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INSTRUMENT FOR CREATING AN ARTIFICIAL LANDMARK ON A SURFACE

OF A BONE AND MEDICAL NAVIGATION SYSTEM

The present invention relates to a medical artificial landmark creating instrument for creating

an artificial landmark on a surface of a bone through skin covering the bone, a medical

navigation system comprising said medical artificial landmark creating instrument and a

medical registration method.

Objects such as medical instruments or bones are tracked in modern surgeries using a medical

navigation system. This requires the object to be provided with a marker device which is

detectable by the medical navigation system. Since the medical navigation system can only

detect the position of the marker device, it is essential to know the positional relationship

between the object, or at least a part of the object, and the marker device. This positional

relationship is generally referred to as registration.

There are many ways for establishing a reliable initial registration between the object, in

particular a bone, and a marker device. Approaches known in the art include, among others, to

obtain the initial registration from three-dimensional medical image data or to sample points

on the surface of the bone using a pointer. The general problem is that the initial registration

degrades over time. Exemplary reasons for this degradation are sterile preparation after

registration, exchanging the marker device or forces acting on the marker device, such as

forces caused by draping sheets. In some cases, the marker device is not directly connected to

the bone to be registered. This in particular occurs with craniotomy applications, where the

head is typically held in a head holder and the marker device is attached to said head holder. If

the head moves within the head holder, the initial registration is degraded or even lost

One solution to this problem is to acquire intraoperative landmarks using the navigation

system. When the bone is exposed, intraoperative landmarks can be sampled. Sampling a

point, such as a landmark, means to determine the location of the point, in particular relative



to the marker device. However, at this time the initial registration can already be degraded, for

example by exposing the bone or replacing the marker device used for obtaining the initial

registration by a sterile marker device which can be used during surgery. In order to solve this

problem, the inventors have discovered an approach that provides the preconditions for

verifying the registration or re-establishing the registration at a time as close to the time of the

initial registration as possible. This in particular includes creating artificial landmarks on the

bone as shortly after the initial registration as possible. The locations of the artificial

landmarks relative to the marker device can be stored, such that the stored locations can later

be compared to sampled locations of the artificial landmarks.

In this document, the term "position" means the (spatial) location in up to three translational

dimensions and/or the alignment (or orientation) in up to three rotational dimensions.

The present invention relates to a medical artificial landmark creating instrument for creating

an artificial landmark on a surface of a bone through skin covering the bone. The instrument

comprises an artificial landmark creation structure and an instrument marker device which is

in a known spatial relationship with respect to at least a part of the artificial landmark creation

structure, wherein the instrument marker device comprises at least three markers in a known

geometric arrangement.

With this configuration, the medical artificial landmark creating instrument can create the

artificial landmark and be tracked by a medical navigation system in order to determine the

location of the artificial landmark at the same time. In this document, the expression "at the

same time" can mean at exactly the same time, but also within a period of time such as within

0.2, 0.5, 1 or 2 seconds.

Since the artificial landmark can be created through the skin, it is not necessary to expose the

bone in order to create the artificial landmark. It is therefore possible to create the artificial

landmark immediately after the initial registration between the bone and a corresponding bone

marker device is established. The bone marker device is a marker device associated with the

bone for tracking the bone by tracking the bone marker device.



Hie location of an artificial landmark on the bone is invariant, which means that it does not

change over time, at least not during a time required for a surgery. An advantage of an

artificial landmark is that it can easily be sampled during surgery. Physiological landmarks in

theory are defined, distinct points, while in practical situations it is hard to exactly find and

sample such a landmark. This means that if a physiological landmark is sampled several

times, even by the same person, then the location of the sampled point may vary in a certain

range. An artificial landmark, on the contrary, is a defined, distinct point which can easily be

found and be exactly sampled each time.

The medical artificial landmark creating instrument comprises a distal end which penetrates

through the skin and comprises the artificial landmark creation structure. The distal end may

be cone-shaped such that it can be inserted through the skin or at least one blade for creating

an incision which is large enough for penetrating the skin with the distal end there through.

In one embodiment, the artificial landmark creation structure comprises a tip which is adapted

to create a cavity in the surface of the bone. The cavity men is the artificial landmark or a part

of the artificial landmark. The tip is made of a material which is hard enough to create the

cavity. The tip may comprise a blade which cuts out a part of the surface of the bone, in

particular caused by a rotational movement of the tip about a longitudinal axis of the medical

artificial landmark creating instrument. The cavity can also be referred to as a dent, an

indentation or a mechanical artificial landmark.

In one implementation of this embodiment, the tip comprises a rotatable blade or a drill. The

blade or drill is preferably rotatable about the longitudinal axis of the medical artificial

landmark creating instrument. The landmark creation structure comprises an energy storage

such as a pre-loaded spring which is adapted to rotate the blade or drill, for example by 720

degrees, when the energy is released from the energy storage. The rotating blade or drill then

creates the artificial landmark.

The energy storage might comprise a force detector which is adapted to detect whether or not

a force with which the tip of the artificial landmark creation structure is pushed against the

bone exceeds a predetermined threshold and releases the energy if mis is the case. The force

detector might comprise a spring-biased retention member which locks the pre-loaded spring



until the threshold is exceeded. In an alternative, the energy might be released upon manual

operation of a push-button.

In another embodiment, the artificial landmark creation structure comprises a liquid-

dispensing mechanism. The liquid-dispensing mechanism in particular includes a liquid outlet

for ejecting the liquid. The liquid outlet is preferably located at the distal end of the medical

artificial landmark creating instrument, in particular at the tip of the medical artificial

landmark creating instrument. The liquid creates an optical artificial landmark, for example

caused by colorants comprised in the liquid. The liquid preferably is a biocompatible liquid.

The liquid preferably automatically dissipates after a predetermined amount of time. The

liquid preferably is an ink.

Preferably, the tip of the medical artificial landmark creating instrument can act both as the

liquid outlet to create an optical artificial landmark and to create a cavity. The medical

artificial landmark creating instrument can thus create a hybrid artificial landmark.

In one embodiment, the medical artificial landmark creating instrument further comprises an

infrared LED. The infrared LED emits infrared light, in particular a flash or burst of infrared

light, once the artificial landmark was created. The medical navigation system can then detect

the infrared light emitted by the infrared LED and, when or once the infrared light is or was

detected, determines the position of the instrument marker device, and therefore the location

of the artificial landmark. In other words, the infrared light emitted by the infrared LED

triggers the determination of the position of the instrument marker device, and therefore of the

location of the artificial landmark.

In one embodiment, the medical artificial landmark creating instrument comprises an infrared

LED activation button. Upon operation of the infrared LED activation button, the infrared

LED emits the infrared light. In an alternative embodiment, the medical artificial landmark

creating instrument comprises a force detector which is adapted to detect a force exerted on

the artificial landmark creation structure. If this force exceeds a predetermined threshold

which indicates mat the artificial landmark creation structure is pushed against the surface of

the bone, then the infrared LED is caused to emit the infrared light. The force detector might



be the same one as the force detector described above with reference to the rotatable blade or

drill.

In one embodiment, the medical artificial landmark creating instrument comprises an infrared

reflective region, a movable cover which covers the infrared reflective region and a cover

removal button which is connected to the cover such that operating the cover removal button

moves the movable cover in order to expose the infrared reflective region. The cover removal

button is preferably operated when the artificial landmark creation structure creates or has

created the artificial landmark. When the infrared reflective region is exposed, infrared light

emitted from the medical navigation system is reflected back to a camera of the medical

navigation system. When the medical navigation system detects the infrared light reflected by

the infrared reflective region, it determines the position of the instrument marker device and

therefore the location of the artificial landmark as described above with regard to the infrared

LED.

In an alternative, the cover removal button is displaced by a cover removal mechanism which

moves the movable cover in order to expose the infrared reflective region if the artificial

landmark creation structure is pressed against the bone with a force larger than a

predetermined threshold. The medical artificial landmark creating instrument then

automatically indicates to the medical navigation system that the location of the artificial

landmark shall be determined. The cover removal mechanism might act as the force detector

described above with reference to the rotatable blade or drill.

The infrared LED and/or the infrared reflective region is preferably provided at a known

location relative to the instrument marker device. The medical navigation system therefore

can detect the location at which the infrared light is emitted or reflected such that it only

determines the location of the artificial landmark if the location of the emitted or reflected

infrared light matches the predetermined location relative to the instrument marker device.

Infrared light originating from another location, for example infrared light reflected by other

objects within the field of view of the camera of the medical navigation system, does not

trigger the determination of the location of the artificial landmark.

In a preferred embodiment, the LED activation button or the cover removal button is a liquid-

ejecting button of the liquid-dispensing mechanism as described above. When the liquid-



ejecting button is operated, the liquid is ejected from the liquid outlet. The same operation

that ejects the liquid then also causes the infrared LED to emit infrared light or the movable

cover to expose the infrared reflective region. Creating the artificial landmark and indicating

to the medical navigation system that the location of the artificial landmark shall be

determined can thus be performed by a single action. In addition or as an alternative, the LED

activation button or the cover removal button is the push-button which releases the energy

from the energy storage as described above with reference to the rotatable blade or drill.

One particular embodiment combines the rotatable blade or drill at the tip of the artificial

landmark creating instrument with a liquid dispensing mechanism and an infrared LED or an

infrared reflective region. In this particular embodiment, the artificial landmark creating

instrument is preferably adapted to first create the mechanical artificial landmark and to then

create the optical artificial landmark and to activate the infrared LED or expose the infrared

reflective region.

The present invention also relates to a medical navigation system comprising a medical

artificial landmark creating instrument as explained above, a marker detection device and a

processor. The general structure of the medical navigation system is known in the art. The

marker detection device in particular is an infrared stereoscopic camera which can capture a

stereoscopic infrared image. The processor can analyze the stereoscopic infrared image in

order to determine the location of an infrared tight source, which may be a reflective marker

which reflects infrared light, such as light emitted by the marker detection device.

The processor is configured to acquire initial registration data which represent an initial

registration between a bone marker device and a bone at a first point in time. The bone marker

device is a marker device which is associated with the bone. The bone marker device may be

attached to the bone, but it may also be attached to a structure which in turn is attached to the

bone. An example of such a structure is a holder or clamp which clamps a bone, in particular

the cranium. The bone marker device is preferably rigidly attached to the clamp. A

registration between the cranium and the bone marker device attached to the clamp can be

determined and used as long as there is no (or only a minor) relative movement between the

clamp and the cranium. As explained above, a registration represents the relative position



between the bone, and in particular of points, such as landmarks, on the surface of the bone,

and the bone marker device.

The processor is further configured to determine an initial artificial landmark location of at

least one artificial landmark created on the surface of the bone using the medical artificial

landmark creating instrument, wherein an initial artificial landmark location is defined

relative to the bone marker device. In other words, the location(s) of the artificial landmark(s)

is/are determined relative to the bone marker device while the initial registration between the

bone and the bone marker device is still valid. The processor is further configured to then

store the determined initial artificial landmark location(s) such mat it/they can be re-used at a

later point in time.

The processor is further configured to acquire artificial landmark sample data at a second

point in time, wherein the artificial landmark sample data represent the locations) of the

artificial landmark(s) relative to the bone marker device at the second point in time. The

second point in time is later than the first point in time. If the relative position between the

bone and the bone marker device has changed between the first and second points in time,

men the locations of the artificial landmarks represented by the artificial landmark sample

data no longer equal the initial landmark locations. This information can be used for further

actions.

In one embodiment, the processor is also configured to compare at least one artificial

landmark location within the artificial landmark sample data with a corresponding stored

initial artificial landmark location. An artificial landmark location within the artificial

landmark sample data is also referred to as a sampled artificial landmark location. The

comparison determines whether or not the sampled artificial landmark location differs from

the initial artificial landmark location, which means that the relative position between the

bone and the bone marker device has changed.

In one embodiment, the processor is also configured to modify the initial registration data on

the basis of the artificial landmark sample data in order to obtain re-registration data which

represent a registration between the bone marker device and the bone at the second point in

time. The difference between the sampled artificial landmark locations and the initial artificial



landmark locations relative to the bone marker device describes the change of the relative

position between the bone and the bone marker device. This means that a transformation can

be calculated which describes the change in the relative position between the bone and the

bone marker device between the first point in time and the second point in time. This

transformation can then be applied to the initial registration data in order to obtain the re-

registration data. The re-registration data then represents the correct current registration

between the bone and the bone marker device.

In a preferred implementation, the processor is configured to issue an alarm signal if the

difference between the sampled artificial landmark location(s) and the initial artificial

landmark location(s) exceed(s) a predetermined threshold. This means that an alarm is

provided if the initial registration is degraded such that the bone can no longer be reliably

tracked.

The present invention also relates to a medical registration method comprising the steps of

acquiring initial registration data which represent an initial registration between a bone

marker device and a bone at a first point in time, creating at least one artificial landmark on

the surface of the bone, preferably using the medical artificial landmark creating instrument as

explained above, determining an artificial landmark location of the at least one artificial

landmark, wherein an initial artificial landmark location is defined relative to the bone marker

device, and storing the determined initial artificial landmark location(s). As explained above,

the initial artificial landmark locations represent the locations of the artificial landmarks

relative to the bone marker device when the initial registration between the bone marker

device and the bone is (still) valid.

In one embodiment, the method further comprises the steps of acquiring artificial landmark

sample data at a second point in time, wherein the artificial landmark sample data represent

the location(s) of at least one artificial landmark relative to a bone marker device at a second

point in time, and comparing at least one artificial landmark location within the artificial

landmark sample data with a corresponding stored initial artificial landmark location. An

artificial landmark location within the artificial landmark sample data is also referred to as a

sampled artificial landmark location. As explained above, an alarm can be issued depending

on the result of the comparison to indicate that the initial registration is no longer valid.



In one embodiment, the method further comprises the steps of acquiring artificial landmark

sample data at a second point in time, wherein the artificial landmark sample data represent

the locations of at least three artificial landmarks relative to the bone marker device at the

second point in time, and modifying the initial registration data on the basis of the artificial

landmark sample data in order to obtain re-registration data which represent a registration

between the bone marker device and the bone at the second point in time. An artificial

landmark location within the artificial landmark sample data is also referred to as a sampled

artificial landmark location. As explained above, the registration between the bone and a bone

marker device can be re-established by calculating a transformation which describes the

relocation of the initial artificial landmark locations to the sampled artificial landmark

locations and applying this transformation to the initial registration.

In one embodiment, the method further comprises the steps of acquiring working space data

which represent an area of the bone which is to be exposed during a surgical procedure and

calculating target locations of the artificial landmarks from the working space data, wherein

the step of creating an artificial landmark involves navigating a medical artificial landmark

creating instrument in such a way that the artificial landmarks are created at the target

locations. The working space data may be input by a surgeon or may be obtained from a

database depending on the surgical procedure to be performed.

Calculating the target locations of the artificial landmarks preferably involves calculating the

target locations such that the target locations are located on the area of the bone which will be

exposed during the surgical procedure. This ensures that the artificial landmarks are exposed

and can be sampled during the surgical procedure. Since the medial artificial landmark

creating instrument carries an instrument marker device, it is possible to navigate the medical

artificial landmark creating instrument such that the artificial landmarks are created at the

target locations.

In one embodiment, the artificial landmark is automatically created when the artificial

landmark creation structure of the medical artificial landmark creating instrument is located at

the target location. An optical artificial landmark may men be created by automatically



ejecting a drop of liquid through the liquid outlet A mechanical artificial landmark may then

be created but automatically activating a cutting blade or a drill for creating a cavity.

It lies within the scope of the present invention to combine one or more features of two or

more embodiments to form a new embodiment as long as technically feasible. In particular,

the method may involve steps performed by the processor and vice versa. Further, the method

may utilize hardware components described in connection with the medical artificial

landmark creating instrument.

It is the function of a marker to be detected by a marker detection device (for example, a

camera or an ultrasound receiver or analytical devices such as CT or MRI devices) in such a

way that its spatial position (i.e. its spatial location and or alignment) can be ascertained. The

detection device is in particular part of a navigation system. The markers can be active

markers. An active marker can for example emit electromagnetic radiation and/or waves

which can be in the infrared, visible and/or ultraviolet spectral range. A marker can also

however be passive, i.e. can for example reflect electromagnetic radiation in the infrared,

visible and/or ultraviolet spectral range or can block x-ray radiation. To this end, the marker

can be provided with a surface which has corresponding reflective properties or can be made

of metal in order to block the x-ray radiation. It is also possible for a marker to reflect and/or

emit electromagnetic radiation and/or waves in the radio frequency range or at ultrasound

wavelengths. A marker preferably has a spherical and or spheroid shape and can therefore be

referred to as a marker sphere; markers can however also exhibit a cornered, for example

cubic, shape.

A marker device can for example be a reference star or a pointer or a single marker or a

plurality of (individual) markers which are then preferably in a predetermined spatial

relationship. A marker device comprises one, two, three or more markers, wherein two or

more such markers are in a predetermined spatial relationship. This predetermined spatial

relationship is in particular known to a navigation system and is for example stored in a

computer of the navigation system.

A navigation system, in particular a surgical navigation system, is understood to mean a

system which can comprise: at least one marker device; a transmitter which emits



electromagnetic waves and/or radiation and/or ultrasound waves; a receiver which receives

electromagnetic waves and/or radiation and/or ultrasound waves; and an electronic data

processing device which is connected to the receiver and/or the transmitter, wherein the data

processing device (for example, a computer) in particular comprises a processor (CPU) and a

working memory and advantageously an indicating device for issuing an indication signal (for

example, a visual indicating device such as a monitor and/or an audio indicating device such

as a loudspeaker and or a tactile indicating device such as a vibrator) and a permanent data

memory, wherein the data processing device processes navigation data forwarded to it by the

receiver and can advantageously output guidance information to a user via the indicating

device. The navigation data can be stored in the permanent data memory and for example

compared with data stored in said memory beforehand.

A landmark is a defined element of an anatomical body part which is always identical or

recurs with a high degree of similarity in the same anatomical body part of multiple patients.

Typical landmarks are for example the epicondyles of a femoral bone or the tips of the

transverse processes and/or dorsal process of a vertebra. The points (main points or auxiliary

points) can represent such landmarks. A landmark which lies on (in particular on the surface

of) a characteristic anatomical structure of the body part can also represent said structure. The

landmark can represent the anatomical structure as a whole or only a point or part of it. A

landmark can also for example lie on the anatomical structure, which is in particular a

prominent structure. An example of such an anatomical structure is the posterior aspect of the

iliac crest. Another example of a landmark is one defined by the rim of the acetabulum, for

instance by the centre of said rim. In another example, a landmark represents the bottom or

deepest point of an acetabulum, which is derived from a multitude of detection points.

The expression "acquiring data" in particular encompasses (within the framework of a data

processing method) the scenario in which the data are determined by the data processing

method or program. Determining data in particular encompasses measuring physical

quantities and transforming the measured values into data, in particular digital data, and/or

computing the data by means of a computer and in particular within the framework of the

method in accordance with the invention. The meaning of "acquiring data" also in particular

encompasses the scenario in which the data are received or retrieved by the data processing

method or program, for example from another program, a previous method step or a data



storage medium, in particular for further processing by the data processing method or

program. The expression "acquiring data" can therefore also for example mean waiting to

receive data and/or receiving the data. The received data can for example be inputted via an

interface. The expression "acquiring data" can also mean that the data processing method or

program performs steps in order to (actively) receive or retrieve the data from a data source,

for instance a data storage medium (such as for example a ROM, RAM, database, hard drive,

etc.), or via the interface (for instance, from another computer or a network). The data can be

made "ready for use" by performing an additional step before the acquiring step. In

accordance with this additional step, the data are generated in order to be acquired. The data

are in particular detected or captured (for example by an analytical device). Alternatively or

additionally, the data are inputted in accordance with the additional step, for instance via

interfaces. The data generated can in particular be inputted (for instance into the computer). In

accordance with the additional step (which precedes the acquiring step), the data can also be

provided by performing the additional step of storing the data in a data storage medium (such

as for example a ROM, RAM, CD and/or hard drive), such that they are ready for use within

the framework of the method or program in accordance with the invention. The step of

"acquiring data" can therefore also involve commanding a device to obtain and/or provide the

data to be acquired. In particular, the acquiring step does not involve an invasive step which

would represent a substantial physical interference with the body, requiring professional

medical expertise to be carried out and entailing a substantial health risk even when carried

out with the required professional care and expertise. In particular, the step of acquiring data,

in particular determining data, does not involve a surgical step and in particular does not

involve a step of treating a human or animal body using surgery or therapy. In order to

distinguish the different data used by the present method, the data are denoted (i.e. referred to)

as "XY data" and the like and are defined in terms of the information which they describe,

which is then preferably referred to as "XY information" and the like.

In the following, the invention is described with reference to the enclosed figures which

represent preferred embodiments of the invention. The scope of the invention is not however

limited to the specific features disclosed in the figures. The figures show:

Figure 1 a medical artificial landmark creating instrument;

Figure 2 a bone with a bone marker device;



Figure 3 a medical navigation system and

Figure 4 a medical navigation workflow.

Figure 1 shows a schematic, partial sectional view of a medical artificial landmark creating

instrument 1. The instrument 1 comprises a longitudinal shaft as an instrument body, wherein

the distal end of the longitudinal shaft is sharpened to form a tip 2. At the proximal end of the

longitudinal shaft, a marker device 3 comprising three marker spheres 3a, 3b and 3c arranged

in a fixed and known positional relationship is provided. Further provided at the proximal end

of the instrument 1 are an infrared LED 6 and a button 5. The infrared LED 6 is arranged in a

known location relative to the marker spheres 3a, 3b and 3c.

Within the longitudinal shaft of the instrument 1, a liquid reservoir 4 is provided. The liquid

reservoir 4 has a liquid outlet 4a at or close to the tip 2. Details of the liquid-dispensing

mechanism which, upon operation of the button S, ejects a drop of liquid from the liquid

outlet 4a are not shown in Figure 1.

The distal end of the instrument 1 is shaped such that it can penetrate through skin covering a

bone. The shaft, and in particular the tip 2, is made of a material hard enough to create a

cavity in the surface of a bone. This cavity is an artificial landmark which can be detected

once the bone is at least partly exposed.

When the tip 2 is located on the surface of the bone in order to create an artificial landmark,

the button S is operated such that the infrared LED 6 emits infrared light, in particular a burst

of flash of infrared light. The button 5 therefore is an infrared LED activation button.

In addition, operation of the button 5 ejects a drop of liquid stored in the liquid reservoir 4

through the liquid outlet 4a such that the drop of liquid is deposited on the surface of the

bone, thus creating an optical artificial landmark. The button S therefore also is a liquid-

ejecting button.

The location of the tip 2 and the liquid outlet 4a relative to the instrument marker device 3 is

known, such that the location of the artificial landmark, which is an optical and/or mechanical



artificial landmark, can be determined from the position of the instrument marker device 3

and the known location of the tip 2 or the liquid outlet 4a relative to the instrument marker

device 3.

Preferably, the longitudinal shaft of the instrument 1, comprising the liquid reservoir 4 and the

tip 2, is disposable, while the rest of the instrument 1, in particular the instrument marker

device 3, the button 5, the infrared LED 6 and any liquid-dispensing mechanism or electrical

circuit for driving the infrared LED 6, is re-usable.

The longitudinal shaft, and in particular the tip 2, is for example made of steel or nickel

titanium. The shaft preferably has a diameter between 0.7 mm and 1.6 mm. The length of the

cone-shaped distal end of the longitudinal shaft preferably is between 5 mm and 15 mm.

Figure 2 shows a bone 7, in the present example a cranium, held by a head clamp 8, wherein

the head clamp 8 carries a bone marker device 9. The bone marker device comprises three or

more marker spheres arranged in a known geometric arrangement. It is rigidly attached to the

head clamp 8. In another example, the bone marker device 9 might be directly attached to the

bone. As long as a registration between the cranium 7 and the bone marker device 9 is known,

objects can be navigated relative to the cranium 7. It is therefore essential to have a reliable

registration between the bone 7 and the bone marker device 9.

The instrument 1 may further comprise a handle which enables to securely grasp the

instrument 1. In one implementation, the handle can be part of the instrument marker device 3

or vice versa.

Figure 3 schematically shows a medical navigation system 10 comprising a medical artificial

landmark creating instrument 1, a navigation computer 11 and a stereoscopic camera 15 as a

marker detection device. The navigation computer 11 comprises a central processing unit 12,

a memory 13 and an interface 14 for receiving and transmitting data. The stereoscopic camera

15 captures a stereoscopic infrared image from which the central processing unit 12 can

determine the location of a marker sphere which is within the field of view of the stereoscopic

camera 15. In an alternative, the location of a marker sphere is calculated within the

stereoscopic camera 15 and transmitted to the central processing unit 12. The stereoscopic



camera 15 preferably comprises an infrared light source which emits infrared light which is

reflected back to the stereoscopic camera 15 by a marker sphere.

The navigation computer 11 is connected to an output device 17, such as a monitor, and to an

input device 16, such as a keyboard, a mouse or a touch sensitive surface of the output device

17. The output device 17 can output data obtained or calculated by the navigation computer

11. The input device 16 is capable of inputting information or data into the navigation

computer 11.

Figure 4 shows the steps of a medial workflow. Step S01 involves acquiring initial

registration data which represents an initial registration between the bone marker device 9 and

the bone 7 at a first point in time. The initial registration data is for example obtained using

the stereoscopic camera 15 and a pointer or is received via the interface 14. The initial

registration data is stored in the memory 13.

Step S02 involves creating at least one artificial landmark on the surface of the bone using the

medical artificial landmark creating instrument 1. As explained above, an artificial landmark

can be a mechanical artificial landmark and/or an optical artificial landmark. This step might

optionally involve navigating the medical artificial landmark creation instrument 1 such that

the artificial landmark(s) are created at predetermined target location(s) on the bone 7.

Step S03 involves determining an initial artificial landmark location for at least one artificial

landmark created in step S02. An initial artificial landmark location is determined by

determining the position of the instrument marker device 3 and calculating the location of the

artificial landmark from the known location of the tip 2 and/or the liquid outlet 4a relative to

the instrument marker device 3. The initial artificial landmark location is preferably

determined when the medical navigation system 10 detects that the infrared LED emits

infrared light. As explained above, emitting infrared light by the infrared LED 6 is triggered

by an operation of the button 5. When the surgeon has moved the instrument 1 in order to

create a cavity, or indentation, in the surface of the bone 7, in particular by a rotational

movement of the instrument 1, he operates the button 5 such that the infrared LED 6 emits

infrared light, which is detected by the medical navigation system 10 in order to trigger to

determine the initial artificial landmark location.



Preferably, the medical navigation system 10 is configured to determine the initial artificial

landmark location only if it detects infrared light emitted from the known location of the

infrared LED 6 relative to the instrument marker device 3. Infrared light reflected or emitted

by any other object, which is at a different location relative to the instrument marker device 3

than the infrared LED 6, does not trigger the determination of the initial artificial landmark

location.

If the button 5 acts as a liquid-ejecting button, then the infrared LED 6 automatically emits

infrared light when the liquid is ejected from the liquid outlet 4a. In this case, steps S02 and

S03 are performed at exactly the same time.

Step S04 involves storing the initial artificial landmark locations determined in step S03, for

example in the memory 13. Step S05 involves acquiring artificial landmark sample data at a

second point in time, wherein the artificial landmark sample data represent the locations of

the artificial landmarks relative to the bone marker device 9 at the second point in time. These

locations are also referred to as sampled artificial landmark locations. They are preferably

determined using a pointer which is tracked by a medical navigation system 10.

Step S06 involves comparing the sampled artificial landmark locations with the initial

artificial landmark locations. A deviation of the sampled artificial landmark locations from

the initial artificial landmark locations indicates that the bone marker device 9 has moved

relative to the bone 7, which means that the initial registration is degraded or even became

invalid. Step S07 involves to output an alarm if this is the case.

Step S08 involves calculating a transformation which transforms the initial artificial landmark

locations into the sampled artificial landmark locations. This transformation represents the

change in the relative position between the bone 7 and the bone marker device 9 from the first

point in time to the second point in time.

Step S09 involves calculating re-registration data which represents the registration between

the bone 7 and the bone marker device 9 at the second point in time. The re-registration is

calculated by applying the transformation calculated in step S08 to the initial registration data



acquired in step S01 . A relative movement between the bone 7 and the bone marker device 9

between the first point in time and the second point in time is thus compensated.

Step S10 involves navigating a trackable object relative to the bone 7. Based on the re-

registration data, which is valid for the second point in time, a reliable navigation can be

performed.

Different medical registration methods may comprise different steps of the workflow shown

in Figure 4. A verification method may comprise steps S01 to S07. This registration

verification method determines whether or not the registration is still valid.

A re-registration method comprises at least steps S01 to S05, S08 and S09. This re-

registration method calculates a new registration for the second point in time. If the re-

registration method further comprises the optional step S06, then steps S08 and S09 are only

performed if the initial registration is no longer valid. The re-registration method then

optionally also includes step S07.

It lies within the scope of the present invention to re-iterate the workflow, or any method

comprising workflow steps, starting with step S05, wherein the re-registration data calculated

in step S09 are used as the initial registration data in the next iteration. In other words, the

registration data is updated several times.



Claims

1.

A medical artificial landmark creating instrument (1) far creating an artificial landmark on a

surface of a bone (7) through skin covering the bone (7), comprising an artificial landmark

creation structure (2; 4a) and an instrument marker device (3) which is in a known spatial

relationship with respect to at least a part of the artificial landmark creation structure (2; 4a),

wherein the instrument marker device (3) comprises at least three markers (3a, 3b, 3c) in a

known geometric arrangement

2.

The instrument (1) according to claim 1, wherein the artificial landmark creation structure

comprises a tip (2) which is adapted to create a cavity in the surface of the bone (7).

3.

The instrument (1) according to claim 2, wherein the tip (2) comprises a rotatable blade or a

drill.

4.

The instrument (1) according to any one of claims 1 to 3, wherein the artificial landmark

creation structure comprises a liquid-dispensing mechanism.

5.

The instrument (1) according to any one of claims 1 to 4, further comprising an infrared LED

(6).

6.

The instrument (1) according to claim 5, further comprising an infrared LED activation button

(5).

7.

The instrument (1) according to any one of claims 1 to 6, further comprising an infrared

reflective region, a movable cover which covers the infrared reflective region, and a cover



removal button which is connected to the cover such that operating the cover removal button

moves the movable cover in order to expose the infrared reflective region.

8.

The instrument (1) according to claim 6 or 7, wherein the LED activation button (5) or the

cover removal button is a liquid-ejecting button of a liquid-dispensing mechanism as claimed

in claim 3.

9.

A medical navigation system (10) comprising a medical artificial landmark creating

instrument (1) according to any one of claims 1 to 7, a marker detection device (15) and a

processor (12), wherein the processor (12) is configured to: acquire initial registration data

which represent an initial registration between a bone marker device (9) and a bone (7) at a

first point in time; determine an initial artificial landmark location of at least one artificial

landmark created on the surface of the bone (7) using the medical artificial landmark creating

instrument (1), wherein an initial artificial landmark location is defined relative to the bone

marker device (9); store the determined initial artificial landmark locations); and acquire

artificial landmark sample data at a second point in time, wherein the artificial landmark

sample data represent sampled location(s) of the artificial landmark(s) relative to the bone

marker device (9) at the second point in time.

10.

The medical navigation system (10) according to claim 9, wherein the processor (12) is also

configured to compare at least one sampled artificial landmark location with a corresponding

stored initial artificial landmark location.

11.

The medical navigation system (10) according to claim 9 or 10, wherein the processor (12) is

also configured to modify the initial registration data on the basis of the artificial landmark

sample data in order to obtain re-registration data which represent a registration between the

bone marker device (9) and the bone (7) at the second point in time.



A medical registration method comprising the steps of: acquiring initial registration data

which represent an initial registration between a bone marker device (9) and a bone (7) at a

first point in time; creating at least one artificial landmark on the surface of the bone (7),

preferably using the medical artificial landmark creating instrument (1) according to any one

of claims 1 to 8; determining an initial artificial landmark location of the at least one artificial

landmark, wherein an initial artificial landmark location is defined relative to the bone marker

device (9); and storing the determined initial artificial landmark location(s).

13.

The method according to claim 10, further comprising the steps of: acquiring artificial

landmark sample data at a second point in time, wherein the artificial landmark sample data

represent sampled location(s) of at least one artificial landmark relative to the bone marker

device (9) at the second point in time; and comparing at least one sampled artificial landmark

location with a corresponding stored initial artificial landmark location.

14.

The method according to claim 12 or 13, further comprising the steps of: acquiring artificial

landmark sample data at a second point in time, wherein the artificial landmark sample data

represent sampled locations of at least three artificial landmarks relative to the bone marker

device (9) at the second point in time; and modifying the initial registration data on the basis

of the artificial landmark sample data in order to obtain re-registration data which represent a

registration between the bone marker device (9) and the bone (7) at the second point in time.

15.

The method according to any one of claims 12 to 14, further comprising the steps of:

acquiring working space data which represent an area of the bone (7) which is to be exposed

during a surgical procedure; and calculating target locations of the artificial landmarks from

the working space data, wherein the step of creating an artificial landmark involves navigating

a medical artificial landmark creating instrument (1) in such a way that the artificial

landmarks are created at the target locations.









A . CLASSIFICATION O F SUBJECT MATTER

INV. A61B19/00
ADD.

According to International Patent Classification (IPC) o r to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 2006/058644 Al (HOPPE HARALD [DE] ET 1-3 ,5 ,
AL) 16 March 2006 (2006-03-16) 9-11
paragraphs [0040] , [0051] ; f i gure 3 6

4,7 ,8

US 6 694 168 B2 (TRAXEL DORIS [CH] ET AL) 1-3 ,5 ,
17 February 2004 (2004-02-17) 9-11
col umn 5, l i nes 8-67 ; f i gure 1

US 7 033 360 B2 (CINQUIN PHI LI PPE [FR] ET 1-3 ,9-11
AL) 25 Apri l 2006 (2006-04-25)
col umn 6, l i nes 55-67 ; exampl e 1

US 2004/030237 Al ( LEE DAVID M [US] ET AL) 1-3 ,5
12 February 2004 (2004-02-12)
paragraph [0028] ; f i gure 3

-/--

X| Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle o r theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

29 September 2014 09/10/2014

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Chopi naud, Marjori e



C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2004/075768 A2 ( IMAGE GUIDED 1-3 , 5 ,
NEUR0L0GICS INC [US] ; SOLAR MATTHEW S 9-11
[US] ; BRIDGES THOMA)
10 September 2004 (2004-09-10)
pages 19-21 ; f i gure 4

X W0 03/068090 Al (SMITH & NEPHEW INC [US] ; 1 , 2
SMOTHERS CRISTA [US] ; KAHLER DAVID MARC

[US] ; ) 2 1 August 2003 (2003-08-21)
page 9 , l i nes 3-19 ; f i gure 2

X US 2009/240141 Al (NEUBAUER TIM0 [DE] ET 1 , 2 ,9-11
AL) 24 September 2009 (2009-09-24)
paragraphs [0047] - [0052] ; f i gure 3

X W0 01/35842 Al (SYNTHES AG [CH] ; SYNTHES 1 , 2 ,9-11
USA [US] ; PERREN STEPHAN [CH] ; MITKOVIC
MI LOR) 25 May 2001 (2001-05-25)
page 7 , l i nes 17-30

X US 5 249 581 A (HORBAL MARK T [US] ET AL) 1 , 2
5 October 1993 (1993-10-05)
col umn 4 , l i nes 13-61 ; f i gure 6

Y US 2010/272442 Al ( LECHNER CHRISTIAN [DE] 6
ET AL) 28 October 2010 (2010-10-28)
paragraph [0028] ; f i gure 5



International application No.
PCT/EP2014/056340INTERNATIONAL SEARCH REPORT

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article (2)(a) for the following reasons:

□ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

Claims Nos.: 1 - - 1
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

FURTHER INFORMATION sheet PCT/ISA/21Q

□ Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. 1 As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
' claims.

2 . I IAs all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
' ' only those claims for which fees were paid, specifically claims Nos. :

4 . I I No required additional search fees were timely paid by the applicant. Consequently, this international search report i
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
' ' payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)



International Application No. PCT/ EP2Q14/ 056340

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Conti nuati on of Box I I .

Cl aims Nos . : 12-15

Cl aims 12-15 di scl ose a method of treatment by surgery practi sed on the
human body contrary t o Rul e 39 . 1( ) PCT.

Cl aims 12-15 pertai n t o a
method for medi cal regi strati on compri si ng the step of creati ng at l east
one arti f i c i al l andmark on the surface of a bone obvi ously formi ng part
of a surgi cal procedure. The Authori t y i s therefore not requi red t o carry
out i nternati onal search prel imi nary exami nati on .

The appl i cant ' s attenti on i s drawn t o the fact that cl aims rel ati ng t o
i nventi ons i n respect of whi ch no i nternati onal search report has been
establ i shed need not be the subject of an i nternati onal prel imi nary
exami nati on (Rul e 66. 1(e) PCT) . The appl i cant i s advi sed that the EPO

pol i cy when acti ng as an Internati onal Prel imi nary Exami ni ng Authori t y i s
normal l y not t o carry out a prel imi nary exami nati on on matter whi ch has
not been searched. Thi s i s the case i rrespecti ve of whether or not the
cl aims are amended fol l owi ng recei pt of the search report or duri ng any
Chapter I I procedure. I f the appl i cati on proceeds i nto the regi onal phase
before the EPO, the appl i cant i s remi nded that a search may be carri ed
out duri ng exami nati on before the EPO (see EPO Gui del i nes C-IV, 7.2) ,
shoul d the probl ems whi ch l ed t o the Arti c l e 17 (2) decl arati on be
overcome.



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2006058644 Al 16-03 -2006 DE 102005042751 Al 06-04-2006
US 2006058644 Al 16-03-2006

us 6694168 B2 17-02 -2004 AT 389364 T 15-04-2008
AU 742207 B2 20-12-2001
AU 7755298 A 10-01-2000
CA 2335867 Al 29-12-1999
DK 1089669 T3 30-06-2008
EP 1089669 Al 11-04-2001
ES 2304794 T3 16-10-2008

P 4132009 B2 13-08-2008
P 2002518127 A 25-06-2002

PT 1089669 E 30-06-2008
US 2001010004 Al 26-07-2001
WO 9966853 Al 29-12-1999
ZA 9904101 A 10-01-2000

us 7033360 B2 25-04 -2006 DE 19709960 Al 24-09-1998
DE 29704393 Ul 17-07-1997
DE 59806721 Dl 30-01-2003
EP 0969780 Al 12-01-2000
EP 1249213 A2 16-10-2002
EP 1669027 Al 14-06-2006
ES 2189139 T3 01-07-2003
US 6385475 Bl 07-05-2002
US 2002095083 Al 18-07-2002
US 2004181144 Al 16-09-2004
WO 9840037 Al 17-09-1998

us 2004030237 Al 12-02 -2004 NONE

o 2004075768 A2 10-09 -2004 CA 2516388 Al 10-09-2004
EP 1599148 A2 30-11-2005

P 4563377 B2 13-10-2010
P 2006518655 A 17-08-2006

WO 2004075768 A2 10-09-2004

o 03068090 Al 21-08 -2003 AU 2003217389 Al 04-09-2003
CA 2475979 Al 21-08-2003
EP 1474054 Al 10-11-2004
J P 2005516724 A 09-06-2005
US 2003181918 Al 25-09-2003
US 2007169782 Al 26-07-2007
WO 03068090 Al 21-08-2003

us 2009240141 Al 24-09 -2009 EP 2103270 Al 23-09-2009
US 2009240141 Al 24-09-2009

wo 0135842 Al 25-05 -2001 AU 755182 B2 05-12-2002
AU 1025600 A 30-05-2001
CA 2390926 Al 25-05-2001
DE 69930769 T2 11-01-2007
EP 1229847 Al 14-08-2002
J P 4398129 B2 13-01-2010
J P 2003513741 A 15-04-2003
US 2003004518 Al 02-01-2003
WO 0135842 Al 25-05-2001

page 1 of 2



Patent document Publication Patent family Publication
cited in search report date member(s) date

US 5249581 05-10-1993 NONE

US 2010272442 Al 28-10-2010 EP 2246005 Al 03-11-2010
EP 2578178 A2 10-04-2013
US 2010272442 Al 28-10-2010

page 2 of 2


	abstract
	description
	claims
	drawings
	wo-search-report

