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METHOD AND SYSTEM FOR DENTAL PLANNING AND PRODUCTION

Field of the Invention

This invention pertains in general to the field of
dentistry. More particularly the invention relates to a
method and system for planning of dental restorative
procedures and for producing dental restorations and/or
products related to the dental restorative procedures.

Background of the Invention

In dental repair applications, conventionally a
working dental cast in plaster of the patient’s dentition
was often provided, which was made by means of impressions
taken from the patient and filled with plaster. The working
dental cast was then mounted in an articulator with the aid
of a bite index taken, ensuring the correct positioning and
registering of the dental cast. The dental restoration was
then produced on the working dental cast obtained. Accuracy
was checked by means of the articulator.

However, this type of production comprised a
multitude of time consuming manual working operations that
had to be performed. A rationalizing step was to scan the
working cast with a three-dimensional (3-D) scanner, e.g.
Procera Forte®. Subsequently, the dental restoration was
electronically designed, e.g. by means of the Procera® CAD
system. From the CAD data obtained, the dental restoration,
such as a bridge, was manufactured. Veneering was
eventually performed and the dental restoration was
finalized by grinding, and checking with help of the
articulator. Finally, the dental restoration was installed
in the patient. Still, a plaster cast was necessary, and
manual working operations related thereto were required,
including grinding of the plaster cast, drilling of holes
in the plaster cast, pinning of the plaster cast, casting
of a supporting base plate, grinding of the base plate,

sectionizing of the plaster cast, etc.
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Improved systems have been presented in the
international applications W002/053056 and W02005/055856 of
the same applicant as the present application for planning
surgery. In these publications, a double scan technique is
disclosed, comprising a first CT scan of a jaw region of a
patient with a radiographic guide, and possibly a
radiographic index inserted in its mouth, as well as a
second CT scan of solely the radiographic guide without the
radiographic index.

The computer based dual scan technique provides
reliable and safe planning and production of a surgical
template. However, a CT related issue is that CT scanning
sometimes is not capable of accurately representing the
oral anatomy. For instance, existing metal based dental
restorations in the patient may cause severe scattering
during CT scanning. Furthermore, CT scans, which are often
repeated during subsequent examinations of the patient,
present a substantial load of radiation as the whole skull
is exposed to radiation from the CT scanner during the
first CT scan. Hence, another issue is that the amount of
radiation to which the patient is exposed to during the
preparation of data for planning of dental restorative
procedures and production of dental restorations and
related products is to be minimized.

Moreover, the second CT scan of solely the
radiographic guide does sometimes not provide sufficient
accurate data so that the surgical template designed in the
CAD system from the CT scan data acquired by this second CT
scan may in some situations cause a deteriorated patient
fit. One reason for this is that CT scan data does not have
sufficient data accuracy for producing a dental
restoration, such as a coping, abutment, bridge, crown,
anatomic abutment, anatomic crown, inlay, onlay, etc. from

that CT scan data.
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Furthermore, there is still a need for minimizing the
number of steps necessary for planning of dental
restorative procedures and production of dental
restorations and related products.

Hence, an improved system for planning of dental
restorative procedures and production of dental
restorations and related products, would be advantageous.

Summary of the Invention

Accordingly, the present invention preferably seeks
to mitigate, alleviate or eliminate one or more
deficiencies, disadvantages or issues in the art by
providing a method, system, computer program, and a medical
workstation, which are useful for planning a dental
restorative procedure of a patient and for producing at
least one dental restoration and/or product related to the
dental restorative procedure.

The different aspects of the invention are recited in
the attached independent patent claims.

According to one aspect a method useful for planning
a dental restorative procedure of a patient and for
producing at least one of a dental restoration and a
product related to the dental restorative procedure to be
used in said dental restorative procedure is provided. The
method comprises matching first data of the patient’s
craniofacial area from a first data input source with
second data of the patient’s intra oral anatomy from a
second data input source, different from said first data
input source, into matched data for said planning and
producing, wherein at least a part of said first data in
said matched data is provided for said planning and at
least a part of said second data in said matched data is
provided for said producing.

According to another aspect a system useful for
planning a dental restorative procedure of a patient and

for producing at least one of a dental restoration and a
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product related to the dental restorative procedure to be
used in said dental restorative procedure is provided. The
system comprises a matching unit for matching first data of
the patient’s craniofacial area from a first data input
source with second data of the patient’s intra oral anatomy
from a second data input source, different from said first
data input source, into matched data for said planning and
producing, wherein at least a part of said first data in
said matched data is provided for said planning and at
least a part of said second data in said matched data is
provided for said producing.

According to a further aspect of the invention, a
computer program useful for planning a dental restorative
procedure of a patient and for producing at least one of a
dental restoration and a product related to the dental
restorative procedure to be used in said dental restorative
procedure, 1is provided for processing by a computer. The
computer program comprises a code segment for matching
first data of the patient’s craniofacial area from a first
data input source with second data of the patient’s intra
oral anatomy from a second data input source, different
from said first data input source, into matched data for
said planning and producing, wherein at least a part of
said first data in said matched data is provided for said
planning and at least a part of said second data in said
matched data is provided for said producing.

According to yet a further aspect of the invention, a
medical workstation for carrying out the method of the
above mentioned aspect of the invention by running the
computer program of the above mentioned further aspect of
the invention is provided.

Further embodiments of the invention are defined in
the dependent claims.

Some embodiments of the invention provide for reduced

patient dosage.
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Some embodiments provide for presurgical planning of
a dental restorative procedure and production of dental
restorations and/or products related to said dental
restorative procedure without the need of preparing a
working cast.

Some embodiments eliminate the need for CT scans for
providing data for planning of dental restorative
procedures or for providing products related thereto.

It should be emphasized that the term
“comprises/comprising” when used in this specification is
taken to specify the presence of stated features, integers,
steps or components but does not preclude the presence or
addition of one or more other features, integers, steps,

components or groups thereof.

Brief Description of the Drawings

These and other aspects, features and advantages of
which embodiments of the invention are capable of will be
apparent and elucidated from the following description of
embodiments of the present invention, reference being made
to the accompanying drawings, in which

Fig. 1 is a flow chart illustrating planning of
dental restorative procedures and production of dental
restorations and related products, as well as preparation
of data therefor;

Fig. 2 is a schematic drawing showing a dental
impression tray during impression taking with the
impression between upper and lower jaw in occlusion and
fiducial markers, such as silicon carbide (SiC) spheres, or
aluminum oxide (A10) spheres, in position on the dental
impression tray;

Fig. 3 is a schematic drawing in a perspective view
showing the dental impression tray with the impression

taken, wherein the impression with fiducial markers, such
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as silicon carbide (SiC) spheres, is in position for
matching;

Fig. 4 is planar view taken from above of the dental
impression tray with the impression taken of Fig. 3 showing
the impression of the upper jaw;

Fig. 5 is planar view taken from below of the dental
impression tray with the impression taken of Fig. 3 showing
the impression of the lower jaw, opposite the impression of
the upper jaw shown in Fig. 4;

Fig. 6 is a schematic drawing in a perspective view
showing a rendered computer visualization of a 3D model
obtained from optical scanning of the impressions of the
upper and the lower jaw in the dental impression tray of
Fig. 3, digitized to a CAD Software with high precision,
such as a resolution of 30 microns;

Fig. 7 is a schematic drawing in a front view showing
a rendered computer visualization of the computerized 3D
model of the dental impression tray and impression of Fig.
3, from a CT scan of the patient and the dental impression
tray and impression inserted in the patient’s mouth,
wherein the patient bites with the impression in position
and then a CT scan is performed;

Fig. 8 is a schematic drawing in a front view showing
a rendered computer visualization of the CT scanned
patient’s upper jaw and matched with 3D data of the
optically scanned impression;

Fig. 9 is a schematic drawing in a perspective view
from frontally below, showing a rendered computer
visualization of the CT scanned patient’s upper jaw and
matched with 3D data of the optically scanned impression;

Fig. 10 is a schematic drawing in a frontally taken
perspective view, showing a rendered computer visualization
of the patient’s craniofacial CT scan matched with the 3D
data received from optically scanning the upper jaw

impression and lower Jjaw impression;
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Fig. 11 is a schematic drawing in a perspective view
from frontally below, showing matched optically scanned and
CT scanned data with surgical planning in a computer based
software, such as Procera®;

Figs. 12 and 13 are schematic drawings showing two
different rendered computer visualizations, derived from
matched CT data of a limited jaw area, such as from a low
dosage conebeam CT scanner, and data provided by a high
precision 3D scanner derived from scanning a dental
impression of an entire dental arch;

Figs. 14 to 18 illustrate matching of an intraoral
image with high precision 3D scanning data, wherein

Fig. 14 illustrates a line through an occlusion;

Fig. 15 illustrates an intraoral image matched to a
dental impression from 3D scanning;

Fig. 16 shows the intraoral image;

Fig. 17 is a schematic illustration of pre-surgical
planning a dental implant using the intraoral image;

Fig. 18 is a schematic illustration of implant
placement planning with the matched intraoral image and
scanned dental impression;

Fig. 19 is a schematic illustration of a system
according to an embodiment comprising a medical workstation
for executing computer programs; and

Fig. 20A-C are a schematic illustrations of an
example of matching 2D X-ray data with 3D data from a
scanned dental impression.

Description of embodiments

Embodiments of the invention will now be described
with reference to the accompanying drawings. This invention
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein; rather, these embodiments are provided so
that this disclosure will be thorough and complete, and

will fully convey the scope of the invention to those
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skilled in the art. The terminology used in the detailed
description of the embodiments illustrated in the
accompanying drawings is not intended to be limiting of the
invention. In the drawings, like numbers refer to like
elements.

As mentioned above, systems have been presented in
the international applications W0O02/053056 and
W02005/055856 of the same applicant as the present
application disclosing a double scan. In more detail, the
above-mentioned radiographic guide may be used to simulate
the teeth, the soft tissue surface and edentulous space
during the first CT scan. The radiographic guide is made of
an acrylic non radio opaque material, and fabricated in a
laboratory from a maxillary impression, a mandibular
impression, and a bite registration index taken from the
patient. Radio opaque gutta percha markers are inserted in
the radiographic guide, providing reference points.

The reason for this double scan technique is that the
Hounsfield Units generated for the non radio opagque
radiographic guide resemble so closely those of soft
tissue. In the first CT scan the patient and the
radiographic guide inserted into the oral cavity of the
patient are CT scanned. From the data provided by the first
CT scan, it is therefore difficult to separate the non
radio opaque radiographic guide from the soft tissue of the
patient. However, the spatial position of the radiographic
guide in the first CT scan may be determined from the radio
opaque gutta percha markers. During the second CT scan
solely the radiographic guide is CT scanned and CT data is
provided for both the radiographic guide and the position
of the gutta percha markers. The gutta percha markers on
the radiographic guide are used as reference points to
perform a match of the first CT scan and the second CT
scan. Data from the first and second CT scans are matched

and used for computer based planning of a subsequent
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surgery, including production of a surgical template. The
surgical template may be used for creating suitable bores
for mounting one or several dental implants to which the
dental restorations are fixed.

In Fig. 1 a flow chart is given for the purpose of
illustrating an embodiment of an improved method of
planning a dental restorative procedure and production of
dental restorations and/or related products to the dental
restorative procedure, as well as preparation of data
therefor. The method may comprise:

100: a dental impression is taken;

110: the dental impression is 3D scanned;

120: the patient is CT scanned with the dental
impression inserted in the patient’s oral cavity;

125: data from the 3D scanning and data from the CT
scanning are matched;

130: a CAD design comprising pre-surgical planning
and preparation of production data is made based on the
matched data;

135: production of a surgical template;

140: a dental restoration is manufactured;

150: optionally veneering of the dental restoration -
the final dental restoration may be completely CAD planned
or optionally a manual finishing may be performed;

160: installation of the dental restoration in the
patient.

Embodiments of the method will be elucidated in more
detail below with reference to Figs. 2 to 18.

In dental repair applications, an impression is often
used to create an imprint or negative likeness of for
instance the teeth and adjacent portions of the jaw, such
as tooth formations, the contour of the gums, etc. Also,
for edentulous patients, an impression of only the gums may
be taken. The impression is made preparatory to dental

repair or restoration of missing dental structures.
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Impressions are typically made by placing a soft, semi-
fluid material within the confines of an open trough or
channel of an arcuate tray which is then positioned within
the mouth of a patient, thus allowing the material to set
or cure. To provide the most accurate articulation, the
impression cast should represent the entire dental arch.
For this purpose, a first tray is used for taking an
impression of the upper (maxillary) Jjaw, a second tray is
used for taking an impression of the lower (mandible) jaw,
and a bite index is taken by means of a third tray. From
the negative or female cast of the teeth and surrounding
structures, a positive reproduction or male plaster cast is
created for the purpose of fabricating dental restoration,
such as inlays, onlays, crowns, bridges, restorations or
the like.

Obtaining a dental impression of a patient in step
100 includes filling a suitable amount of a dental
impression material 210 into a receiving cavity of a dental
impression tray. The dental tray is positioned in a desired
location inside the mouth of the patient and the impression
is formed in the dental impression material 210 after the
patient bites down the impression material in the dental
impression tray. Fig. 2 is a schematic drawing showing a
dental impression tray 200 during impression taking with
the impression material between the upper and lower jaw in
occlusion. The dental impression material is let harden in
the tray for a suitable period of time after the patient
bites down the impression material. Then the dental
impression tray 200 is removed from the mouth of the
patient. The dental impression may be used with any
impression material that is or will be available for
recording the patient’s intra oral anatomy.

The dental impression tray 200 shown in Fig. 2 is of
the triple tray type, allowing obtaining both the

mandibular and maxillary impressions in one step, together
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with the spatial relationship of the two impressions, i.e.
the bite registration index. However, according to other
embodiments, a single tray, or a plurality of single trays
and a bite index, may be used. Also, according to some
embodiments, a dental impression tray only partly covering
a dental arch may be used, depending on the nature of the
dental restoration that is to be planned and produced.

Dental impression tray 200 has fiducial markers, for
instance in the form of spheres, in position on the dental
impression tray. These fiducial markers are used to define
the exact position of the dental impression tray 200 in
space, and thus also of the dental impression hold by the
dental impression tray.

A suitable dental impression tray is described in
Swedish patent application no. SE0602272-7 which is
incorporated herein in its entirety by reference, filed by
the same applicant as of the present application.

The dental impression tray 200 may be made from a
suitable material such as plastics, including polyvinyl
chloride, nylon, and high-density polyethylene, e.g. by
injection molding.

A frontal handle may ensure convenient handling as
well as correct maxillary and mandibular orientation of the
dental impression tray 200.

Dental impression tray 200 comprises a plurality of
fiducial markers 220, wherein the fiducial markers 220 are
arranged in a defined relation to at least at one outer
surface of the dental impression tray 200 in such a manner
that the dental impression tray 200 is in-vivo insertable
into the mouth of a patient for impression taking.

The fiducial markers may also be arranged inside the
dental impression tray. In this case, the fixed positions
of the fiducial markers in relation the surface of dental
impression tray may be stored in a CAD model of the dental

impression tray. More precisely, positions of the fiducial
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markers inside the tray may be provided precisely by CAD
data of the dental impression tray. 3D scanning of the
tray, for instance with a dental impression, then provides
data of the outer surface of the tray. By means of the CAD
data, the exact position of the fiducial markers inside the
dental impression tray is determinable. When imaging the
dental tray by means of CT scanning, X-ray etc, the
position of the radio opaque fiducial markers is provided
although they are arranged inside the tray material, due to
the non-radioopacity of suitable tray material. Matching of
the CAD tray data with for instance CT scan data enables a
reconstruction of the precise positions of the fiducial
markers. Matching may be facilitated by a landmark on the
surface of the dental impression tray. By means of the CAD
model, the spatial relation of the landmark to a fiducial
marker may be known. In order to increase determination
efficiency further, each fiducial marker may have a
specific landmark associated thereto.

Also, in case one or more fiducial markers are lost
during CT scanning, e.g. due to artifacts for instance
caused by existing metallic fillings in the patient’s
teeth, the position of these fiducial markers may still be
reconstructed. Reconstruction of the position of one or
more fiducial markers lost in CT scan data may be based on
the position of the above described landmarks.

The dental impression tray 200 may comprise at least
three fiducial markers distributed across the tray 200 in
order to provide for precise identification of the spatial
orientation of the tray 200.

The fiducial markers 220 may partly extend out of at
least one outer surface of tray 200, in such a manner that
said fiducial markers are identifiable by 3D scanning of
said outer surface. The fiducial markers may be identified
by their physical shape. For instance, the fiducial markers

are a three dimensional object having a specific shape,
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such as spherical beads. For identifying the fiducial
markers, the specific shape of the fiducial marker is
searched in a data set. The fiducial markers may be made of
a radio opaque material, such as silicon carbide (SiC},
aluminum oxide (AlQO), or Silicon nitride (SizNg), which
makes the position of the fiducial markers clear in a
radiographic image. Alternatively landmarks related to the
fiducial markers in combination with CAD data
identification may be used for identifying the fiducial
markers.

The dental impression tray 200 may provide for
simultaneous impression taking of both upper jaw, lower Jaw
and bite registration index.

Once the impression material is set, the dental
impression tray 200 is removed from the mouth and the
impression is available and left in the tray for further
handling. After the impression material sets, the
impression may be directly 3D scanned in step 110 by means
of a high resolution 3D scanner, for instance an optical
scanner, such as a laser scanner, a mechanical high
precision scanning probe scanner, or a holographic scanner.
Commercially available examples for high resolution 3D
scanners include OptiMet’s 3D non contact scanners based on
conoscopic holography technology, or 3Shape’s dental 3D
scanner. 3Shape’s dental 3D scanner uses an optical
scanning system, in which laser planes are projected onto
the object to be scanned. High-resolution digital cameras
acquire images of the lines created on the object. The
images are processed and accurate and fully surfaced 3D
models may be obtained. A further 3D scanner is available
from Renishaw. The Renishaw scanner is a touch probe based
digitizing system.

Furthermore, intra oral optical scanners may
alternatively be used in order to provide input data for

high resolution 3D models of at least a part of the
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topography of the patient’s intra oral anatomy. One such
scanner is commercially available from CADENT. Matching is
in this case solved differently, see below, as the intra
oral scan does not provide data from fiducial markers on a
dental impression tray during intra oral scanning. One way
of matching is for instance to attach fiducial markers
appropriately to anatomical structures in the intra oral
anatomy of the patient, such as on possibly existing teeth
of the patient. Intra oral 3D scanning the intra oral
anatomy provides data for identifying the fiducial markers
on the teeth in the 3D data set obtained, by finding the
shape of these fiducial markers. Thus position data for the
fiducial markers is provided that may be matched with
craniofacial data. Craniofacial data may for instance be
obtained by CT scanning with the fiducial markers on the
teeth. The radio opaque fiducial markers are identified in
the CT data set, providing the position thereocf. Matching
of the 3D data set with the CT data set is made by means of
the identified positions of the fiducial markers.

An alternative way is to use surface matching.
Surfaces may be identified in both CT data and 3D data. For
instance a number of surfaces of teeth may be identified by
suitable algorithms. CT data may be converted to a surface
model of the intra oral anatomy. A tooth or several teeth
and surfaces thereof, or an occlusion surface may be
identified in the CT data. Correspondingly, surfaces are
identifiable in 3D data. CT data and 3D data is then
matched by using the identified surfaces in both data sets.

A further alternative way 1is to use contour matching.
Contours may be identified in both CT data and 3D data. For
instance a contour of a tooth or several teeth may be
identified by suitable algorithms. CT data and 3D data is
then matched by using the identified contours in both data
sets. In some embodiments surface matching and contour

matching methods may be used in combination. Surface
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matching and contour matching methods may be used
alternatively to or in combination with fiducial markers.

Fig. 3 is a schematic drawing in a perspective view
showing the dental impression tray 200 with the impression
of both jaws taken, wherein the impression with fiducial
markers is in position for matching.

Fig. 4 is planar view taken from above of the dental
impression tray 200 with the impression taken of Fig. 3
showing the impression of the upper jaw.

Fig. 5 is planar view taken from below of the dental
impression tray 200 with the impression taken of Fig. 3
showing the impression of the lower jaw, opposite the
impression of the upper jaw shown in Fig. 4.

When at least one dental impression is obtained, for
instance as described above, the hardened dental impression
is digitized, e.g. by means of a non-contact 3D surface
scanner. For instance, the above-described dental
impressions of the upper and lower jaw in tray 200 with the
fiducial markers 220 are scanned using a 3D scanner of the
above-described type, such as a 3D laser surface scanner.
The measurements made by such 3D scanners are very precise
and virtually eliminate an operator error because the
acquisition of data is automatic.

The accuracy of a 3D scanner is in the range of tens
of microns, for instance 10 to 50 microns, i.e. 0,01 to
0,05 mm, such as 20 or 30 microns. This resolution of the
3D scanner is magnitudes finer than that of a CT scanner. A
CT scan has an accuracy in the region of 0,5 to 1 mm. Some
more detailed specific resolutions for CT scanners as well
as for 3D scanners are given below in table 1. Hence, by
using a 3D scanner, for instance an optical scanner, such
as a laser scanner, high resolution data of the topography
of the patient’s intra oral anatomy, possibly comprising
the patient’s remaining dentition, is provided for computer

based dental planning of dental restorative procedures and
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for production of dental restorations and/or products
related to the planning of dental restorative procedures.
Previously, this data was obtained from 3D scanning

the above-described plaster cast.

CT (Single CT (Multi

Slice) Slice) | Conebeam
Slice Thickness

Scanning Tmm 0.7mm
Slice Thickness 0.125-
Reconstruction 0.1-0.5mm 0.1-0.5mm 0.5mm
3Shape Optimet Renishaw
Scanners Precision (Optical) (Optical) (Probe)
20-30 10-30 3-20
microns microns microns

Table 1: comparison of different CT scanner’s and 3D

scanner’s precision

In another embodiment, each side of the impression,
i.e. the upper jaw impression and the lower jaw impression,
is 3D scanned separately. In another embodiment both
impressions are 3D scanned together or concurrently.

Fig. 6 is a schematic drawing in a perspective view
showing a rendered computer visualization 600 of a 3D model
impression data obtained from the optical scanning of the
impressions of the upper and the lower jaw in the dental
impression tray of Fig. 3. By means of a computer program,
one or more scanned negative dental impressions may be
turned inside out to generate one or more positive models
of the dentition. In this way a 3D digital dental model may
be created.

After the dental impressions in the dental
impression tray are prepared, and 3D scanning of the
impressions is terminated, the dental impressions in the
dental impression tray 200 with fiducial markers 220 are
again placed into the maxillary and mandibular jaws of the

patient in step 120. The patient with the inserted dental
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impression tray 200 is then CT scanned. The patient bites
with the impression in position during performing the CT
scan. Digital CT data is thus provided comprising
craniofacial data and fiducial markers.

The digital CT data are now available for further
processing. A 3D craniofacial model is then reconstructed
based on CT data. Position of fiducial markers 220 are
acquired and registered, for instance for use in a matching
algorithm using the position of the fiducial markers 220.

The resolution of the 3D CT dentition model is in the
range of 0,5 to 1 mm. With this accuracy, surgical planning
is now possible. According to an embodiment, surgical
planning is positioning of a dental implant. However, it is
not possible to accurately produce a dental restoration
from the CT data to the degree that is desired. For
instance, the occlusion between maxillary and mandibular
teeth requires a high degree of precision of the fitting of
a dental restoration into the existing dentition and/or
dental implants; even a small error may result in
malocclusion. Some production tolerances for dental
restorations are recited in table 2. The mentioned ranges
for the production tolerances ensure a reliable long-term

dental restoration, ensuring satisfied patients.

Bridge
(Screw Bridge
Abutment Coping Retained) (Cemented)

Production 5-100
Tolerances 5-100 Microns | 5-100 Microns Microns 5-150 Microns

Table 2: Production tolerances for various dental

restorations

In step 125 data from 3D scanning and data from CT
scanning is matched. Matching of high resolution 3D scan
data with CT scan data into matched data provides for
surgical planning and production of a dental restoration or

product related to said dental restoration, such as a
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surgical template, from that single set of matched data.
This means that planning of a dental restorative procedure
and providing of data for production of the products used
therefore may be made in a single medical workstation in a
continuous workflow at the same occasion. At the same time
high precision and reliability of the products used
provides for reliable and safe results of dental
restorative procedures.

The medical workstation 1910 comprises the usual
computer components like a central processing unit (CPU)
1820, memory 1930, interfaces 1940, etc. Moreover, it is
equipped with appropriate software for processing data
received from data input sources, such as data obtained
from CT scanning or 3D scanning. The software may for
instance be stored on a computer readable medium 1930
accessible by the medical workstation 1910. The computer
readable medium 1930 may comprise the software in form of a
computer program 1940 comprising suitable code segments for
planning a dental restorative procedure of a patient and
for producing at least one of a dental restoration and a
product related to the dental restorative procedure. The
medical workstation 1910 further comprises a monitor, for
instance for the display of rendered visualizations, as
well as suitable human interface devices, like a keyboard,
mouse, etc. The medical workstation may be part of a system
1900 for planning a dental restorative procedure of a
patient and for producing at least one of a dental
restoration and a product related to the dental restorative
procedure.

For matching, the 3D CT dentition model is imported
into a software for pre-surgical planning of dental
restorative procedures, for instance run on the medical
workstation 1910. When the pre-surgical planning is made,

production of dental restorations and/or products related
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to said pre-surgical planning, such as surgical templates,
may be made.

More precisely, matching of the CT data set and the
3D scanned data set may be performed as follows. A portion
of the 3D CT dentition model is removed, e.g. teeth, soft
tissue or gums. The positions of the fiducial markers 220
in the CT data set are acquired for matching with the
position of the same fiducial markers 220 in the 3D digital
dental data acquired by 3D scanning. The positions of the
fiducial markers in the CT data set may be determined by
searching for the specific form of the radio opaque
fiducial markers in the CT data set. When a fiducial marker
is identified in the CT data set, its position is thus
known. The position of fiducial markers in the 3D data set
may be determined by searching for the specific form of the
fiducial markers in the 3D data set, in case the fiducial
markers are only partly embedded into the surface of the
dental impression tray. Here, the shape of the fiducial
markers 1s searched in the 3D data set, and when found, the
position of fiducial markers is known. In case one oOr more
fiducial markers are completely embedded into the material
of the dental impression tray, landmarks in combination
with CAD data of the dental impression tray may be used for
determining the position of the fiducial markers. In this
case, the shape of the landmarks is searched in the 3D data
set and when found, the position thereof is known. By
linking the position of the landmarks to the position of
the fiducial markers via the CAD data, also the position of
the fiducial markers in the 3D data set is known.

The 3D data and the CT data are matched by aligning
the fiducial markers 220 of the dental impression tray 200.
More precisely, the fiducial markers 220 of the CT data are
matched with the same fiducial markers 220 of the
corresponding 3D data. The positions of the fiducial

markers in relation to the remaining structure of the
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dental impression tray are known, e.g. from the CT scan
data, from CAD data of the dental impression tray, etc.
Matching of the CT data with 3D scan data is thus made.

A computerized composite dental model is created, in
which the bone structure is based on CT scanning, and in
which the dental structure is based on high resolution
optical scanning. In this manner surgical planning is
enabled with sufficient precision based on the 3D CT data.
Production of dental restorations and/or products related
to the surgical planning, such as a surgical template, is
enabled with sufficient precision based on the high
precision 3D scanning data. This means that based on the
matched data that is available now, both planning and
production are provided from one data set, namely the
matched data set, without the necessity of any further
collection of data, preparation of plaster casts, etc.

Fig. 7 is a schematic drawing in a front view showing
a rendered computer visualization 700 of matched data from
the dental impression tray and impression of Fig. 6,
inserted in the patient’s mouth. The rendered computer
visualization 700 shows the upper jaw 710, the lower Jjaw
720 and the dental impression tray 600.

Fig. 8 is a schematic drawing in a front view showing
a detail from Fig. 7, namely a rendered computer
visualization 800 of the computerized composite dental
model. The CT scanned patient’s upper jaw 710 is matched
with 3D scan data of the 3D scanned impression.

Fig. 9 is a further schematic drawing in a
perspective view from frontally below, showing a rendered
computer visualization 900 of the computerized composite
dental model. The CT scanned patient’s upper jaw is matched
with 3D data of the optically scanned impression.

Fig. 10 is a schematic drawing in a frontally taken
perspective view, showing a rendered computer visualization

1000 of the computerized composite dental model, wherein
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the patient’s craniofacial CT scan data is matched with the
3D data obtained from optically scanning the upper Jjaw
impression and lower Jjaw impression.

Now, in step 120 of the method, the presurgical
planning is done in the software for computer based dental
planning of dental restorative procedures. By using the
composite dental model, the plaster model is no longer
necessary. Furthermore no separate scan of a radiographic
guide is necessary. Thanks to the design of the dental
impression tray with fiducial markers, easy clinical use of
computer based dental planning of dental restorative
procedures, in step 130, are provided. The composite dental
model may be used for computer based planning of a
subsequent surgery, including production of a surgical
template in step 135 of the method. In more detail, the
presurgical planning is made computer based in an
interactive way. Planning of the dental restoration is made
visually on a display of the workstation, in an interactive
way manipulated by user input. For instance the position
and direction of dental implants in jaw bone is virtually
planned on the display visualizing the jaw bone structure
where a dental restoration is to be made, based on CT data.
During planning care has to be taken that for instance no
nerves are damaged or that the dental implant is positioned
in as much dense bone as possible, in order to ensure a
successful surgical installation of the dental implant.
Then a superstructure that will be attached to the implant
may virtually be designed, matching the already planned
implant, based on 3D scanned data. Hence, the user may
create bridges, copings etc. in combination with implant
planning in advance of placement.

Based on this presurgical planning, a surgical
template may be fabricated using rapid prototyping
techniques in step 135. The surgical template is produced

with high precision based on the 3D scanned data. The



10

15

20

25

30

35

WO 2008/083857 PCT/EP2007/050426

22

surgical template is used in a known way for creating
suitable bores for mounting of dental implants, to which
the dental restorations will be fixed, at the planned
position and with the planned orientation.

Data for products produced by stereolithography, such
as a surgical template, may be saved in a suitable format,
such as STL. STL (Standard Tessellation Language) files may
be imported and exported by a variety of software packages.
The STL file is especially suitable for rapid prototyping.
This format approximates the surfaces of a solid model with
triangles for rapid prototyping. Rapid prototyping takes
virtual designs from computer aided design (CAD),
transforms them into cross sections, still wvirtual, and
then creates each cross section in physical space, one
after the next until the model is finished. STL files
generated from CT scans with relatively low resolution
often lead to a stepped model when made by rapid
prototyping. STL files generated from high resoclution
optical scans lead to models virtually without any
difference from the original. Hence, surgical templates
with higher resolution are provided, avoiding a stair
effect from rapid prototyping. A typical resolution for
rapid prototyping today is in the range of 0.05-0.125mm.
Future resolutions are foreseen to be in the range of
0,005mm. The present system and method will meet such
future higher resolutions of rapid prototyping.

Other products may be represented by other formats.
For instance a data format used for representing copings or
bridges is known by the abbreviation TRM.

Fig. 11 is a schematic drawing in a perspective view
from frontally below, showing matched optically scanned and
CT scanned data with surgical planning template 1100 in a
computer based software, such as Procera®. Anchoring pins
1110 and guide sleeves 1120 for guiding of drills are
schematically illustrated in Fig. 11.
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In step 130 of the method, a physical patient model
may be manufactured. The patient model may be provided from
the data available, i1if so desired. A patient model may for
instance be used for veneering, in case veneering is
desired to be performed manually. Production of a patient
model and an articulator are described in Swedish patent
applications nos. SE 0602271-9 and SE 0602273-5 which are
incorporated herein in their entirety by reference, filed
by the same applicant as of the present application.
However, this step may be omitted, as the available data
provides sufficient precision for both presurgical planning
and production of surgical templates and dental
restorations.

In step 140 of the method, a dental restoration is
manufactured based on the high resolution 3D data
available. As high resolution data is available from the 3D
scanning of the dental impression, the dental restoration
is produced directly from that data considering the input
made during pre-surgical planning.

In step 150 of the method, veneering of the dental
restoration may be performed in a conventional way. For
this purpose the physical patient model mentioned above may
be used. In another embodiment design of the final
restoration is made virtually based on the high resolution
data, whereby manual veneering is no longer necessary.

Finally, in step 160 of the method, the dental
restoration is installed in the patient. More precisely,
the surgical template produced as described above, is used
for providing one or more bores, each receiving a dental
implant. Thanks to the high precision with which the
surgical template is produced, dental implants are fitted
very precise into the jaw bone tissue. Thus a thorough
basis is provided for the dental restoration that is then

attached to the dental implant in a known manner.
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By using the above described method, no casting,
sectionizing and pinning of a plaster model is needed. This
provides for faster turnaround times when planning and
carrying out dental restorative procedures.

Hence, a very precise positioned dental restoration
is provided in a very economical and time saving manner.

In some treatments even the surgical template is no
longer necessary. For instance when producing a coping,
such as for a crown or a bridge, to be attached to a dental
preparation, the coping may be produced directly from the
high precision input data of the dental tray 3D scanning.

Moreover, as a consequence of the above mentioned
high-resolution scanning, instead of the above described CT
scan of the complete dentition, a CT scan of a limited area
may be used in order to further reduce radiation load on
the patient. The limited area may be solely the area into
which a dental implant is to be installed. This has
hitherto been difficult to implement as CT scans of limited
areas of the dentition did not supply sufficient data for
producing suitable surgical templates. This is on the one
hand caused by the low resolution of CT data, which leads
to deteriorated patient fit. On the other hand a surgical
template based on a limited area is often not sufficiently
stable for reliable surgery. For example, a low dosage
conebeam scanner, as manufactured by Morita, only covers a
small area, like four centimeters, which results in a
surgical template not stable enough for a reliable
operation, if solely based on the CT data produced from
such CT scanners. However, the data from the conebeam scan
is sufficient for planning positioning of an implant.

By using data from a 3D scanner of a dental
impression in combination with a CT scan of a limited area,
e.g. a low dosage CT scanner, it is now achievable to
provide surgical templates sufficiently precise and stable

and delivering reliable results. Pre-surgical planning of
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the position and orientation of a dental implant may be
based on the data from the CT scan of a limited area, as
illustrated in Figs. 12 and 13. The first data derived from
a CT scan provides sufficient information for this purpose,
such as jaw bone position and density, extension of nerve
channels to be avoided, etc. Furthermore, the high
precision scan of a dental impression provides sufficient
second data for producing a surgical template that may be
attached to intra oral areas that extend beyond the
coverage of the limited area scanned by means of the CT
scanner. This has previously not been possible. The two
data sets are matched to each other, as described above.
More precisely, Fig. 12 is schematic drawings showing a
rendered computer visualization frontally of a lower jaw
1210 and a dental impression 1220. The interspace between
the lower jaw 1210 and the matched data of the dental
impression 1220 is of soft tissue, not illustrated herein.
Fig. 13 is schematic drawings showing a rendered computer
visualization frontally of an upper jaw 1310 and a dental
impression 1320. The rendered visualizations are derived
from matched CT data of a limited jaw area, illustrated at
1210 or 1310 respectively, such as from a low dosage
conebeam CT scanner, and data provided by a high precision
3D scanner derived from scanning a dental impression of an
entire dental arch, illustrated at 1220 or 1320
respectively.

Various CT-scanners may be used in combination with a
3D scanner for scanning a dental impression, such as an
optical 3D scanner. Some commercially available CT scanners
are for instance: Planmeca Promax 3D, Newton 9000 and 3G,
I-CAT, Accuitomo Morita. The data from 3D scanning the
entire dental arch compensates for non-complete CT scans of
the dental arch. It has proven to be sufficient for
surgical planning that the bone structure of the jaw in the

proximity of the area into which a dental restoration is to
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be installed is CT scanned, as long as sufficient data is
available from the 3D scanning of the dental impression for
being able to reliably produce the surgical template.

Furthermore, in one embodiment conventional 2D dental
X-rays may be matched with the data from the high
resolution impression scanning. For instance an intraoral
X-ray image showing a segment of a patient’s dentition, may
be matched with the data from the high resolution
impression scanning. The matched input data from the two
data sources 1is sufficient for a variety of dental
restoration procedures. The precise position of the data
from the high resolution impression scanning may be matched
sufficiently accurate with the intra oral X-ray image by
using a line through the occlusion. This is illustrated in
Figs. 14 to 18, which illustrate matching of an intraoral
image with high precision 3D scanning data. Fig. 14
illustrates a line 1420 through an occlusion of a
visualized dental impression 1410 derived from 3D scanning.
A two dimensional (2D) contour is generated from X-ray
data, following for instance the contour of a tooth. A 2D
section of the 3D data from the dental impression is made.
The 2D contour is then searched in the 2D section of the
impression data. Matching is made by identifying the 2D
contour both in the X-ray data set and the section of the
3D data set. Preferably the 2D section is made in the
center of the impression along the dental arch, as the 2D
X-ray often is taken along the center line of a tooth.

Fig. 15 illustrates in 3D an intraoral image 1510
matched to the visualized dental impression 1410 from 3D
scanning. Fig. 16 shows the intraoral image in 2D. Fig. 17
is a schematic illustration of pre-surgical planning a
dental implant 1710 using the intraoral image 1510. Fig. 18
is a schematic illustration of implant placement planning
with the matched intraoral image 1510 and the visualized

scanned dental impression 1410, as well as the planned
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implant 1710. Fig. 18 illustrates the pre-surgical planning
of the dental restoration procedure to follow thereafter.
Production of the implant, surgical template etc. is done
as described above based on said matching.

Another example of matching 2D X-ray data with 3D
data from a scanned impression is given in Fig. 20, further
elucidating the method illustrated with reference to Figs.
14 to 18. It is desired to position a dental restoration
should be at a tooth gap 2005 of a dental arch having a
missing tooth by. For this purpose 2D X-ray data is
generated, 3D scanning data of a dental impression is
generated, and the 2D data and the 3D data are matched. The
matched data may be used for planning of a dental
restorative procedure, e.g. planning the position of a
suitable implant and dental restoration, as well as for
providing data from the planning for production of suitable
dental restorations. In more detail, a X-ray image 2030 of
the dental arch 2000 at the tooth gap 2005 is taken, as
illustrated in Fig. 20A. An X-ray sensitive film plate is
illustrated with reference sign 2020. The film plate is
hold by a carrier 2010 for convenient insertion into the
mouth of the patient. Alternatively, a digital X-ray
receiver may be used for registering the X-ray image. The
gap 2005 is clearly identifiable in the X-ray image 2030
between two adjacent teeth of the dental arch of the lower
jaw. A dental impression tray 2040 is used to take a dental
impression of the dental arch 2000. 3D data of the dental
arch 2000 is obtained by 3D scanning of the dental
impression obtained. A visualization 2060 based on the 3D
data 1s depicted in Fig. 20B on the right side thereof.
Also here, the tooth gap 2005 is clearly identifiable. The
centerline 2050 of the dental arch 2000 is also illustrated
in Fig. 20B. The X-ray image is preferably taken in a
direction perpendicular to a plane parallel to the teeth

and perpendicular to the centerline 2050. The 2D x-ray data
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is now matched with the 3D data, which is illustrated in
Fig. 20C. 2D X-ray data is for instance matched with the 3D
data by contour matching. For instance the contour of a cut
through the 3D data dental arch gives a 2D cutplane. The 2D
X-ray image may be taken in the same plane as this
cutplane. Thus a contour of for instance the two teeth
adjacent to the tooth gap 2005 may be matched to the X-ray
image in the cutplane. Tooth gap 2005, and matched adjacent
teeth, as well as jaw bone tissue of the lower jaw at the
site of the tooth gap 2005 are identifiable in Fig. 20C.
Based on this matched data, planning may be performed as
described above. Possibly more jaw bone may be shown in
other X-ray images than the illustrated in order to
facilitate planning, if so desired.

By matching input data from different input sources,
such as CT scans, X-ray images, and high resolution 3D
scanners, it is provided that the radiation dosage to which
the patient is exposed to may be reduced. For instance a CT
scanner tube may be used with less radiation effect,
although resolution of the CT scan is decreased and signal
to noise ratio of the CT scan 1s increased. Radiation
dosage to which the patient is exposed to, is lowered. As
long as sufficient data for presurgical planning is
provided by the CT scan, reliable presurgical planning is
enabled from the CT data or X-ray data obtained with
reduced patient dosage needed for reliable planning and
production. For instance, in case the jaw structure and
eventually remaining dentition, and the fiducial markers
are sufficiently identifiable in the CT data, a reliable
treatment may be provided. Presurgical planning, including
for instance virtual positioning of a dental implant may be
provided based on the CT data or X-ray data. A surgical
template may be produced from the 3D scan data,
representing for instance the entire intra oral anatomy,

that is matched with the CT data or X-ray data of the
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limited area. Thus the surgical template provides reliably
inserting the dental implant into the patient, in
accordance with the virtual planning.

For presurgical planning X-ray data may be used for
planning angle, depth etc. when positioning an implant. The
3D scanned data may be used for three dimensional planning
of the implant’s direction with reference to the surgical
template. In summary the data is sufficient to produce a
precision surgical template.

In this manner an advantageous ratio of resolution to
patient dosage is achievable. By choosing or using a first
input data source for the craniofacial structure, which is
sufficiently well providing data for recognizing the
craniofacial structure for enabling a pre-surgical planning
of a dental restoration, patient dosage is lowered
considerably. As mentioned above, data for jaw bone
structure, nerve channels, but also other relevant bone
structures, for instance needed for zygoma implants, have
to be provided sufficiently for enabling reliable pre-
surgical planning. However, high resolution CT scans having
increased dosage are no longer necessary. Certain
embodiments even totally eliminate the need of CT data for
presurgical planning and/or production. For instance a CT
scan may be replaced by an intra oral X-ray providing
sufficient data for presurgical planning at a considerably
lower patient dosage.

In another embodiment, 3D data for the jaw bone
structure is acquired based on measurements of the
patient’s intra oral anatomy as well as measurements of the
intra oral soft tissue, such that the 3D data for the jaw
bone structure is concluded from these measurements. More
precisely, a plaster cast of the patient’s intra oral
anatomy is made from the dental impression. A vacuum-
pressed template is pressed over the plaster cast of the

upper or lower jaw in order to produce a mapping guide. A
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series of holes is made in the mapping guide, for instance
three buccal holes, three lingual/palatinal holes and one
hole on top of the crest at a site where a dental
restoration is to be planned. Then the mapping guide placed
in the patient’s mouth and a probe is used to perforate the
soft tissue through the holes in the mapping guide.
Thereafter the mapping guide is removed from the patient’s
mouth. The thickness of the soft tissue is measured, for
instance by inserting a probe with a scale and an
endodontic disc, into the perforations in the soft tissue.
Furthermore, the distance at a site of a missing tooth or
several missing teeth between existing teeth is measured,
giving a measure of the jaw bone in a longitudinal
direction along the dental arch. The width of the jaw bone
at the points where the thickness of the soft tissue is
measured is determined by measuring the total width of the
intra oral anatomy at the location of these points. This
may be done by intra oral measurements or measuring the
inner cross section of the mapping guide at the location of
these points. By subtracting the thickness of the soft
tissue from the total cross sectional measure, the
thickness of the jaw bone at the puncture site is
determined. The 3D data representing the topography of the
jaw bone is determined by the plurality of measuring
points. The 3D data may be entered into a CAD system for
providing a virtual model of the jaw bone that may be
matched with 3D data of the intra oral anatomy, e.g. by
matching the position of the holes in the mapping guide
with corresponding positions in the 3D data. This type of
measurement data may be supplied in addition to match 2D X-
ray data and 3D data. Planning is facilitated as
information concerning 3D jaw bone topography may be used
for improved planning.

Alternatively, 3D surface scanning of a mapping guide

may be made in order to determine the topography of the
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mapping guide and holes therein. Thus 3D data of the
mapping guide is available for matching with 3D data from a
dental impression.

In still another embodiment, 3D data for the intra
oral anatomy is acquired based on scanning a cast in
plaster of the patient’s intra oral anatomy. The cast is
prepared from impressions taken from the patient, which
then are filled with plaster. In this manner a positive
plaster model of the intra oral anatomy is provided. The
plaster model is scanned with a 3-D scanner, such as an
optical 3D scanner or for instance the Procera Forte®
surface probe scanner. 3D scanning of the plaster model
provides high resolution 3D data of the patient’s intra
oral anatomy. 3D scanning may be done for a cast from each
jaw separately. The 3D data of the patient model thus
provided may for instance be used for production of dental
restorations with high precision. The 3D data may be used
in a medical workstation for planning a dental restorative
procedure, when matched with data of the craniofacial
anatomy, e.g. the topography of jaw bones, nerve channels
therein etc.

Data for at least a part of the craniofacial anatomy
may be obtained from CT scanning the craniofacial anatomy
of the patient. In this manner CT data is obtained, as
described above. The CT data may be matched with the 3D
data obtained from 3D scanning the plaster model.

Suitable matching techniques comprise surface
matching or contour matching. Surfaces may be identified in
both CT data and 3D data. For instance in case the patient
has teeth left and is not edentulous, a number of surfaces
of teeth may be identified by suitable algorithms. CT data
may be converted to a surface model of the intra oral
anatomy. Corresponding surfaces may be identified in the 3D
data and the CT data for matching of the data sets.

Alternatively, or in combination, Contours may be
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identified in both the CT data and 3D data. CT data and 3D
data may then matched by using the identified contours in
both data sets.

Alternatively to the aforementioned CT data, data may
be provided from other X-ray imaging sources, such as
conventional 2D X-ray. For instance an intra oral X- ray is
made, similar to the above described embodiment with
reference to Fig. 20. Matching of the 2D X-ray data and the
3D data obtained from 3D scanning the plaster model may be
made by means of contour matching. For instance a two
dimensional (2D) contour is generated from the X-ray data,
following for instance the contour of a tooth. A 2D section
of the 3D data from the plaster model is made. The 2D
contour is then searched in the 2D section of the plaster
model 3D data. Matching is made by identifying the 2D
contour both in the X-ray data set and the section of the
3D data set.

Alternatively, matching may be based on fiducial
markers. Fiducial markers may for instance be attached
appropriately to anatomical structures in the intra oral
anatomy of the patient. For instance, fiducial markers may
be attached to possibly existing teeth of the patient, e.qg.
by using a suitable adhesive substance. When taking an
impression of the intra oral anatomy, the fiducial markers
also shape the impression accordingly. When making a cast
from the impression in order to provide the plaster model,
the shape of the fiducial markers is transferred to the
plaster model. In this manner 3D scanning the plaster model
provides data for identifying the fiducial markers in the
intra oral anatomy of the patient. The fiducial markers
have a suitable shape for identification, e.g. semi
spherical beads. Position of the fiducial markers in the 3D
data set of the intra oral anatomy is obtained by finding
the shape of these fiducial markers. Fiducial markers may

for instance also be provided in form of a brace attached
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to the patient’s teeth, or fiducial markers attached
suitably to an existing brace. Thus position data for the
fiducial markers is provided that may be matched with
craniofacial data. Craniofacial data may for instance be
obtained by CT scanning with the fiducial markers in the
same position as when taking the dental impression. Radio
opaque fiducial markers are identified in the CT data set,
providing the position thereof. Matching of the 3D data set
with the CT data set is made by means of the identified
positions of the fiducial markers.

In another embodiment, the intra oral anatomy 3D data
obtained from the plaster model may be matched with 3D data
for the jaw bone structure that is acquired based on
measurements of the patient’s intra oral anatomy as well as
measurements of the intra oral soft tissue. In this case 3D
data for the jaw bone structure is concluded from these
measurements, as explained in more detail above. A plaster
model of the patient’s intra oral anatomy is made from a
dental impression. The plaster model is both used for 3D
scanning of the patient’s intra oral anatomy, as well as
for producing a mapping guide. A vacuum-pressed template is
pressed over the plaster cast of the upper or lower jaw in
order to produce the mapping guide. The mapping guide
placed in the patient’s mouth and a probe is used to
perforate the soft tissue through the holes in the mapping
guide and measurement data is provided for 3D data of the
jaw bone structure and soft tissue. However, this 3D data
from mapping by means of the probe does not have high
resolution. Therefore, the plaster model may be used in the
following manner. The topography corresponding to the soft
tissue at the site of a dental restoration is at least
partially removed from the plaster model, e.g. by grinding.
In this manner a plaster model of the jaw bone structure is
laid bare. The jaw bone plaster structure is then 3D

scanned in order to provide a first data subset for the Jjaw
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bone structure. This first data subset for the jaw bone
structure may provide a base for matching with other data
sub sets of the intra oral anatomy or craniofacial anatomy.
Then, the topography of the soft tissue is reconstructed on
the jaw bone plaster model by means of gum replica
material. Data for production of the topography of the soft
tissue may be obtained from mapping by means of the probe.
The plaster model with reconstructed soft tissue is then 3D
scanned, providing a second data subset for the intra oral
anatomy with soft tissue. 3D scanning is made in the same
position of the plaster model as for generating the first
data subset. The two data subsets may be matched, providing
a combined data set for the 3D intra oral anatomy and jaw
bone structure. Furthermore, a dental restoration may be
attached to or in the plaster model having the replica gum
attached thereto. The model with the jaw bone structure,
the soft tissue and the dental restoration may be 3D
scanned in order to obtain a third data subset for this
configuration. 3D scanning is again made in the same
position of the plaster model. Thus, the first, second and
third data subset may be matched into a matched 3D data
set. The matched 3D data set may be used independently for
planning of surgical procedures and for providing data for
producing dental restorations and/or product related to the
surgical procedure. The matched 3D data set may be further
matched with data obtained by CT scanning, X-ray etc. in
order to increase flexibility.

As it i1s a requirement that the dental restoration
does fit well into the existing oral structure of the
patient, a second data input source that has a high
resolution, e.g. a high resolution 3D scanning device, is
used for providing input data for the existing oral
structure. High resolution 3D data for the oral structure

is provided from 3D scanning a dental impression.
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By matching the data from the first input data source
and the second data source, the high resolution is provided
in the region where high precision is needed for the
production of the dental restoration or product related to
pre-surgical planning, i.e. in the region of the dentition.
The high precision 3D data provides for a precise and
reliable production of surgical templates, dental
restorations, and products related thereto. Still, the
input data from the first input data source provides
sufficient information in order to provide for a reliable
surgical planning.

As used herein, the singular forms "a", "an" and
"the" are intended to include the plural forms as well,
unless expressly stated otherwise. It will be further
understood that the terms "includes," "comprises,"
"including" and/or "comprising," when used in this
specification, specify the presence of stated features,
integers, steps, operations, elements, and/or components,
but do not preclude the presence or addition of one or more
other features, integers, steps, operations, elements,
components, and/or groups thereof. It will be understood
that when an element is referred to as being "connected" or
"coupled" to another element, it can be directly connected
or coupled to the other element or intervening elements may
be present. Furthermore, "connected" or "coupled" as used
herein may include wirelessly connected or coupled. As
used herein, the term "and/or" includes any and all
combinations of one or more of the associated listed items.

As will be appreciated by one of skill in the
art, the present invention may be embodied as device,
system, method or computer program product. Accordingly,
the present invention may take the form of an entirely
hardware embodiment, a software embodiment or an embodiment

combining software and hardware aspects.
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Furthermore, the present invention may take the form
of a computer program product on a computer-usable storage
medium having computer-usable program code embodied in the
medium. Any suitable computer readable medium may be
utilized including hard disks, CD-ROMs, optical storage
devices, a transmission media such as those supporting the
Internet or an intranet, or magnetic storage devices.

Embodiments of the present invention are
described herein with reference to flowchart and/or block
diagrams. It will be understood that some or all of the
illustrated blocks may be implemented by computer program
instructions. These computer program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data
processing apparatus to produce a machine, such that the
instructions, which execute via the processor of the
computer or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks.

These computer program instructions may also be
stored in a computer-readable memory that can direct a
computer or other programmable data processing apparatus to
function in a particular manner, such that the instructions
stored in the computer-readable memory produce an article
of manufacture including instruction means which implement
the function/act specified in the flowchart and/or block
diagram block or blocks. The computer program instructions
may also be loaded onto a computer or other programmable
data processing apparatus to cause a series of operational
steps to be performed on the computer or other programmable
apparatus to produce a computer implemented process such
that the instructions which execute on the computer or
other programmable apparatus provide steps for implementing
the functions/acts specified in the flowchart and/or block

diagram block or blocks.
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It is to be understood that the functions/acts
noted in the diagrams may occur out of the order noted in
the operational illustrations. For example, two blocks
shown in succession may in fact be executed substantially
concurrently or the blocks may sometimes be executed in the
reverse order, depending upon the functionality/acts
involved. Although some of the diagrams include arrows on
communication paths to show a primary direction of
communication, 1t 1is to be understood that communication
may occur in the opposite direction to the depicted arrows.

The present invention has been described above with
reference to specific embodiments. However, other
embodiments than the above described are equally possible
within the scope of the invention. Different method steps
than those described above, performing the method by
hardware or software, may be provided within the scope of
the invention. The different features and steps of the
invention may be combined in other combinations than those
described. The scope of the invention is only limited by

the appended patent claims.



10

15

20

25

30

WO 2008/083857 PCT/EP2007/050426

38

CLAIMS

1. A method useful for planning a dental restorative
procedure of a patient and for producing at least one of a
dental restoration and a product related to the dental
restorative procedure, said method comprising

matching first data of the patient’s craniofacial
area from a first data input source with second data of the
patient’s intra oral anatomy from a second data input
source, different from said first data input source, into
matched data for said planning and producing, wherein

at least a part of said first data in said matched
data i1s provided for said planning and at least a part of
said second data in said matched data is provided for said

producing.

2. The method according to claim 1, wherein said
first data has a first resolution sufficient for enabling
said planning, and wherein said second data has a second

resolution sufficient for enabling said producing.

3. The method according to claim 2, wherein said

first resolution 1s lower than said second resolution.

4. The method according to claim 3, wherein said
first resolution is substantially lower than said second

resolution.

5. The method according to any preceding claim,

comprising obtaining said first data from a CT scanner.

6. The method according to any of claims 1 to 4,
comprising obtaining said first data from a X-ray imaging

device.
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7. The method according to claim 6, wherein said X-

ray imaging device is an intra-oral X-ray imaging device.

8. The method according to of claims 1-4, comprising
obtaining said first data from measurements of the jaw bone
topography derived from measurements of the patient’s intra
oral anatomy and measurements of the soft tissue using a

probe.

9. The method according to any preceding claim,
wherein said first data is related to jaw bone tissue at a

site for said dental restorative procedure.

10. The method according to any preceding claim,

comprising obtaining said second data from a 3D scanner.

11. The method according to claim 10, wherein said
second data is produced based on data obtained from said 3D
scanner scanning a dental impression taken of the patient’s

intra oral anatomy.

12. The method according to claim 10 or 11,
comprising obtaining said first data from a conebeam CT
scanner and obtaining said second data from said 3D

scanner.

13. The method according to any of claims 11 or 12,
wherein said matching is based on fiducial markers of a
dental impression tray used for taking the impression of

the patient’s intra oral anatomy.

14. The method according to claim 13, wherein said
dental impression tray with the impression is inserted into
the oral cavity of the patient during acquiring said first
data.
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15. The method according to claim 14, wherein said
dental impression is 3D scanned for obtaining said second

data prior to acquiring said first data.

16. The method according to any preceding claim,
wherein said second data is related to said intra oral
anatomy at least at a site for said dental restorative

procedure.

17. The method according to any preceding claim,
wherein said planning comprises pre-surgical planning of

said dental restorative procedure.

18. The method according to claim 17, wherein said
planning comprises virtual positioning of a dental implant

based on said first data.

1%. The method according to claim 18, wherein said
producing comprises producing a surgical template based on
said second data for installing the dental implant during

said dental restorative procedure.

20. The method according to any preceding claim,
wherein said producing comprises controlling of production
of a surgical template for said dental restorative

procedure.

21. The method according to any preceding claim,
wherein said producing comprises production of at least one
dental implant, abutment, coping, bridge, inlay, onlay,

anatomic abutment, anatomic crown, or crown.

22. A system (1900) useful for planning a dental

restorative procedure of a patient and for producing at
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least one of a dental restoration and a product related to
the dental restorative procedure, said system comprising

a matching unit for matching first data of the
patient’s craniofacial area from a first data input source
with second data of the patient’s intra oral anatomy from a
second data input source, different from said first data
input source, into matched data for said planning and
producing, wherein

at least a part of said first data in said matched
data i1s provided for said planning and at least a part of
said second data in said matched data is provided for said

producing.

23. A computer program (1940) useful for planning a
dental restorative procedure of a patient and for producing
at least one of a dental restoration and a product related
to the dental restorative, for processing by a computer,
the computer program comprising

a code segment for matching first data of the
patient’s craniofacial area from a first data input source
with second data of the patient’s intra oral anatomy from a
second data input source, different from said first data
input source, into matched data for said planning and
producing, wherein

at least a part of said first data in said matched
data i1s provided for said planning and at least a part of
said second data in said matched data is provided for said

producing.

24. The computer program of claim 23 enabling

carrying out of a method according to claim 1.

25. A computer readable medium (1930) having embodied

thereon the computer program of claim 23 or 24.
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26. A medical workstation (1910) for carrying out the
method of claim 1 by running the computer program (1940) of

claim 23.



WO 2008/083857 PCT/EP2007/050426
1/12

100

110

120

125

Fig. 1 130

135

140

150

160




2/12




WO 2008/083857

3/12




0000000000000

4/12




WO 2008/083857 PCT/EP2007/050426

512

600




WO 2008/083857 PCT/EP2007 1050426

6/12




WO 2008/083857

PCT/EP2007/050426

712

1000

B C420% 163098 o
~ XY
A2 %%%%%%%%%%%.
RIS
RIS
XL AR ITINRLILXKKS
KRR LIRS IIIL K]
Sasesesesesn oot esvatetetete?
X RIRPIATELLK ]
IR YRR
[0S PRI
B IGRAIRL
AR
KIERERLRRIRLRRAXZIRKIL LR
CRE LR LRRHIILIFRILLIRK
LIRS
R LIIRL L RHL R AR HIKI
CERLRIXL XTI K KIRL LR
IR IRE KIS IIL KR
RIS
R IRL R R LR
CRERIIEILLRIALTLRLLKS
C LRI RRSILIRLL K]
<RI LRI
L RLLIIKLLRALLIRIKL R
KRR RIIIL R RHRIRLK
L LIHILLILRLLRRILKS
LR
LRI
IERIRIRIIINLLLLRKKKY
[ <00IIIGPERKS
R IIRL R ILRIIXL ]
J IR RIIAARIRLL KR
RS IIIRNIIIKY
000K
OO ee e ecocete? Hosetesesesososesey
[ RRLLIHIIRLRIKK]
LR IILRIRILLKRSS
IRRRRISEIEIEILLLKS]
b oI LLIX KKK -
XL RIS KRIK
RCRIL IR EET RIS
OO e s0sesesesetese oSetotote R S ss
PRI RIS T
OOt oe oSt eseses: Sesesesess SRR
O a e esseseseseseseds Sotetese? \Sotesesiatese s
I RIHIRLIRIELKEY =K
FRPEILLLIRAPEY L5
£RERLXLIK A R <]
AIRLRRRLR ALK
EERRRIRIKRE
RIS S
NS o e tetetey”
KNSR KKA Y %
0SSR RIERGARIXKKY <
KRLIRALR KR
B0 s Seocned S
KRLISE paoarazond QGRS

<R
5
&
&

CLIAXHGITIN
% IRLELIRXKN
RIS »wwnnnomow«“nnnnonon»»
03 803 STt K0t eotets ORI
CHRRIBLL Ok QRIRRHARIKKS
Y O P S W vevareve-ar R LIRLRKY
KRRSROREIRIIKS QIRHARKIRKNS
3SR 20008 fesedecete
PSRRI RCIRLIKKS JASOLOSoes Neeseted
O OSOROs e e e e et NeSesets ZERIRIRRS
LCCRIRILNRLKS CHSKIPRAI L
SEIEENLEL RESESIKS
IRLNNELS] XL
PRI CRHXRKA
R 2000, Tetetotetes
0000000, Po0, 200 RS
XY XN
RIKLIARIRLY, Reliteeseg ol

LN
LRRRRRRIIN
Ssosesesetetetetes
RIS
anstsssestetoret
X fodele

S

QLI
PSRRI
Retetetetetetetetetelets’
(RIS
Rotetaseteteteter 8%
e oo 4%
SIS
Kol
LSk
(RRRR]

2
5

LRI

RS
X SSEKKK
R
e
o

D

]

]

%
A
s
S0

SRS
PR,

o%
<

$

%
S
N
XY

SEIRLRES
RIS
SRS,

XL XX
e 35

LS
RS

1120

X KK
X KK
B
X KK
SRS

%
peee

%%
o0

o%%
oo
S
o9

<}
]

%
2%
%%
%
&
X

’O
<
% %%
XK
SN
<R

o
o
—
—



WO 2008/083857 PCT/EP2007/050426

8/12

/ Fig. 12

1210

1320

1310

Fig. 13



WO 2008/083857 PCT/EP2007/050426

9/12

1420

Fig. 15



WO 2008/083857 PCT/EP2007/050426

10/12

1510
Fig. 16

1710 ——

1510 Fig. 17



PCT/EP2007/050426

WO 2008/083857

1112

Fig. 18

1510

%
Q J

1940

1930 —

1920
1922
1924

1900 ——

1910 ——

Fig. 19



PCT/EP2007/050426

12/12

TN

e

. oo
NEEH

e

<
%5
35
3
3
b6

i
%

Il
i
%
\
%

2005

%
>
1<
0%
XX
R

<P
<)
0%0

!
(X7
B Sttt
i <>

2060

WO 2008/083857

2010 —__
é 2020 %}_
2000
2000

Fig. 20



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2007/050426

CLASSIFICATION OF SUBJECT MATTER

A.
INV. A61C13/00 A61C9/00

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

B. FIELDS SEARCHED

A61C

Minimum documentation searched (classification system followed by classification symbols)

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A the whole document

X US 2004/015327 Al (SACHDEVA ROHIT [US] ET 1-7,
AL) 22 January 2004 (2004-01-22)

9-12,
16-26
13-15

D Further documents are listed in the continuation of Box C.

E See patent family annex.

* Special categories of cited documents :

*A" document defining the general state of the art which is not
considered to be of particular relevance

°E’ earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

*P* document published prior to the international filing date but
later than the priority date claimed

T

e

ye

g

later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the an.

document member of the same patent family

Date of the actual completion of the intemational search

16 October 2007

Date of mailing of the intemational search report

24/10/2007

Name and mailing address of the ISA/

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

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Vanrunxt, Joseph

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.

INTERNATIONAL SEARCH REPORT PCT/EP2007/050426

Box Il 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 17(2)(a) for the 1o|!oWing reasons:

1. Claims Nos.:

8
because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

2. D Claims Nos.:
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:

3. I:l 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 lil 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. I:‘ As all required additional search fees were timely paid by the applicant, this International Search Report covers all
searchable claims.

2. D As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment
of any additional fee.

w

. D 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. D No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest I:J The additional search fees were accompanied by the applicant's protest.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2004)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2007/050426
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2004015327 Al 22-01-2004  NONE

Form PCT/ISA/210 (patent famity annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - wo-search-report
	Page 57 - wo-search-report
	Page 58 - wo-search-report

