wo 2011/026609 A1 I 0F 0 0 0 RO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

. -

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number

(43) International Publication Date \:;___,/‘
10 March 2011 (10.03.2011) PCT WO 2011/026609 Al
(51) International Patent Classification: (74) Agent: LINUS, Bystrom; Nobel Biocare AB, P.O. Box
GO6T 7/20 (2006.01) GO6T 7/00 (2006.01) 5190, S-402 26 Goteborg (SE).

A61C 7700 (2006.01) (81) Designated States (unless otherwise indicated, for every

(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/EP2010/005355 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

. . CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(22) International Filing Date: DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
1 September 2010 (01.09.2010) HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(25) Filing Language: English KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(26) Publication Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(30) Priority Data: SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
09169487.7 4 September 2009 (04.09.2009) EP TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant (for all designated States except US): 84) Designateq States (unlgss othemise indicated, for every
MEDICIM N.V. [BE/BE]; Kardinaal Mercierplein 1, kind of regional protection available): ARIPO (BW, GH,
B-2800 Mechelen (BE). GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(72) Inventors; and TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(75) Inventors/Applicants (for US only): MOLLEMANS, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Wouter [BE/BE]; Lamorinierestraat 106, B-2018 LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
Antwerpen (BE). WOUTERS, Veerle [BE/BE]; P. SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Benotlaan 58, B-3010 Kessel-lo (BE). SCHUTYZER, GW, ML, MR, NE, SN, TD, TG).

Filip [BE/BE]; Callaerstraat 49, B-9100 Sint-Niklaas
(BE).

[Continued on next page]

(54) Title: METHOD FOR DIGITIZING DENTO-MAXILLOFACIAL OBJECTS
..................................................................... (57) Abstract: The present invention is related to a method for capturing
- the shape of a dento- maxillofacial object out of volumetric image data of
the dento-maxillofacial object. The method comprises the steps of: a) per-
forming a segmentation of the volumetric image data with at least one cal-
Designof culated segmentation parameter indicative of the distinction between the
object (10}
Align (13)

Image volume of
cahmm i dento-maxillofacial object and its background and derived from a calibra-
tion procedure, and b) capturing the shape of the dento-maxillofacial ob-

ject from the segmented volumetric image data.

Aligned
calibration object
design (14)

Define image values at
Compute histogram
(15)

surface and build histogram
Histogram

(16)

\‘J
Image values
is added to
histogram

Selection
Evaluale 17) criterion
ﬁl_ﬂ -
Optlmal threshold Segmentatlon +




WO 2011/026609 A1 W00 ) A 00RO NPT

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2011/026609 -1- PCT/EP2010/005355

METHOD FOR DIGITIZING DENTO-MAXILLOFACIAL OBJECTS

Field of the Invention

[0001] The present invention relates to a method for capturing the shape of a
dento-maxillofacial object out of volumetric image data of that object. Further, the
present invention relates to a method for determining a parameter for use in digitizing

the dento-maxillofacial object.

Background of the Invention

[0002] Dento-maxillofacial treatments are related to the dentition, the skull and
the facial soft tissues. The scope of the treatments goes from handling teeth — such
as aligning, restoring crowns, extracting, restoring including root and crown — over
bone related treatments — such as maxillofacial surgery involving surgical
remodelling or restoring of the skull and dentition, encompassing surgical
interventions of repair, in particular, of a mis-positioning of the jaws with respect to
one another, called orthognathic surgery, temporomandibular joint (TMJ) treatments
— over facial soft tissue treatments — such as tissue sculpting, lifting, .... Important in
these treatments is creating a good occlusion and smile line. With ‘occlusion’ is
meant the manner in which the teeth from the upper and lower arches come together
when the mouth is closed.

[0003] Since dento-maxillofacial treatments are complex and have a big impact
on the patient’s facial outlook, accurate treatment planning is required. Computer
aided dento-maxillofacial planning systems are becoming available which digitize the
traditional manual treatment planning process. In order to be able to optimize the
treatment plan, it is often necessary to incorporate in these systems a digitized
version of dento-maxillofacial objects, such as dental impressions, dental stone
models or removable prostheses etc. Consequently, a need exists to enable accurate
digitization of dento-maxillofacial objects.

[0004] Dento-maxillofacial objects are characterized by a highly irregular
shape showing various undercuts and small details. This characteristic makes
digitizing the shape a challenging task.

[0005] To digitize dento-maxillofacial objects, surface scanning based on
stereo-imaging, structure light imaging, laser scanning or, amongst others,
conoscopic holography can be applied. These methods can provide highly detailed

CONFIRMATION COPY
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surface scans of the objects. Although some techniques are more flexible with
respect to the variety of shapes they can scan, certain shapes remain difficult to
digitize.

[0006] An alternative method to digitize the shape of the dento-maxillofacial
material is using volumetric imaging techniques, such as destructive scanning or
tomographic imaging. Tomographic imaging includes all image modalities that
generate tomographic images. These tomographic images can be arranged in a 3D
image volume.

[0007] An example of such tomographic imaging is CT scanning. With this
modality, X-rays are employed to digitize the shape of the dento-maxillofacial
material. This is typically done in an industrialized environment based on industrial
CT scanners or micro-CT scanners. However, this approach needs a significant
investment and creates a logistic hassle. For example, a dental impression deforms
when it dries. Therefore, it is advisable to digitize the impression as soon as possible
and to carefully control the environment in which it is stored.

[0008] Although various imaging techniques exist for scanning objects, the
problem remains that capturing the exact contour or the shape of said objects out of
the volumetric image data is very difficult or inaccurate. Moreover, this contouring or
shaping is usually performed in a subjective manner. This contouring process is often
also called segmentation of the volumetric image data.

[0009] Consequently, there is a need for an accurate method to capture the
shape out of volumetric image data, such as the shape of dento-maxillofacial
materials in a more reliable way.

[0010] In WO00/19929 the volume imaging technique is described of
destructive scanning, whereby images of slices are taken.

[0011] Document US 7,123,767 describes techniques for segmenting a digital
dentition model into models of individual components using e.g. CT scans. Several
3D segmentation techniques are described, many of which are human-assisted.
Other computer-implemented techniques have a drawback that only interproximal
margins are created, instead of an accurate threshold value. This document is
however not concerned with the accuracy of the segmentation of a digital dentition
model, even though this is a crucial factor.

[0012] There is also a need to offer dental professionals the possibility to scan

dento-maxillofacial materials with volume imaging techniques, such as tomographic
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imaging, that are easily accessible or installed in the dental office. An example of
such a tomographic imaging method is CT scanning with a standard medical CT
scanner or a Cone-Beam CT scanner.

[0013] Tomographic imaging creates a volumetric image dataset, or even
several ones, out of which the surface of the dento-maxillofacial object needs to be
segmented. Given the large variety of tomographic imaging equipment, an easy and
highly automated method is required in order to allow convenient, accurate
digitization of the shape of dento-maxillofacial objects.

[0014] The paper ‘Geometric accuracy of digital volume tomography and
conventional computed tomography (Eggers et al., British Jounal of Oral and
Manxillofacial Surgery, vol.46, no.8, Dec.2008, pp. 639-644) is concerned with the
question whether digital volume tomographic imaging is suitable for image-guided
operating. The geometric accuracy is important for accurate patient to image
registration, and so for the safety of patients. Digital volume tomography is found to
be an appropriate method.

[0015] European patent application EP1808129 discloses a human body
information extraction device for extracting human body information including position
information from a reference position, from 3D information on the human body
elements obtained from a CT information or the like in which the position information
from the reference position with respect to a human body element is unknown. In the
proposed solution a reference plane for positioning is detected by detecting
information on a common positioning member contained in both of the 3D human
body information from the CT information and a 3D model information from a human

body model.

Aims of the invention

[0016] The present invention aims to provide a method for generating a digital
model of the shape of a dento-maxillofacial object out of a volumetric image data set,

whereby the drawbacks and limitations of the prior art are overcome.

Summary of the Invention

[0017] The present invention relates to a method for capturing the shape of a
dento-maxillofacial object out of volumetric image data of said dento-maxillofacial

object. The method comprises the steps of performing a segmentation of said
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volumetric image data with at least one calculated segmentation parameter indicative
of the distinction between said dento-maxillofacial object and its background, and
capturing the shape of said dento-maxillofacial object from said segmented
volumetric image data.

[0018] State-of-the-art methods rely on the intuitive segmentation by the
user of the system to obtain a digitization of the material. However, this subjective
method implies a big risk related to the correctness of the shape. In the solution
according to the present invention, this issue is automatically solved, while keeping
the requirement of using readily available equipment to the clinician or dentist, such
as a CT scanner.

[0019] The present invention also relates to a method for determining (i.e.
calculating) at least one segmentation parameter of volumetric image data of a
dento-maxillofacial object, whereby the method comprising the steps of obtaining
volumetric image data of a calibration object with the same imaging protocol as used
for obtaining said volumetric image data of said dento-maxillofacial object, and
determining said at least one segmentation parameter by means of the shape of said
calibration object and said volumetric image data of said calibration object. In the
proposed method the at least one segmentation parameter is determined by aligning
image data sets of the calibration object and of the volumetric image data of the
calibration object, deriving a measure for comparing the aligned data sets, and
deriving the at least one segmentation parameter based on a selection criterion on
said measure.

[0020] In one embodiment said method comprises the step of computing an
accuracy measure of the segmentation obtained by applying the at least one
segmentation parameter.

[0021] In a specific embodiment the alignment is performed by voxel-based
registration or by a point based alignment method.

[0022] In another specific embodiment the selection criterion is based on a
histogram that is built by measuring the image values in the volumetric image data of
the calibration object at the surface of the aligned calibration object.

[0023] In a preferred embodiment the volumetric image data is obtained by a
tomographic imaging technique comprising CT scanning.

[0024] In an embodiment the calibration object has material properties
substantially equal to those of the dento-maxillofacial object for a specific imaging
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technique. In another embodiment the calibration object has shape characteristics
substantially equal to the shape of the dento-maxillofacial object. In a further
embodiment the calibration object has dimensions substantially equal to the
dimensions of the dento-maxillofacial object.

[0025] In another aspect the present invention is related to a method for
digitizing a dento-maxillofacial object comprising of the steps of. a) taking a
calibration object designed with material properties suitable for a tomographic
imaging technique; and optionally substantially equal to the dento-maxillofacial object
in both shape and dimensions; b) scanning the calibration object with a tomographic
imaging device; c) deriving at least one segmentation parameter; d) scanning the
dento-maxillofacial object with the same imaging device and settings as used for the
calibration object in step b; and €) applying a segmentation on the scanned dento-
maxillofacial object with the at least one segmentation parameter obtained from step
C.

[0026] In a preferred embodiment, said segmentation of the method of the
present invention is thresholding.

[0027] In yet another aspect the present invention is related to a program,
executable on a programmable device containing instructions, which when executed,
perform the method as in any of the methods as described above.

[0028] In a further aspect the present invention is related to a kit comprising a
calibration object and a data carrier containing the program as described above. In
one embodiment said kit further comprises a carrier object for positioning the
calibration object in an imaging device, said carrier object imaging significantly

different than the calibration object.

[0029] The invention further discloses a method for designing a calibration
object.
[0030] A major advantage of the method of the present invention is to

correctly, robustly and reliably digitize a material with the equipment readily available
to clinicians or dentists. The method guarantees that a detailed and accurate surface
is automatically generated given the resolution of the volumetric image volume

acquired by the tomographic imaging method.

Brief Description of the Drawings
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[0031] Fig. 1 represents a workflow of a digitizing method according to the
invention.
[0032] Fig. 2 represents an outline of the algorithm for defining the optimal

threshold value.

[0033] Fig. 3 represents the calibration object design as scan (a) and produced
in polycarbonate (b).

[0034] Fig. 4 represents (a) the calibration object having a container part and a
top part; and (b) the positioning of the top part on the container part.

[0035] Fig. 5 represents (a) the top and container part filled with the dental
impression material; and (b) an impression of the dentitions in the container part after

removal of the top part.

Detailed Description of Embodiment(s)

[0036] The term “volumetric scan” means data obtained by a volume imaging
technique such as tomographic imaging or destructive scanning. Synonyms used
throughout the text are “volumetric image data” or “volumetric image dataset”.

[0037] For further storage, processing, design and production of various
products in the medical field, accurate digitization of a material reflecting a shape of
the body needs to be performed. Since this shape can be highly irregular, imaging
the entire shape in one fast acquisition is difficult.

[0038] In the dento-maxillofacial field, various objects are used for this
purpose. One family of materials is impression materials. Impressions are made of
anatomical parts such as teeth, face, ears. Another family of materials is plaster
casts. Plaster models of various anatomical models are typically produced from
impressions. Yet other materials, such as prostheses, or especially designed
materials, such as radiographic guides and wax-ups, need to be digitized.

[0039] To digitize dento-maxillofacial objects a volumetric imaging technique,
such as destructive imaging or tomographic imaging, may be used. In another
embodiment surface scanning techniques can be applied.

[0040] A typical tomographic scanning technique uses X-rays. In a clinical or
dental environment, scanning with a CT scanner can be used for digitizing the
patient's anatomy. The CT scanner can be a medical CT scanner, a cone-beam CT

scanner (CBCT) or micro CT scanner (UCT).
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[0041] The dento-maxillofacial object reflecting a shape of the body can be
positioned on a carrier material that images very differently. When the material
properties of these two materials are different, the object reflecting a shape of the
body can be clearly seen. When the material is scanned, it shows as if it is floating.
For imaging using X-rays, very radio-lucent carrier material is good, such as a
sponge. However, for the segmentation of the exact shape out of this volumetric
scan, given the broad range of equipment present in the medical and dental field, a
new step is required, which suits the medical or dental working environment. For this
purpose the present invention provides a calibration and segmentation procedure.
[0042] Figure 1 represents a workflow of a method for digitizing an object
according to the invention.

[0043] In one embodiment a tomographic scanner (2) is calibrated by
performing a scan (4) of a calibration object (3). From this scan one or more
segmentation parameters (6) are automatically computed (5). Said calibration object
(3) is specifically designed (10) for the object to be digitized (1) with the calibrated
tomographic scanner (7). A calibrated segmentation (8) is performed on the scanned
material to provide an accurate surface model (9) of said material.

[0044] A calibration object (3) is designed. The material for the calibration
object has similar material properties for the tomographic imaging method as the
target material that needs to be digitized. The exact shape information (10), which
can be similar to the shape of the real material that needs to be digitized, is known by
design.

[0045] The calibration object is scanned (4) in the same way and with the
same scanner as the target material is scanned. Based on the volumetric image data
from the scan (11) and the known shape from the design (10), the parameters that
generate the exact shape for a specific segmentation approach (6) are determined
(5). With these parameters, the binary decision point where the exact shape of the
scanned object is located is determined. In addition to this, an accuracy measure of
the resulting segmentation can be computed (12).

[0046] Now, the actual material is scanned with the same scan protocol as the
calibration scan (7). The segmentation algorithm is applied (8) with the determined
parameters (6). In this way the exact shape of the material is obtained (9).

[0047] The calibration scan can easily be redone with a regular frequency in

time, or when changes or updates to the CT-scanning equipment, or to the materials
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used, occur. This method is fast and can be handled by the clinicians and their team
themselves.

[0048] In a specific embodiment segmentation of a surface out of a volumetric
image volume is performed by thresholding. A threshold value defines the transition
between the material and background, and hence the surface of the material.

[0049] Fig. 2 illustrates an algorithm for automatically computing the optimal
threshold value or segmentation parameters (5).

[0050] The algorithm requires two input data sets: the calibration object design
(10) and the image volume(s) of the calibration object (11). The algorithm comprises
as major steps: aligning the two input data sets (13-14), deriving a measure for
comparing the aligned data sets (for example, by building a histogram (15-16)) and
finally deriving the value of the segmentation parameter, e.g. the optimal threshold
value (17-20).

[0051] Since the calibration object design (10) and the image volume (11) are
not aligned an alignment step is required. Aligning is defined as searching a
transformation so that the transformed object and the image volume share the same
3D space, and thus coincide. To obtain this alignment different procedures can be
used. A possible approach is as follows. First, an image volume based on the
calibration object design (10) is computed. Next this image volume data is aligned
with the image volume data of the calibration object obtained through tomographic
imaging (11). The outcome of this algorithm is a transformation which is then applied
to the calibration object design (10) to obtain an aligned calibration object design
(14). The aligned calibration object design (14) coincides with the image volume of
the calibration object (11) in the same 3D space.

[0052] In one embodiment the alignment can be done by voxel-based
registration based on maximization of mutual information (‘Multimodality image
registration by maximization of mutual information’, Maes et al., IEEE Trans. Medical
Imaging, 16(2):187—-198, April 1997). In another embodiment a point based alignment
method (‘Least square fitting of Two 3D Point Sets’, Arun et al., IEEE Trans. Pattern
Analysis and Machine Intelligence, 9(5), Sept. 1987) is used. This point based
alignment method first extracts well definable points or features on the calibration
object design (10) and in the image volume of the calibration object (11). Next the
method searches the transformation which aligns the corresponding 3D points of

both data sets.
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[0053] In a second step, the algorithm measures the image values in the
image volume of the calibration object (11) at the surface of the aligned calibration
object design (14). All measured image values are stored and a histogram of the
stored image values (15) is built. To improve the stability of the algorithm the
measure area can be extended towards a small region around the surface of the
aligned calibration object design (14). In this way noise in the alignment algorithm or
in the scanned data can be partially eliminated.

[0054] At last the optimal threshold value (19), in other words the segmentation
parameter, is derived (17) by using a selection criterion (18) in combination with the
generated image values histogram (16). Possible selection criteria (18) are: mean
image value, most frequent image value, maximum image value, etc. Different
selection criteria may result in slightly different threshold values and the optimal
selection criterion is dependent on the final application.

[0055] After defining an optimal threshold value a measure of the to-be-
expected overall accuracy (20) of the segmentation can be obtained. To calculate
this value a surface representation is generated out of the scanned image volume of
the calibration object (11) using a marching cubes algorithm (Proc. of SIGGRAPH,
pp.163—-169, 1987) and the derived optimal threshold value. Next a distance map
between this surface representation and the calibration object design (10) can be
calculated. This distance map or any statistical derived measure from this distance
map represents the to-be-expected accuracy of the overall digitization procedure for
the material to be digitized given the tomographic imaging method and equipment
with the according imaging protocol.

[0056] An alternative method for automatically computing the optimal threshold
value comprises the steps of aligning the scanned calibration object and the virtual
calibration object design, generating for any threshold value a distance map between
the reconstructed surface of the scanned object and the virtual surface of the object
design and deriving the optimal threshold value based on the calculated distance

maps.

Example 1: Design of calibration object (10) for acrylic prosthesis

[0057] In case the material to be digitized (1) is an acrylic dental prosthesis,
some specific guidelines can be considered when designing the calibration object
(10). First, the volume of the designed object is preferably more or less equal to the
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volume of a typical dental prosthesis. Moreover it is preferred that the surface of the
object contains sufficient detailed 3D information, i.e. shape variation, so that the
accuracy of the algorithm can be guaranteed. Finally the properties of the material
used for the calibration object should be similar or equal to those of the material to be
digitized for the specific tomographic imaging technique.

[0058] In case the tomographic imaging method is CT scanning for said acrylic
prosthesis, the calibration object (10) can be designed as follows. The calibration
object consists of a typical dental surface virtually mounted on a cylinder with a small
height. The designed object is produced in polycarbonate which has similar radio-
opacity characteristics as the acrylic materials used for producing dental prostheses
(Fig. 3). An example of such polycarbonate is TECANAT™.,

Example 2: Design of calibration object (10) for a dental impression

[0059] In case the material to be digitized is a dental impression and the
tomographic imaging method is CT scanning, some specific guidelines can be
considered when designing the calibration object (10). First, it should be noted that
many dental impression materials exist. All these materials have different radio-
opacity characteristics. Therefore the designed calibration object should be usable
for any of these dental impression materials. Second, it is preferred that the volume
of the calibration object is more or less equal to the volume of a typical dental
impression. Finally the calibration object preferably includes sufficient detailed 3D
information, i.e. shape variation, so that the accuracy of the algorithm can be
guaranteed. To meet these guidelines a calibration object can be produced and a
special calibration procedure can be elaborated.

[0060] An embodiment of a specific design is as follows. In a specific
embodiment, and as shown in Fig. 4, the designed object (10) consists of two parts:
a top part and a container part. The top part is a cubic shaped block with at the lower
side a structure which resembles the upper dentition. The container part consists of
two cavities. The size of the first cavity (C1 in Fig.4b) is slightly larger than the top
part. The second cavity (C2 in Fig.4b) is slightly smaller than the top part. Due to the
different sizes of the two cavities the top part can be placed on top of the container
part in a well known position. To calibrate the impression material, the lower cavity
C1 is filled with the impression material (see Fig.4b). Next the top part is placed on
the container and the two parts are pushed into tight contact with each other. After a
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few minutes when the impression material has hardened, the top part can be
removed. The remaining part, i.e. the container part with the impression material,
defines the final calibration object which will be scanned to obtain the image volume
of the calibration object (11). The dentition surface at the lower side of the top part

serves as the calibration object design (10).

[0061] Although the present invention has been illustrated by reference to
specific embodiments, it will be apparent to those skilled in the art that the invention
is not limited to the details of the foregoing illustrative embodiments, and that the
present invention may be embodied with various changes and modifications without
departing from the scope thereof. The present embodiments are therefore to be
considered in all respects as illustrative and not restrictive, the scope of the invention
being indicated by the appended claims rather than by the foregoing description, and
all changes which come within the meaning and range of equivalency of the claims
are therefore intended to be embraced therein. In other words, it is contemplated to
cover any and all modifications, variations or equivalents that fall within the scope of
the basic underlying principles and whose essential attributes are claimed in this
patent application. It will furthermore be understood by the reader of this patent
application that the words "comprising" or "comprise" do not exclude other elements
or steps, that the words "a" or "an" do not exclude a plurality, and that a single
element, such as a computer system, a processor, or another integrated unit may
fulfil the functions of several means recited in the claims. Any reference signs in the
claims shall not be construed as limiting the respective claims concerned. The terms
"first", "second", third", "a", "b", "c", and the like, when used in the description or in
the claims are introduced to distinguish between similar elements or steps and are
not necessarily describing a sequential or chronological order. Similarly, the terms
"top", "bottom", "over", "under”, and the like are introduced for descriptive purposes
and not necessarily to denote relative positions. It is to be understood that the terms
so used are interchangeable under appropriate circumstances and embodiments of
the invention are capable of operating according to the present invention in other
sequences, or in orientations different from the one(s) described or illustrated above.
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CLAIMS

1. A method for capturing the shape of a dento-maxillofacial object out of volumetric

image data of said dento-maxillofacial object, said method comprising the steps of

a.

performing a segmentation of said volumetric image data with at least one
calculated segmentation parameter indicative of the distinction between
said dento-maxillofacial object and its background, and

capturing the shape of said dento-maxillofacial object from said segmented

volumetric image data.

2. A method for determining at least one segmentation parameter of volumetric

image data of a dento-makxillofacial object, said method comprising the steps of:

a.

obtaining volumetric image data of a calibration object (10) of a given
shape with the same imaging protocol as used for obtaining said
volumetric image data of said dento-maxillofacial object;

aligning said volumetric image data of said calibration object (10) with

image data sets of said calibration object (11),

c. deriving a measure for comparing said aligned data sets;

d. determining said at least one segmentation parameter using a selection

criterion on said measure, whereby the shape of said calibration object
(10) and said volumetric image data of said calibration object (11) are

taken into account.

3. The method of claim 2, comprising the step of computing an accuracy measure

(12) of a segmentation obtained by applying said at least one segmentation

parameter.

4. The method of claim 2 or claim 3, wherein said step of aligning is performed by

voxel-based registration or by a point based alignment method.

5. The method of any of claims 2 to 4 wherein said selection criterion is based on a

histogram built by measuring image values in said volumetric image data of said
calibration object (11) at the surface of the aligned calibration object (14).
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6. The method of any of the previous claims wherein said volumetric image data is

obtained by a tomographic imaging technique comprising CT scanning.

7. The method of any of claims 2 to 6, wherein said calibration object (10) has
material properties substantially equal to those of said dento-maxillofacial object for

said imaging protocol.

8. The method of any of claims 2 to 7, wherein said calibration object (10) has a

shape substantially equal to the shape of said dento-maxillofacial object.

9. The method of any of claims 2 to 8, wherein said calibration object (10) has

dimensions substantially equal to the dimensions of said dento-maxillofacial object.

10. A method for digitizing a dento-maxillofacial object comprising of the steps of:

a. taking a calibration object (10) designed with material properties suitable
for a tomographic imaging technique, and optionally substantially equal to
said dento-maxillofacial object in both shape and dimensions;

b. scanning said calibration object (10) with a tomographic imaging device;

c. deriving at least one segmentation parameter;

d. scanning the dento-maxillofacial object with the same imaging device and
settings as used for the calibration object (10) in step b;

e. applying a segmentation on the scanned dento-maxillofacial object with the

at least one segmentation parameter obtained from step c.

11. The method of any of the previous claims, wherein said segmentation is

thresholding.

12. A program, executable on a programmable device containing instructions, which

when executed, perform the method as in any of the claims 2 to 11.

13. A kit comprising a calibration object (10) and a data carrier containing the

program of claim 12,
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14. The kit of claim 13 further comprising an object for positioning said calibration
object (10) in an imaging device, said object imaging significantly different from said

calibration object (10).
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