging and cephalometric imaging
can be performed. For example, a dual-purpose appa-
ratus can be realized by adding a panorama imaging
function to an X-ray CT imaging apparatus by making it
possible for panorama imaging to create a narrow beam
and to limit an area in a sensor from which data are read.
For example, as shown in Fig. 19, a primary slit mecha-
nism 12 is arranged near the X-ray generator 11 at the
front side thereof. It can set a plurality of slit openings
(irradiation fields) for applications such as CT imaging,
panorama imaging and the like.
[0061]  The primary slit mechanism 12 is an example
of a device for limiting an irradiation field for limiting an
X-ray beam generated by the X-ray generator to an X-
ray narrow beam extending in a direction in parallel to
axial direction of the rotary shaft. Alternatively, a mech-
anism made of a pair of shielding members for controlling
the width of an opening and another pair of shielding
members for controlling the height of the opening is pro-
vided. The slit opening is adjusted by moving each of the
shielding members in the two pairs by motors to set the
distances between the pairs of the shielding members,
as desired, in correspondence to the width and the height

of the slit opening. Fig. 19 shows a case (a) of CT X-ray
imaging and a case (b) of panorama X-ray imaging. For
CT imaging, the primary slit mechanism 12 is activated
by a motor (not shown) so that a rectangular slit opening
for CT imaging is moved before the X-ray generator 11.
For panorama imaging, the primary slit mechanism 12 is
activated so that an opening with a narrow slit is moved
before the X-ray generator 11.
[0062] In the X-ray detection section 20, a second slit
mechanism may be arranged before the X-ray detector
21 in order to limit the irradiation field to the X-ray detector
21. In an example shown in Fig. 20, an X-ray detector 21
having an X-ray sensor 21a for CT imaging and an X-ray
sensor 21b for panorama imaging can be inserted in a
cassette 25. The cassette 25 as a secondary slit mech-
anism has a slit opening 25a for CT imaging and another
slit opening 25b for panorama imaging. When the type
of imaging is selected, the slit opening in correspondence
to the selected type is positioned before the relevant X-
ray sensor used for the selected type in the X-ray detector
21.
[0063] In panorama imaging, the X-ray generator 11
has to project a narrow beam along the dental arch gen-
erally in frontward direction. Then, when panorama im-
aging is instructed, a control section 60 sets a narrow
irradiation field such as 10 mm times 60 mm to generate
a narrow beam and limits an area from which data is read
in the two-dimensional dental X-ray detector 21. Then,
the XY table 65 is controlled while the rotary arm 30 is
rotated by the rotary shaft 32, so as to move the X-ray
generator 11 and the X-ray detector 21 in correspond-
ence to the trajectory for panorama imaging. Thus, the
rotary shaft 32 is rotated, while the revolution center is
moved continuously along the trajectory of panorama im-
aging for projecting the narrow beam in the frontward
direction in the course of rotation. Then, a panorama im-
age is reconstructed by placing image data side by side
in lateral direction in the sequence of imaging operation.
[0064] Next, control systems for the X-ray CT imaging
apparatuses are explained.
[0065] A control system for an X-ray CT imaging ap-
paratus shown in Fig. 21A is applied to an X-ray CT im-
aging apparatus wherein an object is fixed while CT im-
aging is performed, The X-ray CT imaging apparatus has
a main body M1 and a computer (or a workstation) M2.
An X-ray generator 11 in an X-ray generation section 10
for generating an X-ray cone beam and a two-dimension-
al X-ray detector 21 in a cassette 22 in an X-ray detection
section 20 are supported at two ends of a supporter (such
as a rotary arm 30) while opposing to each other, and
they are rotated around an object 50 held by an object
holder 40. The position of the X-ray detector 21 is shifted
so that the X-ray beam does not pass the center of an
imaging region 51 of the object 50, while the revolution
center 32 is moved along a circle 33 around the center
position (x) of the imaging region of the object. Thus a
wider region can be imaged.
[0066] As shown in Fig. 16, the top frame supporting
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the supporter 30 includes the motor 60x and the motor
60y for moving along X-axis and along Y axis, respec-
tively, and the motor 60r for rotation, and the motor 60z
for lifting the top frame along Z-axis. The X-axis motor
60x, the Y-axis motor 60y and the Z-axis motor 60z move
the XY table for supporting the rotary shaft in X, Y and Z
directions. Further, the motor 60r provided for rotation
rotates the supporter 30 via the rotary shaft.
[0067] A controller 67’ provided in the main body M2
of X-ray imaging apparatus has a central processing unit
(CPU) 67a for controlling the entire main body, and the
CPU 67a controls the X-ray generating section 11 and
the X-ray detecting section 21 with control devices 73
and 74 for controlling the X-ray generation section 11
and for the X-ray detection section 12 respectively. The
controller 71 further has an operation device 67 to be
operated by an operator for inputting an instruction and
a display device 68 for displaying information to the op-
erator.
[0068]  Further, the controller 70’ in the computer M1
has a central processing unit (CPU) 70a for controlling
the entire computer, and the CPU 70a is connected to a
storage device 75a, an image processor 76 and a coor-
dinate calculator 77. The controller 70’ further has an
operation device 71 to be operated by an operator for
inputting an instruction and a display device 72 for dis-
playing information to the operator.
[0069] In CT imaging, if a magnifying factor is set with
the operation panel 67 before starting CT imaging, the
controller 67’ activates the motors 60x and 60y for moving
in the X-axis and in the Y-axis so as to move the object
relative to the X-ray detector 21 towards the X-ray de-
tector 21 and vise versa. Further, the motor 60z for mov-
ing in the Z-axis is activated to adjust the height of the
X-ray generator 11 and the X-ray detector 21 relative to
the object 50. When CT imaging is started, the controller
67’ activates the motor 60r to rotate the rotary arm (sup-
porter) 30 and controls the motors 60x and 60y to move
the revolution center along a circle having a predeter-
mined radius. The principle of the imaging has already
been explained with reference to Fig. 2 and the like.
[0070] The storage device 75 in the controller 70’
stores a control program for controlling CT imaging and
a calculation program for calculating three-dimensional
CT data from the projection data. With the operation pan-
el 67, an operator sets the type of imaging (for example,
CT imaging or panorama imaging), irradiation field and
the like. Based on the operator’s instructions received
from the operation panel 67, the controller 67’ in the main
body M1 controls the X-ray imaging apparatus by acti-
vating the programs for various controls and data
processing. The controller 67’ moves the rotary shaft 32
for the rotary arm 30 in X and Y directions by controlling
the motors 60x and 60y and moves up and down the
rotary arm 30 by activating the motor 60z.
[0071] The controller 67’ controls the primary slit mech-
anism 12 at the side of the X-ray generator 11 and the
secondary slit mechanism 25 at the side of the X-ray

detector 21 so as to change the irradiation fields for the
X-ray generator 11 and the X-ray detector 21. Further,
the controller 73 controls the X-ray detector 21 to read
X-ray image data. On imaging, the rotary shaft 32 is re-
volved around the object with the XY table and at the
same time the motor 60r is driven at a constant speed to
rotate the rotary shaft 32 so as to rotate the rotary arm
30 around the object. Thus, an X-ray cone beam is irra-
diated to the object 50 and the X-ray transmitting the
object is detected by the X-ray detector 21, while the X-
ray generator 11 and the X-ray detector 21 are revolved,
and the X-ray image data acquired with the X-ray detector
21 are stored in the storage device 75.
[0072] The image reconstruction program in the image
processor 76 reconstructs an image with the coordinate
calculator 77 based on the X-ray image data at the pixels
acquired in the storage device 75. The reconstruction
calculation may be performed similarly to the case of half-
scan disclosed in JP-A 2002-204796. It is different from
a calculation for a normal CT imaging, for example, on a
horizontal table on correspondence between a pixel in
the two dimensional detection plane of the X-ray detector
21 and a voxel in the imaging region. It may be prepared
only on a part of the imaging region.
[0073] A control system for an X-ray CT imaging ap-
paratus shown in Fig. 21B is applied to a CT imaging
apparatus wherein an object is moved. It is different from
the control system shown in Fig. 19(a) in a point that a
driver section 60 for the triaxial movement mechanism
is provided for driving the object holder 40. The X-axis
motor 60x, the Y-axis motor 60y, the Z-axis motor 60z,
and the motor 60r for rotation are driven in the driver
section 60. The motor 60r for rotating the supporter 30
is provided in the supporting frame, similarly to the control
system shown in Fig. 21A. Except the above point, the
control system shown in Fig. 21B is similar to that shown
in Fig. 21A, and detailed explanation is omitted here.
[0074] A control system for an X-ray CT imaging ap-
paratus shown in Fig. 21C is used for a CT imaging ap-
paratus wherein an object is moved while the rotary shaft
is also moved in CT imaging. In contrast to the control
system for an X-ray CT imaging apparatus shown in Fig.
19(a), the Y-axis motor 60y for the Y table is provided
besides the motor 60r for rotation, while an XZ table is
provided in the side of the object holder 40 including the
X-axis motor 60x for driving the X table and the Z-axis
motor 60z for driving the Z table. Except the above points,
the control system is similar to that shown in Fig. 19(a),
and detailed explanation is omitted here.
[0075] Fig. 22 shows a flowchart of imaging control by
the CPU 67a in the controller 67’ in the double-purpose
apparatus for CT and panorama imaging for controlling
imaging operations. First, it is decided whether the im-
aging type instructed by an operator is panorama imaging
or CT imaging. (S101). If the imaging type is panorama
imaging, panorama mode is set to the apparatus (S102),
and imaging conditions for panorama imaging are set to
the apparatus (S103). For example, a slit for panorama
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imaging is selected, an X-ray beam orbit for panorama
imaging is selected, the object and the rotary arm are
positioned relative to each other, parameters for the ro-
tation of the rotary arm 30 and the movement of the rotary
shaft 32 are set, and a range from which data is read is
set to the X-ray detector 21. Then, panorama imaging is
performed with the imaging conditions mentioned above
(S104). Next, a panorama image is reconstructed (S105),
and the obtained panorama image is displayed (S106).
In the case of the CT imaging apparatus which does not
perform panorama imaging, steps S101 to S106 are omit-
ted.
[0076] On the other hand, if CT imaging is instructed
at S101. CT mode is set to the apparatus (S201). Next,
it is decided whether offset scan imaging is selected or
not (S202). If offset scan is not selected or normal scan
is instructed, the magnifying factor for CT imaging is set
(S203), and a slit for CT scan is selected, the orbit of X-
ray beam for normal CT imaging is selected, the rotary
arm 30 is positioned relative to the object for positioning
the object (S204). Then, normal CT imaging is performed
with the imaging conditions set as explained above
(S205), wherein the position of the rotary shaft 32 is fixed
at the center of the CT imaging region in a plane crossing
the rotary shaft, and the supporter is rotated. Next, a CT
image is reconstructed based on the acquired projection
data (S206), and the obtained CT image is displayed
(S207).
[0077] On the other hand, if offset scan imaging is se-
lected for CT imaging (NO at S202), magnifying factor is
set to the apparatus (S301), and a slit for CT imaging is
selected, the orbit of X-ray beam for normal CT imaging
is selected, the rotary arm is positioned relative to the
object (S302). If necessary, a step for selecting a slit is
added, and a slit is selected according to the selection.
Then, offset CT imaging is performed with the imaging
conditions set as explained above (S303), wherein nec-
essary imaging conditions are set according to the se-
lected imaging configuration. The rotation of the support-
er and the two-dimensional relative movement of the ro-
tary shaft by the movement mechanism are performed
simultaneously. Next, a CT image is reconstructed based
on the acquired projection data (S304), and the obtained
CT image is displayed (S305).
[0078] In the above-mentioned embodiments, the
magnifying factor can be changed. However, needless
to say, X-ray CT imaging can be performed even when
the magnifying factor is fixed, by displacing the rotary
shaft 32 of the rotary mechanism from the revolution cent-
er (x) of imaging region and by simultaneously driving
the rotation of the rotary arm 30 and the movement of
the rotary shaft 32 and/or the imaging region 51. Then,
according to the synthesized motion, the center of the
imaging region 51 of an object can always be set to the
rotation center (x) of imaging region on imaging different
from the rotary shaft of the rotation mechanism.
[0079] The rotary arm does not necessarily support
the X-ray generator and the X-ray detector extending ver-

tically above patient’s head. As shown in an example
shown in JP-A 2007-143948, the rotary arm may be po-
sitioned below a patient, and the X-ray generator and the
X-ray detector may be attached to supports extending
upward from the lower side.
[0080] The rotary shaft 32 is arranged vertically in the
embodiment. However, it may be arranged in a horizontal
direction as a so-called C-arm, and, for example, a patient
lying on his or her back is imaged. In this case, the X-Y
table moves the rotary shaft in a plane extending verti-
cally.
[0081] The invention can be applied not only to an X-
ray CT imaging apparatus for dentistry, but also generally
to an X-ray CT apparatus for imaging an object with a
relatively small imaging region, such as an X-ray CT ap-
paratus for otolaryngology.

Claims

1. An X-ray CT imaging apparatus comprising:

a first supporter for supporting an X-ray gener-
ator generating an X-ray cone beam and a two-
dimensional X-ray detector, the X-ray generator
and the X-ray detector being arranged to inter-
pose an object;
a rotary shaft for revolving the first supporter
around the object; and
a second supporter supporting the rotary shaft;
wherein at least one of the second supporter
and an object holder for holding the object has
a movement mechanism for moving the first sup-
porter relative to the object;
wherein in CT imaging with offset scan, the rev-
olution of the supporter by the rotary shaft is per-
formed at the same time as relative two-dimen-
sional displacement of the rotary shaft by the
movement mechanism; and
in the relative two-dimensional movement of the
rotary shaft, a position of the rotary shaft is
moved according to a rotary angle of the first
supporter in two dimensions in a plane crossing
the rotary shaft along a circular orbit around a
center of a CT imaging region.

2. An X-ray CT imaging apparatus comprising:

a first supporter for supporting an X-ray gener-
ator generating an X-ray cone beam and a two-
dimensional X-ray detector, the X-ray generator
and the X-ray detector being arranged to inter-
pose an object;
a rotary shaft for revolving the first supporter
around the object; and
a second supporter supporting the rotary shaft;
wherein at least one of the second supporter
and an object holder for holding the object has
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a movement mechanism for moving the first sup-
porter relative to the object;
in a CT imaging with offset scan, the revolution
of the first supporter by the rotary shaft is per-
formed at the same time as relative two-dimen-
sional movement of the rotary shaft by the move-
ment mechanism; and
in the relative two-dimensional movement of the
rotary shaft, a position of the rotary shaft is
moved along a circular orbit in a plane intersect-
ing the rotary shaft, and a center of revolution
of the X-ray cone beam around the object ac-
cording to the rotation of the first supporter is set
to a position different from a symmetrical axis of
the broadening X-ray cone beam.

3. An X-ray CT imaging apparatus comprising:

a first supporter for supporting an X-ray gener-
ator generating an X-ray cone beam and a two-
dimensional X-ray detector, the X-ray generator
and the X-ray detector being arranged to inter-
pose an object;
a rotary shaft for revolving the supporter around
the object;
a second supporter supporting the rotary shaft;
and
a mode changer for changing between normal
CT imaging mode and offset CT imaging mode;
wherein at least one of the second supporter
and an object holder for holding the object has
a movement mechanism for moving the first sup-
porter relative to the object;
in the normal CT imaging mode, the position of
the rotary shaft is fixed at a center of a region to
be imaged in a plane perpendicular to the rotary
shaft, and the first supporter is revolved;
in the offset CT imaging mode, the revolution of
the first supporter by the rotary shaft is per-
formed at the same time as relative two-dimen-
sional movement of the rotary shaft by the move-
ment mechanism, and in the relative two-dimen-
sional movement of the rotary shaft, a position
of the rotary shaft is moved along a circular orbit,
and a revolution center of the X-ray cone beam
around the object according to the rotation of
the first supporter is set to a position different
from a symmetrical axis of the broadening X-ray
cone beam.

4. The X-ray CT imaging apparatus according to one
of claims 1 to 3, wherein the circular orbit is a true
circle.

5. The X-ray CT imaging apparatus according to one
of claims 1 to 4, wherein the movement mechanism
is set in the second supporter.

6. The X-ray CT imaging apparatus according to one
of claims 1 to 4, wherein the movement mechanism
is set in the object holder.

7. The X-ray CT imaging apparatus according to one
of claims 1 to 4, wherein the movement mechanism
comprises a first part in the second supporter for
moving the position of the rotary shaft along a first
direction in a plane crossing the rotary shaft, and a
second part in the object holder for moving the po-
sition of the rotary shaft in a second direction different
from the first direction.

8. The X-ray CT imaging apparatus according to one
of claims 1 to 7, further comprising a device for re-
stricting an irradiation field, wherein the device re-
stricts the X-ray beam generated by the X-ray gen-
erator to a narrow width beam having a width nar-
rower in an axial direction of the rotary shaft than in
a direction in parallel to the axial direction, and at
least one of panorama imaging and cephalometric
X-ray imaging is possible by irradiating the narrow
width beam.
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