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DESCRIPTION

Field of the invention

[0001] The invention relates to a navigation system for dental and cranio-maxillofacial surgery
comprising a marker member and to a navigation method using this navigation system.

Background art

[0002] About 5 million dental implant procedures were carried out in Europe in 2012.
Approximately 18% of these procedures were performed with the use of treatment planning
software and approximately 4% of these procedures used mechanical drilling templates as tool
for guided surgery.

[0003] The use of such drilling templates is still limited because the production thereof is
complex, time-consuming (about 3 to 10 days) and expensive (about 300 to 700 EUR per
template). Moreover, the overall precision with drilling templates is limited to approximately 1 to
2 mm and the ergonomic situation for the surgeon is not satisfactory, due to the problem of a
blocked view during surgery.

[0004] EP 2 236 104 B1 discloses a method and a device for medical navigation in which the
positional relationship of an instrument with respect to a part of a patient's body is ascertained.

[0005] The device comprises an image output on which the instrument and the part of the
patient's body are displayed in the correct positional relationship, and an image processor
which generates a display of the part of the patient's body on the basis of virtual image data
captured by means of a medical imaging method and on the basis of actual images captured
during navigation. The device further comprises an image display control which displays the
virtual image data on the image output primarily and as the basis of the image, wherein the
actual images are superimposed on the virtual image data merely as an addition and
secondarily.

[0006] The actual images are provided by a video image capture unit which is fixedly
arranged on the instrument. The positional relationship of the instrument with respect to the
part of the patient's body is ascertained by a stationary tracking system having two cameras
and two reference assemblies, one assembly being placed on the part of the patient's body
and the other assembly being placed on the instrument. In order to detect this positional
relationship at any time during surgery, the two reference assemblies always have to be within
the field of vision of the tracking system.

[0007] However, the use of the tracking system and the two reference assemblies renders the
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above device complex. Further, the requirement of the two reference assemblies constantly
being located within the field of vision of the stationary tracking system imposes limitations on
the applicability of the device. Specifically, in dental and cranio-maxillofacial surgery, in
particular, in intraoral applications, in which the area to be treated is arranged within the
patient's oral cavity, this requirement may be difficult or even impossible to fulfil, at least
throughout the entire surgical procedure.

[0008] Hence, there remains a need for a navigation system and a navigation method for
dental and cranio-maxillofacial surgery which enable precise surgical navigation in a simple
and reliable manner.

[0009] WO 2013/052187 A2 discloses an on tool tracking device for tracking and providing
guidance during computer aided surgery using a surgical instrument. The on tool tracking
device has a housing that includes a pair of cameras. The camera field of view may be
physically or electronically altered depending upon the desired field of view needed for the
particular computer aided surgery procedure that the on tool tracking device will be used to
perform.

[0010] US 2012/0015329 A1 discloses a dental tool that has a first optically visible marker
attached thereto. A second optically visible marker is attached to a structure, such as a tooth,
inside a subject's mouth. Two or more tool-cameras are coupled to the tool at a fixed position
with respect to the tool.

[0011] WO 2006/131373 A2 discloses a device for the contactless determination and
measurement of a spatial position and/or spatial orientation of bodies using a tracking system,
by means of which the bodies are located and brought into relation with one another, the
tracking system, or at least components or modules thereof, being mobile.

[0012] DE 20 2011 005 573 U1 discloses a device for fixing the human body or body parts, in
particular for the attachment of medical components, markers or surgical instruments. The
device comprises a casting element which is positionable on the body surface. The casting
element has at least one adhesive layer.

Summary of the invention

[0013] One object of the invention is to provide a navigation system and a navigation method
for dental and cranio-maxillofacial surgery which allow for precise surgical navigation in a
simple and reliable manner.

[0014] These goals are achieved by a navigation system with the technical features of claim 1
and a navigation method with the features of claim 12. Preferred embodiments of the invention
follow from the dependent claims.



DK/EP 3062726 T3

[0015] The invention provides a navigation system for dental and cranio-maxillofacial surgery
comprising a surgical handpiece or instrument, and imaging unit which is movably attached to
the surgical handpiece or instrument, and a marker member which is attachable to a cranial
bone, facial bone, a tooth or teeth of a patient.

[0016] The marker member comprises a plurality of marker elements, such as reference lines
and/or reference points, which are detectable by the imaging unit.

[0017] The plurality of marker elements may be separate elements or elements which are at
least partly connected or joined to each other. The marker elements may be provided to the
marker member so as to be separate from each other. The marker elements may be provided
to the marker member so that at least some or all of the marker elements are at least partly
connected or joined to each other, e.g., so as to form a continuous pattern, such as an optical
pattern.

[0018] The imaging unit is movably attached, mounted or installed to the surgical handpiece
or instrument, so as to be movable relative to the surgical handpiece or instrument. The
imaging unit can thus be moved independently from the surgical handpiece.

[0019] The imaging unit may be movably attached to the surgical handpiece or instrument so
as to be continuously, e.g., steplessly, movable relative to the handpiece or instrument. The
imaging unit may be movably attached to the surgical handpiece or instrument so as to be
movable relative to the handpiece or instrument in discrete steps or stages.

[0020] The marker member is attachable, mountable, fixable, installable or securable to a
component of the patient's cranium, skull or teeth, such as a cranial bone, a facial bone, a
tooth or a plurality of teeth. The marker member is thus configured so that it can be attached,
mounted, fixed, installed or secured to a cranial bone, a facial bone, a tooth or teeth of the
patient. Before the start of a surgical procedure, the marker member is attached to the cranial
bone, the facial bone, the tooth or the teeth of the patient in the area in which surgery is to be
performed.

[0021] The imaging unit is configured to obtain or provide imaging data, i.e., imaging data of
the area in which surgery is performed, in particular, to obtain or provide imaging data of the
area of surgery in real time. In this way, imaging, data of the area of surgery can be provided in
real time, thus assisting the surgeon during the surgical procedure in a precise manner.

[0022] The imaging unit is configured to detect the plurality of marker elements of the marker
member. During surgery, the marker elements are detected by the imaging unit. Since the
imaging unit is attached to the surgical handpiece or instrument and the marker member
comprising the marker elements is attached to the cranial bone, facial bone, tooth or teeth in
the area in which surgery is performed, detection of the marker elements by the imaging unit
allows for the position of the handpiece or instrument relative to the area of surgery to be
accurately determined.
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[0023] In particular, since the imaging unit is movably attached to the surgical handpiece or
instrument, the imaging unit can be moved relative to the handpiece or instrument, so that a
substantially permanent contact, e.g., visual contact, between the imaging unit and the marker
elements can be ensured at any time during surgery. In this way, it can be assured that the
marker elements of the marker member are substantially constantly detected by the imaging
unit throughout a surgical procedure.

[0024] Ifit is determined that the plurality of marker elements are not detected by the imaging
unit, the imaging unit can be moved relative to the surgical handpiece or instrument to a
position in which the imaging unit detects the plurality of marker elements.

[0025] Therefore, the navigation system of the invention enables precise navigation during
dental and cranio-maxillofacial surgery in a simple and reliable manner.

[0026] Further, the movable attachment of the imaging unit to the surgical handpiece or
instrument considerably improves ergonomics for the surgeon. In particular, since the imaging
unit is movable relative to and independently from the handpiece or instrument, the handpiece
or instrument can be freely operated by the surgeon without the risk of losing contact between
the imaging unit and the marker elements.

[0027] Due to the achievement of precise navigation during surgery and the improved
ergonomics for the surgeon, clinical safety and clinical outcome are significantly enhanced.
Since there is no need for the production of mechanical driling guides, the costs for the
surgical procedure can be significantly reduced.

[0028] The navigation system can be used particularly advantageously in intraoral
applications, such as tooth removal or replacement, dental implants etc. In such applications,
the area of surgery is arranged within the patient's oral cavity. Further, at least for a substantial
time during surgery, also a portion of the surgical handpiece or instrument is disposed in this
cavity. The relative position of the handpiece or instrument and the area of surgery is thus
difficult to monitor from outside the cavity, e.g., by using conventional tracking systems. This
problem is overcome by using the movably attached imaging unit and the marker member of
the inventive navigation system.

[0029] Moreover, due to the limited space available to the surgeon in intraoral applications,
the improved ergonomics achieved by the navigation system of the invention are particularly
beneficial.

[0030] The imaging unit may be configured to move relative to the surgical handpiece or
instrument so as to substantially constantly or permanently maintain contact, e.g., visual

contact, with the plurality of marker elements, in particular, in use of the navigation system.

[0031] The navigation system may comprise a sensor and/or detector for sensing or detecting
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whether the marker elements are detected by the imaging unit.

[0032] The navigation system may comprise an actuator or drive element for moving the
imaging unit relative to the surgical handpiece or instrument.

[0033] The actuator or drive element may be configured to move the imaging unit relative to
the surgical handpiece or instrument to a position in which the imaging unit detects the plurality
of marker elements, e.g., if it is determined, for example, sensed or detected by the sensor
and/or detector, that the plurality of marker elements are not detected by the imaging unit.

[0034] The navigation system may comprise a single imaging unit or a plurality of imaging
units, such as two, three, four or more imaging units. The imaging units may be arranged in
different positions on the surgical handpiece or instrument, e.g., along the length and/or
around the circumference of the surgical handpiece or instrument.

[0035] The imaging unit may comprise one or more camera units, e.g., one or more
stereoscopic camera units, and/or one or more 3D scanners, such as laser scanners, or the
like. The imaging unit may be capable of imaging, i.e., obtaining or providing imaging data, in
the visible and/or infrared light spectrum. The imaging unit may be configured to obtain or
provide three-dimensional imaging data of the area of surgery.

[0036] The 3D scanner may be a 3D surface scanner. The 3D surface scanner may be
configured to optically scan the surface of the area in which surgery is performed, e.g., the
surface of a cranial bone, a facial bone, a tooth or teeth of the patient. In this way, the position
of the patient can be monitored in a particularly precise and reliable manner.

[0037] The imaging unit may be removably attached to the surgical handpiece or instrument.
In this case, the imaging unit can be removed or detached from the surgical handpiece or
instrument. By using such a modular configuration of the imaging unit and the surgical
handpiece or instrument, the imaging unit can be attached to and used in combination with
different surgical handpieces or instruments. Thus, a single imaging unit can be used for a
variety of different surgical procedures, thereby further reducing the costs of surgery.

[0038] The navigation system may further comprise a light source, such as an LED, a laser
pointer or the like, which may be arranged on the imaging unit, e.g., for illuminating the marker
elements of the marker member. In this way, the detection process of the marker elements by
the imaging unit can be further improved.

[0039] The imaging unit may be lockable or arrestable relative to the surgical handpiece in a
plurality of different positions relative to the surgical handpiece. For example, the imaging unit
may be lockable in a plurality of different longitudinal and/or lateral and/or angular positions
relative to the surgical handpiece. The navigation system may comprise a locking or arresting
element for locking or arresting the imaging unit in the plurality of positions relative to the
surgical handpiece.
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[0040] The imaging unit may be lockable or arrestable in a plurality of discrete or continuous
positions relative to the surgical handpiece. In particular, the imaging unit may be movably
attached to the surgical handpiece so as to be continuously, e.g., steplessly, movable relative
to the handpiece and lockable in every achievable position relative to the handpiece.

[0041] By locking or arresting the imaging unit in a position relative to the surgical handpiece,
i.e., locking or arresting the imaging unit so that it is immobilized relative to the handpiece, the
imaging unit can be stably and robustly kept in a well-defined position relative to the
handpiece.

[0042] Such an arrangement allows for a particularly precise measurement or detection of the
position of the surgical handpiece relative to the marker elements of the marker member.

[0043] The imaging unit may be configured to move relative to the surgical handpiece only if it
is determined that the plurality of marker elements are not detected by the imaging unit. In this
case, the imaging unit may be configured to move relative to the surgical handpiece to a
position in which the imaging unit detects the plurality of marker elements and to be locked or
arrested in this position.

[0044] The navigation system further comprises a sensor and/or detector unit for sensing or
detecting the position of the imaging unit relative to the surgical handpiece. In this way, the
position of the surgical handpiece relative to the marker elements of the marker member can
be determined in a particularly precise and reliable manner. The sensor and/or detector unit
may be any type of sensor and/or detector capable of position detection, such as a
piezoelectric sensor or detector.

[0045] The sensor and/or detector unit may be configured to detect the position of the
imaging unit relative to the surgical handpiece in a discrete manner, i.e., for a plurality of
discrete different positions, or in a continuous manner, i.e., for a plurality of continuous different
positions. The sensor and/or detector unit may be configured to detect a longitudinal and/or
lateral and/or angular position of the imaging unit relative to the surgical handpiece.

[0046] The imaging unit may be slidably, pivotably and/or rotatably attached to the surgical
handpiece, so as to be slidable, pivotable and/or rotatable, respectively, relative to the surgical
handpiece.

[0047] The imaging unit may be slidable, pivotable and/or rotatable relative to the surgical
handpiece in one or more linear and/or angular directions. The imaging unit may be slidable
along a length of the surgical handpiece and/or along a direction perpendicular to the length,
i.e., the longitudinal axis, of the handpiece and/or rotatable around the longitudinal axis of the
handpiece and/or around an axis which is perpendicular to the longitudinal axis of the
handpiece.
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[0048] The imaging unit may be slidable along the entire length of the surgical handpiece or
along a portion of the length of the surgical handpiece. The imaging unit may be rotatable
relative to the surgical handpiece over an angular range of more than 45°, preferably more
than 90°, more preferably more than 180°, even more preferably more than 270° and yet even
more preferably 360°.

[0049] Rotatably attaching the imaging unit to the surgical handpiece provides a simple
arrangement which allows for a wide imaging area to be covered by the imaging unit, thereby
ensuring in a simple manner that the marker elements of the marker member are detected by
the imaging unit substantially at any time during surgery.

[0050] Further, by rotatably attaching the imaging unit to the surgical handpiece so as to be
rotatable relative to the handpiece around an axis perpendicular to the longitudinal axis of the
handpiece, permanent detection of the marker elements can be ensured, while any
interference of the movement of the imaging unit with the operation of the surgical handpiece
by the surgeon is particularly reliably prevented.

[0051] The imaging unit may comprise one or more display members, such as miniature
displays. The one or more display members may be configured for displaying data, such as
imaging data and/or treatment planning data. The one or more display members may be
arranged on a rear side of the imaging unit, opposite to a front side of the imaging unit which is
configured to face the marker member in use of the navigation system.

[0052] The marker member or a body thereof may be at least partly made of a rigid, stiff,
inflexibly and/or hard material. The marker member or a body thereof may be at least partly
made of a flexible, resilient, deformable, e.g., permanently deformable, soft and/or elastic
material. The marker member or a body thereof may be made of plastic, metal, ceramic or the
like.

[0053] The marker member may comprise an attachment element enabling attachment to a
cranial bone, a facial bone, a tooth or teeth of a patient, such as a screw element, a clamp
element, an adhesive element or the like.

[0054] The marker member may comprise a radiopaque material, i.e., a material which does
not transmit X-ray radiation therethrough. The marker member may comprise one or more
radiopaque elements, such as radiopaque beads, radiopaque wires, radiopaque plates or the
like. The radiopaque material may be lead, titanium, tungsten etc. or a combination thereof.

[0055] The radiopaque material may be disposed within the body of the marker member
and/or on a surface of the marker member. One or more of the plurality of marker elements
may be made from a radiopaque material.

[0056] The radiopaque material is visible by X-ray imaging techniques, such as computer
tomography (CT), e.g., cone beam CT. Hence, the marker member comprising the radiopaque
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material can be used as a reference for X-ray imaging, in particular, X-ray imaging prior to a
surgical procedure.

[0057] The marker member may be attached to a cranial bone, a facial bone, a tooth or teeth
of the patient prior to X-ray imaging. Subsequently, X-ray imaging, such as CT, e.g., cone
beam CT, may be performed for obtaining X-ray imagining data using the radiopaque material
of the marker member as a reference. The marker member may be maintained in its position
in the subsequent surgical procedure, wherein the marker elements thereof serve as a
reference for the imaging unit.

[0058] In this case, the marker member serves as a reference for imaging both before and
during surgery, thus allowing for a particularly simple configuration of the navigation system.

[0059] Further, providing the marker member with a radiopaque material allows for
diagnostics using X-ray imaging, such as cone beam CT, treatment planning and guided
surgery to be performed in one visit of the patient in a particularly simple manner, thereby also
further reducing the duration and the costs of the treatment.

[0060] Moreover, using the marker member as a reference for X-ray imaging prior to surgery
and for imaging with the imaging unit during surgery allows for the X-ray imaging data and the
imaging data obtained by the imaging unit to be combined, e.g., superposed or overlaid, in a
particularly simple and reliable manner, enabling the generation of precise and reliable three-
dimensional image data of the area in which surgery is performed.

[0061] The marker elements may be provided to the marker member, in particular, on a
surface of the marker member, by printing, embossing, etching, engraving or the like. The
marker elements may be integrally formed with the body of the marker member. The marker
elements may be separate elements which are attached, fixed, secured or mounted to the
body of the marker member. For example, the marker elements may be at least partially
embedded in the body of the marker member.

[0062] The plurality of marker elements may be arranged in a two-dimensional pattern or
array, e.g., a two-dimensional optical pattern or array. The term "two-dimensional” defines that
the marker elements are arranged in a common plane. Such an arrangement of the marker
elements allows for a particularly simple configuration of the marker member. Any change in
the position of the surgical handpiece relative to the marker member can be sensed by
detecting a corresponding distortion of the two-dimensional pattern or array of the marker
elements detected by the imaging unit. Hence, the relative position of the surgical handpiece
and the marker member can be determined in a particularly simple, reliable and precise
manner.

[0063] The navigation system may further comprise a processing unit, such as a CPU or the
like, for processing imaging data of the imaging unit, i.e., imaging data obtained by the imaging
unit. The processing unit may be configured to process imaging data of the imaging unit. The
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processing unit may be configured to relate the imaging data of the imaging unit to other
patient data, such as imaging data, obtained prior to or during the surgical procedure, e.g.,
using the marker member as a reference.

[0064] The processing unit may be configured to combine, e.g., superpose or overlay, the
imaging data of the imaging unit with other data, in particular, other imaging data, e.g., other
imaging data obtained before and/or during the surgical procedure. In particular, the
processing unit may be configured to combine, e.g., superpose or overlay, the imaging data of
the imaging unit with X-ray imaging data obtained prior to surgery, e.g., using the marker
member comprising the radiopaque material as a reference for both the X-ray imaging and the
imaging by means of the imaging unit.

[0065] By combining, e.g., superposing or overlaying, the X-ray imaging data and the imaging
data of the imaging unit, a precise three-dimensional image of the area in which surgery is
performed can be obtained in real time, providing particularly precise and reliable guidance to
the surgeon during a surgical procedure.

[0066] The processing unit may be configured to combine, e.g., superpose or overlay, the
imaging data of the imaging unit with treatment planning data, e.g., treatment planning data
provided or obtained by surgery planning software.

[0067] The processing unit may be configured to combine, e.g., superpose or overlay, the
imaging data of the imaging unit with other imaging data, such as the other imaging data
detailed above, and with treatment planning data.

[0068] Combining, e.g., superposing or overlaying, the imaging data of the imaging unit with
the treatment planning data enables the surgeon to reliably navigate the surgical handpiece,
e.g., the tip of a surgical drill, along the treatment planning in terms of position and angulation
of the handpiece, for example, using a target system.

[0069] The imaging unit may comprise one or more display members, e.g., miniature displays,
provided on the imaging unit for displaying the treatment planning, e.g., the target system. In
particular, the one or more display members may be arranged on a rear side of the imaging
unit, opposite to a front side of the imaging unit which is configured to face the marker member
in use of the navigation system. In this way, it can be ensured in an efficient and reliable
manner that the treatment planning is in the direct view of the surgeon during surgery.

[0070] The target system may be configured to indicate the planned position and/or the
planned angle of the surgical handpiece, e.g., in relation to a previous treatment planning. For
example, the planned position of the surgical handpiece may be the planned entry position of a
drill tip or the like. The target system may be configured to indicate the planned position of the
handpiece, for example, by using one or more reticles or hairline crosses, e.g., a double reticle
or hairline cross. The target system may be configured to indicate the planned angle of the
handpiece, for example, by using a plurality of rings, e.g., two rings.



DK/EP 3062726 T3

[0071] The surgical handpiece, e.g., a tip portion thereof, such as a drill tip, a drill head or the
like, may be used for registering the relative position of the handpiece and the marker
member, in particular, when a marker member without radiopaque material is used or when
the marker member had not been attached to the area of surgery prior to the X-ray imaging. In
this case, precise and reliable navigation is enabled in a particularly simple manner.

[0072] The navigation system may further comprise a display unit for displaying imaging data
of the imaging unit. The display unit may be configured to display imaging data of the imaging
unit. The display unit may comprise any type of display, such as an LCD display, an LED
display or the like.

[0073] The display unit may be configured to display combined imaging data generated by
combining the imaging data of the imaging unit with other data, e.g., with other imaging data,
such as imaging data obtained by X-ray imaging, e.g., prior to surgery, and/or with treatment
planning data.

[0074] Thus, the area of surgery can be displayed on the display unit three-dimensionally and
in real time, providing particularly reliable and precise guidance to the surgeon during the
surgical procedure.

[0075] The display unit may be arranged, for example, next to, e.g., beside or above, the
patient's head during surgery, allowing the surgeon to monitor the imaging data on the display
unit, while substantially simultaneously observing the area of surgery.

[0076] The display unit may be configured to combine, e.g., superpose or overlay, the imaging
data of the imaging unit with other data, in particular, other imaging data, e.g., other imaging
data obtained before and/or during the surgical procedure. In particular, the display unit may
be configured to combine, e.g., superpose or overlay, the imaging data of the imaging unit with
X-ray imaging data obtained prior to surgery, e.g., using the marker member comprising the
radiopaque material as a reference for both the X-ray imaging and the imaging by means of
the imaging unit.

[0077] As has been detailed above, by combining, e.g., superposing or overlaying, the X-ray
imaging data and the imaging data of the imaging unit, a precise three-dimensional image of
the area in which surgery is performed can be obtained in real time, providing particularly
precise and reliable guidance to the surgeon during a surgical procedure.

[0078] The display unit may be configured to combine, e.g., superpose or overlay, the imaging
data of the imaging unit with treatment planning data, e.g., treatment planning data provided or
obtained by surgery planning software.

[0079] The display unit may be configured to combine, e.g., superpose or overlay, the imaging
data of the imaging unit with other imaging data, such as the other imaging data detailed
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above, and with treatment planning data.

[0080] Combining, e.g., superposing or overlaying, the imaging data of the imaging unit with
the treatment planning data enables the surgeon to reliably navigate the surgical handpiece,
e.g., the tip of a surgical drill, along the treatment planning in terms of position and angulation
of the handpiece, for example, using a target system such as that described above.

[0081] The display unit may be configured to display the treatment planning, e.g., the target
system. The target system displayed on the display unit may be a target system as detailed
above.

[0082] The surgical handpiece may be a dental instrument. The surgical handpiece may be a
drill, such as a dental drill. In particular, since the imaging unit is movably attached to the
surgical handpiece, the navigation system can be used particularly advantageously for intraoral
applications, such as tooth removal or replacement, dental implants etc., using dental
instruments, such as dental drills.

[0083] The disclosure provides a positioning tool or element for positioning a marker member
on a patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth comprising a die or tray
element, such as an impression tray or a partial impression tray, and a marker member,
wherein the marker member comprises a plurality of marker elements and a deformable
material, the deformable material is releasably received in the die element, and the plurality of
marker elements are arranged on a surface of the deformable material which faces the die
element. The marker member may further comprise a radiopaque material, e.g., in the form of
one or more radiopaque elements, such as radiopaque beads, radiopaque wires or the like.

[0084] The disclosure provides a positioning tool or element for use with the navigation
system of the invention. The positioning tool is configured for positioning the marker member
of the navigation system on a patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth.
The positioning tool comprises a die or tray element, such as an impression tray or a partial
impression tray, and the marker member. The marker member comprises a deformable, e.g.,
permanently deformable, material. The deformable material may form a body of the marker
member. The deformable material is releasably received in the die element. The plurality of
marker elements are arranged on a surface of the deformable material which faces the die
element.

[0085] The positioning tool or element may be configured for attaching the marker member to
the patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth. The die or tray element is
configured for placement over at least part of the patient's cranial bone, facial bone, e.g., jaw
bone, tooth or teeth. In particular, the die or tray element is sized and shaped so that it fits over
at least part of the patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth. The die or
tray element is configured for receiving the deformable material.

[0086] The deformable material is releasably received in the die element, i.e., received in the
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die element so that it can be released, e.g., removed or separated, therefrom, e.g., by
removing the die element from the at least part of the patient's cranial bone, facial bone, e.g.,
jaw bone, tooth or teeth.

[0087] The deformable material is conformable to the patient's cranial bone, facial bone, e.g.,
jaw bone, tooth or teeth, i.e., configured so that it can conform to the patient's cranial bone,
facial bone, e.g., jaw bone, tooth or teeth when placing the die element over at least part of the
patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth. The deformable material may
be permanently deformable.

[0088] The deformable material may be at least partly adhesive so as to adhere to the at least
part of the patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth. The deformable
material may be configured to adhere to the at least part of the patient's cranial bone, facial
bone, e.g., jaw bone, tooth or teeth at least by a form fit or positive fit between the deformable
material and the at least part of the cranial bone, facial bone, e.g., jaw bone, tooth or teeth.

[0089] The deformable material may be configured to harden or cure, e.g., by exposure to air,
such as ambient air, and/or by exposure to ultraviolet (UV) light or the like. The deformable
material may be a resin, such as a plastic resin, e.g., a curable resin. The deformable material
may be an impression paste, e.g., a hardenable or curable impression paste.

[0090] The marker elements may be at least partially embedded in the deformable material.
The marker elements may be printed, embossed or otherwise formed on a surface of the
deformable material which faces the die element.

[0091] The surface of the deformable material which faces the die element may be in contact
with the die element.

[0092] By using the positioning tool, the marker member can be positioned on a patient's
cranial bone, facial bone, e.g., jaw bone, tooth or teeth and attached thereto in a particularly
simple and reliable manner. In particular, the marker member is fixedly held in its position on
the patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth by the deformable
material, so that no clamping, screwing etc. of the marker member is necessary. Therefore,
any damage to the patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth due to the
attachment of the marker member is reliably prevented.

[0093] The disclosure further provides a set of positioning tools comprising four positioning
tools, wherein the die or tray elements, such as impression trays or partial impression trays, of
the four positioning tools have different shapes and/or sizes from each other. For example,
each die or tray element of the four positioning tools may be configured for placement over a
different quadrant of the human or animal jaw, e.g., over the teeth of a different quadrant of the
human or animal jaw. In particular, the set of positioning tools may comprise four positioning
tools, wherein the die or tray elements are different partial impression trays for different
quadrants of the human or animal jaw.
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[0094] By using such a set of positioning tools, the appropriate positioning tool corresponding
to the location or area in which the surgery is to be performed, such as the upper or lower jaw,
a particular jaw quadrant etc., can be selected, thus allowing for a particularly precise
positioning of the marker member.

[0095] The navigation system of the invention may further comprise the positioning tool or the
set of positioning tools.

[0096] The disclosure further provides a method of positioning a marker member on a
patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth using the positioning tool. The
method comprises the steps of placing the die or tray element with the deformable material
received therein over at least part of the patient's cranial bone, facial bone, e.g., jaw bone,
tooth or teeth so as to attach the deformable material to at least part of the patient's cranial
bone, facial bone, e.g., jaw bone, tooth or teeth, and removing the die or tray element from the
at least part of the patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth so as to
release the deformable material from the die or tray element.

The method of positioning the marker member provides the advantageous effects already
described in detail above for the positioning tool. In particular, the method enables a reliable
and precise positioning of the marker member, avoiding any damage to the patient's cranial
bone, facial bone, e.g., jaw bone, tooth or teeth due to the attachment of the marker member.

[0097] The method of positioning the marker member is a method of using the positioning
tool. Hence, the further features disclosed in connection with the above description of the
positioning tool may also be applied to the positioning method.

[0098] The invention further provides a navigation method for dental and cranio-maxillofacial
surgery using the navigation system of the invention. The navigation method comprises the
steps of imaging at least part of the area in which surgery is performed by means of the
imaging unit, determining whether the plurality of marker elements are detected by the imaging
unit, and, if it is determined that the plurality of marker elements are not detected by the
imaging unit, moving the imaging unit relative to the surgical handpiece or instrument to a
position in which the imaging unit detects the plurality of marker elements.

[0099] The navigation method of the invention provides the advantageous effects already
described in detail above for the navigation system of the invention. In particular, the
navigation method enables precise surgical navigation during dental and cranio-maxillofacial
surgery in a simple and reliable manner. The method allows for the relative position between
the surgical handpiece or instrument and the marker member to be precisely determined in a
simple and reliable way.

[0100] The navigation method may further comprise the step of locking or arresting the
imaging unit in one or more positions relative to the surgical handpiece.
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[0101] The navigation method may further comprise the step of detecting or sensing the
position of the imaging unit relative to the surgical handpiece.

[0102] The navigation method may comprise the step of sliding, pivoting or rotating the
imaging unit relative to the surgical handpiece, e.g., to a position in which the imaging unit
detects the plurality of marker elements.

[0103] The navigation method may further comprise the step of processing imaging data of
the imaging unit. The navigation method may comprise the step of combining, e.g.,
superposing or overlaying, the imaging data of the imaging unit with other data, e.g., with other
imaging data, such as X-ray imaging data, e.g., cone beam CT data, obtained prior to surgery,
and/or with treatment planning data.

[0104] The navigation method may further comprise the step of displaying imaging data of the
imaging unit, e.g., a combination of imaging data of the imaging unit with X-ray imaging data
obtained prior to surgery and/or with treatment planning data, for example, on a display unit.

[0105] The navigation method may further comprise the step of attaching, securing, fixing,
mounting or installing the marker member to a cranial bone, a facial bone, a tooth or teeth of a
patient, e.g., prior to surgery or prior to X-ray imaging performed before surgery.

[0106] The navigation system may further comprise a step of positioning the marker member
on a patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth using the positioning tool
of the invention. In particular, the navigation method may comprise the steps of placing the die
element with the deformable material received therein over at least part of the patient's cranial
bone, facial bone, e.g., jaw bone, tooth or teeth so as to attach the deformable material to at
least part of the patient's cranial bone, facial bone, e.g., jaw bone, tooth or teeth, and removing
the die element from the at least part of the patient's cranial bone, facial bone, e.g., jaw bone,
tooth or teeth so as to release the deformable material from the die element.

[0107] The navigation method may further comprise the step of registering the position of the
surgical handpiece by touching the marker member with the surgical handpiece, e.g., with a tip
portion thereof.

[0108] The navigation method of the invention is a method of using the navigation system of
the invention. Therefore, the further features disclosed in connection with the above
description of the navigation system of the invention may also be applied to the navigation
method of the invention.

Brief description of the drawings

[0109] Hereinafter, non-limiting examples of the invention are explained with reference to the
drawings, in which:
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Fig. 1 shows a schematic side view of a navigation system according to an embodiment of the
present invention;

Fig. 2 shows a perspective view of the navigation system shown in Figure 1;

Fig. 3 shows a schematic cross-sectional view of a marker member according to an
embodiment of the present invention in a partly detached state from a patient's jaw; and

Fig. 4 shows a schematic perspective view of a positioning tool of an embodiment of the
present disclosure.

Detailed description of currently preferred embodiments

[0110] Fig. 1 shows a schematic side view of a navigation system for dental and cranio-
maxillofacial surgery according to a currently preferred embodiment of the present invention.

[0111] The navigation system comprises a surgical handpiece, namely a dental drill 2, an
imaging unit 4 which is movably attached to the drill 2 and a marker member 6 which is
attachable to a cranial bone, a facial bone, a tooth or teeth of a patient. The marker member 6
comprises a plurality of marker elements, namely reference lines 8 and reference points 10,
which are detectable by the imaging unit 4.

[0112] The reference lines 8 and the reference points 10 are printed onto a surface of a body
of the marker member 6 and arranged in a two-dimensional optical pattern. The body of the
marker member 6 is made of a rigid material, such as hard plastic, metal, ceramic or the like.
The marker member 6 further comprises an attachment element (not shown), such as a screw
element, a clamp element, an adhesive element or the like, for attaching the marker member 6
to a cranial bone, a facial bone, a tooth or teeth of the patient.

[0113] Further, the marker member 6 comprises a radiopaque material in the form of a
plurality of radiopaque beads (not shown) made from titanium or tungsten which are disposed
within the body of the marker member 6.

[0114] The imaging unit 4 comprises a camera unit 12 capable of imaging in the visible light
spectrum and an optical 3D surface scanner 14 for optically scanning the surface of the
patient's teeth or bone structure. The imaging unit 4 is configured to detect the marker
elements 8, 10 of the marker member 6.

[0115] The imaging unit 4 comprises an electronic device (not shown), such as a chipset, for
pre-processing data, such as imaging data, provided by the camera unit 12. In particular, the
data may be pre-processed by performing a data reduction, e.g., using a region of interest.
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[0116] The imaging unit 4 is rotatably attached to the drill 2 through an attachment member
18, so as to be rotatable relative to the drill 2 around a longitudinal axis of the drill 2, as is
indicated by arrow Aiin Fig. 1. The imaging unit 4 is continuously rotatable relative to the drill 2
over an angular range of 360° and lockable relative to the drill 2 in any angular position.

[0117] The imaging unit 4 may be arranged so as to be rotatable relative to the drill 2 around
one or more axes perpendicular to the longitudinal axis of the drill 2 or rotatable both around
the longitudinal axis and one or more axes perpendicular to the longitudinal axis.

[0118] The attachment member 18 comprises a sensor unit (not shown), such as a
piezoelectric sensor, for detecting the angular position of the imaging unit 4 relative to the drill
2 and a drive element (not shown), such as an electric motor, for rotating the imaging unit 4
relative to the drill 2 around the longitudinal axis of the drill 2.

[0119] The drill 2 comprises a drill head or drill tip 16. The drill 2 is connectable to a surgical
micro-motor 20 for supplying power to the drill 2, driving the drill tip 16 so as to rotate.

[0120] The navigation system according to the embodiment shown in Fig. 1 further comprises
a processing unit 22 and a display unit 24. The imaging unit 4 is configured to transmit, by
wired or wireless transmission, imaging data of the area of surgery, including the marker
elements 8, 10 of the marker member 6, to the processing unit 22, as is indicated by arrow B in
Figure 1.

[0121] The processing unit 22 is configured to further process the pre-processed imaging
data transmitted thereto by the imaging unit 4. In particular, the processing unit 22 is
configured to perform a 6D-processing of the imaging data.

[0122] Further, the processing unit 22 is configured to wirelessly transmit the processed
imaging data in real time to the display unit 24, as is indicated by arrow C in Fig. 1.

[0123] The display unit 24 is configured to combine this processed imaging data of the
processing unit 22 with imaging data obtained in X-ray imaging, such as cone beam CT,
performed prior to surgery, and with treatment planning data provided by surgery planning
software. In particular, the display unit 24 is configured to combine the processed imaging data
of the processing unit 22 and the imaging data of the X-ray imaging using the marker member
6 as a reference for both the imaging data obtained by the imaging unit and the X-ray imaging
data, thereby generating three-dimensional imaging data of the area of surgery in real time.

[0124] Further, the display unit 24 is configured to display the combined imaging data three-
dimensionally and in real time. The display unit 24 displays a target system, such as the target
system detailed above, based on the treatment planning data, enabling the surgeon to reliably
navigate the drill 2, e.g., the tip 16 thereof, along the treatment planning in terms of position
and angulation.
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[0125] In the following, an example of the operation of the navigation system shown in Fig. 1,
exemplifying an embodiment of the navigation method of the invention, will be described with
reference to Fig. 2.

[0126] First, as is shown in Fig. 2, the marker member 6 is attached to the jaw bone 26 of the
patient in the area in which surgery is to be performed, by using the attachment element
thereof. Subsequently, the patient is subjected to X-ray imaging, such as cone beam CT,
thereby obtaining X-ray imaging data of the area of surgery, using the radiopaque material of
the marker member 6 as a reference. The X-ray imaging data obtained in this way is stored in
a memory (not shown) of the display unit 24.

[0127] When starting the surgical procedure, the imaging unit 4 is rotated relative to the drill 2
so as to detect the marker elements 8, 10 of the marker member 6 attached to the jaw bone
26, as is indicated by dashed lines in Fig. 2. The imaging unit 4 images at least part of the area
in which surgery is performed and transmits the obtained imaging data to the processing unit
22 in real time.

[0128] The processing unit 22 is configured to determine whether the plurality of marker
elements 8, 10 are detected by the imaging unit 4. If it is determined by the processing unit 22
that the marker elements 8, 10 are not detected by the imaging unit 4, the imaging unit 4 is
rotated relative to the drill 2 around the longitudinal axis thereof by the drive element of the
attachment member 18 to a position in which the imaging unit 4 detects the marker elements
8, 10. The imaging unit 4 is locked in this position relative to the drill 2 by the attachment
member 18.

[0129] In this way, it is ensured that the marker elements 8, 10 are detected by the imaging
unit 4 substantially throughout the surgical procedure, so that the relative position between the
drill 2 and the marker elements 8, 10 of the marker member 6, and thus the area of surgery,
can be reliably determined at any time during the surgical procedure.

[0130] The imaging data transmitted by the imaging unit 4 to the processing unit 22 in real
time is further processed and wirelessly transmitted to the display unit 24 by the processing
unit 22. In the display unit 24, the processed imaging data is combined, i.e., superposed or
overlaid, with the treatment planning data and with the X-ray imaging data stored in the
memory of the display unit 24, using the radiopaque material and the marker elements 8, 10 of
the marker member 6 as a reference, thereby generating real time three-dimensional imaging
data of the area in which surgery is performed.

[0131] The three-dimensional real time imaging data thus generated and the target system
based on the treatment planning data are displayed to the surgeon by the display unit 24. In
particular, the display unit 24 may be arranged next to, e.g., beside or above, the patient's
head during surgery, allowing the surgeon to substantially simultaneously observe the area of
surgery and follow the real time three-dimensional imaging data and the target system
displayed on the display unit 24. Alternatively or additionally, the target system may be
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displayed on one or more display members (not shown), e.g., miniature displays, provided on
the imaging unit 4. In particular, the one or more display members may be arranged on a rear
side of the imaging unit 4, opposite to a front side of the imaging unit 4 where the optical 3D
surface scanner 14 is provided.

[0132] In this way, the surgeon is precisely and reliably guided by the navigation system
during the surgical procedure.

[0133] Fig. 3 shows a schematic cross-sectional view of the patient's jaw bone 26, illustrating
an attachment element of the marker member 6 and a method of attaching the marker
member 6 to the jaw bone 26.

[0134] The marker member 6 comprises a plurality of recesses or sockets 28, namely three
sockets 28 in the embodiment shown in Fig. 3, which are attached to a bottom portion of the
body of the marker member 6 through a connection element 30. The sockets 28 are
configured for receiving heads 32 of screws 34. The sockets 28 and the screws 34 together
form the attachment element of the marker member 6.

[0135] The screws 34 are screwed into the jaw bone 26 of the patient, as is schematically
shown in Fig. 3. Subsequently, the marker member 6 is placed on top of the screws 34, so that
the screw heads 32 are received within the sockets 28, thereby fixedly attaching the marker
member 6 to the screws 34 and thus also the jaw bone 26.

[0136] In this way, the marker member 6 can be securely and reliably attached directly to the
jaw bone 26. Hence, the marker member 6 of the embodiment shown in Fig. 3 can be used
particularly advantageously for edentulous or toothless patients.

[0137] Fig. 4 shows a schematic perspective view of a positioning tool 40 according to an
embodiment of the present disclosure.

[0138] The positioning tool 40 comprises a die element 42, such as an impression tray or a
partial impression tray, and a marker member. The marker member comprises a deformable
material 44 as a body thereof, as is indicated by the hatching in Fig. 4, and a plurality of
marker elements 46. The deformable material 44 is releasably received in the die element 42.
The plurality of marker elements 46 are arranged on a surface of the deformable material 44
which faces the die element 42, i.e., an inner surface of the die element 42.

[0139] The deformable material 44 is a hardenable or curable paste, such as an impression
paste. The deformable material 44 is deformable so as to conform, for example, to the teeth of
the patient. The marker elements 46 are made of metal, ceramic, plastic or the like and have a
color which is different from that of the deformable material 44.

[0140] The marker elements 46 are partially embedded in the deformable material 44 so as to
be visible on the surface thereof, thus forming an optically visible pattern which is detectable by
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the imaging unit 4, in particular, the camera unit 12. The deformable material 44 and the
marker elements 46 in combination form the marker member according to the embodiment of
the present disclosure shown in Fig. 4.

[0141] In the following, an example of the operation of the positioning tool 40 shown in Fig. 4,
exemplifying an embodiment of the method of the disclosure of positioning the marker member
on a patient's cranial bone, facial bone, tooth or teeth, will be explained.

[0142] The die element 42 with the deformable material 44 releasably received therein is
placed over the teeth of the patient in the area in which surgery is to be performed. The die
element 42 is pressed onto the teeth, thus deforming the deformable material 44 and
conforming the deformable material 44 to the teeth, thereby attaching the deformable material
44 to the teeth at least by a form fit between the deformable material 44 and the teeth. The die
element 42 with the deformable material 44 received therein may be maintained in this position
on the patient's teeth for a predetermined period of time, in order to allow the deformable
material 44 to harden or cure.

[0143] Subsequently, the die element 42 is removed from the teeth of the patient, while the
deformable material 44 is held in its position at least by the form fit with the teeth and, in some
embodiments, also by an adhesive force between the, preferably hardened or cured,
deformable material 44 and the teeth. In this way, the deformable material 44 is released from
the die element 42 upon removal of the die element 42 from the teeth.

[0144] The deformable material 44 is thus securely held on the teeth of the patient. The
surface of the deformable material 44 which faced the die element 42 forms an outer surface
of the attached marker member, which is comprised of the deformable material 44 and the
marker elements 46, and has the marker elements 46 arranged thereon. These marker
elements 46 are detectable by the imaging unit 4 of the navigation system, as is indicated by
dashed lines in Fig. 4.

[0145] The positioning tool 40 allows for a particularly reliable and precise positioning and
attachment of the marker member to the patient's cranial bone, facial bone, tooth or teeth and
can thus be particularly advantageously used with the navigation system of the invention.

[0146] A set of positioning tools 40 is obtained by providing four positioning tools 40 as shown
in Fig. 4, wherein the die elements 42 of the four positioning tools 40 have different shapes
and/or sizes from each other. In particular, the set of positioning tools 40 may consist of four
positioning tools 40, the die element 42 of each of which is configured, e.g., shaped and sized,
for placement over the teeth of a different quadrant of the human or animal jaw.

[0147] The foregoing embodiments and their variants have been disclosed for illustrative
purposes only, and further variation is wholly possible within the capabilities of the skilled
reader. Accordingly, the appended claims are intended to cover all modifications, substitutions,
alterations, omissions and additions which one skilled in the art could achieve from the
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foregoing disclosure, taking into account his own general and specialist knowledge and
expertise.
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Patentkrav

1. Navigationssystem til tandkirurgi og kranio-maksillofacial kirurgi, omfattende:
- et kirurgisk handstykke (2),

- en billeddannende enhed (4), der er bevasgeligt fastgjort til det kirurgiske
h&ndstykke (2), og

- en markeringskomponent (6; 44, 46), der kan fastggres til en
kranieknogle, en ansigtsknogle (26), en tand eller teender af en patient,

hvor

markeringskomponenten (6; 44, 46) omfatter en flerhed af markeringselementer
(8, 10; 46), der kan detekteres af den billeddannende enhed (4),

kendetegnet ved, at navigationssystemet yderligere omfatter en sensor og/eller
detektorenhed til at registrere eller detektere positionen af den billeddannende
enhed (4) i forhold til det kirurgiske handstykke (2).

2. Navigationssystemet ifglge krav 1, hvor den billeddannende enhed (4) er |&sbar
i en flerhed af positioner i forhold til det kirurgiske héndstykke (2).

3. Navigationssystemet ifglge krav 1 eller 2, hvor den billeddannende enhed (4)
er roterbart fastgjort til det kirurgiske handstykke (2), for saledes at vaere
roterbar i forhold til det kirurgiske handstykke (2).

4. Navigationssystemet ifglge et hvilket som helst af de foregdende krav, hvor
markeringskomponenten (6; 44, 46) yderligere omfatter et radiopakt materiale.

5. Navigationssystemet ifglge et hvilket som helst af de foregdende krav, hvor
flerheden af markeringselementer (8, 10; 46) er anbragt i et todimensionelt

mgnster.
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6. Navigationssystemet ifglge et hvilket som helst af de foregédende krav,
yderligere omfattende en behandlingsenhed (22) til at behandle billeddata fra den
billeddannende enhed (4).

7. Navigationssystemet ifglge et hvilket som helst af de foregédende krav,
yderligere omfattende en displayenhed (24) til at vise billeddata fra den
billeddannende enhed (4).

8. Navigationssystemet ifglge krav 7, hvor displayenheden (24) er konfigureret til
at kombinere billeddataet fra den billeddannende enhed (4) med andet data, i

sardeleshed, andet billeddata og/eller behandlingsplanlaagningsdata.

9. Navigationssystemet ifglge et hvilket som helst af de foregdende krav, hvor det
kirurgiske handstykke (2) er et bor.

10. Navigationssystemet ifglge et hvilket som helst af kravene 1 til 9, yderligere
omfattende et positioneringsvaerktaj (40), hvor

positioneringsvaerktgjet (40) er konfigureret til at positionere
markeringskomponenten (44, 46) pa en patients kranieknogle, ansigtsknogle
(26), tand eller teender, og

hvilket positioneringsvaerktgj (40) omfatter:

- et matriceelement (42), og
- markeringskomponenten (44, 46), hvor

markeringskomponenten (44, 46) omfatter et deformerbart materiale (44),
hvilket deformerbare materiale (44) er friggrligt modtaget i matriceelementet
(42), og

flerheden af markeringselementer (46) er anbragt pa en overflade af det
deformerbare materiale (44), der vender mod matriceelementet (42).
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11. Navigationssystemet ifglge et hvilket som helst af kravene 1 til 9, yderligere
omfattende et saet af positioneringsvaerktgjer (40), hvilket saet af
positioneringsveaerktgjer (40) omfattende fire positioneringsvaerktgjer (40), hvor

hvert positioneringsvaerktgj (40) omfatter:
- et matriceelement (42), og
- markeringskomponenten (44, 46), hvor

markeringskomponenten (44, 46) omfatter et deformerbart materiale (44),

det deformerbare materiale (44) er frigarligt modtaget i matriceelementet (42),
0g

flerheden af markeringselementer (46) er anbragt pa en overflade af det
deformerbare materiale (44), der vender mod matriceelementet (42), hvor
matriceelementerne (42) af de fire positioneringsvaerktgjer (40) har forskellige

former i forhold til hinanden.

12. Navigeringsfremgangsmade til tandkirurgi og kranio-maksillofacial kirurgi
under anvendelse af navigationssystemet ifglge et hvilket som helst af kravene 1
til 11, hvilken fremgangsmade omfatter trinnene:

- at afbilde i det mindste en del af omradet, hvor kirurgi udfgres, ved hjzelp
af den billeddannende enhed (4),

- at bestemme hvorvidt flerheden af markeringselementer (8, 10; 46)
detekteres af den billeddannende enhed (4), og

- at bevaege den billeddannende enhed i forhold til det kirurgiske
h&ndstykke (2) til en position i hvilken den billeddannende enhed (4)
detekterer flerheden af markeringselementer (8, 10; 46), hvis det
bestemmes, at flerheden af markeringselementer (8, 10; 46) ikke er
detekteret af den billeddannende enhed (4).
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