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2D images, where at least one 2D image includes at least one 
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more 2D images relative lo the 31) virtual model in a virtual 
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aligned when viewed from a viewpoint, whereby the 3D 
virtual model and the 2D image are both visualized in the 3D 
space; and modeling a restoration on the 3D virtual model, 
where the restoration is designed to fit the facial feanire of the 
al least one 2D image. 
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i D IMAGE ARRANGEMENT 

FIELD OF THE INVENTION 

2 
Tirns orthodontics relates to movement of teeth, so the 

desired position of a tooth or teeth is detem1ined, and based 
on the present position of that tooth or teeth, the movement 
from the present position to the desired position is deter
mined. Tirns within orthodontics the desired or resulting posi
tion of a tooth or teeth is/are is known before planning the 
steps of the movement. 

TI1is invention generally relates to a method of visualizing 5 

and modeling a set of teeth for a patient. More particularly, the 
invention relates to providing a 30 virtual model of the 
patient's set of teeth. TI1c method is at least partly computcr
implemented. 

It remains a problem to provide an improved method and 
system for providing esthetically beautiful and/orphysiologi-

10 cally suitable results of modeling teeth, both within the field 
ofresloratinns, implants, ortlmdontics etc. BACKGROUND OF THE INVENTION 

Visualization and modeling or design of teeth are known in 
the field of dental restorations. 

When a patient requires a dental restoration, such as 15 

crowns, bridges, abutments, or implants, the dentist will pre
pare the teeth e.g. a damaged tooth is grinded down to make 
a preparation where a crown is glued onto. An alternative 
treatment is to insert implants, such <is titanium screws, into 
the jaw of the patient and mount crowns or bridges on the 20 

implants. After preparing the teeth or inserting an implant the 
dentist can make an impression of the npper jaw, the lower 
jaw and a bite registration or a single impression in a double
sided tray, also known as triple trays. ·111e impressions are sent 
to the dental technicians who manufacture the restorations 25 

e.g. the bridge. TI1e first step to manufacture the restoration is 
traditionally to cast the upper and lower dental models from 
impressions of the upper and the lower jaw, respectively. The 
models are usually made of gypsnm and often aligned in a 
dental articulator using the bite registration to simulate the JO 

real bite and chewing motion. The dental technician builds up 
the dental restoration inside the articulator to ensure a nice 
visual appearance and bite functionality. 

CAD technology for manufacturing dental restoration is 
rapidly expanding improving quality, reducing cost and 35 

facilitating the possibility to manufacture in attractive mate
rials otherwise not available. The first step in the CAD manu
facturing process is to create a 3-dimensional model of the 
patient's teeth. This is traditionally done by 3D scanning one 
or both of the dental gypsum models. TI1c 3-dimcnsional 40 

replicas of the teeth are imported into a CAD program, where 
the entire dental restoration, such as a bridge substructure, is 
designed. ·111e final restoration 30 design is then manufac
t11red e.g. using a milling machine, 3D printer, rapid proto
typing manufacturing or other manufacturing equipment. 45 

Accuracy requirements for the dental restorations are very 
high otherwise the dental restoration will not be visual 
appealing, fit onto the Leeth, could cause pain or cause infec
tions. 

W010031404A relates to tools in a system for the design 50 

of customized three-dimensional models of dental restora
tions for subsequent manufacturing, where the dental resto
rations are such as implant abutments, copings, crowns, wax
ups, and bridge frameworks. Moreover, the invention relates 
to a computer-readable medium for implementing such a 55 

system on a computer. 
Visualizing and modeling teeth for a patient based are also 

known from the field of orthodontics. 
US2006127836A discloses orthodontic systems and meth

ods for determining movement of a tooth model from a first 60 

position to a second position by identifying one or more 
common features on the tooth model; detecting the position 
of the common features on the tooth model at the fin>L posi
tion; detecting the position of the common features on the 
tooth model at the second position; and determining a differ- 65 

ence between the position of each common feature at the first 
and second positions. 

SUMMARY 

Disclosed is a method of designing a dental restoration for 
a patient, wherein the method comprises; 

providing one or more 2D images, where at least one 2D 
image comprises at least one facial feature; 

providing a 30 virtual model of at least part of the patient's 
oral cavity; 

arranging at least one of the one or more 2D images relative 
to the 3D virtual model in a virtual 3D space such that the 
2D image and the 3D virtual model are aligned when 
viewed from a viewpoint, whereby the 30 virtual model 
and the 2D image are both visualized in the 3D space; 
and 

modeling a restoration on the 3D virtual model, where the 
restoration is designed to fit the facial feature of the at 
least one 2D image. 

TI1e tenns designing and modeling arc used interchange
ably in this document to describe what is done to the restora
tion to make it fit to the patient. The user, e.g. a dental tech
nician, may be digitally designing or modeling a restoration 
on the 3D virtual model. 

It is an advantage that the 3D CAD modeling of the 3D 
virtual model is based on a 2D digital image, since the 2D 
image determines or indicates what kind of modeling is suit
able, where the expression suitable may comprise physiologi
cally suitable or esthetic<Jlly suitable or llppealing. Thus the 
2D image is used to perfonn a correct modeling of the 3D 
model, since the 2D image functions as a benchmark or rule 
for what kind of modeling is possible or how the modeling 
can be with the limits provided by the 2]) image. ·nrns the 
modeling of the 3D virtual model is decided and performed 
based on the one or more 2D image, i.e. such as that the 
modeling of the 3D virtual model is based on the visualization 
of the 2D image. 

'I11epatient' s oral cavity may comprise at least the patient's 
present set of teeth, such as prepared teeth or unprepared 
teeth, if the patient is not toothless, and maybe part of the 
gun1s. If the patient is toothless, then the oral cavity may 
comprise the gums of the patient. 

The 20 image(s) may typically be a digital image, and the 
tenn 2D digital image may be used interchangeably with the 
tenn 2D image in the specification. 

It is an advantage that there may be one or more 2D images. 
If there are more 2D images, one 2D image may be used for 
alignment relative to the 3D virtual mode, and another 2D 
image may be used for designing the restoration. However, 
even if there are more 2D images, the same 2D image may be 
used both for alignment and for designing the restoration. The 
other 2D images may then just be used for visualization and 
presentation etc. If there is only one 20 image, !hat 2D image 
is used both for aligrunent with the 3D virtual model and for 
designing the restoration. 

Thus the 2D image comprising the facial features may be 
denoted the first 2D image, and the 2D image which is used 
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for alignment relative to the 3D virtual model may be denoted 
the second 2D image. If there is only one 2D image, then the 
first 2D image and the second 2D image is the same 2D image. 
If there are more 2D images, then the first 2D image and Lhe 
second 2d image may be the same 2D image, but they may 
also be two different 2D images. 

TI1e restoration is configured to be manufactured, such as 
by rapid manufacturing, such as by milling, printing etc. The 
restorntion may be veneered, such as by adding porcelain to 
the surface of it after machine manufacturing. When the res- lO 

!oration is finished, it may be inserted in the patient's mouth. 
It is an advantage that the 2D digital image and the 3D 

virtual model are aligned when viewed from one viewpoint, 
since hereby the useroroperatornfthe system performing the 
method, can view the 2D image and the 3D model from a 15 

viewpoint where they are aligned, since this enables and 
facilitates that modeling of the 3D model is based on the 20 
image. That the 2D image and 3D model are aligned when 
seen from a viewpoint means that at least some structures of 
the 2D image and the 3D model arc coinciding when seen 20 

from a viewpoint. Thus the 2D image and 3D model may not 
be aligned when seen from any viewpoint, thus there may be 
only one viewpoint from which the 2D image and the 3D 
model are aligned. 

Furthermore, it is an advantage that the 20 image and the 25 
3D model are arranged and remain as separate data represen
tations which are not merged or fused together into one rep
resentation. By keeping the data representations as separate 
representations, time is saved and data processing time and 
capacity is reduced. Thus the 2D image is not superimposed 30 

or overlaid onto the 3D virtual model for creating one repre
sentation with all data included. Prior art documents describe 
that the data from e.g. a color image-is added to the 3D model, 
such that the color content from the image is transforred to the 
3D model, whereby the result is one representation, i.e. the 35 

3D model including color. Creating such models requires 
more time and exhaustive data processing. 

Tims, it is an advantage that the present method may be 
performed faster than prior art methods . 

TI1c method is for use when modeling teeth, but can of 40 

course also with advantage be used by students within the 
dental field when learning how to model teeth and what to 
take into consideration when modeling teeth. 

Modeling of teeth is defined as comprising modeling of 
one or more dental restorations, modeling of one or more 45 

implants, modeling orthodontic movement of one or more 
teeth, modeling one or more teeth in a denture, e.g. a fixed or 
removable denture, to provide a visually pleasing appearance 
of the set of teeth etc. 

4 
formed, whereby the contour of the teeth on the 2D image 
and/or on the 30 model is automatically derived. Edge detec
tion can be perfonned by means of a software algorithm. 
Edges are points where there is a boundary or edge between lo 
image regions, and edges can thus be defined as sets of points 
in the image which have a strong gradient magnitude. The 
contour of the teeth may thus be detected by detecting the 
edge between image portions showing the teeth and the gin-
gival. 

One or more 2D images may be provided in the method, 
and the 2D images may e.g. show the patient' s face from 
different directions, show different parts of the patient's face, 
such as facial features in the form of the lips and the eyes or 
nose for example for detem1ining facial lines, show different 
examples of new teeth which the teeth of the 3D model can be 
modeled to look like, show the patient's teeth before prepar-
ing the teeth for restorations and after preparing the teeth, etc. 

In some embodiments the restoration is designed on at least 
one prepared toolh in the 31) virtual model. 

In some embodiments the 20 image and the 3D model arc 
aligned based on one or more unprepared teeth. 

In some embodiments the prepared tooth in the 3D virtual 
model is a physical preparation of the patient's teeth. 

In some embodiments the prepared tooth in the 30 virtual 
model is a virtual preparation modeled on the 30 virtual 
model. 

In some embodiments the 3D virtual model comprises at 
least one prepared tooth. 

In some embodiments the 3D virtual model comprises no 
prepared teeth, and where the 3D virtual model is of the 
patient's oral cavity before at least one tooth is prepared. 

In some embodiments the method comprises providing 
two 3D virtual models. where the first 3D virtual model 
comprises at least one prepared tooth and the second 3D 
virnial model comprises no prepared teeth, and where the first 
and the second JD virtual models are aligned. 

In some embodiments the 2D image and the second 3D 
virtual model comprising no prepared teeth are aligned. 

In some embodiments the 2D image and the first 30 virtual 
model comprising at least one prepared tooth arc aligned 
based on the alignment between the first and the second 3D 
virtual model and based on the alig1unent between the 2D 
image and the second 3D model. 

When aligning the 2D image and the 3D model, the 2D 
image may be of the patient's unprepared teeth, since it may 
be easier to align the 20 image and the 3D model, when the 
teeth on the 2D image are unprepared. When modeling the 
restomtion e.g. new teeth oft he 3]) model, the 20 image may 
then be of the patient's prepared teeth, since e.g. restorations 

Tims the modeling may comprise modeling of restorations, 
orthodontic plam1ing and/or treatment, modeling of implants, 
modeling of dentures etc. When the CAD modeling com
prises for example restorations, the virtually modeled resto
rations, such as crowns and bridges, can be manufactured by 
means of CAM, and the manufactured restorations can then 
eventually be inserted onto the patient's teeth by a dentist. 

50 normally are modeled after having prepared the teeth by 
cutting part of the teeth such that crowns etc. can be attached 
to the prepared part of the teeth. 

Arranging, placing, or positioning the 2D digital image on 
the 3D virtual model is performed digitally on a computer and 
shown on a user interface such as a screen, such that the user 
or operator obtains a visual representation of the 2D image 
and the 3D model together in the san1e field of view, whereby 
the operator can perform the modeling based on the simulta
neous view of the 2D image and the 30 model instead of 
based on either one combined representation or separate 
views of the 2D image and/or the 3D model. 

For facilitating the arrangement of the 20 image and the 
3D model relative to each other, edge detection may be per-

·111e 20 image of the prepared teeth may be aligned to the 
2D image of the unprepared teeth before the restoration on the 

55 3D model is designed/modeled based on the 2D image with 
the prepared teeth, since it may be easier to align the 2D 
images of the prepared and unprepared teeth, e.g. using the 
lips and other features of the face or teeth, than to align the 2D 
image of the prepared teeth with the 3D model , since here it 

60 may be difficult to find corresponding features on these. 

65 

However, the method may also be used before the dentist 
prepares any tooth or teeth, e.g. for presenting and showing 
the palienl how his set of teeth may look if a reslornlion is 
made on one or more of the teeth. 

TI1e method may be used for designing a diagnostic wax-up 
used to visualize the results of a restoration prior to the treat
ment being executed. 
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When designing a diagnostic wax-up, a virtual margin line 
and a virtual preparation may be made for designing the 
diagnostic wax-up, even though no real preparation is made. 

TI1e method may be used for designing a temporary, which 
the patient can wear after the dentist has prepared a tooth and 
before the final restoration is manufactured and placed on the 
prepared tooth. 

6 
If the 2D image is an image of at least part of the patient's 

face, then the facial features used for designing the restoration 
may be the Ii ps of the patient, the smile line of the patient's 
mouth, the symmetry lines in thepatienl's face, the midline of 
the patient's face, the horizontal line of the patient's face, the 
patient's anterior teeth etc. Thus the restoration may be 
designed by fitting the restoration to the lips of the patient, by 
fitting the restoration to the smile line of the patient's mouth, 
by fitting the restoration to the palienl's anterior leelh elc. 

If the 2D image is an image, such as a drawing, of a generic 
template face, then the facial features used for designing the 
restoration may be symmetry lines of the template face, 
shapes and sizes of the teeth on the template face etc. 

When designing the restoration lo fil lhe facial features, lhe 

TI1e restoration may be designed, e.g. automatically, by 
selecting a tooth in the 2D image, e.g. the tooth in the position 
where the restoration should be placed or a different aesthetic 10 

tooth. In the 2D image the selected tooth is only seen from one 
viewpoint, so only the front side, the width and the height of 
the loolh may be seen in the 20 image. Thus the backside of 
the tooth cannot be seen. A standard model tooth may be 
selected from a library, and this model tooth may be shaped as 

15 restoration may be designed such that there is a certain dis
tance from the edge of the upper lip to the incisal edge of the 
anterior teeth, e.g. the centrals, when the patient smiles a 
natural smile; and/or such that a certain percentage or amount 

the selected tooth in the 2D image. The model tooth or resto
ration can only be shaped as the selected tooth in the surfaces 
which arc seen in the 2D image. The rest of the model tooth or 
restoration may be shaped according to some standard for a 20 

tooth in that respective location in a mouth. E.g. the backside 

of the centmls are visible when the patient smiles. 
Furthermore, when designing the restoration to fit the 

facial features, the restoration may be designed by consider
ing the shape of the patient's face, the gender of the patient, 
the phenotypic characteristics of the patient, i.e. whether the 
patient is Asian, African, Caucasoid elc. for example Asians 

or the distal surface of a central tooth may typically be flat, 
whereas the distal surface of a canine may typically be trian
gularly shaped, and lhe distal surface of a molar may typically 
resemble the mesial surface of the tooth. Or the distal surface 
of the neighbor teeth or the corresponding tooth on the other 
side of the midline in the mouth may be used to shape the 
surfaces of the restoration which cannot be derived from the 
2D image. The restoration can be designed on the 3D virtual 
model, and the part of the restoration which is in contact with 
e.g. the preparation may be automatically designed to 
resemble the shape of the restoration. 

25 typically has smaller teeth, men typically have bigger teeth 
than women, oval teeth typically suit an oval face shape etc. 

Furthermore, if the patient has a small dental arch or jaw, 
then the distance between the canines will typically be 
smaller, and the anterior teeth should then typically be more 

30 narrow, than the teeth in a patient with a large arch and a larger 
distance between the canines. 

TI1e restoration can be a crown, a bridge, an abutment, an 
implant, a denture, such as a fixed orremovable denture, a foll 
denture or partial denture, a diagnostic wax-up, a temporary 35 

etc . 

In some embodiments the restoration is a crown, a bridge, 
an abutment, an implant, a denture, a diagnostic wax-up, 
and/or a temporary. 

In some embodiments the designing of the restoration is 
performed to automatically fit the facial features of the at least 
one 2D digital image. Designing a restoration may comprise designing at least 

part of a preparation, designing at least a part of the gingival 
surrounding the restoration in the patient's mouth etc. 

It is an advantage that the restoration is designed to fit or 
match the facial feature of the at least one 2D image, since this 
will provide a restoration which looks natural relative to the 
patient's face and/or this will provide a reslnralinn which is 
aesthetic, such as symmetrical. TI1c dental technical mies for 
designing teeth, mathematical or algorithmic rules and/or 
mies for aesthetics may be programmed into the software or 
used in the software or method for designing the restoration to 
fil !he facial features, and based on these rules the restoration 
may be designed, e.g. partly automatically. The dental tech
nician or the dentist may use his/her experience and knowl
edge about dental aesthetics and rules to design and deter
mine when the restoration fits the facial feature in the 
patient's image or in a template or standard image of a face. 

Designing the restoration to fit the facial foatures of the 2D 
image may be based on purely objective rules for restoration 
design. However designing the restoration to fit the facial 
features of the 2D image may alternatively and/or addition
ally be based on more subjective opinions and choices of the 
dental technician or dentist. 

In some embodiments facial features are present in an 
image of the patient and/or in a generic image of a person. 

In some embodiments the facial feature is one or two lips, 
one or more leeth, and/or the shape and/or size of the face. 

In some embodiments the facial features comprise one or 
more imaginary lines of a face adapted to be detected in the 
2D image, such as the midline, the horizontal line, and/or the 
bi-pupillar line. 

In some embodiments the restoration is designed by select
ing a tooth in the 2D image, and modeling the restoration to 

40 have the same shape as the selected tooth. 
In some embodiments the 3D virtual model is generated by 

scanning a physical model of the patient's teeth, by scanning 
an impression of the patient's teeth, and/or by perfonning a 
direct scanning of the patient's teeth. If the patient is tooth-

45 less, then the gums, a model or an impression of the gums may 
be scanned for creating a 3D model of the oral cavity. 

In 3D scanning the object is analyzed to collect data on its 
shape. 'l11e collecled data can then he used lo construe! digital, 
three dimensional models. In 3D scmming usually a point 

50 cloud of geometric samples on the surface of the subject is 
created. Tiiese points can then be used to extrapolate the 
shape of the subject. 

In some embodiments the one or more 2D digital image 
comprises a patient-specific image of at least part of the 

55 patient's face. 
An advantage of this embodiment is that the modeling can 

be based on an image of the patient, such that the modeling is 
perfonned with respect to the facial foatures fonning the look 
or appearance of the patient, or with respect to some, a few or 

60 a single, specific visual facial features of the patient, such as 
the lips. 

In some embodiments the one or more 2D digital image 
comprises a generic image nf al least part of a human face. 

An advantage of this embodiment is that the modeling can 
65 be based on a generic image, whereby it is not patient-specific 

facial features which determine the modeling, but instead it is 
a general image, e.g. the facial features may be some visually 
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pleasing teeth from another person, or the facial feature may 
be a drawing of some ideal teeth etc . 

In some embodiments the one or more 2D digital image is 
retrieved from a library comprising a number of images of 
teeth. 

An advantage of this embodiment is that the 2D image, 
such as a generic image, can be selected from a library which 
contains for example several images of teeth, so that the 
palient e.g. can choose his/her desired new sel of teeth from 
the library. The library may be a so called smile guide library 
comprising images of teeth and/or mouths which are shown 
while smiling, since visually pleasing teeth may be most 
important when smiling, since this may be when most teeth 
are shown lo the surrow1dings. 

8 
In some embodiments the template comprises a facial fea

ture in the form of a contour of teeth. 
In some embodiments the contour comprises a shape of 

one or more teeth seen from the front. 
An advantage of the embodiments relating to the contour of 

teeth is that using the visually pleasing contour of some 
suitable teeth may be a simple and easy way to model the 
restoration teeth of the 3D model. 

In some embodiments the template comprises a facial fea-
1 o ture in the form of a curve. 

The images of teeth in the library may be photos of teeth, 15 

may be drawings of teeth, etc. and thus the facial features are 
then teeth. 

1\11 advantage of this embodiment is that by means of a 
cunre, distances and angles can be measured or viewed. For 
example a distance can be measured from the centre of the 
curve, and in one example the operator may measure x mm 
from a certain point on the curve, and at this distance some
thing specific may be arranged, such as a distal point on a 
lateral. Furthermore the curve may be a symmetry curve for 
ensuring that the modeled restoration teeth will be symmetric. In some embodiments the 2D image comprises a cross for 

pmviding a visual symmetry which is adapted lo be used for 
designing the restoration. 

In some embodiments the one or more 2D digital image is 
a template for supporting designing the patient's teeth. 

In some embodiments lhe facial fealure in the form of the 
20 curve comprises an arch following the upper and/or lower 

anterior teeth seen from the front or from above. 
In some embodiments the facial feature in the form of the 

cunre comprises a smile line adapted to follow the lower lip in 
a natural smile and lhe incisal edges of Lhe upper teeth. 

In some embodiments the template comprises a facial fea
ture in the form of one or more curves for indicating the 
position of the gingival tissue. 

An advantage of this embodiment is that when the 2D 
image is a template, lhen lhe operntor can arrange and model 
teeth using this template for obtaining a visually pleasing 25 

result ofthemodeling. Tirns the template may comprise facial 
features in the fonu of guiding lines, rough blocks for arrang
ing the teeth etc. An advantage of these embodiments relating to curves of 

the teeth and/or of the mouth and lips is that using some kind 
JO of curve(s) may be a simple and easy way to model the 

restoration teeth of the 3D model. 

Thus facial feature, such as imaginary lines, in a patient's 
face, such as the midline, the horizontal line, the bi-pupillar 
line etc. may be used to determine how the restored teeth 
should look, i.e. the features, such as lines, may be used for 
designing the restoration(s) . 

In some embodiments the template comprises a facial fea
ture in the form of the midline of a face. 

In some embodiments the template comprises a facial fea
ture in the fonn of horizontal line passing along the anterior 
teeth. 

In some embodiments the template comprises a facial fea
ture in the form of the occlusal plane of a face. 

An advantage of the embodiments where the template 
comprises some facial feature, such as the midline of the face, 

In some embodiments the one or more 2D digital image 
shows at least a nmnber of front teeth. 

It is an advantage to have a facial feature in the form of front 
35 teeth, since front teeth may be good starting points for design

ing other restoration teeth. 

40 

In some embodiments the one or more 2D digital image is 
a photograph showing at least a facial feature in the fonn of 
the patient's lips and teeth seen from the front . 

a horizontal line, an occlusal plane elc, is lhat these features 
may assist in both arranging the 2D image and the 3D model 
relative to each other and in modeling of the restoration of the 45 

3D model. 

An advantage of this embodiment is that when the 2D 
image shows the patient' s lips and existing teeth, then the 
modeling of the restoration teeth can be perfonned such that 
they suit the patient's lips and unchanged Leeth providing a 
visually pleasing result of the modeling. 

In some embodiments the method forther comprises virtu
ally cutting at least a part of the teeth out of the one or more 2D 
digital image, if the 2D image comprises teeth, such that at 
least the lips remains lo be visible in the 20 digital image. 

In some embodiments the template comprises a facial fea
ture in the form ofboxes adapted to fit the centrals, lhe laterals 
and the cuspids. 

An advantage of this embodiment is that it enables the 
operator to easily model a restoration of the different anterior 
teeth to be visually pleasing. For example the laterals can with 
advantage be 2j, of the widlh oflhe centrals, and the cuspids or 
canines can with advantage be slightly narrower than the 
centrals. 

In some embodiments the template comprises a facial fea
ture in the form of one or more long axes of anterior teeth. 

An advantage of this embodiment is that the long axes can 
be used for indicating the long axis alignment of teeth and/or 
the vertical direction of teeth for support in modeling the 
restorntion. 

In some embodiments the facial feature in the form of the 
long axes of at least the upper anterior teeth converge toward 
the incisal edge or biting edge. 

An advantage of this embodiment is that it is visually 
pleasing when the long axes ofat least the upper anterior teeth 
converge toward the incisal. 

An advantage of this embodiment is that when the lips and 
50 no or only some teeth are visible in the 2D image then it is 

easy to visualize the modeled restoration teeth of the 3D 
virtual model with the patient's lips and determine whether 
the restoration il is a good resull of modeling. The cutting of 
teeth out of the 2D image may be performed virtually or 

55 digitally such that the information in the 2D image relating to 
the teeth is removed, deleted, made invisible etc. 

Ifthere is free space between the teeth, such as between the 
upper and lower teeth in the 2D image, then this free space 
may also be removed from the 2D image, such that everything 

60 inside the edge of the lips is removed so that the 3D model can 
be seen within the edge of the lips. The lips themselves should 
prefernbly not be cut out, since the lips should preferably be 
seen while designing the reslorntion of the teeth, such that the 
restoration is designed to fit the patient's lips or the standard, 

65 template, model lips from a template 2D image. 
·virtually cutting the teeth out of the 2D image may be 

performed by segmenting the lips and the teeth in the 2D 
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image. Segmentation may be perfom1ed by that the dental 
technician manually draws with a digital drawing tool along 
the edge or lines of the lips and/or teeth, and thereby performs 
the segmentation. Die segmentation may also be performed 
automatically by means of well-known image processing 
algorithms. TI1e segmentation may also be performed by 
means of analyzing the color difference in the 2D image, and 
using the criteria. that teeth are normally white/yellow or grey 
colored_, and that lips are nonnaUy red/pink/flesh colored. Tile 
segmentation may also be performed lly defining one or more 10 

lip models orleelh models and then digitally searching the 20 
image for features which match the lip models and/or teeth 
models. 

10 
An advantage of this embodiment is that facial lines deter

mines the geometry of the patient's face, and for obtaining a 
visually pleasing result of modeling, the teeth should fit with 
this overall geometry. 

In some emhodi.J.nents the one or more 20 digital image is 
an X-ray image of the patient's teeth. 

An advantage of this embodiment is that when using or 
applying an X-ray image of the patient's teeth, the entireteeth 
wirh roots under 1he gmgival can be seen, and thus broken or 
weak teeth or roots can be detected. Hereby for example 
implants exerting force on the teeth and roots can he planned 
to he arranged to exert force on non-broken or strong teeth and 
Leeth mols instead of on the broken and weak teeth and ruols. 

In some embodiments the method further comprises pro
viding a 3D computed tomography scan of the patient's face 
for facilitating aligning the one or more 2D image and the 3D 
model and/or for modeling the 30 virtual model. 

TI1e edge of the lips can be marked by means of i.J.nage 
15 

processing tools, digital drawing tools, such as manual tools, 
semi-automatic tools, full-automatic tools, standard i.J.nage 
processing tools, a combination of different drawings tools 
etc. In some embodi.J.nents the one or more 2D digital image is 

20 a still image from a video recording. One of the 2D images may be a 2D image of the patient 
where the teeth can be seen behind the lips, e.g. where as 
much as possible of the teeth is seen, e.g. in an image where 
the patient smiles, such as his/her natural smile. 

It may be an advantage that the patient's present teeth can 
be seen in the 2D image, since this may be used when design- 25 

ing the restoration. In particular, how the patient's present 
teeth and lips look or appear relative to each other when the 
patient smiles, may be used when designing the restoration. 

Another one of the 20 images may be a 20 image of the 
patient where the teeth cannot be seen, e.g. where the lips are 30 

closed together. 
In some embodiments the 30 virtual model is visible 

behind the lips. 
An advantage of this embodiment is that when the 30 

35 
model can be seen behi.J.1d the lips, then the modeling of the 
restoration teeth can be performed while viewi.J.1g the lips for 
determining ifthe modeling is satisfactory. 

Jn some embodiments the method comprises culling out 
the part of the 20 image which is inside the edge of the lips. 40 

In some embodiments the edge of the lips is marked on the 
20 image. 

In some embodiments the edge oft he lips is marked manu
ally by means of digital drawing tools. 

In some embodiments the edge oflips is marked by means 45 

of a digital spline curve. 
In some embodiments the edge of the lips is marked by 

means of semi-automatic drawings tools. 
When a part from the 20 image and a part from the 30 

virtual model should be viewed/seen/be presented at the same 50 

time, then for example the pixels relating to the lips in the 20 
image may he selected for view and the pixels relating to the 
teeth m the 30 vim1al model may he selected for view, and the 
20 image and the 3]) virtual model may be combined in view 

55 
this way. 

As an alternative to cutting out the teeth of the 2D image, 
the teeth in the 2D image can be made transparent such that 
lhe teeth in the 3D model can be seen in the place of the 20 
image teeth. Providing the teeth in the 2D i.J.nage to be trans- 60 
parent can he performed similar to the cutting, e.g. by select
ing some pixels to be viewed and selecting other pixels not to 
he viewed. 

In some embodi.J.nents the one or more 2D digital image is 
derived from a 3D face scan. 

When the 30 face scan is seen on the screen it may he seen 
from a certain perspective thereby yielding a certain 2D pm
jection of the 3D scan. Tims a 2D image may be derived from 
the 2D projection of the 3D face scan. 

In some embodiments the method further comprises pro
viding a 3D face scan of the patient for facilitating aligning 
the one or more 2D image and the 3D model and/or for 
modeling the 3D virtual model. 

TI1e 3D face scan may be provided by means of aligning 
and/or combining multiple sub-scans of the face, such as 
sub-scans from different angles . Furthermore, at least some of 
the sub-scans may he at least partly overlappmg. 

TI1e face scan may also comprise texture, and at least a part 
of the sub-textures of at least part of the sub-scans may be 
color adjusted ad/or color interpolated, such as by texture 
weaving, to provide the texture of the 3D face scan or 3D 
model. 

When performing a face scan of the patient, at least part of 
the patient's hair may be powdered with a reflective powder. 

Furthermore, silhouettes from multiple sub-scans may be 
extmdedand subsequenlly intersected to provide a visual hull 
approximation. 

Texture, such as color, from the 2D image or a face scan 
may be mapped onto the 30 virtual model and/or mapped 
onto the restoration. 

If the restorntion resembles the original tooth which is 
being restored, then it may be an advantage to use the texture, 
e.g. color, from the 2D image. But if the restoration does not 
resemble the original tooth or if there is no original tooth, then 
the texture, e.g. color, from the 2D image may not he mapped 
to the restoration. 

Mapping the texture, e.g. color, from the 2D image onto the 
30 virtual model and/or the restoration may be an advantage 
for designing the restoration, smce it may e.g. help in deter
mining the color of the restoration and/or other textural fea
tures of the restoration. 

TI1e teeth and tissue, such as gingival, in the 3D model may 
be at least partially segmented. The segmentation may he 
provided by means of a computer implemented algorithm, 
such as a shortest path algorithm applied on a 3D matrix 
representing curvature of the tooth surface. 

In some embodiments the one or more 2D digital i.J.nage 
shows the face of the patient such that facial features in the 
form of facial lines, such as the midline and the bi-pupillar 
line, are detectable. 

Segmentation may alternatively/additionally he at least 
65 partly based on color information in the 3D model. 

In some embodiments a face scan of the patient provides a 
measure of the distance that the upper and/or lower lip moves 
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when the patient smiles, and the distance is adapted to be used 
for measuring the ideal length of at least some of the teeth. 

An advantage of this embodiment is that at least the length 

12 
optimally performing the modeling. The scaling may be an 
automatic modification of the size of e.g. the 30 virtual model 
to the size of the 20 digital image or vice versa. Alternatively, 
Lhe scaling may be ofbolh the 2D image and lhe 31) model to of the front leelh is imporlanl for lhe visual appearance of the 

teeth. 5 resize them to a predetermined scale. 
In some embodiments the method further comprises pro

viding at least part of the one or more 20 digital image to be 
at least partly transparent, such that the 30 virtual model is 
visual through the 2D digital image. 

Transparency may mean full transparency, e.g. meaning 10 

something is completely invisible, partial transparency or 
translucency, e.g. meaning that the graphics is partially trans
parent, e.g. like a colored glass. Partial transparency may be 
simulated at some level by mixing colors. 

When the entire or a part from the 20 image and/or the 15 

entire or a part from the 30 virn1al model should be transpar
ent, then for example some of, such as every second, pixels in 
the 20 image may be selected for view and some of. such as 
every olher second, pixels in the 3D virtual model may he 
selected for view, and the 20 image and the 30 virtual model 10 

may he combined in view this way, such that one of them or 
both become transparent, e.g. interchangeably transparent. 

Fading may be obtained similar to transparency, e.g. by 
selecting certain pixels for view and other pixels not for view. 

In some embodiments the one or more 20 digital image is 25 

adapted to be smoothly faded in and out of the view. 
An advantage of this embodiment is that when smoothly 

fading the 20 image in and out of view this provides that the 
visualization of the 20 digital image changes from being 
entirely visible to be partly visible and then maybe invisible 30 

and vice versa. Hereby the 20 image can be viewed as the user 
wishes. The fading in-and--0ut may be gradual. 

In some embodiments the method further comprises pro
viding at least part of the 30 virtual model to be at least partly 
transparent, such that at least one of the one or more 20 digital 35 

images is visual through the 30 virn1al model. 
In some embodiments the method comprises fading the 30 

model smoothly in and out of the view. 
In some embodiments the 20 image and the 30 model are 

adapted to be alternately faded in and out of view. 
In some embodiments the 20 image is adapted to be faded 

into view, when the 30 virtual model is faded out of view, and 
vice versa. 

40 

In some embodiments the method further comprises align
ing the one or more 20 digital image and the 30 virtual 
model. 

An advantage of this embodiment is that when the 20 
image and the 30 model arc aligned then modeling of the 
restoration may be perfom1ed easier and with a better result. 
Alignment may be defined as the adjustment of an object in 
relation with another object, such that structures of the objects 
are coinciding. 'Illus common or alike structures of the 20 
image and the 30 model may be aligned. 

In some embodiments the silhouette of the biting edge of at 
least the upper anterior teeth on the one or more 20 image and 
on the 30 virtual model is used to perform the alignment of 
the 2D image and the 3)) virtual model. 

A.n advantage of this embodiment is that in many cases the 
biting edge of the upper anterior teeth are seen on both the 20 
image and on the 30 model, and therefore this biting edge 
may be an advantageous physical point of alignment. 

In some embodimenls the method further comprises pro
jecting the plane of the one or more 20 digital image to the 30 
virtual model. 

An advantage of this embodiment is that when projecting 
the plane of 20 image to the 3 D model or to a plane of the 3 D 
model , the 30 model and the 20 image can be viewed in the 
san1c plane which may be an advantage when modeling the 
restoration teeth. The viewing of the 30 model and the 20 
image in the same plane may otherwise be complex. 

In some embodiments the method further comprises 
changing the perspective view of the one or more 20 digital 
image and/or of the 30 virtual model to obtain the same 
perspective view. 

A.11 advantage of this embodiment is that modeling of the 
restoration may be facilitated when the 20 image and the 30 
model can be seen in the same perspective view. 

For aligning the 20 image and the 30 model, a 2D projec-
tion of the 30 model may be performed. The projection may 
be a perspective projection, a parallel projection such as an 
orthographic projection, etc. Corresponding points may be 
selected on tl1e 20 image and the 30 model, a projection of In some embodiments the 20 image and the 30 virtual 

model are adapted to faded in and out of view independently 
of each other. 

In some embodiments the 30 virtual model comprises the 
patient's set of teeth. 

In some embodiments the 20 image and the 30 virtual 
model are aligned by means of scaling, translating and/or 
rotating the 20 image and/or the 30 model relative to each 
other. 

45 the 30 model onto 20 space may be made, and the distance 
between the corresponding points on tl1e 2D projected 30 
model and the 20 image may be minimized tmtil the location 
of the corresponding points are coincident or almost coinci
dent. The location may be minimized by means of iteration, 

50 like in tl1e iterative closest point (ICP) method for aligning 30 
models. 

In some embodiments the view of the 2D image is lixed, 
and the 30 virnrnl model is scaled and/or translated and/or 
rotated relative to the 20 image. 

In some embodiments the method comprises selecting a 
viewpoint of the 30 virtual model which provides an optimal 
fit to the 20 digital image. 

55 

In some embodiments the dental articulation of the upper 
and lower teeth in the 30 virtual model is adapted to be 60 

adjusted to resemble the articulation of the upper and lower 
teeth in the 20 image. 

In some embodiments the method further comprises scal
ing the one or more 20 digital image and the 30 virtual model 
to show at least part of the teeth in the same size. 

An advantage of this embodiment is that the 20 image and 
the 30 model should be shown in the same scale in order for 

65 

In some embodiments the metl10d further comprises de
warping the perspective view of the one or more 20 image for 
visually aligning tl1e 20 image and the 30 virtual model. 

De-warping may be used, iftl1e 20 image of the patient's 
mouth is for example taken in an angle from above, below 
and/or from a side, but it is desired that the 2D image of the 
patient's mouth is seen from the front, since a front image 
may be easier to use when designing a restoration for the 
patient's teetl1. 

Warping or de-warping may be used for correcting image 
distortion. Warping or de-warping may comprise mapping 
points to points. ·n1is can be based mathematically on any 
fi.mction from (part of) the plane to the plane. 

Tirns an advantage of this embodiment is that when de
warping or correcting the perspective view of the 20 image, 
then the view is digitally manipulated, and hereby points on 
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the perspective view of the 20 image can be mapped to points 
Oil the 30 model or its plane. After de-warping or correcting 
the perspective of the 20 image, the 30 model can be re
aligned, such that the 20 image and the 3D model are aligned 
again. 

Tirns de-warping may be perfonned by projecting the 20 
image or the teeth from the 2D image onto the 30 virtual 
model. Since the 30 model may only comprises the teeth of 
the patient, a face model, such as the patient's own face or a 
generic face model, may be used to align the 20 image and the 10 

30 virtual model. A new perspective view of the 3D virtual 
model may now be selected and a new 2D image can be 
derived from this. This new 2]) image may be a corrected, 
undistorted version or view of the original distorted 20 

15 
image. 

In some embodiments scaling, aligning, projecting to a 
plane, de-warping perspective and changing perspective are 
defined as virtual actions for arrangement or alignment. 

In some embodiments one or more of the virtual actions for 20 

14 
If a patient's teeth are photographed from a distance of 

about 1 meter, which may typically be the case when photo
graphing teeth for this method, then the assumption about 
parallel projection may he acceptable. 

For some cases it may be a reasonable assumption that all 
teeth lie in the same plane, however in other cases this 
assumption may not be correct, and it may be difficult or even 
impossible to align the 20 image and the 30 virtual model 
using this assumption. 

In practice, alignment may be performed by fixing the 20 
image in position and then moving the 30 virtual model 
relative to the fixed 20 image by using e.g. a 30 motion 
controller, a 30 navigation device, a 600F device (six 
degrees of freedom) or a 3]) mouse, such as a spaceball. 

If the 30 virtual model can be reduced to a 20 model, then 
the 20 image and the 20 model may be aligned using three 
points, since the alignment may then comprise magnification 
or scaling, translation in one direction and rotation about one 
axis. 

TI1c difficult part of aligning a 2D image and a 30 virtual 
arrangement comprises rotations and translations le±Vright model may be performing the rotation, since translation and 
and back/forth of the one or more 2D digital image and/or of scaling or magnification may be more easy to perfonn. 
the 30 virtual model. Perspective projection can be activated in the software 

An advantage of lhis embodiment is lhat by providing program where lhe restoration is designed, and when perspec-
rotations, translations etc. then different movements of the 2D 25 tive projection is activated the 20 image and/or the 30 virtual 
image a~d/or of the 30 m~del may be perfonned for facili- model may comprise more depth. 
tating the scaling, aligning, perspective changing and ulti- Perspective may be a parameter which can be adjusted, 
mately for facilitating the modeling of the teeth. activated, fixed etc. in the software program for perfonning 

In some embodiments the method further comprises the the method. 
steps of: 30 In some embodiments at least one corresponding anatomi-

detecting anatomical points on the teeth, where the ana- cal point is selected to perfonn the virtual actions for arrange-
tomical points are present and detectable both on the one ment. 
or more 20 digital image and the 30 virtual model , and An advantage of this embodiment is that one common or 

performing the virtual actions for arrangement based on mutual point on the 20 image and the 30 model may be 
these corresponding anatomical points. J5 sufficient for arranging the 20 image and the 30 model 

An advantage of this embodiment is that using correspond- relative to each other. However in other cases the 2D image 
ing, common or mutual anatomical points on the 20 image and the 30 model should be aligned using more points, such 
and the 30 model may be an easy way to perform alignment as two, three or four points. In general three points may be 
of the 2D image and the 30 model, where after modeling of suitable. Four points can be used for performing an even 
the restoration teeth can be performed. 40 better arrangement or for use in more difficult cases. 

For correctly aligning the 20 image and the 30 virtual In some embodiments the method further comprises the 
model, the number of corresponding points on the 20 image steps _of: 
and the 3D model may be similar lo the number of degrees providing a virtual measurement bar, and 
(DOF) of freedom for moving the 2D image and the 3 0 model performing the virtual actions for arrangement of the one 
relative to each other. The number of degrees offreedom may 45 or more 2D digital image and/or of the 3D virtual model 
for example be seven; thus seven corresponding points may by means of adjustment to the virtual measurement bar. 
be required for performing a correct alignment of the 20 An advantage of this embodiment is that it may be easy and 
image and the 30 virtual model. fast lo use a virtual measurement bar to perform the virtual 

For calculating the number of degrees of freedom, a camera actions for arrangement such as scaling, where the sizes of the 
model may be estimated. The camera model may comprise a 50 20 image and the 3D model are adjusted to correspond to 
number of internal parameters and a number of external each other. 
parameters. The internal parameters may be magnification, In some embodiments the method further comprises that a 
also known as enlargement or scaling, and perspective pro- userperfonns the virtual actions for arrdngement of the one or 
jection or distortion. The external parameters may be the more 20 digital image and/or of the 3D virtual model by 
placement and orientation of the camera relative to the object, 55 means of eye measure. 
e.g. the set of teeth. An advantage of this embodiment is that just by using 

TI1e degrees of freedom may be translations in the three simple eye measure, the operator can very quickly and reli-
directions in space and rotations aboutthethree axes in space. ably perform the amingement of the 2D image and the 3D 

For reducing the number of degrees of freedom, and thus model relative to each other or perfom1 a rough starting point 
e.g. for reducing the required number of corresponding points 60 for a more detailed adjustment. 
on the 2D image and the 30 model, it can be assumed that all In some embodiments the anatomical points are upper 
the teeth lie in the same plane. Then the internal parameters and/or lower distal and/or mesial points on a number of spe-
should not comprise the perspective projection or distortion, cific anterior teeth. 
but only the magnification. Thus a parallel projection may be An advantage of this embodiment is that anatomical point 
assumed,andforexan1pleitcanalternativelyand/oraddition- 65 on the upper and/or lower distal and/or mesial parts of the 
ally be assumed that the 20 image of a patient's face is anterior teeth are nomially easy to detect both on the 20 
captured exactly from the front. image and Oil the 30 model. 
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In some embodiments the modeling of the 30 model is 
performed automatically based on the one or more 20 digital 
image. 

16 
111e perspective views may be from the front , from behind, 

from the side, from above, from below, and any combination 
of these view. A visual or non-visual point e.g. a center point, 
a line e.g. acenlerlineoraregion e.g. a center region in lhe3D 
model and/or in the 20 image may determine the point of 
reference for the perspective views. 

In some embodiments the method comprises detennining 
an angle of one or more of the perspective views. 

·111e angle may be the angle relative to a center point of the 

An advantage of this embodiment is that the user does not 
need to perfonn any manual modeling of the 30 model on the 
screen, when the modeling can be perfonued fully automatic. 
However, typically if an automatic modeling takes place, then 
the user may check that the modeling is satisfying, and maybe 
perform small corrections to the modeling. 

In some embodiments the method further comprises auto
matically selecting one or more 2D digital image which pro
vides an optimal fit to or match with the 30 virnial model. 

An advantage of this embodiment is that a 2D image with 

10 2D image and/or the 30 model. The angle may be an angle 
relative to a horizontal plane, and/or a vertical plane etc which 
virtually intersects the teeth in the 20 image and/or in the 30 
model. 

an optimal, good or the best match or fit to the 30 model can 15 
automatically be selected, and hereby a good result of mod
eling of the restoration can be obtained, and furthermore the 
time used for perfom1ing the modeling of the restoration can 
be reduced, since no person needs to spend time on looking 
through a larger number of20 images. 111e 20 image may be 20 

selected from a library of 20 digital images, or from any 
source comprising a number of images of teeth and smiles. 
The library may comprise templates, photos, drawings etc 
with facial features. 

In some embodiments the optimal fit or match is deter- 25 

mined based on specific parameters for providing an estheti
cally, visually pleasing appearance. 

An advantage of this embodiment is that the optimal, best 
or just a good match or fit can be detennined based on differ-
ent parameters, such as the present size of the patient's teeth, 30 

on the curves of the patient's present teeth set, etc. New teeth 
which are very big may not suit a person who used to have 
very small teeth or a person who has thin lips. Likewise a new 
teeth set with a strong composition may not suit a person who 
used to have a teeth set with a soft composition or a person 35 

who has full lips etc. So based on the present facial features 
such as strnctures, features, shapes etc. of the patient's teeth, 
new teeth which will look natural and suit the patient can be 
determined from e.g. a template library of photos, drawings 
etc. 40 

In some embodiments the alignment of the at least one 20 
image and the 30 model is performed automatically. 

In some embodiments the method comprises predefining 
an angle of one or more of the perspective views. 

In some embodiments at least one of the one or more 2D 
image is from a video stream of 20 images. 

In some embodiments the 20 images from the video 
stream are from difTerent perspective views. 

In some embodiments the 30 model is configured to be 
aligned relative to one or more 20 images in the video stream. 

In some embodiments the aligmnent of the 30 model and 
one or more 2D images for one or more perspective view is 
perfom1ed by means of interpolation ancl/or extrapolation of 
other perspective views. 

It is an advantage that already determined perspective 
views can be used for alignment of other perspective views. 
The perspective views may be present or arranged on a virtual 
trajectory or curve and/or on a virtual view point sphere. Thus 
if two perspective views arc already dctennined, a third per
spective view located between the two perspective views can 
be determined by extrapolation or interpolation and the 30 
model and the 2D image can be aligned relative to this or 
based on this. The perspective views or angles may be pro
vided by a shift in angles, view directions etc, and the shifts 
may be smooth and continuous or in discrete steps. 

In some embodiments the method comprises zooming at 
least one of the one or more 20 images and the 30 model 
in/out of view. 

In some embodiments the 20 image and the 30 virnial 
model are adapted to be zoomed in/out simultaneously. 

It is an advantage that the 20 image and the 30 model can 
be zoomed in/out simultaneously, and/or jointly, and/or 
together, and/or concurrently, and/or synchronously. Thus the 

In some embodiments the 3D model and two or more of the 
20 images arc aligned relative to each other, when there arc 
more than one 20 image. 

In some embodiments the 30 model and each of the 20 
images are aligned relative to each other. 

It is an advantage that the 3D model is aligned specifically 

45 increase or decrease in the size of the 2D image and the 3D 
model may be similar when zooming, the 20 image and the 
30 model may follow each other when zooming, and the 
center point or center region of the zoom may be coinciding in 

to each of the 20 images, such that if shifting between the 
different 20 images, the correct alignment of the 30 model 50 

relative to the selected 20 image may automatically be pre
sented on the user interface. 

the 20 image and the 30 model. 
In some embodiments the zooming in/out is configured to 

be performed from one or more perspective views. 
In some embodiments the zooming in/out is configured to 

be performed from one or more predefined angles. In some embodiments the different alignments of the 31J 
model relative to the two or more 20 images are stored in a 
data storage. 

In some embodiments the predefined angles determine the 
55 perspective views. 

In some embodiments the aligmnent of the 30 model and 
a specific 20 image is retrieved from the data storage, when 
the specific 2D image is selected for view. 

In some embodiments the method comprises providing the 
predefined angles in discrete steps. 

In some embodiments two or more of the 2D images are 20 
images ofat least part of the patient's face seen from different 60 

directions. 

In some embodiments the method comprises providing the 
predefined angles in a continuous sequence. 

In some embodiments the 20 image and the 30 model are 
snapped or locked together in their correct alignment. 

In some embodiments the method further comprises sec
tioning al least two or more of the teeth in the 3D model and/or 
in the one or more 20 images. 

In some embodiments the 20 image and the 30 model are 
adapted to be arranged and/or viewed from one or more 
perspective views. 

It is an advantage that if for example the 20 image is seen 
from a side perspective, then the 2D image is automatically 
snapped or locked to the correct angle relative to the 3D 

65 model. 
When the alignment of the 20 image and the 30 virtual 

model has been found, this alignment can be saved, and if the 
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20 image and the 30 model are then moved again relative to 
each other, the saved alignment can be used to snap orlock the 
20 image and the 30 virtual together again the correct align-

In general it is an advantage of the method and the embodi
ments that it/they enable( s) dental laboratories (labs) to super
impose a patient's actual face and smile images in the design 

ment. process and utilize that directly to produce optimally esthetic 
In some embodiments the snapping together of the 20 5 and personalized restorations. Labs can show the dentist's 

image and the 30 model is perfom1ed automatically. patients exactly how a new restoration will transform their 
In some embodiments each of the one or more 20 images smiles and get feedback. The smile visualization is highly 

is configured to be snapped together with the 30 model in realizable because it may be solidly backed by the manufac-
their correct alignment. lurahle 31) model and not just 20 image manipulations. 

In some embodiments the 20 image and the 3o model are 10 Personalized designs with patient specific 20-i.J.nage over-
lays can be obtained by importing 20 images of the patient's aligned based on one or more unprepared teeth, if unprepared 
lips, teeth and smile to design restorations that exactly suit the 

teeth are present m the 30 model. patient's personal look. Image manipulation tools may be 
In some embodiments !he 20 image and the 30 model are applied to mask away the teeth, and alignmenl tools may be 

aligned based on the teeth in the upper jaw. 15 used to bring lips and new teeth design together as a perfect 
It is an advantage to align based on the upper teeth because personalized design guide. 

these are typically the most visible teeth on a 20 image, in High esthetics with generic 20-image overlays can be 
particular the front teeth in t11e upper jaw are normally most obtained by using 20-image libraries that help i.J.1 achieving 
visible and the alignment may tl1erefore be improved if these high esthetics, even without pictures of the actual patient's 
teeth are used for the alignment. 20 smile. By means of the method it is possible to select from a 

Alternatively and/or additionally the teeth in tl1e lower jaw variety of smile-guides and design-templates to recreate com-
of tl1e 30 model can also be moved e.g. downwards to obtain plete smile compositions to apply with tl1erestoration design. 
a suitable alignment. Before-and-after visualization can be obtained for example 

In some embodiments the angle which lhe 3D model and by continuously interchanging between situation views 
tl1e 20 image are seen from as default is determined by the 25 through gradual fading in-and-out, whereby technicians, den-
perspective view of the 20 image. The angle can also be tists and patients are easily able to detect even the smallest 
denoted view, view point, perspective view etc. alterations and smile details for optimal comparisons. 

In some emhodi.J.nents the angle of the 3 D model and the The present invention relates to different aspects including 
20 image is configured to adapt relative to the perspective the method described above and in the following, and corre-
view of the 20 image. 30 sponding met!Jods, devices, systems, uses and/or product 

TI1e angle can also he denoted view, view point, perspec- means, each yielding one or more of tl1e benefits and advan-
tive view etc. tages described in c01mection with the first mentioned aspect, 

In some embodiments the view of the 30 model is config- and each having one or more embodiments corresponding to 
ured to adapt to the perspective view ofa second 20 image, if the embodiments described in connection with the first men-
this second 20 image is replacing a first 20 image. 35 tioned aspect and/or disclosed in the appended claims. 

It is an advantage that the view may change automatically In particular, disclosed herein is a system for designing a 
when a second 20 image is selected for view, alignment etc. dental restoration for a patient, wherein the system com-

In some embodiments tl1e method furt11er comprises gen- prises: 
eroting a 30 image by combining nt least three of the 20 means for providing one or more 20 images, where at least 
images. 40 one 20 image comprises at least one facial feature; 

In some embodiments the method further comprises ren- means for providing a 30 virtual model of at least part of 
dering the 30 model. It is an advantage to perform rendering the patient's oral cavity; 
oftheteethinthe30model,suchaspholo-realislicrendering, means for arranging at least one of the one or more 20 
smce hereby the 30 model is made to look more realistic and images relative to the 30 virtual model in a virtual 30 
nicer. The 30 model may be for example yellow or gray by 45 space such that the 20 image and the 30 virtual model 
default, so by rendering the teetl1 ill the 30 model to be for are aligned when viewed from a viewpoint, whereby the 
example more white, the 30 model teeth looks better and 30 virtual model and the 20 image are both visualized in 
realistic. the 3D space; and 

The rendering can be performed by means of well-known means for modeling a restoration on the 30 virtual model, 
methods performed usi.J.1g well-known computer programs. 50 where tl1e restoration is designed to fit the facial feature 

In some embodiments the method further comprises pro- of the at least one 20 image. 
viding textural features on tl1e 30 model. F1irthermore the present invention relates to a computer 

It is an advantage lo provide textural features on the 31) progmm product comprising program code means for caus-
model for making the teeth of tl1e 30 model look more real- ing a data processing system to perfonn the a hove method, 
istic and real. The textural features of the teeth may be 55 when said program code means are executed on the data 
obtained from a 20 image of the patient's existing teeth, the processing system, and a computer program product accord-
textural features may he from a standard template, may be ing to the previous clai.J.n, comprising a computer-readable 
genernted specifically to the specific 30 model based on size, medium having stored there on the program code means. 
shape etc oftl1e teeth. Furthermore, other parameters such as According to another aspect, disclosed is a computer-
shadow, geometry, viewpoint, lighting. and shading infonua- 60 implemented method of visualizing, designing and modeling 
tion can be provided to the 30 model for making tl1e teeth of a set of teeth for a patient, wherein the metl1od comprises the 
the 30 model look more realistic and possibly look more steps of: 
esthetic. providing one or more 2D digital images; 

In some embodiments texture from the 20 image is providing a 30 virtual model ofat least part of the patient's 
mapped onto t11e 30 virtual model and/or the restoration. 65 oral cavity; 

In some embodm1ents the rendering is a photo-realistic arranging at least one of the one or more 20 digital images 
rendering. relative to the 30 virtual model in a 30 space such that 

0038 



US 9,336,336 B2 
19 

the at least one 2D digital image and the 3D virtual 
model are aligned when viewed from a viewpoint, 
whereby the 3D virtual model and the at least one 2D 
digital image are both visualized in the 3D space; and 

modeling the 3D virtual model based on at least one of the 
one or more 2D digital images. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and/or additional objects, features and advan
tages of Lhe present invention, will be further elucidated by 
the following illustrative and non-limiting detailed descrip
tion of embodiments of the present invention, with reference 
to the appended drawings, wherein: 

FIG. 1 shows an example of a flowchart of a method of 
visualizing and modeling a sel of!ee!h for a patient. 

FIGS. 2A-2B show examples of visualizing a 2D image 
and a 3D model together. 

PIGS. 3A-3C show an example of visualizing and arrang
ing a 2D image and a 3D model. 

FIGS. 4A-4C show examples of arranging the 3D model 
and the 2D image relative to each other. 

FIGS. 5A-5G show examples of2D images as templates. 
FIGS. 6A-613 show examples of how to perfom1 virtual 

actions for arrangement of the 2D image and the 3D model. 
FIG. 7 shows an example of visualizing and arranging a 20 

image and a 3D model. 
FIG. 8 shows an example of how a 3D model can be 

arranged in a 2D image, or how a 2D image can be laid over 
a3Dmodel. 

FIG. 9 shows an example of a before-and-after visualiza
tion. 

FIG. 10 shows an example of rendering of a 3D model of 
teeth arranged relative to a 2D image. 

FIGS. 1 lA-llK show an example of aligning a 2D image 
and a 3]) virtual model relative lo each other, culling ou! !he 
mouth and teeth of the 2D image to sec the 3D virtual model 
in place of the teeth, and designing a restoration on the 3D 
virtual model based on the 2D image. 

DETAILED DESCRIPTION 

In the following description, reference is made lo !he 
accompanying figures, which show by way of illustration 

20 
positioning is a digital, virtual arrangement, performed by 
means of software, such that the 2D image and the 3D model 
can be viewed together. The 2D digital image and the 3D 
virtual model are aligned when viewed from a viewpoint, 

5 whereby the 3D virtual model and the 2D digital image are 
both visualized in the 3D space. The user of the software 
program may use digital tools to manually align the 2D image 
and the 3D virtual model, or the 2D image and the 3D virtual 
model may automatically be aligned by means of digital 

10 processing means, or the alignment of the 2D image and the 
30 virtual model may be a combination of manually align
ment performed by the user and automatic alignment. The 2D 
image used for alignment wilh !he 30 virtual may the same 

15 20 image comprising facial features or it may be a different 
2D image. 

In step 104 a restoration of the 3D virtual model is mod
eled, where the restoration is designed to fit the facial feature 
of the at least one 2D image. Tims the part of the 3D virtual 

20 model of the patient's set of teeth comprising the restoration 
is digitally or vimially modeled or designed based on the 
visualization of the arrangement of the 2D image comprising 
the facial feature. Thus the 30 model of the patient's existing 
lee!h is modeled using CAD, and the modeling may comprise 

25 restorations, orthodontic planning and/ or treatment, prosthet
ics, removable dentures etc. The virtually modeled restora
tions, such as crowns and bridges, can be manufactured by 
means of CAM, and the manufactured restorations can then 

30 

be inserted onto the patient's teeth by a dentist. 
FIG. 2 shows examples of visualizing a 2D image and a 3D 

model together. FIG. 2a) shows a screen shot on which both 
a 2D image 201 and a 3D model 202 are seen simultaneously. 
The 2D image 201 is a photograph of a part of a person's face 
showing facial features in the fom1 of the mouth with lips 203 

35 and teeth 204 behind the lips 203. The photograph may be of 
the patient himself or of another person. Using a photograph 
of the patient may be advantageous ifthe patient's teeth have 
been broken and the patient then wishes to have his teeth 
restored to look like they did before the damage. Using a 

40 photograph of another person may be an option if the patient 
wishes to have his teeth restored, exchanged by a new teeth set 
and/or treated by orthodontics in order for them to look and/or 
be arranged differently than they do a! presenl. 

TI1c 3D model 202 of the patient's teeth comprises gingival 
how the invention may be practiced. 45 208 and teeth 207. 

FIG. 1 shows an example of a flowchart of a method of 
designing a dental restoration for a patient. 

FIG. 2b) shows an example where the 2D image 201 is an 
X-ray image of the patient's teeth. The X-ray image shows 
facial features in form of!he teeth 204 of!he patient. Since !he 
X-ray image shows the teeth approximately on lines, i.e. not 
on curves as in real-life, at least part of the plane of the X-ray 
image may be changed with regard to the perspective, 
warped, projected and/or bended to be arranged relative to the 
30 model 202 with teeth 207. 

In step 101 one or more 2D digital images is provided, 
where at least one 2D image comprises at least one facial 
feature. The 2D image may be photograph of at least part of so 
the patients face, a template of teeth, a drawing of teeth, a 
photo or image of anesthetic set of teeth etc. The 2D digital 
image may be shown on a user interface, such as a computer 
screen. FIG. 3 shows an example of visualizing and arranging a 2D 

55 image and a 3D model. In step 102 a 3D virtual model of the patient's oral cavity 
comprising the patient's set of teeth, if there are any teeth, is 
provided. The 3D model of the patient's set of teeth may be 
generated by scalllling a physical model of the patient's teeth, 
by scanning an impression of the patient's teeth, and/or by 
performing a direct scanning of the patient's teeth. If the 
patient is toothless, then the gums, a model or an impression 
of the gums may be scanned for creating a 3D model of the 
oral cavily. The 30 virtual model may be shown on a user 
interface, such as a computer screen. 

In step 103 a 2D digital image is arranged or positioned 
relative to the 3D virtual model for visualizing the 3D virtual 
model relative to the 2D digital image. The arrangement or 

FIG. 3a) shows a screen shot on whlch both a 2D image 301 
and a 3D model 302 of teeth are seen simultaneously. The 2D 
image 301 is a photograph or drawing showing facial features 
in form ofa pair oflips 3 03 and an outline of teeth 3 04 behind 

60 the lips. A vertical line 305 and a horizontal line 306 are 
drawn through the 2D image 301, and they may also be used 
as guiding lines for modeling a restoration. 

FIG. 3b) shows a screen shot on with !he 2D image 301 is 
arranged and aligned relative to the 3D model 302. The teeth 

65 307 of the 3D model 302 can be seen through and between the 
lips 303 and the outline of teeth 304 of the 2D image 301. 
When arranging and aligning the 2D image relative to the 3D 
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model, modeling of a restoration on the 30 model is facili
tated. TI1e vertical line 30S and the horizontal line 306 are also 
seen in FIG. 3b). 

FIG. 3c) shows a sketch ofa 21) image 301anda31) model 
302 seen in a perspective side view illustrating aligrunent 
from a viewpoint. 

Tue 20 image 301 and the 30 model are in this figure 
attempted to be drawn in a perspective side view to show that 

22 
FIG. SfJ shows an example where the 20 image SOl com

prises or is a template S09 comprising a curve in the form of 
an arch Sl 7 which follows the upper teeth as seen from above. 

FIG. Sg) shows an example where Lhe 20 image SOl com
prises or is a template S09 comprising a curve S18 which 
follows the upper anterior teeth as seen from above. 

TI1e arch Sl 7 and the curve S18 may also be denoted facial 
fean1res. 

FIG. 6 shows examples of how to perform alignment or 
10 virnial actions for arrangement of the 20 image and the 30 

model relative to each other. 

if the 20 image and Lhe 3D model are viewed from this 
viewpoint then they are not aligned. In the other figures, e.g. 
FIG. 3b) the 20 image and the 30 model are viewed from a 
front viewpoint in which they are aligned. As seen there is a 
distance between the 20 image and the 30 model to indicate 
Lhat the 20 image and the 3D model are separate represellla
tions and not one representation containing data from two 15 

representations. TI1e distance can be any distance, such as 
shorter or longer than illustrated in the proportion here. 

T11e arrow denoted X illustrates the front view in which the 
20 image and the 30 model are aligned, as seen in e.g. FIG. 
3b). 

T11e arrow denoted Y illustrates a bottom view where the 
20 image and the 30 model are viewed from below, and as 
can be derived from the figure, the 20 image and the 30 
model are nol aligned when viewed from lhe Y viewpoint. 

20 

Virtual actions for arrangement can comprise the follow
ing: 

scaling the 20 digital image and lhe 30 virtual model to 
show at least part of the teeth in the same size on both of 
them; 

aligning the 20 digital image and the 30 virtual model; 
projecting the 30 virtual model to a/the plane of the 20 

digital image; 
changing the perspective view of the 20 digital image 

and/or of the 30 virtual model to obtain the same per
spective view for both of them when visualizing the 
positioning; 

de-warping the perspective view of lhe 31) virtual model 
for visually aligning the 20 image and tl1e 30 virtual 
model. 

The end of an arrow, circle with cross, denoted Z illustrates 25 

a side view, and as explained above with respect to the per
spective side view, the 20 image and the 30 model are not 
aligned when viewed from this viewpoint. 

TI1e virtual actions for arrangement can be performed by 
means of rotations and translations to the left and right and 
back and forth oftl1e 20 digital image and/or of the 30 virtual 

30 model. 
FIG. 4 shows exmnples of arranging the 30 model and the 

20 image relative to each other. 
PIGS. 4a), b) and c) show examples of different arrange

ments of the 30 model 402 relative to the 20 image 401. The 
teeth 407 of the 30 model 402 is seen to be moved relative to 
the lips 403 of the 20 image 401 in the FIGS. 4a), b) and c). 
When the arrangement of the 30 model 402 has become 35 

suitable relative to the 20 image 401, the actual modeling of 
the teeth 407 of the 30 model 402 may be performed. 

FIG. S shows examples of 20 images as templates com
prising facial features . FIG. Sa) shows an example of a 20 
digital image SOl, which is a reference frame for arranging 40 

the patient's teeth and/or modeling a restoration. The refer
ence frame comprises a template S09 for the upper anterior or 
fronl teeth. 'l11e templale S09 comprises facial features in the 
form of the midlinc of a face SOS and a horizontal line S06 
passing along the incisal edge of the anterior teeth. 45 

The template S09 comprises facial features in the form of 
boxes adapted to fit the centrals SlO, the laterals Sll and the 
cuspids S12, also known as canines. The laterals Sl 1 may 
ideally be 2h of the width of the centrals SlO, and the cuspids 
S12 may ideally be slightly narrower than the centrals SlO. 50 

In one example (not shown) the silhouette of the biting 
edge of at least the upper anterior teeth on tl1e 20 image and 
on the 30 virtual model is used to perform the aligning of the 
20 image and the 30 virn1al model. 

FIG. 6a) shows an example where the aligwncnt or a vir
tual action for arrangement such as alignment is performed 
using detected corresponding anatomical points 619 on the 
teeth on the 20 digital image 601 and on teeth on the 30 
virtual model 602. T11e anatomical points 619 shown in FIG. 
6a) are at the upper anterior teeth. One anatomical point is on 
the incisal edge at the distal side of the left lateral tooth, where 
left is left as seen in the figure, but right for the patient. 
Another anatomical point is on the incisal edge between the 
left and the right central teeth. The third anatomical point is at 
the gingival between tl1e right lateral tooth and right cuspid 
tooth, where right is right as seen in the figure, but left for the 
patient. 

When the corresponding anatomical points 619 are 
detected and e.g. marked as in the figure on both the 20 image 
601 and the 30 model 602, the 20 image 601 and tl1e 30 
model 602 can be arranged relative to each other and aligned 
to each other by providing that the corresponding anatomical 
points 619 on the 20 image 610 and on the 3D model 602 
cover, overlap, match or fit together. When corresponding 

FIG. Sb) shows an example where the 20 image SOl is a 
template S09 comprising facial features in the form of the 
long axes SB of the centrals Stll, the laterals S11 , and the 
cuspids Sl2. The long axes S13 converge toward the incisal 
edge indicated by the horizontal line S06. 

PIG. Sc) shows an example where the 20 image SOl is a 
template S09 showing facial features in the fonu of a contour 
S14 of anterior or front teeth seen from the front. 

55 anatomical points 619 are selected on the screen, tl1e software 
may automatically arrange the 20 image 601 and the 30 
model 602 such that the points 619 are overlapping. 

FIG. Sd) shows an example where the 20 image SOl com
prises a template S09 comprising facial features in the fonn of 60 

a curve SlS of a smile line adapted to follow the lower lip in 
a natural smile and the incisal edges of the upper anterior teeth 
S10, S11, Sl2, as seen from the fnmt. 

FIG. Se) shows an example where tl1c 20 image SOl com
prises a template comprising facial features in the fonn of 65 

three curves S16 for indicating the position of the gingival 
tissue. 

FIG. 6b) shows an example where a virtual action for 
arrangement such as scaling is performed using a virtual 
measurement bar 620. The virtual measurement bar 620 is 
seen on both the 20 image 601 and the 30 model 602. On the 
20 image 601, the measurement bar 620 has a length corre
sponding to the length across the upper two centrals 610 and 
the two laterals 611. However, on the 30 model, the measure
ment bar 620 has a length corresponding to both the upper two 
centrals 610, the two laterals 611 and the two cuspids 612. 
Thus in order to have matching sizes of the 20 image 601 and 
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the 3D model 602, the 3D model should be scaled up or 
enlarged to fit the size of the 2D image. 

Alternatively and/or additionally, the user can perform vir
tual actions of arrangement of the 20 digital image and/orof 
the 3D virtual model by means of eye mensure. 

FIG. 7 shows an example of visualizing and arranging a 20 
image and a 30 model. 

24 
the 20 image, a 30 model comprising modeled and rendered 
restored teeth 1007 is arranged. The restored teeth 1007 in the 
3D model have been rendered, such as a photo-realistic ren
dering. 

FIG. 7 shows a screen shot from a user interface in which 
both a 20 image 701 and a 3D model 702 of teeth are seen 
simultaneously. The2D image 701 is a photograph ofa part of 
a patients face comprising focial features iu tlie form of tbc 
patient's lips 703 and the patient's existing upper teeth 704 
behind the lips. In the place of the lower teeth on the 20 image 
the 30 model comprising the lower teeth 707 is arranged. 

FIG.11 shows an example of aligning a 20 image and a 30 
virtual model relative to each other, cutting out the mouth and 
teeth of the 20 image to see the 30 virtual model in place of 
the teeth, and designing a restoration on the 30 virtual model 
based on the 20 image. 

10 PIG. 11 shows a number of steps which may be performed 
for designing a restoration, but it should not be understood 
that all tl1ese steps should be perfonned for designing a res
toration. Jn some cases aligning the 2D image and the 30 

111e 30 model 702 is arranged and aligned relative to the 
2D image 701. 

A restoration on the 3D model can be modeled to fit the 
facial features in the 2D image such as the patient's lips, the 
upper anterior teeth etc. 

15 
virtual model can be perfonned differently than shown in the 
FIG. 11, and in some cases the mouth and teetl1 is not cut out 
of the 20 image as shown in the FIG. 11. 

FIG. 8 shows an example of how a 30 model can be 
arranged in a 2D image, or how a 20 image can be laid over 
a 30modeL 

FIG. lla) shows a 30 virtual model 1102 of a patient's set 
of teeth. A first design of the restoration 1140 in the fonn of a 

20 bridge comprising three teeth is designed. 111e restoration is 
white whereas the original teetl1 in the 30 model are brown/ 
grey in the figure. 

FIG. 8 shows a screen shot from a user interface in which 
a 2D image 801 is seen. The 2D image 801 is a photograph of 
a part of a patients face comprising the patient's lips 803 and 
the patient's existing upper teeth 804 behind the lips. 

FIG. llb) shows the 30 model 1102 with the restoration 
1140. In the lower right comer a menu 1141 is shown which 

25 allows the user to select a 20 image to overlay on tl1e 30 
model 1102. 

If a 3D model of teeth should be arranged in the place of the 
lower teeth, the area of the lower teeth in the 3D image can be 
marked and hidden or deleted by means of a non-transparent 
nrea 830. The marked area 830 can be marked by dro\ ing a 30 

line 831 along the ed~e of the upper teeth and tl1e lower lips. 
The marking of the line 831 can be perfonned automatically 
by means of automatic contour and/or color detection of the 
20 image. Alternatively and/or additionally, the operator can 
draw the line 831 or otherwise mark the area 830. 

111e same may apply if more or less, e.g. all the teeth in the 
20 image should be replaced with the teeth of a 30 model. 

FIG. 9 shows an example of a before-and-after visualiza
tion. 

35 

FlG. 11c) shows a 2D image 1101 of lhe patient's lower 
face showing the mouth including lips 1103 and existing teetl1 
1104. The menu 1102 is also seen in the lower right corner. 

FIG. lld) shows both the 20 image 1101 with lips 1103 
and teeth 105, and the 30 virtual model 1102 with the resto
ration 1140. The 2D image 1101 has been made partially 
transparent such that both the 20 image and the 30 virtual 
model can be seen. A scale on the menu 1141 in the lower 
right comer can be changed to adjust the transparency of the 
20 image and/or the 30 model. 

FIG. lle) shows the 20 image 1101 and the 30 virtual 
model, where the 2D image has been made partially Lranspar-

A before-and-after visualization can be obtained by con
tinuously interchanging between situation views through 
gradual fading in-and-out, whereby technicians, dentists and 
patients are easily able lo detect even the smallest alterations 
and smile details for optimal comparisons. 

40 ent, such tliat both the 20 image and the 30 virtual model can 
be seen. The 2D image and the 3D virtual model have been 
aligned which can be seen in that the incisal edge of the three 
anterior teeth 1142, 1143 and 1144 matches on the 2D image 

FIG. 9 shows an example in which both a part of a 20 45 

image 901 and part of a 30 model 902 of teeth are seen 
simultaneously. The 20 image 901 is a photograph of a part of 
a patients face comprising facial features in the form of the 
patient's lips 903 and the patient's existing teeth 904 behind 
the lips. In the place oftl1e lower and upper teeth in the left 50 

side of the patient's mouth (right side for the patient) the 30 
model comprising teeth 907 is seen. 

111e 3D model 902 is arranged and aligned relative to the 
20 image 901. 

The existing teeth 904 in the 20 image 901 correspond to 55 

the situation before restoring one or more of the teeth. The 30 
model 902 with restored teeth 907 corresponds to a possible 
situation after restoration of the teeth. Since the view can be 
interchanged between before and after visualization, e.g. by 
gradual fading in-and-out, the suggested changes can very 60 

clearly be seen and evaluated. 
FIG. 10 shows an example of rendering of a 30 model of 

teeth arranged relative lo a 20 image. 
FIG.10 shows an example in which both a 20image1001 

and a 30 model 1002 of teeth are seen simultaneously. The 65 

20 image 1001 is a photograph of a part of a patients face 
comprising the patient's lips 1003. In the place of the teeth in 

and the 30 virtual model. 
Furthermore, it can be seen that the first design of the 

restoration 1140 has been designed such that the new teeth in 
the restoration 1140 are a little bit shorter than the original 
teeth on the 2D image. 

The patient may have required the restoration 1140 
because the origi1ial teeth was broken, damaged, dead, caused 
problems with the occlusion, problems with the gingival etc. 

FIG. llj) shows the 20 image 1101 and the 30 virtual 
model 1102, where the transparency of the 20 image is a little 
bit different compared to the transparency in FIG. lle). In 
FIG. llj) the 20 image is less transparent than in FIG. He). 
The transparency can be adjusted by means of the scale on the 
menu 1141. 

FIGS. llg), llh) and lli) show an example of virtually 
cutting out teeth of the 20 image. 

FIG. Hg) shows the 20image1101 of the patient's lower 
face where the lips 1103 and the teetl11104 can be seen. The 
line 1131 along the lips 1103 is marked and thereby the whole 
area 1130 within the lips can be marked. 

FIG. llh) shows the 20 image 1101 where the area 1130 
within the line 1131 along the lips 1103 has been emptied, i.e. 
replaced with an empty space, a blank area etc. Thus the teeth 
1104 in the area 1130 is removed from view, deleted, disre-
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garded etc. The area 1130 has beenmade transparent such that 
the 3D virtual model arranged behind the 2D image can be 
seen in the area 1130. 

FIG. lli) shows the area 1130 which is the part of the 2D 
image 1101 within the line 1131 along the lips. Thus the teeth 5 

1104 are seen in this cut-out part of the 2D image. 
FIG. llj) shows the 2D image 1101 with the cut-out area 

1130 along the line 1131 of the lips 1103, and the 3D virtual 
model 1102 is now visible in the cut-our area 1130 of the 20 
image. The restoration 1140 of the 3D model 1102 is seen, 10 

and il can be seen that the resloration 1140 has nol been finally 
designed yet, as there is a rather large gap between the upper 
central teeth, where the left central tooth (as seen for the 
viewer, but the right central tooth) is part of the restoration 

15 
1140. 

FIG. llk) shows that the restoration 1140 has now been 
finally designed, since the restoration 1140 has been designed 
such that there is no big gap between the two central upper 
teeth. Thus the restoration 1140 has been designed based on 20 

and designed to match and fit facial features seen on the 20 
image, such as the lips 1103. 

In this case where the restoration is three of the upper 
anterior teeth, the restoration is partly designed also to be 
symmetrical with the corresponding teeth in the other side of 25 

the upper jaw. But in cases where e.g. the restoration is a full 
denture or Lhe restoration is all the anterior Leeth in e.g. the 
upper jaw, then the new teeth in the restoration can be 
designed to match and fit the facial feat11res of the patient's 
face as seen on 1l1e 20 image, and the restomtion may not be 30 

designed to be synunetrical with any existing teeth in the 
patient's mouth. 

Although some embodiments have been described and 
shown in detail, the invention is not restricted to them, but 

35 
may also be embodied in other ways within the scope of the 
subject matter defined in the following claims. In particular, it 
is to be understood that other embodiments may be utilised 
and structural and functional modifications may be made 
without departing from the scope of the present invention. 40 

In device claims enumerating several means, several of 
these means can be embodied by one and the same item of 
hardware. The mere fact that certain measures are recited in 
mutually different dependent claims or described in different 
embodiments does not indicate that a combination of these 45 

measures cannot be used to advantage. 

26 
using a hardware processor to: 

provide one or more 20 images, where at least one of the 
one or more 20 images comprises at least one facial 
feature, wherein the at least one facial feature com
prises lips, 

either virtually cut at least a part of teeth out of the at 
least one 2D image or render a part of the at least one 
2D image that includes teeth at least partly or wholly 
transparent; 

provide a 30 virtual model of at least part of an oral 
cavity of the patient; 

arrange the at least one 2D image relative to the 30 
virtual model in a virtual 3D space such that the at 
least one 2D image and Lhe 31) virtual model are 
aligned when viewed from a viewpoint and remain 
separate representations after being arranged, 
whereby the 30 virtual model and the at least one 20 
image are both visualized in the 30 space; and 

design a restomtion for lhe 31) virtual model, where Lhe 
restoration is designed to fit the at least one facial 
feature of the at least one 2D image; 

wherein the at least one 20 image and the 30 virtual model 
are aligned by scaling, translating or rotating the at least 
one 2D image or Lhe 31) virtual model relative to each 
other. 

2. TI1e method according to claim 1, wherein facial feahires 
are present in an image of the patient or in a generic image of 
a person. 

3. The method according to claim 1, wherein the at least 
one facinl feature comprises one or more imaginary lines of a 
face in the at least one 2D image. 

4. TI1e method according to claim 1, wherein the design of 
the restoration is performed to automatically fit the at least 
one facial feanJre of the at least one 2D image, and the 20 
image is digital. 

5. The method according to claim 1, wherein the at least 
one 20 image and the 3D virtual model are aligned based on 
one or more unprepared teeth. 

6. The method according to claim 1, wI1erein the hardware 
processor is used to provide two 30 virtual models, where the 
first 3D virtual model comprises at least one prepared tooth 
and the second 3D virtual model comprises no prepared teeth, 
and where the firsl and the second 31) virtual models are 
aligned. 

7. The method according to claim 6, wherein the at least 
one 20 image and the second 30 virtual model comprising no 
prepared teeth are aligned. 

8. ']be method according lo claim 7, wherein the at least 
one 20 image and the first 3D virtual model comprising at 

It should be emphasized that the tem1 "comprises/compris
ing" when used in this specification is taken to specify the 
presence of staled features, integers, steps or componems but 
docs not preclude the presence or addition of one or more 
other features, integers, steps, components or groups thereof. 

When a claim refers to any of the preceding claims, this is 
understood to mean any one or more of the preceding claims. 

50 least one prepared tooth are aligned based on the alignment 
between the first and the second 30 vinual model and based 
on the aligrunent between the at least one 20 image and the 
second 30 virtual model. 

·111e features of the mi.::thod described above and in the 
following may be impJemented in software and carried out on 
a data processing system orother processing means caused by 
the execution of computer-executable instructions. The 
instructions may be program code means loaded in a memory, 
such as a RAM, from a storage medium or from another 
computer via a computer network. Alternatively, the 
described features may be implemented by hardwired cir
cuilry instead of software or in combination with software. 

TI1e invention claimed is: 
1. A computer-implemented method of designing a dental 

restoration for a patient, wherein the method comprises: 

9. The method according to claim 1, wherein the hardware 
55 processor is used to vinually cm at least a part of teeth out of 

the at least one 2D image wherein at least the lips remain to be 
visible in the at least one 2D image. 

10. TI1e method according to claim 1, wherein the hardware 
processor is used to cut out a part of the at least one 20 image 

60 which is inside an edge of the lips. 
11. TI1e method according to claim 1, wherein an edge of 

the lips is marked on the at least one 20 image. 
12. The method according to claim 1, wherein a silhouette 

of a biting edge of at least upper anterior teeth on the at least 
65 one 2D image and on the 3D virtual model is used to perfonn 

the alignment of the at least one 2D image and the 30 virtual 
model. 
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13. The method according to claim 1, wherein the hardware 
processor is used to scale the at least one 2D image and the 3D 
virtual model to show at least part of teeth in a same size. 

14. The method according to claim 1, wherein the hardware 
processor is used to section at least two or more teeth in the 3D 
virtual model or in the at least one 2D image. 

28 
wherein the hardware processor is used to 

detect anatomical points on the teeth. where the ana
tomical points are present and detectable both on the 
one or more 2D images and the 3D virtual model, and 

perform virtual actions for arrangement based on corre
sponding anatomical points on the one or more 2D 
images and the 3D virtual model. 15. The method according to claim 1, wherein the align

ment of the 3D virtual model and the at least one 2D image for 
one or more perspective views is perfonned by interpolation 
or extrapolation of other perspective views. 

27. T!1e n:ethod according to claim 1, wherein the designed 
restorat10n 1s configured for manufacturing a corresponding 

10 dental restoration. 

16. The method according to claim 1, wherein ammgement 
comprises one or more virtual actions, wherein the virtual 
actions for arrangement comprise rotations and translations 
left/right and back/forth of the at least one 2D imnge or of the 
3D virtual model. 

17. The method according to claim 1, wherein texture from 
the at least one 2D image is mapped onto the 3D virtual model 
or the restoration. 

15 

18. lbe method according to claim 1, wherein the melhnd 
further comprises changing a perspective view of the at least :!O 

one 2D image or of the 3D virtual model to obtain a same 
perspective view. 

19. The method according to claim 18, wherein the method 
comprises determining an angle of the perspective view. 

20. TI1_e method according to claim 18, wherein an angle of 25 

the 3D virtual model and the at least one 2D image is config
ured to adapt relative to the perspective view of the at least one 
2Dimage. 

21. The method according to claim 18, wherein the method 
further comprises de-warping the perspective view of the at JO 

least one 2D image for visually aligning the at least one 2D 
image and the 3D virtual model. 

22. lbe method according lo claim 1, wherein the at least 
one 2D image is retrieved from a library comprising a number 
of images of teeth. 

23. The method according to claim 1, wherein the at least 
one 2D image is a template for supporting desicruing teeth of 
the patient. 

0 

:is 

24. The method according to claim 1, wherein the at least 
one 2D image shows a facial feature in the form of at least a 40 

number of front teeth. 
25. The method according to claim 1, wherein the at least 

one 2D image is an X-ray image of Leeth of the patient. 
26. The method according to claim 1, wherein the at least 

one facial feature comprises teeth; and 

28. A nontransitory computer readable medium encoded 
with a computer program for causing a data processing sys
tem t? perfonn the method of claim 1, when said program 
code 1s executed on the data processing system. 

29·1:- system for designing a dental restoration for a patient, 
wherem the system comprises: 

a hardware processor configured to: 
provide one or more 2D images, where at least one of the 

nne or more 2D images comprises at least one facial 
feature, wherein the at least one facial feature com
prises lips; 

either virtually cut at least a part of teeth out of the at 
least one 2D image or render a part of the at least one 
2D image that includes Leeth at least partly or wholly 
transparent; 

provide a 3D virtual model of at least part of an oral 
cavity of the patient; 

arrange the at least one 2D image relative to the 3D 
virtual model in a virtual 3D space wherein the at least 
one 2D image and the 3D virtual model arc aligned 
when viewed from a viewpoint and remain separate 
representations after being arranged, and wherein the 
3D virtual model and the at least one 2D image are 
both visualized in the 3D space; and 

design a restoration for the 3D virtual model, where the 
restoration fits the facial feature of the at least one 2D 
image; 

wherein the at least one 2D image and the 3D virtual model 
are aligned by scaling, lranslaling or rotating the at least 
one 2D image or the 3D virtual model relative to each 
other. 

30. TI1e system according to claim 29, wherein the 
designed restoration is configured for manufacturing a corre
sponding dental restoration. 

* * * * * 
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