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Description

[0001] The present application relates to the field of
radiation therapy. In more detail, the application relates
to the determination of a relative position between a po-
sition of a bony structure at a monitoring time and a ref-
erence position. This relative position is referred to as
"monitoring bone position". The change of the relative
position is referred to as "bone change". Procedures for
determining a position of treatment body part using plan-
ning CT images and image data collected during treat-
ment are described e.g. in documents EP 1832313, WO
2006/039009 and WO 2008/063299.
[0002] The object of the present invention is to deter-
mine the monitoring bone position. Preferably, also the
bone change is determined. The invention is determined
by the claims. Therapeutic methods described herein are
not part of the invention.
[0003] This object is solved by the subject-matter of
any appended independent claim. Advantages, advan-
tageous features, advantageous embodiments and ad-
vantageous aspects of the present invention are dis-
closed in the following and contained in the subject-mat-
ter of the dependent claims. Different advantageous fea-
tures can be combined in accordance with the invention
as long as technically sensible and feasible. In particular,
a feature of one embodiment which has the same or sim-
ilar function of another feature of another embodiment
can be exchanged. In particular, a feature of one embod-
iment which supplements a further function to another
embodiment can be added to the other embodiment.
[0004] Preferably, the reference position has a defined
relative position with respect to the position of an actual
arrangement of at least one treatment beam position and
can be identical or different to the position of the actual
arrangement. "Defined relative position" means in par-
ticular that the relative position is fixed (non-changing),
in particular at least within a time interval for which the
bone change is determined (preferably at least between
the pre-alignment time and the monitoring time or at least
between the alignment time and the monitoring time or
at least between the previous monitoring time and the
monitoring time). "Fixed" means in particular that the rel-
ative position between the reference position and the po-
sition of the actual arrangement does not change, in par-
ticular at least within one of the aforementioned time in-
tervals. The term "defined relative position" encompass-
es in particular a predefined relative position which is
provided to the data processing method (and in particular
predefined before the pre-alignment time) and in partic-
ular the determination of which is not part of the data
processing method like the target position or encompass-
es that the relative position between the actual arrange-
ment and the reference position can be determined in
particular by one or more steps of the data processing
method, like the bone CBCT position or alignment bone
position (see below). Preferably, reference position data
are provided which describe the relative position between

the reference position and the position of the actual ar-
rangement (in particular if the reference position differs
from the position of the actual arrangement. The moni-
toring bone position is preferably determined (also)
based on the reference position data, in particular if the
reference position differs from the position of the actual
arrangement. The reference position data describe in
particular that the bone CBCT position or the alignment
bone position or the position of the actual arrangement
or the target position or the previous monitoring bone
position (in particular the preceding monitoring bone po-
sition) is the reference position.
[0005] Advantageously, the present invention allows
to determine position and/or the change of position of the
bony structure in order to improve the radiation therapy
by means of at least one treatment beam. The at least
one treatment beam adopts positions (referred to as
beam positions) as defined by an arrangement of at least
one beam position. The positions, in particular the rela-
tive positions described herein, for instance the monitor-
ing bone position, the position of the bony structures, the
reference position and/or the position of the arrangement
can be described in a reference system. The reference
system can be a reference system in which the actual
arrangement is at rest. The reference system can be in
particular a reference system in which an intersection
point of the treatment beams is at rest (in case the actual
arrangement comprises more than one treatment beam).
The reference system can be for instance also a refer-
ence system in which the bony structure or the treatment
body part is at rest or can be a reference system in which
for instance the room (in which the treatment by the at
least one treatment beam takes place) is at rest. In par-
ticular, the position of the bony structure and the refer-
ence position can be described relative to the actual ar-
rangement. However, this is not obligatory. The position
of the bony structure and the reference position can also
be described for instance relative to the room or the treat-
ment device or the body.
[0006] According to an advantageous aspect of the
present invention, the determined bone change is con-
sidered as an indicator that the treatment body part has
changed its position. In particular in case the determined
bone change is not equal zero, there is a risk that the
treatment body part is not in the desired (in particular
planned) relative position with respect to the arrange-
ment. Alternatively or additionally, it can be for instance
checked whether the determined monitoring bone posi-
tion corresponds to a target position. Thus, according to
an advantageous embodiment, the step of determination
of the bone change and/or the monitoring bone position
can be followed by further steps like for instance issuing
a warning signal, correcting the position of the patient
and/or the arrangement, stopping the radiation therapy
etc. These aspects will be discussed in more detail later.
[0007] The bone change can be described by a vector
which describes the direction and preferably the amount
of change of position of the bone structure or just by a
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scalar which describes the amount. The bone change is
in particular the change of the relative position within a
predefined time interval which ends in particular at the
monitoring time. The bone change is in particular defined
to be the change of the relative position which occurred
from a previous time (in particular pre-alignment time and
more preferably alignment time or previous monitoring
time (see below)) to the monitoring time. The step of de-
termining the bone change can comprise the step of de-
termining whether there is a change. To this end, the
amount of the change can be checked to be above or
below a predefined threshold (which can be zero or more)
and/or the direction of the change can be determined to
be within a certain range or to be the same as before. In
order to determine the bone change, in particular the rel-
ative position (referred to as first relative position or mon-
itoring bone position) between the bony structure at the
monitoring time and the reference position is compared
with the relative position (referred to as second relative
position or previous relative position) between the posi-
tion of the bony structure at a previous time and the ref-
erence position. The step of comparison comprises in
particular to determine a difference between the first and
second relative position (for instance by determining the
difference of a first vector representing the first relative
position in a reference system and a second vector rep-
resenting the second relative position in the reference
system). The second relative position can be for instance
one of the following example positions), if the reference
position is the position of the actual arrangement: the
bone CBCT position, the alignment bone position, the
relative position between the bony structure at the pre-
vious monitoring time and the position of the actual ar-
rangement or the target position (see below). If the ref-
erence position differs from the position of the actual ar-
rangement, the second relative position can be deter-
mined based on one of the example positions and based
on the (defined) relative position between the reference
position and the position of the actual arrangement (e.g.
by determining the difference between a vector describ-
ing the position of a selected one of the example positions
and a vector describing the reference position, e.g. in a
reference system in which the position of the actual ar-
rangement is at rest).
[0008] In the following, just as a non-limiting and pre-
ferred example, the monitoring bone position is assumed
to be the relative position between the position of the
bony structure at the monitoring time and position of the
actual arrangement. Of course, the reference position
used for determining the monitoring bone position can
differ from the position of the actual arrangement and
can in particular adopt any of those examples given here-
in for the reference position. If the reference position used
for determining the monitoring bone position differs from
the position of the actual arrangement, then the monitor-
ing bone position can be determined based on the relative
position between the position of the bony structure and
the position of the actual arrangement at the monitoring

time and based on the defined relative position between
the reference position and the position of the actual ar-
rangement. To this end for instance a difference between
a vector describing the position of the reference position
and a vector describing the aforementioned relative po-
sition between the position of the bony structure and the
position of the actual arrangement at the monitoring time
can be determined for instance in a reference system in
which the position of the actual arrangement is at rest.
[0009] The treatment beam treats body parts to be
treated which are referred to in the following as "treatment
body parts". These body parts are in particular body parts
of a patient, i.e. anatomical body parts.
[0010] The present invention relates to the field of med-
icine and in particular to the use of beams, in particular
radiation beams in order to treat parts of the body. Ion-
izing radiation is in particular used for this purpose. In
particular, the treatment beam comprises or consists of
ionizing radiation. The ionizing radiation comprises or
consists of particles (for example sub atomic particles or
ions) or electromagnetic waves which are energetic
enough to detach electrons from atoms or molecules and
so ionize them. The treatment beam, in particular the
treatment radiation is in particular used in radiation ther-
apy (also called radiotherapy), in particular in the field of
oncology. For the treatment of cancer in particular, parts
of the body comprising the tumor are treated by using
ionizing radiation. The tumor is an example for a treat-
ment body part. The treatment beam is preferably con-
trolled to pass through the treatment body part.
[0011] The arrangement of at least one beam position
comprises (in particular consists of) at least one beam
position, in particular a discrete set of beam positions or
a continuous multiplicity (manifold) of beam positions.
The at least one beam position is the at least one position
of the at least one treatment beam. That is, during treat-
ment, the at least one treatment beam adopts the at least
one beam position defined by the arrangement. In case
of more than one beam position, the adoption is per-
formed in particular sequentially in particular in case
there is just one beam source to emit a treatment beam.
If there are several beam sources, beam positions can
also be adopted simultaneously by the several treatment
beams during the treatment. The arrangement of the at
least one beam position which defines the at least one
beam position relative to the treatment device, in partic-
ular during (actual) treatment (in particular during a treat-
ment session, which is also referred to as a fraction) is
referred to as actual arrangement. In particular, the actual
arrangement has a point of intersection in which all treat-
ment beams (in case of more than one) of the actual
arrangement intersect. In particular, the determined po-
sition is described relative to the position of the intersec-
tion point, for instance in a reference system which has
the intersection point in its origin. The intersection point
corresponds in particular to an isocenter of the treatment
device. An "isocentric rotation" is understood to be a ro-
tation of the patient around a vertical axis which passes
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through the isocenter (intersection point of the treatment
beams). Advantageously, in case of an isocentric rota-
tion, the method in accordance with the invention allows
to determine if there is a change of the monitoring bone
position which does not only result from the isocentric
rotation. In that case, the reference position is preferable
the alignment bone position (see below), i.e. the position
of the bony structure after the isocentric rotation which
has been performed for alignment.
[0012] The defined planned relative bone position is a
relative position between the bony structure and a
planned arrangement of beam positions. In particular the
above-mentioned treatment planning (e.g. performed by
a treatment planning system before the treatment, for
instance based on computed tomographic images (re-
ferred to as CT images)) results in the planned relative
bone position between the bony structure and the
planned arrangement. Of course, the user (e.g. medical
specialist) can set a new planned relative bone position
e.g. after studying the CBCT image. In the following, the
term "planned relative bone position" covers both alter-
natives, a planned relative bone position (referred to as
"a original planned relative bone position") purely based
on planning image data (e.g. CT image) or an updated
planned relative position set by a user or determined as
described later. According to an embodiment, the refer-
ence position is a target position. The target position is
a relative position between the bony structure and the
actual arrangement. The target position is in particular
the original planned relative bone position or the updated
planned relative bone position. In particular the actual
arrangement is set to comprise the same number of beam
positions as the planned arrangement. In particular in
case the planned arrangement comprises two or more
beam positions, the relative positions between the beam
positions is set to be identical in the planned arrangement
and in the actual arrangement.
[0013] The position of a part or a structure of the ana-
tomical structure can in particular be represented (in par-
ticular described) by the position of the center (e.g. center
of mass) of the part or of the structure.
[0014] The method in accordance with the invention is
in particular a data processing method. The data
processing method is preferably performed using tech-
nical means, in particular a computer. The computer in
particular comprises a processor and a memory in order
to process the data, in particular electronically. The cal-
culating steps described are in particular performed by
a computer. Steps of determining or calculating are in
particular steps of determining data within the framework
of the technical data processing method, in particular
within the framework of a program. A computer is in par-
ticular any kind of data processing device. A computer
can be a device which is generally thought of as such,
for example desktop PCs or notebooks or netbooks, etc.,
but can also be any programmable apparatus, such as
a mobile phone or an embedded processor. In particular,
a computer can comprise a system (network) of "sub-

computers", wherein each sub-computer represents a
computer in its own right. A computer in particular com-
prises interfaces in order to receive data and/or to per-
form an analogue-to-digital conversion. The data are in
particular data which represent physical properties
and/or are generated from technical signals. The techni-
cal signals are in particular generated by means of tech-
nical detection devices and/or analytical devices.
[0015] Where data are "provided", this means that they
are ready for use by the method or program in accord-
ance with the invention. The data can achieve this state
of being "ready for use" by for example having been gen-
erated (e.g. by a CT or CBCT or MRT), in particular de-
tected or captured (for example by analysis apparatuses)
or by being input (for example via interfaces). The data
can also achieve the state of being provided by being
stored in a data storage (for example a ROM, RAM, CD
and/or hard drive) and thus ready for use within the frame-
work of the method or program in accordance with the
invention. The expression "providing data" encompasses
(within the framework of a data processing method) in
particular that the data are determined by the data
processing method or program. The meaning of "provid-
ing data" in particular encompasses also that the data
are received by the data processing method or program,
in particular to further process the data by the data
processing method or program. Thus "providing data"
can mean for instance to wait for a reception of data and
to receive the data. The received data can be for instance
inputted by the interface. "Providing data" can also mean
that the data processing method or program performs
steps to (actively) acquire the data from a data source,
for instance a data storage (for instance ROM, RAM, data
base, hard disk etc.) or via the interface (for instance from
another computer or a network).
As mentioned above, the determined bone change can
be used as an indicator for a change of position of the
treatment body part relative to the actual arrangement.
In particular, under the assumption that there is a fixed
relative position between the bony structure and the treat-
ment body part, the data processing method can be used
to determine the position of the treatment body part rel-
ative to the actual arrangement. This position of the treat-
ment body part is referred to as "actual relative position".
[0016] The position of the bony structure (during treat-
ment) is referred to as actual relative bony position. The
actual relative bony position can change from time to
time. The actual relative bony position is the relative po-
sition between the bony structure and the reference po-
sition. The actual relative bony position which is given at
a time referred to as monitoring time is referred to as
herein monitoring bone position.
[0017] The position of the treatment body part (during
treatment) referred to as actual relative tissue position
can change from time to time. The actual relative tissue
position is the relative position between the treatment
body part and the actual arrangement. The actual relative
tissue position which is given at a time referred to as
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monitoring time is referred to as herein monitoring tissue
position. In particular the treatment body part is a soft
tissue part (e.g. a tumor) of the anatomical structure of
the patient. The term "soft tissue" means herein in par-
ticular that the soft tissue part is not part of a bony struc-
ture of the anatomical body of the patient.
[0018] The bony structure can change its geometry
(size and/or shape) between the planning time and the
pre-alignment time and also during the treatment. Gen-
erally, the change of the geometry of the bony structure
from the planning time to the pre-alignment time will be
larger than the change of the bony structure from the pre-
alignment time to the monitoring time. According to an
advantage of the present invention, the geometry of the
bony structure at the pre-alignment time is used for de-
termining the position of the bony structure based on the
x-ray image data. In particular, the geometry of the bony
structure described by the CBCT image data is compared
with the geometry of the bony structure described by the
x-ray image data in order to determine the position of the
bony structure relative to the referenced position. Advan-
tageously, a higher accuracy of determining the position
of the bony structure can be achieved in this manner.
The step of comparing the geometry of the bony structure
described by the CBCT image data and the geometry of
the bony structure described by the x-ray image data can
include the step of generating DRRs and/or a step of
image morphing as described below.
[0019] As mentioned above, CBCT image data (also
just referred to as CBCT data) are preferably provided.
The CBCT image data describe a three-dimensional
CBCT image of a region which includes the bony struc-
ture, in particular the anatomical structure. Thus, the
CBCT image describes the bony structure, in particular
the anatomical structure. The CBCT image represents
the bony structure, in particular the anatomical structure
at a time (referred to as pre-alignment time) when the
CBCT image was generated. Preferably, the CBCT im-
age data include information (e.g. segmentation data,
see below) on the position of the bony structure within
the CBCT image. In particular, the CBCT image data
describe the position of the bony structure within the
CBCT image and/or in particular allow the determination
of this position. That is, for instance, if the relative position
between the CBCT image and another position, e.g. the
reference position (e.g. the position of the actual arrange-
ment) is known, then the position of the bony structure
relative to the reference position can be determined
based on the CBCT image data. The three-dimensional
CBCT image represents the bony structure and in par-
ticular the anatomical structure which includes the treat-
ment body part and the bony structure. The term "bony
structure" can encompass a complete set of all anatom-
ical bony elements included in the anatomical structure
and/or represented by the CBCT image or can just mean
one or more parts of the "complete set". The one or more
parts can be in particular landmarks, the position, in par-
ticular orientation of which is definable. Landmark is a

defined element of an anatomical body part which is al-
ways identical or recur with a high degree of similarity in
the same anatomical body part of multiple patients. Typ-
ical landmarks are for example the tips of the transverse
processes and/or dorsal process of a vertebrae. The
treatment body part and the bony structure are repre-
sented by the CBCT image in a relative position to each
other.
[0020] The abbreviation CBCT stands for cone-beam
computed tomography and is in particular used in the
field of image guided radiation therapy. Advantageously,
the present invention is directed to this field of image
guided radiation therapy (IGRT). A CBCT device (used
for generating the CBCT images) is in particular arranged
in a known position relative to the actual arrangement of
at least one beam position. The actual arrangement of
at least one beam position is in particular set in accord-
ance with a treatment plan to adopt a particular position
with respect to a treatment device which issues the treat-
ment beam in accordance with the arrangement. Prefer-
ably, the relative position between the CBCT device and
the treatment device is known which results in that the
relative position between the actual arrangement and the
CBCT device (and thus the CBCT image) is known.
[0021] The CBCT (CBCT image data and optionally
the CBCT position data) allows in particular to determine
the position of the bony structure with respect to the ac-
tual arrangement. This position is referred to as bone
CBCT position. According to an embodiment, the bone
CBCT position is the reference position. In particular, de-
viations of the actual relative position of the bone CBCT
position from the planned relative position (at the pre-
alignment time) can be determined. In particular, the
CBCT acquires a plurality of projections over the ana-
tomical structure (volume of interest). In particular, the
two-dimensional projections are reconstructed into a
three-dimensional CBCT image (three-dimensional vol-
ume) in particular corresponding to data referred to as
pre-data (e.g. CT image data) by using reconstruction
strategies (as proposed for instance by Feldkamp).
[0022] An advantage of the three-dimensional CBCT
image is that it represents the soft tissue parts and there-
fore allows to register a three-dimensional CBCT image
with respect to the three-dimensional image which was
used for planning and which is described by the pre-data
and which is referred to as herein pre-image (as will be
explained in more detail later). The planning is performed
based on the pre-image. The planning results in a
planned relative bone position of the bony structure rel-
ative to the planned relative arrangement. Thus, the
three-dimensional CBCT image allows to align the bony
structure with the planned relative bone position and/or
to confirm that the bony structure is already in the planned
relative bony position. In particular, the bony structure
has relative position relative to the treatment body part.
Alternatively or additionally, the planning results in a
planned relative tissue position of the (soft tissue) treat-
ment body part relative to the arrangement. Thus, the
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three-dimensional CBCT image allows to align the treat-
ment body part with the planned relative tissue position
and/or to confirm that the treatment body part is already
in the planned relative tissue position. Thus, the align-
ment results in that the treatment body part and/or the
bony structure is in an aligned position which corre-
sponds to the planned position. The alignment is in par-
ticular performed (just) before the treatment starts.
[0023] However, after the alignment, a patient can per-
form movements which result in a displacement of the
treatment body part so that the treatment body part is no
longer in the aligned position during the treatment. Ac-
cording to an aspect of the present invention the bone
change is used as an indicator for such a movement. To
determine this bone change, preferably, the CBCT image
and an x-ray image is used as described below.
[0024] There are radiotherapy systems which allow to
repeatedly generate three-dimensional CBCT images or
just two-dimensional x-ray images during a treatment
session. This allows to compare the resulting three-di-
mensional images or the resulting two-dimensional im-
ages with the planning data (pre-data which describe the
pre-image). The comparison is aimed to determine if the
treatment body part is still aligned with the planned po-
sition of the treatment body part referred to as planned
relative tissue position or is displaced with respect to the
planned relative tissue position. The solution of the in-
ventors allows to use the same type of radiotherapy sys-
tem, however in a different manner as will be described
in the following:
[0025] Preferably, x-ray image data are provided (in
particular during treatment with a treatment beam) which
describe at least one two-dimensional x-ray image of the
anatomical structure (which includes the treatment body
part). The at least one two-dimensional x-ray image rep-
resents the bony structure included in the anatomical
structure (represented by the at least one two-dimension-
al x-ray image). The x-ray image data (and thus the at
least one two-dimensional x-ray image) is generated af-
ter the three-dimensional CBCT image, i.e. at a point in
time referred to as monitoring time. This monitoring time
is in particular during the treatment and in particular after
the alignment while the pre-alignment time (when the
three-dimensional CBCT image was generated) is in par-
ticular before the treatment and in particular before the
alignment of the anatomical body part and in particular
before the monitoring time. The term "before" means in
particular "at least 1s or 10s or 1min or 10min before"
and/or in particular "at most 1h or 10h or 1 day before".
The term "after" means in particular "at least 1s or 10s
or 1min or 10min after" and/or in particular "at most 1h
or 10h or 1 day after".
[0026] The x-rays which generate the two-dimensional
x-ray image and in particular an x-ray device (which in-
cludes an x-ray source and an x-ray detector) has a par-
ticular (known) relative position relative to the treatment
device and thus relative to the actual arrangement. Since
the position of the x-ray device relative to one or more

possible positions (in particular orientations) of the x-ray
source and the x-ray detectors is known, the one or more
positions of the x-ray source and x-ray detector is known.
This one or more positions represent an example for de-
scribing information on the position of an imaging geom-
etry and on the imaging geometry itself given when gen-
erating the two-dimensional x-ray image. Preferably x-
ray geometry data describe this information. Preferably,
x-ray data include the x-ray image data and the x-ray
geometry data.
[0027] The x-ray geometry data preferably comprises
information which allows the analysis image (x-ray im-
age) to be calculated, given a known relative position
between the imaging geometry and the analysis object
(anatomical body part) to be analyzed by the x-ray radi-
ation, if the object (anatomical body part) to be analyzed
is known, wherein "known" means that the spatial geom-
etry (size and shape) of the analysis object is known.
This preferably means in particular that three-dimension-
al, "spatially resolved" information concerning the inter-
action between the analysis object (anatomical body
part) and the analysis radiation (x-ray radiation) is known,
wherein "interaction" means for example that the analysis
radiation are blocked or partially or completely allowed
to pass by the analysis object. The position, in particular
orientation of the imaging geometry is in particular de-
fined by the position of the (analysis apparatus) x-ray
device, in particular by the position of the x-ray source
and the x-ray detection and/or in particular by the position
of the multiplicity (manifold) of x-ray beams which pass
through the analysis object and which are detected by
the x-ray detector. The imaging geometry describes in
particular the geometry (size and/or shape) of this mul-
tiplicity (manifold). The shape is for instance a conus
shape with a specific angle of inclination of the side walls
of the conus with respect to a central line of the conus.
The position of the imaging geometry (in particular the
orientation) is in particular representable by the position
of a x-ray beam being and passing through the center of
this multiplicity and/or by a position of a geometric object
(like a truncated conus) which represents the geometry
of the multiplicity (manifold) of x-ray beams. Information
concerning the above-mentioned interaction is prefera-
bly three-dimensionally known, for example from a three-
dimensional CT, and describes the interaction in a spa-
tially resolved way for (in particular all of the) points and/or
regions of the analysis object. Knowledge of the imaging
geometry (and of its position) in particular allows a posi-
tion of a source of the radiation (for example, an x-ray
source) to be calculated relative to an image plane (for
example plane of an x-ray detector). With respect to the
connection between three-dimensional analysis objects
and two-dimensional analysis images, as defined by the
imaging geometry, reference is made in particular to the
following publications:

1. "An Efficient and Accurate Camera Calibration
Technique for 3D Machine Vision", Roger Y. Tsai,
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Proceedings of IEEE Conference on Computer Vi-
sion and Pattern Recognition. Miami Beach, FLUID,
1986, pages 364-374

2. "A Versatile Camera Calibration Technique for
High-Accuracy 3D Machine Vision Metrology Using
Off-the-Shelf TV Cameras and Lenses", Roger Y.
Tsai, IEEE Journal of Robotics and Automation, Vol.
RA-3, No. 4, August 1987, pages 323-344. See also
http://www.cs.cmu.edu/∼rgw/TsaiDesc.html

3. Publication by Ziv Yaniv, "Fluoroscopic X-ray Im-
age Processing and Registration for Computer-Aid-
ed Orthopedic Surgery"

4. EP 08 156 293.6

5. US 61/054,187

[0028] Preferably, x-ray image data are provided. The
x-ray image data describe at least one two-dimensional
x-ray image of the bony structure. In particular, the x-ray
image describes the anatomical structure which includes
the bony structure. The x-ray image data are generated
at the monitoring time. The x-ray image data describe in
particular information (i.e. include information) on the po-
sition of the bony structure relative to the actual arrange-
ment. In more general terms, the preferably x-ray data
are provided which at least include the aforementioned
x-ray image data.
[0029] Preferably, the x-ray data describe information
(i.e. include information) on the position of the bony struc-
ture relative to the actual arrangement. The monitoring
bone position is the relative position between the bony
structure and the position of the actual arrangement at a
point in time (in particular during treatment) at which a
monitoring of the position is performed by means of an
x-ray device which generates at least one two-dimen-
sional x-ray image. Preferably, at least two two-dimen-
sional x-ray images from at least two different positions
(i.e. two different positions of the x-ray imaging ge-
ometries) are generated. The x-ray data preferably in-
clude at least the x-ray image data and can additionally
include the x-ray geometry data. Preferably, the x-ray
image data and the x-ray geometry data describe togeth-
er the information on the monitoring bone position. Pref-
erably, the bone change is the change of a relative po-
sition between the monitoring bone position and the ref-
erence position.
[0030] Preferably, the x-ray image data describe at
least two two-dimensional x-ray images (in particular
stereoscopic images) which allow the determination of a
position of bony structure (shown in the x-ray images)
for instance based on the x-ray geometry data. However,
even in case of just one x-ray image, the position of the
bony structure can be determined as described in the
following.
[0031] In particular based on the at least two different

x-ray geometries given when generating the at least two
different x-ray images and based on the at least two dif-
ferent x-ray images, the position of the bony structure is
determined relative to the actual arrangement at the mon-
itoring time. In particular, additional information on the
scaling of the x-ray image is available. That is in particular
from the size of the bony structure displayed by the im-
age, the actual size of the bony structure can be inferred
if the position of the bony structure relative to the x-ray
imaging geometry and/or x-ray device (in particular the
distance to the x-ray source and/or x-ray detector) is
known, the actual size being e.g. the size as represented
by the pre-image. That is, based on the size of the bony
structure represented (displayed) by the two-dimension-
al image and based on the known actual size of the bony
structure (as for instance described by the pre-image),
the position of the bony structure with respect to the x-
ray imaging geometry can be inferred even from just one
x-ray image.
[0032] According to an embodiment, the above-men-
tioned x-ray geometry data are provided. The x-ray ge-
ometry data can be included in the x-ray data. The x-ray
geometry data can be received, e.g. from a data base.
These x-ray geometry data describe a positional relation-
ship between the arrangement (of at least one beam po-
sition) and the imaging geometry. In particular more than
one (for instance two) x-ray images can be generated
and/or there are in particular different imaging ge-
ometries given when generating the more than one x-ray
images. In particular, an imaging geometry is assigned
to each one of the more than one x-ray images so that
there is more than one imaging geometry. Thus, there is
at least one imaging geometry which respectively corre-
sponds to at least one x-ray image.
[0033] According to an embodiment, the x-ray geom-
etry data are provided by determining the x-ray geometry
data based on two x-ray images and a CBCT image gen-
erated from the same body (for instance patient or spec-
imen) at the same location, in particular generated at the
same time. Rendering DRRs from the three-dimensional
CBCT image allows to determine the two x-ray image
geometries of the respective two x-ray images generated
by two x-ray devices, respectively. The generation of at
least one x-ray image (preferably of at least two x-ray
images) for providing the x-ray geometry data can be
performed at the pre-alignment time. If then at the mon-
itoring time, the at least one x-ray image (preferably at
least two x-ray images) are generated, then the change
of position of the three-dimensional CBCT image (gen-
erated at the pre-alignment time) is determined which is
necessary in order to achieve a match of at least DRR
(preferably of at least two DRRs) with the at least one x-
ray image (preferably at least two x-ray images) gener-
ated at the monitoring time. The change of position of
the CBCT image represents the change of position of the
bony structure. This change of position is preferably de-
scribed relative to the reference position. The generation
of DRRs is addressed later in connection with an alter-
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native method of determining the change of the position
between the bony structure at the monitoring time and
the reference position based on the CBCT image data
and the CBCT position data.
[0034] Preferably, planning data are provided which
describe in particular the planned relative bone position
between the bony structure and the planned arrange-
ment. The planning data are in particular generated
based on pre-data which are for instance CT data or MRI
data. The CT data describe a three-dimensional CT im-
age of the anatomical structure. The MRI data describe
a three-dimensional MRI of the anatomical structure. The
pre-data are generated before the patient is positioned
in the pre-alignment position. In particular, there is no
known link between the position of the patient when gen-
erating the pre-data and when generating the CBCT data.
The pre-data are generated at a point in time which is
referred to as herein "planning time". The planning time
is before the pre-alignment time. The term "before"
means here in particular "at least 10min or 1h or 10h or
1 day or 10 days" and "at most 20 days or 100 days or
1 year".
[0035] According to an embodiment, the actual relative
position of the treatment body part relative to the actual
arrangement is determined. This position is referred to
as "monitoring tissue position". This position is deter-
mined as explained below and represents the position of
the treatment body part relative to the actual arrangement
at the monitoring time. Preferably, the determination is
based on a position referred to as "tissue-bone pre-align-
ment position" described by the CBCT image data. The
tissue-bone pre-alignment position is the position of the
treatment body part relative to the bony structure at the
pre-alignment time.
[0036] A CBCT device (which can also work as the x-
ray device and) which is used to generate the CBCT data
(and optionally also the x-ray image data) has preferably
a fixed position relative to the treatment device. Prefer-
ably, the actual arrangement has been set by means of
the treatment device based on the planning data to have
a fixed position relative to the treatment device. Thus, in
particular, data referred to as CBCT position data are
available (e.g. stored in a data base of the computer)
which describe the relative position between the CBCT
image and the actual arrangement, in particular between
a reference system in which the CBCT image rests and
the actual arrangement. In particular, the CBCT position
data allow to determine if the bony structure is in the
planned relative position (aligned position) at the time of
generating the CBCT image, i.e. at the pre-alignment
time. A controlled change, in particular a correction of
the position of the treatment body part and/or of the bony
structure can be performed if this is not the case If there
is a controlled change (alignment) of position of the an-
atomical structure, in particular the bony structure, the
new position of the bony structure (after the change) is
referred to as herein alignment bone position or just
"changed position". According to an embodiment, the

alignment bone position is the reference position. The
new position of the bony structure is in particular de-
scribed as a relative position between the bony structure
and the actual arrangement. Preferably, position align-
ment data (also referred to as position change data) are
provided which describe the alignment (change) of the
position of the anatomical structures, in particular of the
bony structure.
[0037] According to another embodiment, the refer-
ence position is the position of the actual arrangement.
That is the bone reference position is the monitoring bone
position.
[0038] According to an embodiment, the monitoring
bone position is determined based on the x-ray data, in
particular based on the x-ray image data. Furthermore,
the tissue bone pre-alignment position (i.e. the relative
position between the bony structure and the treatment
body part) can be determined based on the CBCT image
data. In particular, the bone CBCT position is determined
based on the CBCT position data and the CBCT image
data. The monitoring tissue position can be determined
(calculated) based on the CBCT image data, the CBCT
position data and the x-ray data under the assumption
that the relative position between the treatment body part
and the bony structure has not changed from the pre-
alignment time to the monitoring time. To this end, pref-
erably also the x-ray geometry data can be used.
[0039] According to another embodiment, the monitor-
ing bone position is determined based on the x-ray data
and additionally based on CBCT position data describing
the relative position between the CBCT image (and/or
the anatomical structure represented by the CBCT im-
age) and the actual arrangement. Based on the CBCT
data and the CBCT position data and in particular based
on the segmentation data, a position referred to as bone
CBCT position is determined. The bone CBCT position
describes the relative position between the bony struc-
ture and the actual arrangement. The segmentation data
describe the position of the bony structure within the
CBCT image. Furthermore, the at least one x-ray image
is matched, in particular registered with respect to the
CBCT image. In order to achieve this, the CBCT image
has to be transformed, i.e. has to undergo a translatorical
and/or rotatorical transformation. The transformation is
determined based on a relative position between the im-
aging geometry of the x-ray device present when gener-
ating the at least one x-ray image and the position of the
CBCT image. The relative position being described by
data referred to as CBCT x-ray data. The relative position
can be for instance determined by using a model visible
in both the CBCT and the at least one x-ray image and
by generating x-ray images and a CBCT image from this
model and by using the known structure and/or geometry
of this model (which can be a cube). The relative position
can also be determined by using an irregular model or
just the bony structure of the patient and by detecting
markers attached to the x-ray device by means of a nav-
igation system. The latter solution is described in EP 2
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119 397 or US 7,922,391. Based on this transformation,
the monitoring bone position is determined. The moni-
toring bone position is determined based on the change
of position described by the transformation and based
on the bone CBCT position.
[0040] As described above, preferably at least one of
x-ray geometry data and/or CBCT position data are pro-
vided in order to determine the monitoring bone position.
Thus, the x-ray data which describe information on the
monitoring bone position can include just the x-ray image
data or the x-ray image data and the x-ray geometry data.
If they only include the x-ray image data, at least then
preferably the CBCT position data are provided for de-
termination of the monitoring bone position. According
to a further embodiment, both the x-ray geometry data
and the CBCT position data are provided. In particular in
the latter case, it is possible to determine the monitoring
bone position in two different ways which allows for a
checking of the reliability of the determination. Preferably
at least one of the x-ray geometry data and the CBCT
position data are provided for determining the bone
change and/or the monitoring bone position. As a general
term for the CBCT position data and the x-ray geometry
data, the term "imaging position data" is used herein.
That is the imaging position data comprise at least one
of the CBCT position data and the x-ray geometry data.
[0041] According to an embodiment, the monitoring
bone position is determined based on the CBCT image
data, the x-ray geometry data and the x-ray image data
(in particular without using the CBCT position data). To
this end, the CBCT image undergoes a virtual translator-
ical and/or rotatorical transformation relative to the posi-
tion of the at least one x-ray imaging geometry so that a
virtual generation (DRR-generation) of the at least one
x-ray image (preferably two x-ray images) is achieved in
which the bony structure has the same position as in the
actual at least one x-ray image. Then, the transformed
CBCT image has a defined position and thus the bony
structure within the CBCT image has a defined position
which is the monitoring bone position. To determine the
monitoring bone position, preferably the position of the
bony structure within the CBCT image (preferably de-
scribed by the CBCT image data) is used. In order to
determine the position of the transformed CBCT image,
in particular DRRs can be generated from the CBCT im-
age and compared, in particular matched with the at least
one (preferably at least two) x-ray images. The concept
of DRRs is described in more detail below.
[0042] According to an embodiment, the step of pro-
viding CBCT position data is implemented by providing
the x-ray geometry data and the above-mentioned CBCT
x-ray data. In particular, the step of providing CBCT po-
sition data includes the step of determining the CBCT
position data based on the CBCT x-ray data and the x-
ray geometry data.
[0043] Preferably, the patient is already placed with
respect to the treatment device at the pre-alignment time.
In particular, only a smaller movement of the patient with

respect to the treatment device is necessary after the
pre-alignment time in order to align the bony structure
and/or the treatment body part with respect to the actual
arrangement based on the CBCT data. Thus, it is unlikely
that there is a major shift between soft tissue structures
like the treatment body part and the bony structure.
[0044] According to a preferred embodiment, the mon-
itoring bone position is determined by generating digitally
reconstructed radiographs (referred to as "DRRs") from
the three-dimensional CBCT image. Preferably, at least
one two-dimensional DRR is determined which matches
the at least one two-dimensional x-ray image. In order to
generate the DRRs, imaging geometries are simulated.
If a "DRR" matches an x-ray image, the simulated imag-
ing geometry (used to generate the DRR) is referred to
as matching imaging geometry. To each of the at least
one two-dimensional x-ray image corresponds a respec-
tive matching imaging geometry. The matching of a DRR
with an x-ray image is preferably performed based on (in
particular only based on or predominantly based on) the
bony structure such that the bony structure shown in the
DRR and shown in the x-ray image match with each oth-
er, in particular achieve a best match. In particular, other
parts of the anatomical structure which are not part of
the bony structure are weighed less in the matching proc-
ess than the bony structure. In particular, a segmented
bony structure is used for matching, in particular only the
bony structure is used for matching. Preferably, there are
at least two x-ray images which are respectively to be
matched with one of the simulated DRRs. Preferably, a
plurality of DRRs are generated and the matching DRRs
are selected out of the plurality of DRRs.
[0045] Due to the simulation, the relative position (in
particular orientation) between the at least one matching
imaging geometry and the anatomical structure (in par-
ticular bony structure) represented by the three-dimen-
sional CBCT image is known. If assuming that the three-
dimensional image adopts virtually the same position in
space as the anatomical structure (which it represents
and which includes the bony structure), it can also be
said that the relative position between the at least one
matching imaging geometry and the three-dimensional
CBCT image is known due to the simulation. Based on
the relative position between the (at least one) matching
imaging geometry and the anatomical structure (three-
dimensional CBCT image) and the (known) relative po-
sition between the position of the anatomical structure
(three-dimensional CBCT image) and the position of the
actual arrangement (at the pre-alignment time), the rel-
ative position between the matching imaging geometry
and the actual arrangement at the pre-alignment time
can be determined. In case this relative position differs
from the relative position between the (at least one) x-
ray imaging geometry and the actual arrangement at the
monitoring time, this is due to a positional change of the
anatomical structure. This positional change corre-
sponds to an imaging geometry difference which will be
explained in the following.
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[0046] If there had been a positional change (e.g. ro-
tational and/or translatoric change) of the bony structure
from the pre-alignment time to the monitoring time, the
position of the at least one x-ray imaging geometry rela-
tive to the actual arrangement at the monitoring time will
differ from the corresponding at least one position of the
at least one matching imaging geometry relative to the
position of the actual arrangement at the pre-alignment
time. This difference is the above-mentioned imaging ge-
ometry difference. Thus, to each of the at least one x-ray
imaging geometries corresponds one imaging geometry
difference. The imaging geometry difference represents
the positional change of the bony structure (in particular
in case the bony structure was used for the above-men-
tioned matching process). The image geometry differ-
ence, in particular the positional change can be zero or
larger than zero.
[0047] In particular, the at least one image geometry
difference describes the positional change of the bony
structure relative to the actual arrangement from the pre-
alignment time to the monitoring time.
[0048] According to an embodiment, the monitoring
bone position can be determined by determining the po-
sitional change of the anatomical structure represented
by the CBCT image from the pre-alignment time to the
monitoring time relative to the position of the actual ar-
rangement. Thus, in other words, according to the latter
embodiment, a new position of the bony structure and
thus of the three-dimensional CBCT image (which rep-
resent this bony structure) relative to the position of the
actual arrangement is determined based on the at least
one image geometry difference. As mentioned above,
the three-dimensional CBCT image is assumed herein
to have a (virtual) spatial position which is identical with
the spatial position of the anatomical structure which it
represents. The position of the bony structure within the
newly positioned anatomical structure and thus within
the three-dimensional (CBCT image (referred to as new
CBCT image) and relative to the position of the actual
arrangement represents the monitoring bone position (if
the reference position is in accordance with an embodi-
ment identical with the position of the actual arrange-
ment). The newly positioned anatomical structure is in
particular assumed to be identical (rigid property) with
the anatomical structure represented by the three-dimen-
sional CBCT image (also referred to as shortly "CBCT
image") at the pre-alignment time, however, the newly
positioned anatomical structure and thus the new CBCT
image can have a position (relative to the actual arrange-
ment) which is different from the position of the anatom-
ical structure (and thus of the CBCT image) at the pre-
alignment time. As mentioned above, the monitoring
bone position is preferably determined based on the po-
sition of the bony structure within the newly positioned
anatomical structure and based on the relative position
between the newly positioned anatomical structure and
the reference position which is for instance the position
of the actual arrangement.

[0049] The position of the bony structure within the an-
atomical structure and thus within the CBCT image at
the pre-alignment time is preferably described by using
segmentation data. The segmentation data describe in
particular the relative position between the segmented
bony structure and the anatomical structure and thus the
position of the bony structure within the CBCT image.
This relative position is referred to as herein segmented
bone position. Thus, the bone CBCT position can be de-
termined based on the segmented bone position (e.g.
represented by a first vector) and the relative position
between the CBCT image and the actual arrangement
(e.g. represented by a second vector), e.g. by adding
vectors representing the relative positions (e.g. by adding
the first and second vector). The segmentation data de-
scribe the segmented bone position, for instance in a
reference system in which the anatomical structure and
the CBCT image is at rest. The segmentation data can
for instance be generated by a (non-rigid) matching of a
three-dimensional (in particular segmented) pre-image
(for instance a CT image) with the CBCT image. The pre-
image is in particular used for planning and the bony
structure is identified (in particular segmented) during the
planning process which is performed based on the pre-
image.
[0050] The segmentation data describe in particular
further the relative position between the segmented treat-
ment body part and the bony structure. This relative po-
sition is referred to as tissue-bone pre-alignment position.
This tissue-bone pre-alignment position can be used to
update the planned relative bone position based on the
CBCT image data and the CBCT position data. If for in-
stance the relative position between the bony structure
and the treatment body part has changed between the
planning time and pre-alignment time, then preferably
also the planned relative bone position is changed (up-
dated) accordingly. Preferably, the updated planned rel-
ative bone position is such that after the alignment of the
bony structure with the updated planned relative bone
position, the position of the treatment body part relative
to the actual arrangement corresponds to the planned
relative tissue position (if the relative position between
the bony structure and the actual arrangement corre-
sponds to the new (updated) planned relative bone po-
sition). The relative position between the treatment body
part and the bony structure is referred to as tissue-bone
pre-alignment position. Thus, the updated planned rela-
tive bone position can be determined (and in particular
indicated to a user as a proposal or automatically set)
based on the tissue-bone pre-alignment position and the
planned relative tissue position. As mentioned above,
the reference position can be the updated relative bone
position or the original relative bone position (in particular
depending on the preference of the user). According to
another embodiment, the user sets the updated planned
relative bone position in accordance with his preferences.
[0051] In the previous embodiment described above,
the monitoring bone position is determined by generating
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DRRs and by matching (in particular registering) the
DRRs with the two-dimensional x-ray images. This is also
possible according to another embodiment. According to
this another embodiment which can be combined with
the previous embodiment, the monitoring bone position
is determined based on the x-ray data without the above
described matching of DRRs. For instance several x-ray
images are generated from different orientations and the
x-ray imaging geometry (given when generating these x-
ray images) is known by the x-ray geometry data. Then,
the monitoring bone position can be determined based
on the x-ray data. For instance, the x-ray images (corre-
sponding to different x-ray imaging geometries) are dis-
played on a screen and data referred to as bony structure
data are received by the method. The bony structure data
describe the position and/ or geometry of the at least part
of the bony structure in at least one of the x-ray images.
For instance an operator or a pattern recognition algo-
rithm identifies at least a part of the bony structure on the
screen by means of a mouse or a pen for generating the
bony structure data. Based on the received bony struc-
ture data, then the monitoring bone position is deter-
mined. Furthermore, under the assumption that the tis-
sue-bone pre-alignment position is not changed from the
pre-alignment time to the monitoring time, the monitoring
tissue position can be determined based on the monitor-
ing bone position determined in the previous step. The
monitoring bone position represents the position of the
bony structure. Furthermore, the tissue-bone pre-align-
ment position (described by the CBCT data) describe the
relative position between the treatment body part and the
bony structure For instance, the bony structure data de-
scribe the position of one or more particular bone ele-
ments (e.g. landmarks) part in the at least one x-ray im-
age and the tissue-bone pre-alignment position describ-
ers the relative position of the treatment body part and
the one or more particular bone element. Furthermore,
based on the x-ray geometry data and the position of the
one or more particular bone elements (e.g. landmarks)
in one or more of the x-ray images, the position of the
one or more particular bone elements relative to the ar-
rangement (i.e. the monitoring bone position) can be de-
termined. (In particular, based on the monitoring bone
position and the set tissue-bone monitoring position, the
monitoring tissue position can be determined.)
[0052] As can be seen from the above, the bone
change and/or the monitoring bone position can be de-
termined by determining the monitoring bone position
based on the x-ray image data and the x-ray geometry
data and/or by determining the bone change by using
the reference position which can be determined based
on the CBCT image data and the CBCT position data (if
for instance the reference position is the alignment bone
position or the bone CBCT position). However, as ex-
plained above it is also possible to use both the CBCT
image data and the x-ray image data in addition to the
imaging position data in order to determine the monitor-
ing bone position. The imaging position data can com-

prise the CBCT position data and/or the x-ray geometry
data. According to an advantageous aspect of the
present invention both the CBCT image data and the x-
ray image data are used for determining the bone change
and/or the monitoring bone position while different inter-
mediate steps can result in this determination.
[0053] In particular, the aforementioned segmentation
data describe the tissue-bone pre-alignment position. As
mentioned before, the segmentation data can be gener-
ated during planning and by matching the "segmented"
pre-image with the CBCT image.
[0054] As mentioned above, the segmentation data
can be determined based on the pre-data and the CBCT
data. The tissue-bone pre-alignment position and/or
bone CBCT position (and/or bone alignment position)
can be determined automatically based on the segmen-
tation data. Alternatively or additionally, the tissue-bone
pre-alignment position and/or the segmented bone posi-
tion can be received by the data processing method. In
particular, the data processing method outputs the CBCT
image (for instance on a screen) and an operator indi-
cates the position of the bony structure (and optionally
the position of the treatment body part). The indicated
position (or positions) is (or are) received by the data
processing method and describe the segmented bone
position (and optionally the tissue-bone pre-alignment
position). The provided segmented bone position is pref-
erably used to determine the monitoring bone position
(as mentioned above).
[0055] As mentioned before, according to an advanta-
geous embodiment, the segmentation data are provided.
This segmentation data can be generated during a plan-
ning process. The planning process results in particular
in planning data which describe the planned relative bone
position. According to a preferred embodiment, providing
the planning data represents a further step of the data
processing method. The step of providing planning data
is in particular a receiving step. The provision of the plan-
ning data enables the data processing method to deter-
mine the monitoring bone position if the reference posi-
tion is the planned relative bone position.
[0056] According to an embodiment, the segmentation
data describe the segmented bony structure in the CBCT
image. This can be done for instance by an automatic
segmentation algorithm or by means of a user which iden-
tifies the bony structure in the CBCT image. In this way,
the segmentation data describe in particular a three-di-
mensional model of the bony structure. This three-dimen-
sional model of the bony structure (based on the CBCT
image) is then preferably matched, in particular regis-
tered with respect to the at least one x-ray image. Since
there is a defined positional relationship between the
three-dimensional model of the bony structure and the
CBCT image, the new position of the anatomical struc-
ture and thus of the three-dimensional CBCT image rel-
ative to the actual arrangement can be determined since
the relative position between the three-dimensional mod-
el and the actual arrangement is known due to the above
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described matching (in particular registration) step. In
particular, the x-ray geometry data can be used to deter-
mine the position of the (registered) three-dimensional
model. The registered three-dimensional model has a
position in the virtual space which results in the at least
one (preferably at least two) x-ray images if the at least
one x-ray image is generated in accordance with the x-
ray imaging geometry which has a position as described
by the x-ray image geometry data. Thus, the position of
the bony structure can be determined just based on the
CBCT image data, the x-ray image data and the x-ray
geometry data. Alternatively, the position of the (regis-
tered) three-dimensional model can be determined
based on the position of the CBCT image (described by
the CBCT position data) and the virtual movement of the
CBCT image which was necessary to achieve the regis-
tration as well as based on the position of the three-di-
mensional model within the CBCT image. The monitoring
bone position can then be determined based on the po-
sition of the bony structure (segmented bone position)
within the registered (newly positioned) anatomical struc-
ture and based on the relative position of the registered
(newly positioned) anatomical structure relative to the
reference position, in particular relative to the position of
the actual arrangement.
[0057] The above-mentioned embodiment is a feature-
based embodiment, i.e. the matching, in particular reg-
istration process is based on features of the three-dimen-
sional CBCT image, in particular based on features of
the bony structure (in particular its geometry, i.e. size
and/or shape). Instead of the three-dimensional model
which represent the bony structure it is also possible to
use two-dimensional models of the bony structure which
represent a surface of the bony structure. Then the two-
dimensional model of the bony structure is matched, in
particular registered with respect to one-dimensional fea-
tures, in particular contours (outlines) of the bony struc-
ture represented by the x-ray image. Thus, generally a
model (in particular three-dimensional or two-dimension-
al model) of the bony structure is generated from the
CBCT image which in particular represents at least a part
of two- and/or three-dimensional features (in particular
geometry features) of the bony structure. Based on this
model a matching, in particular registration process is
performed with respect to the two- and/or one-dimen-
sional features of the x-ray image. Based on the regis-
tered model, the monitoring bone position can be deter-
mined. This determination is in particular performed by
determining the position of the CBCT image based on
the position of the matched (registered) model. As de-
scribed above, the monitoring bone position can be de-
termined based on the two-dimensional geometry of the
bony structure described by the at least one x-ray image
and the three-dimensional geometry of the bony structure
described by the CBCT image.
[0058] As mentioned above, the planning data are pref-
erably provided based on the pre-image. The pre-image
is described by the pre-data. The pre-image represents

a three-dimensional image of the anatomical structure
which includes the treatment body part. The pre-data are
generated before generating the CBCT-data. In particu-
lar, a spatial relationship between the pre-image and the
actual arrangement is unknown (i.e. not provided to the
data processing method). However, as mentioned
above, preferably the planning data describe the relative
position between the pre-image and the planned ar-
rangement, in particular the planned relative position be-
tween the bony structure identified (in particular seg-
mented) in the pre-image relative to the planned arrange-
ment. In accordance with an advantageous embodiment,
the data processing method controls the position of the
bony structure so that an actual position between the
bony structure and the actual arrangement becomes
identical with the planned relative bone position. The con-
trol is performed based on the determined change in the
bone reference position. In particular, if there is a devia-
tion between the monitoring bone position and the
planned relative bone position, a control is performed in
order to change the actual relative position and to reduce,
in particular to minimize, in particular to zero this devia-
tion.
[0059] As mentioned above, a patient is preferably first
analyzed in order to generate the pre-data (e.g. by using
a CT or MRI). The generation of the pre-data can be on
a different day and in particular in a different room so
there is in particular no known spatial relationship be-
tween the reference system in which the pre-image is
described and the position of the actual arrangement.
The position of the actual arrangement is set relative to
a patient placed relative to the treatment device within
the treatment system (for instance on a couch of the treat-
ment system). The placement is in particular performed
by a medical staff member who tries to align the patient
in accordance with the planning, in particular based on
landmarks visible on the body of the patient. Since gen-
erally the treatment body part is inside the patient, the
member of the medical staff is not aware if the placement
is correct. Therefore, preferably, the abovementioned
three-dimensional CBCT images are generated after the
placement (pre-alignment) of the patient with respect to
the treatment device at the pre-alignment time. Prefera-
bly, the relative position between a reference system
within which the actual arrangement is set and a refer-
ence system within, which the three-dimensional CBCT
image is described, is known. Thus, preferably the CBCT
position data are provided to the method according to an
embodiment of the invention. The CBCT position data
describes the relative position between the three-dimen-
sional CBCT image and the actual arrangement at the
time of generating the CBCT image, i.e. at the pre-align-
ment time. This position is referred to as pre-alignment
CBCT position. Since the anatomical structure is de-
scribed by the CBCT image, the CBCT position data also
describe the relative position between the anatomical
structure and the actual arrangement at the time of gen-
erating the CBCT image. Preferably, based on the pre-
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alignment CBCT position (described by the CBCT posi-
tion data) and based on the segmented bone position
described by the segmentation data, the bone CBCT po-
sition is determined. The bone CBCT position is the rel-
ative position between the bony structure and the actual
arrangement at the pre-alignment time. Performing an
alignment between the pre-alignment time and the align-
ment time (in particular at the alignment time) is an opti-
mal and preferred but not an obligatory step.
[0060] Preferably, the three-dimensional CBCT image
and the three-dimensional pre-image is matched in ac-
cordance with an advantageous embodiment. The
matching can be performed based on (in particular only
based on or predominantly based on) the treatment body
part and/or the bony structure, i.e. so that the treatment
body part and/or the bony structure shown in the CBCT
image and the treatment body part and/or the bony struc-
ture shown in the pre-image match with each other in
particular achieve a best match. In particular other parts
of the anatomical structure which are not the treatment
body part and/or the bony structure are weighed less in
the matching process than the treatment body part and/or
the bony structure. In particular, the segmented treat-
ment body part, in particular only the segmented treat-
ment body part is used for matching. The matching is in
particular a rigid matching that is the image, in particular
the segmented treatment body part is not deformable.
Based on the matched images, a difference between the
planned relative bone position and the bone CBCT po-
sition can be determined. This difference is referred to
as pre-alignment bone difference. Alternatively or addi-
tionally, a difference between the planned relative tissue
position and the pre-alignment tissue position (position
of the treatment body part at the pre-alignment time) can
be determined. This difference is referred to as pre-align-
ment tissue difference.
[0061] In particular, if there is no pre-alignment bone
difference, no control (adjustment) for changing the rel-
ative position between the bony structure and the actual
arrangement is performed according to an embodiment.
If there is a pre-alignment bone difference, then prefer-
ably (but not obligatory) the controlled change is per-
formed (at least in case a predefined threshold for the
difference is passed). The controlled change is preferably
performed based on the determined pre-alignment bone
difference. Thus, in accordance with an advantageous
embodiment, in dependence on the pre-alignment bone
difference, control data (referred to as alignment control
data) are determined. The term "in dependence on"
means in particular that this control is performed if there
is a difference in particular if the difference is above a
predetermined threshold (which can be zero or more)
and means in particular that in case of the controlled
change the control is based on the determined pre-align-
ment difference. According to an alternative embodi-
ment, the controlled change (adjustment) is performed
to compensate the pre-alignment tissue difference.
[0062] The determined alignment control data are for

controlling the actual relative bone position. Preferably,
the controlled change is performed such that the differ-
ence between the planned relative bone position and the
actual relative bone position after the control is smaller
than the pre-alignment difference, in particular so that
the pre-alignment bone difference is zero. In particular,
the alignment control data are constituted to control the
actual relative bone position to correspond to the planned
relative bone position. Preferably, according to an ad-
vantageous embodiment, the alignment control data are
outputted in order to achieve the control before the mon-
itoring time, in particular before the treatment of the treat-
ment body part by means of the treatment beam starts.
In particular, at the monitoring time, it is assumed that
the position of the bony structure has been (already) con-
trolled in accordance with the alignment control data. The
position of the bony structure after the alignment is the
alignment bone position. The alignment of the bony struc-
ture relative to the actual arrangement describes in par-
ticular a change (referred to as alignment change) of the
relative position between the bony structure and the ac-
tual arrangement and is in particular described by data
referred to as position alignment data. The position align-
ment data are preferably determined based on the align-
ment control data. In particular, to this end the alignment
change is deemed to correspond to the controlled
change.
[0063] According to a further advantageous embodi-
ment, control data (referred to as x-ray based control
data) are determined. These control data are for control-
ling the position of the bony structure based on the x-ray
data. In particular in case the determined bone change
is more than a predetermined threshold, the x-ray based
control data are determined, in particular output to control
the position of the treatment body part.
[0064] According to the above-described advanta-
geous embodiments, data (referred to as alignment
CBCT position data) are provided. The alignment CBCT
position data describe the relative position between the
three-dimensional CBCT image and the actual arrange-
ment at a point in time referred to as alignment time. This
position is referred to as CBCT alignment position since
it preferably relates to the position after the aforemen-
tioned alignment is performed based on the CBCT image.
That is, in other words, the alignment CBCT position is
in particular the relative position between the anatomical
structure and the actual arrangement after outputting the
alignment control data and after performing the controlled
change (alignment) of position of the anatomical struc-
ture. In particular, the alignment bone position is the po-
sition of the bony structure relative to the actual arrange-
ment at a point in time (the alignment time) before the
monitoring time and after the pre-alignment time, in par-
ticular after controlling the position of the anatomical
structure in accordance with the alignment control data.
In particular, there is an extended time difference be-
tween the alignment time and the monitoring time which
can result in the change of the bone reference position,
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for instance due to an (unintended) movement of the pa-
tient or due to vital functions of the patient (breathing,
heart beat).
[0065] The alignment CBCT position data can be de-
termined on the basis of position change data. According
to an embodiment, the position change data describe a
positional displacement of the anatomical structure (in
particular of the bony structure) which in particular cor-
responds to a compensation of the determined pre-align-
ment bone difference or pre-alignment tissue difference
(in case the alignment control data are determined to
result in a fully compensated pre-alignment bone differ-
ence or pre-alignment tissue difference) and based on
the pre-alignment position data described above. The
aforementioned position alignment data preferably cor-
respond to the position change data, in particular they
are identical.
[0066] Advantageously, a difference (referred to as
correction difference) is determined which represents the
bone change. Preferably control data (referred to as x-
ray based position control data) are determined in de-
pendence on the determined correction difference. The
x-ray based position control data are for controlling the
relative position between the actual arrangement and the
bony structure so that the correction difference is com-
pensated.
[0067] The above-mentioned term "in dependence on
the correction difference" means in particular that the x-
ray based position control data are determined and/or
outputted only if the correction difference exceeds a pre-
determined threshold. This threshold can be zero or can
be above zero. The term "in dependence on" means in
particular that the correction difference is only deter-
mined and/or only outputted if the difference is above
zero.
[0068] Advantageously the method comprising a step
of generating control data (referred to as x-ray imaging
control data) which are constituted to cause the genera-
tion of the x-ray data (in particular of the x-ray image
data) after a (regular or irregular) period of time or in
response to an external signal. In particular during this
period of time, there is a treatment of the treatment body
part by the treatment beam.
[0069] Preferably the generation of the x-ray images
is repeated and the output of the x-ray based position
control data is also repeated. In particular outputting the
x-ray imaging control data and outputting the x-ray based
position control data are repeated. In particular, the x-ray
based position control data are determined based on the
lastly determined bone change and/or monitoring bone
position (which was determined based on the lastly re-
ceived x-ray image data). These steps are in particular
repeated during treatment of the treatment body part in
particular with the aim to (repeatedly) correct the position
of the treatment body part positioning order to compen-
sate the bone change determined based on the lastly
received x-ray image data. As mentioned above, the gen-
eration of the x-ray images can be repeated. Each time

the generation is repeated, the bony structure has a par-
ticular position relative to the reference position. This par-
ticular position is also referred to as previous monitoring
bone position if it is the position of the bony structure
before the monitoring time. According to an embodiment,
the reference position is chosen to be one of the particular
positions (previous monitoring bone positions). The par-
ticular position based on the lastly (most recently) re-
ceived x-ray image data is referred to as last monitoring
bone position and the particular position determined
based on the x-ray image data received directly preced-
ing the lastly received x-ray image data is referred to as
preceding monitoring bone position. According to an em-
bodiment, the reference position is set to be the preced-
ing monitoring bone position. In particular the bone
change is determined by comparing the last monitoring
bone position with the preceding monitoring bone posi-
tion. According to an embodiment, the bone reference
position is a relative position between the last monitoring
bone position and the preceding monitoring bone posi-
tion. For determining the previous monitoring bone posi-
tion, preferably previous x-ray image data are provided.
The previous x-ray image data describe at least one two-
dimensional x-ray image of the anatomical structure. The
at least one two-dimensional x-ray image represents the
bony structure and is generated at the previous monitor-
ing time. The previous monitoring bone position is pref-
erably determined based on the previous x-ray image
data, the CBCT image data and the imaging position da-
ta.
[0070] Within the framework of the invention, computer
program elements can be embodied by hardware and/or
software (this also includes firmware, resident software,
micro-code, etc.). Within the framework of the invention,
computer program elements can take the form of a com-
puter program product which can be embodied by a com-
puter-usable or computer-readable storage medium
comprising computer-usable or computer-readable pro-
gram instructions, "code" or a "computer program" em-
bodied in said medium for use on or in connection with
the instruction-executing system. Such a system can be
a computer; a computer can be a data processing device
comprising means for executing the computer program
elements and/or the program in accordance with the in-
vention. Within the framework of this invention, a com-
puter-usable or computer-readable medium can be any
medium which can include, store, communicate, propa-
gate or transport the program for use on or in connection
with the instruction-executing system, apparatus or de-
vice. The computer-usable or computer-readable medi-
um can for example be, but is not limited to, an electronic,
magnetic, optical, electromagnetic, infrared or semicon-
ductor system, apparatus or device or a medium of prop-
agation such as for example the Internet. The computer-
usable or computer-readable medium could even for ex-
ample be paper or another suitable medium onto which
the program is printed, since the program could be elec-
tronically captured, for example by optically scanning the

25 26 



EP 2 663 364 B1

15

5

10

15

20

25

30

35

40

45

50

55

paper or other suitable medium, and then compiled, in-
terpreted or otherwise processed in a suitable manner.
The computer program product and any software and/or
hardware described here form the various means for per-
forming the functions of the invention in the example em-
bodiments. The computer and/or data processing device
can in particular include a guidance information device
which includes means for outputting guidance informa-
tion. The guidance information can be outputted, for ex-
ample to a user, visually by a visual indicating means (for
example, a monitor and/or a lamp) and/or acoustically
by an acoustic indicating means (for example, a loud-
speaker and/or a digital speech output device) and/or
tactilely by a tactile indicating means (for example, a vi-
brating element or vibration element incorporated into an
instrument).
[0071] The present invention is also directed to radio-
therapy system which comprises the above-mentioned
computer. Furthermore, the radiotherapy system com-
prises preferably the treatment device. Preferably, the
treatment system comprises a couch for placing the pa-
tient thereon. The treatment device is preferably consti-
tuted to treat the treatment part if the patient is placed on
the couch for treatment. In particular, the treatment de-
vice is constituted so that the relative positions between
the beam positions relative to the treatment device are
controllable (in particular settable) to that an arrangement
of beam positions can be set, the relative positions of the
set arrangement corresponding preferably to (in partic-
ular are identical with) with the relative positions between
the beam positions of the planned arrangement. In par-
ticular the couch and the treatment device are constituted
so that the relative position between the set arrangement
of beam positions and the treatment body part is change-
able.
[0072] Preferably the treatment system comprises a
CBCT-device. The CBCT-device is constituted to gener-
ate the three-dimensional CBCT images. In particular,
the computer comprises a database within which the rel-
ative position between the CBCT image generated by
the CBCT-device and a reference system of the treat-
ment device is known. Preferably, the relationship be-
tween a reference system within which the actual ar-
rangement is set and the reference system of the CBCT
image is stored in the data base and/or is determinable
based on the data stored in the database of the computer
and based on data describing the set actual arrange-
ment.
[0073] According to an embodiment, the x-ray images
are generated by means of the CBCT-device. According
to another embodiment, an x-ray device (which is inde-
pendent from the CBCT-device) is part of or associated
with /attached to the radiotherapy system and is used for
generating the two-dimensional x-ray images. Prefera-
bly, the database of the computer stores a positional re-
lationship between the x-ray imaging geometry (or x-ray
imaging geometries) and reference system of the CBCT-
image and/or a reference system within which the posi-

tion of the actual arrangement is set. Preferably, after
setting of the arrangement, the relative beam positions
defined by the arrangement are fixed with respect to each
other but, according to an embodiment, the position of
set arrangement can be determined with respect to the
treatment device. The actual arrangement is set in par-
ticular in accordance with control data (referred to as ar-
rangement control data which are provided (in particular
received)). The arrangement control data can be set by
an operator to comply as best as possible with the
planned relative position under the assumption of an as-
sumed position of the treatment body part (after placing
the patient on the couch). The arrangement control data
defines a position of the actual arrangement in the refer-
ence system of the arrangement.
[0074] According to an embodiment, the position of the
couch is changeable by means of the alignment control
data and/or x-ray based control data. Additionally or al-
ternatively, the position of the actual arrangement within
the reference system of the arrangement is changeable
based on the alignment control data and/or the x-ray
based position control data. Thus, the position of the
treatment body part relative to the actual arrangement
can be changed by changing the position of the couch
and/or by changing the position of the actual arrange-
ment within the reference system of the treatment device.
[0075] In particular, control signals are issued by the
computer to the couch and/or to the treatment device for
changing the relative position between the couch and the
reference system of the treatment device.
[0076] The present invention is in particular directed
to the following embodiments:

A. Data processing method for use in the field of
radiation therapy and for determining a difference in
position of a bony structure and/or whether there is
this difference, wherein an anatomical structure of a
patient includes the bony structure and a treatment
body part to be treated by a treatment beam of a
treatment device, the data processing method being
constituted to be performed by a computer and com-
prising the following steps:

• providing CBCT data describing a three dimen-
sional CBCT image of a region which includes
the anatomical structure, the CBCT image rep-
resenting the bony structure at a time referred
to as pre-alignment time;

• optionally providing target position data describ-
ing a target position which is a relative position
between the bony structure and an actual ar-
rangement of at least one position of the treat-
ment beam;

• providing CBCT position data describing the rel-
ative position between the CBCT image and the
actual arrangement;

• determining a position referred to as bone CBCT
position describing the relative position between
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the bony structure and the actual arrangement
based on the CBCT data and the CBCT position
data;

• optionally, in case of a controlled change of po-
sition of the anatomical structure after genera-
tion of the CBCT image, providing position
change data describing the change of position
of the anatomical structure relative to the actual
arrangement and determining a position re-
ferred to as changed position which describes
the relative position between the bony structure
and the actual arrangement based on the bone
CBCT position and the change of position and ;

• providing x-ray data describing information on a
position of the bony structure, referred to as
monitoring bone position, relative to the actual
arrangement at a point in time, referred to as
monitoring time, the monitoring time being after
the pre-alignment time;

• determining a difference or whether there is a
difference optionally between the monitoring
bone position and the target position and/or op-
tionally between the monitoring bone position
and the changed position, in case there was a
controlled change and/or between the monitor-
ing bone position and the bone CBCT position.

B. The data processing method of the above embod-
iment A, wherein x-ray data are repeatedly provided
at subsequent points in time and a position of the
bony structure relative to the actual arrangement is
repeatedly determined based on the x-ray data, the
position is referred to as bony structure position and
in particular the following is repeatedly performed:

• determining a difference or whether there is a
difference optionally between the most recently
determined bony structure position and the tar-
get position and/or between the most recently
determined bony structure position and a previ-
ously determined bony structure position which
can also be the monitoring bone position and/or
optionally between the bony structure position
and the changed position, in case there was a
controlled change and/or between the bone
structure position and the bone CBCT position.

[0077] In particular, the method can comprise the op-
tional step not being part of the invention of compensating
the determined difference only in case the difference be-
tween subsequent positions or difference between the
previous position and the later position is above a pre-
determined threshold (referred to as action threshold).
According to a further exemplary embodiment, an indi-
cation signal (e.g. a visual, audio and/or tactile signal) is
issued in accordance with a further step of the method
in case the determined difference is above the predefined
threshold in particular to warn the staff members that a

reposition of the patient can be necessary in order to
achieve good treatment result. In particular, the genera-
tion of a further CBCT image can be initiated in case the
difference is above the predefined threshold, in order to
determine if the relative position between the treatment
body part and the bony structure has changed.
[0078] The above-described steps in particular use the
bony structure shown in x-ray images as an indicator for
the position of the treatment body part, in particular as
an indicator whether the treatment body part is still in the
correct position or has left the correct position. In partic-
ular, it is assumed that the treatment body part is in the
correct position relative to the actual arrangement if the
bony structure position coincides with the above-men-
tioned target position. In particular in addition to the CBCT
image, x-ray images are generated for determining a
change of the bony structure position which is used as
an indicator. The CBCT data are preferably used for de-
termining this change. Thus, preferably subsequent to
the CBCT image, at least one x-ray image is generated.
Preferably the at least one x-ray images are repeatedly
generated at later points in time in order to track any
movements of the bony structure during the treatment.
[0079] In particular the above step of providing the x-
ray data includes:

• providing x-ray image data describing at least one
two-dimensional x-ray image of the anatomical
structure, the at least one two-dimensional x-ray im-
age representing the bony structure (110) and the
x-ray data being generated at a point in time (Fig.
2d); and

• providing x-ray geometry data describing a position-
al relationship between the actual arrangement (13)
and at least one imaging geometry, referred to as x-
ray imaging geometry, given for generating the at
least one x-ray image, and, at least in case of only
one x-ray image, describing information on a size of
the represented bony structure (110) in dependence
on the position of the bony structure with respect to
the imaging geometry.

[0080] According to a further embodiment of the further
invention, the data processing method comprises the fol-
lowing:
The data processing (of the further invention) as de-
scribed in one of the above embodiments and comprising
the following step:

• determining data referred to as therapy control data
in dependence on the determined difference for con-
trolling the relative position between the actual ar-
rangement and the bony structure so that the deter-
mined difference is compensated.

[0081] The data processing method preferably further
includes the step of outputting the therapy control data
in order to control the relative position between the couch
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and the actual arrangement.
[0082] Preferably, the therapy control data are deter-
mined and/or output each time a new x-ray data has been
generated based on which the position of the bony struc-
ture relative to the actual arrangement can be deter-
mined. To this end, preferably control data referred to as
x-ray imaging control data are generated which are con-
stituted to cause the generation of the x-ray image data
in particular after a period of time during which the treat-
ment body part has been treated by the treatment beam.
[0083] The position of the bony structure can be deter-
mined in various manners based on the x-ray data and
optionally based on the CBCT data and optionally also
based on the CBCT position data. As described above
with respect to the first invention, the three-dimensional
CBCT image can be registered with respect to the at least
one x-ray image. The positional change (for instance ro-
tatorical and/or translatorical change) of the three-dimen-
sional CBCT image in order to achieve the registration
allows to determine a difference between the bone CBCT
position and the monitoring bone position. Thus, based
on the bone CBCT position and the determined differ-
ence, the monitoring bone position can be determined.
This registration can be repeated for the different x-ray
data generated repeatedly in order to repeatedly deter-
mine the bony structure position.
[0084] As mentioned with respect to the first invention,
the registration can be performed based on image fea-
tures by for instance generating DRRs from the CBCT
image and matching those DRRs with the at least one x-
ray image. According to a further embodiment, the reg-
istration can be based on features, in particular two- or
three-dimensional models of the bony structure generat-
ed from the three-dimensional CBCT image. Thus, in par-
ticular the determination of the difference between the
subsequent bony structure positions can be based on
the image information included in the three-dimensional
CBCT image or based on features of the bony structure
extracted from the three-dimensional CBCT image. In
particular, the above-described matching imaging geom-
etry used with respect to the first invention can be used
in order to determine the difference between the subse-
quent positions. Thus, the method in particular comprises
the following steps:

• determining at least one two-dimensional digitally re-
constructed radiograph (DRR) from the three-dimen-
sional CBCT image which matches the at least one
x-ray image, the matching at least one two-dimen-
sional digitally reconstructed radiograph (DRR) re-
sulting from a simulation of at least one imaging ge-
ometry given for generating the at least one two-
dimensional digitally reconstructed radiograph
(DRR), the imaging geometry being referred to as
matching imaging geometry, wherein the matching
is performed based on the bony structure (110)
shown in both the at least one two-dimensional dig-
itally reconstructed radiograph (DRR) and the at

least one x-ray image;
• providing a relative position between the at least one

matching imaging geometry and the actual arrange-
ment.

[0085] The monitoring bone position is an example for
a bony structure position.
[0086] The further disclosure also encompasses the
following exemplary embodiment: Data processing
method for use in the field of radiation therapy and for
verifying the position (d4at) of a treatment body part (100)
relative to an actual arrangement (13) of at least one
position of a treatment beam issued by a treatment device
(10), the position (d4at) being referred to as monitoring
tissue position and the treatment body part (100) being
a soft tissue part of an anatomical structure of a patient;
the data processing method being constituted to be per-
formed by a computer (50) and comprising the following
steps:

• providing (S6, S7) CBCT data describing a three-
dimensional CBCT image of the volume encompass-
ing the target region, the three dimensional CBCT
image including the bony structure (110) at a point
in time, referred to as pre-alignment time (Fig. 2b);

• determining a rotational and/or translational regis-
tration offset that will bring the CBCT volume and
the contained structures in the correct position rela-
tive to said actual arrangement.

• applying said registration offset to either the patient
or the actual arrangement to modify the relative po-
sition between the patient and the actual arrange-
ment.

• providing (S11) x-ray data describing information on
a position (d1ba) of the bony structure (110), referred
to as monitoring bone position (d1ba), relative to the
actual arrangement (13) at a point in time during
treatment, referred to as monitoring time (Fig. 3d),
the monitoring time being after the pre-alignment
time (Fig. 2b);

• Comparing the position of the bony structures in the
registered CBCT data with the position of the bony
structures in the x-ray data to establish a position
difference.

[0087] Comparing said position difference with an ac-
tion threshold that determines the need to reposition the
patient during the treatment.
[0088] In the following detailed description of embod-
iments, further advantageous features are disclosed. Dif-
ferent features of different embodiments can be com-
bined.

Figure 1 shows schematically a treatment system in
accordance with the invention;
Figure 2 shows principles of the determination and
correction of the position of the treatment body part;
Figures 3a and 3b explain the steps of a method.
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[0089] Figure 1 shows a radiotherapy system in ac-
cordance with an embodiment of the invention. A treat-
ment device 10 includes a beam source 12 which issues
a treatment beam 13 and which can be movable in a
direction A relative to the treatment device 10. In the ex-
ample given, the treatment device 10 has a fixed position
in the room. The treatment beam 13 hits a patient 20. On
the surface of the patient 20, optical markers 22 are op-
tionally attached. The position of the optical markers 22
can be detected by means of a camera 30 of a navigation
system used in image guided surgery. The camera 30 is
connected with a computer 50 on which a program for
image guided surgery is running in order to determine
the position of the markers 22. Preferably, the patient 20
is positioned so that the determined position of the mark-
ers 22 corresponds to the planned relative position of the
markers 22 and/or so that the determined positions of
landmarks of the patient body correspond to the planned
relative positions of the landmarks.
[0090] The radiotherapy system preferably comprises
a CBCT device 40 which comprises an x-ray source 42
and an x-ray detector 44. Thus, the CBCT device 40 also
works as the x-ray device used for monitoring the position
of the treatment body part at the monitoring time. Pref-
erably, the x-ray source 42 and the x-ray detector 44 are
rotatable around the patient 20 in order to generate the
plurality of x-ray images of the patient from different di-
rections. Based on this plurality of the images, the CBCT
image (and thus the CBCT data) is generated by the com-
puter 50 which is connected to the detector 44 by a signal
line 52. In particular, the plurality of positions of the x-ray
detector 44 and x-ray source 42 (adopted during gener-
ation of the CBCT image) is known in the reference sys-
tem of the CBCT image for generating the CBCT image
based on this knowledge.
[0091] In particular two x-ray images from different di-
rections are generated at the monitoring time in order to
generate the x-ray image data.
[0092] Preferably, the computer 50 is constituted to
control the position of a couch 60 on which the patient
20 is lying by means of a signal line 54 and the position
or aiming of the treatment beam source 12 by means of
a signal 56. Furthermore, the computer 50 is preferably
constituted to initiate the generation of the CBCT image
by means of the signal line 52 and of preferably at least
two and less than five images from different directions
by means of the device 40 at the monitoring time. Pref-
erably, two stereoscopic images are generated by means
of the x-ray device 40 while preferably more than 50 x-
ray images are generated in order to determine the CBCT
image.
[0093] Figure 2 shows different steps before and dur-
ing treatment of a patient with a treatment beam in a
schematic one-dimensional manner. Figure 2a shows a
treatment body part 100 in a rectangular shape and a
bony structure 110 in a round shape in different positions
along an x-axis of a first reference system (step a)) in
which the planned arrangement is at rest and a second

reference system (steps b) to f)) in which the actual ar-
rangement is at rest. Furthermore, the reference sign 22
refers to a landmark or marker in a star shape. The step
a) relates to the time of planning and generation of a pre-
image (in particular CT image). At the time of Figure 2a,
the bony structure 110 and the treatment body 100 have
a relative position marked by d1tb. This relative position
is represented by the distance d1tb which represents the
distance between the soft tissue (i.e. the treatment body
part, e.g. the tumor) 100 and the bony structure (e.g. a
bone) 100. Since the position of the soft tissue is set to
coincide with the position of the treatment beam (which
represents the position of the actual arrangement), the
distance d1tb and d1ab are equal. The distance d1ab rep-
resents the original planned relative bone position. Fur-
thermore, there is a relative position between the treat-
ment body part 100 and the landmark or marker 22. This
relative position is described as a distance d1tm. At the
time of planning, the position of the treatment beam 13’
relative to the treatment body part 100 and/or relative to
the bony structure is planned. The position of the planned
treatment beam 13’ represents the position of the
planned arrangement in Figure 2a. Furthermore, a rela-
tive position between the treatment body part 100 and a
landmark or marker 22 visible or touchable at the surface
of the body is noted d1tm. The relative position between
the bony structure and the marker or landmark 22 is noted
d1bm. Furthermore, the planned relative tissue position,
the relative position between the treatment body part and
the planned arrangement 13’ is noted d1tb.
[0094] Figure 2b refers to a later point in time where
the patient is in particular placed at a different couch as
in case of Figure 2a. The patient is in the so referred to
as "pre-alignment position" (at the pre-alignment time).
The pre-alignment position has been chosen under the
assumption that the relative position d2tm between the
treatment body part 100 and the landmarks or marker 22
and/or between the bony structure 110 and the marker
or landmark 22 remains unchanged from the planning
time to the pre-alignment time. However, as shown in
Figure 2b, the relative position d2tm between the treat-
ment body part 100 and the landmark or marker 22 as
well as the relative position d2bm between the bony struc-
ture 110 and the landmark or marker 22 has changed.
This results in that the treatment body part is displaced
with respect to the actual arrangement (represented by
the actual treatment beam 13) by a pre-alignment dis-
tance d2at , i.e. the relative position between the actual
arrangement 13 and the treatment body part 100 does
not correspond to the planned relative tissue position d1at
described in Figure 2a. Furthermore, the position d2ab of
the bony structure 110 relative to the treatment beam 13
(which is referred to as bone CBCT position) does not
correspond to the original planned relative bone position
data. The planned relative position d1at = 0. Furthermore,
the relative position between the treatment body part 100
and the bony structure 110 d2tb shown in Figure 2b can
be different from that shown in Figure 2a. In particular,
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the actual arrangement 13 is set in accordance with the
planning data under the assumption that the treatment
body part 100 is set correctly and/or under the assump-
tion that the relative position between the planned ar-
rangement 13’ and the landmark or marker 22 has to be
identical with the relative position between the actual ar-
rangement 13 and the marker or landmark 22 at the pre-
alignment time. Thus, as a result of the pre-alignment,
the actual arrangement 13 for instance can be set in a
defined position with respect to at least one of the follow-
ing: the treatment device 10, the landmark or marker 22,
the couch 60, a reference system of the CBCT image
and the one or more positions of the x-ray imaging ge-
ometry. The actual arrangement describes in particular
a number of, in particular plurality of positions of the beam
source 12 with respect to at least one of the following:
the treatment device 10, the marker or landmark 22, the
couch 60, a reference system of the CBCT image, and
the one or more positions of the x-ray imaging geometry.
This arrangement can be a multiplicity (manifold) of con-
tinuously or discretely adopted positions.
[0095] At the pre-alignment time shown in Figure 2b,
preferably a CBCT image is generated. Preferably, the
relative position between the actual arrangement 13 and
the CBCT image is known. The term "is known" means
herein in particular that information representing the
knowledge is stored in the data base and accessible by
the data processing method. Preferably, the (segmental)
pre-image generated at the planning time (Figure 2a) is
matched with the CBCT-image (of the pre-alignment
time) in order to determine the relative position between
the actual arrangement 13 and the treatment body part
100 and/or the bone CBCT position. Preferably, the
matching is performed by registering the pre-image with
respect to the CBCT-image. The matching (in particular
registration) is preferably performed under the condition
that the treatment body part at the planning time is
matched with the treatment body part at the pre-align-
ment time and/or the bony structure at the planning time
is matched with the bony structure of the pre-alignment
time. The matching can be rigid or non-rigid. In particular
the geometry (size and/or shape) of the treatment body
part and/or body structure represented in the pre-image
is matched (in particular registrated) with the geometry
(size and/or shape) of the treatment part and/or bony
structure described by the CBCT-image. Preferably, the
matching (in particular registration) is performed such
that the matching of the treatment body part and/or bony
structure shown in the pre-image and the CBCT image
is the only condition when matching (registering) the two
images which is to be met or this condition is given higher
weight than the matching of other parts of the anatomical
structure. If the matching is based on either the treatment
body part or the bony structure, positional shifts between
the bony structure 110 and the treatment part 100 at the
planning time (shown in Figure 2a) and the bony structure
110 and the treatment body part 100 at the pre-alignment
time can have no or only minor influence on the matching

(in particular registration) process. As shown in Figure
2b and 2c, the relative position d2tb between the bony
structure 110 and the treatment body part 100 differs
from the relative position as shown in Figure 2a at the
alignment time but has no influence on the (correct) po-
sitioning of the treatment body part in step 2c). In partic-
ular, the updated planned relative bone position is deter-
mined based on the CBCT data so that the treatment
body part is in the planned relative tissue position if the
bony structure is in the updated planned relative bone
position.
[0096] Preferably, based on the determined position
d2at of the treatment body part 100 relative to the arrange-
ment at the pre-alignment time and/or based on the de-
termined position d2ab of the bony structure 110 relative
to the arrangement 13 at the pre-alignment time (in step
2b) and based on the known position of the actual ar-
rangement 13 in step 2b, the alignment control data are
determined and output in order to control the position of
the couch and/or the actual arrangement (relative to the
treatment device 10). In particular, for this correction, only
the position of the arrangement 13 is changed (if this is
possible) with respect to the treatment device 10 since
a movement of the couch 60 and thus of the patient 20
with respect to the treatment device 10 could have an
influence on the relative position between the bony struc-
ture 110 and the treatment body part 100 (due to the
influence of gravity). Of course, it is also within the gist
of the present invention to control the position of the
couch 60 and to thus change the position of the patient
relative to the treatment device 10 based on the align-
ment control data. In particular the control is performed
so that the position d2ab of the bony structure 110 relative
to the arrangement 14 at the pre-alignment time.
[0097] Figure 2c refers to the situation at the alignment
time, i.e. the treatment body part has been aligned with
the actual arrangement by means of the alignment con-
trol data. As shown in Figure 2c, the alignment is correct,
although the relative position d2tb between the treatment
body part 100 and the bony structure 110 is different from
the relative position d1tb shown in Figure 2a. This is in
particular due to the property of the CBCT image which
shows both the bony structure and the soft tissue struc-
ture of which the treatment body part is a part. In partic-
ular, the matching is a rigid matching, i.e. without defor-
mation of the images under the aforementioned condi-
tions. The aforementioned registration is in particular per-
formed by transforming the different sets of image data
(e.g. the pre-image and the CBCT-image) into a common
reference system.
[0098] After the treatment body part 100 and/or the
bony structure 110 has been aligned in accordance Fig-
ure 2c, preferably the treatment is started by issuing the
treatment beam from the beam source 12 which adopts
positions in accordance with the actual arrangement 13
so that the treatment beam adopts the positions of the
actual arrangement 13. After some time (which may be
at regular intervals or which may depend on the treatment
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plan or on the radiation dose or on other conditions) the
position of the patient is monitored by means of gener-
ating x-ray images. Figure 2d shows a schematic exam-
ple for the situation at the monitoring time. The x-ray im-
ages represent a bony structure and in particular do not
or (for matching purposes) not clearly enough represent
the treatment body part. In particular, the relative position
between the x-ray imaging geometries and the reference
system of the CBCT image is known. Thus, by generating
the DRRs from the CBCT image, the position d4ab of the
bony structure 110 relative to the actual arrangement 13
(the so referred to as monitoring bone position) can be
determined. Under the assumption that the relative po-
sition d3tb between the bony structure 110 and the treat-
ment body part 100 at the monitoring time is the same
as the relative position d2tb at the alignment time (step
2c), the position of the treatment body part 100 relative
to the actual arrangement 13 can be determined. The
relative position between the treatment body part 100
and the bony structure 110 is denoted as d3tb. Thus, it is
assumed that d3tb = d2tb. This assumption is generally
more likely than assuming that d2tb = d1tb since less time
is elapsed between the situation shown in Figure c and
the situation shown in Figure d and since the patient has
not stood up or moved around between the alignment
time and monitoring time but has only undergone small
movements.
[0099] Based on the determined relative position d4ab
between the bony structure 110 and the actual arrange-
ment and based on the updated planned relative bone
position or based on the position d3ab of the bony struc-
ture at the alignment time, the bone change (e.g. differ-
ence between d4ab and d3ab) be determined. Preferably
based on the determined bone change, the x-ray based
position control data are determined and outputted. The
output control data cause in particular a change of posi-
tion of the couch 60 and/or the actual arrangement 13
relative to the treatment body part. In particular, only the
couch 60 is moved since it is to be assumed that the
positional change is caused by a movement of the pa-
tient. Thus, a compensating movement of the couch 60
is likely to bring the anatomical structure which includes
the bony structure 100 and the treatment body part 100
in the same relative position with respect to the gravity
field as at the alignment time. This can increase the like-
lihood that the relative position between the bony struc-
ture 110 and the treatment body part 100 is the same as
at the alignment time (after the correction has been per-
formed in accordance with the x-ray based correction
data). In summary, the x-ray based correction data (caus-
ing a movement of the couch and/or the actual arrange-
ment) are likely to result in that d4tb is equal to d3tb and
d2tb, i.e. the relative positions are the same at the mon-
itoring time and after the correction. In particular, the cor-
rection results in that the position d5ab of the bony struc-
ture (in step e)) corresponds to the position d3ab of the
bony structure at the alignment time. Thus, the deter-
mined bone change is compensated. It is likely that the

relative position d5at between the treatment body part
100 and the arrangement 13 is correct after the correction
as shown in step 2e), i.e. after controlling the position of
the bony structure to compensate the determined bone
change.
[0100] Figure 2f refers to a later point in time which is
after the correction. In particular, between the time of
correcting shown in Figure 2e and the time of another
monitoring (e.g. second or third monitoring etc.) there is
a misalignment of the position d5ab of the bone structure
110 with respect to the actual arrangement 13. Again
assuming that the relative position between the bony
structure 110 and the treatment body part 100 (denoted
as d5tb) is the same as at the alignment time, i.e. d5tb =
d2tb, then steps corresponding to the steps shown in Fig-
ure 2c, 2d, 2e, and 2f can be repeated. Thus, there is
preferably a matching, in particular registration of the
bony structure 110 of Figure 2c with the bony structure
110 of Figure 2f. This results in a determination of the
position d6ab of the bony structure 110 with respect to
the actual arrangement 13 and thus in a determination
of the bone change, in particular of a difference between
d6ab and d3ab or a difference between d6ab and d5ab)This
is done in a manner corresponding to step 2d. Based on
the determined bone change, x-ray based correction data
are output which result in a correction of the position of
the bony structure 110 to be in line with the alignment
bone position d3ab in a manner corresponding to step
2e). Then again a third monitoring corresponding to step
2f) can be performed.
[0101] According to an embodiment, the delivery of
treatment radiation is interrupted after determining that
a correction of the position is required and is continued
after correcting the position.
[0102] Figure 3 shows a flow diagram explaining a se-
quence of steps of the described method. Figure 3a re-
lates to the steps until the alignment time and Figure 3b
relates to the steps after the alignment time and in par-
ticular to the steps during treatment of the treatment body
part by means of the treatment radiation.
[0103] According to a step S1, a CT scan of a patient
is performed which results in pre-image data which are
stored in step S2. According to step S3 a radiation treat-
ment planning is performed which results in an original
planned relative bone position d1ab of the bony structure
100 relative to a planned arrangement 13’ of beam po-
sitions. The original planned relative bone position d1ab
(see Fig. 2a) is stored in step S4.
[0104] Usually after some hours or on another day, a
patient is pre-aligned with respect to the treatment device
10 (e.g. placed on the couch 60 of the treatment system
according to step S5). The actual arrangement 13 is set
by an operator which results in that there is a known
relative position of the actual arrangement 13 relative to
treatment device 10 and thus relative to the CBCT refer-
ence system (within which the CBCT image is resting).
This position of the actual arrangement 13 relative to the
CBCT reference system is known to the data processing
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method and in particular available in a data storage by
accessing the data storage (step S6). Then in step S7
the CBCT data are acquired in order to generate a three-
dimensional CBCT image in step S8. In step S9 the three-
dimensional CBCT image is registered to the three-di-
mensional CT image to determine the bone CBCT posi-
tion d2ab. In step S10 an alignment of the position of the
bony structure is performed based on the registration S9
and based on the data of steps S4 and S6. The alignment
results in a change from d2ab to d3ab (see Figs. 2b to 2c).
[0105] Figure 3b refers to the x-ray (and CBCT) based
correction of the relative position between the actual ar-
rangement and the anatomical structure. According to
S11, the treatment is started and continued by delivering
treatment radiation. After some time in step S12 x-ray
images are generated (preferably stereoscopic x-ray im-
ages) for monitoring the position of the bony structure
110. In step S13 DRRs are generated from the three-
dimensional CBCT image. In step S14 the DRRs are reg-
istered (Fig. 2d) to the x-ray images in order to determine
a deviation of the monitoring bone position (d4ab) from
the alignment bone position d3ab (in particular under the
assumption that the relative position between the treat-
ment body part 100 and the bony structure 110 has not
changed from the pre-alignment time to the monitoring
time). The registration of the DRRs to the x-ray images
allows to determine the position d4ab of the bony structure
at the monitoring time relative to the actual arrangement.
In particular the bone change is determined in step S14
by comparing the position of the bony structure 110 at
the monitoring time and the position of the bony structure
110 at the alignment time, in particular by comparing the
monitoring bone position d4ab with the alignment bone
position (reference position) d3ab.
[0106] In the step S15 it is checked whether a correc-
tion is required (for instance whether there is no bone
change or the amount of bone change is above a prede-
termined threshold). If no correction is required, the de-
livery of the treatment radiation is continued. If a correc-
tion is required, then the correction is performed in step
S16 (which results in the corrected position d5ab shown
in Fig. 2e) and the delivery of radiation is continued after
the correction by restarting the procedure at step S11.
After some time of treatment, again x-ray images are
generated according to step S12 which corresponds to
the situation shown in Fig. 2f.

Claims

1. Data processing method for use in the field of radi-
ation therapy and for determining a relative position
between the position of a bony structure and a ref-
erence position at a monitoring time after an align-
ment, the relative position being referred to as mon-
itoring bone position, wherein an anatomical struc-
ture of a patient includes the bony structure and a
treatment body part to be treated by at least one

treatment beam of a treatment device, the reference
position having a defined relative position with re-
spect to an actual arrangement of at least one posi-
tion of the at least one treatment beam;
the data processing method being performed by a
computer and comprising the following steps per-
formed by the computer:

• receiving cone-beam computed tomography
CBCT image data describing a three-dimen-
sional CBCT image of the bony structure, the
CBCT image representing the bony structure at
a pre-alignment time before the alignment and
after planning, wherein the planning was based
on CT data or MRI data;
• receiving x-ray image data describing at least
one two-dimensional x-ray image of the anatom-
ical structure, the at least one two-dimensional
x-ray image representing the bony structure
(110) and the x-ray image data having been gen-
erated at the monitoring time;
• receiving imaging position data comprising at
least one of CBCT position data and x-ray ge-
ometry data, CBCT position data describing the
relative position between the CBCT image and
the actual arrangement and the x-ray geometry
data describing a positional relationship be-
tween the actual arrangement and at least one
imaging geometry, referred to as x-ray imaging
geometry, given for generating the at least one
x-ray image;
• determining the relative position between the
bony structure and the reference position at the
monitoring time on the basis of the CBCT image
data, the x-ray image data and the imaging po-
sition data.

2. The method of the preceding claim, further compris-
ing a step for determining a change of a relative po-
sition between the position of the bony structure and
the reference position based on the determined rel-
ative position between the position of the bony struc-
ture and the reference position at the monitoring time
and based on a relative position between the position
of the bony structure and the reference position at a
previous time before the monitoring time, the change
being referred to as bone change, and the relative
position at the previous time being referred to as pre-
vious relative position.

3. The method of one of the preceding claims,

• wherein the reference position is a position re-
ferred to as bone CBCT position describing the
relative position between the bony structure and
the actual arrangement at the pre-alignment
time, wherein the bone CBCT position is deter-
mined based on the CBCT data and the CBCT
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position data; or
• wherein the reference position is the position
of the actual arrangement; or
• wherein the reference position is a position of
the bony structure at a point in time referred to
as previous monitoring time which is before the
monitoring time and at which at least one two-
dimensional x-ray image has been generated
for determining the position of the bony structure
at the previous monitoring time in the same man-
ner as the monitoring bone position is deter-
mined in accordance with the method of one of
the preceding claims; or
• wherein target position data are provided which
describe a target position which is a relative po-
sition between the position of the bony structure
and the position of the actual arrangement, and
wherein the reference position is the target po-
sition; or
• wherein the method comprises the steps of:

- determining a position referred to as bone
CBCT position describing the relative posi-
tion between the bony structure and the ac-
tual arrangement based on the CBCT data
and the CBCT position data;
- in case of an alignment of the position of
the anatomical structure after generation of
the CBCT image, providing position align-
ment data describing the alignment of the
position of the bony structure relative to the
actual arrangement; and
- in case of an alignment, determining a po-
sition referred to as alignment bone position
which describes the relative position be-
tween the bony structure and the actual ar-
rangement based on the bone CBCT posi-
tion and the position alignment data, and
- wherein, in case there was the alignment,
the reference position is the alignment bone
position.

4. The method of one of the preceding claims, as far
as depending on claim 2, wherein the step of deter-
mining the bone change is a step of determining an
amount and/or direction of the bone change and/or
is a step of determining whether there is the bone
change; and/or
wherein the previous time is

• the pre-alignment time;
• the alignment time; or
• the previous monitoring time.

5. The method of one of the preceding claims, wherein
the x-ray geometry data further describe information
on a size of the presented bony structure (110) in
dependence on the position of the bony structure

with respect to the imaging geometry.

6. The method of one of the preceding claims, wherein
the step of determining the relative position between
the position of the bony structure and the reference
position comprises:

• determining at least one two-dimensional dig-
itally reconstructed radiograph (DRR) from the
three-dimensional CBCT image which matches
the at least one x-ray image, the matching at
least one two-dimensional digitally reconstruct-
ed radiograph (DRR) resulting from a simulation
of at least one imaging geometry given for gen-
erating the at least two-dimensional digitally re-
constructed radiograph (DRR), the imaging ge-
ometry being referred to as matching imaging
geometry, wherein the matching is performed
based on the bony structure (110) shown in both
the at least one two-dimensional digitally recon-
structed radiograph (DRR) and the at least one
x-ray image;
• based on the matching, determining a relative
position between the at least one matching im-
aging geometry and the at least one position de-
scribed by the imaging position data, the relative
position being referred to as matching position;
and
• determining the monitoring bone position
based on the imaging position data, the match-
ing position and the position of the bony struc-
ture within the CBCT image described by the
CBCT image data.

7. The method of the preceding claim as far as depend-
ing on claim 6, wherein the monitoring bone position
is determined based on the bone CBCT position as
well as based on the difference between the position
of the x-ray imaging geometry and the position of the
matching imaging geometry.

8. The method of claim 3, wherein the target position
resulted from a planning for the radiation therapy of
the treatment body part, the planning being based
on a CT image generated before the patient was
placed for treatment by the at least one treatment
beam.

9. A computer program which, when running on a com-
puter, causes the computer to perform the method
according to any one of the preceding claims.

10. A computer program storage medium on which the
computer program of claim 9 is stored.

11. A computer into the memory of which the computer
program of claim 9 is loaded.
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12. A radiotherapy system, comprising:

• the computer (50) of claim 11;
• the treatment device (10) for treating the treat-
ment body part with the actual arrangement;
• a couch (60) for placing the patient, the treat-
ment device (10) constituted for treating the
treatment body part, if the patient is placed on
the couch (60) for treatment;
• a CBCT-device (40) constituted for generating
the three-dimensional CBCT image and for gen-
erating the at least one x-ray image, if the patient
is placed on the couch for treatment and for out-
putting the three-dimensional CBCT image and
the at least one x-ray image to the computer; or

a CBCT-device constituted for generating the three-
dimensional CBCT image and for outputting the
three-dimensional CBCT image to the computer,
and an x-ray device for generating the at least one
x-ray image, if the patient is placed on the couch for
treatment, and for outputting the at least one x-ray
image to the computer.

13. The radiotherapy system of the preceding claim,
wherein the system being constituted so that the po-
sition of the couch (60) relative to the position of the
arrangement is controllable by the computer.

Patentansprüche

1. Datenverarbeitungsverfahren zur Verwendung auf
dem Gebiet der Strahlentherapie und zum Bestim-
men einer relativen Position zwischen der Position
einer Knochenstruktur und einer Bezugsposition zu
einer Überwachungszeit nach einer Ausrichtung,
wobei die relative Position als Überwachungskno-
chenposition bezeichnet wird, wobei eine anatomi-
sche Struktur eines Patienten die Knochenstruktur
und einen Behandlungskörperteil beinhaltet, der
durch mindestens einen Behandlungsstrahl einer
Behandlungsvorrichtung behandelt werden soll, die
Bezugsposition eine definierte relative Position in
Bezug auf eine tatsächliche Anordnung mindestens
einer Position des mindestens einen Behandlungs-
strahls aufweist;
wobei das Datenverarbeitungsverfahren von einem
Computer ausgeführt wird und die folgenden von
dem Computer ausgeführten Schritte umfasst:

• Empfangen von Kegelstrahl-Computertomo-
grafie(CBCT)-Bilddaten, die ein dreidimensio-
nales CBCT-Bild der Knochenstruktur beschrei-
ben, wobei das CBCT-Bild die Knochenstruktur
zu einer Vorausrichtungszeit vor der Ausrich-
tung und nach einer Planung darstellt, wobei die
Planung auf CT-Daten oder MRT-Daten basiert

wurde;
• Empfangen von Röntgenbilddaten, die min-
destens ein zweidimensionales Röntgenbild der
anatomischen Struktur beschreiben, wobei das
mindestens eine zweidimensionale Röntgenbild
die Knochenstruktur (110) darstellt und die
Röntgenbilddaten zu der Überwachungszeit er-
zeugt wurden;
• Empfangen von Bildgebungspositionsdaten,
die mindestens eines von CBCT-Positionsdaten
und Röntgengeometriedaten umfassen, wobei
CBCT-Positionsdaten die relative Position zwi-
schen dem CBCT-Bild und der tatsächlichen
Anordnung beschreiben und die Röntgengeo-
metriedaten eine Positionsbeziehung zwischen
der tatsächlichen Anordnung und mindestens
einer Bildgebungsgeometrie beschreiben, die
als Röntgenbildgebungsgeometrie bezeichnet
wird, die zum Erzeugen des mindestens einen
Röntgenbilds angegeben wird;
• Bestimmen der relativen Position zwischen der
Knochenstruktur und der Bezugsposition zu der
Überwachungszeit auf der Basis der CBCT-
Bilddaten, der Röntgenbilddaten und der Bild-
gebungspositionsdaten.

2. Verfahren nach dem vorhergehenden Anspruch, fer-
ner umfassend einen Schritt zum Bestimmen einer
Veränderung einer relativen Position zwischen der
Position der Knochenstruktur und der Bezugspositi-
on basierend auf der bestimmten relativen Position
zwischen der Position der Knochenstruktur und der
Bezugsposition zu der Überwachungszeit und ba-
sierend auf einer relativen Position zwischen der Po-
sition der Knochenstruktur und der Bezugsposition
zu einer vorigen Zeit vor der Überwachungszeit, wo-
bei die Veränderung als Knochenveränderung be-
zeichnet wird und die relative Position zu der vorigen
Zeit als vorige relative Position bezeichnet wird.

3. Verfahren nach einem der vorhergehenden Ansprü-
che,

• wobei die Bezugsposition eine Position ist, die
als Knochen-CBCT-Position bezeichnet wird,
die die relative Position zwischen der Knochen-
struktur und der tatsächlichen Anordnung zu der
Vorausrichtungszeit beschreibt, wobei die Kno-
chen-CBCT-Position basierend auf den CBCT-
Daten und den CBCT-Positionsdaten bestimmt
wird; oder
• wobei die Bezugsposition die Position der tat-
sächlichen Anordnung ist; oder
• wobei die Bezugsposition eine Position der
Knochenstruktur zu einem Zeitpunkt ist, der als
vorige Überwachungszeit bezeichnet wird, die
vor der Überwachungszeit ist und zu der min-
destens ein zweidimensionales Röntgenbild
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zum Bestimmen der Position der Knochenstruk-
tur zu der vorigen Überwachungszeit auf diesel-
be Art erzeugt wurde, wie die Überwachungs-
knochenposition in Übereinstimmung mit dem
Verfahren nach einem der vorhergehenden An-
sprüche bestimmt wird; oder
• wobei Zielpositionsdaten bereitgestellt sind,
die eine Zielposition beschreiben, die eine rela-
tive Position zwischen der Position der Kno-
chenstruktur und der Position der tatsächlichen
Anordnung ist, und wobei die Bezugsposition
die Zielposition ist; oder
• wobei das Verfahren die folgenden Schritte
umfasst:

- Bestimmen einer Position, die als Kno-
chen-CBCT-Position bezeichnet wird, die
die relative Position zwischen der Knochen-
struktur und der tatsächlichen Anordnung
basierend auf den CBCT-Daten und den
CBCT-Positionsdaten beschreibt;
- im Fall einer Ausrichtung der Position der
anatomischen Struktur nach Erzeugung
des CBCT-Bilds Bereitstellen von Positi-
onsausrichtungsdaten, die die Ausrichtung
der Position der Knochenstruktur relativ zu
der tatsächlichen Anordnung beschreiben;
und
- im Fall einer Ausrichtung Bestimmen einer
Position, die als Ausrichtungsknochenposi-
tion bezeichnet wird, die die relative Positi-
on zwischen der Knochenstruktur und der
tatsächlichen Anordnung basierend auf der
Knochen-CBCT-Position und den Positi-
onsausrichtungsdaten beschreibt, und
- wobei, im Fall, dass die Ausrichtung vor-
liegt, die Bezugsposition die Ausrichtungs-
knochenposition ist.

4. Verfahren nach einem der vorhergehenden Ansprü-
che, soweit auf Anspruch 2 bezogen, wobei der
Schritt des Bestimmens der Knochenveränderung
ein Schritt des Bestimmens einer Menge und/oder
Richtung der Knochenveränderung ist und/oder ein
Schritt des Bestimmens ist, ob eine Knochenverän-
derung vorliegt; und/oder
wobei die vorige Zeit

• die Vorausrichtungszeit ist;
• die Ausrichtungszeit ist; oder
• die vorige Überwachungszeit ist.

5. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die Röntgengeometriedaten ferner Infor-
mationen zu einer Größe der dargestellten Knochen-
struktur (110) in Abhängigkeit von der Position der
Knochenstruktur in Bezug auf die Bildgebungsgeo-
metrie beschreiben.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei der Schritt des Bestimmens der relativen
Position zwischen der Position der Knochenstruktur
und der Bezugsposition Folgendes umfasst:

• Bestimmen mindestens einer zweidimensio-
nalen digital rekonstruierten Röntgenaufnahme
(DRR) aus dem dreidimensionalen CBCT-Bild,
das mit dem mindestens einen Röntgenbild
übereinstimmt, wobei das Übereinstimmen min-
destens einer zweidimensionalen digital rekon-
struierten Röntgenaufnahme (DRR) aus einer
Simulation von mindestens einer Bildgebungs-
geometrie resultiert, die zum Erzeugen der min-
destens zweidimensionalen digital rekonstruier-
ten Röntgenaufnahme (DRR) angegeben ist,
wobei die Bildgebungsgeometrie als Überein-
stimmungsbildgebungsgeometrie bezeichnet
wird, wobei das Übereinstimmen basierend auf
der Knochenstruktur (110) durchgeführt wird,
die sowohl in der mindestens einen zweidimen-
sionalen digital rekonstruierten Röntgenaufnah-
me (DRR) als auch dem mindestens einen Rönt-
genbild gezeigt wird;
• basierend auf dem Übereinstimmen, Bestim-
men einer relativen Position zwischen der min-
destens einen Übereinstimmungsbildgebungs-
geometrie und der mindestens einen Position,
die durch die Bildgebungspositionsdaten be-
schrieben wird, wobei die relative Position als
Übereinstimmungsposition bezeichnet wird;
und
• Bestimmen der Überwachungsknochenpositi-
on basierend auf den Bildgebungspositionsda-
ten, der Übereinstimmungsposition und der Po-
sition der Knochenstruktur in dem CBCT-Bild,
das durch die CBCT-Bilddaten beschrieben
wird.

7. Verfahren nach dem vorhergehenden Anspruch so-
weit auf Anspruch 6 bezogen, wobei die Überwa-
chungsknochenposition basierend auf der Knochen-
CBCT-Position und basierend auf dem Unterschied
zwischen der Position der Röntgenbildgebungsge-
ometrie und der Position der Übereinstimmungsbild-
gebungsgeometrie bestimmt wird.

8. Verfahren nach Anspruch 3, wobei die Zielposition
aus einer Planung für die Strahlentherapie des Be-
handlungskörperteils resultierte, wobei die Planung
auf einem CT-Bild basiert, das erzeugt wird, bevor
der Patient zur Behandlung durch den mindestens
einen Behandlungsstrahl platziert wurde.

9. Computerprogramm, das, wenn es auf einem Com-
puter läuft, den Computer veranlasst, das Verfahren
nach einem der vorhergehenden Ansprüche auszu-
führen.
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10. Computerprogramm-Speichermedium, auf dem das
Computerprogramm aus Anspruch 9 gespeichert ist.

11. Computer, in dessen Speicher das Computerpro-
gramm aus Anspruch 9 geladen ist.

12. Strahlentherapiesystem, umfassend:

• den Computer (50) nach Anspruch 11;
• die Behandlungsvorrichtung (10) zum Behan-
deln des Behandlungskörperteils mit der tat-
sächlichen Anordnung;
• eine Liege (60) zum Platzieren des Patienten,
wobei die Behandlungsvorrichtung (10) zum Be-
handeln des Behandlungskörperteils gebildet
ist, wenn der Patient auf der Liege (60) zur Be-
handlung platziert ist;
• eine CBCT-Vorrichtung (40), die zum Erzeu-
gen des dreidimensionalen CBCT-Bilds und
zum Erzeugen des mindestens einen Röntgen-
bilds, wenn der Patient auf der Liege zur Be-
handlung platziert ist, und zum Ausgeben des
dreidimensionalen CBCT-Bilds und des min-
destens einen Röntgenbilds an den Computer
gebildet ist; oder

eine CBCT-Vorrichtung, die zum Erzeugen des drei-
dimensionalen CBCT-Bilds und zum Ausgeben des
dreidimensionalen CBCT-Bilds an den Computer
gebildet ist, und eine Röntgenvorrichtung zum Er-
zeugen des mindestens einen Röntgenbilds, wenn
der Patient auf der Liege zur Behandlung platziert
ist, und zum Ausgeben des mindestens einen Rönt-
genbilds an den Computer.

13. Strahlentherapiesystem nach dem vorhergehenden
Anspruch, wobei das System so gebildet ist, dass
die Position der Liege (60) relativ zu der Position der
Anordnung durch den Computer gesteuert werden
kann.

Revendications

1. Procédé de traitement de données en vue de l’utili-
sation dans le champ de la radiothérapie et destiné
à déterminer une position relative entre la position
d’une structure osseuse et une position de référence
à un moment de surveillance après l’alignement, la
position relative étant désignée comme position d’os
de surveillance, la structure anatomique d’un patient
comprenant la structure osseuse et une partie de
corps de traitement à traiter par au moins un faisceau
thérapeutique d’un dispositif thérapeutique, la posi-
tion de référence présentant une position relative dé-
finie par rapport à une disposition réelle d’au moins
une position de l’au moins un faisceau
thérapeutique ;

le procédé de traitement de données effectué par un
ordinateur et comprenant les étapes suivantes ef-
fectuées par l’ordinateur :

• réception de données d’image par tomogra-
phie informatisée à faisceau conique (CBCT)
décrivant une image CBCT en trois dimensions
de la structure osseuse, l’image CBCT repré-
sentant la structure osseuse à un moment de
pré-alignement avant l’alignement et après la
planification, la planification ayant été fondée
sur des données de CT ou des données d’IRM ;
• réception de données d’images radiographi-
ques décrivant au moins une image radiogra-
phique en deux dimensions de la structure ana-
tomique, l’au moins une image radiographique
en deux dimensions représentant la structure
osseuse (110) et les données d’images radio-
graphiques ayant été générées au moment de
la surveillance ;
• réception de données de position d’imagerie
comprenant des données de position CBCT
et/ou des données géométriques de radiogra-
phie, les données de position CBCT décrivant
la position relative entre l’image CBCT et la dis-
position réelle et les données géométriques de
radiographie décrivant une relation de position
entre la disposition réelle et au moins une géo-
métrie d’imagerie, désignée comme géométrie
d’imagerie radiographique, donnée pour géné-
rer l’au moins une image radiographique ;
• détermination de la position relative entre la
structure osseuse et la position de référence au
moment de surveillance en fonction des don-
nées d’image CBCT, des données d’images ra-
diographiques et des données de position
d’imagerie.

2. Procédé selon la revendication précédente, compre-
nant en outre une étape de détermination d’un chan-
gement de position relative entre la position de la
structure osseuse et la position de référence en fonc-
tion de la position relative déterminée entre la posi-
tion de la structure osseuse et la position de réfé-
rence au moment de surveillance et en fonction
d’une position relative entre la position de la structure
osseuse et la position de référence à un moment
précédent avant le moment de surveillance, le chan-
gement étant désigné comme changement d’os et
la position relative au moment précédent étant dé-
signée comme position relative précédente.

3. Procédé selon l’une des revendications précéden-
tes,

• dans lequel la position de référence est une
position désignée comme position CBCT d’os
décrivant la position relative entre la structure
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osseuse et la disposition réelle au moment du
pré-alignement, la position CBCT d’os étant dé-
terminée en fonction des données CBCT et des
données de position CBCT; ou
• dans lequel la position de référence est la po-
sition de la disposition réelle ; ou
• dans lequel la position de référence est une
position de la structure osseuse à un moment
donné désigné comme moment de surveillance
précédent qui est avant le moment de surveillan-
ce et auquel au moins une image radiographi-
que en deux dimensions a été générée pour dé-
terminer la position de la structure osseuse au
moment de surveillance précédent de la même
manière que la position d’os de surveillance est
déterminée conformément au procédé selon
l’une des revendications précédentes ; ou
• dans lequel les données de position cible sont
prévues qui décrivent une position cible qui est
une position relative entre la position de la struc-
ture osseuse et la position de la disposition réel-
le, et la position de référence étant la position
cible ; ou
• dans lequel le procédé comprend les étapes
de :

- détermination d’une position désignée
comme position CBCT d’os décrivant la po-
sition relative entre la structure osseuse et
la disposition réelle en fonction des don-
nées CBCT et des données de position
CBCT ;
- dans le cas d’un alignement de la position
de la structure anatomique après la géné-
ration de l’image CBCT, fourniture de don-
nées d’alignement de position décrivant
l’alignement de la position de la structure
osseuse par rapport à la disposition réelle ;
et
- dans le cas d’un alignement, détermina-
tion d’une position désignée comme posi-
tion d’os d’alignement qui décrit la position
relative entre la structure osseuse et la dis-
position réelle en fonction de la position
CBCT d’os et des données d’alignement de
position, et
- au cas où il y aurait un alignement, la po-
sition de référence étant la position d’os
d’alignement.

4. Procédé selon l’une des revendications précéden-
tes, dans la mesure où il dépend de la revendication
2, dans lequel l’étape de détermination du change-
ment d’os est une étape de détermination d’une
quantité et/ou d’une direction du changement d’os
et/ou est une étape de détermination de savoir s’il
existe un changement d’os ; et/ou
dans lequel le moment précédent est

• le moment de pré-alignement ;
• le moment d’alignement ; ou
• le moment de surveillance précédent.

5. Procédé selon l’une des revendications précéden-
tes, dans lequel les données de géométrie radiogra-
phique décrivent en outre des informations sur une
dimension de la structure osseuse présentée (110)
en fonction de la position de la structure osseuse par
rapport à la géométrie d’imagerie.

6. Procédé selon l’une des revendications précéden-
tes, dans lequel l’étape de détermination de la posi-
tion relative entre la position de la structure osseuse
et la position de référence comprend :

• la détermination d’au moins une radiographie
reconstituée numériquement en deux dimen-
sions (DRR) à partir de l’image CBCT en trois
dimensions qui correspond à l’au moins une
image radiographique, la mise en correspon-
dance d’au moins une radiographie reconstituée
numériquement (DRR) en deux dimensions ob-
tenue à partir d’une simulation d’au moins une
géométrie d’imagerie donnée pour générer l’au
moins une radiographie reconstituée numéri-
quement (DRR) en deux dimensions, la géomé-
trie d’imagerie étant désignée comme géomé-
trie d’imagerie de correspondance, la mise en
correspondance étant effectuée en fonction de
la structure osseuse (110) indiquée à la fois
dans l’au moins une radiographie reconstituée
numériquement (DRR) en deux dimensions et
l’au moins une image radiographique ;
• en fonction de la mise en correspondance, la
détermination d’une position relative entre l’au
moins une géométrie d’imagerie de correspon-
dance et l’au moins une position décrite par les
données de position d’imagerie, la position re-
lative étant désignée comme position de
correspondance ; et
• la détermination de la position d’os de sur-
veillance en fonction des données de position
d’imagerie, la position de correspondance et la
position de la structure osseuse dans l’image
CBCT décrite par les données d’image CBCT.

7. Procédé selon la revendication précédente dans la
mesure où il dépend de la revendication 6, dans le-
quel la position d’os de surveillance est déterminée
en fonction de la position CBCT d’os ainsi qu’en fonc-
tion de la différence entre la position de la géométrie
d’imagerie radiographique et la position de la géo-
métrie d’imagerie de correspondance.

8. Procédé selon la revendication 3, dans lequel la po-
sition cible obtenue à partir d’une planification de la
radiothérapie de la partie de corps de traitement, la
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planification étant fondée sur une image CT générée
avant que le patient n’ait été placé pour le traitement
par l’au moins un faisceau thérapeutique.

9. Programme informatique qui, lorsqu’exécuté sur un
ordinateur, amène l’ordinateur à effectuer le procédé
selon l’une quelconque des revendications précé-
dentes.

10. Support de stockage de programme informatique
sur lequel le programme informatique de la revendi-
cation 9 est stocké.

11. Ordinateur dans la mémoire duquel le programme
informatique de la revendication 9 est chargé.

12. Système de radiothérapie, comprenant :

• l’ordinateur (50) selon la revendication 11 ;
• le dispositif thérapeutique (10) destiné au trai-
tement de la partie de corps de traitement avec
la disposition réelle ;
• un canapé (60) pour placer le patient, le dis-
positif thérapeutique (10) étant conçu pour trai-
ter la partie de corps de traitement, si le patient
est placé sur le canapé (60) pour le traitement ;
• un dispositif de CBCT (40) conçu pour générer
l’image CBCT en trois dimensions et pour gé-
nérer l’au moins une image radiographique, si
le patient est placé sur le canapé pour le traite-
ment et pour émettre l’image CBCT en trois di-
mensions et l’au moins une image radiographi-
que vers l’ordinateur ; ou

un dispositif de CBCT conçu pour générer l’image
CBCT en trois dimensions et pour émettre l’image
CBCT en trois dimensions vers l’ordinateur, et un
dispositif radiographique pour générer l’au moins
une image radiographique, si le patient est placé sur
le canapé pour le traitement, et pour émettre l’au
moins une image radiographique vers l’ordinateur.

13. Système de radiothérapie selon la revendication
précédente, le système étant conçu de manière que
la position du canapé (60) par rapport à la position
de la disposition peut être commandée par l’ordina-
teur.
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