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System and methods for extended reality visualization of surgical procedural steps for

training and testing of X-ray image based surgical navigation system

FIELD OF INVENTION

The invention relates to the fields of extended reality visualization. Further, the invention
relates to computer-assisted surgery as well as to robotic-assisted surgery. The systems and
methods described herein can be applied to assist in performing steps in surgical procedures,
both in a training setup and in a real surgical procedure. The methods can be implemented as

computer program product which can be executed on a processing unit of a system.

BACKGROUND OF THE INVENTION

Surgical navigation or Computer assisted surgery (CAS) has become a commonly performed
procedure in order to improve patient outcome and to reduce X-ray exposure to patient and
operation room staff. However, there may be usability issues resulting in misunderstanding.
For example, the surgeon, the nurse, or the x-ray technician do not understand what the CAS
system currently expects as a next step. Even when the user understands what the system
expects, it may still be a problem to know how to follow the instructions correctly. As one
example, C-arm positioning in order to acquire the desired X-ray image may be a hassle
resulting in more exposure than needed and more procedural time. A CAS system may know
how the C-arm should be repositioned in order the acquire a next X-ray image but displaying

that information may cause misunderstanding.
SUMMARY OF THE INVENTION
When using a CAS system, it may be of interest to test as to how the CAS system works and

as to whether information provided by the system can be validated. The question may be

whether the CAS system work correctly.



WO 2024/223154 PCT/EP2024/057312

At least the one or the other of the mentioned problems are mitigated or solved by the subject
matter according to each of the independent claims. Further embodiments are described in the

respective dependent claims.

In general, a system in accordance with the invention comprises an extended reality device as
well as a processing unit for executing a computer program product. By means of the
extended reality device, objects in a room can be tracked and based on processing of tracking
data related to those objects and based on processing of simulated X-ray imaging data,

additional information can be visualized in the field of view of the user.

It will be understood that extended reality devices cover all devices on the extended reality
spectrum and are therefore a superset of virtual reality, augmented reality und mixed reality
devices. This represents all devices which can be worn by a user and can (1) alter the
perception of the user via any sense — including vision, hearing, olfaction, gustation and
tactile perception — and (2) can track its environment via a variety of sensor information —
including cameras, depth sensors, accelerometers and magnetometers. Those sensors may
track the environment including an imaging device and/or at least one object like an anatomy
model, a tool, or an implant. It is noted that the tracking information allows for g
differentiation of objects and/or devices. For example, the extended reality device may
comprise a pair of glasses through which the user may see the environment, but which are
configured to visualize information or a virtual representation of an object in the field of view

of the user.

A method for extended reality training with or testing of an X-ray imaging-based computer
assisted surgical device, when performed by a processing unit of a system, may generally
comprise the steps of determining a 3D pose of an X-ray imaging device in a coordinate
system, determining a 3D pose of an object in the coordinate system, generating a simulated
X-ray projection image of the object, wherein the simulated X-ray projection image is
generated on the basis of the determined 3D pose of the X-ray imaging device and on the
basis of the determined 3D pose of the object, interpreting the simulated X-ray projection
image, and providing information to a user by an extended reality device, wherein the
extended reality device is configured to frack its 3D pose in the coordinate system, wherein
the provided information is based on the interpretation of the simulated X-ray projection

image.
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According to an embodiment, a system comprising an extended reality device and a
processing unit connected to the same, may be caused to perform a method including the
steps of determining a 3D pose of an X-ray imaging device, wherein the 3D pose of the X-ray
imaging device may be based on the tracking information received from the extended reality
device, when the X-ray imaging device is a real X-ray imaging device, and of determining a
3D pose of an object, wherein the 3D pose of the object may be based on the tracking
information received from the extended reality device, when the object is a real object. It will
be understood that both the X-ray imaging device and the object may be virtual so that the 3D
pose may respectively be determined by a processing unit of the system without external
tracking information. In the context of the present disclosure, “3D pose” means a 3D position

and orientation determined in relation to a coordinate system.

Further, the step of generating a simulated X-ray projection image of the object may be
performed, wherein the simulated X-ray projection image is generated on the basis of the
determined 3D pose of the X-ray imaging device and on the basis of the determined 3D pose
of the object. There may be more than one object visible in the X-ray image and each of these

objects may or may not be tracked by the extended reality device.

The method may further comprise the steps of interpreting the simulated X-ray projection
image and of providing information to the user, wherein the information is based on the

interpretation of the simulated X-ray projection image.

Part of the interpretation may be a determination of relative spatial position between objects
or between objects and X-ray image device. This spatial relation may be compared with the
expected spatial relation based on the 3D pose of objects and/or the 3D pose of the X-ray
imaging device. Thus it can also be used for validation or testing purposes, e.g. validating the
algorithms for interpretation of the X-ray images based on the assumption that the
determination of the 3D pose(s) performed by the extended reality device is correct or
validating the determination of poses of object(s) and/or X-ray imaging device performed by
the extended reality device based on the assumption that the interpretation of the simulated

X-ray image is correct. Also, a combination of both may be possible.
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A single X-ray image may be required to validate correctness of real time tracking
information, i.e., to determine whether or not the last registration (i.e., determination of the
3D pose) of the object relative to another object is still valid. In other words, the proposed
systems and methods (implemented as computer program product) may be configured to
determine the validity of 3D spatial relation based on a single X-ray image depicting at least

part of an object.

That is, the determination of a 3D pose of an object results in a simulated X-ray projection
image, and based on an interpretation of that projection image, information about the spatial
arrangement of the object can be provided. For training purposes, such information may be
used to guide a user through a procedure. For testing of the system, the information may be
compared with the determined 3D pose. Based on such comparison, an indication can be
provided whether the information provided based on the interpretation of a projection image

are sufficiently correct, i.e., are within a predetermined deviation range of an expected value.

The interpretation of the simulated X-ray image may comprise at least one of (i) determining
a geometrical aspect of the object, (ii) applying a model of the object, (iii) identifying a point
of interest, (v) measuring dimensions, (vi) measuring distances, (vii) taking into account
imaging characteristics, (viii) taking into account object characteristics, and (ix) determining
relative spatial positioning information between at least one imaged object and/or the X-ray

imaging device.

Taking into account imaging characteristics may include applying a priori knowledge about
physical effects of distortion of X-ray images caused by earth magnetic field or pillow
distortion. Taking into account object characteristics may include a priori knowledge about a
typical mechanical deformation of a tool e.g. like bending of a drill bit or mechanical play

e.g. between a drill bit and a drill sleeve.

Determining of a relative spatial positioning information between two or more objects is
disclosed in more detail in patent application EP 19 217 245 and patent application EP 21 175
405, e.g., in the claims of these patent applications. Furthermore, imaging characteristics as
well as object characteristics which may be relevant when processing X-ray images, are
described in these documents in more detail. These detailed disclosures are incorporated

herein by reference.
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The determined spatial relation between the at least one imaged object and/or the X-ray
imaging device may be compared with the 3D pose of the X-ray imaging device and/or with
the 3D pose of the object as generally determined according to an embodiment of the

disclosure.

Furthermore, the determination of the 3D pose of the X-ray imaging device and/or the
determination of the 3D pose of the object may be adjusted based on the interpretation of the
simulated X-ray projection image. Typically, the information provided to the user may be

adjusted accordingly.

The method may further comprise the step of determining a representation of the X-ray
imaging device and/or of the object, wherein the representation of the X-ray imaging device
and/or of the object is based on the tracked 3D pose of the extended reality device and on the
determined 3D pose of the X-ray imaging device and/or on the determined 3D pose of the

object. Further, the representation may be visualized by the extended reality device.

In the context of this disclosure, a representation is to be understood as, e.g., a visualization
of at least an aspect of the X-ray imaging device or the object. An aspect may be a point or an
axis, but also be an outline or even a rendered surface. In other words, a representation of a
virtual device or object may provide enough information to a user which allow for a

recognition of the device or object itself as well as a 3D position and 3D orientation thereof.

Several different combinations of objects and X-ray devices are encompassed. The object
may be at least one object out of the group consisting of (i) at least a part of a virtual
anatomy, (ii) at least a part of a real anatomy model, (iii) at least a part of a virtual tool, (iv) at
least a part of a real tool, (v) at least a part of a real implant, and (vi) at least a part of a virtual
implant. The X-ray imaging device may also be a real X-ray imaging device or a virtual X-
ray imaging device. It is noted that the mentioned real anatomy model may be an artificially

constructed part of an anatomy dummy or mock-up.

It will be understood that the method may comprise the step of tracking the at least one object
and/or the X-ray imaging device by the extended reality device, when the at least one object

is a real object and/or the X-ray imaging device is a real X-ray imaging device.
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The information provided to the user may comprise at least one information out of the group
consisting of (i) an advise how to reposition the X-ray imaging device, (ii) a visualization of a
position of a virtual image plane of the X-ray image, (iii) a visualization of a position of a
virtual image plane of a previous simulated X-ray image, (iv) an advise for a next step of the

procedure.

The information which is based on the interpretation of the simulated X-ray image may be

provided to the user by means of the extended reality device.

With respect to the provision of information to the user, it is noted that the information which
is based on the interpretation of the simulated X-ray image may be sensed by vision, hearing,
olfaction, gustation and/or tactile perception. For example, the system may provide an
instruction accustically or may provide an alert optically by a change of a color of light. It
will be understood that a virtual X-ray imaging device and/or a virtual object may be
visualized on the extended reality device, whereas some information like measurement values

may also be provided on a stationary monitor.

The method may further comprise the steps of receiving an input and updating the

information provided to the user based on the input.

In the context of this disclosure, an input may be understood as any kind of active interaction
with the system. For example, a user may change the 3D pose of a device and/or object and
the extended reality device tracks that change, wherein the new tracking information may be
considered as input to the system. On the one hand, a user may change the 3D pose of a real
device and/or real object which can be tracked by the extended reality device. On the other
hand, a user may change the 3D pose of a virtual device and/or virtual object by means of a

tracked hand gesture, a controller or any other suitable computer input device.

As described above, the method may be performed in a complete virtual space, with the X-
ray imaging device as well as any object, i.e., tool, implant, anatomy, being virtually
generated and visualized on a screen of an extended reality device. Such virtual devices and
objects may be moved due to an input or as a result of the interpretation of a simulated X-ray

image. On the other hand, any of the imaging device and the object(s) may be real and may
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be tracked by the extended reality device. Such real devices and objects may be visible
through glasses of the extended reality device and may, thus, not be shown on the screen in

form of a virtual representation.

However, a combination is also possible. A representation of a real X-ray imaging device
and/or of a real object may be visualized by the extended reality device, so that the
representation is visible as an overlay on the X-ray imaging device and/or on the object being

visible at the same time through the glasses of the extended reality device.

Such an overlay may provide the possibility to recognize whether the tracking and/or
determining of the 3D pose of the device or object is sufficiently correct. A deviation of the

virtual representation and the real object may easily be recognized.

As mentioned previously, the processing unit of the system may be caused to update a
tracked 3D pose of a device and/or object. Such an update may be visualized by a change of
the representation of the device and/or object. Thus, the representation may be manipulated
due to an input of the user. On the other hand, the system may manipulate the representation
autonomously based on the interpretation of the simulated X-ray image. By way of
autonomously manipulating the representation, the system may provide suggestions to the
user as to how to further proceed. E.g. the system computes and displays an virtual overlay of
an desired (other) position of an X-ray imaging device on the current position of the X-ray

imaging device based on the interpretation of the simulated X-ray image.

Besides using the system for training of a user, it is also possible to use the input of the user
to generate training data for further enhancement of the system. For example, the system may

automatically adopt to preferences of the user.

It is noted that the processing unit of the system as described herein may be realized by only
one processor performing all the steps of the process, or by a group or a plurality of
processors, which need not be located at the same place. For example, cloud computing
allows a processor to be placed anywhere. For example, a processing unit may be divided
into a first sub-processor that controls interactions with the user, including an extended reality
device for visualizing results, and a second sub-processor (possibly located elsewhere) that

performs all computations. The first sub-processor or another sub-processor may also control
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movements of, for example, an X-ray imaging device, A processing unit integrated in the
extended reality device may control any tracking of objects as well as any visualizations on

the screen of the extended reality device.

The system may further comprise storage means providing a database for storing, for
example, X-ray images. It will be understood that such storage means may also be provided
in a network to which the system may be connected, and that data related to a neural net may
be received over that network. Furthermore, the device may comprise an imaging unit for
generating at least one 2D X-ray image, wherein the imaging unit may be capable of

generating images from different directions.

It is noted that all references to C-arm (imaging device) movements in this disclosure always
refer to a relative repositioning between C-arm and model of the patient. Hence, any C-arm
translation or rotation may in general be replaced by a corresponding translation or rotation of
the model of the patient/OR table, or a combination of C-arm translation/rotation and model
of the patient/table translation/rotation. Information about changes in positioning may be
provided by the tracking system of the extended reality device. Alternatively or additionally,
such information may be provided by positioning sensory devices in a robotic steered model
of the patient table and/or robotic steered imaging device, or it may be provided by an optical
navigation system that tracks reference frames that are attached to the patient table or an
anatomy model, and/or the imaging device. The system may compute C-arm adjustments
and/or model of the patient adjustments. It is furthermore noted that all references to a C-arm

may analogously apply to a G-arm, O-arm, or similar.

The methods and techniques disclosed herein may be used in a system that supports a human
user or surgeon, or they may also be used in a system where some or all of the steps are
performed by a robot. Hence, references to a “user” or “surgeon” in this patent disclosure
may refer to a human user as well as a robotic surgeon, a mechanical support device, or a
similar apparatus. Similarly, whenever it is mentioned that instructions are given how to
adjust the C-arm, it is understood that such adjustments may also be performed without
human intervention, i.e., automatically, by a robotic C-arm, by a robotic table, or they may be
performed by operation room staff with some automatic support. It is noted that because a
robotic surgeon and/or a robotic C-arm may operate with higher accuracy than humans,

iterative procedures may require fewer iterations, and more complicated instructions (e.g.,
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combining multiple iteration steps) may be executed. A key difference between a robotic and
a human surgeon is the fact that a robot may keep a tool perfectly still in between acquisition

of two X-ray images.

Like automatically controlled movements of real objects and/or real devices, it is possible to
provide a virtual representation of the object and/or device in the field of view of the user by
means of the extended reality device. The object and/or device may, thus, be virtually moved,
wherein the movement is controlled by the computer program product executed by the

processing unit.

The computer program product may preferably be loaded into the main memory of a data
processor during execution. The data processor or processing unit of a system according to an
embodiment may thus be equipped to carry out at least a part of the described process.
Further, the disclosure may relate to a computer-readable medium such as a CD-ROM on
which the disclosed computer program product may be stored. However, the computer
program product may also be presented over a network like the World Wide Web and can be
downloaded into the main memory of the data processor from such a network for instant
execution or can be downloaded into non-volatile memory of the data processor for execution
at a later point, Furthermore, the computer program product may also be executed on a cloud-

based processor, with results presented over the network.

It is noted that prior information about an object (e.g., the size and type of a drill or a chisel)
may be obtained by simply scanning of a packaging (e.g., the barcode) or any writing on the

object itself, before or during the performance of method steps.

As should be clear from the above description, an aspect may be a processing of X-ray image
data, allowing an automatic interpretation of visible objects or determining important regions
in an X-ray image. The methods described herein are to be understood as methods for
training of a user in applying the system or for testing the system. Consequently, the method

may not include any step of treatment of an animal or human body by surgery.

It is further noted that embodiments are described with reference to different subject-matters.
In particular, some embodiments are described with reference to method-type claims

(computer program product) whereas other embodiments are described with reference to
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apparatus-type claims (system/device). However, a person skilled in the art will gather from
the above and the following description that, unless otherwise specified, any combination of
features belonging to one type of subject-matter as well as any combination between features

relating to different subject-matters is considered to be disclosed with this application.

It is further noted, that the above-described system could be used as a game just for fun or for

a competition.

BRIEF DESCRIPTION OF THE DRAWINGS

The aspects defined above and further aspects, features and advantages of the present
invention can also be derived from the examples of the embodiments to be described
hereinafter and are explained with reference to examples of embodiments also shown in the

figures, but to which the invention is not limited.

Fig. 1 illustrates a situation in which a user utilizes a system as disclosed herein.

Fig. 2 is a flowchart of a method as disclosed herein.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Figure 1 illustrates a situation in which the system and method as disclosed herein can be
utilized. An extended reality device 10 may be a head mounted device which comprises
sensors for tracking objects in the room. Such objects may be a tool like a drilling machine 20
with a drill bit 22, an operation table 30, a C-arm based X-ray imaging device 40 and/or a
model of a patient 50 or part of an anatomy model. It will be understood that it is not
necessary that the whole of each object is tracked by the sensors of the extended reality
device. For example, it may be sufficient to detect the radiation source and/or the radiation
detector of the imaging device to determine a 3D pose of the imaging device, i.e., a 3D
position and 3D orientation of the imaging device. It may otherwise be sufficient to detect the
radiation detector together with at least a part of the C-arm and the base of the imaging
device to allow for a determination of the 3D pose of the device. Comparably, only a part of

the table 30 or of the tool 20 must be detected by the tracking sensors.
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One way of interpreting figure 1 is that the dark portions, i.e., the portions illustrated as black
surfaces, of the objects and of the devices are outside of the tracking, and the light portions,
i.e., the portions illustrated by dotted outlines, of the objects and of the devices are those
portions which are detected by the sensors of the extended reality device, so that the objects

and devices can be tracked and a 3D pose thereof can be determined.

Knowing the 3D pose of the imaging device 40 as well as the 3D pose of the model of the
patient 50 allows for the generation of a simulated X-ray image. On the one hand, such a
simulated X-ray image may be used to provide an impression whether a real X-ray image
would visualize an intended portion of a patient from an intended imaging direction. This
may be assessed automatically by the system. On the other hand, the simulated X-ray image
allows for training with the system. Based on such a simulated X-ray image, the system may

provide information regarding the next step of treatment procedure.

In an alternative situation, at least one of the objects and devices in figure 1 is not present in a
room but is shown as a virtual representation on the display of the extended reality device 10.
In such a situation, a user may likewise position the imaging device relative to an anatomy or
anatomy model and may be provided with a simulated X-ray image allowing an assessment
of the treatment procedure. For example, the patient 50 is not really on the table 30 or, instead
of a patient, a real training model of the patient may be on the table, wherein the user is
provided with a virtual visualization of a patient, possibly as an overlay on the real training
model. Thus, the user may position the tool 20 only as if there is a patient. Nevertheless, the
system is configured to provide a simulated X-ray image on the basis of which a training of

the procedure is possible, utilizing the system.

According to another example, the model of the patient and the model of the drilling machine
can be visualized by the augmented reality while e.g. the drilling machine is tracked by the
augmented reality device, so that a movement of the real drilling machine will result in an
updated pose of the virtual model of the drilling machine in real time. On the other hand, the
maode] of the patient may not be tracked by the augmented reality device. The information
derived by interpretation of the simulated X-ray image may be used to determine the pose of
the model of the patient relative to the pose of the X-ray imaging device at point in time 1
and the information of the pose of the model of the patient may be updated based on the

assumption that the position and orientation of the model of the patient does not change
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relative to the coordinate system until a next X-ray image is simulated at point in time 3. In
this scenario, for the simulation of this next X-ray image, the pose of the model of the patient
may be changed in order to simulate an unintended, not tracked movement of a patient. Thus,
the navigation information which might be inaccurate at point in time 2 is updated based on
interpretation of the simulated X-ray image at point in time 3 and, thus, is accurate based on
further real time tracking based information of the pose of the drilling machine provided by
the extended reality device after point in time 3 unless there is a new unintended movement

of the not tracked model of the patient.

As a further example, the table 30, the imaging device 40 as well as the patient 50 may be
provided as virtual representations on the extended reality device 10. In such a situation, the
user may virtually interact with, e.g., the virtual imaging device so as to position the same
relative to the virtual patient on the virtual table. The system, then, provides a simulated X-
ray image based on the 3D pose of the imaging device and the 3D pose of the virtual patient,
and the system assesses the image so as to provide information, e.g., about a position and

orientation of the tool or about a path like a drilling path.

Another way of interpreting figure 1 is that the objects or devices either are visualized as
virtual representation by dotted lines showing the outlines or are visible as real objects or
devices shown in figure 1 as solid black portions. It may be understood that also a virtual
representation of an object may be visualized on the extended reality device as an overlay on

the real object in the field of view 12 of the user.

As described by way of examples, the system in accordance with the present disclosure
allows for a complete virtual training situation of a treatment of a patient, as well as any
hybrid set up with objects being real and others being virtual. In any case, the system is
configured to provide a simulated X-ray image as well as an assessment of the content of the

image.

In consequence, the system may be utilized to virtually perform a treatment of a patient,
before the patient is actually treated, i.e., may be utilized when planning a treatment. The
system may also be utilized after a real treatment of a patient using the data for learning and
teaching purposes. In that case there may at least one real X-ray images of the previous

surgical procedure are interpreted by the system and the user is asked to follow the system
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instructions in order to observe if and how the next required step in surgery (e.g.
repositioning of an object or X-ray device) could have been performed better (e.g. faster) by

the human user/surgical robot.

In the following, a method is described with reference to figure 2 showing a flowchart.

It will be understood that steps of methods described herein, and in particular of methods
described in connection with a workflow, e.g., as visualized in the figure, are major steps,
wherein these major steps might be differentiated or divided into several sub-steps.
Furthermore, additional sub-steps might be between these major steps. It will also be
understood that only part of the whole method may constitute the invention, i.e. steps may be

omitted or summarized.

When utilizing an extended reality device, an X-ray imaging-based computer assisted

surgical procedure may comprise the following steps.

In step S1, a 3D pose of an X-ray imaging device is determined. The 3D pose of the X-ray
imaging device may be based on tracking information received from the extended reality
device. It will be understood that the 3D pose of the imaging device is generated by the

system based on a computer simulation in case the imaging device is actually not present.

In step 52, a 3D pose of an object is determined. The 3D pose of the object may be based on
tracking information received from the extended reality device. Also here, the 3D pose may

be computer generated for a virtual object.

In step 53, a simulated X-ray image of the object is generated, wherein the simulated X-ray
image is generated on the basis of both the determined 3D pose of the X-ray imaging device

and the determined 3D pose of the object.

In step S4, the simulated X-ray image is interpreted by the system. The computer program
product executed by the processing unit of the system may assess the information in the
simulated X-ray image. The object may be classified and localized in relation to the imaging
device on the basis of the simulated X-ray image. In case of a mock-up bone, fractures may
be identified.
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In step S5, information to a user is provided, wherein the information is based on the
interpretation in S4. For example, suggestions may be provided to the user as to how to treat
fractures. When using a tool, a spatial relation of the tool relative to the mock-up bone may
be determined and, e.g., a desired insertion path for the tool may be provided and the values
(like angles in degree or offsets in mm) of a potential deviation based on current position of

the tool from this insertion path may be provided.

In step S6, which is an optional step, a representation of the X-ray imaging device and/or of
the object is determined. The representation of the X-ray imaging device and/or of the object
may be based on the point of view of the extended reality device and on the determined 3D
pose of the X-ray imaging device and/or on the determined 3D pose of the object. As
mentioned above, the representation may be visualized on the extended reality device either
alone in case the imaging device and/or the object is not present in the field of view of the
user, or as an overlay in case the imaging device and/or the object is present. It may be noted
that in case the imaging device and/or the object is present such an overlay may provide the
advantage that the user immediately recognizes whether the tracking of the imaging device

and/or of the object is accurate.

In step 87, an input is received. The information may be updated which is provided to the
user, based on the input. An input means may be, e.g., a computer keyboard, a computer
mouse or a touch screen, to control a pointing device like a cursor on a monitor screen, which
may be included in the device. The device may also comprise a camera or a scanner to read
the labeling of a packaging or otherwise identify an implant or surgical tool. A camera may
also enable the user to communicate with the device visually by gestures or mimics, e.g., by
virtually touching (including drag-and-drop) devices displayed, e.g., on the extended reality
device. The device may also comprise a microphone and/or loudspeaker and communicate

with the user acoustically.

In step S8, the representation of the X-ray imaging device and/or of the object may be
manipulated. On the one hand, the system may automatically adapt the visualization of the
representation depending on the movement of the user and, thus, of the extended reality
device. On the other hand, the representation may be manipulated based on an input of the

user. For example, the user may virtually move the imaging device and/or the object.
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While embodiments have been illustrated and described in detail in the drawings and afore-
going description, such illustrations and descriptions are to be considered illustrative or

exemplary and not restrictive, and the invention is not limited to the disclosed embodiments.

Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practising the claimed invention, from a study of the drawings, the
disclosure and the appended claims. In the claims, the word “comprising” dees not exclude
other elements or steps, and the indefinite article “a” or “an” does not exclude a plurality. A

single processor or other unit may fulfil the functions of several items recited in the claims.

The mere fact that certain measures are recited in mutually different dependent claims does

not indicate that a combination of these measures can not be used to advantage.
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CLAIMS

L. A method for extended reality training with or testing of an X-ray imaging-based
computer assisted surgical device, the method comprising the steps of:

determining a 3D pose of an X-ray imaging device in a coordinate system,

determining a 3D pose of an object in the coordinate system, and

generating a simulated X-ray projection image of the object, wherein the simulated X-
ray projection image is generated on the basis of the determined 3D pose of the X-ray
imaging device and on the basis of the determined 3D pose of the object,

interpreting the simulated X-ray projection image, and

providing information to a user by an extended reality device, wherein the extended
reality device is configured to track its 3D pose in the coordinate system, wherein the

provided information is based on the interpretation of the simulated X-ray projection image.

2. The method of claim 1, wherein the step of interpreting of the simulated X-ray
projection image comprises at least one out of the group consisting of (i) determining a
geometrical aspect of the object, (ii) applying a model of the object, (iii) identifying a point of
interest, (v) measuring dimensions, (vi) measuring distances, (vii) taking into account object

characteristics, (viii) taking into account imaging characteristics.

3. The method of any one of claims 1 and 2, wherein the step of interpreting of the
simulated X-ray projection image comprises determining a spatial relation between at least

one imaged object and/or the X-ray imaging device.

4. The method of claim 3, further comprising the step of comparing the spatial relation
between the at least one imaged object and/or the X-ray imaging device with the determined

3D pose of the X-ray imaging device and/or with the determined 3D pose of the object.

5. The method of any one of claims 1 to 4, further comprising the step of adjusting the
determination of the 3D pose of the X-ray imaging device and/or the determination of the 3D
pose of the object based on the interpretation of the simulated X-ray projection image, and
wherein the information provided to the user is adjusted based on the interpretation of the

simulated X-ray image.
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6. The method of any one of claims 1 to 5, further comprising the step of determining a
representation of the X-ray imaging device and/or of the object, wherein the representation is
based on the tracked 3D pose of the extended reality device and on the determined 3D pose
of the X-ray imaging device and/or on the determined 3D pose of the object, and visualizing

the representation by the extended reality device.

7. The methods of any one of claims 1 to 6, wherein the object is at least one object out
of the group consisting of (i) at least a part of a virtual anatomy, (ii) at least a part of a real
anatomy model, (iii) at least a part of a virtual tool, (iv) at least a part of a real tool, (v) at
least a part of a real implant, (vi) at least a part of a virtual implant, and wherein the X-ray

imaging device is a real X-ray imaging device or a virtual X-ray imaging device.

8. The method of claim 7, further comprising the step of tracking the at least one object
and/or the X-ray imaging device by the extended reality device, when the at least one object

is a real object and/or the X-ray imaging device is a real X-ray imaging device.

9. The method of any one of claims 1 to 8, wherein the information provided to the user
comprises at least one information out of the group consisting of (i) an advise how to
reposition the X-ray imaging device, (ii) a visualization of a position of a virtual image plane
of the X-ray image, (iii) a visualization of a position of a virtual image plane of a previous

simulated X-ray image, (iv) an advise for a next step of the procedure.

10.  The method of any one of claims 1 to 9, further comprising the steps of receiving an

input and updating the information provided to the user based on the input.

11.  The method of any one of claims 1 to 10, wherein the representation of the X-ray
imaging device and/or of the object is visualized by the extended reality device, so that the
representation is visible as an overlay on the X-ray imaging device and/or the object, when
the object is a real object and/or the X-ray imaging device is a real X-ray imaging device

visible through the extended reality device.
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12. A computer program product including sets of instructions causing a processing unit
to perform the steps of the method according to any one of claims 1 to 11, when the computer

program product is executed on the processing unit.

13. A system for extended reality training with or testing of an X-ray imaging-based
computer assisted surgical device, the system comprising an extended reality device
configured to track its 3D pose in a coordinate system, to provide tracking information and to
visualize information in the field of view of a user, and a processing unit connected to the
extended reality device and configured to execute a computer program product according to

claim 12,

14, The system of claim 13, further comprising an input device.
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