
L:"-llTED STATES DEPART.\IE:\T OF CO.\DIERCE 

Cnilcd Stutes Patent and Trndt•nrnrk Oflkt• 

October 26, 20 I 7 

THIS IS TO CERTIFY THAT ANNEXED IS A TRUE COPY FROM THE 
RECORDS OF THIS OFFICE OF THE FILE WRAPPER AND CONTENTS 
OF: 

APPLICATION NUMBER: 131807,443 
FILING DATE: March 01, 2013 
PATENT NUMBER: 9336336 
ISSUE DATE: May 10, 2016 

Certified b~ 

exocad GmbH, et. al. 
Exhibit 1004 - Part 1 

tndcr Sccn•tnr~ of Commerce 
for lnkllcctu:tl Proper!~ 
and Director of the Lnitt•d States 
Paknt and Tntdemark Oflict• 



0002

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 

CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 

INTERNATIONAL APPLICATION NO. 

PCT/01<2011/050246 
TITLE OF INVENTION 
2DIMAGEARRANGEMENT 

APPLICANT(S) FOR DO/EO/US 

I 
INTERNATIONAL FILING DATE 

2011 June 29 (2011.06.29) 

DEICHMANN, Nikolaj; CLAUSEN, Tais; FISKER, Rune; and OJELUND, Henrik 

ATTORNEY'S DOCKET No. 

0079124-000062 
U.S. APPLICATION No. (If known) 

PRIORITY DATE CLAIMED 

2010 June 29 (2010.06.29) 

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information. 

1. D This Is an express request to begin national examination procedures (35 U.S.C. 371 (f)). NOTE: The express request under 35 U.S.C. 
371 (f) will not be effective unless the requirements under 35 U.S.C. 371 (c)(1), (2), and (4) for payment of the basic national fee, copy 
of the International Application and English translation thereof (if required), and the oath or declaration of the inventor(s) have been 
received. 

2. 1:8] A copy of the International Application (35 U.S.C. 371 (c)(2)) is attached hereto (not required if the International Application was 
previously communicated by the International Bureau or was filed in the United States Receiving Office (RO/US)). 

3. An English language translation of the International Application (35 U.S.C. 371 (c)(2)) 

a. D is attached hereto. 

b. D has been previously submitted under 35 U.S.C. 154(d)(4). 

4. An oath or declaration of the inventor(s) (35 U.S.C. 371 (c)(4)) 

a. D Is attached. 

b. D was previously filed in the international phase Lmder PCT Rule 4.17(iv). 

Items 5 to 8 below concern amendments made in the international phase. 

PCT Article 19 and 34 amendments 

5. D Amendments to the claims under PCT Article 19 are attached (not required If communicated by the International Bureau) (35 U.S.C. 
371 (c)(3)). 

6. D English translation of the PCT Article 19 amendment is attached (35 U.S.C. 371 (c)(3)). 

7. D English translation of annexes (Article 19 and/or 34 amendments only) of the International Preliminary Examination Report is 
attached (35 U.S.C. 371 (c)(5)). 

Cancellation of amendments made in the international phase 

Ba. D Do not enter the amendment made in the international phase under PCT Article 19. 

8b. D Do not enter the amendment made In the International phase under PCT Article 34. 

NOTE: A proper amendment made in English under Article 19 or 34 will be entered In the U.S. national phase application absent a clear 
Instruction from applicant not to enter the amendment(s). 

The following Items 9to17 concern a document(s) or Information Included. 

9. 1:8] 

10. 1:8] 

11. 1:8] 

12. D 
13. D 
14. D 
15. D 
16. D 
17. 0 

An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

A preliminary amendment 

An Application Data Sheet under 37 CFR 1.76. 

A substitute specification. NOTE: A substitute specification cannot include claims. See 37 CFR 1.125(b). 

A power of attorney and/or change of address letter. 

A computer-readable form of the sequence listing in accordance with PCT Rule 13ter.3 and 37 CFR 1.821-1.825. 

Assignment papers (cover sheet and document(s)). Name of Assignee : 3Shape A/S. 

37 CFR 3.73(c) Statement (when there is an Assignee). 

Other items or information: 
General Authorization for Petitions for Extensions of Time and Payment of Fees 
Form PCT/IB/304 
Form PCT/ISA/210 

Page 1 of 3 
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U.S. APPLICATION NO. (If known) 

I 
INTERNATIONAL APPLICATION NO. 

PCT/DK2011/050246 

The following fees have been submitted. 

18. [2J Basic national fee (37 CFR 1.492(a)) .............................................................. $390 

19. [2J Examination fee (37 CFR 1.492(c)) 
If the written opinion prepared by ISA/US or the International preliminary 
examination report prepared by IPEA/US indicates all claims satisfy provisions of 
PCT Article 33(1)-(4) ........................................................................................... $0 
All other situations................................................................................................ $250 

20. [2J Search fee (37 CFR 1.492(b)) 
If the written opinion prepared by ISA/US or the International preliminary 
examination report prepared by IPEA/US indicates all claims satisfy provisions of 
PCT Article 33(1)-(4) ........................................................................................... $0 
Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to 
the USPTO as an International Searching Authority ............................................ $120 
International Search Report prepared by an ISA other than the US and provided to 
the Office or previously communicated to the US by the IB ................................. $500 
All other situations................................................................................................ $630 

I 

TOTAL OF 18, 19 and 20 = 
0 Additional fee for specification and drawings filed in paper over 100 sheets 

(excluding sequence listing in compliance with 37 CFR 1.821 (c) or (e) in an 
electronic medium or computer program listing in an electronic medium) (37 CFR 
1.492U)). 
Fee for each additional 50 sheets of paper or fraction thereof ........................... $320 

Total Sheets Extra sheets Number of each additional 50 or fraction RATE 
thereof (round up to a whole number) 

-100 = 150 = x $320 

Surcharge of $130.00 for furnishing any of the search fee, examination fee, or the oath or declaration 
after the date of commencement of the national stage (37 CFR 1.492(h)). 

CLAIMS NUMBER FILED NUMBER EXTRA RATE 

Total claims 29 - 20 = 9 x $62 

Independent Claims 2 - 3 = 0 x $250 

MULTIPLE DEPENDENT CLAIMISl lif aoolicablel + $460 
TOTAL OF ABOVE CALCULATIONS= 

[2J Applicant claims small entity status. See 37 CFR 1.27. Fees above are reduced by Y.. 

SUBTOTAL= 

Processing fee of $130.00 for furnishing the English translation later than 30 months from the earliest 
claimed priority date (37 CFR 1.492(i)). + 

TOTAL NATIONAL FEE= 

Fee for recording the enclosed assignment (37 CFR 1.21 (h)). The assignment must be accompanied 
by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property + 

TOTAL FEES ENCLOSED= 

ATTORNEY'S DOCKET NO. 

0079124-000062 

CALCULATIONS PTO USE ONLY 

$ 390.00 

$ 250.00 

$ 500.00 

~ 1140.00 

$ 0.00 

$ 0.00 

!t 558.00 

!t 0.00 

!t 0.00 
$ 1,698.00 

RAO nn 
$ 849.00 

$ 0.00 

$ 849.00 

$ 0.00 

$ 849.00 
Amount to be 
refunded: 

Amount to be 
charged: 
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a. D A check In the amount of $ ___ to cover the above fees Is enclosed. 

b. D Please charge my Deposit Account No. 02-4800 in the amount of $ to cover the above fees. 

c. !Zl The Director is hereby authorized to charge additional fees which may be required, or credit any overpayment, to Deposit 
Account No. 02-4800 as follows: 

i. !Zl any required fee 

ii. D any required fee except for excess claims fees required under 37 CFR 1.492(d) and (e) and multiple dependent claim fee 
required under 37 CFR 1A92(f). 

d. !Zl Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card information should 
not be included on this form. Provide credit card information and authorization on PT0-2038. The PT0-2038 should only be 
mailed or faxed to the USPTO. However, when paying the basic national fee, the PT0-2038 may NOT be faxed to the USPTO. 

ADVISORY: If filing by EFS-Web, do NOT attach the PT0-2038 form as a PDF along with your EFS-Web submission. Please 
be advised that this is not recommended and by doing so your credit card information may be displayed via PAIR. To 
protect your information, it is recommended to pay fees online by using the electronic payment method. 

NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be 
filed and granted to restore the International Application to pending status. 

Correspondence Address 

!ZJ The address associated with Customer Number 21839 

Name I Buchanan Ingersoll & Rooney PC 

Address P.O. Box 1404 

City I Alexandria 

Country 

Email 

Signature 

Name 
(Prlntffype) 

USA 

William C. Rowland 

I Slate I VA 

OR 

I 

D Correspondence address below 

I Zip Code I 22313-1404 

Telephone I (703) 836-6620 

Date December 28, 2012 

Registration No. 
(Attorney/Agent) 30888 
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Attorney Docket No. 0079124-000062 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

Nikolaj DEICHMANN et al. 

Application No.: 

Filed: December 28, 2012 

For: 2D IMAGE ARRANGEMENT 

) 
) 
) Group Art Unit: 
) 
) Confirmation No.: 
) 
) 
) 
) 

GENERAL AUTHORIZATION FOR PETITIONS 
FOR EXTENSIONS OF TIME AND PAYMENT OF FEES 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In accordance with 37 C.F.R. § 1.136(a)(3), the U.S. Patent and Trademark Office is 
hereby provided with a general authorization to treat any concurrent or future reply requiring a 
petition for an extension of time for its timely submission as containing a request therefor for the 
appropriate length of time. 

The Commissioner is hereby authorized to charge any appropriate fees that may be 
required by this paper, or any other submissions in this application, and to credit any 
overpayment, to Deposit Account No. 02-4800. 

Date: December 28. 2012 

Customer Number 21839 
703.836.6620 

Buchanan Ingersoll~' Rooney Pc 
Attorneys & Government Relations Professionals 

Respectfully submitted, 

BUCHANAN INGERSOLL & ROONEY PC 

By~ C1212J 
William C. Rowland 
Registration No. 30888 
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Patent 
Attorney's Docket No. 0079124-000062 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of Group Art Unit: Unassigned 

Nikolaj DEICHMANN et al. Confirmation No.: Unassigned 

Application No.: Unassigned 

Filed: December 28, 2012 

For: 2D IMAGE ARRANGEMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

PRELIMINARY AMENDMENT 

Prior to examination of the above-captioned patent application, kindly amend the 

application as follows. 
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AMENDMENTS TO THE ABSTRACT: 

Attorney's Docket No. 0079124-000062 
Application No. Unassigned 

Page 2 

Please replace the original Abstract with the following amended Abstract of the 

Disclosure. This new Abstract of the Disclosure is also set forth on a separate sheet attached to 

the end of this Preliminary Amendment: 

ABSTRACT OF THE DISCLOSURE 

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

oomprisos: includes [[-]] providing one or more 2D images, where at least one 2D image 

oomprises includes at least one facial feature;[[-]] providing a 3D 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 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 feature of the at least one 2D image. 

(fig. 111~) should be published) 
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AMENDMENTS TO THE CLAIMS: 

Attorney's Docket No. 0079124-000062 
Application No. Unassigned 

Page 3 

The following listing of claims will replace all prior versions and listings of claims in this 

application. 

LISTING OF CLAIMS: 

Claims 1-109 (Canceled) 

110. (New) A method of designing a dental restoration for a patient, wherein the method 

comprises: 

- providing one or more 20 images, where at least one 20 image comprises at least one facial 

feature; 

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

- arranging at least one of the one or more 20 images relative to the 30 virtual model in a virtual 

30 space such that the 20 image and the 30 virtual model are aligned when viewed from a 

viewpoint, whereby the 30 virtual model and the 20 image are both visualized in the 30 space; 

and 

- modeling a restoration on the 30 virtual model, where the restoration is designed to fit the 

facial feature of the at least one 20 image. 

111. (New) The method according to claim 11 O, wherein facial features are present in 

an image of the patient and/or in a generic image of a person. 

112. (New) The method according to claim 11 O, wherein the facial features comprises 

one or more imaginary lines of a face adapted to be detected in the 20 image, such as the 

midline, the horizontal line, and/or the bi-pupillar line. 
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Attorney's Docket No. 0079124-000062 
Application No. Unassigned 

Page4 

113. (New) The method according to claim 110, wherein the designing of the restoration 

is performed to automatically fit the facial features of the at least one 20 digital image. 

114. (New) The method according to claim 11 O, wherein the 20 image and the 30 

model are aligned based on one or more unprepared teeth. 

115. (New) The method according to claim 110, wherein the method comprises 

providing two 30 virtual models, where the first 30 virtual model comprises at least one 

prepared tooth and the second 30 virtual model comprises no prepared teeth, and where the 

first and the second 30 virtual models are aligned. 

116. (New) The method according to claim 110, wherein the 20 image and the second 

30 virtual model comprising no prepared teeth are aligned. 

117. (New) The method according to claim 110, wherein the 20 image and the first 30 

virtual model comprising at least one prepared tooth are aligned based on the alignment 

between the first and the second 30 virtual model and based on the alignment between the 20 

image and the second 30 model. 

118. (New) The method according to claim 110, wherein the method comprises virtually 

cutting at least a part of the teeth out of the at least one 20 image, such that at least the lips 

remains to be visible in the 20 image. 

119. (New) The method according to claim 11 O, wherein the method comprises cutting 

out the part of the 20 image which is inside the edge of the lips. 
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Attorney's Docket No. 0079124-000062 
Application No. Unassigned 

Page 5 

120. (New) The method according to claim 110, wherein the edge of the lips is marked 

on the 20 image. 

121. (New) The method according to claim 11 O, wherein 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. 

122. (New) The method according to claim 110, wherein 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 one or more 20 image and the 30 virtual model. 

123. (New) The method according to claim 110, wherein the method further comprises 

scaling the one or more 20 digital image and the 30 virtual model to show at least part of the 

teeth in the same size. 

124. (New) The method according to claim 110, wherein the method further comprises 

sectioning at least two or more of the teeth in the 30 model and/or in the one or more 20 

images. 

125. (New) The method according to claim 11 O, wherein the alignment of the 30 model 

and one or more 20 images for one or more perspective views is performed by means of 

interpolation and/or extrapolation of other perspective views. 
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Attorney's Docket No. 0079124-000062 
Application No. Unassigned 

Page 6 

126. (New) The method according to claim 11 O, wherein one or more of the virtual 

actions for arrangement comprises rotations and translations left/right and back/forth of the one 

or more 20 digital image and/or of the 30 virtual model. 

127. (New) The method according to claim 110, wherein texture from the 20 image is 

mapped onto the 30 virtual model and/or the restoration. 

128. (New) The method according to claim 110, wherein the method further comprises 

changing a perspective view of the one or more 20 digital image and/or of the 30 virtual model 

to obtain the same perspective view. 

129. (New) The method according to claim 128, wherein the method comprises 

determining an angle of one or more of the perspective views. 

130. (New) The method according to claim 128, wherein the angle of the 30 model and 

the 20 image is configured to adapt relative to the perspective view of the 20 image. 

131. (New) The method according to claim 128, wherein the method further comprises 

de-warping the perspective view of the one or more 20 image for visually aligning the one or 

more 20 image and the 30 virtual model. 

132. (New) The method according to claim 110, wherein the one or more 20 digital 

image is retrieved from a library comprising a number of images of teeth. 
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Attorney's Docket No. 0079124-000062 
Application No. Unassigned 

Page 7 

133. (New) The method according to claim 110, wherein the one or more 20 digital 

image is a template for supporting designing the patient's teeth. 

134. (New) The method according to claim 11 O, wherein the one or more 2D digital 

image shows a facial feature in the form of at least a number of front teeth. 

135. (New) The method according to claim 11 O, wherein the one or more 20 digital 

image is an X-ray image of the patient's teeth. 

136. (New) The method according to claim 110, wherein the method further comprises 

the steps of: 

- detecting anatomical points on the teeth, where the anatomical points are present and 

detectable both on the one or more 20 digital image and the 30 virtual model, and 

- performing the virtual actions for arrangement based on these corresponding anatomical 

points. 

137. (New) A nontransitory computer readable medium encoded with a computer 

program for causing a data processing system to perform the method of claim 110, when 

said program code is executed on the data processing system. 
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Attorney's Docket No. 0079124-000062 
Application No. Unassigned 

Page 8 

138. (New) A system for designing a dental restoration for a patient, wherein the system 

comprises: 

- means for providing one or more 2D images, where at least one 20 image comprises at least 

one facial feature; 

- means for providing a 3D virtual model of at least part of the patient's oral cavity; 

- means for arranging at least one of the one or more 2D Images relative to the 3D virtual model 

in a virtual 30 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 

- means for modeling a restoration on the 30 virtual model, where the restoration is designed to 

fit the facial feature of the at least one 20 image. 
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REMARKS 

Attorney's Docket No. 0079124-000062 
Application No. Unassigned 

Page 9 

By way of the foregoing amendments, the Abstract has been amended to make a minor 

change. Claims 1-109 have been canceled and new claims 110-138 have been added. No 

new matter has been introduced by these changes. 

It is requested that the application be examined on the basis of the Abstract and the 

claims presented herein. Early and favorable consideration of this application is respectfully 

requested. 

Should any questions arise in connection with this application, it is respectfully requested 

that the undersigned be contacted at the number indicated below. 

Date: December 28, 2012 

Customer No. 21839 
(703) 836-6620 

Respectfully submitted, 

BUCHANAN INGERSOLL & ROONEY PC 

By: /WCRowland/ 
William C. Rowland 
Registration No. 30888 
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ABSTRACT OF THE DISCLOSURE 

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

method includes providing one or more 20 images, where at least one 20 image 

includes 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 20 images relative to the 

30 virtual model in a virtual 30 space such that the 20 image and the 30 virtual model 

are aligned when viewed from a viewpoint, whereby the 30 virtual model and the 20 

image are both visualized in the 30 space; and modeling a restoration on the 30 virtual 

model, where the restoration is designed to fit the facial feature of the at least one 20 

image. 
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APPLICATION DATA SHEET 

Application Information 

Application Number:: 

Filing Date:: 

Application Type:: Nonprovisional 

Subject Matter:: Utility 

Suggested Classification:: 

Suggested Group Art Unit:: 

CD-ROM or CD-R?:: None 

Number of CD Disks:: 

Number of Copies of CDs:: 

Sequence Submission?:: 

Computer Readable Form (CRF)?:: No 

Number of Copies of CRF:: 

Title:: 

Attorney Docket Number:: 

Request for Early Publication?:: 

Request for Non-Publication?:: 

Suggested Drawing Figure:: 

Total Drawing Sheets:: 

Small Entity?:: 

2DIMAGEARRANGEMENT 

0079124-000062 

No 

No 

27 

Yes 

Page# 1 Initial 12/28/2012 
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Latin Name:: 

Variety Denomination Name:: 

Petition Included?:: No 

Petition Type:: 

Licensed US Govt. Agency:: 

Contract or Grant Numbers:: 

Secrecy Order in Parent Appl.?:: No 

Applicant Information 

Applicant Authority Type:: 

Primary Citizenship Country:: 

Status:: 

Given Name:: 

Middle Name:: 

Family Name:: 

Name Suffix:: 

City of Residence:: 

State or Province of Residence:: 

Country of Residence:: 

Street of Mailing Address:: 

City of Mailing Address:: 

State or Province of Mailing 
Address:: 

Inventor 

Denmark 

Full Capacity 

Nikolaj 

DEICHMANN 

Klagshamn 

Sweden 

Jarnolofs Vag 1 o 

Klagshamn 

Page# 2 Initial 12/28/2012 
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Country of Mailing Address:: 

Postal or Zip Code of Mailing 
Address:: 

Applicant Authority Type:: 

Primary Citizenship Country:: 

Status:: 

Given Name:: 

Middle Name:: 

Family Name:: 

Name Suffix:: 

City of Residence:: 

State or Province of Residence:: 

Country of Residence:: 

Street of Mailing Address:: 

City of Mailing Address:: 

State or Province of Mailing 
Address:: 

Country of Mailing Address:: 

Postal or Zip Code of Mailing 
Address:: 

Applicant Authority Type:: 

Primary Citizenship Country:: 

Status:: 

Sweden 

S-218 51 

Inventor 

Denmark 

Full Capacity 

Ta is 

CLAUSEN 

Klagshamn 

Sweden 

Signe Lofdahls Vag 12 

Klagshamn 

Sweden 

SE-21851 

Inventor 

Denmark 

Full Capacity 
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Given Name:: 

Middle Name:: 

Family Name:: 

Name Suffix:: 

City of Residence:: 

State or Province of Residence:: 

Country of Residence:: 

Street of Mailing Address:: 

City of Mailing Address:: 

State or Province of Mailing 
Address:: 

Country of Mailing Address:: 

Postal or Zip Code of Mailing 
Address:: 

Applicant Authority Type:: 

Primary Citizenship Country:: 

Status:: 

Given Name:: 

Middle Name:: 

Family Name:: 

Name Suffix:: 

City of Residence:: 

Rune 

FISKER 

Vi rum 

Denmark 

Kaplevej 87 

Vi rum 

Denmark 

DK-2830 

Inventor 

Sweden 

Full Capacity 

Henrik 

OJELUND 

Lyng by 
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State or Province of Residence:: 

Country of Residence:: 

Street of Mailing Address:: 

City of Mailing Address:: 

State or Province of Mailing 
Address:: 

Country of Mailing Address:: 

Postal or Zip Code of Mailing 
Address:: 

Correspondence Information 

Denmark 

Kulsvierparken 55 

Lyng by 

Denmark 

DK-2800 

Correspondence Customer Number:: 21839 

Phone Number:: 

Fax Number: 

Representative Information 

(703) 836-6620 

(703) 836-2021 

Representative Customer Number:: 21839 

Domestic Priority Information 

Application:: Continuity Type:: Parent Application:: Parent Filing 

Date:: 

This Application National Stage of 

PCT/DK2011/050246 Claiming the benefit 

under 35 USC 119(e) 

PCT/DK2011/050246 06/29/2011 

61/359,454 06/29/2010 

PCT/DK2011/050246 Claiming the benefit 61/454,200 03/18/2011 

under 35 USC 119(e) 
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Foreign Priority Information 

Country:: Application Number:: Filing Date:: Priority 

Claimed:: 

Denmark PA 2010 00568 06/29/2010 Yes 

Denmark PA 2011 00191 03/18/2011 Yes 

Assignee Information 

Assignee Name:: 3Shape A/S 

Street of Mailing Address:: Holmens Kanai 7, 4. sal 
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State or Province of Mailing 
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Attorney Docket No. 0079124-000062 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent Application of 

Nikolaj DEICHMANN et al. Group Art Unit: 

Application No.: Confirmation No.: 

Filed: December 28, 2012 

For: 2D IMAGE ARRANGEMENT 

FIRST INFORMATION DISCLOSURE STATEMENT 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

In accordance with the duty of disclosure as set forth in 37 C.F.R. § 1.56, the accompanying 

information is being submitted in accordance with 37 C.F.R. §§ 1.97 and 1.98. 

To assist the Examiner, the documents are listed on the attached citation form. It is respectfully 

requested that an Examiner initialed copy of this form be returned to the undersigned. 

Date December 28. 2012 

Customer Number 21839 
703 836 6620 

Buchanan Ingersoll~\ Rooney pc 
Attorneys & Government Relations Professionals 

Respectfully submitted, 

BUCHANAN INGERSOLL & ROONEY PC 

By: 
William C. Rowland 
Registration No. 30888 
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PTO/SB/08a&b (07-09) 
Approved for use through 07/31/2012. OMB 0651-0031 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB 

control number. 

Substitute for form 1449/PTO 
Complete if Known 

Appl/cation Number 
FIRST INFORMATION DISCLOSURE Filing Date December 28, 2012 

STATEMENT BY APPLICANT First Named Inventor Nlkolaj DEICHMANN et al. 

Art Unit 
(Use as many sheets as necessary) Examiner Name 

Sheet I 1 I of I 1 Attorney Docket Number 0079124-000062 

U.S. PATENT DOCUMENTS 
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where 
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Initials* No.1 
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I Examiner 
Signature 

Number-Kind Code' (if known) 
MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant 

Figures Appear 
US-6,068,482 A 05-30-2000 Snow 
US-2003/0163291 A 1 08-28-2003 Jordan et al. 
US-6,261,248 81 07-17-2001 Takaishi et al. 
US-201 0/0145898 A 1 06-10-2010 Malfliet et al. (corresponds to 

WO 2008/128700 A 1, see below) 
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MM-DD-YYYY Name of Patentee or Where Relevant Passages 
T6 Countrv Code3 Number4 Kind Code 5(if known> Applicant of Cited Document or Relevant Figures Appear 
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20 image arrangement 

Field of the invention 

This invention generally relates to a method of visualizing 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. The method is at least partly 

computer-implemented. 

Background of the invention 

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

restorations. 

15 When a patient requires a dental restoration, such as crowns, bridges, 

abutments, or implants, the dentist will prepare 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 as titanium screws, into the 

jaw of the patient and mount crowns or bridges on the implants. After 

20 preparing the teeth or inserting an implant the dentist can make an 

impression of the upper jaw, the lower jaw and a bite registration or a single 

impression in a double-sided tray, also known as triple trays. The 

impressions are sent to the dental technicians who manufacture the 

restorations e.g. the bridge. The first step to manufacture the restoration is 

25 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 

gypsum and often aligned in a dental articulator using the bite registration to 

simulate the real bite and chewing motion. The dental technician builds up 

the dental restoration inside the articulator to ensure a nice visual 

30 appearance and bite functionality. 
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CAD technology for manufacturing dental restoration is rapidly expanding 

improving quality, reducing cost and facilitating the possibility to manufacture 

in attractive materials otherwise not available. The first step in the CAD 

manufacturing process is to create a 3-dimensional model of the patient's 

5 teeth. This is traditionally done by 3D scanning one or both of the dental 

gypsum models. The 3-dimensional replicas of the teeth are imported into a 

CAD program, where the entire dental restoration, such as a bridge 

substructure, is designed. The final restoration 3D design is then 

manufactured e.g. using a milling machine, 3D printer, rapid prototyping 

10 manufacturing or other manufacturing equipment. Accuracy requirements for 

the dental restorations are very high otherwise the dental restoration will not 

be visual appealing, fit onto the teeth, could cause pain or cause infections. 

W010031404A relates to tools in a system for the design of customized 

15 three-dimensional models of dental restorations for subsequent 

manufacturing, where the dental restorations 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 system on a 

computer. 

20 

Visualizing and modeling teeth for a patient based are also known from the 

field of orthodontics. 

US2006127836A discloses orthodontic systems and methods for determining 

25 movement of a tooth model from a first 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 first position; 

detecting the position of the common features on the tooth model at the 

second position; and determining a difference between the position of each 

30 common feature at the first and second positions. 
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Thus orthodontics relates to movement of teeth, so the desired position of a 

tooth or teeth is determined, and based on the present position of that tooth 

or teeth, the movement from the present position to the desired position is 

determined. Thus within orthodontics the desired or resulting position of a 

5 tooth or teeth is/are is known before planning the steps of the movement. 

It remains a problem to provide an improved method and system for 

providing esthetically beautiful and/or physiologically suitable results of 

modeling teeth, both within the field of restorations, implants, orthodontics 

10 etc. 

Summary 

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

15 the method comprises: 

- providing one or more 20 images, where at least one 20 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 20 images relative to the 30 

20 virtual model in a virtual 30 space such that the 20 image and the 30 virtual 

model are aligned when viewed from a viewpoint, whereby the 30 virtual 

model and the 20 image are both visualized in the 30 space; and 

25 

- modeling a restoration on the 30 virtual model, where the restoration is 

designed to fit the facial feature of the at least one 20 image. 

The terms designing and modeling are used interchangeably in this 

document to describe what is done to the restoration to make it fit to the 

patient. The user, e.g. a dental technician, may be digitally designing or 

30 modeling a restoration on the 30 virtual model. 
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It is an advantage that the 30 CAD modeling of the 30 virtual model is based 

on a 20 digital image, since the 20 image determines or indicates what kind 

of modeling is suitable, where the expression suitable may comprise 

physiologically suitable or esthetically suitable or appealing. Thus the 20 

5 image is used to perform a correct modeling of the 30 model, since the 20 

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 20 image. Thus 

the modeling of the 30 virtual model is decided and performed based on the 

one or more 20 image, i.e. such as that the modeling of the 30 virtual model 

10 is based on the visualization of the 20 image. 

The patient'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 gums. If the patient is toothless, then the 

15 oral cavity may comprise the gums of the patient. 

20 

The 20 image(s) may typically be a digital image, and the term 20 digital 

image may be used interchangeably with the term 20 image in the 

specification. 

It is an advantage that there may be one or more 20 images. If there are 

more 20 images, one 20 image may be used for alignment relative to the 30 

virtual mode, and another 20 image may be used for designing the 

restoration. However, even if there are more 20 images, the same 20 image 

25 may be used both for alignment and for designing the restoration. The other 

20 images may then just be used for visualization and presentation etc. If 

there is only one 20 image, that 20 image is used both for alignment with the 

30 virtual model and for designing the restoration. 

Thus the 20 image comprising the facial features may be denoted the first 

30 20 image, and the 20 image which is used for alignment relative to the 30 

virtual model may be denoted the second 20 image. If there is only one 20 
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image, then the first 20 image and the second 20 image is the same 20 

image. If there are more 20 images, then the first 20 image and the second 

2d image may be the same 20 image, but they may also be two different 20 

images. 

The restoration is configured to be manufactured, such as by rapid 

manufacturing, such as by milling, printing etc. The restoration may be 

veneered, such as by adding porcelain to the surface of it after machine 

manufacturing. When the restoration is finished, it may be inserted in the 

10 patient's mouth. 

It is an advantage that the 20 digital image and the 30 virtual model are 

aligned when viewed from one viewpoint, since hereby the user or operator 

of the system performing the method, can view the 20 image and the 30 

15 model from a viewpoint where they are aligned, since this enables and 

facilitates that modeling of the 30 model is based on the 20 image. That the 

20 image and 30 model are aligned when seen from a viewpoint means that 

at least some structures of the 20 image and the 30 model are coinciding 

when seen from a viewpoint. Thus the 20 image and 30 model may not be 

20 aligned when seen from any viewpoint, thus there may be only one viewpoint 

from which the 20 image and the 30 model are aligned. 

Furthermore, it is an advantage that the 20 image and the 30 model are 

arranged and remain as separate data representations which are not merged 

25 or fused together into one representation. By keeping the data 

representations as separate representations, time is saved and data 

processing time and capacity is reduced. Thus the 20 image is not 

superimposed or overlaid onto the 30 virtual model for creating one 

representation with all data included. Prior art documents describe that the 

30 data from e.g. a color image is added to the 30 model, such that the color 

content from the image is transferred to the 30 model, whereby the result is 



0035

5 

6 

one representation, i.e. the 30 model including color. Creating such models 

requires more time and exhaustive data processing. 

Thus, it is an advantage that the present method may be performed faster 

than prior art methods. 

The method is for use when modeling teeth, but can of 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. 

10 Modeling of teeth is defined as comprising modeling of one or more dental 

restorations, modeling of one or more 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. 

15 Thus the modeling may comprise modeling of restorations, orthodontic 

planning and/or treatment, modeling of implants, modeling of dentures etc. 

When the CAD modeling comprises for example restorations, the virtually 

modeled restorations, such as crowns and bridges, can be manufactured by 

means of CAM, and the manufactured restorations can then eventually be 

20 inserted onto the patient's teeth by a dentist. 

Arranging, placing, or positioning the 20 digital image on the 30 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 

25 20 image and the 30 model together in the same field of view, whereby the 

operator can perform the modeling based on the simultaneous view of the 20 

image and the 30 model instead of based on either one combined 

representation or separate views of the 20 image and/or the 30 model. 

30 For facilitating the arrangement of the 20 image and the 30 model relative to 

each other, edge detection may be performed, whereby the contour of the 
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teeth on the 20 image and/or on the 30 model is automatically derived. Edge 

detection can be performed by means of a software algorithm. Edges are 

points where there is a boundary or edge between to image regions, and 

edges can thus be defined as sets of points in the image which have a strong 

5 gradient magnitude. The contour of the teeth may thus be detected by 

detecting the edge between image portions showing the teeth and the 

gingival. 

One or more 20 images may be provided in the method, and the 20 images 

10 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 determining facial lines, show different 

examples of new teeth which the teeth of the 30 model can be modeled to 

look like, show the patient's teeth before preparing the teeth for restorations 

15 and after preparing the teeth, etc. 

In some embodiments the restoration is designed on at least one prepared 

tooth in the 30 virtual model. 

20 In some embodiments the 20 image and the 30 model are aligned based on 

one or more unprepared teeth. 

25 

In some embodiments the prepared tooth in the 30 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 30 virtual model comprises at least one prepared 

30 tooth. 
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In some embodiments the 30 virtual model comprises no prepared teeth, and 

where the 30 virtual model is of the patient's oral cavity before at least one 

tooth is prepared. 

5 In some embodiments the method comprises providing two 30 virtual 

models, where the first 30 virtual model comprises at least one prepared 

tooth and the second 30 virtual model comprises no prepared teeth, and 

where the first and the second 30 virtual models are aligned. 

10 In some embodiments the 20 image and the second 30 virtual model 

comprising no prepared teeth are aligned. 

In some embodiments the 20 image and the first 30 virtual model comprising 

at least one prepared tooth are aligned based on the alignment between the 

15 first and the second 30 virtual model and based on the alignment between 

the 20 image and the second 30 model. 

When aligning the 20 image and the 30 model, the 20 image may be of the 

patient's unprepared teeth, since it may be easier to align the 20 image and 

20 the 30 model, when the teeth on the 20 image are unprepared. When 

modeling the restoration e.g. new teeth of the 30 model, the 20 image may 

then be of the patient's prepared teeth, since e.g. restorations 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. 

25 

The 20 image of the prepared teeth may be aligned to the 20 image of the 

unprepared teeth before the restoration on the 30 model is 

designed/modeled based on the 20 image with the prepared teeth, since it 

may be easier to align the 20 images of the prepared and unprepared teeth, 

30 e.g. using the lips and other features of the face or teeth, than to align the 20 
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image of the prepared teeth with the 30 model, since here it may be difficult 

to find corresponding features on these. 

However, the method may also be used before the dentist prepares any tooth 

5 or teeth, e.g. for presenting and showing the patient how his set of teeth may 

look if a restoration is made on one or more of the teeth. 

10 

The method may be used for designing a diagnostic wax-up used to visualize 

the results of a restoration prior to the treatment being executed. 

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. 

The method may be used for designing a temporary, which the patient can 

15 wear after the dentist has prepared a tooth and before the final restoration is 

manufactured and placed on the prepared tooth. 

The restoration may be designed, e.g. automatically, by selecting a tooth in 

the 20 image, e.g. the tooth in the position where the restoration should be 

20 placed or a different aesthetic tooth. In the 20 image the selected tooth is 

only seen from one viewpoint, so only the front side, the width and the height 

of the tooth 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 the selected tooth in the 20 image. The 

25 model tooth or restoration can only be shaped as the selected tooth in the 

surfaces which are seen in the 20 image. The rest of the model tooth or 

restoration may be shaped according to some standard for a tooth in that 

respective location in a mouth. E.g. the backside or the distal surface of a 

central tooth may typically be flat, whereas the distal surface of a canine may 

30 typically be triangularly shaped, and the distal surface of a molar may 

typically resemble the mesial surface of the tooth. Or the distal surface of the 
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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 20 image. The restoration can be designed on the 30 

virtual model, and the part of the restoration which is in contact with e.g. the 

5 preparation may be automatically designed to resemble the shape of the 

restoration. 

The restoration can be a crown, a bridge, an abutment, an implant, a 

denture, such as a fixed or removable denture, a full denture or partial 

10 denture, a diagnostic wax-up, a temporary etc. 

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 .. 

15 It is an advantage that the restoration is designed to fit or match the facial 

feature of the at least one 20 image, since this will provide a restoration 

which looks natural relative to the patient's face and/or this will provide a 

restoration which is aesthetic, such as symmetrical. The dental technical 

rules for designing teeth, mathematical or algorithmic rules and/or rules for 

20 aesthetics may be programmed into the software or used in the software or 

method for designing the restoration to fit the facial features, and based on 

these rules the restoration may be designed, e.g. partly automatically. The 

dental technician or the dentist may use his/her experience and knowledge 

about dental aesthetics and rules to design and determine when the 

25 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 features of the 20 image may be 

based on purely objective rules for restoration design. However designing the 

restoration to fit the facial features of the 20 image may alternatively and/or 

30 additionally be based on more subjective opinions and choices of the dental 

technician or dentist. 
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In some embodiments facial features are present in an image of the patient 

and/or in a generic image of a person. 

5 In some embodiments the facial feature is one or two lips, one or more teeth, 

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 20 image, such as the midline, 

10 the horizontal line, and/or the bi-pupillar line. 

If the 20 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 lips of the 

patient, the smile line of the patient's mouth, the symmetry lines in the 

15 patient'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 patient's anterior teeth etc. 

20 

25 

If the 20 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 to fit the facial features, the restoration may 

be designed such that there is a certain distance 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 of 

30 the centrals are visible when the patient smiles. 
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Furthermore, when designing the restoration to fit the facial features, the 

restoration may be designed by considering 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 etc .. For example Asians 

5 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 

10 then typically be more narrow, than the teeth in a patient with a large arch 

and a larger distance between the canines. 

15 

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 20 digital image. 

In some embodiments the restoration is designed by selecting a tooth in the 

20 20 image, and modeling the restoration to have the same shape as the 

selected tooth. 

In some embodiments the 30 virtual model is generated by scanning a 

physical model of the patient's teeth, by scanning an impression of the 

25 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 30 model of the oral cavity. 

In 30 scanning the object is analyzed to collect data on its shape. The 

30 collected data can then be used to construct digital, three dimensional 

models. In 30 scanning usually a point cloud of geometric samples on the 
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surface of the subject is created. These points can then be used to 

extrapolate the shape of the subject. 

In some embodiments the one or more 20 digital image comprises a patient-

5 specific image of at least part of the 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 performed with respect to the 

facial features forming the look or appearance of the patient, or with respect 

to some, a few or a single, specific visual facial features of the patient, such 

10 as the lips. 

In some embodiments the one or more 20 digital image comprises a generic 

image of at least part of a human face. 

An advantage of this embodiment is that the modeling can be based on a 

15 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 pleasing teeth from another person, or the 

facial feature may be a drawing of some ideal teeth etc .. 

20 In some embodiments the one or more 20 digital image is retrieved from a 

library comprising a number of images of teeth. 

An advantage of this embodiment is that the 20 image, such as a generic 

image, can be selected from a library which contains for example several 

images of teeth, so that the patient e.g. can choose his/her desired new set 

25 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 to the surroundings. 

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

30 teeth, etc. and thus the facial features are then teeth. 



0043

14 

In some embodiments the 20 image comprises a cross for providing a visual 

symmetry which is adapted to be used for designing the restoration. 

In some embodiments the one or more 20 digital image is a template for 

5 supporting designing the patient's teeth. 

An advantage of this embodiment is that when the 20 image is a template, 

then the operator can arrange and model teeth using this template for 

obtaining a visually pleasing result of the modeling. Thus the template may 

comprise facial features in the form of guiding lines, rough blocks for 

10 arranging the teeth etc. 

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 

15 used for designing the restoration(s). 

In some embodiments the template comprises a facial feature in the form of 

the midline of a face. 

20 In some embodiments the template comprises a a facial feature in the form of 

horizontal line passing along the anterior teeth. 

25 

In some embodiments the template comprises a facial feature 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, a horizontal line, an occlusal plane 

etc, is that these features may assist in both arranging the 20 image and the 

30 model relative to each other and in modeling of the restoration of the 30 

30 model. 
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In some embodiments the template comprises a facial feature in the form of 

boxes adapted to fit the centrals, the 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 

5 example the laterals can with advantage be 2/3 of the width of the centrals, 

and the cuspids or canines can with advantage be slightly narrower than the 

centrals. 

In some embodiments the template comprises a facial feature in the form of 

10 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 restoration. 

15 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. 

20 

An advantage of this embodiment is that it is visually pleasing when the long 

axes of at least the upper anterior teeth converge toward the incisal. 

In some embodiments the template comprises a facial feature in the form of a 

contour of teeth. 

In some embodiments the contour comprises a shape of one or more teeth 

25 seen from the front. 

30 

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 30 model. 
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In some embodiments the template comprises a facial feature in the form of a 

curve. 

An advantage of this embodiment is that by means of a curve, distances and 

angles can be measured or viewed. For example a distance can be 

5 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 

something 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. 

10 

In some embodiments the facial feature in the form of the curve comprises an 

arch following the upper and/or lower anterior teeth seen from the front or 

from above. 

15 In some embodiments the facial feature in the form of the curve comprises a 

smile line adapted to follow the lower lip in a natural smile and the incisal 

edges of the upper teeth. 

In some embodiments the template comprises a facial feature in the form of 

20 one or more curves for indicating the position of the gingival tissue. 

25 

30 

An advantage of these embodiments relating to curves of the teeth and/or of 

the mouth and lips is that using some kind of curve(s) may be a simple and 

easy way to model the restoration teeth of the 30 model. 

In some embodiments the one or more 20 digital image shows at least a 

number of front teeth. 

It is an advantage to have a facial feature in the form of front teeth, since 

front teeth may be good starting points for designing other restoration teeth. 
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In some embodiments the one or more 20 digital image is a photograph 

showing at least a facial feature in the form of the patient's lips and teeth 

seen from the front. 

An advantage of this embodiment is that when the 20 image shows the 

5 patient's lips and existing teeth, then the modeling of the restoration teeth 

can be performed such that they suit the patient's lips and unchanged teeth 

providing a visually pleasing result of the modeling. 

In some embodiments the method further comprises virtually cutting at least 

10 a part of the teeth out of the one or more 20 digital image, if the 20 image 

comprises teeth, such that at least the lips remains to be visible in the 20 

digital image. 

An advantage of this embodiment is that when the lips and no or only some 

teeth are visible in the 20 image then it is easy to visualize the modeled 

15 restoration teeth of the 30 virtual model with the patient's lips and determine 

whether the restoration it is a good result of modeling. The cutting of teeth 

out of the 20 image may be performed virtually or digitally such that the 

information in the 20 image relating to the teeth is removed, deleted, made 

invisible etc .. 

20 If there is free space between the teeth, such as between the upper and 

lower teeth in the 20 image, then this free space may also be removed from 

the 20 image, such that everything inside the edge of the lips is removed so 

that the 30 model can be seen within the edge of the lips. The lips 

themselves should preferably not be cut out, since the lips should preferably 

25 be seen while designing the restoration of the teeth, such that the restoration 

is designed to fit the patient's lips or the standard, template, model lips from a 

template 20 image. 

Virtually cutting the teeth out of the 20 image may be performed by 

30 segmenting the lips and the teeth in the 20 image. Segmentation may be 

performed by that the dental technician manually draws with a digital drawing 
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tool along the edge or lines of the lips and/or teeth, and thereby performs the 

segmentation. The segmentation may also be performed automatically by 

means of well-known image processing algorithms. The segmentation may 

also be performed by means of analyzing the color difference in the 20 

5 image, and using the criteria that teeth are normally white/yellow or grey 

colored, and that lips are normally red/pink/flesh colored. The segmentation 

may also be performed by defining one or more lip models or teeth models 

and then digitally searching the 20 image for features which match the lip 

models and/or teeth models. 

10 

15 

The edge of the lips can be marked by means of image processing tools, 

digital drawing tools, such as manual tools, semi-automatic tools, full­

automatic tools, standard image processing tools, a combination of different 

drawings tools etc. 

One of the 20 images may be a 20 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 20 

20 image, since this may be used when designing 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 

25 teeth cannot be seen, e.g. where the lips are closed together. 

In some embodiments the 30 virtual model is visible behind the lips. 

An advantage of this embodiment is that when the 30 model can be seen 

behind the lips, then the modeling of the restoration teeth can be performed 

30 while viewing the lips for determining if the modeling is satisfactory. 
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In some embodiments the method comprises cutting out the part of the 20 

image which is inside the edge of the lips. 

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

In some embodiments the edge of the lips is marked manually by means of 

digital drawing tools. 

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

10 curve. 

In some embodiments the edge of the lips is marked by means of semi­

automatic drawings tools. 

15 When a part from the 20 image and a part from the 30 virtual model should 

be viewed/seen/be presented at the same time, then for example the pixels 

relating to the lips in the 20 image may be selected for view and the pixels 

relating to the teeth in the 30 virtual model may be selected for view, and the 

20 image and the 30 virtual model may be combined in view this way. 

20 

As an alternative to cutting out the teeth of the 20 image, the teeth in the 20 

image can be made transparent such that the teeth in the 30 model can be 

seen in the place of the 20 image teeth. Providing the teeth in the 20 image 

to be transparent can be performed similar to the cutting, e.g. by selecting 

25 some pixels to be viewed and selecting other pixels not to be viewed. 

In some embodiments the one or more 20 digital image 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. 
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An advantage of this embodiment is that facial lines determines the geometry 

of the patient's face, and for obtaining a visually pleasing result of modeling, 

the teeth should fit with this overall geometry. 

5 In some embodiments 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 entire teeth with roots under the gingival can 

be seen, and thus broken or weak teeth or roots can be detected. Hereby for 

10 example implants exerting force on the teeth and roots can be planned to be 

arranged to exert force on non-broken or strong teeth and teeth roots instead 

of on the broken and weak teeth and roots. 

In some embodiments the method further comprises providing a 30 

15 computed tomography scan of the patient's face for facilitating aligning the 

one or more 20 image and the 30 model and/or for modeling the 30 virtual 

model. 

In some embodiments the one or more 20 digital image is a still image from 

20 a video recording. 

In some embodiments the one or more 20 digital image is derived from a 30 

face scan. 

When the 30 face scan is seen on the screen it may be seen from a certain 

25 perspective thereby yielding a certain 20 projection of the 3D scan. Thus a 

2D image may be derived from the 20 projection of the 3D face scan. 

In some embodiments the method further comprises providing a 30 face 

scan of the patient for facilitating aligning the one or more 20 image and the 

30 30 model and/or for modeling the 30 virtual model. 
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The 30 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 be at least partly 

overlapping. 

5 The 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 30 

face scan or 30 model. 

When performing a face scan of the patient, at least part of the patient's hair 

10 may be powdered with a reflective powder. 

Furthermore, silhouettes from multiple sub-scans may be extruded and 

subsequently intersected to provide a visual hull approximation. 

Texture, such as color, from the 20 image or a face scan may be mapped 

15 onto the 30 virtual model and/or mapped onto the restoration. 

If the restoration resembles the original tooth which is being restored, then it 

may be an advantage to use the texture, e.g. color, from the 20 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 20 image may not be mapped to 

20 the restoration. 

25 

Mapping the texture, e.g. color, from the 20 image onto the 30 virtual model 

and/or the restoration may be an advantage for designing the restoration, 

since it may e.g. help in determining the color of the restoration and/or other 

textural features of the restoration. 

The teeth and tissue, such as gingival, in the 30 model may be at least 

partially segmented. The segmentation may be provided by means of a 

computer implemented algorithm, such as a shortest path algorithm applied 

on a 30 matrix representing curvature of the tooth surface. 

30 Segmentation may alternatively/additionally be at least partly based on color 

information in the 30 model. 
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In some embodiments a face scan of the patient provides a measure of the 

distance that the upper and/or lower lip moves when the patient smiles, and 

the distance is adapted to be used for measuring the ideal length of at least 

5 some of the teeth. 

An advantage of this embodiment is that at least the length of the front teeth 

is important for the visual appearance of the teeth. 

In some embodiments the method further comprises providing at least part of 

10 the one or more 20 digital image to be at least partly transparent, such that 

the 30 virtual model is visual through the 20 digital image. 

Transparency may mean full transparency, e.g. meaning something is 

completely invisible, partial transparency or translucency, e.g. meaning that 

the graphics is partially transparent, e.g. like a colored glass. Partial 

15 transparency may be simulated at some level by mixing colors. 

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

the 30 virtual model should be transparent, then for example some of, such 

as every second, pixels in the 20 image may be selected for view and some 

20 of, such as every other second, pixels in the 30 virtual model may be 

selected for view, and the 20 image and the 30 virtual model may be 

combined in view this way, such that one of them or both become 

transparent, e.g. interchangeably transparent. 

25 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 adapted to be 

smoothly faded in and out of the view. 

30 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 
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changes from being entirely visible to be partly visible and then maybe 

invisible and vice versa. Hereby the 20 image can be viewed as the user 

wishes. The fading in-and-out may be gradual. 

5 In some embodiments the method further comprises providing 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 images is visual through the 30 virtual model. 

In some embodiments the method comprises fading the 30 model smoothly 

10 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. 

15 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. 

20 

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. 

25 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. 

In some embodiments the view of the 20 image is fixed, and the 30 virtual 

30 model is scaled and/or translated and/or rotated relative to the 20 image. 
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In some embodiments the method comprises selecting a viewpoint of the 30 

virtual model which provides an optimal fit to the 20 digital image. 

In some embodiments the dental articulation of the upper and lower teeth in 

5 the 30 virtual model is adapted to be adjusted to resemble the articulation of 

the upper and lower teeth in the 20 image. 

In some embodiments the method further comprises scaling the one or more 

20 digital image and the 30 virtual model to show at least part of the teeth in 

10 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 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. 

15 Alternatively, the scaling may be of both the 20 image and the 30 model to 

resize them to a predetermined scale. 

In some embodiments the method further comprises aligning the one or more 

20 digital image and the 30 virtual model. 

20 An advantage of this embodiment is that when the 20 image and the 30 

model are aligned then modeling of the restoration may be performed 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. Thus common or alike structures of the 20 image and the 30 

25 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 20 image and the 30 virtual model. 

30 An 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, 
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and therefore this biting edge may be an advantageous physical point of 

alignment. 

In some embodiments the method further comprises projecting the plane of 

5 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 30 model or to a plane of the 30 model, the 30 model and the 

20 image can be viewed in the same plane which may be an advantage 

when modeling the restoration teeth. The viewing of the 30 model and the 

10 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. 

15 An 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 20 projection of the 30 model 

20 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 the 20 image and the 30 model, a projection of the 30 model 

onto 20 space may be made, and the distance between the corresponding 

points on the 20 projected 30 model and the 20 image may be minimized 

25 until the location of the corresponding points are coincident or almost 

coincident. The location may be minimized by means of iteration, like in the 

iterative closest point (ICP) method for aligning 30 models. 

In some embodiments the method further comprises de-warping the 

30 perspective view of the one or more 20 image for visually aligning the 20 

image and the 30 virtual model. 
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De-warping may be used, if the 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 20 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 

5 patient's teeth. 

Warping or de-warping may be used for correcting image distortion. Warping 

or de-warping may comprise mapping points to points. This can be based 

mathematically on any function from (part of) the plane to the plane. 

Thus an advantage of this embodiment is that when de-warping or correcting 

10 the perspective view of the 20 image, then the view is digitally manipulated, 

and hereby points on the perspective view of the 20 image can be mapped 

to points on 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 30 model are aligned again. 

15 Thus de-warping may be performed by projecting the 20 image or the teeth 

from the 20 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 30 

virtual model. A new perspective view of the 30 virtual model may now be 

20 selected and a new 20 image can be derived from this. This new 20 image 

may be a corrected, undistorted version or view of the original distorted 20 

image. 

In some embodiments scaling, aligning, projecting to a plane, de-warping 

25 perspective and changing perspective are defined as virtual actions for 

arrangement or alignment. 

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

comprises rotations and translations left/right and back/forth of the one or 

30 more 20 digital image and/or of the 30 virtual model. 
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An advantage of this embodiment is that by providing rotations, translations 

etc. then different movements of the 20 image and/or of the 30 model may 

be performed for facilitating the scaling, aligning, perspective changing and 

ultimately for facilitating the modeling of the teeth. 

In some embodiments the method further comprises the steps of: 

- detecting anatomical points on the teeth, where the anatomical points are 

present and detectable both on the one or more 20 digital image and the 30 

virtual model, and 

10 - performing the virtual actions for arrangement based on these 

corresponding anatomical points. 

An advantage of this embodiment is that using corresponding, common or 

mutual anatomical points on the 20 image and the 30 model may be an easy 

way to perform alignment of the 20 image and the 30 model, where after 

15 modeling of the restoration teeth can be performed. 

For correctly aligning the 20 image and the 30 virtual model, the number of 

corresponding points on the 20 image and the 30 model may be similar to 

the number of degrees (DOF) of freedom for moving the 20 image and the 

20 30 model relative to each other. The number of degrees of freedom may for 

example be seven; thus seven corresponding points may be required for 

performing a correct alignment of the 20 image and the 30 virtual model. 

For calculating the number of degrees of freedom, a camera model may be 

estimated. The camera model may comprise a number of internal parameters 

25 and a number of external parameters. The internal parameters may be 

magnification, also known as enlargement or scaling, and perspective 

projection or distortion. The external parameters may be the placement and 

orientation of the camera relative to the object, e.g. the set of teeth. 

The degrees of freedom may be translations in the three directions in space 

30 and rotations about the three axes in space. 
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For reducing the number of degrees of freedom, and thus e.g. for reducing 

the required number of corresponding points on the 20 image and the 30 

model, it can be assumed that all the teeth lie in the same plane. Then the 

internal parameters should not comprise the perspective projection or 

5 distortion, but only the magnification. Thus a parallel projection may be 

assumed, and for example it can alternatively and/or additionally be assumed 

that the 20 image of a patient's face is captured exactly from the front. 

If a patient's teeth are photographed from a distance of about 1 meter, which 

may typically be the case when photographing teeth for this method, then the 

10 assumption about parallel projection may be 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. 

15 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 30 mouse, such as a spaceball. 

If the 30 virtual model can be reduced to a 20 model, then the 20 image and 

20 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. 

The difficult part of aligning a 20 image and a 30 virtual model may be 

performing the rotation, since translation and scaling or magnification may be 

25 more easy to perform. 

Perspective projection can be activated in the software program where the 

restoration is designed, and when perspective projection is activated the 20 

image and/or the 30 virtual model may comprise more depth. 
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Perspective may be a parameter which can be adjusted, activated, fixed etc. 

in the software program for performing the method. 

In some embodiments at least one corresponding anatomical point is 

5 selected to perform the virtual actions for arrangement. 

An advantage of this embodiment is that one common or mutual point on the 

20 image and the 30 model may be sufficient for arranging the 20 image 

and the 30 model relative to each other. However in other cases the 20 

image and the 30 model should be aligned using more points, such as two, 

10 three or four points. In general three points may be suitable. Four points can 

be used for performing an even better arrangement or for use in more difficult 

cases. 

In some embodiments the method further comprises the steps of: 

15 - providing a virtual measurement bar, and 

- performing the virtual actions for arrangement of the one or more 20 digital 

image and/or of the 30 virtual model by means of adjustment to the virtual 

measurement bar. 

An advantage of this embodiment is that it may be easy and fast to use a 

20 virtual measurement bar to perform the virtual actions for arrangement such 

as scaling, where the sizes of the 20 image and the 30 model are adjusted 

to correspond to each other. 

In some embodiments the method further comprises that a user performs the 

25 virtual actions for arrangement of the one or more 20 digital image and/or of 

the 30 virtual model by means of eye measure. 

An advantage of this embodiment is that just by using simple eye measure, 

the operator can very quickly and reliably perform the arrangement of the 20 

image and the 30 model relative to each other or perform a rough starting 

30 point for a more detailed adjustment. 
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In some embodiments the anatomical points are upper and/or lower distal 

and/or mesial points on a number of specific anterior teeth. 

An advantage of this embodiment is that anatomical point on the upper 

and/or lower distal and/or mesial parts of the anterior teeth are normally easy 

5 to detect both on the 20 image and on the 30 model. 

In some embodiments the modeling of the 30 model is performed 

automatically based on the one or more 20 digital image. 

An advantage of this embodiment is that the user does not need to perform 

10 any manual modeling of the 30 model on the screen, when the modeling can 

be performed 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. 

15 In some embodiments the method further comprises automatically selecting 

one or more 20 digital image which provides an optimal fit to or match with 

the 30 virtual model. 

An advantage of this embodiment is that a 20 image with an optimal, good or 

the best match or fit to the 30 model can automatically be selected, and 

20 hereby a good result of modeling of the restoration can be obtained, and 

furthermore the time used for performing the modeling of the restoration can 

be reduced, since no person needs to spend time on looking through a larger 

number of 20 images. The 20 image may be selected from a library of 20 

digital images, or from any source comprising a number of images of teeth 

25 and smiles. The library may comprise templates, photos, drawings etc with 

facial features. 

In some embodiments the optimal fit or match is determined based on 

specific parameters for providing an esthetically, visually pleasing 

30 appearance. 
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An advantage of this embodiment is that the optimal, best or just a good 

match or fit can be determined based on different parameters, such as the 

present size of the patient's teeth, 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 

5 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 who has full lips etc. So based on the 

present facial features such as structures, features, shapes etc. of the 

patient's teeth, new teeth which will look natural and suit the patient can be 

10 determined from e.g. a template library of photos, drawings etc. 

In some embodiments the alignment of the at least one 20 image and the 30 

model is performed automatically. 

15 In some embodiments the 30 model and two or more of the 20 images are 

aligned relative to each other, when there are more than one 20 image. 

In some embodiments the 30 model and each of the 20 images are aligned 

relative to each other. 

20 It is an advantage that the 30 model is aligned specifically to each of the 20 

images, such that if shifting between the different 20 images, the correct 

alignment of the 30 model relative to the selected 20 image may 

automatically be presented on the user interface. 

25 In some embodiments the different alignments of the 30 model relative to the 

two or more 20 images are stored in a data storage. 

In some embodiments the alignment of the 30 model and a specific 20 

image is retrieved from the data storage, when the specific 20 image is 

30 selected for view. 
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In some embodiments two or more of the 20 images are 20 images of at 

least part of the patient's face seen from different directions. 

In some embodiments the method further comprises sectioning at least two 

5 or more of the teeth in the 30 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. 

The perspective views may be from the front, from behind, from the side, 

10 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. a centerline or a region e.g. a 

center region in the 30 model and/or in the 20 image may determine the 

point of reference for the perspective views. 

15 In some embodiments the method comprises determining an angle of one or 

more of the perspective views. 

The angle may be the angle relative to a center point of the 20 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 

20 and/or in the 30 model. 

In some embodiments the method comprises predefining an angle of one or 

more of the perspective views. 

25 In some embodiments at least one of the one or more 20 image is from a 

video stream of 20 images. 

30 

In some embodiments the 20 images from the video stream are from 

different perspective views. 
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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 alignment of the 30 model and one or more 20 

5 images for one or more perspective view is performed by means of 

interpolation and/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 

10 sphere. Thus if two perspective views are already determined, a third 

perspective view located between the two perspective views can be 

determined by extrapolation or interpolation and the 30 model and the 20 

image can be aligned relative to this or based on this. The perspective views 

or angles may be provided by a shift in angles, view directions etc, and the 

15 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. 

20 In some embodiments the 20 image and the 30 virtual 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 increase or decrease in the size of the 20 image 

25 and the 30 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 the 20 image and the 30 model. 

In some embodiments the zooming in/out is configured to be performed from 

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

one or more predefined angles. 

In some embodiments the predefined angles determine the perspective 

5 views. 

In some embodiments the method comprises providing the predefined angles 

in discrete steps. 

10 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. 

15 It is an advantage that if for example the 20 image is seen from a side 

perspective, then the 20 image is automatically snapped or locked to the 

correct angle relative to the 30 model. 

When the alignment of the 20 image and the 30 virtual model has been 

20 found, this alignment can be saved, and if the 20 image and the 30 model 

are then moved again relative to each other, the saved alignment can be 

used to snap or lock the 20 image and the 30 virtual together again the 

correct alignment. 

25 In some embodiments the snapping together of the 20 image and the 30 

model is performed automatically. 

30 

In some embodiments each of the one or more 20 images is configured to be 

snapped together with the 30 model in their correct alignment. 
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In some embodiments the 20 image and the 30 model are aligned based on 

one or more unprepared teeth, if unprepared teeth are present in the 30 

model. 

5 In some embodiments the 20 image and the 30 model are aligned based on 

the teeth in the upper jaw. 

It is an advantage to align based on the upper teeth because these are 

typically the most visible teeth on a 20 image, in particular the front teeth in 

the upper jaw are normally most visible and the alignment may therefore be 

10 improved if these teeth are used for the alignment. 

Alternatively and/or additionally the teeth in the lower jaw of the 30 model 

can also be moved e.g. downwards to obtain a suitable alignment. 

In some embodiments the angle which the 30 model and the 20 image are 

15 seen from as default is determined by the perspective view of the 20 image. 

The angle can also be denoted view, view point, perspective view etc. 

In some embodiments the angle of the 30 model and the 20 image is 

configured to adapt relative to the perspective view of the 20 image. 

20 The angle can also be denoted view, view point, perspective view etc. 

In some embodiments the view of the 30 model is configured to adapt to the 

perspective view of a second 20 image, if this second 20 image is replacing 

a first 20 image. 

25 It is an advantage that the view may change automatically when a second 20 

image is selected for view, alignment etc. 

30 

In some embodiments the method further comprises generating a 30 image 

by combining at least three of the 20 images. 

In some embodiments the method further comprises rendering the 30 model. 
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It is an advantage to perform rendering of the teeth in the 30 model, such as 

photo-realistic rendering, since hereby the 30 model is made to look more 

realistic and nicer. The 30 model may be for example yellow or gray by 

default, so by rendering the teeth in the 30 model to be for example more 

5 white, the 30 model teeth looks better and realistic. 

The rendering can be performed by means of well-known methods performed 

using well-known computer programs. 

In some embodiments the method further comprises providing textural 

10 features on the 30 model. 

It is an advantage to provide textural features on the 30 model for making the 

teeth of the 30 model look more realistic and real. The textural features of 

the teeth may be obtained from a 20 image of the patient's existing teeth, the 

textural features may be from a standard template, may be generated 

15 specifically to the specific 30 model based on size, shape etc of the teeth. 

Furthermore, other parameters such as shadow, geometry, viewpoint, 

lighting, and shading information can be provided to the 30 model for making 

the teeth of the 30 model look more realistic and possibly look more esthetic. 

20 In some embodiments texture from the 20 image is mapped onto the 30 

virtual model and/or the restoration. 

In some embodiments the rendering is a photo-realistic rendering. 

25 In general it is an advantage of the method and the embodiments that it/they 

enable(s) dental laboratories (labs) to superimpose a patient's actual face 

and smile images in the design process and utilize that directly to produce 

optimally esthetic and personalized restorations. Labs can show the dentist's 

patients exactly how a new restoration will transform their smiles and get 

30 feedback. The smile visualization is highly realizable because it may be 
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solidly backed by the manufacturable 30 model and not just 20 image 

manipulations. 

Personalized designs with patient specific 20-image overlays can be 

5 obtained by importing 20 images of the patient's lips, teeth and smile to 

design restorations that exactly suit the patient's personal look. Image 

manipulation tools may be applied to mask away the teeth, and alignment 

tools may be used to bring lips and new teeth design together as a perfect 

personalized design guide. 

10 

High esthetics with generic 20-image overlays can be obtained by using 20-

image libraries that help in achieving high esthetics, even without pictures of 

the actual patient's smile. By means of the method it is possible to select 

from a variety of smile-guides and design-templates to recreate complete 

15 smile compositions to apply with the restoration design. 

Before-and-after visualization can be obtained for example by continuously 

interchanging between situation views through gradual fading in-and-out, 

whereby technicians, dentists and patients are easily able to detect even the 

20 smallest alterations and smile details for optimal comparisons. 

The present invention relates to different aspects including the method 

described above and in the following, and corresponding methods, devices, 

systems, uses and/or product means, each yielding one or more of the 

25 benefits and advantages described in connection with the first mentioned 

aspect, and each having one or more embodiments corresponding to the 

embodiments described in connection with the first mentioned aspect and/or 

disclosed in the appended claims. 

30 In particular, disclosed herein is a system for designing a dental restoration 

for a patient, wherein the system comprises: 
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- means for providing one or more 20 images, where at least one 20 image 

comprises at least one facial feature; 

- means for providing a 30 virtual model of at least part of the patient's oral 

cavity; 

5 - means for arranging at least one of the one or more 20 images relative to 

the 30 virtual model in a virtual 30 space such that the 20 image and the 30 

virtual model are aligned when viewed from a viewpoint, whereby the 30 

virtual model and the 20 image are both visualized in the 30 space; and 

- means for modeling a restoration on the 30 virtual model, where the 

10 restoration is designed to fit the facial feature of the at least one 20 image. 

Furthermore the present invention relates to a computer program product 

comprising program code means for causing a data processing system to 

perform the above method, when said program code means are executed on 

15 the data processing system, and a computer program product according to 

the previous claim, comprising a computer-readable medium having stored 

there on the program code means. 

According to another aspect, disclosed is a computer-implemented method of 

20 visualizing, designing and modeling a set of teeth for a patient, wherein the 

method comprises the steps of: 

- providing one or more 20 digital images; 

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

- arranging at least one of the one or more 20 digital images relative to the 

25 30 virtual model in a 30 space such that the at least one 20 digital image 

and the 30 virtual model are aligned when viewed from a viewpoint, whereby 

the 30 virtual model and the at least one 20 digital image are both visualized 

in the 30 space; and 

- modeling the 30 virtual model based on at least one of the one or more 20 

30 digital images. 
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Brief description of the drawings 

The above and/or additional objects, features and advantages of the present 

5 invention, will be further elucidated by the following illustrative and non­

limiting detailed description 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 

10 modeling a set of teeth for a patient. 

Fig. 2 shows examples of visualizing a 20 image and a 30 model together. 

Fig. 3 shows an example of visualizing and arranging a 20 image and a 30 

15 model. 

Fig. 4 shows examples of arranging the 30 model and the 20 image relative 

to each other. 

20 Fig. 5 shows examples of 20 images as templates. 

Fig. 6 shows examples of how to perform virtual actions for arrangement of 

the 20 image and the 30 model. 

25 Fig. 7 shows an example of visualizing and arranging a 20 image and a 30 

model. 

30 

Fig. 8 shows an example of how a 30 model can be arranged in a 20 image, 

or how a 20 image can be laid over a 30 model. 

Fig. 9 shows an example of a before-and-after visualization. 
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Fig. 10 shows an example of rendering of a 30 model of teeth arranged 

relative to a 20 image. 

5 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 Detailed description 

In the following description, reference is made to the accompanying figures, 

which show by way of illustration how the invention may be practiced. 

15 Fig. 1 shows an example of a flowchart of a method of designing a dental 

restoration for a patient. 

In step 101 one or more 20 digital images is provided, where at least one 20 

image comprises at least one facial feature. The 20 image may be 

photograph of at least part of the patients face, a template of teeth, a drawing 

20 of teeth, a photo or image of anesthetic set of teeth etc. The 20 digital image 

may be shown on a user interface, such as a computer screen. 

In step 102 a 30 virtual model of the patient's oral cavity comprising the 

patient's set of teeth, ifthere are any teeth, is provided. The 30 model of the 

patient's set of teeth may be generated by scanning a physical model of the 

25 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 30 model of the oral cavity. The 30 virtual model may be shown 

on a user interface, such as a computer screen. 

30 In step 103 a 20 digital image is arranged or positioned relative to the 30 

virtual model for visualizing the 30 virtual model relative to the 20 digital 
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image. The arrangement or positioning is a digital, virtual arrangement, 

performed by means of software, such that the 20 image and the 30 model 

can be viewed together. The 20 digital image and the 30 virtual model are 

aligned when viewed from a viewpoint, whereby the 30 virtual model and the 

5 20 digital image are both visualized in the 30 space. The user of the 

software program may use digital tools to manually align the 20 image and 

the 30 virtual model, or the 20 image and the 30 virtual model may 

automatically be aligned by means of digital processing means, or the 

alignment of the 20 image and the 30 virtual model may be a combination of 

10 manually alignment performed by the user and automatic alignment. The 20 

image used for alignment with the 30 virtual may the same 20 image 

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

In step 104 a restoration of the 30 virtual model is modeled, where the 

restoration is designed to fit the facial feature of the at least one 20 image. 

15 Thus the part of the 30 virtual model of the patient's set of teeth comprising 

the restoration is digitally or virtually modeled or designed based on the 

visualization of the arrangement of the 20 image comprising the facial 

feature. Thus the 30 model of the patient's existing teeth is modeled using 

CAD, and the modeling may comprise restorations, orthodontic planning 

20 and/or treatment, prosthetics, removable dentures etc. The virtually modeled 

restorations, such as crowns and bridges, can be manufactured by means of 

CAM, and the manufactured restorations can then be inserted onto the 

patient's teeth by a dentist. 

25 Fig. 2 shows examples of visualizing a 20 image and a 30 model together. 

Fig. 2a) shows a screen shot on which both a 20 image 201 and a 30 model 

202 are seen simultaneously. The 20 image 201 is a photograph of a part of 

a person's face showing facial features in the form of the mouth with lips 203 

and teeth 204 behind the lips 203. The photograph may be of the patient 

30 himself or of another person. Using a photograph of the patient may be 

advantageous if the patient's teeth have been broken and the patient then 
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wishes to have his teeth restored to look like they did before the damage. 

Using a 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 

5 do at present. 

The 30 model 202 of the patient's teeth comprises gingival 208 and teeth 

207. 

Fig. 2b) shows an example where the 20 image 201 is an X-ray image of the 

patient's teeth. The X-ray image shows facial features in form of the teeth 

10 204 of the patient. Since the 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. 

15 Fig. 3 shows an example of visualizing and arranging a 20 image and a 30 

model. 

Fig. 3a) shows a screen shot on which both a 20 image 301 and a 30 model 

302 of teeth are seen simultaneously. The 20 image 301 is a photograph or 

drawing showing facial features in form of a pair of lips 303 and an outline of 

20 teeth 304 behind the lips. A vertical line 305 and a horizontal line 306 are 

drawn through the 20 image 301, and they may also be used as guiding lines 

for modeling a restoration. 

Fig. 3b) shows a screen shot on with the 20 image 301 is arranged and 

aligned relative to the 30 model 302. The teeth 307 of the 30 model 302 can 

25 be seen through and between the lips 303 and the outline of teeth 304 of the 

20 image 301. When arranging and aligning the 20 image relative to the 30 

model, modeling of a restoration on the 30 model is facilitated. The vertical 

line 305 and the horizontal line 306 are also seen in fig. 3b). 

Fig. 3c) shows a sketch of a 20 image 301 and a 30 model 302 seen in a 

30 perspective side view illustrating alignment from a viewpoint. 
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The 20 image 301 and the 30 model are in this figure attempted to be drawn 

in a perspective side view to show that if the 20 image and the 30 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 

5 which they are aligned. As seen there is a distance between the 20 image 

and the 30 model to indicate that the 20 image and the 30 model are 

separate representations and not one representation containing data from 

two representations. The distance can be any distance, such as shorter or 

longer than illustrated in the proportion here. 

10 The 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). 

The 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 not aligned when viewed from the Y 

15 viewpoint. 

The end of an arrow, circle with cross, denoted Z illustrates a side view, and 

as explained above with respect to the perspective side view, the 20 image 

and the 30 model are not aligned when viewed from this viewpoint. 

20 Fig. 4 shows examples of arranging the 30 model and the 20 image relative 

to each other. 

Fig. 4a), b) and c) show examples of different arrangements 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 fig. 4a), b) and 

25 c). When the arrangement of the 30 model 402 has become suitable relative 

to the 20 image 401, the actual modeling of the teeth 407 of the 30 model 

402 may be performed. 

Fig. 5 shows examples of 20 images as templates comprising facial features. 

30 Fig. 5a) shows an example of a 20 digital image 501, which is a reference 

frame for arranging the patient's teeth and/or modeling a restoration. The 
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reference frame comprises a template 509 for the upper anterior or front 

teeth. The template 509 comprises facial features in the form of the mid line of 

a face 505 and a horizontal line 506 passing along the incisal edge of the 

anterior teeth. 

5 The template 509 comprises facial features in the form of boxes adapted to fit 

the centrals 510, the laterals 511 and the cuspids 512, also known as 

canines. The laterals 511 may ideally be 2/3 of the width of the centrals 510, 

and the cuspids 512 may ideally be slightly narrower than the centrals 510. 

10 Fig. 5b) shows an example where the 20 image 501 is a template 509 

comprising facial features in the form of the long axes 513 of the centrals 

510, the laterals 511, and the cuspids 512. The long axes 513 converge 

toward the incisal edge indicated by the horizontal line 506. 

15 Fig. 5c) shows an example where the 20 image 501 is a template 509 

showing facial features in the form of a contour 514 of anterior or front teeth 

seen from the front. 

Fig. 5d) shows an example where the 20 image 501 comprises a template 

20 509 comprising facial features in the form of a curve 515 of a smile line 

adapted to follow the lower lip in a natural smile and the incisal edges of the 

upper anterior teeth 510, 511, 512, as seen from the front. 

Fig. 5e) shows an example where the 20 image 501 comprises a template 

25 comprising facial features in the form of three curves 516 for indicating the 

position of the gingival tissue. 

Fig. 5f) shows an example where the 20 image 501 comprises or is a 

template 509 comprising a curve in the form of an arch 517 which follows the 

30 upper teeth as seen from above. 
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Fig. 5g) shows an example where the 20 image 501 comprises or is a 

template 509 comprising a curve 518 which follows the upper anterior teeth 

as seen from above. 

The arch 517 and the curve 518 may also be denoted facial features. 

Fig. 6 shows examples of how to perform alignment or virtual actions for 

arrangement of the 20 image and the 30 model relative to each other. 

Virtual actions for arrangement can comprise the following: 

- scaling the 20 digital image and the 30 virtual model to show at least part 

10 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 perspective view for both of them when 

15 visualizing the positioning; 

- de-warping the perspective view of the 30 virtual model for visually aligning 

the 20 image and the 30 virtual model. 

The virtual actions for arrangement can be performed by means of rotations 

and translations to the left and right and back and forth of the 20 digital 

20 image and/or of the 30 virtual model. 

In one example (not shown) the silhouette of the biting edge of at least the 

upper anterior teeth on the 20 image and on the 30 virtual model is used to 

perform the aligning of the 20 image and the 30 virtual model. 

25 Fig. 6a) shows an example where the alignment or a virtual 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. The anatomical points 619 shown in fig. 6a) are 

at the upper anterior teeth. One anatomical point is on the incisal edge at the 

30 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 
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the left and the right central teeth. The third anatomical point is at the gingival 

between the 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 

5 as in the figure on both the 20 image 601 and the 30 model 602, the 20 

image 601 and the 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 30 model 602 cover, overlap, match or 

fit together. When corresponding anatomical points 619 are selected on the 

10 screen, the software may automatically arrange the 20 image 601 and the 

30 model 602 such that the points 619 are overlapping. 

Fig. 6b) shows an example where a virtual action for arrangement such as 

scaling is performed using a virtual measurement bar 620. The virtual 

15 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 

corresponding to the length across the upper two centrals 61 O and the two 

laterals 611. However, on the 30 model, the measurement bar 620 has a 

length corresponding to both the upper two centrals 610, the two laterals 611 

20 and the two cuspids 612. Thus in order to have matching sizes of the 20 

image 601 and the 30 model 602, the 30 model should be scaled up or 

enlarged to fit the size of the 20 image. 

Alternatively and/or additionally, the user can perform virtual actions of 

25 arrangement of the 20 digital image and/or of the 30 virtual model by means 

of eye measure. 

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

model. 

30 Fig. 7 shows a screen shot from a user interface in which both a 20 image 

701 and a 30 model 702 of teeth are seen simultaneously. The 20 image 
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701 is a photograph of a part of a patients face comprising facial features in 

the form of the 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. 

5 The 30 model 702 is arranged and aligned relative to the 20 image 701. 

A restoration on the 30 model can be modeled to fit the facial features in the 

20 image such as the patient's lips, the upper anterior teeth etc. 

Fig. 8 shows an example of how a 30 model can be arranged in a 20 image, 

10 or how a 20 image can be laid over a 30 model. 

Fig. 8 shows a screen shot from a user interface in which a 20 image 801 is 

seen. The 20 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. 

15 If a 30 model of teeth should be arranged in the place of the lower teeth, the 

area of the lower teeth in the 30 image can be marked and hidden or deleted 

by means of a non-transparent area 830. The marked area 830 can be 

marked by drawing a line 831 along the edge of the upper teeth and the 

lower lips. The marking of the line 831 can be performed automatically by 

20 means of automatic contour and/or color detection of the 20 image. 

25 

Alternatively and/or additionally, the operator can draw the line 831 or 

otherwise mark the area 830. 

The 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 visualization. 

A before-and-after visualization can be obtained by continuously 

interchanging between situation views through gradual fading in-and-out, 

whereby technicians, dentists and patients are easily able to detect even the 

30 smallest alterations and smile details for optimal comparisons. 
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Fig. 9 shows an example in which both a part of a 20 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 

5 the place of the lower and upper teeth in the left side of the patient's mouth 

(right side for the patient) the 30 model comprising teeth 907 is seen. 

The 30 model 902 is arranged and aligned relative to the 20 image 901. 

The existing teeth 904 in the 20 image 901 correspond to the situation before 

restoring one or more of the teeth. The 30 model 902 with restored teeth 907 

10 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 clearly be seen 

and evaluated. 

15 Fig. 10 shows an example of rendering of a 30 model of teeth arranged 

relative to a 20 image. 

Fig. 10 shows an example in which both a 20 image 1001 and a 30 model 

1002 of teeth are seen simultaneously. The 20 image 1001 is a photograph 

of a part of a patients face comprising the patient's lips 1003. In the place of 

20 the teeth in the 20 image, a 30 model comprising modeled and rendered 

restored teeth 1007 is arranged. The restored teeth 1007 in the 30 model 

have been rendered, such as a photo-realistic rendering. 

Fig. 11 shows an example of aligning a 20 image and a 30 virtual model 

25 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. 

Fig. 11 shows a number of steps which may be performed for designing a 

restoration, but it should not be understood that all these steps should be 

30 performed for designing a restoration. In some cases aligning the 20 image 

and the 30 virtual model can be performed differently than shown in the 
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figures 11, and in some cases the mouth and teeth is not cut out of the 20 

image as shown in the figures 11. 

Fig. 11 a) shows a 30 virtual model 1102 of a patient's set of teeth. A first 

design of the restoration 1140 in the form of a bridge comprising three teeth 

5 is designed. The restoration is white whereas the original teeth in the 30 

model are brown/grey in the figure. 

Fig. 11 b) shows the 30 model 1102 with the restoration 1140. In the lower 

right corner a menu 1141 is shown which allows the user to select a 20 

image to overlay on the 30 model 1102. 

10 Fig. 11 c) shows a 20 image 1101 of the patient's lower face showing the 

mouth including lips 1103 and existing teeth 1104. The menu 1102 is also 

seen in the lower right corner. 

Fig. 11d) shows both the 20 image 1101 with lips 1103 and teeth 105, and 

the 30 virtual model 1102 with the restoration 1140. The 20 image 1101 has 

15 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 

corner can be changed to adjust the transparency of the 20 image and/or the 

30 model. 

Fig. 11e) shows the 20 image 1101 and the 30 virtual model, where the 20 

20 image has been made partially transparent, such that both the 20 image and 

the 30 virtual model can be seen. The 20 image and the 30 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 20 image and the 30 

virtual model. 

25 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 20 image. 

The patient may have required the restoration 1140 because the original 

teeth was broken, damaged, dead, caused problems with the occlusion, 

30 problems with the gingival etc. 
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Fig. 11f) 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. 11e). In fig. 11f) the 20 image is less transparent than in 

fig. 11e). The transparency can be adjusted by means of the scale on the 

5 menu 1141. 

Figs 11g), 11h) and 11i) show an example of virtually cutting out teeth of the 

20 image. 

Fig. 11 g) shows the 20 image 1101 of the patient's lower face where the lips 

1103 and the teeth 1104 can be seen. The line 1131 along the lips 1103 is 

10 marked and thereby the whole area 1130 within the lips can be marked. 

Fig. 11 h) 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, disregarded etc. The area 1130 has been made transparent such 

15 that the 30 virtual model arranged behind the 20 image can be seen in the 

area 1130. 

Fig. 11i) shows the area 1130 which is the part of the 20 image 1101 within 

the line 1131 along the lips. Thus the teeth 1104 are seen in this cut-out part 

of the 20 image. 

20 Fig. 11j) shows the 20 image 1101 with the cut-out area 1130 along the line 

1131 of the lips 1103, and the 30 virtual model 1102 is now visible in the cut­

our area 1130 of the 20 image. The restoration 1140 of the 30 model 1102 is 

seen, and it can be seen that the restoration 1140 has not been finally 

designed yet, as there is a rather large gap between the upper central teeth, 

25 where the left central tooth (as seen for the viewer, but the right central tooth) 

is part of the restoration 1140. 

Fig. 11 k) 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 

30 designed based on and designed to match and fit facial features seen on the 

20 image, such as the lips 1103. 
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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 the upper jaw. But in cases where e.g. the 

restoration is a full denture or the restoration is all the anterior teeth in e.g. 

5 the upper jaw, then the new teeth in the restoration can be designed to match 

and fit the facial features of the patient's face as seen on the 20 image, and 

the restoration may not be designed to be symmetrical with any existing teeth 

in the patient's mouth. 

10 Although some embodiments have been described and shown in detail, the 

invention is not restricted to them, but 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 

15 the scope of the present invention. 

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 

20 different embodiments does not indicate that a combination of these 

measures cannot be used to advantage. 

It should be emphasized that the term "comprises/comprising" when used in 

this specification is taken to specify the presence of stated features, integers, 

25 steps or components but does not preclude the presence or addition of one 

or more other features, integers, steps, components or groups thereof. 

30 

When a claim refers to any of the preceding claims, this is understood to 

mean any one or more of the preceding claims. 
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The features of the method described above and in the following may be 

implemented in software and carried out on a data processing system or 

other processing means caused by the execution of computer-executable 

instructions. The instructions may be program code means loaded in a 

5 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 circuitry instead of software or in combination with 

software. 

10 
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Claims: 

1. A method of designing a dental restoration for a patient, wherein the 

method comprises: 

5 - providing one or more 20 images, where at least one 20 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 20 images relative to the 30 

virtual model in a virtual 30 space such that the 20 image and the 30 virtual 

10 model are aligned when viewed from a viewpoint, whereby the 30 virtual 

model and the 20 image are both visualized in the 30 space; and 

- modeling a restoration on the 30 virtual model, where the restoration is 

designed to fit the facial feature of the at least one 20 image. 

15 2. The method according to any of the preceding claims, wherein facial 

features are present in an image of the patient and/or in a generic image of a 

person. 

3. The method according to any of the preceding claims, wherein the facial 

20 feature is one or two lips, one or more teeth, and/or the shape and/or size of 

the face. 

4. The method according to any of the preceding claims, wherein the facial 

features comprises one or more imaginary lines of a face adapted to be 

25 detected in the 20 image, such as the midline, the horizontal line, and/or the 

bi-pupillar line. 

5. The method according to any of the preceding claims, wherein the 

restoration is a crown, a bridge, an abutment, an implant, a denture, a 

30 diagnostic wax-up, and/or a temporary. 
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6. The method according to any of the preceding claims, wherein the 

designing of the restoration is performed to automatically fit the facial 

features of the at least one 20 digital image. 

5 7. The method according to any of the preceding claims, wherein the 

restoration is designed by selecting a tooth in the 20 image, and modeling 

the restoration to have the same shape as the selected tooth. 

8. The method according to any of the preceding claims, wherein the 

10 restoration is designed on at least one prepared tooth in the 30 virtual model. 

15 

9. The method according to any of the preceding claims, wherein the 20 

image and the 30 model are aligned based on one or more unprepared 

teeth. 

10. The method according to any of the preceding claims, wherein the 

prepared tooth in the 30 virtual model is a physical preparation of the 

patient's teeth. 

20 11. The method according to any of the preceding claims, wherein the 

prepared tooth in the 30 virtual model is a virtual preparation modeled on the 

30 virtual model. 

12. The method according to any of the preceding claims, wherein the 30 

25 virtual model comprises at least one prepared tooth. 

30 

13. The method according to any of the preceding claims, wherein the 30 

virtual model comprises no prepared teeth, and where the 30 virtual model is 

of the patient's oral cavity before at least one tooth is prepared. 
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14. The method according to any of the preceding claims, wherein the 

method comprises providing two 30 virtual models, where the first 30 virtual 

model comprises at least one prepared tooth and the second 30 virtual 

model comprises no prepared teeth, and where the first and the second 30 

5 virtual models are aligned. 

10 

15. The method according to any of the preceding claims, wherein the 20 

image and the second 30 virtual model comprising no prepared teeth are 

aligned. 

16. The method according to any of the preceding claims, wherein the 20 

image and the first 30 virtual model comprising at least one prepared tooth 

are aligned based on the alignment between the first and the second 30 

virtual model and based on the alignment between the 20 image and the 

15 second 30 model. 

20 

17. The method according to any of the preceding claim, wherein the method 

comprises virtually cutting at least a part of the teeth out of the at least one 

20 image, such that at least the lips remains to be visible in the 20 image. 

18. The method according to any of the preceding claim, wherein the 30 

virtual model is visible behind the lips of the at least one 20 image. 

19. The method according to any of the preceding claims, wherein the 

25 method comprises cutting out the part of the 20 image which is inside the 

edge of the lips. 

30 

20. The method according to any of the preceding claims, wherein the edge 

of the lips is marked on the 20 image. 
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21. The method according to any of the preceding claims, wherein the edge 

of the lips is marked manually by means of digital drawing tools. 

22. The method according to any of the preceding claims, wherein the edge 

5 of lips is marked by means of a digital spline curve. 

23. The method according to any of the preceding claims, wherein the edge 

of the lips is marked by means of semi-automatic drawings tools. 

10 24. The method according to any of the preceding claims, wherein 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. 

25. The method according to any of the preceding claims, wherein the view 

15 of the 20 image is fixed, and the 30 virtual model is scaled and/or translated 

and/or rotated relative to the 20 image. 

26. The method according to any of the preceding claims, wherein the 

method comprises automatically selecting one or more 20 digital image 

20 which provides an optimal fit to the 30 virtual model. 

25 

27. The method according to any of the preceding claims, wherein the 

method comprises selecting a viewpoint of the 30 virtual model which 

provides an optimal fit to the 20 digital image. 

28. The method according to the previous claim, wherein the optimal fit is 

determined based on specific parameters for providing an esthetically, 

visually pleasing appearance. 

30 29. The method according to any of the preceding claims, wherein the 

silhouette of the biting edge of at least the upper anterior teeth on the one or 
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more 20 image and on the 30 virtual model is used to perform the alignment 

of the one or more 20 image and the 30 virtual model. 

30. The method according to any of the preceding claims, wherein the 

5 method further comprises scaling the one or more 20 digital image and the 

30 virtual model to show at least part of the teeth in the same size. 

31. The method according to any of the preceding claims, wherein the 30 

model and two or more of the 20 images are aligned relative to each other, 

10 when there are more than one 20 image. 

32. The method according to any of the preceding claims, wherein the 30 

model and each of the 20 images are aligned relative to each other. 

15 33. The method according to any of the preceding claims, wherein the 

different alignments of the 30 model relative to the two or more 20 images 

are stored in a data storage. 

34. The method according to any of the preceding claims, wherein the 

20 alignment of the 30 model and a specific 20 image is retrieved from the data 

storage, when the specific 20 image is selected for view. 

35. The method according to any of the preceding claims, wherein two or 

more of the 20 images are 20 images of at least part of the patient's face 

25 seen from different directions. 

30 

36. The method according to any of the preceding claims, wherein the 

method further comprises sectioning at least two or more of the teeth in the 

30 model and/or in the one or more 20 images. 
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37. The method according to any of the preceding claims, wherein the 

alignment of the 30 model and one or more 20 images for one or more 

perspective views is performed by means of interpolation and/or 

extrapolation of other perspective views. 

38. The method according to any of the preceding claims, wherein the 20 

image and the 30 model are aligned based on the teeth in the upper jaw. 

39. The method according to any of the preceding claims, wherein the dental 

10 articulation of the upper and lower teeth in the 30 virtual model is adapted to 

be adjusted to resemble the articulation of the upper and lower teeth in the 

20 image. 

40. The method according to any of the preceding claims, wherein scaling, 

15 aligning, projecting to a plane, and changing perspective are defined as 

virtual actions for arrangement. 

41. The method according to any of the preceding claims, wherein one or 

more of the virtual actions for arrangement comprises rotations and 

20 translations left/right and back/forth of the one or more 20 digital image 

and/or of the 30 virtual model. 

42. The method according to any of the preceding claims, wherein the 20 

image and the 30 model are snapped or locked together in their correct 

25 alignment. 

30 

43. The method according to any of the preceding claims, wherein the 

snapping or locking together of the 20 image and the 30 model is performed 

automatically. 
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44. The method according to any of the preceding claims, wherein each of 

the one or more 20 images is configured to be snapped together with the 30 

model in their correct alignment. 

5 45. The method according to any of the preceding claims, wherein the 

method further comprises rendering the 30 model. 

46. The method according to any of the preceding claims, wherein the 

method further comprises providing texture or textural features on the 30 

10 model. 

47. The method according to any of the preceding claims, wherein the 

rendering is a photo-realistic rendering. 

15 48. The method according to any of the preceding claims, wherein texture 

from the 20 image is mapped onto the 30 virtual model and/or the 

restoration. 

49. The method according to any of the preceding claims, wherein the 

20 method further comprises projecting the plane of the one or more 20 image 

to the 30 virtual model. 

50. The method according to any of the preceding claims, wherein the 

method further comprises changing the perspective view of the one or more 

25 20 digital image and/or of the 30 virtual model to obtain the same 

perspective view. 

51. The method according to any of the preceding claims, wherein the 20 

image and the 30 model are adapted to be arranged and/or viewed from one 

30 or more perspective views. 
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52. The method according to any of the preceding claims, wherein the 

method comprises determining an angle of one or more of the perspective 

views. 

5 53. The method according to any of the preceding claims, wherein the 

method comprises predefining an angle of one or more of the perspective 

views. 

54. The method according to any of the preceding claims, wherein the 

10 predefined angles determine the perspective views. 

55. The method according to any of the preceding claims, wherein the 

method comprises providing the predefined angles in discrete steps. 

15 56. The method according to any of the preceding claims, wherein the 

method comprises providing the predefined angles in a continuous 

sequence. 

57. The method according to any of the preceding claims, wherein the angle 

20 which the 30 model and the 20 image are seen from as default is 

determined by the perspective view of the 20 image. 

58. The method according to any of the preceding claims, wherein the angle 

of the 30 model and the 20 image is configured to adapt relative to the 

25 perspective view of the 20 image. 

30 

59. The method according to any of the preceding claims, wherein the view 

of the 30 model is configured to adapt to the perspective view of a second 

20 image, if this second 20 image is replacing a first 20 image. 
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60. The method according to any of the preceding claims, wherein the 

method further comprises de-warping the perspective view of the one or 

more 20 image for visually aligning the one or more 20 image and the 30 

virtual model. 

61. The method according to the preceding claim, wherein the one or more 

20 digital image comprises a patient-specific image of at least part of the 

patient's face. 

10 62. The method according to any of the preceding claims, wherein the one or 

more 20 digital image comprises a generic image of at least part of a human 

face. 

63. The method according to any of the preceding claims, wherein the one or 

15 more 20 digital image is retrieved from a library comprising a number of 

images of teeth. 

64. The method according to any of the preceding claims, wherein the 20 

image comprises a cross for providing a visual symmetry which is adapted to 

20 be used for designing the restoration. 

25 

65. The method according to any of the preceding claims, wherein the one or 

more 20 digital image is a template for supporting designing the patient's 

teeth. 

66. The method according to any of the preceding claim, wherein the 

template comprises a facial feature in the form of the mid line of a face. 

67. The method according to any of the preceding claims, wherein the 

30 template comprises a facial feature in the form of a horizontal line passing 

along the anterior teeth. 
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68. The method according to any of the preceding claims, wherein the 

template comprises a facial feature in the form of the occlusal plane of a 

face. 

69. The method according to any of the preceding claims, wherein the 

template comprises a facial feature in the form of boxes adapted to fit the 

centrals, the laterals and the cuspids. 

10 70. The method according to any of the preceding claims, wherein the 

template comprises a facial feature in the form of one or more long axes of 

anterior teeth. 

71. The method according to any of the preceding claims, wherein the long 

15 axes of at least the upper anterior teeth converge toward the incisal edge. 

72. The method according to any of the preceding claims, wherein the 

template comprises a facial feature in the form of a contour of teeth. 

20 73. The method according to any of the preceding claims, wherein the 

contour comprises a facial feature in the form of a shape of one or more teeth 

seen from the front. 

7 4. The method according to any of of the preceding claims, wherein the 

25 template comprises a facial feature in the form of a curve. 

30 

75. The method according to any of the preceding claims, wherein the curve 

comprises an arch following the upper and/or lower anterior teeth seen from 

the front or from above. 
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76. The method according to any of the preceding claims, wherein the curve 

comprises a facial feature in the form of a smile line adapted to follow the 

lower lip in a natural smile and the incisal edges of the upper teeth. 

5 77. The method according to any of the preceding claims, wherein the 

template comprises a facial feature in the form of one or more curves for 

indicating the position of the gingival tissue. 

78. The method according to any of the preceding claims, wherein the one or 

10 more 20 digital image shows a facial feature in the form of at least a number 

of front teeth. 

79. The method according to any of the preceding claims, wherein the one or 

more 20 digital image is a photograph showing at least a facial feature in the 

15 form of the patient's lips and teeth seen from the front. 

80. The method according to any of the preceding claims, wherein the one or 

more 20 digital image shows the face of the patient such that a facial feature 

in the form of facial lines, such as the midline and the bi-pupillar line, are 

20 detectable. 

25 

81. The method according to any of the preceding claims, wherein the 

method further comprises generating a 30 image by combining at least three 

of the 20 images. 

82. The method according to any of the preceding claims, wherein the one or 

more 20 digital image is an X-ray image of the patient's teeth. 

83. The method according to any of the preceding claims, wherein the 

30 method further comprises providing a 30 computed tomography scan of the 

patient's face. 
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84. The method according to any of the preceding claims, wherein the one or 

more 20 digital image is a still image from a video recording. 

5 85. The method according to any of the preceding claims, wherein the one or 

more 20 digital image is derived from a 30 face scan. 

10 

86. The method according to any of the preceding claims, wherein the 

method further comprises providing a 30 face scan of the patient. 

87. The method according to any of the preceding claims, wherein at least 

one of the one or more 20 image is from a video stream of 20 images. 

88. The method according to any of the preceding claims, wherein the 20 

15 images from the video stream are from different perspective views. 

20 

89. The method according to any of the preceding claims, wherein the 30 

model is configured to be aligned relative to one or more 20 images in the 

video stream. 

90. The method according to any of the preceding claims, wherein the 

method further comprises the steps of: 

- detecting anatomical points on the teeth, where the anatomical points are 

present and detectable both on the one or more 20 digital image and the 30 

25 virtual model, and 

- performing the virtual actions for arrangement based on these 

corresponding anatomical points. 

91. The method according to any of the preceding claims, wherein at least 

30 one corresponding anatomical point is selected to perform the virtual actions 

for arrangement. 
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92. The method according to any of the preceding of claims, wherein the 

method further comprises the steps of: 

- providing a virtual measurement bar, and 

5 - performing the virtual actions for arrangement of the one or more 20 digital 

image and/or of the 30 virtual model by means of adjustment to the virtual 

measurement bar. 

93. The method according to any of the preceding claims, wherein the 

10 method further comprises that a user performs virtual actions for 

arrangement of the one or more 20 digital image and/or of the 30 virtual 

model by means of eye measure. 

94. The method according to any of the preceding claims, wherein the 

15 anatomical points are upper and/or lower distal and/or mesial points on a 

number of specific anterior teeth. 

95. The method according to any of the preceding claims, wherein the 30 

virtual model is generated by scanning a physical model of the patient's 

20 teeth, by scanning an impression of the patient's teeth, and/or by performing 

a direct scanning of the patient's teeth. 

96. The method according to any of the preceding claims, wherein the 

method further comprises providing at least part of the one or more 20 digital 

25 image to be at least partly transparent, such that the 30 virtual model is 

visual through the 20 digital image. 

30 

97. The method according to any of the preceding claims, wherein the one or 

more 20 digital image is adapted to be smoothly faded in and out of the view. 
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98. The method according to any of the preceding claims, wherein the 

method further comprises providing 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 

images is visual through the 30 virtual model. 

99. The method according to any of the preceding claims, wherein the 

method comprises fading the 30 virtual model smoothly in and out of the 

view. 

10 100. The method according to any of the preceding claims, wherein the 20 

image and the 30 model are adapted to be alternately faded in and out of 

view. 

101. The method according to any of the preceding claims, wherein the 20 

15 image is adapted to be faded into view, when the 30 virtual model is faded 

out of view, and vice versa. 

102. The method according to any of the preceding claims, wherein the 20 

image and the 30 virtual model are adapted to faded in and out of view 

20 independently of each other. 

25 

103. The method according to any of the preceding claims, wherein the 

method comprises zooming at least one of the one or more 20 images and 

the 30 model in/out of view. 

104. The method according to any of the preceding claims, wherein the 20 

image and the 30 virtual model are adapted to be zoomed in/out 

simultaneously. 
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105. The method according to any of the preceding claims, wherein the 

zooming in/out is configured to be performed from one or more perspective 

views. 

5 106. The method according to any of the preceding claims, wherein the 

zooming in/out is configured to be performed from one or more predefined 

angles. 

107. A computer program product comprising program code means for 

10 causing a data processing system to perform the method of any one of the 

preceding claims, when said program code means are executed on the data 

processing system. 

108. A computer program product according to the previous claim, 

15 comprising a computer-readable medium having stored there on the program 

code means. 

109. A system for designing a dental restoration for a patient, wherein the 

system comprises: 

20 - means for providing one or more 20 images, where at least one 20 image 

comprises at least one facial feature; 

- means for providing a 30 virtual model of at least part of the patient's oral 

cavity; 

- means for arranging at least one of the one or more 20 images relative to 

25 the 30 virtual model in a virtual 30 space such that the 20 image and the 30 

virtual model are aligned when viewed from a viewpoint, whereby the 30 

virtual model and the 20 image are both visualized in the 30 space; and 

30 

- means for modeling a restoration on the 30 virtual model, where the 

restoration is designed to fit the facial feature of the at least one 20 image. 
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20 image arrangement 

5 Abstract 

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

the method comprises: 

- providing one or more 20 images, where at least one 20 image comprises 

1 O 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 20 images relative to the 30 

virtual model in a virtual 30 space such that the 20 image and the 30 virtual 

model are aligned when viewed from a viewpoint, whereby the 30 virtual 

15 model and the 20 image are both visualized in the 30 space; and 

20 

- modeling a restoration on the 30 virtual model, where the restoration is 

designed to fit the facial feature of the at least one 20 image. 

(fig. 11 k) should be published) 
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Fig. 1 

Q (57) Abstract: A method for automatic, or semi-automatic, planning of dental treatment for a patient comprises: (a) obtaining data 
Q about an area which is to be treated and data about a face of a patient; (b) performing a computer-assisted analysis of the data to 
N determine properties of at least the face of the patient: ( c) creating a modified tooth set-up using a set of stored rules which make use 
O of the determined facial properties. A tlu·ee-dimensional representation simulates the appearance of the modified tooth set-up and the 
> patient's face surrounding the treatment area. The method also determines properties of existing teeth and creates a modified tooth 
~ set-up which is also based on the existing teeth of the patient. The method can be implemented as software running on a workstation. 



0132

5 

WO 2008/128700 PCT/EP2008/003072 

COMPUTER-ASSISTED CREATION OF A CUSTOM TOOTH SET-UP USING 

FACIAL ANALYSIS 

FIELD OF THE INVENTION 

This invention relates generally to the field of computer technology used for the 

planning of dental treatments and to computer software tools for planning an optimised 

tooth (and soft tissue) set-up for a patient as well as to systems and methods planning 

an optimised tooth (and soft tissue) set-up for a patient. 

10 BACKGROUND TO THE INVENTION 

For dental or orthodontic treatment one or more imaging modalities such as 

orthopantograrns (dental X-ray), computerized tomography (CT) scans or digital 

photographs are commonly used to analyze, diagnose and document a patient's 

condition. Recently, digital patient information has also found its way into the planning 

15 stage of treatment. Several software solutions exist for simulating dental implant 

placement in medical (CT) images (SimPlant™, Materialise Belgium), orthodontic 

treatment can be simulated using digitized information of the patient's dentition 

(OrthoCAD, Cadent, U.S.; Invisalign, Align Technologies, U.S.) and maxillofacial 

reconstructions can be planned in a virtual environment (SimPlant CMF, Materialise, 

20 Belgium). While these solutions provide powerful tools to the clinician to try out 

different alternatives at a functional level, the implications of these alternatives at an 

aesthetical level are generally far from being clear or in some cases disregarded 

altogether when choosing the clinical approach. 

W02004/098378 and W02004/098379 describe a workstation for creating a 

25 virtual three-dimensional model of a patient using several imaging sources, such as a 

CT scan, an X-ray and photographs. Software tools allow a trained user to manipulate 

the model to simulate changes in the position of teeth, such as through orthodontic 

treatment. The tools described in these documents can be used to plan treatment, and 

can present a simulation of the outcome of the treatment to a patient. However, as these 

30 tools give the user a considerable degree of freedom in the treatment planning, with 

many decisions to be made by the user, they still require an experienced user to plan 

the treatment. 

Accordingly, the present invention seeks to provide an improved way of 

planning dental treatments for a patient. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide computer based methods and 

systems for the planning of dental treatments and computer software tools for planning 

5 an optimised tooth (and soft tissue) set-up for a patient. 

A first aspect of the present invention provides a method for automatic, or 

semi-automatic, planning of dental treatment for a patient comprising: 

(a) obtaining data about an area which is to be treated and data about a face of a 

patient; 

10 (b) performing a computer-assisted analysis of the data to determine properties 

15 

of at least the face of the patient; and, 

(c) creating a modified tooth set-up using a set of stored rules which make use 

of the determined facial properties. 

For the purpose of this application the term 'dental treatment' includes, but is 

not limited to, prosthetic reconstructions on natural teeth (crown and bridgework, 

veneers), loose prostheses, prosthetic reconstructions supported by implants, 

corrections of the soft tissue (i.e. the gums of the patient, mucosa and gingival) and 

orthodontic treatments, i.e. treatments to correct the position of teeth. 

20 The invention recognises that dental treatment needs to be planned m the 

context of a patient's face, to provide a result which is aesthetically pleasing as well as 

being clinically correct. The invention also provides a tool for achieving this, by 

performing a computer-assisted analysis of facial characteristics, and the use of stored 

rules to create an optimum tooth and soft tissue set-up. This greatly simplifies the 

25 process of creating the modified tooth and soft tissue set-up. 

Preferably, the method further comprises generating a three-dimensional 

representation which simulates the appearance of at least the treatment area with the 

modified tooth set-up. The three-dimensional representation preferably also simulates 

the appearance of the patient's face surrounding the treatment area. This allows a 

30 patient to view, in advance of the treatment, the post-treatment effects of the modified 

tooth and soft tissue set-up. Preferably, the three-dimensional representation is as life­

like as possible by the use of colour and texture on prosthetic teeth used in the 

modified set-up. The effect of modified tooth set-up on surrounding facial features 
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(e.g. lips) can also be shown using the three-dimensional representation. This will 

allow a patient to assess the aesthetical outcome of dental treatment either subsequent 

to or, more ideally, prior to the selection of the type of clinical treatment. For example, 

a patient may be offered the choice of a treatment with dental implants, a treatment 

5 using crown and bridgework and a treatment using a loose prosthesis and each of these 

treatment options can be visualised. Such an approach is highly advantageous for the 

patient, who in an early stage is more involved in the decision making process and is 

better informed about the aesthetical implications of the different alternatives (e.g. 

grinding down of teeth vs. implant placement to allow anchoring of a bridge; stripping 

IO of the teeth vs. tooth extraction to solve crowding along the dental arch etc.). 

The functionality of this invention can be implemented in software, hardware 

or a combination of these. The invention can be implemented by means of hardware 

comprising several distinct elements, and by means of a suitably programmed 

processor. Accordingly, another aspect of the invention provides software comprising 

15 instructions (code) which, when executed by a computer or processor, implements the 

method. The software may be tangibly embodied on an electronic memory device, hard 

disk, optical disk or any other machine-readable storage medium or it may be 

downloaded to the computer or processor via a network connection. 

20 

A further aspect of the invention provides apparatus for performing the method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention will be described, by way of example only, with 

reference to the accompanying drawings in which: 

Figure 1 schematically shows a workstation for implementing the present 

25 invention; 

Figure 2 shows a flow chart of a method according to an embodiment of the 

present invention; 

Figure 3 shows one way of registering a 30 photograph and digitised plaster 

casts using a face bow; 

30 Figure 4 shows an example of an aesthetical rule in which the width of 

maxillary incisors should be equal to the width of the nose base; 

Figure 5 shows an example of an aesthetical rule in which the distance between 

eyebrow and nose base should be equal to distance between nose base and top of chin 
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during occlusion; 

Figure 6 shows an example of an aesthetical rule in which the occlusal plane or 

the line connecting the cusps of the maxillar canines should be parallel to the 

interpupillary line; 

Figure7 shows buccal corridors during smiling; 

Figure 8 shows an example of a class l molar relationship; 

Figures 9A-9C show an example of modifying the functional properties of a 

prosthetic tooth; 

Figure 10 shows the reconstruction of missing teeth by means of library teeth; 

Figure 11 shows the application of texture to library teeth to give a life-like 

representation of reconstructed teeth; 

Figure 12 shows an alternative view of reconstructed teeth. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will be described with respect to particular embodiments 

and with reference to certain drawings but the invention is not limited thereto but only 

by the claims. The drawings described are only schematic and are non-limiting. In the 

drawings, the size of some of the elements may be exaggerated and not drawn on scale 

for illustrative purposes. Where the term "comprising" is used in the present 

20 description and claims, it does not exclude other elements or steps. Furthermore, the 

terms first, second, third and the like in the description and in the claims, are used for 

distinguishing between similar elements and not necessarily for describing a sequential 

or chronological order. It is to be understood that the terms so used are interchangeable 

under appropriate circumstances and that the embodiments of the invention described 

25 herein are capable of operation in other sequences than described or illustrated herein. 

Figure 1 schematically shows a system for implementing an embodiment of the 

present invention. The system can take the form of a computer workstation 20, such as 

a general purpose PC, which has a processor 22 and memory/storage 24 and a display 

10. Software 25 to implement the invention is stored in memory 24 and executed by 

30 the processor 22. A user can interact with the workstation using a keyboard 21, mouse 

23 or another input device such as a graphics tablet or an electronic stylus. Workstation 

20 receives inputs from a variety of imaging sources, such as a computerized 

tomography (CT) scanner 31, a dental X-ray machine 32, a digital camera 33 and an 
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optical scanner 34. Each of the imaging sources 31-34 can be manipulated by a user to 

acquire the image data, and then send this data to the workstation. Alternatively, one or 

more of the imaging sources 31-34 can be under the control of the workstation 20, with 

the workstation 20 automatically controlling operation of those imaging sources to 

5 acquire the image data. As an example, the workstation 20 can control the digital 

camera 33 to acquire a picture from each of three predetermined views with respect to 

the patient. The acquired image data 30 from each imaging source can be stored in the 

raw form in which it is acquired, or can be processed to convert it into a form in which 

it can be more readily combined with image data from other sources. This data (in raw 

10 or processed format) can be stored 35 within the workstation 20, or externally of the 

workstation, such as on an external storage device or server which is networked to the 

workstation 20. Other data 3 7 about a patient, such as their medical history, can also be 

stored 35. 

The image data 30 that has been acquired from the imaging sources 31-34 is 

15 used to generate a virtual, three-dimensional model 56 which is a life-like 

representation of at least the area of the human body to be treated. Typically, this area 

will be the patient's jaw, teeth (if any are remaining) and soft tissue surrounding these 

parts, such as the gums, lips and skin on the outer surface of the face. The extent of the 

30 model can be restricted just to the area to be treated and the soft tissue immediately 

20 surrounding this area or it can extend to the entire face and head of the user. 

Figure 2 shows a flow chart which outlines the main steps of a method of 

planning treatment in accordance with an embodiment of the invention. Each of the 

steps will be described in detail. 

25 Acquiring image data (steps 60, 61, Figure 2) 

According to one embodiment of the present invention, the 30 model is created 

by making 30 measurements of the area to be treated and by converting the 

measurement data into a digital solid or surface model (for instance, in standard 

triangulated language [.stl] format). Images from digital 20 or 30 photographs, or 

30 from scanned printed photographs, of the same area are then mapped onto this model. 

A 30 photograph is taken by an optical device that allows capturing the 30 

geometry/shape of the object as well as its texture (and optionally colour). In general 

the device comprises a laser scanner to measure the 30 geometry/shape and a camera 
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for imaging the texture. Both the 30 geometry description and the texture are then 

combined in one 30 image. A 30 photograph can be taken by a fixed camera or by a 

moving camera. In the latter case a 30 photograph showing all sides (front, left, back, 

and right side) of the object is created. 

The 30 measurement can be performed directly or indirectly on the area to be 

treated. A direct measurement can take the form of a CT-scan of the patient, or an 

optical scan of the head of a patient. A CT-scan gives detail about both soft tissue and 

bone in a 30 co-ordinate system, by providing a stack of 20 images. Based on these 

20 images, a 30 model of the bone or face can be reconstructed. An optical scan of the 

I 0 patient's head can give information about the outer shape and surface features of the 

face and head. In addition, a small optical scanner can be used to scan the intra-oral 

region. 

An indirect measurement can take the form of an optical scan of a physical 

replica of the area to be treated, such as a plaster cast manufactured from an impression 

15 which has been taken of the area to be treated. Measuring techniques can include, but 

are not limited to, non-contact scanning using: laser, white light or the like; tactile 

scanning using a measurement probe; and volumetric scanning such as CT, MRI, µCT, 

etc. The term 'CT' as used here refers to medical CT scanners where the object 

remains fixed and the source and detector tum around the object, and results in images 

20 with pixel size of about 0.25 mm or more. The term 'µCT' refers to non-medical CT 

scanners where typically the object turns and the source and detector are fixed, and 

results in images with a typical pixel size I 0 to 20 times smaller than that achieved 

with a CT scan. µCT generally results in more accurate images and can also accurately 

visualize much smaller details. 

25 Converting the measurement data into a digital model will, depending on the 

applied measurement technique, involve a series of commonly known data processing 

techniques such as image segmentation and point cloud meshing. Data derived from 

different imaging sources (e.g. CT, optical scan ... ) needs to be combined into a single 

model. Initially, a separate model is constructed from each image data source (e.g. a 

30 model for CT scan data, a model for optical scan data) and the set of individual models 

is then combined into a single model. One of several known techniques may be used to 

combine the models: 

the 30 models can be registered onto each other by manually translating 
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and/or rotating one of the 30 models with respect to the other. The models 

are displayed on display 10 of the workstation 20 and an operator manipulates 

the models. 

the 30 models are registered onto each other by indicating corresponding 

points on both 30 models and applying an N-points registration algorithm. 

Afterwards an automatic optimization of the registration is possible using a 

registration optimisation program such as a least-squares registration 

algorithm. 

the 30 models are registered onto each other using a fully automatic 

registration algorithm based on feature recognition. For example, the 

registration may be done by a cloud-of-points technique or it may be done by 

automatically identifying common features in the images. 

Such techniques are described, for example, in: P.J. Besl and N.D. McKay, "A method 

for registration of 3-d shapes", IEEE Trans. Pat. Anal. And Mach. Intel 14(2), pp 239-

15 256, Feb 1992; R. San-Jose, A. Brun and C.-F. Westin, "Robust generalized total least 

20 

25 

squares iterative closest point registration", in C. Barillot, D.R. Haynor, and P.Hellier 

(Eds.): MICCAI 2004, LNCS 3216, pp. 234-241, 2004; A. Gruen and D. Akca, "Least 

squares 3D surface and curve matching", ISPRS Journal of Photogrammetry and 

Remote Sensing 59(3), pp 151-174, May 2005. 

Photographs (2D or 3D) can be scaled to a required dimension using one of 

several techniques: 

a calibration piece, i.e. a piece with exactly known geometric dimensions, can 

be added in the field of view of the camera while taking photographic images 

of the patient. This allows exact scaling of the photographs afterwards. 

measurements can be performed on photographs and 3D models by using 

anatomical reference distances (e.g. interpupillary distance ... ) to determine 

the scale factor for the photographs. 

The scaling can be done automatically by automatically detecting reference 

points or features in the images and scaling these to match each other. 

30 For mapping of the 20 or 30 photographs onto the digital model one of several 

techniques may be used when photographs and digital models contain identical 

surfaces (e.g. teeth visible in photograph, facial skin ... ): 

Manual registration: The photograph is aligned with the digitized treatment 
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area. The photograph can be scaled and translated. The 3D representation of 

the treatment area can be rotated. The user rotates the representation to adapt 

its orientation to match the angle under which the photograph was made. The 

size of the photograph is adjusted and the image is translated until it is 

aligned with the view on the 3D representation. The steps are repeated to tune 

the registration. 

Semi-automatic registration: The user rotates the representation to adapt its 

orientation to match the angle under which the photograph was taken. 

Photograph and 3D representation are shown side-by-side. Reference points 

are indicated on both to mark corresponding features. A final mapping is 

performed either by: a least-squares algorithm/n-point registration/ICP 

(Iterative Closest Point) registration, which will find the optimal 

transformation necessary to align both sets of points; or by an exact matching 

at the location of the reference points and minimal deformations in between, 

using an RBF (radial base functions) optimization approach. 

Automatic registration: Registration applying feature recognition. 

In a case where no identical surfaces are available (e.g. mapping of 2D or 3D 

photograph of edentulous patient onto digitized 3D models of the maxillar and 

mandibular plaster casts) the above-mentioned registration techniques cannot be used. 

20 In these cases a preferential approach makes use of face bow measurements to map the 

different data sets. Referring to Figure 3, a face bow is a mechanical device used in 

dentistry to record the positional relations of the maxillary arch to the 

temporomandibular joints, and to orient dental casts in this same relationship to the 

opening axis of the mechanical articulator. A face bow consists of two metal parts 

25 attached together. The first part 3, called the bite fork, is shaped like a horseshoe and is 

inserted in the mouth of the patient and clamped between upper and lower jaw. The 

second part comprises two curved elements 1, 9. The ends 8 of the first curved 

element 1 are positioned in the ear channels of the patient. The second curved element 

9 forms a nasal guide that is put in contact with the nose of the patient. The bite fork 3 

30 is fixed to the second curved element 9. The current position of all parts of the face 

bow is maintained and then used to transfer the plaster cast into the corresponding 

mechanical articulator. This implies that the face bow used for transfer of the occlusion 

from the patient's mouth to the mechanical articulator is now virtually created and 



0140

WO 2008/128700 PCT /EP2008/003072 

9 

positioned onto the 3D photograph of the patient (Figure 3). The bite registration 3 is 

also digitized and used to register the digital 3D models of the patient's jaws in the 

same coordinate system as the 3D photograph. In case of 2D photographs, a virtual 

face bow cannot be used and a preferential method in this case is using the default 

5 values (as used in a mechanical articulator) to position the 3D models of the patient's 

jaws in correct relation to the intercondylar axis, which can be defined onto the 2D 

photograph of the patient's face. 

As an alternative to the above described method, a three-dimensional model of 

the area to be treated can be built directly from a 2D video sequence, such as by 

I 0 matching objects and features appearing in images which have been acquired from 

different viewpoints. Since the video data inherently holds information that can be 

related to more than mere spatial coordinates of the captured points, but also to color, 

texture, etc. the calculated reconstruction can be made to reflect each of these qualities, 

thereby achieving a life-like model. 

15 The composite 3D model created at step 61 should preferably include the face 

of the patient to allow facial analysis to be based on the model. The 3D model used to 

plan a modified tooth set-up does not have to be life-like, but this information is useful 

to visualize to the user and patient the effects of the treatment and can be rendered in 

the final stage 66 of the method when a virtual representation of the tooth set-up 

20 following treatment is displayed to a user and a patient. 

Facial analysis (steps 62, 63, Figure 2) 

According to one embodiment of the invention the 3D model of the patient, 

which has been created in one of the ways described above, is analysed to determine 

25 information about the aesthetical appearance of the face and/or of the area to be 

treated. This analysis can be fully automatic, or semi-automatic. In a semi-automatic 

analysis, the computer program prompts the user to indicate certain anatomical points 

and/or lines on the face of the patient, which are needed for the facial analysis. The 

user marks these points on the graphical representation of the face by using an input 

30 tool such as a mouse 23, keyboard 21, graphics tablet, electronic stylus etc. The 

program then performs facial analysis based on measurements between these marked 

-points and automatically creates or modifies the tooth set-up as described below. The 

following table, and Figures 4-6, show some example anatomical points which the 
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program can prompt a user to mark. Even in the semi-automatic embodiment, the 

program can be arranged to automatically determine some of the facial features 

without any user prompting and input such as, for example, the overall shape of a 

patient's face (rule A) and the interpupillary line (rule D). 

5 A set of general aesthetical rules use the results of the facial analysis to create 

an aesthetically optimal dental configuration or tooth set-up, based on the particular 

characteristics of the patient's face. The following table gives a non-exhaustive list of 

fourteen possible facial analyses and corresponding rules: 

Aesthetical analysis Aesthetical rule 

A Determine the shape of the patient's The optimal tooth shape is selected 

face and, if available, the patient's teeth. according to the following rules: 

Three main facial shapes exist: (1) In partially edentulous cases (i.e. 

(i) rectangular or square shaped. A the patient has some teeth remaining) 

rectangular or square shaped face has the tooth shape is determined based on 

substantially the same width at the the shape of the remaining natural 

forehead and just below the cheekbones; teeth and/or the shape of the patient's 

(ii) tapered. A tapered face is wide at the face. 

forehead and narrows to a small delicate (2) In edentulous cases the tooth shape 

chin; is chosen based solely on the analysis 

(iii) oval. An oval face is slightly wider of the shape of the patient's face. 

at the cheekbones than at the forehead A rectangular or square shaped face 

or jaw-line. corresponds with square-shaped teeth. 

Teeth are classified in three different A tapered face corresponds with 

shapes: tapered, ovoid, and square- tapered-shaped teeth. 

shaped. If a patient has any remaining An oval face corresponds with ovoid­

teeth, the shape of the teeth can be shaped teeth. 

determined based on the digitized 

information of the patient's remaining 

dentition. 
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Aesthetical analysis Aesthetical rule 

B Determine the width of the nose base Design or reshape the four maxillar 

(see 4, Figure 4). incisors so that their total width (5, 

Figure 4) is approximately equal to the 

width of the nose base (Gerber). 

C Determine the distance between Position the occlusal plane relative to 

eyebrow and nose base (see Figure 5). the patient's face so that the distance 

between the nose base and the top of 

the chin during occlusion is equal to 

said distance between eyebrow and 

nose base. 

D Determine the interpupillary line, i.e. the Reconstruct or correct the teeth so that 

line connecting the centre of the eyes ( 6, the occlusal plane or the line 

Figure 6). connecting the cusps of the maxillar 

canines (7, Figure 6) is parallel to said 

interpupillary line. 

E Determine the symmetry line of the Angulate or reorient the frontal 

face, i.e. the line from the centre of the maxillar incisors so that their facial 

forehead along the subnasal point to the axis is parallel to said symmetry line 

centre point of the chin. and position the central incisors so 

that their contact point lies on said 

symmetry line. 

F Determine the nasio-labial angle, i.e. the Reconstruct or correct the maxillar 

angle between the columella of the nose incisors so that the nasio-labial angle 

and the anterior surface of the upper lip is approximately 90°. Therefore a soft 

measured in a sagittal (lateral) view of tissue simulation is needed to predict 

the patient's face. the tooth position for the upper lip 

position, more particular with a nasio­

labial angle of 90°. 
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Aesthetical analysis Aesthetical rule 

G Determine in a sagittal (lateral) view of Reconstruct or correct the teeth so that 

the patient's face the distance of the the distance of upper lip to said line is 

upper and lower lip to the line through 4 mm and the distance of lower lip to 

the tip of the nose and the chin. said line is 2 mm. 

H Determine the position of the upper lip Position or correct the frontal maxillar 

while smiling. teeth so that only one quarter of their 

height is covered by the upper lip 

while smiling. 

For some patients the smile-line, 1.e. 

the borderline of the upper lip during 

normal smiling, is much higher than 

ideally, and the upper gum is exposed. 

In these cases a gingival correction is 

needed to allow implant placement in 

the frontal maxilla. Without gingival 

correction pink porcelain will be 

needed in the prosthetic reconstruction 

and this is not compatible with the 

necessary interdental spaces for 

cleaning purposes of the implants. 

I Determine the curve formed by the Position or correct the frontal maxillar 

lower lip while smiling teeth so that their incisal edge is 

parallel to said curve and just touching 

the lower lip or showing a slight gap. 
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Aesthetical analysis Aesthetical rule 

J Determine the buccal corridor, i.e. the Determine or adapt the maxillar dental 

small space visible between the angles arch shape as well as the orientation of 

of the mouth and the teeth, during maxillar premolars and molars to 

smiling (12, Figure 7). obtain a normal size of said buccal 

corridor. A too wide dental arch will 

result in no buccal corridor while a too 

small dental arch will result m a 

buccal corridor that is too prominent. 

K Determine the width to height ratio of Adapt the maxillar central incisors if 

the maxillar central incisors. needed to approximate the ideal value 

of 80% for the width to height ratio. 

L Determine the proportion of maxillar Adapt maxillar incisors and canines if 

central incisor width to lateral incisor needed to obtain the ideal width 

width to canine width. proportion of 1.6, 1, and 0.6 

respectively. 

M Determine the position of the upper lip Adapt the position or size of the 

during talking. maxillar incisors to obtain a visibility 

of approximately 1.5 mm of said teeth 

during talking. 

N Determine the overjet of the teeth in a Incline or adapt the inclination of the 

sagittal (lateral) view. frontal teeth to obtain an overjet value 

used in common practice, i.e. 2 mm. 

The analyses listed above fall into the broad categories of: aesthetic characteristics of 

the patient's face, including measurements between facial features (A-G); aesthetic 

characteristics of the face which may be determined by the underlying jaw and teeth 

5 (H, I, J, M) and aesthetic characteristics of the patient's teeth (K, L, N). The analysis 

of aesthetic features can be performed on the virtual model 56 of the patient, or on 

some of the image data 30 of the patient, such as photographs of the patient's face and 

teeth. 

10 Functional analysis (steps 64, 65, Figure 2) 
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In addition to making an analysis of the aesthetic properties of the patient, the 

analysis can be extended to include a computer-assisted analysis of more 'functional' 

characteristics of a patient. Functional information resulting from this analysis can be 

used in a set of functional rules which can adapt the dental configuration derived at 

5 step 63, Figure 2. Alternatively, the dental configuration may be directly based on a 

combined set of aesthetic and functional rules which make use of both the aesthetic 

and functional information. 

10 

The following table gives a non-exhaustive list of functional analyses and 

corresponding rules: 

Functional analysis Functional rule 

Determine class (I, II, or III) of molar Ideally, a class I molar relationship 

relationship. (Figure 8) should be created. But, if a 

(i) Class I malocclusion refers to a patient has, for instance, class II/III molar 

malocclusion in which the buccal groove relationships at the left side, then the right 

of the mandibular first permanent molar side can be reconstructed mimicking the 

occludes with the mesiobuccal cusp of class II/III molar relationships. 

the maxillary first permanent molar. 

(ii) Class II malocclusion refers to a 

malocclusion in which the buccal groove 

of the mandibular first permanent molar 

occludes posterior (distal) to the 

mesiobuccal cusp of the maxillary first 

permanent molar. 

(iii) Class III malocclusion refers to a 

malocclusion in which the buccal groove 

of the mandibular first permanent molar 

occludes anterior (mesial) to the 

mesiobuccal cusp of the maxillary first 

permanent molar. 
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Functional analysis Functional rule 

Determine crown angulation of remaining Mimic crown angulation of 
.. 

remammg 

teeth. teeth in prosthetic reconstruction. If no 

remaining teeth, use average values for 

the angulation of the crowns. 

Determine crown inclination of Mimic crown inclination of 
.. 

remammg 

remaining teeth teeth in prosthetic reconstruction. If no 

remaining teeth, use average values for 

the inclination of the crowns. 

Determine dental arch for upper and Align crowns tangent to determined 

lower jaw based on remaining teeth or for dental arch. 

edentulous cases based on average curves 

and the jaw information (Staub ... ). 

Determine midline of dental arches Adapt dental arches until these midlines 

(upper and lower). match. 

Determine contact between neighboring Mimic contact of remaining teeth. 

teeth. If edentulous position crowns in tight 

contact to neighbors. 

Determine contact points during Adapt occlusal surfaces of the crowns to 

movement of the jaws. obtain an ideal articulation. 

Determine overjet. Adapt tooth position or reconstruct crown 

to obtain optimal value of 2 mm. 

Determine overbite. Adapt tooth position or reconstruct crown 

to obtain optimal value of 2 mm. 

Functional analysis is not limited to optimal tooth contacts but can in a broader sense 

include phonetics and biomechanics (e.g. optimal tooth loading). 

The computer-assisted functional analysis can include identification of ideal 

5 tooth contact points and can be performed by means of digitized information of static 

and dynamic check bites of the individual patient or by means of a virtual articulator. 

An articulator is a mechanical instrument which is used to examine the static and 

dynamic contact relationships between the occlusal surfaces of both dental arches. It 
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represents the human temporomandibular joints and jaws, to which maxillary and 

mandibular casts may be attached in order to simulate some or all mandibular 

movements. Different settings regarding the jaw morphology and mandibular 

movement can be adjusted on an articulator. Those values are set using patient-specific 

5 data or average values known in literature. A virtual articulator establishes the static 

and dynamic contact relationships in a virtual environment. It simulates forward, 

backward, left lateral, right lateral, opening and closing mandibular movements as 

constrained by the geometric restrictions imposed by settings using patient-specific 

data or average values known in literature. Moreover, a virtual articulator calculates 

10 and visualizes the resulting occlusal contacts. Alternatively jaw movement and 

occlusal contacts can be recorded and provided as a 30 path relative to known 

landmarks on the patient. 

Figures 9A-9C illustrate one example of how the functional characteristics of a 

set-up are determined and modified. Figure 9A shows a proposed tooth set-up resulting 

15 from facial analysis and application of the aesthetic rules. This has resulted in a 

prosthetic tooth 16 being inserted into a modified set-up. Initially the tooth 16 has a 

default shape and surface features, such as the default properties of an element in the 

library 55 of elements. In Figure 9B the occlusal surface of the new tooth 16 is 

analysed with respect to antagonists (e.g. the teeth shown directly above tooth 16). As 

20 a result of the analysis, the outer surface of the tooth I 6 is modified to present a better 

occlusal surface. Figure 9C shows the result of the optimization. 

Each of the functional and aesthetical rules can be assigned a weighting factor 

to more, or less, profoundly influence their impact on the final dentition. Each 

weighting factor can have a value based on past experience. Alternatively, each 

25 weighting factor can be adjusted by the team treating the patient, in accordance with 

their expertise on a case-by-case basis. The following is a practical example of how the 

weighting factors can be used. Suppose a tooth set-up must be created for a patient 

missing the four maxillar incisors and both canines. Aesthetical rule L predicts the 

ideal proportion for the widths of the missing teeth. Aesthetical rule B predicts the total 

30 width of the four maxillar incisors based on the width of the nose base of the patient. If 

the patient has a very small nose then rule L should be determining for the final width 

of the teeth, so rule L must have a higher weighting factor than rule B. This will result 

in a normal proportional width of the missing teeth in between the remaining maxillary 
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first premolars. If, in this case, rule L would have been given a much lower weighting 

factor than rule B, then very small maxillar incisors would be created in combination 

with very thick canines to be able to fill the gap in between the remaining maxillary 

first premolars. So the ideal proportion would not be respected and would result in a 

5 less aesthetical outcome. 

10 

15 

The process of generating an optimal tooth (and soft tissue) set-up can be 

achieved in different ways: 

a tooth (and soft tissue) set-up can be optimized with respect to all, or only 

some, aesthetical rules in an iterative process; 

a tooth (and soft tissue) set-up can be determined as the weighted average of 

all, or some, aesthetical rules with weighting factors representing, for 

example, the importance of the aesthetical rules to achieving an optimal set­

up; 

a tooth (and soft tissue) set-up can be determined using a first sub-set of rules 

and then optimized using a second sub-set of the rules. 

Where a patient has a partial set of teeth, the invention can generate an optimal 

dental configuration which virtually models replacement teeth in the places where the 

patient is currently missing teeth. The replacement teeth are selected in accordance 

with the aesthetic and functional rules. Figure 10 shows an example where a group of 

20 six prosthetic teeth 14 have been inserted into a model of a patient's jaw. 

Additionally, it may be desirable to reposition some of the patient's existing 

teeth. This can also be modelled, and the results of the repositioning can be displayed 

to the patient. A library 55 stores individual teeth (of varying type, shape and size) and 

complete or partial set-ups, for use with patients who are fully or partially edentulous. 

25 Each of the library set-ups can be adapted in accordance with the aesthetic (and 

functional) rules, or the software may select the best of the library set-ups based on the 

aesthetic (and functional) rules. The digital library 55 of elements can have a default 

set of predefined properties such as colour, texture etc. to give them a life-like 

appearance. Alternatively, such information may be mapped onto a 'plain' element to 

30 obtain a desired life-like appearance. A selection of options can, for example, be 

presented to a user in the form of a menu offering a palette of colours and textures. 

Figure 11 shows the model of Figure 10 following the application of colour and texture 

to library elements 14 and Figure 12 shows another life-like representation of a 
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treatment area with prosthetic teeth to which colour and texture have been applied. 

The virtual modeling may be performed by user interaction in the digital 

environment. Software 25 executed by the workstation creates a graphical user 

interface on display 10 which allows a user to make select, introduce, position, 

5 reposition or modify individual teeth or groups of teeth in an automatic or semi­

automatic manner. The software can include routines which automatically position 

teeth along a predefined arch, or routines for automatically positioning teeth in 

function of occlusion relative to the antagonist dentition. Alternatives for orthodontic 

cases are tooth extraction, widening of the jaw and stripping (i.e. reducing the width) 

10 of teeth. The occlusal surface of already positioned teeth may also be modified using 

the software tools. 

Virtual representation of treatment area, post-treatment (step 66, Figure 2) 

The final step of the method displays a virtual representation of the treatment 

15 area, displaying the effect of the optimal tooth (and soft tissue) set-up. It is likely that 

there will be a range of possible treatment options. As an example, for dental 

restorations alternative treatment options can include different tooth morphologies, 

sizes and colours. Each of the treatment options can be presented to a user and a patient 

and the patient will be able to view the aesthetic results of the treatment. In a particular 

20 embodiment, the virtual representation can be modified to simulate different facial 

expressions, such as smiling. Step 66 can use the same 3D model as was created at step 

61, Figure 2, and updated to include the treatment work determined at step 65, Figure 

2. The modified tooth set-up determined at step 65 can be used to update a life-like 

representation of the area to be treated. The update consists of spatially matching the 

25 life-like representation of the treatment area and the modified tooth set-up and 

visualizing them simultaneously on a display 10. Spatially matching refers to 

registering both entities. For instance when only a 2D photograph of the patient is 

available then the optimal tooth set-up should be positioned, oriented, and scaled 

relative to the 20 photograph and then embedded within the photograph to visualize 

30 the result. Alternatively, elements (for example, teeth) may be removed from the 30 

life-like representation of the treatment area and replaced by corresponding 

counterparts in the generated set-up. Updating the life-like representation implies 

calculating the effect of the generated optimal tooth (and soft tissue) set-up on the 
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position, inclination and/or deformation of the entire or local regions of the treatment 

area. The treatment area is modified accordingly. One example pertains to the way in 

which the lips are supported by the teeth. Modifying the inclination of the teeth will 

also change the position of the lips. 

5 In a further embodiment of invention the computer assisted facial analysis can 

result in quantitative and qualitative (textual) guidelines, which are subsequently used 

by a dental technician to create the optimal tooth set-up manually. Afterwards, the 

created tooth set-up (wax-up) can be scanned and converted to a 3D model so a 

composite 3D image representation can be created to show the effect of the new set-up 

10 on the patient's face. 

Illustrative examples 

Example 1 

A 3D photograph, or a set of2D photographs, are taken of the face (while smiling) of a 

15 patient needing orthodontic treatment. Also, impressions of the patient's dentition are 

taken in alginate or silicon material. Using these impressions, plaster models of the 

intra-oral anatomy of the patient are manufactured. The plaster models are 

subsequently digitized using an optical scanner in order to yield a virtual 3D model 

that represents the dentition of the patient prior to treatment. In software, the virtual 3D 

20 model of the patient's dentition is registered onto the 3D photograph of the patient's 

face to create a life-like representation. The plaster casts contain the information of the 

gums and the 3D photograph contains the surface information of the patient's face. 

Computer-assisted facial and functional analyses are performed and the results of these 

analyses are used in a set of rules to establish an optimum dentition for the patient. 

25 Adapting position, inclination, and angulation of the patient's natural teeth in 

accordance to the rules creates the optimal tooth set-up. If necessary, natural teeth 

presently sited in the patient's jaw can be extracted virtually to obtain an optimized 

diagnostic tooth set-up. Finally the optimal tooth set-up is visualized together with the 

patient's 3D photograph. 

30 

Example 2 

A 2D photograph, a CT scan and impressions are taken of a partially edentulous patient 

needing a prosthetic reconstruction. A virtual, life-like, representation of the patient is 
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created by mapping the 2D photograph onto the 3D soft tissue model of the patient's 

face generated from the CT images and registering the 3D models of the patient's 

dentition generated from µCT images of the impressions with the CT images of the 

patient's face. Replacement teeth are selected for the sites where the patient is 

5 currently missing teeth. The replacement teeth are selected by performing the 

facial/aesthetic analysis and following the aesthetical and functional rules, so as to 

match the shape of the remaining dentition of the patient. The software can select the 

replacement teeth automatically from a library of teeth, and place these in the virtual 

model of the patient's mouth, or the software can suggest a selection of suitable teeth 

10 on the basis of the aesthetical information and the rules. A user can then use their 

judgement to select the best replacement teeth from those suggested by the software, 

and place these within the virtual model of the jaw. Then, the occlusal surfaces of these 

library teeth are functionally optimized based on the functional rules and the results of 

the computer-assisted functional analysis. 

15 

Example 3 

A 3D photograph and impressions are taken of a fully edentulous patient. Scanning 

these impressions via µCT and performing image processing (segmentation, 3D model 

creation, surface inversion etc.) yields a digital representation of the intra-oral anatomy 

20 of the patient. Positioning the virtual 3D models of the patient's edentulous jaws 

relative to the 3D photograph using face bow measurements creates the virtual, life­

like, representation. Then, an initial tooth set-up is created from library teeth by using 

statistical information (e.g. Staub pentagram, average shape of dental arch) as well as 

rules established by the computer assisted facial analysis. A computer-assisted 

25 functional analysis is performed for this initial diagnostic set-up taking into account 

patient specific parameters for setting the virtual articulator. The occlusal surfaces of 

these library teeth are optimized functionally to obtain optimal occlusion and 

articulation. The optimization process is iterated until the best compromise is found 

between functional and aesthetical considerations. 

30 

The invention is not limited to the embodiments described herein, which may 

be modified or varied without departing from the scope of the invention. 
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CLAIMS 

1. A method for automatic, or semi-automatic, planning of dental treatment for a 

patient comprising: 

5 (a) obtaining data about an area which is to be treated and data about a face of a 

patient; 

(b) performing a computer-assisted analysis of the data to determine properties 

of at least the face of the patient; 

(c) creating a modified tooth set-up using a set of stored rules which make use 

10 of the determined facial properties. 

15 

20 

25 

2. A method according to claim 1 further comprising generating a three­

dimensional representation which simulates the appearance of at least the treatment 

area with the modified tooth set-up. 

3. A method according to claim 2 wherein the step of generating a three­

dimensional representation also simulates the appearance of the patient's face 

surrounding the treatment area. 

4. A method according to any one of the preceding claims wherein the step (b) of 

performing a computer-assisted analysis of the data also determines properties of 

existing teeth and step (c) creates a modified. tooth set-up using a set of rules which 

make use of the determined facial properties and the existing teeth of the patient. 

5. A method according to any one of the preceding claims wherein step (c) 

comprises generating a three-dimensional model of the area to be treated from the 

obtained data and creating a modified tooth set-up on the model. 

6. A method according to any one of the preceding claims wherein the step of 

30 performing a computer-assisted analysis of the data comprises prompting a user to 

indicate the position of anatomical points on a two-dimensional or three-dimensional 

representation of the face of the patient and automatically determining facial properties 

based on inputs received from a user. 
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7. A method according to any one of the preceding claims wherein the analysis at 

step (b) comprises determining a shape of the patient's face and step (c) comprises 

selecting a shape of prosthetic teeth on the basis of the determined shape. 

8. A method according to any one of the preceding claims wherein the analysis at 

step (b) comprises determining distance between features of the patient's face or an 

alignment of features of the patient's face and step ( c) comprises modifying the tooth 

set-up based on the determined distance or alignment. 

9. A method according to claim 8 wherein the analysis at step (b) comprises 

determining the interpupillary line and step ( c) comprises reconstructing teeth, or 

correcting the position of the teeth, so that the occlusal plane or the line connecting the 

cusps of the maxillar canines is parallel to the determined interpupillary line. 

10. A method according to any one of the preceding claims wherein the analysis at 

step (b) comprises determining the position of the patient's lip and step ( c) comprises 

modifying the tooth set-up based on the determined position. 

11. A method according to claim I 0 wherein the facial analysis at step (b) 

comprises determining the position of the upper lip while smiling and step (c) 

comprises positioning the frontal maxillar teeth so that only one quarter of their height 

is covered by the upper lip while smiling. 

12. A method according to any one of the preceding claims further comprising 

determining functional data of the area to be treated or the modified set-up and step (c) 

uses the functional data. 

13. A method according to claim 12 wherein the functional data concerns the 

30 occlusion or articulation of the area to be treated or the modified tooth set-up. 

14. A method according to claim 13 wherein the step of determining functional 

data comprises determining optimum tooth contact points and step (c) comprises 
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modifying the tooth set-up to optimise the tooth contact points. 

15. A method according to claim 14 wherein the data obtained at step (a) is used to 

generate a three-dimensional model of the patient and the determination of tooth 

5 contact points uses the model. 

10 

16. A method according to any one of the preceding claims wherein the data 

obtained at step (a) is used to generate a three-dimensional model of the patient and the 

facial analysis of step (b) uses the model. 

17. A method according to any one of the preceding claims wherein the set of rules 

used in step (c) are weighted. 

18. A method according to claim 17 wherein the set of rules used in step (c) are 

15 weighted according to their relative importance for optimizing the tooth set-up. 

20 

25 

19. A method according to any one of the preceding claims wherein the data about 

a face of a patient comprises one or more of: a 2D photograph; a 3D photograph; an 

optical scan of the external surface of at least part of the patient's head. 

20. A method according to any one of the preceding claims wherein the data about 

an area to be treated comprises data acquired using a plurality of different imaging 

techniques. 

21. A method according to claim 20 wherein the imaging techniques comprise: a 

2D photograph; a 3D photograph; an intra-oral optical scan; an X-ray; a computed 

tomography scan. 

22. A method according to claim 20 or 21 wherein step (c) comprises correlating 

30 the data acquired using different imaging techniques to generate a three-dimensional 

model of the patient's jaw and existing teeth. 

23. A method according to any one of the preceding claims wherein step (c) further 
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comprises allowing a user to manipulate the modified tooth set-up via a graphical user 

interface. 

24. A method according to claim 23 wherein step (c) further comprises accessing a 

5 library of elements and using the library to create the modified tooth set-up. 

10 

15 

20 

25. A computer program product comprising code which, when executed by a 

processor, performs the method according to any one of the preceding claims. 

26. Apparatus for automatic, or semi-automatic, planning of dental treatment for a 

patient, the apparatus comprising: 

an input for receiving data about an area which is to be treated and data about a 

face of a patient; and 

27. 

a processor which is arranged to: 

perform a computer-assisted analysis of the data to determine 

properties of at least the face of the patient; 

create a modified tooth set-up using a set of stored rules which 

make use of the determined facial properties. 

Apparatus according to claim 26 wherein the processor is further arranged to 

generate a three-dimensional representation which simulates the appearance of at least 

the treatment area with the modified tooth set-up. 

28. Apparatus according to claim 27 wherein the processor is further arranged to 

25 generate a three-dimensional representation which also simulates the appearance of the 

patient's face surrounding the treatment area. 
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METHODS FOR DESIGNING A CUSTOMIZED DENTAL PROSTHESIS 

USING DIGITAL IMAGES OF A PATIENT 

BACKGROUND OF THE INVENTION 

Field of the Invention 

lOOOIJ The invention relates generally to methods for designing customized dental 

restorations and prostheses and particularly dentures. The methods involve taking digital 

photographs of the patient to be fitted with the restoration or prosthesis and transferring the 

photographs to a computer software program. The software program uses the photographs to 

make certain calculations that are translated into their corresponding anterior maxillary tooth 

mould forms. The program prompts the dental professional to select the desired materials 

and structure for the denture, such as denture tooth shade, tooth arrangement, patient ridge 

condition, occlusal scheme, and denture base. This information is used to generate a 

customized prescription for the denture. The resulting prescription is sent to a dental 

laboratory that manufactures the denture. 

Brief Description of the Related Art 

[0002] Dental professionals use different dental prostheses or appliances to treat patients 

with lost teeth or tooth structure. By the terms, "prosthesis," "restoration" "and "appliance" 

as used herein, it is meant a dental product that replaces or restores lost tooth structure, teeth, 

or oral tissue including, but not limited to, fillings, inlays, onlays, veneers, crowns, bridges, 

full dentures, removable partial dentures, relines of full and partial dentures, night guards, 

occlusal splints, and the like._ Common dental prostheses for full or partially edentulous 

patients include, for example, full dentures and partial dentures. The dentures are used to 

restore or replace the lost teeth. In general, removable partial dentures are used to replace 

some, but not all, of the patient's natural teeth. The partial denture includes a base having a 

partial set of embedded artificial teeth which rests in the edentulous space and is coupled to 
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abutment teeth by clasps or other connectors. Full dentures, on the other hand, are used to 

replace all of the patient's natural teeth. A full denture includes a base having a full set of 

embedded artificial teeth which fits over either the upper gum tissue or lower gum tissue. 

Partial dentures are designed to preserve any remaining teeth along with hard and soft oral 

tissue. The dentures must be functional. Furthermore, the denture should enhance the dental 

and facial aesthetics of the patient. The denture teeth should appear natural. However, it is 

often difficult to make form-fitting and comfortable dentures. The process is time-consuming 

requiring the patient to make several dental office visits. In many instance, the dentist must 

reshape and adjust the denture several times before the patient is satisfied. 

(0003] Today, a variety of methods are used to make dentures. In one traditional method, a 

dentist first takes impressions of a patient's dental anatomy. A paste-like material, such as an 

alginate, is placed in a standard or custom-made impression tray. The dentist inserts the tray 

in the mouth of a patient and he/she bites down into the tray. Separate impression trays for 

the upper and lower dental arches are used. The dentist allows the impression material to 

harden and then removes the trays from the patient's mouth. The hardened impressions are 

finally sent to a dental laboratory. There, a dental technician prepares models of the 

upper/lower dental arches by pouring dental stone into the hardened impressions. After a 

release coating is applied to the dental models, they are placed in a conditioning oven and 

warmed. A polymerizable resin used to form the baseplate is molded over the warm models. 

Then, the resin-coated models are placed in a light-curing unit and irradiated with light to 

harden the baseplate resin. After the light-curing cycle has been completed, the models are 

removed from the unit and allowed to cool. The hardened baseplates are removed from the 

respective models. It is customary for the technician to mount wax occlusal rims over the 

baseplates. The resulting wax rim baseplates are returned to the dentist so they can be 

evaluated for fit and comfort in the patient's mouth. Then, the completed occlusal 

registration is articulated. 

[0004) Next, artificial teeth are built on the processed baseplate and wax rims using a "lost 

wax" process. In this method, wax is applied to the baseplate and a set of artificial teeth is 

positioned in the wax. The processed baseplate, with completed tooth arrangement, is placed 

in a flask containing an investing material. Then, the flask is heated to eliminate the wax. 

Upon melting, the wax flows out of the flask. Removing the wax from inside of the flask 

leaves an interior cavity having the shape of the denture. In a next step, a polymerizable 

2 
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acrylic composition is "packed into" into the interior cavity of the flask. The acrylic 

composition is heated so that it bonds to the teeth and baseplate. When this acrylic 

composition cures and hardens, it will hold the artificial teeth in position. 

[0005) Designing and fabricating dentures is a complex process. Many time-consuming 

steps must be followed to prepare a denture having good aesthetics and mechanical 

properties. Artificial teeth having the proper color, shade, translucency, length, width, and 

geometry must be selected and incorporated into the baseplate. The process involves 

numerous dental professionals including dentists, dental assistants, and laboratory technicians 

and their work must be carefully coordinated to produce an aesthetically-pleasing and 

functional denture. 

[0006] In recent years, computer-based systems using digital images have been developed so 

that certain d~ntal prostheses can be made more efficiently in a time-saving manner. For 

example, Lehmann, US Patent 6,786,726 discloses a computer network system for making 

prostheses such as caps, crowns, bridges, fillings, and the like. In this method, the dental 

practitioner takes a digital image of the patient's tooth (resulting in a real image). A reference 

tooth shade (resulting in a reference image) image is also taken. The real and reference 

images are correlated to find a composite match number having an associated shade. The 

images are forwarded via computer network to a dental laboratory giving a dental technician 

access to the images. This allows both the dentist and technician to have simultaneous 

access to the images - they are able to evaluate the patient's case and develop a treatment 

plan together using the interactive network. 

[0007) Jelonek, US Patent 7,035,702 discloses a method for making dental restorations 

involving the steps of determining the geometrical and aesthetic constraints of the restoration. 

These constraints are inputted into a computer to mathematically select a recipe for' producing 

the dental restoration. A database of materials and procedures for preparing the dental 

restoration is compiled. Then, a recipe for making the restoration is produced from the 

database based on inputted data. 

(0008] Taub, US Patent 7,33,874 discloses methods for designing and producing dental 

prostheses using a communication network between a dental clinic and dental laboratory. 

The system also includes a dental service center which is a separate entity from the dental 

3 
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laboratory. The service center generates a virtual 3D model of the patient's dentition from 

data obtained by scanning the teeth directly or by scanning a physical model of the teeth. The 

manufacturing of the prosthesis is shared between the service center and dental lab. The 

clinic sends instructions to the dental laboratory and service center. In one example, the data 

needed to produce the virtual 3D model is transmitted from the dental clinic or laboratory to 

the dental service center. A prescription specifying the teeth that are to be moved in the 

dental treatment as well as the final position of the teeth is sent to the service center. Then, 

the service center uses software to make a virtual 3D model, which is used to determine the 

dental appliance needed. Finally, this information is sent to the dental lab which makes the 

appliance. 

[0009] The above-described systems may provide some advantages, but they are not used for 

designing and making dentures for edentulous patients, which present particular problems. 

As described above, in a conventional denture-making process, the dentist must manually 

measure the facial and oral dimensions of the patient, and selects artificial tooth colors, 

shades, and dimensions using manual tools such as tooth indicators, shade guides, and mould 

guides. Based on this information, the dentist sends a prescription for the denture to a dental 

laboratory. There are many variables to this process and the resulting prescription for the 

denture depends upon the techniques, skills, and experience level of the dental professionals. 

Some prescriptions will provide detailed information about the requested denture including 

patient's dental anatomy, baseplate materials, tooth dimensions and shapes, tooth color and 

shades, and the like. Other prescriptions will simply request the denture be made as the 

laboratory sees fit and will only provide information on the tooth shade. 

[OOlO]The methods and system of the present invention provides the dental professional with 

a new chair-side method for writing denture prescriptions. The dentist can use the system to 

generate detailed digital prescriptions including information on facial dimensions of the 

patient, tooth length, width and geometry, requested composition of the artificial teeth, 

edentulous ridge condition and occlusal registration of the patient, denture base materials, and 

color and shade of the artificial teeth. The resulting prescription can be sent by e-mail, paper 

mail, or facsimile to a dental laboratory that will manufacture the denture. This system is 

easy-to-use, consistent, and time-saving for the dentist. 

4 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[OOll)The novel features that are characteristic of the present invention are set forth in the 

appended claims. However, the preferred embodiments of the invention, together with 

further objects and attendant advantages, are best understood by reference to the following 

detailed description in connection with the accompanying drawings in which: 

[0012)FIG. 1 is a block functional diagram showing the general steps of preparing a denture 

in accordance with one embodiment of this invention; 

[0013)FIG. 2 is a schematic diagram showing a digital imaging system that can be used to 

prepare a denture in accordance with one embodiment of this invention; 

[0014)FIG. 3 is a perspective frontal view of a patient ready to be photographed with the 

digital imaging system of this invention; 

[OOlS)FIG. 4A is a perspective view of a mouth shield for placing in the mouth of a patient 

to be photographed with the digital imaging system of this invention; 

[0016)FIG. 4B is a perspective view of a reference sticker for placing on the forehead of a 

patient to photographed with the digital imaging system of this invention; 

[0017)FIG. 5 is a perspective view of a digital image of a patient showing facial contours 

marked with reference lines; 

[0018)FIG. 6 is a computer screen shot showing different dental shade guides that can be 

used in accordance with this invention; 

[0019)FIG. 7 is a computer screen shot showing different tooth mould forms that can be used 

in accordance with this invention; 

5 



0173

WO 2010/008435 PCT/US2009/003351 

[0020]FIG. 8 is a computer screen shot showing different edentulous ridge conditions of a 

patient to be fitted with a denture that can be used in accordance with this invention; 

1002l]FIG. 9 is a computer screen shot showing different occlusal schemes for a patient to be 

fitted with a denture that can be used in accordance with this invention; 

[0022]FIG. 10 is a computer screen shot showing different denture base materials and 

baseplate colors for a patient to be fitted with a denture that can be used in accordance with 

this invention; and 

[0023]FIG. 11 is a schematic diagram showing the general steps of designing and making a 

denture in accordance with one embodiment of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The present invention provides different methods for designing customized dental 

restorations and prostheses, particularly dentures, using digital images. Although the 

methods described herein primarily refer to dentures, it should be understood that other dental 

restorations and prostheses can be designed in accordance with the invention. Referring to 

FIG. 1, the functional steps for designing and preparing a denture in accordance with one 

version of the invention are generally shown. Particularly, in Step 1, the dental practitioner 

takes at least one digital photograph of a patient's face and transfers the photograph to a 

computer software program. 

[0025)Referring to FIG. 2, a digital imaging system, which can be used in the system and 

method, is generally indicated at (10). Ordinary digital cameras (12) can be used to take 

color digital photographs of a patient ( 14 ). Preferably, only one color digital photograph of 

the patient's face is taken, the photograph being a frontal view (16). Additional color digital 

photographs, however, can be taken if needed. For example, a profile or side view 

photograph of the patient could be taken. The digital photographs are loaded in a software 

program which is loaded in a computer (20) that includes a user interface system such as 

keyboard and/or mouse (22). The software can be packaged in any conventional way, for 

example, as a compact disc (CD). The software provides the user with interface tools such as 
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graphic icons, images, text, windows, menus, and other screen displays so he/she can 

navigate their way through the program and complete the steps required to generate a denture 

prescription. 

[0026)Prior to taking the digital photographs, a grey screen reference sticker" (24) is placed 

on the forehead of the patient and a grey screen mouth shield" (26) is positioned inside the 

mouth of the patient. The sticker (24) and mouth shield (26) are used so that a grey screening 

and color balancing procedure can be performed as described further below. In FIG. 3, a 

frontal view of a patient (14) wearing reference sticker (24) and mouth shield (26) is shown. 

Referring.to FIG. 4A, the mouth shield (26) has a ribbon-like structure with notched portions 

(27a, 27b). The mouth shield (26) is made from a thin, soft, and flexible material. The 

mouth shield should have good dimensional stability and be sufficiently rigid so that it retains 

its position once it is placed inside of the mouth Suitable materials for making the mouth 

shield (26) include, but are not limited, to urethane foam and flexible wax-based sheets. The 

mouth shield (26) is designed to fit most patients and has a length in the range of about 70 to 

about 90 mm; width of about 25 to about 50 mm; and thickness of about 0.25 to about 3 mm. 

The mouth shield (26) is placed in the mouth of the patient (14) and folded over at notched 

portions (27a, 27b) so that it is tightly secured between the gums and lips. To adjust the fit of 

the mouth shield (26) for a given patient, scissors can be used to trim excess portions. As 

'shown in FIG. 3, the mouth shield (26) resembles an athletic mouth guard when positioned in 

the mouth of the patient (14). As shown in FIG. 4B, the removable reference sticker (24) is a 

paper or film material having an adhesive coated on its backside. The square-shaped sticker 

(24) generally measures about 1 cm x about 1 cm. The sticker (24) can be placed on the 

forehead of the patient and removed after the photographs have been taken. 

[0027]The color grey preferably is used for the reference sticker (24) and mouth shield (26), 

because it contrasts sharply with other skin colors and the patient would not nom1ally be 

wearing any other grey object on his/her face when taking the photographs. In "grey 

screening," the system checks to see which pixels in the input image (digital color 

photograph) are not grey and labels those pixels as "target" pixels. The software then blends 

the "input image" (patient's facial image, w.hich is a collection of all target pixels) into a 

"destination image" that will appear on the computer monitor screen (21). The pixels in the 

grey areas are not labeled as target pixels and thus will not be blended in with the rest of the 

pixels constituting the facial features. 
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[0028]This technique of blending two images, together after a color has been removed from 

one of the images can be referred to as chroma keying. This results in the input image (facial 

image) having "color voids" or "color removal points" (where pixels are missing) upon being 

blended into the destination image. Particularly, voids will appear in the area of the forehead 

(where the grey screen sticker has been placed) and area of the mouth (where the grey screen 

mouth shield has been inserted). 

[0029]The software program first looks to the forehead area. Because the software knows the 

relative dimensions of the grey sticker (24), it can use this information to make key 

measurements of the forehead and other facial contours. In addition, the software fills in the 

voided mouth area with selected tooth shades and tooth forms per the methods discussed 

further below. That is, the practitioner can select a particular denture structure with artificial 

teeth and "drop" this picture into the open mouth area of the digital image. The resulting 

destination image with selected denture is shown to the patient. Thus, the patient can see the 

results of selecting a specific denture before the treatment plan is finalized. The patient can 

see how a particular denture structure will affect their overall appearance. The system is 

beneficial to the practitioner and patient, because it can simulate different treatment plans 

using different sets of artificial teeth. 

[0030]Upon receiving the digital image, the software automatically engages in color 

balancing to adjust the color of the captured digital image and generate a color balanced 

reproduction. Color balancing techniques are known in the digital imaging industry. Color 

balancing is needed, because colors in the captured digital image can shift resulting in an off­

color image of the subject. Color shifting can be due to a variety of reasons, for example, 

shadows, lighting, and backdrops used when the digital image was taken. In the method of 

this invention, the colors of the facial image of the patient can become distorted; thus, color 

balancing of the image is needed. Once the digital image has been properly color balanced, a 

selected artificial tooth set can be "dropped' into the image and a denture prescription can be 

generated as described in more detail below. In the color balanced digital image, the color of 

the selected "dropped in" tooth set is perceived correctly. That is, the color, shade, hue, 

brilliance, intensity, RGB values, and other characteristics of the tooth set and facial digital 

image match-up properly. This benefits the dental practitioner, because he/she is better able 
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to select the most appropriate tooth shade with input from the patient. The practitioner and 

patient can better visualize which tooth shade is the most natural looking. 

[003l]lt is recognized that other imaging techniques can be used in accordance with this 

invention. For example, a "green-screening" system can be used, wherein the reference 

sticker (24) and mouth shield (26) are green colored. However, a "green-screening" system 

is less preferred, because there can be problems with color balancing and the captured digital 

image may be off-color. 

[0032]In addition to the color balancing step, the software automatically formats the digital 

image to the correct size, and the formatted, color-balanced image appears on the monitor 

screen (21) so that the practitioner can view it easily. The software program then identifies 

the key facial contours, for example, chin, temple, vertical midline, and horizontal plane 

across the pupils. It is important that vertical and horizontal reference planes of the patient's 

face be considered so that an aesthetically-pleasing denture with artificial teeth having proper 

occlusion can be made. The program identifies the vertical midline and horizontal plane 

across the pupils as shown in FIG. 5. The dental practitioner can use the reference lines 

automatically provided by the program if they are acceptable. Alternatively, the practitioner 

can override the recommendations made by the program and mark key facial landmarks that 

they believe are more accurate. The program then provides a recommended face shape that 

the practitioner again has the ability to accept or override with his/her own selection. In some 

instances, the program can include a "default" face shape. For example, the face shape, 

"square tapering" could be used as the default and this shape would be automatically entered 

if the user did not enter otherwise. Once the facial contours and face shape have been entered 

and accepted by the practitioner, the software automatically determines the width and length 

of the central incisor artificial teeth that will be used in the denture. The practitioner also has 

the ability to accept or decline these measurements and enter his/her own measurements. 

After all of the requested information has been entered and accepted, the program will 

provide the recommended maxillary anterior denture tooth mould forms to be used for 

making the artificial teeth as discussed further below. 

10033]Referring back to the block diagram in FIG. 1, the dental practitioner next enters the 

color shade guide that will be used for determining the color and shade of the artificial teeth 

to be used in the finished denture. Standard dental shade guides are known in the dental 
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industry and these guides can be used in the system of this invention. For example, 

PortraitTM JPN™, Trubyte Bioform™ IPNTM, or Bioblend™ JPN™, shade guides available 

from Dentsply International (York, PA) can be used. Other suitable shade guides include 

Vita Classical™ and Vita 3-D™ shade guides available from Vita Zahnfabrik H. Rauter 

GmbH & Co. KG (Germany). The software can provide the practitioner with at least two, 

and more preferably three shade guide options, to select there from. For example, the 

software can be programmed so that the text and/or graphic icons of the shade guides: 

Portrait JPN, Bioform IPN, and Bioblend JPN appear on the computer monitor screen. For 

example, referring to FIG. 6, a screen shot shows three possible shade guide select options. 

The user can enter the desired shade guide by "clicking" on the mouse and selecting a shade 

guide from this predetermined set. In some instances, the program can further include a 

default shade guide. So, if the user does nothing, the default shade guide is automatically 

selected. In FIG. 6, the first shade guide option (Portrait JPN) is designated as the default 

selection for illustration purposes. 

[0034]In accordance with this invention, the dental practitioner uses a tangible, hand-held 

shade guide (not shown) to select the most appropriate tooth color and shade. As noted 

above, shade guides are well known in the dental industry. The shade guides include 

removable colored tabs. The colored tabs come in a variety of shades resembling the 

appearance of natural teeth. Each shade provides a unique enamel translucency, color 

blending, and contrasting colors between neck and body of the artificial tooth. To determine 

the appropriate tooth shade for a given patient, the practitioner removes one of the tabs and 

holds it up in the mouth of the patient. Together, the practitioner and patient decide upon the 

appropriate tooth shade. In making this decision, the practitioner and patient address such 

questions as: Which tooth shade is the most natural looking? Which tooth shade will 

complement the patient's natural features? And, which tooth shade will enhance cosmetic 

appearance? The selected tooth shade from the given tooth shade guide is then entered. The 

software program may provide a drop-down menu on the monitor screen (21) listing each of 

the predetermined tooth shades for a given shade guide. The practitioner can enter the 

desired shade by simply scrolling down the menu and clicking on the shade guide in this 

predetermined set. For example, the Portrait IPN dental shade guide includes 27 translucent 

shades ranging from shades designated as "Pl to P81." If the practitioner and patient decide 

that "P2'' tooth shade is the best match, the practitioner can enter this shade into the program. 

In turn, the program can generate an image simulating a denture with the selected tooth 
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shade. Thus, the patient can see the· effect of selecting a specific tooth shade and how this 

shade will impact their appearance. The program also can provide side-by-side comparisons 

of a denture made with a first tooth shade against a denture made with a second and different 

tooth shade. These images should be used for comparison references only. In considering 

which tooth shade would provide the best aesthetics for a given patient, the practitioner 

should use an actual hand-held tooth shade guide as described above. 

10035]Next, the program recommends a denture tooth mould form that will be used for 

making the denture. The mould form is chosen based on facial contours, tooth 

measurements, patients ridge condition, and tooth shades entered according to the steps 

described above. Moulds for making teeth are well known and include the Bioform® mould 

system; and Biostabil®, Monoline®, Anatoline®, and Euroline® posterior mould forms, 

available from Dentsply. As indicated, the moulds are available in anterior and posterior 

forms. The anterior moulds are used for producing the anterior teeth (central incisors, lateral 

incisors, and canines), while the posterior moulds are used for producing the posterior teeth 

(premolars and molars). For example, if the Portrait IPN tooth shade guide (as discussed 

above) is used, there are 62 anterior mould and 27 posterior occlusal mould forms available 

based on the Bioform mould system (tapered at angles of 0, 10, 20, 22, 33, and 40 degrees) 

that can be used. On the other hand, if the Bioblend IPN tooth shade guide (as discussed 

above) is used, there are 58 upper and lower anterior mould form options and 4 posterior 

occlusal mould forms available. The appropriate artificial tooth mould form for making the 

denture can be recommended from these sets and displayed on the computer screen allowing 

the practitioner to select there from. 

10036]In one preferred embodiment, in the anterior region, at least two, and more preferably, 

three tooth mould form options are provided by the software program. The user can enter the 

desired anterior mould form based on these predetermined select options. Referring to FIG. 

7, a screen shot of the monitor shows three possible anterior mould form options. The user 

can simply click on the mouse, thereby selecting an anterior mould form from this 

predetermined set. In some instances, the program can further include a default anterior 

mould form. For example, in FIG. 7, the first mould form is designated as the default 

selection. Alternatively, if the practitioner wishes, he/she can decide to over-ride the given 

options and enter a different tooth mould form. In addition, the practitioner, in consultation 

with the patient, enters the appropriate anterior tooth arrangement that will provide the 
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desired aesthetics and function in the finished denture. In one preferred embodiment, the 

program can provide three anterior tooth arrangements as options, and the practitioner can 

select any one of these arrangements. 

[0037)Following the functional steps illustrated in FIG. I, the practitioner next evaluates the 

edentulous ridge condition of the patient and enters this information. The edentulous ridge 

refers to the remaining portion of the alveolar ridge and soft tissue after the teeth have been 

removed. The practitioner evaluates and generally characterizes the ridge condition as being 

either poor, average, or good. The program can provide these three options for selection as 

shown in the computer screen shot of FIG. 8. The practitioner enters the ridge condition that 

most closely resembles the patient's actual condition. Based on the edentulous ridge 

condition, suitable posterior denture tooth mould form options are provided as shown in FIG. 

8. The practitioner can select the desired mould form from the set displayed on the computer 

screen. For example, ifthe patient has an average ridge condition, then the posterior mould 

form options: Biostabil® (tapered at 22°); (tapered at 20°) and Anatoline® (tapered at 10°), 

are displayed, and the practitioner selects one of these mould forms. 

[0038)In addition, the practitioner enters the desired occlusal scheme for the patient. Several 

occlusal scheme select options can be provided by the software as shown in the computer 

screen shot of FIG. 9. For example, the occlusal schemes can be classified as: a) bilateral 

balanced, b) lingualized, or c) linear, and the practitioner can select from one of these 

options. In FIG. 9, the bilateral balanced option is designated as the default occlusal scheme 

for illustration purposes. If the practitioner wishes, he/she can accept this default option. 

[0039)The material that will be used to make the denture is also entered. The practitioner can 

work with the patient in making this decision or accept the default selections made by the 

program. A set of predetermined denture base materials preferably is loaded in the software 

program and appear as select options on the computer screen as shown in FIG. 10. For 

example, denture bases made from such materials as Lucitone 199® acrylic resin or Eclipse® 

baseplate resin which is a wax-like polymerizable material, both available from Dentsply can 

be added as predetermined selections. In this example, the user can enter the desired denture 

base material by clicking on the mouse and selecting either Lucitone 199® acrylic resin or 

Eclipse® baseplate resin. The desired color of the baseplate also needs to be entered. The 
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baseplate color can be entered by selecting a color from a wide variety of select color options 

provided by the program. As also shown in FIG. 10, several color options intended to 

resemble healthy gum tissue can be provided including light pink; light reddish pink; and 

dark pink. Alternatively, the baseplate can be clear and transparent. Eclipse® baseplates are 

available in a clear version. Desired denture base materials and colors can be selected from 

the automatically programmed sets. In preferred cases, the program includes default select 

denture base materials and colors. For example, in FIG. 10, Lucitone 199® acrylic resin in 

its original color is designated as the default selection. 

[0040]It should be understood that the functional steps shown in the block diagram of FIG. 1 

are for illustrative purposes only and are not meant to be restrictive. In other versions, it is 

contemplated that some of the steps could be eliminated to expedite the method for 

generating the customized prescription. Also, it is anticipated that the sequence of steps 

could be changed in some instances depending upon the needs of the practitioner and patient. 

As shown in FIG. 1, the output of the system, based on the input of data and other 

information as described above, is a digital prescription for making a denture for the given 

patient. The customized digital prescription includes detailed information on facial 

dimensions of the patient, tooth length, width and geometry, requested composition of the 

artificial teeth, edentulous ridge condition and occlusal scheme, denture base materials, and 

color and shade of the artificial teeth. In addition, the digital prescription is HIPAA­

compliant. One example of such a digital prescription is shown below. 

[0041 )Example of Digital Prescription 
I 

Facial Classification: Square tapering 

Tooth Length: 9.60 

Width of the anterior teeth: 8.60 

Denture tooth composition: Premium IPN 

Ridge condition: Average 

Occlusal scheme: Bilateral balanced 

Denture base material: Lucitone 199® acrylic resin 

Denture base color: Original 

Shade guide: Portrait™ 

Anterior shade: P2 

Posterior shade: P2 
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Maxillary 

Anterior Teeth: Shade P2, Mould 22G Posterior Teeth: Shade P2, Mould 31M 

Mandibular 

Anterior Teeth: Shade P2, Mould P Posterior Teeth: Shade P2, Mould 31M 

[0042]The resulting customized digital prescription can be sent by e-mail, facsimile, paper 

mail, or other means to a dental laboratory that will manufacture the denture. In addition, a 

copy of the digital prescription can be provided to the patient for his/her records. The dental 

laboratory can use conventional techniques to fabricate the denture as prescribed. In FIG. 

11, a schematic diagram showing the basic steps of generating a customized digital 

prescription and transmitting the prescription to a dental laboratory in accordance with this 

invention are shown. 

[0043]The methods.and systems of this invention provide the dental practitioner with a new 

tool for designing and making dentures. As described above, the dentist can use the system 

to generate customized digital prescriptions. In addition, the system can be used as a tutorial 

for patients and staff in the dental office. For practitioners, the system offers many benefits 

including a quick and accurate means for prescribing dentures and recording the 

prescriptions. The system helps the practitioner by providing a step-by-step guide to 

designing a customized denture for a given patient. The practitioner is led step-by-step 

through the procedure. 

[0044]Particularly, the system provides reference points across the facial digital image(s) of 

the patient so that the dentist can more accurately identify facial contours. Based on this 

infonnation, the system automatically provides facial and tooth measurements and provides 

suggestions for tooth shade and denture base shade. Furthermore, the system prompts the 

practitioner by asking key questions such as: What is the edentulous ridge condition of 

patient? What is the occlusal scheme? What is the desired tooth arrangement? This helps 

the practitioner design a close fitting and comfortable denture. The resulting denture helps 

enhance the appearance of the patient and is fully functional. The system also helps facilitate 

two-way communication between the practitioner and patient. Rather than the practitioner 

deciding on the make and style of the denture and dictating this to the patient one-way, the 
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patient is invited to participate in the process. The patient is asked for input on the desired 

tooth shade and denture base shade along with other decision points. Thus, the system is 

more interactive - the practitioner and patient are more engaged in the process. Each person 

feels that he/she has more input and control over the design and fabrication of the denture. 

[0045]Persons skilled in the art will appreciate that various modifications can be made to the 

illustrated embodiments and description herein without departing from the spirit and scope of 

the present invention. It is intended that all such modifications within the spirit and scope of 

the present invention be covered by the appended claims. 
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What is claimed is: 

Method for ge11erati1tg the prescriptio11 by e11teri1tg illformatio11 illto the software program. 

I. A method for producing customized denture prescriptions, comprising the steps of: 

a) taking at least one digital photograph of a patient's face and transferring the 

photograph to a computer software program, wherein the program identifies and measures 

facial contours of the patient; 

b) entering desired materials and structure for making the denture, in 

consultation with the patient, including a desired tooth shade guide and tooth shade, the tooth 

shade being selected from the entered tooth shade guide, using the software program so that 

the program automatically produces a prescription for the denture based on the entered 

materials and structure; and 

c) transmitting the prescription to a dental laboratory for making the denture. 

2. The method of claim 1, wherein one photograph ofthe patient's face is taken, the 

photograph being a frontal view. 

3. The method of claim 1, wherein the tooth shade guide includes removable shade tabs. 

4. The method of claim 1, wherein the facial contours of the patient are used to determine the 

length, width, and shape of artificial teeth used in the denture. 

5. The method of claim 1, wherein entering the desired materials of the denture includes 

entering tooth mould forms for the artificial teeth used in the denture. 

5a. The method of claim 5, wherein anterior tooth mould forms are entered. 

Sb. The method of claim 5, wherein posterior tooth mould forms are entered. 

6. The method of claim 1, wherein entering the desired structure of the denture includes 

entering an edentulous ridge structure. 

6a. The method of claim 6, wherein the entered edentulous ridge structure is based on the 

dental health of the patient. 
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7. The method of claim I, wherein entering the desired structure of the denture includes 

entering an occlusal scheme of the patient. 

7a. The method of claim 7, wherein the entered occlusal scheme is based on the dental health 

of the patient. 

8. The method of claim I, wherein entering the desired materials for making the denture 

includes entering a denture baseplate material. 

8a. The method of claim 8, wherein the denture baseplate material has a color and shade 

matching the color and shade of the gum tissue of the patient. 

8b. The method of claim 8, wherein the denture baseplate material is substantially 

transparent. 

8c. The method of claim 8, wherein the denture baseplate material is made from an acrylic 

polymer. 

8d. The method of claim 8, wherein the denture baseplate material is made from a wax-like 

polymerizable material. 

9. The method of claim 1, wherein the prescription is transmitted to the dental laboratory via 

e-mail, paper mail, or facsimile. 

9a. The method of claim 9, wherein the prescription is also provided to the patient. 

Methods for generating the prescription by entering information into the software program 

using predetermined options provided by the program. 

10. A method for producing customized denture prescriptions, comprising the steps of: 

a) taking at least one digital photograph of a patient's face and transferring the 

photograph to a computer software program, wherein the program identifies and measures 

facial contours of the patient; 

b) selecting desired materials and structure for making the denture, in 

consultation with the patient, including a desired tooth shade guide and tooth shade, the tooth 
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shade being chosen from the selected tooth shade guide, from a set of predetermined 

materials and structures provided by the software program so that the program automatica,lly 

produces a prescription for the dentUre based on the selected materials and structure; and 

c) transmitting the prescription to a dental laboratory for making the denture. 

11. The method of claim 10, wherein the set of predetermined structures and materials 

includes at least two options for selecting the dental shade guide. 

I la. The method of claim 11, wherein one shade guide option is set as a default option. 

, 12. The method of claim 10, wherein the set of predetermined structures and materials 

includes at least two options for selecting a tooth mould form for artificial teeth used in the 

denture. 

12a. The method of claim 12, wherein the tooth mould form options are for anterior teeth. 

l 2b. The method of claim 12, wherein the tooth mould form options are for posterior teeth. 

12c. The method of claim 12, wherein one mould form option is set as a default option. 

13. The method of claim 10, wherein the set of predetermined structures and materials 

includes at least two options for selecting an edentulous ridge structure of the patient. 

14. The method of claim 10, wherein the set of predetermined structures and materials 

includes at least two options for selecting an occlusal scheme of the patient. 

14a. The method of claim 14, wherein one occlusal scheme option is set as a default option. 

15. The method of claim 10, wherein the set of predetermined structures and materials 

includes at least two options for selecting a denture base material and at least two options for 

selecting denture base color. 

l 5a. The method of claim 15, wherein one denture base material option is set as a default 

option and one denture base color is set as a default option. 
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16. The method of claim I 0, wherein the prescription is transmitted to the dental laboratory 

via e-mail, paper mail, or facsimile. 

l 6a. The method of claim 16, wherein the prescription is also provided to the patient. 
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Tools for customized design of dental restorations 

The present invention relates to tools in a system for the design of customized three­

dimensional models of dental restorations for subsequent manufacturing. Dental 

5 restorations such as implant abutments, copings, crowns, wax-ups, bridge 

frameworks,. Moreover, the invention relates to a computer-readable medium for 

implementing such a system on a computer. 

10 Background of invention 

The present invention is related to the field of designing and manufacturing of dental 

restorations such as crowns, bridges, copings, abutments and implants. When a 

patient requires a dental restoration the dentist will prepare the teeth e.g. a damaged 

15 tooth is grinded down to make a preparation where the crown is glued onto. An 

alternative treatment is to insert implants (titanium screws) into the jaw of the patient 

and mount crowns or bridges on the implants. 

CAD technology for manufacturing dental restorations is rapidly expanding resulting in 

20 improved quality, reduced cost and facilitation of the possibility to manufacture in 

attractive materials otherwise not available. The first step in the CAD manufacturing 

process is to create a 3-dimensional dental model of the patient's teeth. This is 

provided by 3D scanning of one or both of the dental gypsum models or by scanning 

impressions of the teeth. The 3-dimensional replicas of the teeth are imported into a 

25 CAD program, where the entire dental restoration or a bridge substructure is designed. 

30 

The final restoration 3D design is then manufactured e.g. using a milling machine, 3D 

printer, rapid prototyping manufacturing or other manufacturing equipment. Accuracy 

requirements for the dental restorations are very high otherwise the dental restoration 

will not be visual appealing, fit onto the teeth, could cause pain or cause infections. 

Systems for designing dental restorations are known in the art, e.g. 3Shape 

DentalDesigner™ and 3Shape AbutmentDesigner™, which are generally used by 

dental specialists such as dental technicians. Users of such design tool systems are 

working with a three dimensional dental model of the patient trying to fit the dental 

35 restoration model into the dental model. During dental restoration of a patients teeth 
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the typical procedure could be to secure an implant abutment in the jaw of the patient, 

a coping is then attached (e.g. by glue) to the abutment and finally a crown is glued 

onto the coping. However, both abutment, coping and crown must be designed to fit 

the patient, both physically and visually. I.e. the abutment, the coping and the crown 

5 must be customized for each tooth of each patient. 

10 

In the following the term "dental restoration" can be an implant abutment, a coping, a 

crown or any combination of these. Correspondingly a "dental restoration model" can 

be an abutment model, a coping model, a crown model or any combination of these. 

In the design phase of a dental restoration a three dimensional model of the dental 

restoration is typically provided by the system and the task of the dental specialist is to 

shape the dental restoration model to provide a perfect fit in the dental model, whereby 

the patient can end up with a tooth implant that matches the other teeth of the patient. 

15 A dental specialist (i.e. a user of the system) is typically working with a dental model 

with at least one attached dental restoration model on a screen and the 30 models can 

typically be rotated around any axis, zoomed, panned and the like. Thus the user will 

typically be able to specify and change the orientation and viewing angle of the dental 

model and the dental restoration model. The task of a user is to shape and customize 

20 the dental restoration model into the dental model by translating, rotating, dragging, 

tilting, widening and/or narrowing the 30 dental restoration model (which preferably is 

fixed in the dental model). This is typically provided by use of an electronic screen 

pointing tool, such as a mouse, a ball pen or the like. In the following any reference to a 

"mouse cursor" or a "mouse marker" is a reference to the element on the screen 

25 representing the electronic screen pointing tool. 

The dental restoration model can be customizably shaped by means of the pointing 

tool by shaping ("dragging") the dental restoration model with origin in specific points 

on the dental restoration model. These points are in the following termed "control 

30 points" and can be seen in fig. 1. The control points are typically located in carefully 

and preferably automatically selected positions on the dental restoration model. For 

example in fig. 1 showing an abutment model where the control points are located on 

the top center, each of the four sides and around the lower bottom rim (i.e. the lower 

collar of the abutment). 

35 
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Summary of invention 

When creating a dental restoration model certain rules must be applied, for example in 

terms of distance to adjacent teeth and gingival ridge and integration into the gingival. 

5 Measuring and checking these distances can be a cumbersome process during the 

design and creation of a dental restoration model, thus an object of the invention is to 

provide an intuitive and quick indication of distances between neighbouring and 

adjacent objects in the process of creating a custom dental restoration. 

10 This is achieved by a system for designing at least one dental restoration, said system 

having a display, such as a computer screen, and comprising: 

means for acquiring and displaying a three dimensional model of the dental 

restoration and/or a three dimensional dental model wherein the dental restoration 

must be fitted, 

15 means for displaying a plurality of control points at the three dimensional model of 

the dental restoration, the control points preferably located at the edges of the 

dental restoration model and each of said control points providing means for 

manually customizing the dental restoration model. 

20 The invention further relates to method for designing at least one dental restoration at a 

display, a display such as a computer screen, said method comprising the steps of: 

acquiring and displaying a three dimensional model of the dental restoration and/or 

a three dimensional dental model wherein the dental restoration must be fitted, 

displaying a plurality of control points at the three dimensional model of the dental 

25 restoration, the control points preferably located at the edges of the dental 

restoration model and each of said control points providing means for manually 

customizing the dental restoration model. 

In a further embodiment of the invention means for displaying an arrow at at least one 

30 of the control points is provided. The length of said arrow is preferably determined by a 

user defined value, whereby the distance between the dental restoration model and 

neighbouring objects can be measured or indicated. 

Thus, for a dental specialist in the process of creating a dental restoration this invention 

35 provides a quick real-time distance indicator when shaping the dental restoration 
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model. For example when the dental specialist is varying the width of the dental 

restoration model by dragging the model in a control point, an arrow with origin in the 

specific control point will, by the length of said arrow, indicate a certain distance from 

the dental restoration model. The length of the arrow is determined by the user (i.e. the 

5 dental specialist in this case), thus if the user in advance knows that the distance from 

the dental restoration to the neighbouring tooth should be 1.5 mm, the length of the 

arrow is specified to 1.5 mm and when widening the dental restoration model by 

dragging a control point, the arrow with origin in said control point will indicate for the 

user when the distance to the neighbouring tooth is 1 .5 mm. Thus, adjusting a dental 

10 restoration model to the correct width can be provided within seconds by the system 

and method according to the invention. 

In a further embodiment of the invention means for displaying a grid at at least one 

control point is comprised. The size of the grid is determined by a user defined value. 

15 This grid provides the user with yet another way of measuring the distance to adjacent 

objects. The grid can have the appearance of a square divided into smaller and 

preferably equally sized squares, for example the grid can be a square of height and 

width of 1 mm divided into 4 squares of height and width 0.5 mm, or 16 squares of 

height and width 0.25 mm. An example of a grid can be seen in fig. 7. Unlike an arrow 

20 a grid can provide an indication of a distance between two unaligned points, i.e. the 

grid can provide the orthographic projection distance between two points. 

A second embodiment of the invention relates to a system for designing at least one 

dental restoration, said system having a display, such as a computer screen, and 

25 comprising: 

means for acquiring and displaying a three dimensional model of the dental 

restoration and/or a three dimensional dental model wherein the dental restoration 

must be fitted, and 

30 means for displaying an arrow adjacent to the edge of the dental restoration model, 

the length of said arrow determined by a user defined value, whereby the distance 

between the dental restoration model and neighbouring objects can be measured 

or indicated, and/or 
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means for displaying a grid adjacent to the edge of the dental restoration model, 

the size of said grid determined by a user defined value, whereby the distance 

between the dental restoration model and neighbouring objects can be measured 

or indicated. 

Correspondingly the invention relates to a method for designing at least one dental 

restoration at a display, a display such as a computer screen, said method comprising 

the steps of: 

acquiring and displaying a three dimensional model of the dental restoration and/or 

10 a three dimensional dental model wherein the dental restoration must be fitted, and 

displaying an arrow adjacent to the dental restoration model, the length of said 

arrow determined by a user defined value, whereby the distance between the 

dental restoration model and neighbouring objects can be measured or indicated, 

15 and/or 

20 

25 

displaying a grid adjacent to the dental restoration model, the size of said grid 

determined by a user defined value, whereby the distance to neighbouring objects 

can be indicated. 

Preferably the arrow and/or the grid is located at the edge of the dental restoration 

model, preferably pointing towards a neighbouring object. Naturally the arrow and/or 

the grid may also be displayed adjacent to, preferably at the edge of, a neighbouring 

object (such as the dental model). 
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Detailed description of the invention 

If each control point of the dental restoration model is showing an arrow or a grid, a 

confusing picture will be provided to the user. Thus in a preferred embodiment of the 

5 invention an arrow or a grid of a control point is only displayed under certain 

circumstances, preferably when the control point is activated. In a preferred 

embodiment activation of a control point is provided when the mouse cursor is close to 

a control point. "Close to" in the meaning of within a certain number of pixels on the 

screen and/or within a certain distance from the control point. Thus, an arrow or a grid 

10 of a control point is preferably only visible when the mouse marker is close to said 

control point. In another embodiment of the invention an arrow or a grid is only visible 

when the mouse marker is close to the origin of said arrow or grid. 

In specific embodiments of the invention an arrow or grid is only visible when the 

15 mouse cursor is within a distance of preferably 10 pixels from a corresponding control 

point and/or the origin of said arrow or grid, such as within a distance of 100 pixels, 

such as within a distance of 80 pixels, such as within a distance of 60 pixels, such as 

within a distance of 40 pixels, such as within a distance of 30 pixels, such as within a 

distance of 20 pixels, such as within a distance of 15 pixels, such as within a distance 

20 of 12 pixels, such as within a distance of 8 pixels, such as within a distance of 6 pixels, 

such as within a distance of 5 pixels, such as within a distance of 4 pixels, such as 

within a distance of 3 pixels, such as within a distance of 2 pixels, such as within a 

distance of 1 pixel from a corresponding control point and/or the origin of said arrow or 

grid. 

25 

The length of an arrow or the size of a grid can be defined by the user, e.g. by a 

graphical menu. However, means for varying the length of an arrow or the size of a grid 

can advantageously be provided to the user simultaneous with an activation of a 

control point. Thus, in a preferred embodiment of the system the length of an arrow or 

30 the size of a grid can be adjusted when a control point is activated. This adjustment 

can preferably be provided by means of user interaction, such as a screen pointing tool 

action, e.g. by turning the scroll wheel of the mouse. In this case a specific revolution of 

the scroll wheel is transferred to a specific increase or decrease of the length of the 

arrow or the size of the grid. For example a revolution of 5 degrees of the scroll wheel 

35 could correspond to a change in 0.1 mm in the length of an arrow or the size of a grid. 
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Correspondingly for other types of screen pointing tools with or without variable 

buttons, scroll wheels and/or the equivalents of that. For practical reasons the 

numerical value of the length of the arrow or the size of the grid may be displayed to 

the user on the screen concurrently with the user interaction, e.g. the user can see the 

5 numerical value of the length of an arrow while turning the scroll wheel of the mouse. 

When customizing the dental restoration model in a dental model it might be necessary 

to both expand, tilt and rotate the dental restoration model. A solution where each 

control point has only one functionality (e.g. the functionality of "rotation") requires a 

10 great number of control points on the dental restoration model, possibly creating a 

confusing Graphical User Interface (GUI) for the user. In a preferred embodiment of the 

invention the functionality of at least one control point is variable, i.e. at least one of the 

control points has more than one function and the user can shift between these 

functions. Shifting the functionality of a control point can be provided in numerous ways 

15 in the GUI (e.g. by means of menus, buttons and/or the like). However, for the user a 

quick shift in functionality is advantageous, preferably without moving the mouse away 

from the control point, i.e. the user can preferably change the functionality of a control 

point when said control point is activated. For practical reasons the specific 

functionality of a control point can be indicated by a symbol on the screen to ease the 

20 user interaction. E.g. a specific symbol near a control point corresponds to a specific 

current functionality of the control point. Examples of functionality symbols are 

illustrated in fig. 14. 

Furthermore, the functionality of a control point can preferably be changed by some 

25 specific activation of the mouse. A known specific activation is the "double-click" of a 

mouse button. Another specific activation is a "quick click" on a mouse button. By a 

"quick click" is understood a click on a mouse button executed within a certain time 

interval, for example with 0.5 seconds. I.e. the mouse button is activated in a time 

period less than the specified time interval. If the click execution is slower (i.e. the 

30 mouse button is activated in a time period longer than the specified time interval) 

nothing will happen. The time interval may be predefined and/or may be specified by a 

user. This "quick click" feature greatly enhances the dental restoration modelling 

experience for the user. Within seconds the dental restoration model can be dragged, 

widened, tilted and/or rotated by just few clicks on the mouse. 

35 
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However, not all possible functionalities of a control point are always relevant. For 

example when the dental model and the dental restoration model are seen from the 

side. In this case a rotation of the dental restoration around the long axis is irrelevant to 

the user. And when a dental restoration model is seen from the top a variation of the 

5 height of the dental restoration is also irrelevant for the user. Thus, in a preferred 

embodiment of the invention the functionality of at least one control point is depending 

on the orientation of the dental restoration model. I.e. orientation in the meaning of the 

view angle of the dental restoration model seen by the user. 

10 The orientation of the dental model and the dental restoration model is also relevant in 

other circumstances. The user will typically shape the dental restoration model when 

viewed along with the dental model. However, because the dental restoration is 

typically located between adjacent teeth the dental model can block the view of the 

dental restoration model for the user for certain view angles. Thus, the display of at 

15 least a part of the dental model is preferably depending of the orientation of the dental 

model, i.e. the view angle for the user. This dental restoration view blocking can 

preferably be solved by letting at least part of the dental model be invisible for certain 

orientations, preferably the invisible part of the dental model is the part that is between 

the user and the dental restoration model. Thereby the dental restoration model can be 

20 seen by the user for any orientation of the dental model. 

In one embodiment of the invention the control points of the dental restoration model 

are a central part of the system. However, the appearance of all the control points can 

disturb the image of the dental restoration model when trying to create the perfect fit 

25 into the dental model. In a preferred embodiment of the invention the control points are 

only visible when the mouse marker (cursor) is within a specific distance from the 

dental restoration model. This specific distance can be a specific number of pixels on 

the screen or a specific distance related to the dental model and the dental restoration 

model. The dental model is a replica of a patient's teeth, thus the specific dimensions 

30 of the dental model are known exactly and at least one coordinate system is embedded 

in the system according to the invention. Thus, it can be specified in the system that 

the control points are only visible when the mouse marker is within a distance of a 

specific number of millimetres. 
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In specific embodiments of the invention the control points are only visible when the 

mouse cursor is within a distance of preferably 10 pixels from the dental restoration 

model, such as within a distance of 500 pixels, such as within a distance of 300 pixels, 

such as within a distance of 200 pixels, such as within a distance of 100 pixels, such as 

5 within a distance of 80 pixels, such as within a distance of 60 pixels, such as within a 

distance of 40 pixels, such as within a distance of 30 pixels, such as within a distance 

of 20 pixels, such as within a distance of 15 pixels, such as within a distance of 12 

pixels, such as within a distance of 8 pixels, such as within a distance of 6 pixels, such 

as within a distance of 5 pixels, such as within a distance of 4 pixels, such as within a 

10 distance of 3 pixels, such as within a distance of 2 pixels, such as within a distance of 1 

pixel from the dental restoration model. 

A situation where the user is working on at least two dental restoration models in the 

same dental model can occur. This can for example be the case when two adjacent 

15 abutments are being designed. In this case the appearance of control points in both 

dental restoration models can confuse the image for the user. This can preferably be 

overcome by only showing the control points on the dental restoration model closest to 

the mouse marker. 

20 A significant part of a dental restoration may be located below the gingival, especially 

when the dental restoration mode is an abutment model. Thus, when customizing a 

dental restoration model in a dental model, a part of the dental restoration model is 

hidden by the gingival of the dental model. It was previously indicated that if the dental 

model is blocking the view of the dental restoration model the blocking part of the 

25 dental model would advantageously become invisible to the user. However this is not a 

good solution in all cases, because if the dental model was invisible when trying to 

shape the dental restoration model to fit into the gingival of dental model, a perfect fit 

would be almost impossible. This can be solved by changing the transparency of the 

dental model. Thus, in a preferred embodiment of the invention the transparency of the 

30 dental model is variable. The transparency of the dental model is preferably 

automatically adjusted when needed, for example when the mouse cursor is close to a 

control point below the surface of the dental model. This is very helpful to the user, 

because the entire dental restoration model and the control points are thereby visible 

and the dental restoration model can be shaped to fit a dental model that is still visible 

35 but transparent. The transparency can for example be adjusted to 50%, where 0% 
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transparency is the normal image, i.e. see through is impossible, and 100% 

transparency is totally invisible. 

The systems and methods according to the invention furthermore regard the 

5 embodiments wherein the dental restoration is an implant abutment, a coping, a crown 

and/or any combination of these. Correspondingly, the invention regards the 

embodiments wherein a dental restoration model is an abutment model, a coping 

model, a crown model or any combination of these. 

10 The invention furthermore includes a computer program product having a computer 

readable medium, said computer program product comprising means for carrying out 

any of the listed methods. 
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Description of Drawings 

The invention will now be explained in greater details with reference to the figures 

showing embodiments of the invention where the dental restoration is one or more 

5 abutments. 

10 

15 

Fig. 1 shows a 30 model of a dental restoration model, in this case an implant 

abutment with 6 control points, the mouse marker is close to the 

abutment, 

Fig. 2 shows a 30 model of the abutment in fig. 1, but the control points are 

hidden because the mouse marker is not near the abutment, 

Fig. 3 shows two abutments with control points on only the left abutment where 

Fig. 4 

Fig. 5 

the mouse marker is located, 

shows an abutment surrounded and partly hidden by a dental model, 

shows the abutment in fig. 4; when the mouse marker is close to the 

abutment the dental model becomes transparent whereby control points 

beneath the surface of the dental model become visible, 

Fig. 6 shows an arrow in one of the control points, the arrow having a user 

defined length indicating the distance between an implant abutment and 

20 the adjacent tooth in the surrounding dental model, 

25 

30 

35 

Figs. 7 & 8 shows a grid in a control point, the grid having user defined partitions into 

squares indicating the distance between an implant abutment and the 

adjacent tooth (fig. 7) and the gingival ridge (fig. 8) respectively, 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 12 

Fig. 13 

Fig. 14 

shows an abutment and the surrounding dental model, 

is a rotated view of fig. 9 where the part of the dental model obstructing a 

user the view of the abutment is invisible, 

shows an abutment surrounded by a dental model and a grid at one of 

the lower control points with a translational functionality, and 

shows the abutment in fig. 13 rotated to a top view where the control 

point, that in fig. 13 was a translational control point and displaying a grid 

when activated, has now changed functionality to become a rotational 

control point because of the changed point of view. 

shows a close up of a control point in fig. 12, 

shows four views of the same abutment being customized, the control 

points in the top part shift functionality, and 
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is a screen shot of one embodiment of the system according to the 

invention. 

5 Detailed description of the drawings 

A 3D model of an implant abutment is shown in figs. 1 and 2. When the finished 

abutment is inserted into the mouth of the patient, the threaded part 5 of the abutment 

goes into the jaw of the patient with the collar 6 just below the gingival. A crown is 

10 glued onto the abutment. In fig. 2 the sides 7, 7' and the top part 8 of the abutment is 

indicated. In fig. 1 an abutment model corresponding to the abutment model in fig. 2 is 

shown along with a plurality of control points, 2, 2', 2'', 3, 3', 4. The control points are 

located along the edges of the abutment model, i.e. round the collar 2, 2', 2", at the 

sides 3, 3' and at the top 4 of the abutment model. The control points are visible 

15 because the mouse cursor 1 is near the abutment model. In most of the figures the 

mouse cursor 1 is represented by a white arrow pointing up and left. 

Fig. 3 shows two adjacent abutment models, however control points are only visible at 

the left abutment model because the mouse cursor 1 is located at said left abutment 

20 model. 

Fig. 4 shows an abutment model surrounded by a dental model wherein the abutment 

model must be fitted. The mouse cursor 1 is in the bottom left corner of fig. 4. Part of 

the abutment model is hidden below the dental model, e.g. the collar of the abutment 

25 model is invisible. Fig. 5 shows the abutment and dental model of fig. 4 when the 

mouse cursor 1 is near the abutment model. The control points are now visible, also 

the three control points 2, 2', 2" round the collar of the abutment model, and the 

transparency of the dental model has changed whereby the previously hidden parts of 

the abutment model is now visible through the dental model. 

30 

Fig. 6 shows an abutment model surrounded by a dental model with visible control 

points. The mouse cursor is very close to one of the control points along the left side of 

the abutment, whereby an arrow 9 is visible. The length of the arrow 9 can be defined 

by the user, the length defined as the length from the origin to the tip of the arrow, the 

35 origin being the edge of the abutment model at the control point. The arrow 9 can 
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thereby indicate a distance from the abutment to an object. In fig. 6 the arrow 9 is 

indicating the distance from the abutment to the adjacent tooth 11. Thus when 

customizing the abutment model, e.g. widening the abutment model by dragging the 

model in a control point, the arrow 9 can in real-time (i.e. concurrently with dragging the 

5 model) indicate the distance to the neighbouring tooth. 

Fig. 7 shows a close up of an abutment model in a partly transparent dental model. The 

mouse cursor is close to a control point at the collar of the abutment model thereby 

initiating the display of the grid 10. The size of the grid 10 is preferably defined by the 

10 user, the size being the length of the sides of the grid. The arrow 9 shown in fig. 6 can 

indicate direct distances, whereas the grid 10 can indicate projected distances. For 

example the collar of an abutment must be a certain distance below the gingival. 

However the gingival might not be directly above the collar of the abutment. By the grid 

10 shown in fig. 7 the orthographic projection from the top of the gingival between teeth 

15 to the abutment collar represented by a control point is indicated. Another example is 

shown in fig. 8 where a grid is shown to indicate the orthographically projected distance 

between the abutment collar represented by a control point and the gingival ridge 12. 

Fig. 9 shows an abutment model surrounded by a dental model. If the view angle of 

20 these models was changed, e.g. by the user, the dental model would hide the 

abutment model when seen from the side. However, as shown in fig. 10, the system 

and method according to the invention can provide for that part of the dental model 

becomes invisible when blocking the view to the abutment model. 

25 Fig. 11 shows an abutment model displaying a grid at a control point 2' at the abutment 

collar and near the mouse cursor. Fig. 12 shows the corresponding abutment model 

seen from above with the identical control point 2'. Near said control point 2' is no 

longer a grid because a grid would be irrelevant to the customization of the abutment 

model when the abutment model is seen from above. Instead a curved double-arrow 

30 13 is shown near the control point 2'. This can be seen more clearly in fig. 13, which is 

a close up of the control point 2' and the arrow 13 in fig. 12. By dragging the control 

point 2' the abutment model can be rotated. This rotation can be necessary to align the 

top ridge of the abutment model with top ridges of adjacent teeth. Thus, the control 

point 2' has different functionalities depending on the orientation, i.e. the view angle for 

35 the user, of the abutment and dental models. Thereby the necessary number of 
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displayed control points can be reduced, i.e. simplifying the view for the user and 

increasing the user-friendliness. 

Fig. 14 shows the same abutment model four times illustrating that a control point can 

5 have different functionalities independent of the orientation of the abutment model. To 

the left the control point at the top of the abutment model has the functionality of 

increasing the height of the abutment model. The functionality is illustrated by a symbol 

with an arrow pointing up. However by just a single click on the mouse the functionality 

of the top control point in the second picture from the left has changed functionality to 

10 "tilt", i.e. the abutment model can be tilted from side to side by dragging the control 

point. The tilt functionality is illustrated by arrows pointing to each side along the top 

edge of the abutment model. In the third picture from the left the abutment model has 

been tilted to the left and in the rightmost picture the functionality of the control point is 

changed back into variation of the height. This shift of functionality of a control point 

15 could very well be provided by other means, i.e. a drop down menu in the GUI or the 

like. However, by the preferred method of changing the functionality by a single click 

with the mouse, the design process is kept quick and simple, because the user does 

not have to move the mouse cursor on the screen, but can just keep the mouse cursor 

on one control point. 

20 

Fig. 15 is a screenshot example from one embodiment of the system according to the 

invention showing an abutment model surrounded by a dental model and a plurality of 

the menus, buttons and the like, all part of the GUI of the system. This is normal for any 

graphics design system. However, by the system and methods according to the 

25 invention the user-friendliness has been improved, because a plurality of features I 

tools that would normally be provided or changed by means of buttons and pull-down 

menus, in this case is automatically provided or provided by a few clicks on a mouse 

button. 
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Claims 

1. A system for designing at least one dental restoration for tooth crowns, said 

system having a display, such as a computer screen, and comprising: 

means for acquiring and displaying a three dimensional model of the dental 

restoration and/or a three dimensional dental model wherein the dental 

restoration must be fitted, 

means for displaying a plurality of control points at the three dimensional 

model of the dental restoration, the control points preferably located at the 

edges of the dental restoration model and each of said control points 

providing means for manually customizing the dental restoration model, and 

means for displaying an arrow at at least one of the control points, the 

length of said arrow determined by a user defined value, whereby the 

distance between the dental restoration model and neighbouring objects 

can be measured or indicated, and/or 

means for displaying a grid at at least one of the control points, the size of 

said grid determined by a user defined value, whereby the distance between 

the dental restoration model and neighbouring objects can be measured or 

indicated. 

2. A system according to claim 1, wherein the dental restoration is an implant 

abutment, whereby the dental restoration model is an implant abutment model. 

3. A system according to claim 1, wherein the dental restoration is a coping, 

whereby the dental restoration model is a coping model. 

4. A system according to claim 1, wherein the dental restoration is a tooth crown, 

30 whereby the dental restoration model is a tooth crown model. 

35 

5. A system according to any of the preceding claims, wherein a control point is 

activated by moving the mouse cursor close to said control point, such as within 

a distance of 10 pixels from the control point. 
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6. A system according to any of the preceding claims, wherein the arrow or a grid 

of a control point is only displayed when said control point is activated. 

7. A system according to any of the preceding claims, wherein the length of an 

arrow or the size of a grid can be adjusted by a user when a control point is 

activated, such as adjusted by means of the mouse scroll wheel. 

8. A system according to any of the preceding claims, wherein the functionality of 

at least one control point is variable. 

9. A system according to any of the preceding claims, wherein the functionality of 

at least one control point can be changed by a user when said control point is 

activated. 

15 10. A system according to any of the preceding claims, wherein the functionality of 

20 

25 

at least one control point can be changed by a quick click on a mouse button 

when a control point is activated, a quick click being a single activation of a 

mouse button, such as a mouse button click executed within 800 milliseconds, 

such as within 600 milliseconds, such as within 500 milliseconds, such as within 

400 milliseconds, such as within 300 milliseconds, such as within 200 

milliseconds, such as within 100 milliseconds, such as within 50 milliseconds. 

11. A system according to any of the preceding claims, wherein the functionality of 

at least one control point is depending on the orientation of the dental 

restoration model. 

12. A system according to any of the preceding claims, wherein the view I display of 

at least a part of the dental model is orientation dependent. 

30 13. A system according to any of the preceding claims, wherein at least a part of 

the dental model is invisible when said part of the dental model is between the 

user and the dental restoration model, whereby the dental restoration model is 

viewable and accessible for the user. 
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14. A system according to any of the preceding claims, wherein the control points 

are only visible when the mouse cursor is within a distance of 10 pixels from the 

dental restoration model. 

5 15. A system according to any of the preceding claims, wherein at least two dental 

10 

15 

20 

25 

30 

35 

restoration models are shown simultaneously and wherein only the control 

points of the dental restoration model closest to the mouse cursor are visible. 

16. A system according to any of the preceding claims, wherein the transparency 

of the dental model is increased when the mouse cursor is close to a control 

point beneath the occluding model surface, whereby the control point and the 

dental restoration model can be seen through the dental model. 

17. A method for designing at least one dental restoration at a display, a display 

such as a computer screen, said method comprising the steps of: 

acquiring and displaying a three dimensional model of the dental 

restoration and/or a three dimensional dental model wherein the dental 

restoration must be fitted, 

displaying a plurality of control points at the three dimensional model of 

the dental restoration, the control points preferably located at the edges 

of the dental restoration model and each of said control points providing 

means for manually customizing the dental restoration model, and 

displaying an arrow at at least one of the control points, the length of 

said arrow determined by a user defined value, whereby the distance 

between the dental restoration model and neighbouring objects can be 

measured or indicated, and/or 

displaying a grid at at least one of the control points, the size of said grid 

determined by a user defined value, whereby the distance to 

neighbouring objects can be indicated. 

18. A method according to claim 17, wherein the dental restoration is an implant 

abutment, i.e. the dental restoration model is an implant abutment model. 
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19. A method according to claim 17, wherein the dental restoration is coping, i.e. 

the dental restoration model is a coping model. 

20. A method according to claim 17, wherein the dental restoration is a tooth crown, 

i.e. the dental restoration model is a tooth crown model. 

21. A method according to any of claims 17 to 20, wherein a control point is 

activated by moving the mouse cursor close to said control point, such as within 

a distance of 10 pixels from the control point. 

22. A method according to any of claims 17 to 21, wherein the arrow or a grid of a 

control point is only displayed when said control point is activated. 

23. A method according to any of claims 17 to 22, wherein the length of an arrow or 

the size of a grid can be adjusted by a user when a control point is activated, 

such as adjusted by means of the mouse scroll wheel. 

24. A method according to any of claims 17 to 23, wherein the functionality of at 

least one control point is variable. 

25. A method according to any of claims 17 to 24, wherein the functionality of at 

least one control point can be changed by a user when said control point is 

activated. 

25 26. A method according to any of claims 17 to 25, wherein the functionality of at 

30 

least one control point can be changed by a quick click on a mouse button 

when a control point is activated, a quick click being a single activation of a 

mouse button, such as a mouse button click executed within 800 milliseconds, 

such as within 600 milliseconds, such as within 500 milliseconds, such as within 

400 milliseconds, such as within 300 milliseconds, such as within 200 

milliseconds, such as within 100 milliseconds, such as within 50 milliseconds. 

27. A method according to any of claims 17 to 26, wherein the functionality of at 

least one control point is depending on the orientation of the dental restoration 
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model. 

28. A method according to any of claims 17 to 27, wherein the view of at least a 

part of the dental model is orientation dependent. 

29. A method according to any of claims 17 to 28, wherein at least a part of the 

dental model is invisible when said part of the dental model is between the user 

and the dental restoration model, whereby the dental restoration model is 

viewable and accessible for the user. 

30. A method according to any of claims 17 to 29, wherein the control points are 

only visible when the (mouse) cursor is within a distance of 10 pixels from the 

dental restoration model. 

15 31. A method according to any of claims 17 to 30, wherein at least two dental 

20 

25 

restoration models are shown simultaneously and wherein only the control 

points of the dental restoration model closest to the (mouse) cursor are visible. 

32. A method according to any of claims 17 to 31, wherein the transparency of the 

dental model is increased when the mouse cursor is close to a control point 

beneath the occluding model surface, whereby the control point and the dental 

restoration model can be seen through the dental model. 

33. A computer program product having a computer readable medium, said 

computer program product providing a system for designing at least one dental 

restoration, said computer program product comprising means for carrying out 

the steps of the methods according to any of the claims 17 to 32. 
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20 image arrangement 

Field of the invention 

This invention generally relates to a computer-implemented method of 

visualizing 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. 

1 O 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 crowns, bridges, 

15 abutments, or implants, the dentist will prepare 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 as titanium screws, into the 

jaw of the patient and mount crowns or bridges on the implants. After 

preparing the teeth or inserting an implant the dentist can make an 

20 impression of the upper jaw, the lower jaw and a bite registration or a single 

impression in a double-sided tray, also known as triple trays. The 

impressions are sent to the dental technicians who manufacture the 

restorations e.g. the bridge. The first step to manufacture the restoration is 

traditionally to cast the upper and lower dental models from impressions of 

25 the upper and the lower jaw, respectively. The models are usually made of 

gypsum and often aligned in a dental articulator using the bite registration to 

simulate the 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. 

30 
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CAD technology for manufacturing dental restoration is rapidly expanding 

improving quality, reducing cost and facilitating the possibility to manufacture 

in attractive materials otherwise not available. The first step in the CAD 

manufacturing process is to create a 3-dimensional model of the patient's 

5 teeth. This is traditionally done by 3D scanning one or both of the dental 

gypsum models. The 3-dimensional replicas of the teeth are imported into a 

CAD program, where the entire dental restoration, such as a bridge 

substructure, is designed. The final restoration 3D design is then 

manufactured e.g. using a milling machine, 3D printer, rapid prototyping 

1 O manufacturing or other manufacturing equipment. Accuracy requirements for 

the dental restorations are very high otherwise the dental restoration will not 

be visual appealing, fit onto the teeth, could cause pain or cause infections. 

W010031404A relates to tools in a system for the design of customized 

15 three-dimensional models of dental restorations for subsequent 

manufacturing, where the dental restorations 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 system on a 

computer. 

20 

Visualizing and modeling teeth for a patient based are also known from the 

field of orthodontics. 

US2006127836A discloses orthodontic systems and methods for determining 

25 movement of a tooth model from a first 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 first position; 

detecting the position of the common features on the tooth model at the 

second position; and determining a difference between the position of each 

30 common feature at the first and second positions. 
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Thus orthodontics relates to movement of teeth, so the desired position of a 

tooth or teeth is determined, and based on the present position of that tooth 

or teeth, the movement from the present position to the desired position is 

determined. Thus within orthodontics the desired or resulting position of a 

5 tooth or teeth is/are is known before planning the steps of the movement. 

It remains a problem to provide an improved method and system for 

providing esthetically beautiful and/or physiologically suitable results of 

modeling teeth, both within the field of restorations, implants, orthodontics 

1 o etc. 

Summary 

Disclosed is a computer-implemented method of visualizing, designing and 

15 modeling a set of teeth for a patient, wherein the method comprises the steps 

of: 

- providing one or more 20 digital images; 

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

- arranging at least one of the one or more 20 digital images relative to the 

20 30 virtual model in a 30 space such that the at least one 20 digital image 

and the 30 virtual model are aligned when viewed from a viewpoint, whereby 

the 30 virtual model and the at least one 20 digital image are both visualized 

in the 30 space; and 

- modeling the 30 virtual model based on at least one of the one or more 20 

25 digital images. 

Consequently, it is an advantage that the 30 CAD modeling of the 30 virtual 

model is based on a 20 digital image, since the 20 image determines or 

indicates what kind of modeling is suitable, where the expression suitable 

30 may comprise physiologically suitable or esthetically suitable or appealing. 

Thus the 20 image is used to perform a correct modeling of the 30 model, 
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since the 20 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 20 image. Thus the modeling of the 30 virtual model is decided and 

performed based on the one or more 20 image, i.e. such as that the 

5 modeling of the 30 virtual model is based on the visualization of the 20 

image. 

The patient'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 

1 O toothless, and maybe part of the gums. If the patient is toothless, then the 

oral cavity may comprise the gums of the patient. 

It is an advantage that the 20 digital image and the 30 virtual model are 

aligned when viewed from one viewpoint, since hereby the user or operator 

15 of the system performing the method, can view the 20 image and the 30 

model from a viewpoint where they are aligned, since this enables and 

facilitates that modeling of the 30 model is based on the 20 image. That the 

20 image and 30 model are aligned when seen from a viewpoint means that 

at least some structures of the 20 image and the 30 model are coinciding 

20 when seen from a viewpoint. Thus the 20 image and 30 model may not be 

aligned when seen from any viewpoint, thus there may be only one viewpoint 

from which the 20 image and the 30 model are aligned. 

Furthermore, it is an advantage that the 20 image and the 30 model are 

25 arranged and remain as separate data representations which are not merged 

or fused together into one representation. By keeping the data 

representations as separate representations, time is saved and data 

processing time and capacity is reduced. Thus the 20 image is not 

superimposed or overlaid onto the 30 virtual model for creating one 

30 representation with all data included. Prior art documents describe that the 

data from e.g. a color image is added to the 30 model, such that the color 
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content from the image is transferred to the 30 model, whereby the result is 

one representation, i.e. the 30 model including color. Creating such models 

requires more time and exhaustive data processing. 

Thus, it is an advantage that the present method may be performed faster 

5 than prior art methods. 

10 

The method is for use when modeling teeth, but can of 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 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 

15 of the set of teeth etc. 

Thus the modeling may comprise modeling of restorations, orthodontic 

planning and/or treatment, modeling of implants, modeling of dentures etc. 

When the CAD modeling comprises for example restorations, the virtually 

modeled restorations, such as crowns and bridges, can be manufactured by 

20 means of CAM, and the manufactured restorations can then eventually be 

inserted onto the patient's teeth by a dentist. 

Arranging, placing, or positioning the 20 digital image on the 30 virtual model 

is performed digitally on a computer and shown on a user interface such as a 

25 screen, such that the user or operator obtains a visual representation of the 

20 image and the 30 model together in the same field of view, whereby the 

operator can perform the modeling based on the simultaneous view of the 20 

image and the 30 model instead of based on either one combined 

representation or separate views of the 20 image and/or the 30 model. 

30 
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For facilitating the arrangement of the 20 image and the 30 model relative to 

each other, edge detection may be performed, whereby the contour of the 

teeth on the 20 image and/or on the 30 model is automatically derived. Edge 

detection can be performed by means of a software algorithm. Edges are 

5 points where there is a boundary or edge between to 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 

gingival. 

10 

One or more 20 images may be provided in the method, and the 20 images 

may e.g. show the patient's face from different directions, show different 

parts of the patient's face, such as the lips and the eyes or nose for example 

for determining facial lines, show different examples of new teeth which the 

15 teeth of the 30 model can be modeled to look like, show the patient's teeth 

before preparing the teeth for restorations and after preparing the teeth, etc. 

When aligning the 20 image and the 30 model, the 20 image may be of the 

patient's unprepared teeth, since it may be easier to align the 20 image and 

20 the 30 model, when the teeth on the 20 image are unprepared. When 

modeling the teeth of the 30 model, the 20 image may then be of the 

patient's prepared teeth, since e.g. restorations 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. 

25 

In some embodiments the 30 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 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 

30 may be scanned for creating a 30 model of the oral cavity. 
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In 30 scanning the object is analyzed to collect data on its shape. The 

collected data can then be used to construct digital, three dimensional 

models. In 30 scanning usually a point cloud of geometric samples on the 

surface of the subject is created. These points can then be used to 

5 extrapolate the shape of the subject. 

In some embodiments the one or more 20 digital image comprises a patient­

specific image of at least part of the patient's face. 

An advantage of this embodiment is that the modeling can be based on an 

1 O image of the patient, such that the modeling is performed with respect to the 

look or appearance of the patient, or with respect to some, a few or a single, 

specific visual features of the patient, such as the lips. 

In some embodiments the one or more 20 digital image comprises a generic 

15 image of at least part of a human face. 

20 

An advantage of this embodiment is that the modeling can be based on a 

generic image, whereby it is not patient-specific features which determine the 

modeling, but instead it is a general image, e.g. of some visually pleasing 

teeth from another person, or a drawing of some ideal teeth. 

In some embodiments the one or more 20 digital image is retrieved from a 

library comprising a number of images of teeth. 

An advantage of this embodiment is that the 20 image, such as a generic 

image, can be selected from a library which contains for example several 

25 images of teeth, so that the patient e.g. can choose his/her desired new set 

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 to the surroundings. 

30 The images of teeth in the library may be photos of teeth, may be drawings of 

teeth, etc. 
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In some embodiments the one or more 20 digital image is a template for 

supporting designing and/or modeling the patient's teeth. 

An advantage of this embodiment is that when the 20 image is a template, 

5 then the operator can arrange and model teeth using this template for 

obtaining a visually pleasing result of the modeling. 

In some embodiments the template comprises the midline of a face. 

1 O In some embodiments the template comprises a horizontal line passing along 

the anterior teeth. 

In some embodiments the template comprises the occlusal plane of a face. 

15 An advantage of the embodiments where the template comprises some 

feature, such as the midline of the face, a horizontal line, an occlusal plane 

etc, is that these features may assist in arranging the 20 image and the 30 

model relative to each other and in modeling of the 30 model. 

20 In some embodiments the template comprises boxes adapted to fit the 

centrals, the laterals and the cuspids. 

An advantage of this embodiment is that it enables the operator to easily 

model the different anterior teeth to be visually pleasing. For example the 

laterals can with advantage be 2/3 of the width of the centrals, and the 

25 cuspids or canines can with advantage be slightly narrower than the centrals. 

In some embodiments the template comprises one or more long axes of 

anterior teeth. 

An advantage of this embodiment is that the long axes can be used for 

30 indicating the long axis alignment of teeth and/or the vertical direction of teeth 

for support in modeling. 
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In some embodiments 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 

5 axes of at least the upper anterior teeth converge toward the incisal. 

In some embodiments the template comprises a contour of teeth. 

In some embodiments the contour comprises a shape of one or more teeth 

1 O seen from the front. 

15 

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 teeth of the 30 model. 

In some embodiments the template comprises a curve. 

An advantage of this embodiment is that by means of a curve, 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 

20 measure x mm from a certain point on the curve, and at this distance 

something specific may be arranged, such as a distal point on a lateral. 

Furthermore the curve may a symmetry curve for ensuring that the modeled 

teeth will be symmetric. 

25 In some embodiments the curve comprises an arch following the upper 

and/or lower anterior teeth seen from the front or from above. 

30 

In some embodiments the curve comprises a smile line adapted to follow the 

lower lip in a natural smile and the incisal edges of the upper teeth. 
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In some embodiments the template comprises one or more curves for 

indicating the position of the gingival tissue. 

An advantage of these embodiments relating to curves of the teeth and/or of 

5 the mouth and lips is that using some kind of curve(s) may be a simple and 

easy way to model the teeth of the 3 0 model. 

10 

In some embodiments the one or more 20 digital image shows at least a 

number of front teeth. 

In some embodiments the one or more 20 digital image is a photograph 

showing at least the patient's lips and teeth seen from the front. 

An advantage of this embodiment is that when the 20 image shows the 

patient's lips and existing teeth, then the modeling of the teeth can be 

15 performed such that they suits the patient's lips and unchanged teeth 

providing a visually pleasing result of the modeling. 

In some embodiments the method further comprises virtually cutting at least 

a part of the teeth out of the one or more 20 digital image, if the 20 image 

20 comprises teeth, such that at least the lips remains to be visible in the 20 

digital image. 

An advantage of this embodiment is that when the lips and no or only some 

teeth are visible in the 20 image then it is easy to visualize the modeled teeth 

with the patient's lips and determined whether it is a good result of modeling. 

25 The cutting of teeth out of the 20 image may be performed virtually or 

digitally such that the information in the 20 image relating to the teeth is 

removed, deleted, made invisible etc .. 

In some embodiments the 30 virtual model is visible behind the lips. 
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An advantage of this embodiment is that when the 30 model can be seen 

behind the lips, then the modeling of the teeth can be performed while 

viewing the lips for determining if the modeling is satisfactory. 

5 In some embodiments the one or more 20 digital image shows the face of 

the patient such that facial lines, such as the midline and the bi-pupillar line, 

are detectable. 

An advantage of this embodiment is that facial lines determines the geometry 

of the patient's face, and for obtaining a visually pleasing result of modeling, 

1 O the teeth should fit with this overall geometry. 

In some embodiments 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 

15 image of the patient's teeth, the entire teeth with roots under the gingival 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 be planned to be 

arranged to exert force on non-broken or strong teeth and teeth roots instead 

of on the broken and weak teeth and roots. 

20 

25 

In some embodiments the method further comprises providing a 30 

computed tomography scan of the patient's face for facilitating aligning the 

one or more 20 image and the 30 model and/or for modeling the 30 virtual 

model. 

In some embodiments the one or more 20 digital image is a still image from 

a video recording. 

In some embodiments the one or more 20 digital image is derived from a 30 

30 face scan. 
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In some embodiments the method further comprises providing a 30 face 

scan of the patient for facilitating aligning the one or more 20 image and the 

30 model and/or for modeling the 30 virtual model. 

5 In some embodiments a face scan of the patient provides a measure of the 

distance that the upper and/or lower lip moves 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 of the front teeth 

1 O is important for the visual appearance of the teeth. 

15 

In some embodiments the method further comprises providing 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 20 digital image. 

In some embodiments the one or more 20 digital image is 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 

20 changes from being entirely visible to be partly visible and then maybe 

invisible and vice versa. Hereby the 20 image can be viewed as the user 

wishes. 

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

25 teeth. 

In some embodiments the method further comprises scaling the one or more 

20 digital image and the 30 virtual model to show at least part of the teeth in 

the same size. 

30 An advantage of this embodiment is that the 20 image and the 30 model 

should be shown in the same scale in order for optimally performing the 
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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, the scaling may be of both the 20 image and the 30 model to 

resize them to a predetermined scale. 

In some embodiments the method further comprises aligning 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 are aligned then modeling may be performed easier and with a better 

1 O result. Alignment may be defined as the adjustment of an object in relation 

with another object, such that structures of the objects are coinciding. Thus 

common or alike structures of the 20 image and the 30 model are aligned. 

In some embodiments the silhouette of the biting edge of at least the upper 

15 anterior teeth on the one or more 20 image and on the 30 virtual model is 

used to perform the alignment of the 20 image and the 30 virtual model. 

An 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 

20 alignment. 

In some embodiments the method further comprises projecting 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 

25 image to the 30 model or to a plane of the 30 model, the 30 model and the 

20 image can be viewed in the same plane which may be an advantage 

when modeling the teeth. The viewing of the 30 model and the 20 image in 

the same plane may otherwise be complex. 
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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. 

An advantage of this embodiment is that modeling may be facilitated when 

5 the 20 image and the 30 model can be seen in the same perspective view. 

In some embodiments the method further comprises de-warping the 

perspective view of the one or more 20 image for visually aligning the 20 

image and the 30 virtual model. 

1 O 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 the perspective view of the 20 image can be mapped to 

points on 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 

15 20 image and the 30 model are aligned again. 

20 

In some embodiments scaling, aligning, projecting to a plane, de-warping 

perspective and changing perspective are defined as virtual actions for 

arrangement. 

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

comprises rotations and translations left/right and back/forth of the one or 

more 20 digital image and/or of the 30 virtual model. 

An advantage of this embodiment is that by providing rotations, translations 

25 etc. then different movements of the 20 image and/or of the 30 model may 

be performed for facilitating the scaling, aligning, perspective changing and 

ultimately for facilitating the modeling of the teeth. 

In some embodiments the method further comprises the steps of: 
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- detecting anatomical points on the teeth, where the anatomical points are 

present and detectable both on the one or more 20 digital image and the 30 

virtual model, and 

performing the virtual actions for arrangement based on these 

5 corresponding anatomical points. 

10 

An advantage of this embodiment is that using common or mutual anatomical 

points on the 20 image and the 30 model may be an easy way to perform 

alignment of the 20 image and the 30 model, where after modeling of the 

teeth can be performed. 

In some embodiments at least one corresponding anatomical point is 

selected to perform the virtual actions for arrangement. 

An advantage of this embodiment is that one common or mutual point on the 

20 image and the 30 model may be sufficient for arranging the 20 image 

15 and the 30 model relative to each other. However in other cases the 20 

image and the 30 model should be aligned using more points, such as two, 

three or four points. In general three points may be suitable. Four points can 

be used for performing an even better arrangement or for use in more difficult 

cases. 

20 

In some embodiments the method further comprises the steps of: 

- providing a virtual measurement bar, and 

- performing the virtual actions for arrangement of the one or more 20 digital 

image and/or of the 30 virtual model by means of adjustment to the virtual 

25 measurement bar. 

30 

An advantage of this embodiment is that it may be easy and fast to use a 

virtual measurement bar to perform the virtual actions for arrangement such 

as scaling, where the sizes of the 20 image and the 30 model are adjusted 

to correspond to each other. 
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In some embodiments the method further comprises that a user performs the 

virtual actions for arrangement of the one or more 20 digital image and/or of 

the 30 virtual model by means of eye measure. 

An advantage of this embodiment is that just by using simple eye measure, 

5 the operator can very quickly and reliably perform the arrangement of the 20 

image and the 30 model relative to each other or perform a rough starting 

point for a more detailed adjustment. 

In some embodiments the anatomical points are upper and/or lower distal 

1 O and/or mesial points on a number of specific anterior teeth. 

An advantage of this embodiment is that anatomical point on the upper 

and/or lower distal and/or mesial parts of the anterior teeth are normally easy 

to detect both on the 20 image and on the 30 model. 

15 In some embodiments the modeling of the 30 model is performed 

automatically based on the one or more 20 digital image. 

An advantage of this embodiment is that the user does not need to perform 

any manual modeling of the 30 model on the screen, when the modeling can 

be performed fully automatic. However, typically if an automatic modeling 

20 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 automatically selecting 

one or more 20 digital image which provides an optimal fit to the 30 virtual 

25 model. 

An advantage of this embodiment is that a 20 image with an optimal, good or 

the best fit to the 30 model can automatically be selected, and hereby a good 

result of modeling can be obtained, and furthermore the time used for 

performing the modeling can be reduced, since no person needs to spend 

30 time on looking through a larger number of 20 images. The 20 image may 

be selected from a library of 20 digital images, or from any source 
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comprising a number of images of teeth and smiles. The library may 

comprises templates, photos, drawings etc. 

In some embodiments the optimal fit is determined based on specific 

5 parameters for providing an esthetically, visually pleasing appearance. 

An advantage of this embodiment is that the optimal, best or just a good fit 

can be determined based on different parameters, such as the present size 

of the patient's teeth, 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 

1 O 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 who has full lips etc. So based on the present 

structures, 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 

15 library of photos, drawings etc. 

The present invention relates to different aspects including the method 

described above and in the following, and corresponding methods, devices, 

systems, uses and/or product means, each yielding one or more of the 

20 benefits and advantages described in connection with the first mentioned 

aspect, and each having one or more embodiments corresponding to the 

embodiments described in connection with the first mentioned aspect and/or 

disclosed in the appended claims. 

25 In particular, disclosed herein is a system for visualizing, designing and 

modeling a set of teeth for a patient, wherein the system comprises: 

- means for providing one or more 20 digital images; 

- means for providing a 30 virtual model of at least part of the patient's oral 

cavity; 

30 - means for arranging at least one of the one or more 20 digital images 

relative to the 30 virtual model in a 30 space such that the at least one 20 
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digital image and the 30 virtual model are aligned when viewed from a 

viewpoint, whereby the 30 virtual model and the at least one 20 digital image 

are both visualized in the 30 space; and 

- means for modeling the 30 virtual model based on at least one of the one 

5 or more 20 digital images. 

Furthermore the present invention relates to a computer program product 

comprising program code means for causing a data processing system to 

perform the above method, when said program code means are executed on 

1 O the data processing system, and a computer program product according to 

the previous claim, comprising a computer-readable medium having stored 

there on the program code means. 

15 Brief description of the drawings 

The above and/or additional objects, features and advantages of the present 

invention, will be further elucidated by the following illustrative and non­

limiting detailed description of embodiments of the present invention, with 

20 reference to the appended drawings, wherein: 

Fig. 1 shows an example of a flowchart of a computer-implemented method 

of visualizing and modeling a set of teeth for a patient. 

25 Fig. 2 shows examples of visualizing a 20 image and a 30 model together. 

Fig. 3 shows an example of visualizing and arranging a 20 image and a 30 

model. 

30 Fig. 4 shows examples of arranging the 30 model and the 20 image relative 

to each other. 
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Fig. 5 shows examples of 20 images as templates. 

Fig. 6 shows examples of how to perform virtual actions for arrangement of 

5 the 20 image and the 30 model. 

Detailed description 

1 O In the following description, reference is made to the accompanying figures, 

which show by way of illustration how the invention may be practiced. 

Fig. 1 shows an example of a flowchart of a computer-implemented method 

of visualizing and modeling a set of teeth for a patient. 

15 In step 101 a 20 digital image is provided. The 20 image may be photograph 

of at least part of the patients face, a template of teeth, a drawing of teeth, a 

photo or image of an esthetic set of teeth etc. The 20 digital image may be 

shown on a user interface, such as a computer screen. 

In step 102 a 30 virtual model of the patient's oral cavity comprising the 

20 patient's set of teeth, if there are any teeth, is provided. The 30 model of the 

patient's set of teeth may be generated by scanning 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 

25 creating a 30 model of the oral cavity. The 30 virtual model may be shown 

on a user interface, such as a computer screen. 

In step 103 the 20 digital image is arranged or positioned relative to the 30 

virtual model for visualizing the 30 virtual model relative to the 20 digital 

image. The arrangement or positioning is a digital, virtual arrangement, 

30 performed by means of software, such that the 20 image and the 30 model 

can be viewed together. 
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In step 104 the 3D virtual model of the patient's set of teeth is digitally or 

virtually modeled based on the visualization of the arrangement of the 2D 

image. Thus the 3D model of the patient's existing teeth is modeled using 

CAD, and the modeling may comprise restorations, orthodontic planning 

5 and/or treatment, prosthetics, removable dentures etc. When the CAD 

modeling comprises restorations, the virtually modeled restorations, such as 

crowns and bridges, can be manufactured by means of CAM, and the 

manufactured restorations can then be inserted onto the patient's teeth by a 

dentist. 

10 

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 a 

person's face showing the mouth with lips 203 and teeth 204 behind the lips 

15 203. The photograph may be of the patient himself or of another person. 

Using a photograph of the patient may be advantageous if the 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 photograph of another person 

may be an option if the patient wishes to have his teeth restored, exchanged 

20 by a new teeth set or treated by orthodontics in order for them to look 

different than they do at present. 

The 3D model 202 of the patient's teeth comprises gingival 208 and teeth 

207. 

Fig. 2b) shows an example where the 2D image 201 is an X-ray image of the 

25 patient's teeth. The X-ray image shows the teeth 204 of the patient. Since the 

X-ray image shows the teeth approximately on lines, i.e. not on curves as in 

real-life, the plane of the X-ray image may be bended to be arranged relative 

to the 3D model 202 with teeth 207. 

30 Fig. 3 shows an example of visualizing and arranging a 2D image and a 3D 

model. 
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Fig. 3a) shows a screen shot on which both a 20 image 301 and a 30 model 

302 of teeth are seen simultaneously. The 20 image 301 is a photograph or 

drawing of a pair of lips 303 and an outline of teeth 304 behind the lips. A 

vertical line 305 and a horizontal line 306 are drawn through the 20 image 

5 301, and they may be used as guiding lines for modeling. 

Fig. 3b) shows a screen shot on with the 20 image 301 is arranged and 

aligned relative to the 30 model 302. The teeth 307 of the 30 model 302 can 

be seen through and between the lips 303 and the outline of teeth 304 of the 

20 image 301. When arranging and aligning the 20 image relative to the 30 

1 O model, modeling of the 30 model is facilitated. The vertical line 305 and the 

horizontal line 306 is also seen in fig. 3b). 

Fig. 3c) shows a sketch of a 20 image 301 and a 30 model 302 seen in a 

perspective side view illustrating alignment from a viewpoint. 

The 20 image 301 and the 30 model are in this figure attempted to be drawn 

15 in a perspective side view to show that if the 20 image and the 30 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 that the 20 image and the 30 model are 

20 separate representations and not one representation containing data from 

two representations. The distance can be any distance, such as shorter or 

longer than illustrated in the proportion here. 

The 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). 

25 The 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 not aligned when viewed from the Y 

viewpoint. 

The end of an arrow, circle with cross, denoted Z illustrates a side view, and 

30 as explained above with respect to the perspective side view, the 20 image 

and the 30 model are not aligned when viewed from this viewpoint. 
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Fig. 4 shows examples of arranging the 30 model and the 20 image relative 

to each other. 

5 Fig. 4a), b) and c) show examples of different arrangements 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 fig. 4a), b) and 

c). When the arrangement of the 30 model 402 has become suitable relative 

to the 20 image 401, the actual modeling of the teeth 407 of the 30 model 

1 O 402 may be performed. 

Fig. S shows examples of 20 images as templates. 

Fig. Sa) shows an example of a 20 digital image S01, which is a reference 

frame for arranging and/or modelling the patient's teeth. The reference frame 

15 comprises a template S09 for the upper anterior or front teeth. The template 

509 comprises the midline of a face 505 and a horizontal line S06 passing 

along the incisal edge of the anterior teeth. 

The template 509 comprises boxes adapted to fit the centrals 510, the 

laterals 511 and the cuspids 512, also known as canines. The laterals 511 

20 may ideally be 2/3 of the width of the centrals 510, and the cuspids S12 may 

ideally be slightly narrower than the centrals 510. 

Fig. Sb) shows an example where the 20 image S01 is a template S09 

comprising the long axes 513 of the centrals 510, the laterals 511, and the 

2S cuspids S12. The long axes S13 converge toward the incisal edge indicated 

by the horizontal line 506. 

30 

Fig. Sc) shows an example where the 20 image 501 is a template 509 

showing a contour 514 of anterior or front teeth seen from the front. 
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Fig. Sd) shows an example where the 20 image S01 comprises a template 

509 comprising a curve 515 of a smile line adapted to follow the lower lip in a 

natural smile and the incisal edges of the upper anterior teeth 510, 511, 512, 

as seen from the front. 

Fig. Se) shows an example where the 20 image S01 comprises a template 

comprising three curves 516 for indicating the position of the gingival tissue. 

Fig. Sf) shows an example where the 20 image 501 comprises or is a 

1 O template 509 comprising a curve in the form of an arch 517 which follows the 

upper teeth as seen from above. 

Fig. 5g) shows an example where the 20 image 501 comprises or is a 

template 509 comprising a curve 518 which follows the upper anterior teeth 

15 as seen from above. 

Fig. 6 shows examples of how to perform virtual actions for arrangement of 

the 20 image and the 30 model relative to each other. 

Virtual actions for arrangement can comprise the following: 

20 - scaling the 20 digital image and the 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 

2S virtual model to obtain the same perspective view for both of them when 

visualizing the positioning; 

- de-warping the perspective view of the 30 virtual model for visually aligning 

the 20 image and the 30 virtual model. 

The virtual actions for arrangement can be performed by means of rotations 

30 and translations to the left and right and back and forth of the 20 digital 

image and/or of the 30 virtual model. 
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In one example (not shown) the silhouette of the biting edge of at least the 

upper anterior teeth on the 20 image and on the 30 virtual model is used to 

perform the aligning of the 20 image and the 30 virtual model. 

5 Fig. 6a) shows an example where a virtual 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. The 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 

1 O 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 the right 

lateral tooth and right cuspid tooth, where right is right as seen in the figure, 

but left for the patient. 

15 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 the 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 61 O and on the 30 model 602 cover, overlap, match or 

20 fit together. When corresponding anatomical points 619 are selected on the 

screen, the software may automatically arrange the 20 image 601 and the 

30 model 602 such that the points 619 are overlapping. 

Fig. 6b) shows an example where a virtual action for arrangement such as 

25 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 

corresponding to the length across the upper two centrals 610 and the two 

laterals 611. However, on the 30 model, the measurement bar 620 has a 

30 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 
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image 601 and the 30 model 602, the 30 model should be scaled up or 

enlarged to fit the size of the 20 image. 

Alternatively and/or additionally, the user can perform virtual actions of 

5 arrangement of the 20 digital image and/or of the 30 virtual model by means 

of eye measure. 

Although some embodiments have been described and shown in detail, the 

1 O invention is not restricted to them, but 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. 

15 

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 

20 measures cannot be used to advantage. 

It should be emphasized that the term "comprises/comprising" when used in 

this specification is taken to specify the presence of stated features, integers, 

steps or components but does not preclude the presence or addition of one 

25 or more other features, integers, steps, components or groups thereof. 

The features of the method described above and in the following may be 

implemented in software and carried out on a data processing system or 

other processing means caused by the execution of computer-executable 

30 instructions. The instructions may be program code means loaded in a 

memory, such as a RAM, from a storage medium or from another computer 
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via a computer network. Alternatively, the described features may be 

implemented by hardwired circuitry instead of software or in combination with 

software. 
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Claims: 

1. A computer-implemented method of visualizing, designing and modeling a 

set of teeth for a patient, wherein the method comprises the steps of: 

5 - providing one or more 20 digital images; 

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

- arranging at least one of the one or more 20 digital images relative to the 

30 virtual model in a 30 space such that the at least one 20 digital image 

and the 30 virtual model are aligned when viewed from a viewpoint, whereby 

1 O the 30 virtual model and the at least one 20 digital image are both visualized 

in the 30 space; and 

15 

- modeling the 30 virtual model based on at least one of the one or more 20 

digital images. 

2. The computer-implemented method according to the preceding claim, 

wherein the one or more 20 digital image comprises a patient-specific image 

of at least part of the patient's face. 

20 3. The computer-implemented method according to any of the preceding 

claims, wherein the one or more 20 digital image comprises a generic image 

of at least part of a human face. 

4. The computer-implemented method according to any of the preceding 

25 claims, wherein the one or more 20 digital image is retrieved from a library 

comprising a number of images of teeth. 

5. The computer-implemented method according to any of the preceding 

claims, wherein the one or more 20 digital image is a template for supporting 

30 designing and/or modeling the patient's teeth. 
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6. The computer-implemented method according to preceding claim, wherein 

the template comprises the midline of a face. 

7. The computer-implemented method according to claims 5 or 6, wherein 

5 the template comprises a horizontal line passing along the anterior teeth. 

8. The computer-implemented method according to any of claims 5-7, 

wherein the template comprises the occlusal plane of a face. 

1 O 9. The computer-implemented method according to any claims 5-8, wherein 

the template comprises boxes adapted to fit the centrals, the laterals and the 

cuspids. 

10. The computer-implemented method according to any claims 5-9, wherein 

15 the template comprises one or more long axes of anterior teeth. 

20 

11. The computer-implemented method according to the preceding claim, 

wherein the long axes of at least the upper anterior teeth converge toward 

the incisal edge. 

12. The computer-implemented method according to any claims 5-11, 

wherein the template comprises a contour of teeth. 

13. The computer-implemented method according to the preceding claim, 

25 wherein the contour comprises a shape of one or more teeth seen from the 

front. 

30 

14. The computer-implemented method according to any claims 5-13, 

wherein the template comprises a curve. 
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15. The computer-implemented method according to the preceding claim, 

wherein the curve comprises an arch following the upper and/or lower 

anterior teeth seen from the front or from above. 

5 16. The computer-implemented method according to claims 14 or 15, 

wherein the curve comprises a smile line adapted to follow the lower lip in a 

natural smile and the incisal edges of the upper teeth. 

17. The computer-implemented method according to any of claims 5-16, 

1 O wherein the template comprises one or more curves for indicating the 

position of the gingival tissue. 

18. The computer-implemented method according to any of the preceding 

claims, wherein the one or more 20 digital image shows at least a number of 

15 front teeth. 

20 

25 

19. The computer-implemented method according to any of the preceding 

claims, wherein the one or more 20 digital image is a photograph showing at 

least the patient's lips and teeth seen from the front. 

20. The computer-implemented method according to the preceding claim, 

wherein the method further comprises virtually cutting at least a part of the 

teeth out of the one or more 20 digital image, such that at least the lips 

remains to be visible in the 20 digital image. 

21. The computer-implemented method according to the preceding claim, 

wherein the 30 virtual model is visible behind the lips. 

22. The computer-implemented method according to any of the preceding 

30 claims, wherein the one or more 20 digital image shows the face of the 
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patient such that facial lines, such as the midline and the bi-pupillar line, are 

detectable. 

23. The computer-implemented method according to any of the preceding 

5 claims, wherein the one or more 20 digital image is an X-ray image of the 

patient's teeth. 

24. The computer-implemented method according to any of the preceding 

claims, wherein the method further comprises providing a 30 computed 

1 O tomography scan of the patient's face .. 

15 

25. The computer-implemented method according to any of the preceding 

claims, wherein the one or more 20 digital image is a still image from a video 

recording. 

26. The computer-implemented method according to any of the preceding 

claims, wherein the one or more 20 digital image is derived from a 30 face 

scan. 

20 27. The computer-implemented method according to any of the preceding 

claims, wherein the method further comprises providing a 30 face scan of the 

patient. 

28. The computer-implemented method according to any of the preceding 

25 claims, wherein the method further comprises providing 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 20 digital image. 

29. The computer-implemented method according to any of the preceding 

30 claims, wherein the one or more 20 digital image is adapted to be smoothly 

faded in and out of the view. 
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30. The computer-implemented method according to any of the preceding 

claims, wherein the method further comprises aligning the one or more 20 

digital image and the 30 virtual model. 

31. The computer-implemented method according to any of the preceding 

claims, wherein 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 one or more 20 image and the 30 virtual model. 

32. The computer-implemented method according to any of the preceding 

claims, wherein the 30 virtual model comprises the patient's set of teeth. 

33. The computer-implemented method according to any of the preceding 

15 claims, wherein the method further comprises scaling the one or more 20 

digital image and the 30 virtual model to show at least part of the teeth in the 

same size. 

34. The computer-implemented method according to any of the preceding 

20 claims, wherein the method further comprises projecting the plane of the one 

or more 20 digital image to the 30 virtual model. 

35. The computer-implemented method according to any of the preceding 

claims, wherein the method further comprises changing the perspective view 

25 of the one or more 20 digital image and/or of the 30 virtual model to obtain 

the same perspective view. 

36. The computer-implemented method according to any of the preceding 

claims, wherein the method further comprises de-warping the perspective 

30 view of the one or more 20 image for visually aligning the one or more 20 

image and the 30 virtual model. 
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37. The computer-implemented method according to any of the preceding 

claims, wherein scaling, aligning, projecting to a plane, and changing 

perspective are defined as virtual actions for arrangement. 

38. The computer-implemented method according to the preceding claim, 

wherein one or more of the virtual actions for arrangement comprises 

rotations and translations left/right and back/forth of the one or more 20 

digital image and/or of the 30 virtual model. 

39. The computer-implemented method according to claims 37 or 38, 

wherein the method further comprises the steps of: 

- detecting anatomical points on the teeth, where the anatomical points are 

present and detectable both on the one or more 20 digital image and the 30 

15 virtual model, and 

performing the virtual actions for arrangement based on these 

corresponding anatomical points. 

40. The computer-implemented method according to the preceding claim, 

20 wherein at least one corresponding anatomical point is selected to perform 

the virtual actions for arrangement. 

41. The computer-implemented method according to any of claims 37-40, 

wherein the method further comprises the steps of: 

25 - providing a virtual measurement bar, and 

- performing the virtual actions for arrangement of the one or more 20 digital 

image and/or of the 30 virtual model by means of adjustment to the virtual 

measurement bar. 

30 42. The computer-implemented method according to any claims 37-41, 

wherein the method further comprises that a user performs virtual actions for 
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arrangement of the one or more 20 digital image and/or of the 30 virtual 

model by means of eye measure. 

43. The computer-implemented method according to claims 39 or 40, 

5 wherein the anatomical points are upper and/or lower distal and/or mesial 

points on a number of specific anterior teeth. 

44. The computer-implemented method according to any of the preceding 

claims, wherein the modeling of the 30 model is performed automatically 

1 O based on the one or more 20 digital image. 

15 

45. The computer-implemented method according to any of the preceding 

claims, wherein the method further comprises automatically selecting one or 

more 20 digital image which provides an optimal fit to the 30 virtual model. 

46. The computer-implemented method according to the previous claim, 

wherein the optimal fit is determined based on specific parameters for 

providing an esthetically, visually pleasing appearance. 

20 47. The computer-implemented method according to any of the preceding 

claims, wherein the 30 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 performing a direct scanning of the patient's teeth. 

25 48. A computer program product comprising program code means for 

causing a data processing system to perform the method of any one of the 

preceding claims, when said program code means are executed on the data 

processing system. 
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49. A computer program product according to the previous claim, comprising 

a computer-readable medium having stored there on the program code 

means. 

5 50. A system for visualizing, designing and modeling a set of teeth for a 

patient, wherein the system comprises: 

- means for providing one or more 20 digital images; 

- means for providing a 30 virtual model of at least part of the patient's oral 

cavity; 

1 O - means for arranging at least one of the one or more 20 digital images 

relative to the 30 virtual model in a 30 space such that the at least one 20 

digital image and the 30 virtual model are aligned when viewed from a 

viewpoint, whereby the 30 virtual model and the at least one 20 digital image 

are both visualized in the 30 space; and 

15 - means for modeling the 30 virtual model based on at least one of the one 

or more 20 digital images. 

20 
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20 image arrangement 

Abstract 

Disclosed is a computer-implemented method of visualizing, designing and 

modeling a set of teeth for a patient, wherein the method comprises the steps 

of: 

- providing one or more 20 digital images; 

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

- arranging at least one of the one or more 20 digital images relative to the 

30 virtual model in a 30 space such that the at least one 20 digital image 

and the 30 virtual model are aligned when viewed from a viewpoint, whereby 

the 30 virtual model and the at least one 20 digital image are both visualized 

15 in the 30 space; and 

20 

- modeling the 30 virtual model based on at least one of the one or more 20 

digital images. 

(fig. 3b) should be published) 
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1 

20 image arrangement 

Field of the invention 

This invention generally relates to a computer-implemented method of 

visualizing 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. 

1 O 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 crowns, bridges, 

15 abutments, or implants, the dentist will prepare 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 as titanium screws, into the 

jaw of the patient and mount crowns or bridges on the implants. After 

preparing the teeth or inserting an implant the dentist can make an 

20 impression of the upper jaw, the lower jaw and a bite registration or a single 

impression in a double-sided tray, also known as triple trays. The 

impressions are sent to the dental technicians who manufacture the 

restorations e.g. the bridge. The first step to manufacture the restoration is 

traditionally to cast the upper and lower dental models from impressions of 

25 the upper and the lower jaw, respectively. The models are usually made of 

gypsum and often aligned in a dental articulator using the bite registration to 

simulate the 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. 

30 
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CAD 1echnology for manufacturing den1al res1oration is rapidly expanding 

improving quali1y, reducing cos1 and facilitating the possibili1y to manufacture 

in attractive materials otherwise not available. The first step in the CAD 

manufacturing process is to create a 3-dimensional model of the patient's 

5 teeth. This is traditionally done by 3D scanning one or both of the dental 

gypsum models. The 3-dimensional replicas of the teeth are imported into a 

CAD program, where the entire dental restoration, such as a bridge 

substructure, is designed. The final restoration 3D design is then 

manufactured e.g. using a milling machine, 3D printer, rapid prototyping 

1 O manufacturing or o1her manufacturing equipmen1. Accuracy requirements for 

the dental restorations are very high otherwise the dental restoration will not 

be visual appealing, fit onto the teeth, could cause pain or cause infections. 

W010031404A relates to tools in a system for the design of customized 

15 three-dimensional models of dental restorations for subsequent 

manufacturing, where the dental restorations are such as implant abutments, 

copings, crowns, wax-ups, and bridge frameworks. Moreover, the inven1ion 

relates to a compu1er-readable medium for implementing such a system on a 

computer. 

20 

Visualizing and modeling tee1h for a patient based are also known from the 

field of orthodontics. 

US2006127836A discloses orthodontic systems and methods for determining 

25 movement of a tooth model from a first 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 first position; 

detecting the position of the common features on the tooth model at the 

second position; and determining a difference between the position of each 

30 common feature at the first and second positions. 
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Thus orthodontics relates to movement of teeth, so the desired position of a 

tooth or teeth is determined, and based on the present position of that tooth 

or teeth, the movement from the present position to the desired position is 

determined. Thus within orthodontics the desired or resulting position of a 

5 tooth or teeth is/are is known before planning the steps of the movement. 

It remains a problem to provide an improved method and system for 

providing esthetically beautiful and/or physiologically suitable results of 

modeling teeth, both within the field of restorations, implants, orthodontics 

1 o etc. 

Summarv 

Disclosed is a computer-implemented method of visualizing, designing and 

15 modeling a set of teeth for a patient, wherein the method comprises the steps 

of: 

- providing one or more 2D digital images; 

- providing a 3D virtual model of at least part of the patient's oral cavity; 

- arranging at least one of the one or more 2D digital images relative to the 

20 30 virtual model in a 30 space such that the at least one 20 digital image 

and the 30 virtual model are aligned when viewed from a viewpoint, whereby 

the 30 virtual model and the at least one 2D digital image are both visualized 

in the 30 space; and 

- modeling the 3D virtual model based on at least one of the one or more 2D 

25 digital images. 

Consequently, it is an advantage that the 30 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 suitable, where the expression suitable 

30 may comprise physiologically suitable or esthetically suitable or appealing. 

Thus the 2D image is used to perform a correct modeling of the 3D model, 
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since 1he 20 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 20 image. Thus the modeling of the 30 virtual model is decided and 

performed based on the one or more 20 image, i.e. such as that the 

5 modeling of the 30 virtual model is based on the visualization of the 20 

image. 

The patien1'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 

1 O toothless, and maybe part of the gums. If the patient is toothless, then the 

oral cavity may comprise the gums of 1he patient. 

It is an advantage that the 20 digital image and the 30 virtual model are 

aligned when viewed from one viewpoint, since hereby the user or operator 

15 of the system performing the method, can view the 20 image and the 30 

model from a viewpoint where they are aligned, since this enables and 

facilitates that modeling of the 30 model is based on the 20 image. That the 

20 image and 30 model are aligned when seen from a viewpoint means that 

at least some structures of the 20 image and the 30 model are coinciding 

20 when seen from a viewpoint. Thus the 20 image and 30 model may not be 

aligned when seen from any viewpoint, thus there may be only one viewpoint 

from which the 20 image and the 30 model are aligned. 

Furthermore, it is an advantage that the 20 image and the 30 model are 

25 arranged and remain as separate data representations which are not merged 

or fused together into one represen1ation. By keeping the da1a 

representations as separate representations, time is saved and data 

processing time and capacity is reduced. Thus the 20 image is not 

superimposed or overlaid onto the 30 virtual model for creating one 

30 representation with all data included. Prior art documents describe that the 

data from e.g. a color image is added to the 30 model, such that the color 
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content from the image is transferred to the 30 model, whereby the result is 

one representation, i.e. the 30 model including color. Creating such models 

requires more time and exhaustive data processing. 

Thus, it is an advantage that the present method may be performed faster 

5 than prior art methods. 

10 

The method is for use when modeling teeth, but can of 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 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 

15 of the set of teeth etc. 

Thus the modeling may comprise modeling of restorations, orthodontic 

planning and/or treatment, modeling of implants, modeling of dentures etc. 

When the GAD modeling comprises for example restorations, the virtually 

modeled restorations, such as crowns and bridges, can be manufactured by 

20 means of CAM, and the manufactured restorations can then eventually be 

inserted onto the patient's teeth by a dentist. 

Arranging, placing, or positioning the 20 digital image on the 30 virtual model 

is performed digitally on a computer and shown on a user interface such as a 

25 screen, such that the user or operator obtains a visual representation of the 

20 image and the 30 model together in the same field of view, whereby the 

operator can perform the modeling based on the simultaneous view of the 20 

image and the 30 model instead of based on either one combined 

representation or separate views of the 20 image and/or the 30 model. 

30 
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For facilitating the arrangement of the 20 image and the 30 model relative to 

each other, edge detection may be performed, whereby the contour of the 

teeth on the 20 image and/or on the 30 model is automatically derived. Edge 

detection can be performed by means of a software algorithm. Edges are 

5 points where there is a boundary or edge between to 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 

gingival. 

10 

One or more 20 images may be provided in the method, and the 20 images 

may e.g. show the patient's face from different directions, show different 

parts of the patient's face, such as the lips and the eyes or nose for example 

for determining facial lines, show different examples of new teeth which the 

15 teeth of the 30 model can be modeled to look like, show the patient's teeth 

before preparing the teeth for restorations and after preparing the teeth, etc. 

When aligning the 20 image and the 30 model, the 20 image may be of the 

patient's unprepared teeth, since it may be easier to align the 20 image and 

20 the 30 model, when the teeth on the 20 image are unprepared. When 

modeling the teeth of the 30 model, the 20 image may then be of the 

patient's prepared teeth, since e.g. restorations 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. 

25 

In some embodiments the 30 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 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 

30 may be scanned for creating a 30 model of the oral cavity. 
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In 30 scanning the object is analyzed to collect data on its shape. The 

collected data can then be used to construct digital, three dimensional 

models. In 30 scanning usually a point cloud of geometric samples on the 

surface of the subject is created. These points can then be used to 

5 extrapolate the shape of the subject. 

In some embodiments the one or more 20 digital image comprises a patient­

specific image of at least part of the patient's face. 

An advantage of this embodiment is that the modeling can be based on an 

1 O image of the patient, such that the modeling is performed with respect to the 

look or appearance of the patient, or with respect to some, a few or a single, 

specific visual features of the patient, such as the lips. 

In some embodiments the one or more 20 digital image comprises a generic 

15 image of at least part of a human face. 

20 

An advantage of this embodiment is that the modeling can be based on a 

generic image, whereby it is not patient-specific features which determine the 

modeling, but instead it is a general image, e.g. of some visually pleasing 

teeth from another person, or a drawing of some ideal teeth. 

In some embodiments the one or more 20 digital image is retrieved from a 

library comprising a number of images of teeth. 

An advantage of this embodiment is that the 20 image, such as a generic 

image, can be selected from a library which contains for example several 

25 images of teeth, so that the patient e.g. can choose his/her desired new set 

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 to the surroundings. 

30 The images of teeth in the library may be photos of teeth, may be drawings of 

teeth, etc. 
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In some embodiments the one or more 20 digital image is a template for 

supporting designing and/or modeling the patient's teeth. 

An advantage of this embodiment is that when the 20 image is a template, 

5 then the operator can arrange and model teeth using this template for 

obtaining a visually pleasing result of the modeling. 

In some embodiments the template comprises the midline of a face. 

1 O In some embodiments the template comprises a horizontal line passing along 

the anterior teeth. 

In some embodiments the template comprises the occlusal plane of a face. 

15 An advantage of the embodiments where the template comprises some 

feature, such as the midline of the face, a horizontal line, an occlusal plane 

etc, is that these features may assist in arranging the 20 image and the 30 

model relative to each other and in modeling of the 30 model. 

20 In some embodiments the template comprises boxes adapted to fit the 

centrals, the laterals and the cuspids. 

An advantage of this embodiment is that it enables the operator to easily 

model the different anterior teeth to be visually pleasing. For example the 

laterals can with advantage be 2/3 of the width of the centrals, and the 

25 cuspids or canines can with advantage be slightly narrower than the centrals. 

In some embodiments the template comprises one or more long axes of 

anterior teeth. 

An advantage of this embodiment is that the long axes can be used for 

30 indicating the long axis alignment of teeth and/or the vertical direction of teeth 

for support in modeling. 
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In some embodiments 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 

5 axes of at least the upper anterior teeth converge toward the incisal. 

In some embodiments the template comprises a contour of teeth. 

In some embodiments the contour comprises a shape of one or more teeth 

1 O seen from the front. 

15 

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 teeth of the 30 model. 

In some embodiments the template comprises a curve. 

An advantage of this embodiment is that by means of a curve, 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 

20 measure x mm from a certain point on the curve, and at this distance 

something specific may be arranged, such as a distal point on a lateral. 

Furthermore the curve may a symmetry curve for ensuring that the modeled 

teeth will be symmetric. 

25 In some embodiments the curve comprises an arch following the upper 

and/or lower anterior teeth seen from the front or from above. 

30 

In some embodiments the curve comprises a smile line adapted to follow the 

lower lip in a natural smile and the incisal edges of the upper teeth. 
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In some embodiments the template comprises one or more curves for 

indicating the position of the gingival tissue. 

An advantage of these embodiments relating to curves of the teeth and/or of 

5 the mouth and lips is that using some kind of curve{s) may be a simple and 

easy way to model the teeth of the 30 model. 

10 

In some embodiments the one or more 20 digital image shows at least a 

number of front teeth. 

In some embodiments the one or more 20 digital image is a photograph 

showing at least the patient's lips and teeth seen from the front. 

An advantage of this embodiment is that when the 20 image shows the 

patient's lips and existing teeth, then the modeling of the teeth can be 

15 performed such that they suits the patient's lips and unchanged teeth 

providing a visually pleasing result of the modeling. 

In some embodiments the method further comprises virtually cutting at least 

a part of the teeth out of the one or more 20 digital image, if the 20 image 

20 comprises teeth, such that at least the lips remains to be visible in the 20 

digital image. 

An advantage of this embodiment is that when the lips and no or only some 

teeth are visible in the 20 image then it is easy to visualize the modeled teeth 

with the patient's lips and determined whether it is a good result of modeling. 

25 The cutting of teeth out of the 20 image may be performed virtually or 

digitally such that the information in the 20 image relating to the teeth is 

removed, deleted, made invisible etc .. 

In some embodiments the 30 virtual model is visible behind the lips. 
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An advantage of this embodiment is that when the 30 model can be seen 

behind the lips, then the modeling of the teeth can be performed while 

viewing the lips for determining if the modeling is satisfactory. 

5 In some embodiments the one or more 20 digital image shows the face of 

the patient such that facial lines, such as the midline and the bi-pupillar line, 

are detectable. 

An advantage of this embodiment is that facial lines determines the geometry 

of the patient's face, and for obtaining a visually pleasing result of modeling, 

1 O the teeth should fit with this overall geometry. 

In some embodiments 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 

15 image of the patient's teeth, the entire teeth with roots under the gingival 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 be planned to be 

arranged to exert force on non-broken or strong teeth and teeth roots instead 

of on the broken and weak teeth and roots. 

20 

25 

In some embodiments the method further comprises providing a 30 

computed tomography scan of the patient's face for facilitating aligning the 

one or more 20 image and the 30 model and/or for modeling the 30 virtual 

model. 

In some embodiments the one or more 20 digital image is a still image from 

a video recording. 

In some embodiments the one or more 20 digital image is derived from a 30 

30 face scan. 
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In some embodiments the method further comprises providing a 30 face 

scan of the patient for facilitating aligning the one or more 20 image and the 

30 model and/or for modeling the 30 virtual model. 

5 In some embodiments a face scan of the patient provides a measure of the 

distance that the upper and/or lower lip moves 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 of the front teeth 

1 O is important for the visual appearance of the teeth. 

15 

In some embodiments the method further comprises providing 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 20 digital image. 

In some embodiments the one or more 20 digital image is 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 

20 changes from being entirely visible to be partly visible and then maybe 

invisible and vice versa. Hereby the 20 image can be viewed as the user 

wishes. 

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

25 teeth. 

In some embodiments the method further comprises scaling the one or more 

20 digital image and the 30 virtual model to show at least part of the teeth in 

the same size. 

30 An advantage of this embodiment is that the 20 image and the 30 model 

should be shown in the same scale in order for optimally performing the 
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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, the scaling may be of both the 20 image and the 30 model to 

resize them to a predetermined scale. 

In some embodiments the method further comprises aligning 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 are aligned then modeling may be performed easier and with a better 

1 o result. Alignment may be defined as the adjustment of an object in relation 

with another object, such that structures of the objects are coinciding. Thus 

common or alike structures of the 20 image and the 30 model are aligned. 

In some embodiments the silhouette of the biting edge of at least the upper 

15 anterior teeth on the one or more 20 image and on the 30 virtual model is 

used to perform the alignment of the 20 image and the 30 virtual model. 

An 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 

20 alignment. 

In some embodiments the method further comprises projecting 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 

25 image to the 30 model or to a plane of the 30 model, the 30 model and the 

20 image can be viewed in the same plane which may be an advantage 

when modeling the teeth. The viewing of the 30 model and the 20 image in 

the same plane may otherwise be complex. 
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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. 

An advantage of this embodiment is that modeling may be facilitated when 

5 the 20 image and the 30 model can be seen in the same perspective view. 

In some embodiments the method further comprises de-warping the 

perspective view of the one or more 20 image for visually aligning the 20 

image and the 30 virtual model. 

1 O 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 the perspective view of the 20 image can be mapped to 

points on 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 

15 20 image and the 30 model are aligned again. 

20 

In some embodiments scaling, aligning, projecting to a plane, de-warping 

perspective and changing perspective are defined as virtual actions for 

arrangement. 

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

comprises rotations and translations left/right and back/forth of the one or 

more 20 digital image and/or of the 30 virtual model. 

An advantage of this embodiment is that by providing rotations, translations 

25 etc. then different movements of the 20 image and/or of the 30 model may 

be performed for facilitating the scaling, aligning, perspective changing and 

ultimately for facilitating the modeling of the teeth. 

In some embodiments the method further comprises the steps of: 
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- detecting anatomical points on the teeth, where the anatomical points are 

present and detectable both on the one or more 2D digital image and the 3D 

virtual model, and 

- performing the virtual actions for arrangement based on these 

5 corresponding anatomical points. 

10 

An advantage of this embodiment is that using common or mutual anatomical 

points on the 2D image and the 3D model may be an easy way to perform 

alignment of the 2D image and the 3D model, where after modeling of the 

teeth can be performed. 

In some embodiments at least one corresponding anatomical point is 

selected to perform the virtual actions for arrangement. 

An advantage of this embodiment is that one common or mutual point on the 

2D image and the 30 model may be sufficient for arranging the 20 image 

15 and the 30 model relative to each other. However in other cases the 2D 

image and the 30 model should be aligned using more points, such as two, 

three or four points. In general three points may be suitable. Four points can 

be used for performing an even better arrangement or for use in more difficult 

cases. 

20 

In some embodiments the method further comprises the steps of: 

- providing a virtual measurement bar, and 

- performing the virtual actions for arrangement of the one or more 20 digital 

image and/or of the 30 virtual model by means of adjustment to the virtual 

25 measurement bar. 

30 

An advantage of this embodiment is that it may be easy and fast to use a 

virtual measurement bar to perform the virtual actions for arrangement such 

as scaling, where the sizes of the 20 image and the 30 model are adjusted 

to correspond to each other. 
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In some embodiments the method further comprises that a user performs the 

virtual actions for arrangement of the one or more 20 digital image and/or of 

the 30 virtual model by means of eye measure. 

An advantage of this embodiment is that just by using simple eye measure, 

5 the operator can very quickly and reliably perform the arrangement of the 20 

image and the 30 model relative to each other or perform a rough starting 

point for a more detailed adjustment. 

In some embodiments the anatomical points are upper and/or lower distal 

1 O and/or mesial points on a number of specific anterior teeth. 

An advantage of this embodiment is that anatomical point on the upper 

and/or lower distal and/or mesial parts of the anterior teeth are normally easy 

to detect both on the 20 image and on the 30 model. 

15 In some embodiments the modeling of the 30 model is performed 

automatically based on the one or more 20 digital image. 

An advantage of this embodiment is that the user does not need to perform 

any manual modeling of the 30 model on the screen, when the modeling can 

be performed fully automatic. However, typically if an automatic modeling 

20 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 automatically selecting 

one or more 20 digital image which provides an optimal fit to the 30 virtual 

25 model. 

An advantage of this embodiment is that a 20 image with an optimal, good or 

the best fit to the 30 model can automatically be selected, and hereby a good 

result of modeling can be obtained, and furthermore the time used for 

performing the modeling can be reduced, since no person needs to spend 

30 time on looking through a larger number of 20 images. The 20 image may 

be selected from a library of 20 digital images, or from any source 
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comprising a number of images of teeth and smiles. The library may 

comprises templates, photos, drawings etc. 

In some embodiments the optimal fit is determined based on specific 

5 parameters for providing an esthetically, visually pleasing appearance. 

An advantage of this embodiment is that the optimal, best or just a good fit 

can be determined based on different parameters, such as the present size 

of the patient's teeth, 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 

1 O 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 who has full lips etc. So based on the present 

structures, 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 

15 library of photos, drawings etc. 

In some embodiments the alignment of the at least one 20 image and the 30 

model is performed automatically. 

20 In some embodiments the method further comprises providing 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 images is visual through the 30 virtual model. 

In some embodiments the method comprises fading the 30 model smoothly 

25 in and out of the view. 

In some embodiments the 30 model and two or more of the 20 images are 

aligned relative to each other, when there are more than one 20 image. 

30 In some embodiments the 30 model and each of the 20 images are aligned 

relative to each other. 
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It is an advantage that the 30 model is aligned specifically to each of the 20 

images, such that if shifting between the different 20 images, the correct 

alignment of the 30 model relative to the selected 20 image may 

automatically be presented on the user interface. 

In some embodiments the different alignments of the 30 model relative to the 

two or more 20 images are stored in a data storage. 

In some embodiments the alignment of the 30 model and a specific 20 

1 O image is retrieved from the data storage, when the specific 20 image is 

selected for view. 

15 

In some embodiments two or more of the 20 images are 20 images of at 

least part of the patient's face seen from different directions. 

In some embodiments the method further comprises sectioning at least two 

or more of the teeth in the 30 model and/or in the one or more 20 images. 

In some embodiments the method further comprises modeling a restoration, 

20 such as a virtual crown, a virtual preparation, and/or an area of virtual 

gingival on the 30 model. 

In some embodiments the 20 image and the 30 model are adapted to be 

arranged and/or viewed from one or more perspective views. 

25 The 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. a centerline or a region e.g. a 

center region in the 30 model and/or in the 20 image may determine the 

point of reference for the perspective views. 

30 
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In some embodiments the method comprises determining an angle of one or 

more of the perspective views. 

The angle may be the angle relative to a center point of the 20 image and/or 

the 30 model. The angle may be an angle relative to a horizontal plane, 

5 and/or a vertical plane etc which virtually intersects the teeth in the 20 image 

and/or in the 30 model. 

10 

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 20 image is from a 

video stream of 20 images. 

In some embodiments the 20 images from the video stream are from 

15 different perspective views. 

In some embodiments the 30 model is configured to be aligned relative to 

one or more 20 images in the video stream. 

20 In some embodiments the alignment of the 30 model and one or more 20 

images for one or more perspective view is performed by means of 

interpolation and/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 

25 or arranged on a virtual trajectory or curve and/or on a virtual view point 

sphere. Thus if two perspective views are already determined, a third 

perspective view located between the two perspective views can be 

determined by extrapolation or interpolation and the 30 model and the 20 

image can be aligned relative to this or based on this. The perspective views 

30 or angles may be provided by a shift in angles, view directions etc, and the 

shifts may be smooth and continuous or in discrete steps. 
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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. 

5 In some embodiments the 20 image and the 30 virtual 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 increase or decrease in the size of the 20 image 

1 O and the 30 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 the 20 image and the 30 model. 

In some embodiments the zooming in/out is configured to be performed from 

1 5 one or more perspective views. 

In some embodiments the zooming in/out is configured to be performed from 

one or more predefined angles. 

20 In some embodiments the predefined angles determine the perspective 

views. 

25 

In some embodiments the method comprises providing the predefined angles 

in discrete steps. 

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 together 

30 in their correct alignment. 
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It is an advantage that if for example the 20 image is seen from a side 

perspective, then the 20 image is automatically snapped to the correct angle 

relative to the 30 model. 

5 In some embodiments the snapping together of the 20 image and the 30 

model is performed automatically. 

10 

In some embodiments each of the one or more 20 images is configured to be 

snapped together with the 30 model in their correct alignment. 

In some embodiments the 20 image and the 30 model are aligned based on 

one or more unprepared teeth, if unprepared teeth are present in the 30 

model. 

15 In some embodiments the 20 image and the 30 model are aligned based on 

the teeth in the upper jaw. 

It is an advantage to align based on the upper teeth because these are 

typically the most visible teeth on a 20 image, in particular the front teeth in 

the upper jaw are normally most visible and the alignment may therefore be 

20 improved if these teeth are used for the alignment. 

Alternatively and/or additionally the teeth in the lower jaw of the 30 model 

can also be moved e.g. downwards to obtain a suitable alignment. 

In some embodiments the angle which the 30 model and the 20 image are 

25 seen from as default is determined by the perspective view of the 20 image. 

The angel can also be denoted view, view point, perspective view etc. 

In some embodiments the angle of the 30 model and the 20 image is 

configured to adapt relative to the perspective view of the 20 image. 

30 The angel can also be denoted view, view point, perspective view etc. 
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In some embodiments the view of the 30 model is configured to adapt to the 

perspective view of a second 20 image, if this second 20 image is replacing 

a first 20 image. 

5 It is an advantage that the view may change automatically when a second 20 

image is selected for view, alignment etc. 

10 

In some embodiments the method further comprises generating a 30 image 

by combining at least three of the 20 images. 

In some embodiments the method further comprises rendering the 30 model. 

It is an advantage to perform rendering of the teeth in the 30 model, such as 

photo-realistic rendering, since hereby the 30 model is made to look more 

realistic and nicer. The 30 model may be for example yellow or gray by 

15 default, so by rendering the teeth in the 30 model to be for example more 

white, the 30 model teeth looks better and realistic. 

The rendering can be performed by means of well-known methods performed 

using well-known computer programs. 

20 In some embodiments the method further comprises providing textural 

features on the 30 model. 

It is an advantage to provide textural features on the 30 model for making the 

teeth of the 30 model look more realistic and real. The textural features of 

the teeth may be obtained from a 20 image of the patient's existing teeth, the 

25 textural features may be from a standard template, may be generated 

specifically to the specific 30 model based on size, shape etc of the teeth. 

Furthermore, other parameters such as shadow, geometry, viewpoint, 

ligh1ing, and shading information can be provided to the 30 model for making 

the teeth of the 30 model look more realistic and possibly look more esthetic. 

30 

In some embodiments the rendering is a photo-realistic rendering. 
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In general it is an advantage of the method and the embodiments that it/they 

enable(s) dental laboratories (labs) to superimpose a patient's actual face 

and smile images in the design process and utilize both directly to produce 

5 optimally esthetic and personalized restorations. Labs can show the dentist's 

patients exactly how a new restoration will transform their smiles and get 

feedback. The smile visualization is highly realizable because it may be 

solidly backed by the manufacturable 30 model and not just 20 image 

manipulations. 

10 

Personalized designs with patient specific 20-image overlays can be 

obtained by importing 20 images of the patient's lips, teeth and smile to 

design restorations that exactly suit the patient's personal look. Image 

manipulation tools may be applied to mask away the teeth, and alignment 

15 tools may be used to bring lips and new teeth design together as a perfect 

personalized design guide. 

High esthetics with generic 20-image overlays can be obtained by using 20-

image libraries that help in achieving high esthetics, even without pictures of 

20 the actual patient's smile. By means of the method it is possible to select 

from a variety of smile-guides and design-templates to recreate complete 

smile compositions to apply with the restoration design. 

Before-and-after visualization can be obtained for example by continuously 

25 interchanging between situation views through gradual fading in-and-out, 

whereby technicians, dentists and patients are easily able to detect even the 

smallest alterations and smile details for optimal comparisons. 

The present invention relates to different aspects including the method 

30 described above and in the following, and corresponding methods, devices, 

systems, uses and/or product means, each yielding one or more of the 
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benefits and advantages described in connection with the first mentioned 

aspect, and each having one or more embodiments corresponding to the 

embodiments described in connection with the first mentioned aspect and/or 

disclosed in the appended claims. 

In particular, disclosed herein is a system for visualizing, designing and 

modeling a set of teeth for a patient, wherein the system comprises: 

- means for providing one or more 20 digital images; 

- means for providing a 30 virtual model of at least part of the patient's oral 

10 cavity; 

- means for arranging at least one of the one or more 20 digital images 

relative to the 30 virtual model in a 30 space such that the at least one 20 

digital image and the 30 virtual model are aligned when viewed from a 

viewpoint, whereby the 30 virtual model and the at least one 20 digital image 

15 are both visualized in the 30 space; and 

- means for modeling the 30 virtual model based on at least one of the one 

or more 20 digital images. 

Furthermore the present invention relates to a computer program product 

20 comprising program code means for causing a data processing system to 

perform the above method, when said program code means are executed on 

the data processing system, and a computer program product according to 

the previous claim, comprising a computer-readable medium having stored 

there on the program code means. 

25 

Brief description of the drawings 

The above and/or additional objects, features and advantages of the present 

30 invention, will be further elucidated by the following illustrative and non-
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limiting detailed description of embodiments of the present invention, with 

reference to the appended drawings, wherein: 

Fig. 1 shows an example of a flowchart of a computer-implemented method 

5 of visualizing and modeling a set of teeth for a patient. 

Fig. 2 shows examples of visualizing a 20 image and a 30 model together. 

Fig. 3 shows an example of visualizing and arranging a 20 image and a 30 

10 model. 

Fig. 4 shows examples of arranging the 30 model and the 20 image relative 

to each other. 

15 Fig. 5 shows examples of 20 images as templates. 

Fig. 6 shows examples of how to perform virtual actions for arrangement of 

the 20 image and the 30 model. 

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

model. 

25 

30 

Fig. 8 shows an example of how a 30 model can be arranged in a 20 image, 

or how a 20 image can be laid over a 30 model. 

Fig. 9 shows an example of a before-and-after visualization. 

Fig. 1 O shows an example of rendering of a 30 model of teeth arranged 

relative to a 20 image. 
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Detailed description 

In the following description, reference is made to the accompanying figures, 

which show by way of illustration how the invention may be practiced. 

Fig. 1 shows an example of a flowchart of a computer-implemented method 

of visualizing and modeling a set of teeth for a patient. 

In step 101 a 2D digital image is provided. The 2D image may be photograph 

of at least part of the patients face, a template of teeth, a drawing of teeth, a 

1 O photo or image of an esthetic set of teeth etc. The 2D digital image may be 

shown on a user interface, such as a computer screen. 

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 scanning a physical model of the 

15 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 cavity. The 3D virtual model may be shown 

on a user interface, such as a computer screen. 

20 In step 103 the 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 positioning is a digital, virtual arrangement, 

performed by means of software, such that the 2D image and the 3D model 

can be viewed together. 

25 In step 104 the 3D virtual model of the patient's set of teeth is digitally or 

virtually modeled based on the visualization of the arrangement of the 2D 

image. Thus the 3D model of the patient's existing teeth is modeled using 

CAD, and the modeling may comprise restorations, orthodontic planning 

and/or treatment, prosthetics, removable dentures etc. When the CAD 

30 modeling comprises restorations, the virtually modeled restorations, such as 

crowns and bridges, can be manufactured by means of CAM, and the 
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manufactured restorations can then be inserted onto the patient's teeth by a 

dentist. 

Fig. 2 shows examples of visualizing a 20 image and a 30 model together. 

5 Fig. 2a) shows a screen shot on which both a 20 image 201 and a 30 model 

202 are seen simultaneously. The 20 image 201 is a photograph of a part a 

person's face showing the mouth with lips 203 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 if the patient's teeth 

1 O have been broken and the patient then wishes to have his teeth restored to 

look like they did before the damage. Using a photograph of another person 

may be an option if the patient wishes to have his teeth restored, exchanged 

by a new teeth set or treated by orthodontics in order for them to look 

different than they do at present. 

15 The 30 model 202 of the patient's teeth comprises gingival 208 and teeth 

207. 

Fig. 2b) shows an example where the 20 image 201 is an X-ray image of the 

patient's teeth. The X-ray image shows the teeth 204 of the patient. Since the 

X-ray image shows the teeth approximately on lines, i.e. not on curves as in 

20 real-life, the plane of the X-ray image may be bended to be arranged relative 

to the 30 model 202 with teeth 207. 

Fig. 3 shows an example of visualizing and arranging a 20 image and a 30 

model. 

25 Fig. 3a) shows a screen shot on which both a 20 image 301 and a 30 model 

302 of teeth are seen simultaneously. The 20 image 301 is a photograph or 

drawing of a pair of lips 303 and an outline of teeth 304 behind the lips. A 

vertical line 305 and a horizontal line 306 are drawn through the 20 image 

301, and they may be used as guiding lines for modeling. 

30 Fig. 3b) shows a screen shot on with the 20 image 301 is arranged and 

aligned relative to the 30 model 302. The teeth 307 of the 30 model 302 can 
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be seen through and between the lips 303 and the outline of teeth 304 of the 

20 image 301 . When arranging and aligning the 20 image relative to the 30 

model, modeling of the 30 model is facilitated. The vertical line 305 and the 

horizontal line 306 are also seen in fig. 3b). 

5 Fig. 3c) shows a sketch of a 20 image 301 and a 30 model 302 seen in a 

perspective side view illustrating alignment from a viewpoint. 

The 20 image 301 and the 30 model are in this figure attempted to be drawn 

in a perspective side view to show that if the 20 image and the 30 model are 

viewed from this viewpoint then they are not aligned. In the other figures, e.g. 

1 O 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 that the 20 image and the 30 model are 

separate representations and not one representation containing data from 

two representations. The distance can be any distance, such as shorter or 

15 longer than illustrated in the proportion here. 

The 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). 

The 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 20 image and the 30 model are not aligned when viewed from the Y 

viewpoint. 

25 

The end of an arrow, circle with cross, denoted Z illustrates a side view, and 

as explained above with respect to the perspective side view, the 20 image 

and the 30 model are not aligned when viewed from this viewpoint. 

Fig. 4 shows examples of arranging the 30 model and the 20 image relative 

to each other. 

Fig. 4a), b) and c) show examples of different arrangements of the 30 model 

30 402 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 fig. 4a), b) and 
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c). When the arrangement of the 30 model 402 has become suitable relative 

to the 20 image 401, the actual modeling of the teeth 407 of the 30 model 

402 may be performed. 

5 Fig. 5 shows examples of 20 images as templates. 

Fig. Sa) shows an example of a 20 digital image 501, which is a reference 

frame for arranging and/or modelling the patient's teeth. The reference frame 

comprises a template 509 for the upper anterior or front teeth. The template 

509 comprises the midline of a face 505 and a horizontal line 506 passing 

1 O along the incisal edge of the anterior teeth. 

15 

20 

The template 509 comprises boxes adapted to fit the centrals 510, the 

laterals 511 and the cuspids 512, also known as canines. The laterals 511 

may ideally be 2/3 of the width of the centrals 51 O, and the cuspids 512 may 

ideally be slightly narrower than the centrals 510. 

Fig. 5b} shows an example where the 20 image 501 is a template 509 

comprising the long axes 513 of the centrals 510, the laterals 511, and the 

cuspids 512. The long axes 513 converge toward the incisal edge indicated 

by the horizontal line 506. 

Fig. Sc) shows an example where the 20 image 501 is a template 509 

showing a contour 514 of anterior or front teeth seen from the front. 

Fig. 5d) shows an example where the 20 image 501 comprises a template 

25 509 comprising a curve 515 of a smile line adapted to follow the lower lip in a 

natural smile and the incisal edges of the upper anterior teeth 510, 511, 512, 

as seen from the front. 

Fig. Se} shows an example where the 20 image 501 comprises a template 

30 comprising three curves 516 for indicating the position of the gingival tissue. 
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Fig. Sf) shows an example where the 20 image 501 comprises or is a 

template 509 comprising a curve in the form of an arch 517 which follows the 

upper teeth as seen from above. 

5 Fig. 5g) shows an example where the 20 image 501 comprises or is a 

template 509 comprising a curve 518 which follows the upper anterior teeth 

as seen from above. 

Fig. 6 shows examples of how to perform virtual actions for arrangement of 

1 O the 20 image and the 30 model relative to each other. 

Virtual actions for arrangement can comprise the following: 

- scaling the 20 digital image and the 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; 

15 - 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 perspective view for both of them when 

visualizing the positioning; 

- de-warping the perspective view of the 30 virtual model for visually aligning 

20 the 20 image and the 30 virtual model. 

The virtual actions for arrangement can be performed by means of rotations 

and translations to the left and right and back and forth of the 20 digital 

image and/or of the 30 virtual model. 

In one example (not shown) the silhouette of the biting edge of at least the 

25 upper anterior teeth on the 20 image and on the 30 virtual model is used to 

perform the aligning of the 20 image and the 30 virtual model. 

Fig. 6a) shows an example where a virtual action for arrangement such as 

alignment is performed using detected corresponding anatomical points 619 

30 on the teeth on the 20 digital image 601 and on teeth on the 30 virtual model 

602. The anatomical points 619 shown in fig. 6a) are at the upper anterior 
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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 the right 

5 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 the 30 model 602 can be arranged relative to each other and 

1 O aligned to each other by providing that the corresponding anatomical points 

619 on the 20 image 61 O and on the 30 model 602 cover, overlap, match or 

fit together. When corresponding anatomical points 619 are selected on the 

screen, the software may automatically arrange the 20 image 601 and the 

30 model 602 such that the points 619 are overlapping. 

15 

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 

20 corresponding to the length across the upper two centrals 61 O and the two 

laterals 611. However, on the 30 model, the measurement 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 the 30 model 602, the 30 model should be scaled up or 

25 enlarged to fit the size of the 20 image. 

30 

Alternatively and/or additionally, the user can perform virtual actions of 

arrangement of the 20 digital image and/or of the 30 virtual model by means 

of eye measure. 
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Fig. 7 shows an example of visualizing and arranging a 20 image and a 30 

model. 

Fig. 7 shows a screen shot from a user interface in which both a 20 image 

701 and a 30 model 702 of teeth are seen simultaneously. The 20 image 

5 701 is a photograph of a part of a patients face comprising the patient's lips 

703 and the patient's existing upper teeth 704 behind the lips. In the place of 

the lower teeth the 30 model comprising the lower teeth 707 is arranged. 

The 30 model 702 is arranged and aligned relative to the 20 image 701. 

1 O Fig. 8 shows an example of how a 30 model can be arranged in a 20 image, 

or how a 20 image can be laid over a 30 model. 

Fig. 8 shows a screen shot from a user interface in which a 20 image 801 is 

seen. The 20 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 

15 behind the lips. 

If a 30 model of teeth should be arranged in the place of the lower teeth, the 

area of the lower teeth in the 30 image can be marked and hidden or deleted 

by means of a non-transparent area 830. The marked area 830 can be 

marked by drawing a line 831 along the edge of the upper teeth and the 

20 lower lips. The marking of the line 831 can be performed 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. 

The same may apply if more or less, e.g. all the teeth in the 20 image should 

25 be replaced with the teeth of a 30 model. 

Fig. 9 shows an example of a before-and-after visualization. 

A before-and-after visualization can be obtained by continuously 

interchanging between situation views through gradual fading in-and-out, 

30 whereby technicians, dentists and patients are easily able to detect even the 

smallest alterations and smile details for optimal comparisons. 
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Fig. 9 shows an example in which both a part of a 20 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 the patient's lips 903 and 

the patient's existing teeth 904 behind the lips. In the place of the lower and 

5 upper teeth in the left side of the patient's mouth (right side for the patient) 

the 30 model comprising teeth 907 is seen. 

The 30 model 902 is arranged and aligned relative to the 20 image 901. 

The existing teeth 904 in the 20 image 901 correspond to the situation before 

restoring one or more of the teeth. The 30 model 902 with teeth 907 

1 O corresponds to a possible situation after restoration. Since the view can be 

interchanged between before and after visualization, e.g. by gradual fading 

in-and-out, the suggested changes can very clearly be seen and evaluated. 

Fig. 1 O shows an example of rendering of a 30 model of teeth arranged 

15 relative to a 20 image. 

Fig. 1 O shows an example in which both a 20 image 1001 and a 30 model 

1002 of teeth are seen simultaneously. The 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 the 20 image, a 30 model comprising modeled and rendered 

20 teeth 1007 is arranged. The teeth 1007 in the 30 model have been rendered, 

such as a photo-realistic rendering. 

Although some embodiments have been described and shown in detail, the 

25 invention is not restricted to them, but 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. 

30 
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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 

5 measures cannot be used to advantage. 

It should be emphasized that the term "comprises/comprising" when used in 

this specification is taken to specify the presence of stated features, integers, 

steps or components but does not preclude the presence or addition of one 

1 O 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. 

15 The features of the method described above and in the following may be 

implemented in software and carried out on a data processing system or 

other 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 

20 via a computer network. Alternatively, the described features may be 

implemented by hardwired circuitry instead of software or in combination with 

software. 

25 
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Claims: 

1. A computer-implemented method of visualizing, designing and modeling a 

set of teeth for a patient, wherein the method comprises the steps of: 

5 - providing one or more 20 digital images; 

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

- arranging at least one of the one or more 20 digital images relative to the 

30 virtual model in a 30 space such that the at least one 20 digital image 

and the 30 virtual model are aligned when viewed from a viewpoint, whereby 

1 O the 30 virtual model and the at least one 20 digital image are both visualized 

in the 30 space; and 

- modeling the 30 virtual model based on at least one of the one or more 20 

digital images. 

15 2. The computer-implemented method according to any of the preceding 

claims, wherein the alignment of the at least one 20 image and the 30 model 

is performed automatically. 

3. The computer-implemented method according to any of the preceding 

20 claims, wherein the 30 model and each of the 20 images are aligned relative 

to each other. 

4. The computer-implemented method according to any of the preceding 

claims, wherein two or more of the 20 images are 20 images of at least part 

25 of the patient's face seen from different directions. 

30 

5. The computer-implemented method according to any of the preceding 

claims, wherein the 20 image and the 30 model are adapted to be arranged 

and/or viewed from one or more perspective views. 
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6. The computer-implemented method according to any of the preceding 

claims, wherein the alignment of the 30 model and one or more 20 images 

for one or more perspective views is performed by means of interpolation 

and/or extrapolation of other perspective views. 

7. The computer-implemented method according to any of the preceding 

claims, wherein the method comprises zooming at least one of the one or 

more 20 images and the 30 model in/out of view. 

1 O 8. The computer-implemented method according to any of the preceding 

claims, wherein the 20 image and the 30 virtual model are adapted to be 

zoomed in/out simultaneously. 

9. The computer-implemented method according to any of the preceding 

15 claims, wherein the 20 image and the 30 model are snapped together in 

their correct alignment. 

20 

25 

10. The computer-implemented method according to any of the preceding 

claims, wherein the method further comprises rendering the 30 model. 
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20 image arrangement 

Abstract 

Disclosed is a computer-implemented method of visualizing, designing and 

modeling a set of teeth for a patient, wherein the method comprises the steps 

of: 

- providing one or more 20 digital images; 

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

- arranging at least one of the one or more 20 digital images relative to the 

30 virtual model in a 30 space such that the at least one 20 digital image 

and the 30 virtual model are aligned when viewed from a viewpoint, whereby 

the 30 virtual model and the at least one 20 digital image are both visualized 

15 in the 30 space; and 

20 

- modeling the 30 virtual model based on at least one of the one or more 20 

digital images. 

(fig. 3b) should be published) 
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20 image arrangement 

Field of the invention 

This invention generally relates to a computer-implemented method of 

visualizing 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. 

1 o 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 crowns, bridges, 

15 abutments, or implants, the dentist will prepare 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 as titanium screws, into the 

jaw of the patient and mount crowns or bridges on the implants. After 

preparing the teeth or inserting an implant the dentist can make an 

20 impression of the upper jaw, the lower jaw and a bite registration or a single 

impression in a double-sided tray, also known as triple trays. The 

impressions are sent to the dental technicians who manufacture the 

restorations e.g. the bridge. The first step to manufacture the restoration is 

traditionally to cast the upper and lower dental models from impressions of 

25 the upper and the lower jaw, respectively. The models are usually made of 

gypsum and often aligned in a dental articulator using the bite registration to 

simulate the 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. 

30 
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CAD technology for manufacturing dental restoration is rapidly expanding 

improving quality, reducing cost and facilitating the possibility to manufacture 

in attractive materials otherwise not available. The first step in the CAD 

manufacturing process is to create a 3-dimensional model of the patient's 

5 teeth. This is traditionally done by 3D scanning one or both of the dental 

gypsum models. The 3-dimensional replicas of the teeth are imported into a 

CAD program, where the entire dental restoration, such as a bridge 

substructure, is designed. The final restoration 3D design is then 

manufactured e.g. using a milling machine, 3D printer, rapid prototyping 

1 O manufacturing or other manufacturing equipment. Accuracy requirements for 

the dental restorations are very high otherwise the dental restoration will not 

be visual appealing, fit onto the teeth, could cause pain or cause infections. 

W010031404A relates to tools in a system for the design of customized 

15 three-dimensional models of dental restorations for subsequent 

manufacturing, where the dental restorations 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 system on a 

computer. 

20 

Visualizing and modeling teeth for a patient based are also known from the 

field of orthodontics. 

US2006127836A discloses orthodontic systems and methods for determining 

25 movement of a tooth model from a first 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 first position; 

detecting the position of the common features on the tooth model at the 

second position; and determining a difference between the position of each 

30 common feature at the first and second positions. 



0357

3 

Thus orthodontics relates to movement of teeth, so the desired position of a 

tooth or teeth is determined, and based on the present position of that tooth 

or teeth, the movement from the present position to the desired position is 

determined. Thus within orthodontics the desired or resulting position of a 

5 tooth or teeth is/are is known before planning the steps of the movement. 

It remains a problem to provide an improved method and system for 

providing esthetically beautiful and/or physiologically suitable results of 

modeling teeth, both within the field of restorations, implants, orthodontics 

1 o etc. 

Summary 

Disclosed is a computer-implemented method of visualizing, designing and 

15 modeling a set of teeth for a patient, wherein the method comprises the steps 

of: 

- providing one or more 20 digital images; 

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

- arranging at least one of the one or more 20 digital images relative to the 

20 30 virtual model in a 30 space such that the at least one 20 digital image 

and the 30 virtual model are aligned when viewed from a viewpoint, whereby 

the 30 virtual model and the at least one 20 digital image are both visualized 

in the 30 space; and 

- modeling the 30 virtual model based on at least one of the one or more 20 

25 digital images. 

Consequently, it is an advantage that the 30 CAD modeling of the 30 virtual 

model is based on a 20 digital image, since the 20 image determines or 

indicates what kind of modeling is suitable, where the expression suitable 

30 may comprise physiologically suitable or esthetically suitable or appealing. 

Thus the 20 image is used to perform a correct modeling of the 30 model, 
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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 2D image. Thus 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 

5 modeling of the 3D virtual model is based on the visualization of the 2D 

image. 

The patient'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 

1 O toothless, and maybe part of the gums. If the patient is toothless, then the 

oral cavity may comprise the gums of the patient. 

It is an advantage that the 2D digital image and the 3D virtual model are 

aligned when viewed from one viewpoint, since hereby the user or operator 

15 of the system performing the method, can view the 2D image and the 3D 

model from a viewpoint where they are aligned, since this enables and 

facilitates that modeling of the 3D model is based on the 2D 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 are coinciding 

20 when seen 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 2D image and the 3D model are 

25 arranged and remain as separate data representations which are not merged 

or fused together into one representation. 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 or overlaid onto the 3D virtual model for creating one 

30 representation 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 
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content from the image is transferred to the 3D model, whereby the result is 

one representation, i.e. the 3D model including color. Creating such models 

requires more time and exhaustive data processing. 

Thus, it is an advantage that the present method may be performed faster 

5 than prior art methods. 

10 

The method is for use when modeling teeth, but can of 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 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 

15 of the set of teeth etc. 

Thus the modeling may comprise modeling of restorations, orthodontic 

planning and/or treatment, modeling of implants, modeling of dentures etc. 

When the CAD modeling comprises for example restorations, the virtually 

modeled restorations, such as crowns and bridges, can be manufactured by 

20 means of CAM, and the manufactured restorations can then eventually be 

inserted onto the patient's teeth by a dentist. 

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 

25 screen, such that the user or operator obtains a visual representation of the 

2D image and the 3D model together in the same field of view, whereby the 

operator can perform the modeling based on the simultaneous view of the 2D 

image and the 3D model instead of based on either one combined 

representation or separate views of the 2D image and/or the 3D model. 

30 
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For facilitating the arrangement of the 20 image and the 30 model relative to 

each other, edge detection may be performed, whereby the contour of the 

teeth on the 20 image and/or on the 30 model is automatically derived. Edge 

detection can be performed by means of a software algorithm. Edges are 

5 points where there is a boundary or edge between to 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 

gingival. 

10 

One or more 20 images may be provided in the method, and the 20 images 

may e.g. show the patient's face from different directions, show different 

parts of the patient's face, such as the lips and the eyes or nose for example 

for determining facial lines, show different examples of new teeth which the 

15 teeth of the 30 model can be modeled to look like, show the patient's teeth 

before preparing the teeth for restorations and after preparing the teeth, etc. 

When aligning the 20 image and the 30 model, the 20 image may be of the 

patient's unprepared teeth, since it may be easier to align the 20 image and 

20 the 30 model, when the teeth on the 20 image are unprepared. When 

modeling the teeth of the 30 model, the 20 image may then be of the 

patient's prepared teeth, since e.g. restorations 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. 

25 

In some embodiments the 30 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 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 

30 may be scanned for creating a 30 model of the oral cavity. 
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In 30 scanning the object is analyzed to collect data on its shape. The 

collected data can then be used to construct digital, three dimensional 

models. In 30 scanning usually a point cloud of geometric samples on the 

surface of the subject is created. These points can then be used to 

5 ex1rapolate the shape of the subject. 

In some embodiments the one or more 20 digital image comprises a patient­

specific image of at least part of the patient's face. 

An advantage of this embodiment is that the modeling can be based on an 

1 O image of the patient, such that the modeling is performed with respect to the 

look or appearance of the patient, or with respect to some, a few or a single, 

specific visual features of the patient, such as the lips. 

In some embodiments the one or more 20 digital image comprises a generic 

15 image of at least part of a human face. 

20 

An advantage of this embodiment is that the modeling can be based on a 

generic image, whereby it is not patient-specific features which determine the 

modeling, but instead it is a general image, e.g. of some visually pleasing 

teeth from another person, or a drawing of some ideal teeth. 

In some embodiments the one or more 20 digital image is retrieved from a 

library comprising a number of images of teeth. 

An advantage of this embodiment is that the 20 image, such as a generic 

image, can be selected from a library which contains for example several 

25 images of teeth, so that the patient e.g. can choose his/her desired new set 

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 to the surroundings. 

30 The images of teeth in the library may be photos of teeth, may be drawings of 

teeth, etc. 
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In some embodiments the one or more 20 digital image is a template for 

supporting designing and/or modeling the patient's teeth. 

An advantage of this embodiment is that when the 20 image is a template, 

5 then the operator can arrange and model teeth using this template for 

obtaining a visually pleasing result of the modeling. 

In some embodiments the template comprises the midline of a face. 

1 O In some embodiments the template comprises a horizontal line passing along 

the anterior teeth. 

In some embodiments the template comprises the occlusal plane of a face. 

15 An advantage of the embodiments where the template comprises some 

feature, such as the midline of the face, a horizontal line, an occlusal plane 

etc, is that these features may assist in arranging the 20 image and the 30 

model relative to each other and in modeling of the 30 model. 

20 In some embodiments the template comprises boxes adapted to fit the 

centrals, the laterals and the cuspids. 

An advantage of this embodiment is that it enables the operator to easily 

model the different anterior teeth to be visually pleasing. For example the 

laterals can with advantage be 2/3 of the width of the centrals, and the 

25 cuspids or canines can with advantage be slightly narrower than the centrals. 

In some embodiments the template comprises one or more long axes of 

anterior teeth. 

An advantage of this embodiment is that the long axes can be used for 

30 indicating the long axis alignment of teeth and/or the vertical direction of teeth 

for support in modeling. 
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In some embodiments 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 

5 axes of at least the upper anterior teeth converge toward the incisal. 

In some embodiments the template comprises a contour of teeth. 

In some embodiments the contour comprises a shape of one or more teeth 

1 O seen from the front. 

15 

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 teeth of the 30 model. 

In some embodiments the template comprises a curve. 

An advantage of this embodiment is that by means of a curve, 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 

20 measure x mm from a certain point on the curve, and at this distance 

something specific may be arranged, such as a distal point on a lateral. 

Furthermore the curve may a symmetry curve for ensuring that the modeled 

teeth will be symmetric. 

25 In some embodiments the curve comprises an arch following the upper 

and/or lower anterior teeth seen from the front or from above. 

30 

In some embodiments the curve comprises a smile line adapted to follow the 

lower lip in a natural smile and the incisal edges of the upper teeth. 
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In some embodiments the template comprises one or more curves for 

indicating the position of the gingival tissue. 

An advantage of these embodiments relating to curves of the teeth and/or of 

5 the mouth and lips is that using some kind of curve{s) may be a simple and 

easy way to model the teeth of the 30 model. 

10 

In some embodiments the one or more 20 digital image shows at least a 

number of front teeth. 

In some embodiments the one or more 20 digital image is a photograph 

showing at least the patient's lips and teeth seen from the front. 

An advantage of this embodiment is that when the 20 image shows the 

patient's lips and existing teeth, then the modeling of the teeth can be 

15 performed such that they suits the patient's lips and unchanged teeth 

providing a visually pleasing result of the modeling. 

In some embodiments the method further comprises virtually cutting at least 

a part of the teeth out of the one or more 20 digital image, if the 20 image 

20 comprises teeth, such that at least the lips remains to be visible in the 20 

digital image. 

An advantage of this embodiment is that when the lips and no or only some 

teeth are visible in the 20 image then it is easy to visualize the modeled teeth 

with the patient's lips and determined whether it is a good result of modeling. 

25 The cutting of teeth out of the 20 image may be performed virtually or 

digitally such that the information in the 20 image relating to the teeth is 

removed, deleted, made invisible etc .. 

In some embodiments the 30 virtual model is visible behind the lips. 
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An advantage of this embodiment is that when the 30 model can be seen 

behind the lips, then the modeling of the teeth can be performed while 

viewing the lips for determining if the modeling is satisfactory. 

5 In some embodiments the one or more 20 digital image shows the face of 

the patient such that facial lines, such as the midline and the bi-pupillar line, 

are detectable. 

An advantage of this embodiment is that facial lines determines the geometry 

of the patient's face, and for obtaining a visually pleasing result of modeling, 

1 O the teeth should fit with this overall geometry. 

In some embodiments 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 

15 image of the patient's teeth, the entire teeth with roots under the gingival 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 be planned to be 

arranged to exert force on non-broken or strong teeth and teeth roots instead 

of on the broken and weak teeth and roots. 

20 

25 

In some embodiments the method further comprises providing a 30 

computed tomography scan of the patient's face for facilitating aligning the 

one or more 20 image and the 30 model and/or for modeling the 30 virtual 

model. 

In some embodiments the one or more 20 digital image is a still image from 

a video recording. 

In some embodiments the one or more 20 digital image is derived from a 30 

30 face scan. 
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In some embodiments the method further comprises providing a 30 face 

scan of the patient for facilitating aligning the one or more 20 image and the 

30 model and/or for modeling the 30 virtual model. 

5 In some embodiments a face scan of the patient provides a measure of the 

distance that the upper and/or lower lip moves 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 of the front teeth 

1 O is important for the visual appearance of the teeth. 

15 

In some embodiments the method further comprises providing 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 20 digital image. 

In some embodiments the one or more 20 digital image is 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 

20 changes from being entirely visible to be partly visible and then maybe 

invisible and vice versa. Hereby the 20 image can be viewed as the user 

wishes. 

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

25 teeth. 

In some embodiments the method further comprises scaling the one or more 

20 digital image and the 30 virtual model to show at least part of the teeth in 

the same size. 

30 An advantage of this embodiment is that the 20 image and the 30 model 

should be shown in the same scale in order for optimally performing the 
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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, the scaling may be of both the 20 image and the 30 model to 

resize them to a predetermined scale. 

In some embodiments the method further comprises aligning 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 are aligned then modeling may be performed easier and with a better 

1 O result. Alignment may be defined as the adjustment of an object in relation 

with another object, such that structures of the objects are coinciding. Thus 

common or alike structures of the 20 image and the 30 model are aligned. 

In some embodiments the silhouette of the biting edge of at least the upper 

15 anterior teeth on the one or more 20 image and on the 30 virtual model is 

used to perform the alignment of the 20 image and the 30 virtual model. 

An 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 

20 alignment. 

In some embodiments the method further comprises projecting 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 

25 image to the 30 model or to a plane of the 30 model, the 30 model and the 

20 image can be viewed in the same plane which may be an advantage 

when modeling the teeth. The viewing of the 30 model and the 20 image in 

the same plane may otherwise be complex. 
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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. 

An advantage of this embodiment is that modeling may be facilitated when 

5 the 20 image and the 30 model can be seen in the same perspective view. 

In some embodiments the method further comprises de-warping the 

perspective view of the one or more 20 image for visually aligning the 20 

image and the 30 virtual model. 

1 O 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 the perspective view of the 20 image can be mapped to 

points on 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 

15 20 image and the 30 model are aligned again. 

20 

In some embodiments scaling, aligning, projecting to a plane, de-warping 

perspective and changing perspective are defined as virtual actions for 

arrangement. 

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

comprises rotations and translations leWright and back/forth of the one or 

more 20 digital image and/or of the 30 virtual model. 

An advantage of this embodiment is that by providing rotations, translations 

25 etc. then different movements of the 20 image and/or of the 30 model may 

be performed for facilitating the scaling, aligning, perspective changing and 

ultimately for facilitating the modeling of the teeth. 

In some embodiments the method further comprises the steps of: 
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- detecting anatomical points on the teeth, where the anatomical points are 

present and detectable both on the one or more 20 digital image and the 30 

virtual model, and 

- performing the virtual actions for arrangement based on these 

5 corresponding anatomical points. 

10 

An advantage of this embodiment is that using common or mutual anatomical 

points on the 20 image and the 30 model may be an easy way to perform 

alignment of the 20 image and the 30 model, where after modeling of the 

teeth can be performed. 

In some embodiments at least one corresponding anatomical point is 

selected to perform the virtual actions for arrangement. 

An advantage of this embodiment is that one common or mutual point on the 

20 image and the 30 model may be sufficient for arranging the 20 image 

15 and the 30 model relative to each other. However in other cases the 20 

image and the 30 model should be aligned using more points, such as two, 

three or four points. In general three points may be suitable. Four points can 

be used for performing an even better arrangement or for use in more difficult 

cases. 

20 

In some embodiments the method further comprises the steps of: 

- providing a virtual measurement bar, and 

- performing the virtual actions for arrangement of the one or more 20 digital 

image and/or of the 30 virtual model by means of adjustment to the virtual 

25 measurement bar. 

30 

An advantage of this embodiment is that it may be easy and fast to use a 

virtual measurement bar to perform the virtual actions for arrangement such 

as scaling, where the sizes of the 20 image and the 30 model are adjusted 

to correspond to each other. 
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In some embodiments the method further comprises that a user performs the 

virtual actions for arrangement of the one or more 20 digital image and/or of 

the 30 virtual model by means of eye measure. 

An advantage of this embodiment is that just by using simple eye measure, 

5 the operator can very quickly and reliably perform the arrangement of the 20 

image and the 30 model relative to each other or perform a rough starting 

point for a more detailed adjustment. 

In some embodiments the anatomical points are upper and/or lower distal 

1 O and/or mesial points on a number of specific anterior teeth. 

An advantage of this embodiment is that anatomical point on the upper 

and/or lower distal and/or mesial parts of the anterior teeth are normally easy 

to detect both on the 20 image and on the 30 model. 

15 In some embodiments the modeling of the 30 model is performed 

automatically based on the one or more 20 digital image. 

An advantage of this embodiment is that the user does not need to perform 

any manual modeling of the 30 model on the screen, when the modeling can 

be performed fully automatic. However, typically if an automatic modeling 

20 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 automatically selecting 

one or more 20 digital image which provides an optimal fit to the 30 virtual 

25 model. 

An advantage of this embodiment is that a 20 image with an optimal, good or 

the best fit to the 30 model can automatically be selected, and hereby a good 

result of modeling can be obtained, and furthermore the time used for 

performing the modeling can be reduced, since no person needs to spend 

30 time on looking through a larger number of 20 images. The 20 image may 

be selected from a library of 20 digital images, or from any source 
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comprising a number of images of teeth and smiles. The library may 

comprises templates, photos, drawings etc. 

In some embodiments the optimal fit is determined based on specific 

5 parameters for providing an esthetically, visually pleasing appearance. 

An advantage of this embodiment is that the optimal, best or just a good fit 

can be determined based on different parameters, such as the present size 

of the patient's teeth, 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 

1 O 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 who has full lips etc. So based on the present 

structures, 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 

15 library of photos, drawings etc. 

The present invention relates to different aspects including the method 

described above and in the following, and corresponding methods, devices, 

systems, uses and/or product means, each yielding one or more of the 

20 benefits and advantages described in connection with the first mentioned 

aspect, and each having one or more embodiments corresponding to the 

embodiments described in connection with the first mentioned aspect and/or 

disclosed in the appended claims. 

25 In particular, disclosed herein is a system for visualizing, designing and 

modeling a set of teeth for a patient, wherein the system comprises: 

- means for providing one or more 20 digital images; 

- means for providing a 30 virtual model of at least part of the patient's oral 

cavity; 

30 - means for arranging at least one of the one or more 20 digital images 

relative to the 30 virtual model in a 30 space such that the at least one 20 
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digital image and the 30 virtual model are aligned when viewed from a 

viewpoint, whereby the 30 virtual model and the at least one 20 digital image 

are both visualized in the 30 space; and 

- means for modeling the 30 virtual model based on at least one of the one 

5 or more 20 digital images. 

Furthermore the present invention relates to a computer program product 

comprising program code means for causing a data processing system to 

perform the above method, when said program code means are executed on 

1 O the data processing system, and a computer program product according to 

the previous claim, comprising a computer-readable medium having stored 

there on the program code means. 

15 Brief descriotion of the drawings 

The above and/or additional objects, features and advantages of the present 

invention, will be further elucidated by the following illustrative and non­

limiting detailed description of embodiments of the present invention, with 

20 reference to the appended drawings, wherein: 

Fig. 1 shows an example of a flowchart of a computer-implemented method 

of visualizing and modeling a set of teeth for a patient. 

25 Fig. 2 shows examples of visualizing a 20 image and a 30 model together. 

Fig. 3 shows an example of visualizing and arranging a 20 image and a 30 

model. 

30 Fig. 4 shows examples of arranging the 30 model and the 20 image relative 

to each other. 
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Fig. 5 shows examples of 20 images as templates. 

Fig. 6 shows examples of how to pertorm virtual actions for arrangement of 

5 the 20 image and the 30 model. 

Detailed description 

1 O In the following description, reference is made to the accompanying figures, 

which show by way of illustration how the invention may be practiced. 

Fig. 1 shows an example of a flowchart of a computer-implemented method 

of visualizing and modeling a set of teeth for a patient. 

15 In step 101 a 20 digital image is provided. The 20 image may be photograph 

of at least part of the patients face, a template of teeth, a drawing of teeth, a 

photo or image of an esthetic set of teeth etc. The 20 digital image may be 

shown on a user intertace, such as a computer screen. 

In step 102 a 30 virtual model of the patient's oral cavity comprising the 

20 patient's set of teeth, if there are any teeth, is provided. The 30 model of the 

patient's set of teeth may be generated by scanning a physical model of the 

patient's teeth, by scanning an impression of the patient's teeth, and/or by 

pertorming 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 

25 creating a 30 model of the oral cavity. The 30 virtual model may be shown 

on a user intertace, such as a computer screen. 

In step 103 the 20 digital image is arranged or positioned relative to the 30 

virtual model for visualizing the 30 virtual model relative to the 20 digital 

image. The arrangement or positioning is a digital, virtual arrangement, 

30 pertormed by means of software, such that the 20 image and the 30 model 

can be viewed together. 
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In step 104 the 3D virtual model of the patient's set of teeth is digitally or 

virtually modeled based on the visualization of the arrangement of the 2D 

image. Thus the 3D model of the patient's existing teeth is modeled using 

CAD, and the modeling may comprise restorations, orthodontic planning 

5 and/or treatment, prosthetics, removable dentures etc. When the CAD 

modeling comprises restorations, the virtually modeled restorations, such as 

crowns and bridges, can be manufactured by means of CAM, and the 

manufactured restorations can then be inserted onto the patient's teeth by a 

dentist 

10 

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 a 

person's face showing the mouth with lips 203 and teeth 204 behind the lips 

15 203. The photograph may be of the patient himself or of another person. 

Using a photograph of the patient may be advantageous if the 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 photograph of another person 

may be an option if the patient wishes to have his teeth restored, exchanged 

20 by a new teeth set or treated by orthodontics in order for them to look 

different than they do at present. 

The 3D model 202 of the patient's teeth comprises gingival 208 and teeth 

207. 

Fig. 2b) shows an example where the 2D image 201 is an X-ray image of the 

25 patient's teeth. The X-ray image shows the teeth 204 of the patient. Since the 

X-ray image shows the teeth approximately on lines, i.e. not on curves as in 

real-life, the plane of the X-ray image may be bended to be arranged relative 

to the 3D model 202 with teeth 207. 

30 Fig. 3 shows an example of visualizing and arranging a 2D image and a 3D 

model. 
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Fig. 3a) shows a screen shot on which both a 20 image 301 and a 30 model 

302 of teeth are seen simultaneously. The 20 image 301 is a photograph or 

drawing of a pair of lips 303 and an outline of teeth 304 behind the lips. A 

vertical line 305 and a horizontal line 306 are drawn through the 20 image 

5 301, and they may be used as guiding lines for modeling. 

Fig. 3b) shows a screen shot on with the 20 image 301 is arranged and 

aligned relative to the 30 model 302. The teeth 307 of the 30 model 302 can 

be seen through and between the lips 303 and the outline of teeth 304 of the 

20 image 301. When arranging and aligning the 20 image relative to the 30 

1 O model, modeling of the 30 model is facilitated. The vertical line 305 and the 

horizontal line 306 is also seen in fig. 3b). 

Fig. 3c) shows a sketch of a 20 image 301 and a 30 model 302 seen in a 

perspective side view illustrating alignment from a viewpoint. 

The 20 image 301 and the 30 model are in this figure attempted to be drawn 

15 in a perspective side view to show that if the 20 image and the 30 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 that the 20 image and the 30 model are 

20 separate representations and not one representation containing data from 

two representations. The distance can be any distance, such as shorter or 

longer than illustrated in the proportion here. 

The 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). 

25 The 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 not aligned when viewed from the Y 

viewpoint. 

The end of an arrow, circle with cross, denoted Z illustrates a side view, and 

30 as explained above with respect to the perspective side view, the 20 image 

and the 30 model are not aligned when viewed from this viewpoint. 
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Fig. 4 shows examples of arranging the 30 model and the 20 image relative 

to each other. 

5 Fig. 4a), b) and c) show examples of different arrangements 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 fig. 4a), b) and 

c). When the arrangement of the 30 model 402 has become suitable relative 

to the 20 image 401, the actual modeling of the teeth 407 of the 30 model 

1 O 402 may be performed. 

Fig. 5 shows examples of 20 images as templates. 

Fig. 5a) shows an example of a 20 digital image 501 , which is a reference 

frame for arranging and/or modelling the patient's teeth. The reference frame 

15 comprises a template 509 for the upper anterior or front teeth. The template 

509 comprises the midline of a face 505 and a horizontal line 506 passing 

along the incisal edge of the anterior teeth. 

The template 509 comprises boxes adapted to fit the centrals 51 O, the 

laterals 511 and the cuspids 512, also known as canines. The laterals 511 

20 may ideally be 2/3 of the width of the centrals 510, and the cuspids 512 may 

ideally be slightly narrower than the centrals 51 o. 

Fig. 5b) shows an example where the 20 image 501 is a template 509 

comprising the long axes 513 of the centrals 510, the laterals 511, and the 

25 cuspids 512. The long axes 513 converge toward the incisal edge indicated 

by the horizontal line 506. 

30 

Fig. 5c) shows an example where the 20 image 501 is a template 509 

showing a contour 514 of anterior or front teeth seen from the front. 
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Fig. 5d) shows an example where the 20 image 501 comprises a template 

509 comprising a curve 515 of a smile line adapted to follow the lower lip in a 

natural smile and the incisal edges of the upper anterior teeth 510, 511, 512, 

as seen from the front. 

Fig. 5e) shows an example where the 20 image 501 comprises a template 

comprising three curves 516 for indicating the position of the gingival tissue. 

Fig. 5f) shows an example where the 20 image 501 comprises or is a 

1 O template 509 comprising a curve in the form of an arch 517 which follows the 

upper teeth as seen from above. 

Fig. 5g) shows an example where the 20 image 501 comprises or is a 

template 509 comprising a curve 518 which follows the upper anterior teeth 

1 5 as seen from above. 

Fig. 6 shows examples of how to perform virtual actions for arrangement of 

the 20 image and the 30 model relative to each other. 

Virtual actions for arrangement can comprise the following: 

20 - scaling the 20 digital image and the 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 

25 virtual model to obtain the same perspective view for both of them when 

visualizing the positioning; 

- de-warping the perspective view of the 30 virtual model for visually aligning 

the 20 image and the 30 virtual model. 

The virtual actions for arrangement can be performed by means of rotations 

30 and translations to the left and right and back and forth of the 20 digital 

image and/or of the 30 virtual model. 
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In one example (not shown) the silhouette of the biting edge of at least the 

upper anterior teeth on the 20 image and on the 30 virtual model is used to 

perform the aligning of the 20 image and the 30 virtual model. 

5 Fig. 6a) shows an example where a virtual 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. The 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 

1 O 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 the right 

lateral tooth and right cuspid tooth, where right is right as seen in the figure, 

but left for the patient. 

15 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 the 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 61 O and on the 30 model 602 cover, overlap, match or 

20 fit together. When corresponding anatomical points 619 are selected on the 

screen, the software may automatically arrange the 20 image 601 and the 

30 model 602 such that the points 619 are overlapping. 

Fig. 6b) shows an example where a virtual action for arrangement such as 

25 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 

corresponding to the length across the upper two centrals 610 and the two 

laterals 611. However, on the 30 model, the measurement bar 620 has a 

30 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 
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image 601 and the 30 model 602, the 30 model should be scaled up or 

enlarged to fit the size of the 20 image. 

Alternatively and/or additionally, the user can perform virtual actions of 

5 arrangement of the 20 digital image and/or of the 30 virtual model by means 

of eye measure. 

Although some embodiments have been described and shown in detail, the 

1 O invention is not restricted to them, but 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. 

15 

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 

20 measures cannot be used to advantage. 

It should be emphasized that the term "comprises/comprising" when used in 

this specification is taken to specify the presence of stated features, integers, 

steps or components but does not preclude the presence or addition of one 

25 or more other features, integers, steps, components or groups thereof. 

The features of the method described above and in the following may be 

implemented in software and carried out on a data processing system or 

other processing means caused by the execution of computer-executable 

30 instructions. The instructions may be program code means loaded in a 

memory, such as a RAM, from a storage medium or from another computer 
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via a computer network. Alternatively, the described features may be 

implemented by hardwired circuitry instead of software or in combination with 

software. 
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Claims: 

1 . A computer-implemented method of visualizing, designing and modeling a 

set of teeth for a patient, wherein the method comprises the steps of: 

5 - providing one or more 20 digital images; 

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

- arranging at least one of the one or more 20 digital images relative to the 

30 virtual model in a 30 space such that the at least one 20 digital image 

and the 30 virtual model are aligned when viewed from a viewpoint, whereby 

1 O the 30 virtual model and the at least one 20 digital image are both visualized 

in the 30 space; and 

- modeling the 30 virtual model based on at least one of the one or more 20 

digital images. 

15 2. The computer-implemented method according to the preceding claim, 

wherein the one or more 20 digital image comprises a patient-specific image 

of at least part of the patient's face. 

3. The computer-implemented method according to any of the preceding 

20 claims, wherein the one or more 20 digital image comprises a generic image 

of at least part of a human face. 

4. The computer-implemented method according to any of the preceding 

claims, wherein the one or more 20 digital image is a template for supporting 

25 designing and/or modeling the patient's teeth. 

30 

5. The computer-implemented method according to any of the preceding 

claims, wherein the one or more 20 digital image is a photograph showing at 

least the patient's lips and teeth seen from the front. 
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6. The computer-implemented method according to the preceding claim, 

wherein the method further comprises virtually cutting at least a part of the 

teeth out of the one or more 2D digital image, such that at least the lips 

remains to be visible in the 2D digital image. 

7. The computer-implemented method according to the preceding claim, 

wherein the 3D virtual model is visible behind the lips. 

8. The computer-implemented method according to any of the preceding 

1 O claims, wherein the method further comprises providing at least part of the 

one or more 2D digital image to be at least partly transparent, such that the 

3D virtual model is visual through the 2D digital image. 

9. The computer-implemented method according to any of the preceding 

15 claims, wherein the method further comprises scaling the one or more 2D 

digital image and the 3D virtual model to show at least part of the teeth in the 

same size. 

10. The computer-implemented method according to any of the preceding 

20 claims, wherein the modeling of the 3D model is performed automatically 

based on the one or more 2D digital image. 

25 
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20 image arrangement 

Abstract 

Disclosed is a computer-implemented method of visualizing, designing and 

modeling a set of teeth tor a patient, wherein the method comprises the steps 

of: 

- providing one or more 20 digital images; 

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

- arranging at least one of the one or more 20 digital images relative to the 

30 virtual model in a 30 space such that the at least one 20 digital image 

and the 30 virtual model are aligned when viewed from a viewpoint, whereby 

the 30 virtual model and the at least one 20 digital image are both visualized 

15 in the 30 space; and 

20 

- modeling the 30 virtual model based on at least one of the one or more 20 

digital images. 

(fig. 3b) should be published) 
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FNITEU STATES DEPART:\IENT 01-' COM!.\-IERCE 

July 07, 2011 

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE UNDER 35 USC 111. 

APPLICATION NUMBER: 611454,200 
FILING DATE: March 18, 2011 

THE COUNTRY CODE AND NUMBER OF YOUR PRIORITY 
APPLICATION, TO BE USED FOR FILING ABROAD UNDER THE PARIS 
CONVENTION, IS US61/454,200 
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Substitute for Form PTO/SB/16 Page 1 of 1 

PROVISIONAL APPLICATION FOR PATENT COVER SHEET 
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 C.F.R. § 1.53(c). 

I Docket No. I 0079124-000004 
I Type a plus sign (+) I 

inside this box + 
INVENTOR(S)/APPLICANT(S) 

LAST NAME FIRST NAME MIDDLE RESIDENCE (CITY AND EITHER STATE OR FOREIGN COUNTRY) 

CLAUSEN Tais Klagshamn, Sweden 
FISKER Rune Virum, Denmark 
DEICHMANN Nikolaj Klagshamn, Sweden 

TITLE OF THE INVENTION (500 characters maximum) 

2DIMAGEARRANGEMENT 

CORRESPONDENCE ADDRESS 
Customer Number 2 1 8 3 9 
P.O. Box 1404 
Alexandria, Virginia 22313-1404 
UNITED STATES OF AMERICA 

ENCLOSED APPLICATION PARTS (check all that apply) 

~ Specification/Claims/Abstract #of Pages 48 D CD(s) Number 

~ Drawings #Sheets 16 ~ Other (specify): Form PTO/SB/39 
Total Pages in Spec/Drawings 64 

--

~ Application Data Sheet. See 37 CFR 1. 76 

METHOD OF PAYMENT OF FILING FEES (check one) FILING FEE AMOUNT 

D Applicant claims small entity status. See 37 CFR 1.27 Filing Fee (1005} $ 220.00 

D A check or money order is enclosed to cover the filing fees. 
Total Page Fee (101+ 

~ The Director is hereby authorized to charge any deficiency in filing 
pages}(1085)$270 $ 0.00 

fees or credit any overpayment to Deposit Account 02-4800. Total Fee $ 220.00 

Small Entity - $ 0.00 
~ Payment by credit card. Payment will be made electronically at subtract 50% 

time of filing. 
Total App. Filing Fee $ 220.00 

D Charge filing fee to Deposit Account 02-4800. 

This invention was made by an agency of the United States Government or under a contract with an agency of the United States Government. 

!8l No. 
D Yes, the name of the U.S. Government agency and the Government contract number are: 

SIGNATURE ~ c~ DATE March 18, 2011 

TYPED or PRINTED NAME William C. Rowland Regis. No. 30888 
703.836.6620 

SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 


