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DESCRIPTION

Technical field

[0001] The application relates generally to an X-ray imaging unit for a medical imaging.

Background

[0002] Figures 1a-1b represent a modern digital Panoramic/Cephalometric/Cone Beam
Computed Tomography (CBCT) combination unit 100 having typically a column 140 that
includes an up and down movement Z to adapt a height of the unit 100 to a height of a patient
for Panoramic, Cephalometric, and CBCT imaging modes.

[0003] An upper shelf 150 of the unit 100 is attached to the column 140 e.g. with a fixed joint.
The upper shelf 150 supports a rotating part 120.

[0004] The rotating part 120 - so-called gantry - has typically a form of a letter C incorporating
an X-ray source 124 on one end and an X-ray imaging detector unit 126 on the other end. The
rotating part 120 rotates R typically up to 400 degrees around a rotation axis 122.

[0005] The X-ray source 124 is common for all the three imaging modes and an X-ray beam
limiting device 128 is attached in front of the X-ray source 124.

[0006] The detector unit 126 can consist of one or two detectors. The one-detector unit 126
can comprise one Cephalometric detector, which enables also the Panoramic imaging, one
Panoramic/CBCT/Cephalometric combination detector, or one one-shot detector configured to
be used in Cephalometric imaging. In two-detector cases, the detector unit 126 can comprise
one Cephalometric detector, which enables also the Panoramic imaging, and the CBCT
detector. There are several ways to attach the detectors in respect to each other and to
change the detector that is located within an X-ray beam.

[0007] During imaging the beam limiting device 128 controls a size and shape of the X-ray
beam so that it matches needs of a selected imaging mode, selected image size, and related
detector size.

[0008] The rotation axis 122 fixes the rotation part 120 to the upper shelf 150 and it is typically
attached to at least one linear movement so that the rotation axis 122 and, thus, a rotation
center of the rotation part 120 in respect to the upper shelf 150 can be adjusted along a Y-
movement that is parallel to the upper shelf 150 during the imaging. Furthermore, there can be
a second linear X-movement perpendicular to the first one so that the rotation axis 122 can be
positioned within a plane defined the linear movements X, Y.
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[0009] In addition, there can be even a third N-movement that moves a fixing point of the
rotation axis 122 in respect to the rotation part 120. Moving the rotation axis 122 along the X-
ray beam Np may be used to change a magnification within the Panoramic and CBCT imaging
modes. Moving the rotation axis 122 perpendicular to the X-ray beam Np enables a change

between offset scanning and symmetrical scanning in the CBCT imaging, thus, affecting the
Field Of View (FOV).

[0010] A Cephalometric arm 160 is used to attach a Cephalometric head 162 to the unit 100. It
has typically a dedicated X-ray imaging detector 164 at one end and a secondary collimator
166 at the other end. Between these two main parts 164, 166 hang a Cephalometric patient
positioning support parts 168, 169, which consist of ear rods 168 and a nose (nasion) support
169. Patient's head is supported from an outer part of an ear canal with the ear rods 168 and
from a nose using the corresponding support 169.

[0011] The Cephalometric X-ray detector 164 is attached to the head 162 with a Cq-movement
that moves the detector 164 perpendicularly to the X-ray beam. Alternatively, it is possible to
perform the Cephalometric imaging by a one shot technique, when the detector 164 is
sufficiently large.

[0012] The Cephalometric secondary collimator 166 is also attached to the head 162 with a
Cs-movement that is parallel to the Cg-movement and, thus, also perpendicular to the X-ray

beam.

[0013] The support parts 168, 169 are attached to the head 162 in a manner that enables
them to rotate to two main imaging positions: the lateral and posterior anterior (PA) projections.
The lateral projection is basically a side view and the PA projection is from a back-to-front view
of a scull.

[0014] For Panoramic and CBCT imaging, a patient is typically supported by means of a lower
shelf 142 and possibly also by means of a temple support 143. The support points are typically
a tip of a chin and a forehead or temple of a patient.

[0015] The Panoramic imaging the unit 100 uses the rotation R and linear X-, Y-, or both X-
and Y-movements during the scan resulting a Panoramic image. Furthermore, depending on
the used sensor technology, the image is clocked out using Time Delay Integration (TDI) or full
frame read-out mode of the detector. The Panoramic (sharp) layer is defined by the velocities
of the movements and, in the case of TDI, the readout rate of the Panoramic detector. When
using a full frame detector, the final shape of the layer is calculated on the computer after the
scan. Rotation angle is typically about 270 degrees.

[0016] In the unit 100 the CBCT imaging is typically implemented by using a rotation
movement R and reading out the CBCT detector with a full frame mode. Thus, projection X-ray
images of the Region Of Interest (ROI) are typically produced in a way that the center of the
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ROI and the rotation movement R coincide. The effective rotation angle (aperture) is ranging
typically from approximately 180 to 360 degrees depending on the unit 100.

[0017] In the Cephalometric imaging the patient is supported to a patient positioning structures
168, 169 located at the Cephalometric head 162 of the unit 100. The X-ray beam is arranged
to scan the patient's head with a combination of rotation R and linear Y-movement. The beam
is then further collimated by the secondary collimator 166 and finally captured by the
Cephalometric detector 164, which both move in synchronism with the beam.

[0018] In addition, publication US 2011/0142199 represents a Panoramic dental radiation
imaging system, where its motion system uses different movements in order to move a C-arm.

Summary

[0019] One object of the invention is to eliminate drawbacks of the known
Panoramic/Cephalometric/Computed Tomography (CT) combination units and to provide a
cheaper and more compact X-ray imaging unit for medical imaging.

[0020] One object of the invention is fulfiled by providing an X-ray imaging unit, a method, a
computer program, and a tangible non-volatile computer readable medium according to the
independent claims.

[0021] One embodiment is an X-ray imaging unit for a medical imaging, which comprises a
rotating part comprising a first X-ray source and an X-ray imaging detector unit configured to
provide an image by means of at least a rota-tional movement around a rotation axis of the
rotating part, and an upper shelf for supporting the rotating part. The upper shelf is configured
to enable the rotating part to move with respect to the upper shelf by means of a linear
movement and to be attached to a column with a pivoting joint for enabling a pivot movement
(P) of the upper shelf around the column. The rotating part is configured to be positioned by
the linear movement and the pivot movement during the imaging.

[0022] The term "medical imaging" refers to e.g. a dental, extraoral, oral, maxillofacial, or ears,
nose, and throat imaging.

[0023] One embodiment is a method for controling an X-ray imaging unit, which unit
comprises a rotating part comprising a first X-ray source and an X-ray imaging detector unit
configured to provide an image by means of at least a rota-tional movement around a rotation
axis of the rotating part, and an upper shelf for supporting the rotating part. The upper shelf is
configured to enable the rotating part to move with respect to the upper shelf by means of a
linear movement and to be attached to a column with a pivoting joint for enabling a pivot
movement of the upper shelf around the column. The method comprises positioning the
rotating part by the linear movement and the pivot movement during the imaging.
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[0024] One embodiment is a computer program for controlling an X-ray imaging unit when the
computer program is run in a computer. The unit comprises a rotating part comprising a first X-
ray source and an X-ray imaging detector unit configured to provide an image by means of at
least a rota-tional movement around a rotation axis of the rotating part, and an upper shelf for
supporting the rotating part. The upper shelf is configured to enable the rotating part to move
with respect to the upper shelf by means of a linear movement and to be attached to a column
with a pivoting joint for enabling a pivot movement of the upper shelf around the column. The
computer program comprises positioning code for positioning the rotating part by the linear
movement and the pivot movement during the imaging.

[0025] One embodiment is a tangible non-volatile computer readable medium comprising a
computer program for controlling an X-ray imaging unit when the computer program is run in a
computer. The unit comprises a rotating part comprising a first X-ray source and an X-ray
imaging detector unit configured to provide an image by means of at least a rota-tional
movement around a rotation axis of the rotating part, and an upper shelf for supporting the
rotating part. The upper shelf is configured to enable the rotating part to move with respect to
the upper shelf by means of a linear movement and to be attached to a column with a pivoting
joint for enabling a pivot movement of the upper shelf around the column. The computer
program comprises positioning code for positioning the rotating part by the linear movement
and the pivot movement during the imaging.

[0026] Further embodiments are defined in dependent claims.

[0027] The features recited in depending claims are mutually freely combinable unless
otherwise explicitly stated.

[0028] The definitions of the below-defined verbs and terms shall be applied, unless a different
definition is given in the claims or elsewhere in this description/specification.

[0029] The verb "to comprise" is used in this document as an open limitation that neither
excludes nor requires the existence of unrecited features. The verbs "to in-clude" and "to
have/has" are defined as to comprise.

[0030] The terms "a", "an" and "at least one", as used herein, are defined as one or more than
one and the term "plurality" is defined as two or more than two. The term "another", as used
herein, is defined as at least a second or more.

[0031] The term "or" is generally employed in its sense comprising "and/or" unless the content
clearly dictates otherwise.

Brief description of the figures

[0032] The embodiments of the invention will be described with reference to the accompanying
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figures, in which

figures 1a-1b
represent a known digital Panoramic/Cephalometric/CT combination unit from the front
and from above,

figure 2a
represents an X-ray imaging unit for a medical imaging and its main parts and
movements,

figures 2b-2¢
represent an X-ray imaging unit and a patient in Panoramic/CT and Cephalometric
imaging positions and during imagings,

figure 2d
represent a Cephalometric collimator used in the Cephalometric imaging, and

figure 2e
represent functional elements of the X-ray imaging unit.

Detailed description of the figures

[0033] Figure 2a represents main parts of an X-ray imaging unit 200, which can be used in a
medical imaging, e.g. in an extraoral dental imaging.

[0034] The unit 200 comprising a rotating part (gantry) 220, which comprises an X-ray unit
comprising a first X-ray source 224. An X-ray imaging detector unit (head) 226 is attached to
the rotating part 220. A position of the detector unit 226 can be adjustable, e.g. it is rotable or
movable in a linear fashion. The X-ray source 224 and/or the detector unit 226 provides e.g. a
Panoramic, CT, or Cephalometric image by means of at least a rotational movement R around
a rotation axis 222 of the rotating part 220. The R-movement of the rotating part 220 is e.g. up
to 400 degrees around the rotation axis 222.

[0035] The rotating part 220 comprising a rotating motor, which is configured to rotate the
rotating part 220 by means of rotation means (not shown). Alternatively, the rotating motor can
be in an upper shelf 250 of the unit 200.

[0036] The rotating part 220 has e.g. a form of a letter C and the X-ray source 224 is on one
end of the rotating part 220. The X-ray source 224 is common for two imaging modes - the
Panoramic imaging and CT imaging, e.g. the CBCT imaging, where an X-ray beam is a cone-
shaped beam. In alternative CT imaging techniques, the X-ray beam can be a pyramidal-
shaped beam, half-moon -shaped cone beam, or other shaped beam.

[0037] In addition, the X-ray source unit comprising a beam limiting device 228 for the X-ray
source 224 and a beam limiting motor configured to adjust the device 228. During imaging the
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device 228 controls the size and shape of the X-ray beam so that it matches the needs of a
selected imaging protocol, selected image size, and related detector size.

[0038] On the other end of the rotating part 220 is the detector unit 226, which can comprise
e.g. one or two X-ray detectors (not shown). The one-detector unit 226 can comprise one
Panoramic detector, one Cephalometric detector, which enables also the Panoramic imaging,
one Panoramic/CT combination detector, one Panoramic/CT/Cephalometric combination
detector, or one detector configured to be used in Panoramic/CT imaging and in one-shot
Cephalometric imaging. The one-detector unit 226 can be adjustable, e.g. by rotating it relative
to the rotating part 220 so that the detector of the one-detector unit 226 can be positioned
preferably perpendicularly to the used X-ray source 224, 265 and/or by moving it in a linear
fashion relative to the rotating part 220 for adjusting a distance between the detector and the
X-ray source 224 in Panoramic/CT imaging.

[0039] In two-detector cases, the detector unit 226 can comprise one Panoramic detector and
one CT detector, or one Cephalometric detector, which enables also the Panoramic imaging,
and the CT detector. In the two-detectors unit 226 the detectors are arranged e.g. successively
in Panoramic imaging, whereupon the Panoramic or Cephalometric detector is arranged as a
front detector for arranging magnification ratio for the imaging mode, and the CT detector as a
rear detector. The swap of the detectors is arranged so that the front detector moves aside by
means of moving means, e.g. a rail and a rotator configured to move along the rail and to
rotate so that the front detector slides e.g. next to a rear detector, when it is necessary to use
the rear detector in CT imaging or the front detector in Cephalometric imaging. Alternatively,
the front detector can be moved to another position relative to the rear detector in
Cephalometric imaging. The place of the front detector in Cephalometric imaging dependes on
how it is displaced by means of the swap movement, and the R- and L-movements relative to
the used X-ray source 265. The Cephalometric detector can be positioned preferably
perpendicularly to the used X-ray source 265. The front detector return similarly by sliding,
when it is necessary to move it back to the front position.

[0040] The rotating part 220 can comprise a detector motor configured to move at least one
detector by means of the moving means, if the detector unit 226 comprising separate detectors
for the Panoramic and CT imaging.

[0041] In addition, the unit 200 comprising a column 240 for adapting a height Z of the unit 200
- and the rotating part 220. The column 240 comprises height adapting means (not shown)
comprising e.g. a height motor, and telescopic or counterweighted means configured to be
driven by the height motor, for providing an up/down movement Z to adapt the height of the
rotating part 220 to the height of the patient 201 for the Panoramic, Cephalometric, or CT
imaging modes. The height adapting means can realize the Z-movement e.g. as a telescopic
or counterweighted movement.

[0042] A lower shelf 242 is attached to the column 240 and the rotating part 220 is configured
to be positioned over the lower shelf 242 during the Panoramic and CT imaging. The lower
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shelf 242 is used for positioning a patient 201 for the Panoramic and/or CT imaging and for
supporting the patient 201 e.g. from a tip of the patient's 201 chin during the imaging.

[0043] Alternatively, when the unit 200 comprising a seated patient's 201 positioning system
(not shown), the Z-movement is realized e.g. by adapting in the Z-direction the height of at
least one of the followings: a chair, the lower shelf 242, and the column 240.

[0044] The lower shelf 242 can also comprise a head support (not shown), which supports e.g.
the patient's 201 forehead and/or temple in the Panoramic/CT imaging position.

[0045] The unit 200 comprising said upper shelf 250, which supports the rotating part 220. The
upper shelf 250 is attached to e.g. an upper end of the column 240 with a pivoting joint
(means) 252, which enables a pivot movement P of the upper shelf 250 around the column
240 and in respect to a lower shelf 242 so that the rotating part 220 is over e.g. the lower shelf
242.

[0046] The upper shelf 250 comprising pivot movement means (not shown), which comprising
e.g. a pivot motor configured to pivot the upper shelf 250 around the column 240 by means of
the pivoting joint 252.

[0047] The upper shelf 250 comprising linear movement means (not shown), e.g. a linear
conveyor configured to support the rotation means of the rotating part 220 and to enable the
rotating part 220 to rotate around the rotation axis 222, at least one rail and/or track configured
to guide the linear conveyor in the upper shelf 250, and a linear motor configured to drive the
linear conveyor along the at least one rail and the upper shelf 250, which enable the rotating
part 220 and the rotation means to move with respect to the upper shelf 250 by means of a
linear movement L. The linear movement means of the upper shelf 250 can be provided so
that L-movement in a plane of the upper shelf 250 is a direct linear movement, e.g. it is parallel
to the upper shelf 250 or it is in a certain angle with respect to the parallel direction, or the L-
movement in the plane of the upper shelf 250 is a non-direct linear movement having e.g. a
curved path or a devious path.

[0048] The rotation means attach the rotating part 220 to the upper shelf 250.The rotation
means are able to move at least one L-movement so that the axis 222 and, thus, the rotation
center in respect to the upper shelf 250 can be adjusted along the L-movement. Thus, the axis
222 can be positioned within a plane defined by the P-movement of the upper shelf 250 and
the L-movement of the rotating part 220 during the imaging.

[0049] The L- and P- movements of the rotating part 220 during the imaging increase a
number of imaging modes and means in the unit 200, e.g. a use of a virtual rotation axis
(center) of the rotating part 220 in e.g. Panoramic and CT imaging, when there is available an
increased number of movements in the unit 200 during a radiation.

[0050] The virtual rotation axis enables e.g. a use of constant magnification in the Panoramic
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imaging mode.

[0051] The mechanical rotation axis (center) 222 is deviated from a center line 243 of the
lower shelf 242 - and the patient 201 - with the P-movement. A deviation D, which is
represented in figure 2b, is maximal at a beginning of the scanning (radiating) process. When
the rotating unit 220 starts to rotate by means of the R-, L-, and P-movements around the
virtual rotation axis, the rotation axis 222 is shifted to the center line 243, whereupon the
deviation D is minimal, i.e. non-existent, at a middle of the scanning. Then, the deviation D
starts to increase in an opposite direction, when the rotating unit 220 continues the scanning,
and it obtains its maximum again at an end of the scanning. This shift in the deviation D
enables the magnification ratio remain the same, i.e. constant, throughout the scanning.

[0052] In addition, the virtual rotation axis enables a flexible selection between the symmetrical
and offset scanning geometries in the CT imaging mode.

[0053] In the symmetrical scanning process, the virtual rotation axis is positioned on a center
line of the X-ray beam. During the scanning, the rotation axis 222 and the rotating unit 220
move by means of the R-, L-, and P-movements e.g. approx.180 degrees around the virtual
rotation axis, which is in a middle of the FOV.

[0054] In the offset scanning process, which provides a larger FOV than in the symmetrical
scanning process, the virtual roation axis is positioned on one edge of the X-ray beam. During
the scanning, the rotation axis 222 and the rotating unit 220 move by means of the R-, L-, and
P-movements e.g. approx. 180 degrees around the virtual rotation axis. Then, the virtual
rotation axis is positioned on another edge of the X-ray beam, and rotation axis 222 and the
rotating unit 220 move by means of the R-, L-, and P-movements e.g. approx. 180 degrees
around the virtual rotation axis and the FOV in opposite direction in order to gather sufficient
amount of imaging data. Alternatively, the virtual rotation axis may remain at the same position
during the scanning, and the rotation axis 222 and the rotating unit 220 move by means of the
R-, L-, and P-movements e.g. approx. 360 degrees around the virtual rotation axis in one
direction.

[0055] In addition, it is possible to design much lighter and thinner upper shelf 250, whereupon
the unit 200 provides a smaller footprint when using the P-movement instead of using the
linear X-movement, which widens the upper shelf 250, and the Np-movement, which widens

the rotation part 220.

[0056] The X-ray source 224 on the one end of the rotating part 220 typically weights more
than the detector unit 226 on the other end. As a result, a movement of the center of the
gravity of the rotating part 220 can cause a varying load to a joint construction (not shown) of
the rotating part 220, which comprising the linear movement means, so that the rotating part
220 wobbles during the imaging and, thus, reduces the image quality.

[0057] In order to eliminate these problems, the upper shelf 250 comprises a controlling
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arrangement (not shown) that enables the R-movement of the rotating part 220 in relation to
the upper shelf 250 so that the axis 222 travels substantially through the center of the gravity
of the rotating part 220, which, in turn, stays in a neutral axis of the joint construction of the
rotating part 220 during the imaging. A virtual rotation axis of the rotating part 220 is achieved
by synchronizing R-, L-, and P-movements during the scanning.

[0058] The controlling arrangement removes any torque applied to the joint construction and
increases an image quality by removing artifacts caused by wobbling.

[0059] In addition, the controlling arrangement enables to produce a lighter, cheaper, and
slender structure of the rotating part 220 and its joint construction.

[0060] In addition, the unit 200 comprising on one side of the column 240 a first Cephalometric
arm 260 that has a certain first length. The arm 260 attaches a Cephalometric head (unit) 262
to the unit 200 at a certain first distance that corresponds with the first length from the column
240.

[0061] The Cephalometric head (support) 262, which has a significantly simpler structure than
in traditional Cephalometric units, comprises a Cephalometric patient support means 268, 269,
e.g. two ear rods 268 and a nose (nasion) support 269, for supporting the patient 201 to be
imaged. The patient's 201 head is supported e.g. from an outer part of a ear canal with the ear
rods 268 and from the nose using the support 269. The ear rods 268 and nose support 269
can be attached to the Cephalometric head 262 in a manner that enables them to rotate e.g. to
two main imaging positions: lateral and PA projections. The lateral projection is basically a side
view and the PA projection is from back to front view of a scull of the patient 201.

[0062] The ear rods 268 can be tiltable or rotable ear rods having a down position, where the
ear rods 268 support the patient 201, and an up position, where it is possible to place the
patient 201 in the Cephalometric imaging position or where the patient 201 can depart from the
the Cephalometric imaging position, when the tilted or rotated ear rods 268 in the up position
provide a clear passage of the patient 201.

[0063] In addition, the unit 200 comprising on other side of the column 240 a second
Cephalometric arm 261 that has a certain second length. The arm 261 attaches a second X-
ray source 265, which is used in the Cephalometric imaging, to the unit 200 at a certain second
distance that corresponds with the second length from the column 240. The X-ray source 265
comprising a beam limiting device 267 for the Cephalometric imaging and it is attached to the
X-ray source 265. The X-ray source 265 can be configured to rotate around a rotation axis 264
by means of rotation means 263 configured to perform a scanning movement S. The axis 264
of the X-ray source 265 is in line with a focal spot of the X-ray source 265 so that it passes
through the focal spot. The arm 261 or the X-ray source 265 comprising a rotating motor,
which is configured to rotate the X-ray source 265 around the axis 264, which coincides with
the focal spot of the X-ray source 265.
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[0064] The arms 260, 261 can be separate arms attached to the column 240 or, alternatively, it
is possible to use one arm 260, 261, which comprising the Cephalometric head 262 in its one
end and the X-ray source 265 with the beam limiting device 267 in the other end of the single
arm 260, 261.

[0065] Figure 2d represents that how the Cephalometric, combination, or one-shot detector of
the detector unit 226 attached to the rotating part 220 is used also with the Cephalometric
imaging.

[0066] In addition, figure 2d represents that the rotating part 220 can comprise a
Cephalometric (secondary) collimator 266, which is used in the Cephalometric imaging. The
Cephalometric collimator 266 is attached e.g. to a side of the rotating part 220.

[0067] In addition, the rotating part 220 can comprise a detector motor configured to rotate the
detector unit 226 for the Cephalometric imaging and a collimator motor configured to adjust a
position (height) of the Cephalometric collimator 266 in the Z-direction. Alternatively, it is
possible that the beam limiting motor or the collimator motor is configured to adjust both the
device 228 and the Cephalometric colllimator 266.

[0068] The rotating part 220 is driven over the Cephalometric head 262, e.g. with the P-, R-,
and L-movements, so that the detector unit 226 and the Cephalometric collimator 266 are
positioned for the Cephalometric imaging.

[0069] The X-ray source 265 can be configured to provide, together with e.g. the detector unit
226 and the Cephalometric collimator 266 in the rotating part 220, a Cephalometric image from
the positioned patient 201, when it is rotated around the axis 264 by means of the S-
movement, and the detector unit 226 and the Cephalometric collimator 266 are arranged to
move e.g. by means of at least one of the P-, R-, and L-movements of the rotating part 220.
Alternatively, the scanning movement of the x-ray beam - e.g. a linear S-movement - can be
performed by moving the beam limiting device 267 of the X-ray source 265.

[0070] If the one-shot detector is used, the detector unit 226 and the Cephalometric collimator
266 are positioned by means of at least one of the P-, R-, and L-movements, but the image
can be taken without these movements and the S-movement.

[0071] Thus, there is no need for a dedicated holder or the Cs-movement for the detector unit
164 and the C4-movement of the Cephalometric collimator 166, when the scanning movement

is executed with e.g. the P-, R-, L-, and S-movements.

[0072] The arms 260, 261 can be arranged so that a height of the Cephalometric head 262
with the ear rods 268 and nose support 269, relative to the X-ray source 265, is fixed.

[0073] However, the fixed height may cause problems, because an anatomy of patients 201
varies - the vertical distance where ear openings are located compared to patient's 201
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shoulders differs significantly from one patient 201 to another. Thus, either the patient 201 is
located too low in the resultant Cephalometric image showing only upper vertebras or the
patient 201 is located so high in the images that the shoulder of the patient 201 touches the
detector unit 226, which is a problem especially with a scanning. Furthermore, the preferred
Cephalometric imaging geometry requires that the focal spot and the tips of the ear rods 268
are at the same (horizontal) axis.

[0074] In order to eliminate these problems, variable length ear rods 268 can be used while
keeping the arms 260, 261 fixed height relative to each other.

[0075] Alternatively or in addition, in order to eliminate these problems, the unit 200 can
comprise Cephalometric height adjusting means (not shown) that are configured to
independently adjust the height - in respect to the column 240 - of the arms 260, 261 that
support the Cephalometric head 262 at the one end and the X-ray source 265 on the other
end.

[0076] When the operator has adjusted the height of the arms 260, 261 by means of an
up/down Zc-movement, the focal spot follows the tips of the ear rods 268 automatically and,

thus, the geometry (ear rod tip to focal spot line) remains intact. Yet, the detector unit 226 and
the Cephalometric collimator 266 on each side of the patient 201 take their height from the
column 240 and, thus, are on a different height in respect to the ear rods 268 and the patient
201 than before the adjustment.

[0077] The Cephalometric height adjusting means provides a way to adapt an exposed area to
a given anatomy of the patient 201 by enabling an operator (user) to adjust the height of the
patient 201 without compromising the geometry.

[0078] The movements of unit 200 are simple, because the traditional X-movement, and the
C4q and Cs-movements of the detector unit 226 and the secondary collimator 266 in the

Cephalometric head 262 are replaced by using the P-movement instead. The movements are
carried out using the L-movement and the P-movement of the upper shelf 250.

[0079] In addition, the structure of unit 200 is simplier and cheaper, when using the P-
movement, because the Cephalometric imaging can optionally be implemented by using only
one "non-detachable" detector unit 226 so that it is avoided a breaking of the detector unit 226
when there is no need to remove it from a holder of the rotating part 220 to detach it to a
holder of the Cephalometric head 262 when changing the imaging mode from the
Panoramic/CT mode to the Cephalometric mode. The detector for the Panoramic imaging in
the detector unit 226 can be rotated from the Panoramic imaging position to the Cephalometric
imaging position so that it is possible to use the same detector in both Panoramic and
Cephalometric imaging.

[0080] In addition, the structure of unit 200 provides a simple workflow when e.g. the change
from the Panoramic/CT mode to the Cephalometric mode - the movement of the rotating part
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220 from the Panoramic/CT imaging position to the Cephalometric position without changing
the detector unit 226 from one holder to other holder - is automatized, whereupon a manual
work during the work flow and time needed for the work flow decrease.

[0081] It is also possible that the unit 200 comprising the upper shelf 250 that pivots around
the column 240 and the rotating part 220 that is configured to be positioned by means of the
above-described L- and P-movements for providing the Panoramic and/or CT imaging, but the
Cephalometric head 262 is similar to the known Cephalometric head, which comprising the
Cephalometric detector, the secondary collimator, and the patient positioning support parts.

[0082] The Cephalometric imaging is provided by means of the X-ray source 224 of the
rotating part 220, and the secondary collimator and the Cephalometric detector of the
Cephalometric head 262. The X-ray source 224 is arranged to scan the patient's 201 head
with the R- and L-movements. The X-ray beam is collimated by the secondary collimator and
captured by the Cephalometric detector, which are synchronized with the X-ray beam.

[0083] Figure 2b represents a positioning of the patient 201 during the Panoramic/CT imaging.

[0084] The patient 201 is supported by the lower shelf 242 and possibly to the head support of
the unit 200 in a Panoramic/CT imaging position, where the rotating part 220 is over the lower
shelf 242.

[0085] If the upper shelf 250 as well as the rotating part 220 are in a different position than the
Panoramic/CT imaging position - in a Cephalometric imaging position or in an intermediate
position between e.g. the Panoramic/CT and Cephalometric imaging positions - the upper shelf
250 is moved from that position to the Panoramic/CT imaging position by the P-movement and,
then, the rotating part 220 is further adjusted by the R- and L-movements so that the rotating
part 220 is ready for the Panoramic/CT imaging.

[0086] In addition, the rotating part 220 can have a patient postioning position, where the X-ray
source 224 or the detector unit 226 do not prevent the positioning of the patien 201 to the
Panoramic/CT and/or Cephalometric imaging positions when the rotating part 220 is over the
lower shelf 242 or the Cephalometric head 262. The patient postioning position can be
accomplished by the R-movement so that the rotating part 220 is rotated such position, where
it is possible to place the patient 201 to the Panoramic/CT and/or Cephalometric imaging
positions or to remove the patient 201 by moving the patient's 201 head between the X-ray
source 224 and the detector unit 226. Alternatively, it is possible to realize the patient
postioning position by means of the P-movement, whereupon the whole rotating part 220 is
moved away from the Panoramic/CT and/or Cephalometric imaging positions, when the patient
201 is positioned.

[0087] The positioned X-ray source 224 and the detector unit 226 are configured to provide a
Panoramic image when the rotation axis 222- a rotation center of the rotating part 220 - is
positioned by at least one of the P - and L- movements.
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[0088] Depending on the sensor technology used, the image can be clocked out using TDI or
full frame read-out mode of the detector. In the TDI mode, the image is read out one column at
a time, whereas in the full frame mode, the image is read out whole image frame at a time.
The Panoramic (sharp) layer is defined by the velocities of the movements and, in the case of
TDI, the readout rate of the Panoramic detector. When using a full frame detector, the final
shape of the layer is calculated on the computer after the scan. Rotation angle is typically
about 270 degrees.

[0089] During the CT imaging, the patient 201 is also supported to the lower shelf 242 and
possibly to the head support of the unit 200 in the Panoramic/CT imaging position. The X-ray
source 224 and the detector unit 226 are configured to provide a CT image when the detector
unit 226 is attached to the rotating unit and the rotation center of the rotating part 220 is
positioned so that it can coincides the ROI.

[0090] The positioned X-ray source 224 and the detector unit 226 are configured to provide a
CT image, e.g. CBCT image, when the detector unit 226 is attached to the rotating unit 220,
and the rotation axis 222 is positioned by at least one of the R-, L-, and P-movements during
the CT imaging.

[0091] When it is used a symmetric imaging geometry, the CT imaging can be carried out by
using only the R-movement and reading out the CT detector with a full frame mode.
Alternatively, CT imaging can be carried out by using the P-, R-, and L-movements, when it is
used the controlling arrangement in the upper shelf 250, for positioning the virtual rotation axis
of the rotating part 220 so that it coincides the ROI. Thus, projection X-ray images of the ROI
are produced in a way that the center of the ROl and the R- movement coincide. The effective
rotation angle (aperture) is ranging e.g. from approximately 180 to 360 degrees depending on
the unit 200.

[0092] When it is used an offset imaging, the CT imaging can be carried out by scanning the
image by using the R-, L-, and P-movement. By driving these R-, L-, and P-movements in
synchronism, the effective center of the rotation can be deflected to the side of the beam and,
thus creating an offset geometry.

[0093] The offset scanning can be provided by a first "solid" offset geometry and a full 360
degree rotation of the CT detector.

[0094] Alternatively, the offset scanning can be provided by a second offset geometry, where
the patient 201 is imaged by scanning an essentially maximal first imaging offset by
approximately 180 degree rotation of the detector in a first imaging direction. Then, the
detector is displaced to the other side of the rotation center to obtain an essentially maximal
second imaging offset by approximately 180 degree rotation of the detector in a second
imaging direction, which is opposite to the first direction. Alternatively, the detector is rotated to
the starting position, displaced to the other side of the rotation center, and, then, scanning the
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the essentially maximal second imaging offset by approximately 180 degree rotation in the first
direction.

[0095] Alternatively, the offset scanning can be provided by a third offset geometry, where the
patient 201 is imaged by a first imaging offset, where the edge of the X-ray beam area touches
the rotation center, and by 360 degree rotation of the detector. Next, the detector and the X-
ray source 224 are displaced parallel in such a way that the X-ray beam area moves away
from the rotation center so it hits or slightly overlaps the previously imaged area. Then, the
detector is rotated 360 degree for completing a second imaging offset.

[0096] The unit 200 provides same versatility in the CT imaging geometry by means of the R-,
L-, and P-movements instead of the R-, L, X-, and N-movements required in imaging and
patient postioning by some conventional systems.

[0097] Figure 2c represents a positioning of the patient 201 during the Cephalometric imaging.

[0098] In the Cephalometric imaging position, where the rotating part 220 is over the patient
support means 268, 269 located at the Cephalometric head 262, the patient 201 is supported
to the patient support means 268, 269.

[0099] If the upper shelf 250 as well as the rotating part 220 are in a different position than the
Cephalometric imaging position - e.g. in a Panoramic/CT imaging position or in an intermediate
position between the Panoramic/CT and Cephalometric imaging positions - the upper shelf 250
is moved from that position to the Cephalometric imaging position by the P-movement, and
then the rotating part 220 is further adjusted by the R- and L-movements so that the rotating
part 220 is ready for the Cephalometric imaging.

[0100] The positioned X-ray source 265 is configured to scan the supported patient 201 by
means of the beam limiting device 267 attached to the X-ray source 265 and by means of the
S-movement. The detector unit 226 - and the rotating part 220 - is configured to move
synchronously with the X-ray source 265 by the R-, L-, and P-movements during the
Cephalometric imaging.

[0101] The X-ray beam from the X-ray source 265 is arranged to scan the patient's 201 head
by rotating the X-ray source 265 and the beam limiting device 267 with the S-movement
around the axis 264. Alternatively, the S-movement can be performed by moving e.g. linearly
the beam limiting device 267. It is also possible that the S-movement is provided as a vertical
scanning movement instead of the horizontal S-movement, if the detector of the detector unit
226 used in Cephalometric imaging is positioned horizontally. Alternatively, Cephalometric
imaging can be performed without the S-movement if a sufficiently large detector (so-called
one-shot detector) is used for the one-shot Cephalometric image.

[0102] The beam is then further collimated by the Cephalometric collimator 266 and finally
captured by the synchronously moved Cephalometric or combination detector in the detector
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unit 226.

[0103] The unit 200 simplifies the movements during the Cephalometric imaging, because no
additional movement means are needed for the Cephalometric collimator 266 and the detector
of the detector unit 226.

[0104] Figure 2e represents the functional elements of the unit 200.

[0105] The unit 200 comprises a control unit (control panel) 270 that is configured to control
the unit 200, and its above-described movements and imaging processes. The control unit 270
are attached e.g. to the column 240.

[0106] The control unit 270 comprises at least one processor (portion) 272 for performing user
and/or software initiated instructions and for processing data, and at least one memory
(portion) 280 for storing and maintaining data, e.g. instructions, softwares, and data files.

[0107] In addition, the control unit 270 comprises a data transfer portion 274 for sending
control commands to e.g. the pivot, linear, height, rotating, detector, beam limiting, and
collimator motors, drivers, or other means (motors, devices) 275 configured to provide the
movements of the parts of the unit 200, and/or receiving data from measuring devices or other
detection devices 276 configured to detect the function of parts of the unit 200.

[0108] In addition, the data transfer portion 274 is also configured to send control commands
to the at least one of followings: at least one of X-ray source 224, 265, the detector unit 266,
and positioning means 277, e.g. at least one laser, camera, or other indication means,
configured to facilitate a positioning of the patient 201 in the Panoramic imaging position and/or
CT imaging position by incating a correct positioning of the patient 201. The data transfer
portion 274 is also configured to receive information from at least one of the followings: the at
least one X-ray source 224, 265, the detector unit 226, and the positioning means 277.

[0109] In addition, the control unit 270 comprises a user interface portion 278 comprising e.g.
at least one of the followings: at least one function key, a touchscreen, and a wired or wireless
remote controller, for inputting control commands, and for receiving information and/or
instructions.

[0110] The at least one memory 280 comprises at least a data transfer application 284 for
controlling the data transfer portion, a user interface application 288 for controlling the user
interface portion, and a computer program (code) 289 for controlling the function of the unit
200, e.g. at least the movement devices 275, detection devices 286, the at least one X-ray
source 224, 265, the detector unit 226, and positioning means 277. In addition, the computer
program 289 can control e.g. imaging parameters, imaging sizes, and imaging modes.

[0111] The at least one memory 280 and the computer program 289 are configured to, with
the at least one processor 272, cause the unit 200 at least to provide actions described in
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context of figures 2a-2d

[0112] The computer program 289 can be a computer program product that comprises a
tangible, non-volatile (non-statutory) computer-readable medium bearing a computer program
code 289 embodied therein for use with a computer (control unit 270).

[0113] The invention has been now explained above with reference to the aforesaid
embodiments and the several advantages of the invention have been demonstrated.

[0114] It is clear that the invention is not only restricted to these embodiments, but comprises
all possible embodiments within the scope of the invention thought and the following claims.
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PATENTKRAV

1. Rentgenafbildningsenhed (200) til medicinsk afbildning, omfattende

en sgjle (240),

en drejelig del (220), som omfatter en fagrste rgntgenkilde (224) og en r@ntgenafbild-
ningsdetektorenhed (226), og en gvre hylde (250), som understatter den drejelige del,
hvor den fagrste rantgenkilde og detektorenheden er konfigurerede til at tilvejebringe et
billede ved hjeelp af i det mindste én drejebeveegelse (R) omkring en drejeakse (222)
for den drejelige del,

hvor den gvre hylde er konfigureret til at muliggere at den drejelige del bevaeger sig i
forhold til den @vre hylde ved hjeelp af en lineaer bevaegelse (L),

hvor den gvre hylde er fastgjort til sgjlen med en svingforbindelse (252), og

hvor svingforbindelsen muligger en svingebeveegelse (P) af den gvre hylde og den
drejelige del omkring s@jlen,

kendetegnet ved, at enheden yderligere omfatter et cephalometrisk hoved (262), som
omfatter en cephalometrisk patientunderstgtning (268, 269) til at understgtte en patient
(201), som skal afbildes,

en arm (261) med en forbundet anden rgntgenkilde (265), og

en styreenhed (270) er konfigureret til at beveege den drejelige del ved styring af den
lineaere bevaegelse og svingbevaegelsen under afbildning,

hvor den anden rgntgenkilde er konfigureret til at tilvejebringe, sammen med detektor-

enheden, et cephalometrisk billede.

2. Enhed ifglge krav 1, hvor den ferste rentgenkilde og detektorenheden er kon-

figurerede til at tilvejebringe et panoramabillede.

3. Enhed ifglge ethvert af de foregaende krav, hvor den farste rentgenkilde og

detektorenheden er konfigurerede til at tilvejebringe et beregnet tomografibillede.

4. Enhed ifglge ethvert af de foregaende krav, som yderligere omfatter en nedre hylde
(242) til at positionere patienten, som skal afbildes, og hvor den drejelige del er kon-

figureret til at vaere positioneret over den nedre hylde.

5. Enhed ifglge ethvert af de foregaende krav, hvor sgjlen omfatter hgjdetilpasnings-

organer konfigurerede til at tilpasse en hgjde (Z) for den drejelige del.
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6. Enhed ifalge ethvert af de foregaende krav, som yderligere omfatter en farste arm
(260), til hvilken det cephalometriske hoved (262) er fastgjort, og armen med den

fastgjorte anden rgntgenkilde er en anden arm (261).

7. Enhed ifglge krav 6, hvor den anden rgntgenkilde omfatter en stralebegraensende
indretning (267), og hvor den anden rgntgenkilde er konfigureret til at udfere en
scannende bevaegelse (S) ved at dreje omkring en drejeakse (264) eller ved at beveege

den strélebegreensende indretning.

8. Enhed ifglge krav 7, hvor drejeaksen for den anden rgntgenkilde forlgber igennem et

breendpunkt for den anden rgntgenkilde.

9. Enhed ifglge ethvert af kravene 1 eller 6 til 8, hvor den drejelige del omfatter en
cephalometrisk kollimator (266) til anvendelse ved den cephalometriske afbildning og
hvor den drejelige del er konfigureret til at veere positioneret over det cephalometriske

hoved ved svingbeveegelsen.

10. Enhed ifslge krav 7, hvor den anden rgntgenkilde udfgrer den scannende be-
vaegelse ved at bevaege den stralebegraensende indretning forbundet med den anden
rentgenkilde, og hvor styreenheden er konfigureret til at bevaege detektorenheden
synkront med den anden rgntgenkilde ved at styre dreje-, lineger- og svingbevaegelserne

under den cephalometriske afbildning.

11. Fremgangsmade til styring af en rgntgenafbildningsenhed (200) ifglge ethvert af
kravene 1 til 10, omfattende trinnene med bevaegelse af den drejelige del ved den
lineaere bevaegelse og svingbevaegelsen under afbildning.

12. Computerprogram (289), konfigureret til at udfere fremgangsmaden ifglge krav 11.

13. Materielt, ikke-flygtigt computerlaesbart medie, omfattende computerprogrammet
(289) ifelge krav 12.
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