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DESCRIPTION

[0001] The invention relates to an apparatus for digital imaging in the head region of a patient
comprising:

= a source for generating X-ray radiation;

« a sensor for detecting X-ray radiation, which is generated by the source and passes
through a patient;

= a rotary arm for arranging the source and the sensor thereon in such a way as to be
opposed to each other, wherein the rotary arm is provided with adjustment means for
varying the distance between the source and the sensor;

« a supporting structure for supporting the rotary arm, wherein motor driven translation
and rotation means are interposed between the rotary arm and the supporting structure,
and

« a control unit, that controls the source, the sensor, and the translation and rotation
means.

[0002] Such an apparatus is disclosed in US 2017/0311910 A1. The adjustment means can be
used for adjusting the source-to-image (SID) distance between the x-ray source and the
sensor to suit the scan pattern for different patients or different types of imaging.

[0003] US 2007/0030950 A1 discloses a combined panoramic and computed tomography (=
CT) apparatus for dental imaging. The apparatus includes an X-ray source and an X-ray
sensor unit provided either with a panoramic sensor part or a CT sensor part for detecting X-
rays, which are generated from the X-ray source and pass through a patient. The apparatus
further includes a rotary arm for arranging the X-ray source and the X-ray sensor unit thereon
in such a way as to be opposed to each other. The rotary arm is held by a supporting member.
Driving means are provided that allow to vary the distance between the X-ray source and the
X-ray sensor unit arranged opposed to each other with respect to the rotary arm.

[0004] The known apparatus can conduct panoramic imaging and CT imaging, and provides
the optimum enlargement ratio according to whether the apparatus is operated in the
panoramic imaging or the CT imaging mode. The optimum enlargement ratio is achieved by
varying the distance between X-ray source and the X-ray sensor unit.

[0005] US 2017/0188981 A1 discloses an X-ray imaging apparatus for panoramic and CT
imaging including a rotation unit disposed on a lower end of a rotation shaft through a sliding
part so as to enable a sliding movement along an irradiation direction of the X-ray beam.

[0006] WO 2015/162101 A1 discloses an X-ray apparatus, in particular a CT machine, which is
provided with a marker detection system. The marker detection system is used for detecting
the operator's hand in the field-of-view of the X-ray apparatus and for generating a control
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signal that can be used for enhancing the security of the apparatus.

[0007] The known apparatus is only optimal for adult patients having a normal size. The
imaging of smaller persons particularly children, however, may require modifications.

[0008] Proceeding from this related art, the present invention seeks to provide an apparatus
for digital imaging in the head region also optimized for smaller patients, in particular children.

[0009] This object is achieved by an apparatus having the features of the independent claim.
Advantageous embodiments and refinements are specified in claims dependent thereon.

[0010] The apparatus comprises a control unit, that controls the source, the sensor, the
adjustment means and the translation and rotation means. The control unit is arranged for
operating the apparatus in various operation modes comprising different distances between
source and sensor. The apparatus is further provided with collision detection means connected
to the control unit and arranged for detecting a possible collision of the source and/or sensor
with the patient during the motion of the source and/or sensor. By reducing the relative
distance between the source and the sensor, the absorbed dose rate and/or the exposure time
can be reduced thus diminishing the radiation risk of a patient to be examined.

[0011] For varying the distance between source and sensor, the control unit can move both
source and sensor towards each other, thus allowing the enlargement ratio to be preserved.

[0012] In an alternative embodiment, the apparatus is set up for varying the distance between
source and sensor by the control unit moving only the sensor towards the source that is fixed
to the rotary arm. Thus, the rotary arm need only be provided with means for moving the
sensor towards the source.

[0013] In a modified embodiment, the distance is reduced by shifting the rotation axis. The
source is kept fixed with respect to the rotary arm and the control unit reduces the distance by
shifting a rotation axis of the rotary arm in the direction of the sensor and by moving the sensor
towards the source. This allows to keep the enlargement ratio for both operation modes
unchanged.

[0014] In the modified embodiment, a special operation mode may be used for computer
tomography, since for computer tomography the rotation axis may be moved on a trajectory
around a virtual rotation axis that is located at the object to be imaged.

[0015] For enhancing the safety of the apparatus, the sensor is moved within a housing that is
stationary with respect to the rotary arm.

[0016] The adjustment means may comprise means for positioning the sensor that are
selected from the group comprising:
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» a mechanism including means for a lateral motion with respect to a longitudinal axis of
the rotary arm,

e a mechanism including means for a swivelling motion with respect to the rotary arm,

= a scissor mechanism for varying the distance between a base attached to the rotary arm
and a support structure of the sensor,

» a linear mechanism for moving the sensor along a guiding structure in the direction of
the source, and

¢ combinations thereof.

[0017] A mechanism enabling a lateral movement of the sensor allows to adjust the sensor to
the panoramic and CT imaging mode. It may also be used to compensate for the lateral shift of
the sensor if the swivelling mechanism is used for adjusting the distance between source and
sensor. A mechanism for performing a swivelling motion has the additional advantage of rapid
position change. The same holds for a scissor mechanism. The linear mechanism offers less
speed for changing the position but is particularly stable and reliable.

[0018] The adjustment means are generally motor driven so that the operator does not have
to take care for adjusting the distance between source and sensor.

[0019] The apparatus can be provided with a primary collimator that is located between the
source and the patient and that is opened wider if the apparatus is operated in an operation
mode, in which the distance between source and sensor is reduced, in order to take into
account the greater beam width that is required for an operation mode with reduced distance
between source and sensor.

[0020] In one embodiment, the radiant intensity of the source is selected depending on the
selected distance between source and sensor in order to reduce, to the maximum extent
practicable, the radiant intensity of the source and thus the dose rate absorbed by the patient
because the radiant intensity of the source can be diminished if the distance between source
and sensor is reduced.

[0021] The radiant intensity of the source may be adjusted to the selected distance between
source and sensor by adjusting the X-ray generating current and/or the voltage of the source.

[0022] The radiant intensity of the source may further be adjusted from a previous value to a
current value by multiplying the previous value with the square of the ratio of the distance
between source and sensor in the current operation mode to the distance between source and
sensor in the previous operation mode, wherein the exposure time remain usually unchanged.

[0023] Alternatively or additionally the exposure time of the sensor is shorter if the apparatus is
operated in an operation mode, in which the distance between source and sensor is reduced.
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[0024] The enlargement ratio is usually constant in the various operation modes so that the
medical staff is provided with images having always the usual enlargement ratio.

[0025] The apparatus may be arranged to be operated in a basic operation mode for bigger
patients and in an alternative operation mode for smaller patients, in which the distance
between the source and the sensor is reduced as compared to the distance used for the basic
operation mode.

[0026] The basic operation mode may optionally be an adult operation mode and the
alternative operation mode may be a child operation mode, so that dose rate can be optimized
for children.

[0027] The apparatus may comprise a single sensor for both panoramic imaging and
computed tomography in the head region of the patient. This allows to reduce the mechanical
complexity of the apparatus since no separate holding structures must be provided for various
detectors.

[0028] In one particular embodiment, the source is provided with collision detection means for
detecting a possible collision with the patient and/or patient positioning means during a motion
of the source and/or the sensor is provided with collision detection means for detecting a
possible collision between the patient and/or patient positioning means during a motion of the
sensor. The collision detection means improve the security of the apparatus. The distance
between source and sensor can be reduced to a minimum, so that the maximum benefit of a
reduced distance between source and sensor can be used.

[0029] The collision detection means are selected from a group comprising capacitive distance
sensors, ultrasonic distance sensors, optical distance sensors, and time-of-flight optical
sensors or any other suitable sensors.

[0030] The distance between source and sensor may also be adjusted depending on the
output of sensor means for determining physical parameters of the patient. Thus, the distance
between source and sensor can be adjusted to the individual needs of a particular patient.

[0031] Further advantages and properties of the present invention are disclosed in the
following description, in which exemplary embodiments of the present invention are explained
in detail based on the drawings:

Figure 1
shows a perspective view of an apparatus for combined panoramic and CT-imaging;
Figure 2
is a side view demonstrating the operation of the apparatus from Figure 1 while taking
images from an adult patient;
Figure 3
is a side view demonstrating the operation of the apparatus from Figure 1 while taking
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images from a child;

Figure 4
is a drawing for illustrating the benefit of a particular imaging mode for children;

Figure 5
is a side view of a modified apparatus operating in the adult operation mode;

Figure 6
is a side view of the modified apparatus from Figure 5 operating in the child operation
mode;

Figure 7
illustrates the trajectory of the rotation axis when a CT image is generated from a child
using the apparatus from Figure 5;

Figure 8
illustrates the trajectory of the rotation axis when a panoramic image is generated from a
child using the apparatus from Figure 5;

Figure 9

shows a perspective view of a mechanism for moving the sensor;
Figure 10

is a perspective view of a part of the mechanism from Figure 9;
Figure 11

is a perspective view of the part from Figure 10 as seen from below;
Figure 12

is a perspective view of another mechanism for moving the sensor;
Figure 13

is a perspective view of a further mechanism for moving the sensor as seen from below;
Figure 14

illustrates collisions that might occur while operating the apparatus;
Figure 15

shows a modified apparatus provided with collision detectors;
Figure 16

illustrates the principle of operation of a capacitive collision detector;
Figure 17

illustrates the principle of operation of an ultrasonic collision detector;
Figure 18

illustrates the principle of operation of an optical distance sensor; and
Figure 19

illustrates the principle of a time-of-flight optical sensor.

[0032] Figure 1 shows a perspective view of a combined apparatus 1 for panoramic and CT
imaging. Dental panoramic imaging is usually the imaging of a vertical image plane that follows
the dental arch. Thus an image of the whole dental arch is formed. Panoramic imaging can
also cover the temporomandibular joint (TMP), the sinus or the mandible or maxilla. Dental CT
generally seeks to generate a three-dimensional image of a selected region of interest (ROI)
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along the dental arch. The ROI usually comprises a group of teeth or at least a single tooth. CT
can also be used for imaging any region of the head, in particular the ear, nose and throat.

[0033] The apparatus 1 comprises a base 2 on which a pole 3 is attached that extends in a
vertical direction. On the pole 3, an elevation adjustment member 4 is mounted that can slide
on the pole 3 for adjusting the apparatus 1 to the taliness of a patient to be examined by the
apparatus 1. A supporting arm 5 is fixed to the elevation adjustment member 4. The supporting
arm 5 extends in a horizontal direction and holds on its end a rotary arm 6. Motor driven
translation and rotation means 7 are interposed between the supporting arm 5 and the rotary
arm 6. The translation and rotations means 7 can be used for rotating and/or translating the
rotary arm 6 as required for panoramic and CT imaging. The rotary arm 6 can particularly be
rotated around a rotation axis 8 and the location of the rotation axis 8 can be moved in an x-
direction and a y-direction that expands a plane that is perpendicular to the rotation axis 8.

[0034] At one end of the rotary arm 6, an X-ray source 9 is located. The source 9 can be
moved along the rotary arm 6 by using adjustment means 10. An X-ray sensor 11 is further
provided at the other end of the rotary arm 6. The X-ray sensor 11 is a digital area sensor,
usually a flat panel detector. The sensor 11 can be moved along the rotary arm 6 by using
adjustment means 12.

[0035] The adjustment means 10 and 12 are preferably means for performing a translational
movement along the rotary arm 6 but may also be alternative means for varying the location
along the rotary arm 6. For example, the adjustment means 10 and 12 may also comprise
means for performing a pivoting motion thus varying the relative distance between the source
9 and the sensor 11.

[0036] The X-ray source 9 emits X-ray radiation that passes through a head 13 of a patient 14,
who is usually in a standing position during X-ray examination. During the acquisition of the X-
ray images, the head 13 of the patient 14 is held by a head support 15 in a fixed position with
respect to the supporting arm 5. For this purpose, the head support 15 can be attached to the
elevation adjustment member 4. The head support 15 may be a simple bite, on which the
patient 14 may bite during examination, but can also comprise further means for holding the
head 13 in a predetermined position during the acquisition of the X-ray images. The head
support 15, for instance, may also comprise means that hold the head 13 of the patient 14 in
the area of the temples. The elements of the head support 15 may be fixed or movable so that
the head support 15 can be adapted to the patient 14, in particular to the dimensions of the
head 13.

[0037] The operation of the apparatus 1 is controlled by a control unit 16 that may be a
conventional computer comprising the usual components for executing programs such as a
processor, means for data transport and storage as well as various interfaces. The control unit
16 is connected to components of the apparatus 1 and executes a program for controlling
these components. The control unit 16 controls for instance the motors associated with the
translation and rotation means 7.
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[0038] The control unit 16 can also set the operational parameters of the source 9 such as the
current and the voltage of the source 9, since the source 9 is generally an X-ray tube. As is
well-known in the art, the current affects the radiation power of the X-ray radiation emitted by
the X-ray tube, whereas the voltage affect the spectrum of the emitted X-ray radiation. The
control unit 16 further performs the read-out of acquired image data from the digital area
sensor 11, processes the image data and presents the resulting images on a display 17. The
control unit 16 is generally also provided with some input means 18 such as a computer mouse
or a keyboard that allow an operator to input commands to the control unit 16. The display 17
may also be used for entering commands. For example, the display 17 may be a touch screen
on which commands can be selected by the operator from a displayed command menu. The
control unit 16 is finally also arranged for controlling the adjustment means 10 and 12.

[0039] The elevation adjustment member 4 is usually operated manually. Before the
acquisition of the X-ray images, the operator adjust the height of the elevation adjustment
member 4 such that the patient 14 can comfortably stand in the apparatus 1.

[0040] The apparatus 1 can now be operated in an adult operation mode and in a child
operation mode that are further explained referring to Figure 2 and Figure 3.

[0041] Figure 2 illustrates the basic adult operation mode, which is used if the patient 14 to be
examined is an adult person. The X-ray radiation emitted from an anode 19 of the source 9
forms a beam 20. The angular extension of the beam 20 is limited by a primary collimator 21
that is located between the anode 19 of the source 9 and the patient 14 and is generally
disposed within a housing 22 of the source 9. In the case of panoramic imaging, the beam 20
is a vertically aligned fan shaped beam, whereas for CT a so-called cone beam is used.

[0042] Beam 20 is transmitted through the patient. Beam 20 further passes through an
optional secondary collimator 23 that is located in front of a sensor plane 24 that holds the X-
ray sensitive pixels of the sensor. The secondary collimator 23 can be located within a housing
25 of the sensor 11.

[0043] The pixels may be elements converting X-rays into visible light that is detected and
converted into an electrical signal by an associated photosensitive element, or elements that
convert impinging X-rays directly into electrical signals. These electrical signals are converted
into image data by the associated sensor electronics. The image data are read out by the
control unit 16.

[0044] For generating a panoramic image of the dental arch, only a selected region of the flat
area sensor 11 is used, usually only a few columns of pixels, whereas for CT all pixels of
sensor 11 or at least extensive areas of the sensor 11 are used.

[0045] The distance between the anode 19 of the source 9 and the sensor plane 24 of the
sensor 11 is the so-called source-sensor-distance (=SSD). The distance between the anode 19
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and an object 26 to be imaged within the head 13 is the so-called source-object-distance
(=SOD). In the case of panoramic imaging, the object 26 is a vertical line through a point of the
dental arch to be imaged by panoramic imaging. In case of dental CT the object 26 may be a
vertical axis of a typically cylindrical ROl centered on a single tooth or a group of teeth, from
which a three-dimensional image shall be generated by using CT. In the case of CT the object
26 coincides with the rotation axis 8. The ratio of SSD to SOD defines the enlargement ratio.

[0046] Figure 3 illustrates the alternative child operation mode of apparatus 1. In the child
operation mode, the relative distance between source 9 and sensor 11 is reduced by using the
adjustment means 10 and 12. In Figure 3, both SSD and SOD are reduced by the same factor
thus preserving the enlargement ratio, although this is not a mandatory requirement. It is also
possible to move only the source 9 or the sensor 11 or both in an asymmetric manner.
Reducing the relative distance between source 9 and sensor 11 results in a reduced SSD, and

a reduced SOD,.

[0047] The benefit of the alternative child operation mode is illustrated in Figure 4. The solid
lines show the beam 20 during the adult operation mode, whereas the dashed lines depict
beam 20 in the child operation mode. For the sake of simplicity, both SSD and SOD are
reduced by the same factor as in Figure 3.

[0048] For obtaining a certain signal-to-noise ratio, a certain amount of radiation energy (Joule
= J) must be deposited in each pixel of the sensor 11. If the SSD is reduced, the angular
extension of the sensor 11 appears to be larger as seen from the source 9. Provided that the
radiant intensity (Watt/ steradian) of the source 9 is kept constant, the amount of energy that is
necessary for obtaining a certain signal-to-noise ratio, is obtained in less time as compared to
the adult operation mode. On the other hand, if the exposure time is kept constant, the radiant
intensity can be reduced. If the SOD is not reduced as shown in Figure 4, but kept constant, a
reduced radiant intensity results in a diminished absorbed dose rate (J/kg second =
Gray/second) of the radiation absorbed by the head 13. Since a lower absorbed dose rate is
less harmful than a higher absorbed dose rate, the reduction of the absorbed dose rate is to
be preferred. If the SOD is kept constant, the reduction of radiant intensity and thus the

reduction of the absorbed dose rate is proportional to (SSD,/SSD)2, wherein SSD; is the
reduced SSD. If the SOD is also reduced to SOD,, the reduction of the dose rate would be

attenuated, because also the object 26 appears to be larger as seen from the source 9. Thus,

the reduction of the dose rate would then be roughly proportional to (SOD/SOD,)?
(SSD,/SSD)2. If SOD and SSD are reduced by the same factor and if the radiant intensity is

reduced by the square of this factor, the absorbed dose rate will remain the same.

[0049] It should be noted that a substantial reduction of the absorbed dose rate can be
obtained by moving the sensor 11 as close as possible to the object 26. For example, if
SSD,/SSD = 0.85 corresponding to a 15 % decrease, the absorbed dose rate would be

diminished by about 30 %.
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[0050] In practice the radiant intensity and thus the absorbed dose rate is diminished by
reducing the current of the source 9. It should be noted that the dose rate can also be
diminished by reducing the voltage of the source 9 taking into account that the optical
thickness of the hard tissue in the body of a child is lower than the optical thickness of the hard
tissue in the body of an adult person.

[0051] If the SOD is reduced as shown in Figure 4, it should be noted that the primary
collimator 21 must be opened more widely for the child operation mode and that the optical
path of the beam rays through the patient 14 differ in adult and child operation mode as can be
recognized from Figure 4. As can further be recognized from Figure 4, the dotted lines and the
solid lines of both beams intersect the line of the object 26 at the same points. The sections of
the object 26 are consequently imaged to the same pixels on the sensor plane 24. The spatial
resolution of the object 26 thus may remain basically the same. It should further be noted that
the enlargement ratio in the child operation mode is the same as in the adult operation mode
since both the source 9 and the sensor plane 24 are both shifted symmetrically with respect to
the rotation axis 8.

[0052] The secondary collimator 23 can also be omitted.

[0053] In the embodiment depicted in Figure 1, the adjustment means 10 and 12 are motor
driven and operated by the control unit 16. In a simplified embodiment, however, the
adjustment means 10 and 12 may also be operated manually by the operator, for instance by
transferring the source 9 and/or the sensor 11 to a mark along the rotary arm 6. In this case,
the apparatus may be provided with position sensors that allow the control unit 16 to check the
proper positioning of the source 9 and/or sensor 11. The control unit 16 can then adapt the
operational parameters of the source 9 to the selected SSD. For example, if the SSD is
reduced, the radiant intensity can be reduced accordingly.

[0054] Figure 5 and 6 show a further modified embodiment. The embodiment shown in Figure
5 and 6 comprises an enlarged housing 27, in which the sensor 11 can perform a translatory
motion in order to adjust the distance between the source 9 and the sensor 11. In the modified
embodiment, the source 9 is fixed to the rotary arm 6, and the rotary arm 6 itself is moved
together with the source 9 for diminishing the SOD. At the same time the sensor 11 is moved
within the housing 27 towards the source 9 so that the SSD is diminished, too.

[0055] The motion of the rotary arm 6 can be performed by the translation and rotation means
7, in particular by the means that allow to shift the rotation axis 8 in the x- and y-direction. If the
source 9 is shifted together with the rotary arm 6, the rotation axis 8 is no longer centered on
the object 26 but transferred to some off-center position. This may affect the motion of the
rotary arm 6 in the child operation mode.

[0056] Figure 7 illustrates the motion of the rotary arm 6 during CT imaging in the adult and
child operation mode. Figure 7 particularly depicts various positions of the source 9, sensor 11
and a central ray 28 of the beam 20 during a CT scan of the object 26 in the child operation
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mode.

[0057] In the embodiments according to Figure 2 and 3, the rotation axis 8 is kept stationary
for generating a CT image in the adult operation mode and the child operation mode, and the
rotary arm 6 generally performs a rotation over 180° around the stationary rotation axis 8 so
that the source 9 and the sensor 11 perform a semicircular motion around the rotation axis 8.
In the child operation mode of the modified embodiment depicted in Figures 5 and 6, the rotary
arm 6 may be moved such that the source 9 and the sensor 11 are pivoted around a virtual
rotation axis 29. The motion around the virtual rotation axis 29 is achieved by moving the
rotation axis 8 along a circular trajectory 30. The circular trajectory 30 is centered on the virtual
rotation axis 29 and the rotation angle ¢ indicating the position of the rotation axis 8 on the
circular trajectory 30 is in phase with the pivoting angle a of the rotation performed by the
rotary arm 6 around the rotation axis 8.This particular motion along the circular trajectory 30
would preserve the enlargement ratio. It is, however, also possible to change the enlargement
ratio in the child operation mode of the modified embodiment depicted in Figures 5 and 6 by
moving the sensor plane 24 towards the rotation axis 8, by keeping the location of the rotary
axis 8 unchanged and by rotating the rotary arm 6 around the rotation axis 8.

[0058] Figure 8 illustrates the motion of the rotary arm 6 during panoramic imaging. As in
Figure 7, the source 9, the sensor 11 and the central ray 28 of beam 20 is depicted in various
positions during panoramic imaging on a dental arch 31 of an adult person and a dental arch
32 of a child. During panoramic imaging the rotation axis 8 is moved such that the central ray
28 of beam 20 is essentially at a right angle to the respective dental arch 31 or 32. The rotation
axis 8 is further moved such that the enlargement ratio with respect to the vertically aligned
plane to be imaged is unchanged. If the embodiment from Figure 5 and 6 is used, the rotation
axis 8 is moved along a trajectory 33 in the adult operation mode for imaging the dental arch
31 of an adult person. If a child is to be examined, the distance between source 9 and sensor
11 is diminished by shifting the rotation axis 8 and by moving the sensor 11 along the rotary
arm 6 towards the source 9 resulting in a modified trajectory 34. This particular motion along
the trajectory 34 would preserve the enlargement ratio. It is, however, also possible to change
the enlargement ratio in the child operation mode of the modified embodiment depicted in
Figures 5 and 6 by moving the sensor plane 24 towards the rotation axis 8 and by using the
trajectory 33 also for the child operation mode. In this case the enlargement ratio is preferably
reduced by no more than 10 % or 20%.

[0059] For the sake of completeness it shall be noted that the embodiment according to
Figures 2 and 3 comprises principally the same trajectory for both adult and child operation
mode provided that the dental arches are the same or about the same.

[0060] The motion of the sensor 11 can be accomplished by various mechanisms.
[0061] Figure 9 is a perspective view of a mechanism 35 for performing a roto-translation with

the sensor 11 within the housing 27 of the sensor 11. The mechanism 35 is oriented at a right
angle with respect to a longitudinal axis 36 of the rotary arm 6. The longitudinal axis 36 of the
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rotary arm 6 is usually parallel to the central ray 28 of the beam 20. A base plate 37 of the
mechanism 35 is oriented at a right angle with respect to the longitudinal axis 36 of the rotary
arm 6. A guiding rail 38 is affixed to the base plate 37. A guiding block 39 can slide on guiding
rail 38, so that a shiftable plate 40 can be shifted along base plate 37. For controlling the
motion of the shiftable plate 40, a motor plate 41 is affixed to one end of the base plate 37.
The motor plate 41 holds a translation motor 42 that drives a lead screw 43 which extends
along the rail 38. The lead screw 43 engages a lead screw cartridge 44 that is moved along
the lead screw 43 if the lead screw 43 is turning. The lead screw cartridge 44 is attached to
lead screw block 45, which is affixed to the shiftable plate 40. If the motor 42 is driving the lead
screw 43, the shiftable plate 40 is thus moved along guiding rail 38.

[0062] The shiftable plate 40 holds an extension plate 46, which supports further parts of the
mechanism 35. These parts can be recognized from Figure 10. On opposite ends of the
extension plate 46, bearings 47 are provided, each holding a gudgeon 48. On one end of each
gudgeons 48, a belt pulley 49 is mounted. Both belt pulleys 49 stretch a cam belt 50 that is
tensioned by a jockey pulley 51 disposed on one side of the cam belt 50 between both belt
pulleys 49. On the opposite portion of the cam belt 50, a fixing plate 52 and drive plate 53
clamp the cam belt 50. A lead screw block 54 is attached to the drive plate 53. The lead screw
block 54 supports a lead screw cartridge 55, that is mounted on a lead screw 56. For driving
the lead screw 56, a motor plate 57 is fixed to one end of the extension plate 46. The motor
plate 57 holds a swivel motor 58, that drives the lead screw 56. If the motor 58 turns the lead
screw 56, the drive plate 53 and fixing plate 52 are moved together with the cam belt 50. The
motion of the cam belt 50 causes a rotation of the gudgeons 48.

[0063] As can be recognized from Figure 11, the rotation of the gudgeons 48 results into a
swiveling motion of swivel arms 59 that are mounted to the other end of the gudgeons 48
below the extension plate 46. The opposite end of the swivel arms 59 engage in bearings 60
that are held by a swivel plate 61. The swivel plate 61 finally holds the sensor 11. The swivel
plate 61 is provided with channels 62 that allow the heads of the gudgeons 48 to pass over the
swivel plate 61.

[0064] The mechanism 35 can be used for moving the sensor 11 in a lateral direction with
respect to the longitudinal axis 36 of the rotary arm 6 in order to adjust the position of the
sensor 11 for panoramic or CT imaging. The mechanism 35 can further be used to adjust the
distance between source 9 and sensor 11 by pivoting the swivel arms 59 so that the swivel
plate 61 is performing a motion in the direction of the longitudinal axis 36 of the rotary arm 6.
The swivel arms 59 are preferably pivoted by 180° but may also be pivoted by a smaller angle.
In this case, the lateral shift can be compensated by a corresponding lateral movement along
the rail 38.

[0065] The main advantage of the mechanism 35 is that the sensor 11 can be moved relatively
fast in the direction of the source 9, because for rotating the swivel arms 59 by 180° the lead
screw cartridge 55 has to be moved only over a short distance and the distance covered by the
rotation of the swiveling arms 59 is twice the length of the swivel arms 59. A further advantage
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is that mechanism 35 also allows a lateral movement of the sensor for adjusting the position of
the sensor 11 according to the requirements of panoramic and CT imaging.

[0066] Figure 12 depicts an alternative mechanism, where the distance between source 9 and
sensor 11 is varied by using a scissor mechanism 63. The scissor mechanism 63 comprises a
base 64 that is oriented at a right angle with respect to the longitudinal axis 36 of the rotary
arm 6. Two parallel rails 65 are attached to the base 64. Sliding blocks 66 are mounted on the
rails 65 and hold a folding support 67 comprising struts 68, whose one ends are movably
attached to the sliding blocks 66. Two of the struts 68 are each connected by a central
crossing bearing 69 and support with their other ends holding blocks 70 that hold a support
plate 71, on which the sensor 11 can be mounted. The folding support 67 is driven by a motor
72 that is mounted on the base 64. The motor 72 drives a lead screw 73, that is engaged in a
screw nut 74 affixed to a traverse 75. The traverse 75 is connected with a pair of sliding blocks
66 each mounted on opposite rails 65.

[0067] The scissor mechanism 63 also allows a rapid motion of the sensor 11, since the screw
nut 74 has to move only a distance along the lead screw 73 that corresponds to half the
distance the support plate 71 and thus the sensor 11 is moving towards the source 9.

[0068] Figure 13 shows a linear mechanism 76 that can also be used for varying the distance
between source 9 and sensor 11. The mechanism 76 comprises a base 77 provided with rails
78. The base 77 also holds a motor support 79 that holds a motor 80 driving a lead screw 81
extending along the longitudinal axis 36 of the rotary arm 6 and engaging a screw nut 82 held
by a traverse 83. The traverse 83 extends between the rails 78 and is held by sliding blocks 84
that are mounted on the rails 78. The sensor 11 is mounted on the traverse 83 such that the
longitudinal axis 36 of the rotary arm 6 extends along the lead screw 81.

[0069] The particular advantage of the linear mechanism 76 is that the linear mechanism 76 is
particularly stable and reliable.

[0070] It should be noted that the mechanisms described can also be combined.

[0071] It should further be noted that the child operation mode can also be used for small adult
persons. It is also possible to provide several different operation modes that are applied
depending on the tallness of the patient 14 to be examined. Each operation mode then uses a
different distance between source 9 and sensor 11 for adapting the apparatus 1 to the
particular size of the patient 14. The apparatus 1 may also be provided with sensor means for
determining the size of the patient and for adjusting the distance depending on the output of
the sensor means in various steps or continuously. These sensor means may be arranged for
determining one or more physical parameters of the head 13 or patient 14. These parameters
may be, for instance, the weight of the patient 14, the tallness of the patient 14, dimensions of
the head 13, or any other suitable parameter. These parameters may also be input manually
by the operator of the apparatus 1, if no sensors and not enough sensors are provided. The
control unit 16 can then adapt the operational parameters of the source 9 to the selected SSD.
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For example, if the SSD is reduced, the radiant intensity can be reduced accordingly by
reducing the current of the source.

[0072] If the SSD is reduced as much as possible, collisions may occur. In particular, the
housing 25 of the sensor 11 may collide with the head 13 or head support 15 as illustrated in
Figure 14, in particular since the head support 15 can be provided with a protruding temple
rest 85. In Figure 14, the temple rest 85 is depicted in a closed position, in which the temple
rest 85 is in contact with the head 13, and in an open position, in which the temple rest is at a
distance of the head 13. The open position is indicated by dashed lines whereas the closed
position is shown in solid lines.

[0073] As can be recognized from Figure 15, the temple rest 85 comprises two contact
portions 86, that contact opposite sides of the head 13 above the ears 87. The contact portions
86 are respectively held by branches 88, whose lower ends are supported by pivot bearings 89
that are located in a base 90. The base 90 may also hold a chin rest 91 and/or bite 92, on
which the patient 14 bites during examination in order to fix the position of the dentition during
the scanning process.

[0074] As shown in Figure 14, it may happen that the housing 25 of the sensor 11 collides with
the temple rest 85, since the open and closed positions of the temple rest 85 are not well-
defined. It may further happen that the housing 25 of the sensor 11 collides with the head 13 of
the patient 14 due to an unusual shape of the head 13. The patient 14 may, for instance, have
an unusual long back of the head 13 that impedes the motion of the housing 25 along a
scanning trajectory.

[0075] These collisions can be avoided by direct measurements on the patient's head 13 or
temple rest 85. These measurements may use mechanical measuring tools such as rulers or
callipers. Also optical laser scanning techniques such as LIDAR may be used. A further
alternative is the use of cameras in combination with subsequent image recognition to
determine the size of the head 13 and the position of the temple rest 85. In this case, passive
optical markers can be provided on the temple rest 85 in order to ensure that the image
recognition safely recognizes the position of the temple rest 85. The position of the temple 85
rest can also be determined by means of passive radio markers, whose position can be
detected by signals that are emitted and received by a radio-frequency transmitter. The base
90 may finally also be equipped with a position encoder that detects the angular position of the
branches 88. By using one of these means or any combination of these means, the
dimensions of the head 13 can be determined before the panoramic imaging or scanning for
CT starts.

[0076] Despite every care in determining the dimensions of the head 13, the risk of a collision
during the imaging process remains. The risk of a collision can be diminished or collisions can
be avoided at all, if the sensor 11 is provided with a collision detector 93. Such a collision
detector 93 can be positioned, for instance, in the housing 25 above the sensor plane 24, since
the protruding part of the head 13 and the temple rest 85 are generally located above the
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dentition, whose image is generated by panoramic or CT imaging.

[0077] In order to avoid collisions with the source 9, the source 9 may also be associated with
a collision detector 94.

[0078] In the following, various possible embodiments of the collision detectors 93 and 94 are
described. For the sake of simplicity, the explanations refer only to the region around the
sensor 11 and the housing 25, but the explanation are also valid for the region around the
source 9 and the housing 22.

[0079] Figure 16 shows an embodiment, in which a capacitive distance sensor 95 is used for
detecting collisions. The capacitive distance sensor 95 comprises two electrodes 96, that are
connected to some sensor electronics 97, that can be read out by the control unit 17.

[0080] The electrodes 96 generate an electrical field 98 that is disturbed if an object, namely
the head 13 or the temple rest 85, approaches the electrodes 96. Thus, the capacitance of the
electrodes 96 changes and an imminent collision of the housing 25 with the head 13 or temple
rest 85 can be detected by the sensor electronics 97 and thus by the control unit 17.

[0081] Figure 17 shows another embodiment, in which an ultrasonic distance sensor 99 is
used for detecting collisions. The sensor electronics 97 of the exemplary ultrasonic sensor 99
operates an ultrasonic transceiver 100, which emits and receives an ultrasonic signal 101, that
is reflected by the head 13 or the temple rest 85. The time-of-flight of the ultrasonic signal 101
is measured and used for determining the distance between the ultrasonic transceiver 100 and
the head 13 or temple rest 85. The sensor electronics 97 is consequently also able to detect
an imminent collision.

[0082] Figure 18 shows a further embodiment, in which an optical distance sensor 102 is used
for detecting collisions. The optical distance sensor 102 is based on the principle of
triangulation. The optical distance sensor comprises a light source 103, for instance a laser or
LED, that emits a beam 104. The beam 104 can be reflected by the head 13 or temple rest 85.
Reflected light 105 impinges on a position sensitive detector 106. The information on the
position, at which the reflected light hits the position sensitive detector 106, is used by the
sensor electronics 97 for determining the distance between the optical distance sensor 102
and the head 13 or the temple rest 85. The sensor electronics 97 of this embodiment is
consequently able to detect an imminent collision.

[0083] Figure 19 shows a fourth embodiment, in which an optical time-of-flight (= TOF) sensor
107 is used for detecting collisions. The optical TOF sensor 107 comprises a light source 108,
that emits light pulses 109. The light pulses 109 are reflected at the head 13 or temple rest 85
and received by a light detector 110. The time of flight is measured by the sensor electronics
97 and based on the measurement, the distance, that the light pulse 109 has travelled
between the light source 108 and the light detector 110, can be determined.
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[0084] It is an advantage of the optical systems that the results are independent from the
ambient conditions, such as temperature or air humidity.

[0085] The examples for collision detectors shown in Figures 16 to 19 shall not be understood
as being limiting. Any other distance sensor can be considered, for instance also visual
systems that process images from camera data for recognizing the risk of a collision with an
object in the field-of-view of the camera.

[0086] Finally, it should also be noted that the invention has been described here with regard
to a dental imaging apparatus. The invention, however, can generally also be used for
apparatuses that are used for imaging any region in the head 13 of the patient 14, for instance
for an apparatus that is used for imaging the mandible or maxilla, the temporomandibular joint
or the sinus by panoramic imaging and/or that is used for imaging any other region of the head
13 by CT, in particular regions around the ear, nose and throat of the patient 14.

[0087] Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as well as singularity,
unless the context requires otherwise.

[0088] Features, integers, characteristics, components or groups described in conjunction with
a particular aspect, embodiment or example of the invention are to be understood to be
applicable to any other aspect, embodiment or example described herein unless incompatible
therewith.
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Patentkrav

1. Indretning til digital billeddannelse i hovedregionen af en patient (14) omfat-
tende:

- en kilde (9) til generering af rentgenstraling;

- en sensor (11) til detektering af rentgenstraling, som genereres af kilden (9)
og passerer gennem patienten (14);

- en rotationsarm (8) til anbringelse af kilden (9) og sensoren (11) derpa pa en
sadan made, at de er over for hinanden, hvor rotationsarmen (6) er forsynet
med justeringsmidler (10, 12) til eendring af afstanden mellem kilden (9) og
sensoren (11);

- en understatningsstruktur (2, 3, 4, 5) til understatning af rotationsarmen (6),
hvor motordrevne translations- og rotationsmidler (7) er anbragt imellem rota-
tionsarmen (6) og understatningsstrukturen (2, 3, 4, 5); og

- en styreenhed (16), som styrer kilden (9), sensoren (11) og translations- og
rotationsmidlerne (7),

kendetegnet ved at

- styreenheden (16) endvidere styrer justeringsmidlerne (10, 12) og er indrettet
til drift af indretningen i forskellige driftsformer omfattende forskellige afstande
mellem kilde (9) og sensor (11), og at

- indretningen er forsynet med kollisionsdetekteringsmidler (93, 94), der om-
fatter en afstandssensor, er forbundet med styreenheden (16) og indrettet til
at detektere en mulig kollision af kilden (9) og/eller sensoren (11) med patien-
ten (14) under beveegelsen af kilden (9) og/eller sensoren (11).

2. Indretning ifelge krav 1,
kendetegnet ved at styreenheden (16) for at eendre afstanden mellem kilde
(9) og sensor (11) beveeger bade kilde (9) og sensor (11) hen imod hinanden.

3. Indretning ifelge krav 1,
kendetegnet ved at styreenheden (16) for at eendre afstanden mellem kilde
(9) og sensor (11) kun beveeger sensoren (11) hen imod kilden (9), der er fast-
gjort til rotationsarmen (6).
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4. Indretning ifelge krav 3,
kendetegnet ved at styreenheden (16) endvidere forskyder en rotationsakse
(8) af rotationsarmen (6) i retning af sensoren (11).

5. Indretning ifelge krav 4,

kendetegnet ved at til computertomografi bevaeges rotationsaksen (8) pa en
bane (30) omkring en virtuel rotationsakse (29), der befinder sig ved det objekt
(26), der skal afbildes.

6. Indretning ifelge et hvilket som helst af kravene 1 til 5,
kendetegnet ved at sensoren (11) bevaeges inden i et hus (25), der er statio-
neert i forhold til rotationsarmen (6).

7. Indretning ifelge et hvilket som helst af kravene 1 til 6,

kendetegnet ved at justeringsmidlerne (10, 12) omfatter midler til positione-
ring af sensoren (11), som er udvalgt fra gruppen omfattende:

- en mekanisme (35), der indbefatter midler (37-45) til en lateral beveegelse i
forhold til en leengdeakse (36) af rotationsarmen (6),

- en mekanisme (35), der indbefatter midler (47-62) til en svingbeveegelse i
forhold til rotationsarmen (6),

- en saksemekanisme (63) til eendring af afstanden mellem en basisdel (64),
der er fastgjort rotationsarmen (6), og en stattestruktur (71) af sensoren (11),
- en lineger mekanisme (/6) til beveegelse af sensoren (11) langs en farings-
struktur (74) i retning af kilden (9) og

kombinationer deraf.

8. Indretning ifelge et hvilket som helst af kravene 1 til 7,
kendetegnet ved at justeringsmidlerne (10, 12) er motordrevne.

9. Indretning ifelge et hvilket som helst af kravene 1 til 8,

kendetegnet ved at indretningen er forsynet med en primeer kollimator (21),
der befinder sig mellem kilden (9) og patienten (14), og som abnes mere, hvis
indretningen anvendes i en driftsform, i hvilkken afstanden mellem kilde (9) og
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sensor (11) er reduceret.

10. Indretning ifalge et hvilket som helst af kravene 1 til 9,
kendetegnet ved at strélingsintensiteten af kilden (9) er valgt afheengigt af
den valgte afstand mellem kilde (9) og sensor (11) i den valgte driftsform.

11. Indretning ifalge krav 9,

kendetegnet ved at

- stralingsintensiteten af kilden (9) justeres til den valgte afstand mellem kilde
(9) og sensor (11) ved at justere den rentgenstralegenererende strem og/eller
spaendingen af kilden (9), og/eller

- stralingsintensiteten af kilden (9) justeres fra en tidligere veerdi til en aktuel
veerdi ved at multiplicere den tidligere veerdi med kvadratet af forholdet mellem
afstanden mellem kilde (9) og sensor (11) i den aktuelle driftsform og afstan-
den mellem kilde (9) og sensor (11) i den tidligere driftsform.

12. Indretning ifglge et hvilket som helst af kravene 1 til 11,

kendetegnet ved at eksponeringstiden af sensoren (11) er kortere, hvis ind-
retningen anvendes i en driftsform, i hvilken afstanden mellem kilde (9) og sen-
sor (11) er reduceret.

13. Indretning ifalge et hvilket som helst af kravene 1 til 12,
kendetegnet ved at forst@rrelsesgraden er konstant i de forskellige driftsfor-
mer.

14. Indretning ifalge et hvilket som helst af kravene 1 til 13,

kendetegnet ved at

- indretningen er indrettet til at blive anvendt i en grundleeggende driftsform for
starre patienter og i en alternativ driftsform for mindre patienter, i hvilken af-
standen mellem kilden (9) og sensoren (11) er reduceret sammenlignet med
den afstand, der anvendes i den grundleeggende driftsform, og eventuelt at
den grundlaeggende driftsform er en driftsform til voksne, og den alternative
driftsform er en driftsform til barn, og/eller
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- indretningen omfatter en enkelt sensor (11) til bade panorama-billeddannelse
og computertomografi i hovedregionen af en patient (14).

15. Indretning ifalge et hvilket som helst af kravene 1 til 14,

kendetegnet ved at afstanden mellem kilde (9) og sensor (11) justeres af-
haengigt af outputtet af sensormidler til bestemmelse af fysiske parametre for
patienten (14).

16. Indretning ifalge et hvilket som helst af kravene 1 til 15,

kendetegnet ved at kilden (9) er forsynet med kollisionsdetekteringsmidlerne
(94) til detektering af en mulig kollision af kilden (9) med patienten (14) og/eller
patientpositioneringsmidler (15) under en bevaegelse af kilden (9), og/eller at
sensoren (11) er forsynet med kollisionsdetekteringsmidlerne (93) til detekte-
ring af en mulig kollision af sensoren (11) med patienten (14) og eller patient-
positioneringsmidler (15) under en beveegelse af sensoren (11).

17. Indretning ifalge krav 16,

kendetegnet ved at kollisionsdetekteringsmidlerne (93, 94) er udvalgt fra en
gruppe omfattende kapacitive afstandssensorer (95), ultralydsafstandssenso-
rer (99), optiske afstandssensorer (102) og optiske time-of-flight-sensorer
(107).
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